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INTRODUCTION

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a
chronic, complex disease involving central nervous system (CNS) and immune
system disorders, cell energy metabolism and ion transport dysfunction, as well
as cardiovascular abnormalities (Carruthers et al., 2011). This illness mainly is
characterized by severe chronic fatigue, including such clinical symptoms as
tender cervical or axillary lymph nodes, muscle pain, joint pain without
swelling or redness, post-exertional malaise for more than 24 hours, impaired
memory/concentration, headaches, sore throat and un-refreshing sleep (Fukuda
et al., 1994; Carruthers et al., 2011).

Prevalence of ME/CFS is reported depending on the applied criteria for
diagnostics and it is determined from 0.76% of clinically diagnosed up to
3.48% of self-reported population (Johnston et al., 2013). Still there is no
consensus on a single case definition for this disease. Diagnosis is based on
differential diagnostics and clinical symptoms, therefore it is necessary to
identify specific biomarkers for ME/CFS. However, currently there is no
effective and standardized diagnostic tests, prophylactic and treatment
strategies for this disease (Albright et al., 2011; Bansal et al., 2012).

Viral infections have been considered as one of potential etiological
factors for ME/CFS, which accompanied by immune disturbances can facilitate
maintenance of disease symptoms (Bansal et al., 2012; Fischer et al., 2014).
Many patients confirm an onset of ME/CFS with flu-like symptoms. Moreover,
the observed immune abnormalities could be caused by a viral infection or a
viral infection follows immune disturbances. Still, the role of viral infections in
ME/CFS remains obscure (Morinet and Corruble, 2012; Underhill, 2015).
Infectious agents that have been studied in association with ME/CFS are
hepatitis C virus, human immunodeficiency virus, coxsackie B, Epstein-Barr
virus (EBV), human herpesvirus (HHV)-6, human parvovirus B19 (B19V) and



such bacteria as borrelia, chlamydia and mycoplasma. However, an association
of a single specific infectious agent and ME/CFS has not been established
(Nicolson et al., 2003; Bansal et al., 2012; Chapenko et al., 2012; Halpin et al.,
2017; Loebel et al., 2017).

Studies on the association of xenotropic murine leukemia virus-related
virus (XMRV) with ME/CFS started after a published report on frequently
detectable XMRV in patients with ME/CFS (Lombardi et al., 2009).
Furthermore, ME/CFS could result from reactivation of persistent herpesvirus
infection, which is found more frequently in patients with ME/CFS compared
to donors (Chapenko et al., 2006; Krueger and Ablashi, 2006). Similarly, B19V
infection is present at onset of ME/CFS, therefore it could be one of causal
factors of this disease (Fremont et al., 2009). Some researchers report that the
reactivation of these viruses could serve as an objective biomarker (Ablashi et
al., 2000; Chapenko et al., 2006; Kerr et al., 2010; Aoki et al., 2016). On the
contrary, others find no association of HHV-6, HHV-7 and B19V infection
with ME/CFS etiopathogenesis (Koelle et al., 2002; Cameron et al., 2010).
Also immune system disorders are determined in various studies by the analysis
of changes in several cytokine production in patients with ME/CFS (Mensah
etal., 2017; Russell et al., 2016). Therefore, it is important to conduct studies in
order to clarify the role of these viruses in ME/CFS, as well as to determine
etiological, progression and maintenance mechanisms, and biomarkers for this
disease.

This study was conducted in RSU A.Kirchenstein Institute of
Microbiology and Virology, where the first studies on ME/CFS were started in
Latvia. To clarify the role of HHV-6, HHV-7, B19V and XMRV in ME/CFS,
presence of viral infection markers and infection activity phase was studied
using methods of molecular biology, immunology and statistics, and findings
correlated with the clinical signs and course of the disease. All used materials

and methods are described in details later.



Scientific novelty of the study

In this study frequency and activity of persistent viral infection and
co-infection, viral load, time from infection onset, level of cytokines and
association with clinical symptoms in patients with ME/CFS were estimated to
clarify the involvement of HHV-6, HHV-7, B19V and XMRYV infections in the
development of ME/CFS.

Aim of the study

To determine the involvement of human herpesvirus-6, human
herpesvirus-7, parvovirus B19 and xenotropic murine leukemia virus related
virus in etiopathogenesis of myalgic encephalomyelitis/chronic fatigue

syndrome.

Objectives of the study

1. To detect the presence of XMRV provirus genomic sequences in
DNA extracted from peripheral blood of ME/CFS patients.

2. To estimate the frequency of HHV-6 and HHV-7 specific antibodies
and genomic sequences, infection activity phase, viral load, as well as
HHV-6 type and antigen expression in patients with ME/CFS.

3. To detect the frequency of B19V specific antibodies and genomic
sequences, infection activity phase, viral load, genotype and period of time
from B19V infection appearance in ME/CFS patients.

4. To determine the expression level of cytokines (IL-6, TNF-a, IL-12,
IL-4 and IL-10) in patients with persistent infection/co-infection in latent
and active phase.

5. To analyse the association of HHV-6, HHV-7 and B19V
infection/co-infection with ME/CFS clinical symptoms.



6. To estimate the influence of infection activity on severity of
ME/CEFS clinical course.

Hypothesis of the study

1. Persistent viral infections, like beta-herpesviruses HHV-6 and HHV-
7, and parvovirus B19V infections, are ME/CFS trigger factors and are
associated with the development of ME/CFS.

2. The activity phase of virus infection is of the greatest importance
because an active infection causes much deeper immunological
disturbances and is associated with a more severe ME/CFS clinical course.

3. XMRYV could be associated with ME/CFS development (confirm or
deny this hypothesis).

Structure of the study

Doctoral thesis is written in English. It contains following parts:
introduction, scientific novelty, aim, objectives and hypothesis of the study, as
well as literature review, materials and methods, results, discussion,
conclusions, recommendations, list of publications, references’ section and
acknowledgements. Thesis is written on 111 pages with seven tables and 19
figures, and contains 229 references to literature sources. Results of this study
are published in 10 papers and reported in 20 local and international

conferences/congresses as oral or poster presentation.



1. MATERIAL AND METHODS

1.1. Patients and biological material

The study was done in accordance with safety and ethical standards, as
well as laws and requirements of the Republic of Latvia and the European
Union. The cohort was established with the approval of the Ethics Committee
of Riga Stradin§ University issued on September 27, 2012. All enrolled patients
gave their informed consent prior to the study.

Two hundred patients [130 (65%) female and 70 (35%) male, mean age
38 + 12] with clinically diagnosed ME/CFS corresponding to 1994 Fukuda
Centers for Disease Control and Prevention (CDC) criteria were included in
this cross-sectional study. For clinical ME/CFS diagnosis in Latvia according to
International Statistical Classification of Diseases and Related Health Problems
(ICD-10), G93.3 - postviral fatigue syndrome (benign myalgic
encephalomyelitis), R53 — fatigue and weakness and B94.8 — consequences of
other defined infectious and parasitic diseases were used. Inclusion and
exclusion criteria were applied for ME/CFS patients to be included in the study.
As a control group 150 age and gender matched apparently healthy individuals
(blood donors) were enrolled in this study.

Samples were collected from the Riga East University Hospital Latvian
Centre of Infectious Diseases, RSU Health Centre “Ambulance”, Pauls Stradins
Clinical University Hospital Neurology clinic and Latvia State Blood Donor
centre.  Blood samples were collected in  vacutainers  with
ethylenediaminetetraacetic acid — EDTA, transported to A.Kirchenstein
Institute of Microbiology and virology laboratory, where aliquots of whole
blood samples, blood plasma and peripheral blood mononuclear cells (PBMCs)

were prepared and stored.
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1.2. Molecular methods

DNA was isolated from peripheral blood by phenol-chloroform
extraction method and from blood plasma samples — using QIlAamp DNA
Blood Kit, (Qiagen GmbH, Germany).

RNA was extracted from PBMCs with Tri Reagent (Applied
Biosystems, USA). Presence of RNA was analysed electrophoretically in 1%
agarose gel and visualized electrophoretically.

Concentration of the extracted DNA and RNA was measured
spectrophotometrically.

Complementary DNA (cDNA) was synthesized with reverse
transcription (RT) using commercially available RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific, USA).

To assure the quality of cDNA and DNA from peripheral blood and to
exclude possible contamination of plasma DNA by cellular DNA, polymerase
chain reaction (PCR) was carried out to detect B-globin gene sequence
according to Vandamme et al., 1995.

Nested PCR (nPCR) was used to detect viral or proviral genomic
sequences in patients and apparently healthy individuals’ DNA. Presence of
XMRYV provirus env and gag sequences was detected in DNA extracted from
peripheral blood, according to Lombardi et al., 2009 and Lo et al., 2010.
Sensitivity of the nPCR was five copies per reaction and XMRV VP62 plasmid
as a positive control was used (Urisman et al., 2006; Dong et al., 2007).

NPCR was used also to amplify HHV-6, HHV-7 and B19V specific
genomic sequences in DNA isolated from peripheral blood (a marker of
persistent infection) and cell-free blood plasma (a marker of an active
infection). The detection of HHV-6 (U3 gene) and HHV-7 (U10 gene) genomic
sequences was performed in accordance with Secchiero et al., 1995 and
Berneman et al., 1992, respectively. HHV-6 and HHV-7 genomic DNA

11



(Advanced Biotechnologies Inc, Columbia, MD, USA) was used as a positive
controls. Sensitivity of HHV-6-specific primers was three copies and
HHV-7 — one copy per reaction (Tomsone et al., 2001; Kozireva et al., 2008).
Presence of human parvovirus B19V genomic sequence was determined
according to Barah et al., 2001, using primers complementary to NS1 gene.
Viremic serum DNA was used as a positive control. Sensitivity of primers was
1-10 copies per reaction (Barah et al., 2001).

HHV-6A and HHV-6B according to Lyall and Cubie, 1995 were
differentiated. Following nPCR, amplification products were digested with
Hindlll restriction endonuclease (Thermo Scientific, USA) which cleaves
HHV-6B 163 bp amplification product into 66 bp and 97 bp fragments,
whereas does not cleave HHV-6A.

PCR was used to amplify virus specific DNA sequences in cDNA
samples, which were obtained from RNA that was extracted from PBMCs.
HHV-6 U89/90 immediate-early gene expression was detected according to
Van den Bosch et al., 2001, though HHV-7 U57 and B19V NS1 gene
expression was detected in accordance with Ito et al., 2013.

Electrophoretic analysis was done in agarose gel to separate and
identify DNA fragments amplified by PCR.

HHV-6, HHV-7 and B19V load was estimated using DNA extracted
from peripheral blood by real-time PCR according to manufacturer’s
instructions. HHV-6 load was determined with HHV-6 Real-TM Quant and
B19V — with Parvovirus B19 Real-TM Quant kit (Sacace Biotechnologies,
Italy). HHV-7 load was detected using Human Herpes Virus 7 genomes
genesig kit (Primerdesign, United Kingdom) and in-house real-time PCR
amplifying HHV-7 U90 and PI15 gene sequences based on previous report by
Prusty et al., 2013.
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1.3. Immunological methods

IgM and IgG class antibodies against HHV-6 were detected with
HHV-6 IgM and HHV-6 IgG enzyme linked immunosorbent assay (ELISA)
kits (Panbio, Australia) and HHV-6 IgG Antibody ELISA kit (Advanced
Biotechnologies, Columbia MD, USA). HHV-7 specific 1gG class antibodies
were analysed with immunofluorescence method using HHV-7 1gG IFA Kit
(Advanced Biotechnologies, Columbia MD, USA). B19V specific IgM and 1gG
class antibodies were estimated with Biotrin Parvovirus B19 Enzyme
Immunoassay (Biotrin Ltd, Dublin, Ireland), recomWell Parvovirus B19
Enzyme Immunoassay and recomLine Parvovirus B19 IgM and IgG Kkits
(Mikrogen Diagnostik, Germany). Antibodies against antigens of B19V
(Vp-2p; VP-N; VP-1S; VP-2r; VP-C; NS-1) were identified to determine time
period after B19V infection onset by various reaction patterns (Pfrepper et al.,
2005).

Determination of cytokine level in blood plasma was performed. I1L-4
level was detected using Endogen Human ELISA kit (Pierce Biotechnology,
Rockford, IL, USA), IL-6 level — with eBioscience Human IL-6 Platinium
ELISA (eBioscience Europe/International, Austria), 1L-10 level — using
BIOSOURCE IL-10 EASIA (Enzyme Amplified Sensitivity Immunoassay)
from BioSource Europe S.A., Belgium and eBioscience Human IL-10
Platinium ELISA (eBioscience Europe/International, Austria), IL-12 (p70)
level — with eBioscience Human IL-12p70 Platinium ELISA (eBioscience
Europe/International, Austria), and TNF-a level — using Biorbyt Human TNFa
ELISA kit (Biorbyt, United Kingdom).

HHV-6 antigen expression was detected by indirect
immunofluorescence in PBMCs with following primary mouse antibodies:
anti-p41 (clone 6A5D12), HHV6B specific anti-gH (gp100) (clone OHV-3)
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and HHV6A and HHV6EB specific anti-gB (gpl116) (clone OHV-1) and

secondary antibodies [rabbit anti-mouse FITC-conjugated (Dako) sera].

1.4. Phylogenetic analysis

To perform phylogenetic analysis part of human parvovirus B19V NS
genes (396 bp) were aligned by Multiple Sequence Comparison by
Log-Expectation — MUSCLE implemented in the MEGA 6 software. Trees
were reconstructed with the neighbour-joining and maximum likelihood
methods using the MEGA 6 and PhyML 3.0 (Guindon et al., 2010; Tamura
etal., 2013).

1.5. Statistical analysis

Statistical analysis was done by GraphPad Prism 7.0 program. Discrete
variables were described as numbers and percentage, and difference in
frequency of gender, virus-specific antibodies, antigens, virus presence markers
between groups was estimated using Chi-square and Fisher’s exact tests as
appropriate. Continuous variables were expressed as average + standard
deviation (SD) or median (interquartile range — IQR). Considering data
distribution, viral loads and cytokine levels were analysed with Analysis of
variance — ANOVA and Mann-Whitney nonparametric tests. A value of

p < 0.05 was considered to be statistically significant.
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2. RESULTS

2.1. Patients with ME/CFS

Out of 200 enrolled ME/CFS patients, 79% were in age between 25-50
years. All patients had more than 6 months lasting unexplained chronic fatigue
(p < 0.0001). Impaired memory, decreased concentration and sleep
disturbances were most frequently observed symptoms in patients with
ME/CFS. All included patients reported that onset of ME/CFS symptoms
occurred 6-36 months before inclusion in this study, mean (+ SD) 10.2 £ 4.2
months. In 85% of patients onset of ME/CFS symptoms had started 8-12

months before inclusion in the study.

2.2. Analysis of XMRV genomic sequences in patients with ME/CFS

XMRYV proviral gag and env gene sequences were not detected in any of
DNA samples isolated from peripheral blood of 150 patients with ME/CFS and
30 apparently healthy individuals. Only positive controls gave amplimers of
735 bp and 351 bp after the first round, and 410 bp and 218 bp after the second
round amplification that corresponds to the expected XMRV gag and env gene

fragments, respectively.

2.3. Involvement of HHV-6 in development of ME/CFS

2.3.1. Presence of HHV-6 specific antibodies

HHV-6 specific antibodies were detected in 92.1% (151/164) of
analysed ME/CFS patients’ and 76.7% (69/90) apparently healthy individuals’
blood plasma samples (p = 0.0009). Anti-HHV-6 1gG class antibodies had
90.9% (149/164) patients and 76.7% (69/90) apparently healthy individuals
(p = 0.0026), though IgM class antibodies had 6.1% (10/164) patients and 2.2%
(2/90) apparently healthy individuals (p = 0.2227).
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2.3.2. Frequency of HHV-6 genomic sequences

Using nPCR presence of HHV-6 genomic sequences was detected in
53% (106/200) of patients with ME/CFS and in 28.7% (43/150) of apparently
healthy individuals (p < 0.0001). From them presence of HHV-6 genomic
sequence in DNA isolated from peripheral blood leukocytes (marker of a
persistent infection in latent phase) had 42% (84/200) of patients and 28.7%
(43/150) of apparently healthy individuals (p = 0.0133), though presence of
genomic sequence in cell free blood plasma (marker of a persistent infection in
active phase) — 11% (22/200) of ME/CFS patients and none of apparently
healthy individuals (p < 0.0001). HHV-6A was detected in one and HHV-6B in
the rest of the analysed patients with ME/CFS (p < 0.0001). Using RT-PCR
HHV-6 U89/90 gene expression was revealed in 78% (57/73) of the analysed
ME/CFS patients PBMCs with previously detected HHV-6 genomic sequence
in peripheral blood DNA by nPCR.

2.3.3. HHV-6 load

HHV-6 load was elevated (> 10 copies/10° cells) in 66% (66/100) of the
analysed patients with ME/CFS and in 2/10 apparently healthy individuals with
previously detected by nPCR presence of HHV-6 genomic sequence
(p = 0.0064). In patients with a persistent HHV-6 infection in a latent phase
median (IQR) HHV-6 load was 279 (1022-54.5) copies/108 cells, whereas in
patients with a persistent HHV-6 infection in an active phase — 1927
(6732-348.5) copies/10° cells (p = 0.0019). In 43.6% (34/78) of patients with a
persistent HHV-6 infection in a latent phase the viral load was < 10 copies/10°
cells. Six patients’ median (IQR) viral load was 1209033 (1464421-808183)

copies/108 cells.
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2.3.4. Presence HHV-6 antigens

Analysing 36 patients PBMCs by indirect immunofluorescence, in six
patients with ME/CFS p41 expression was shown [samples were positive using
HHV-6 specific anti-p41 (clone 6A5D12) antibody], in 15 patients gpl100
expression was found [samples were positive using HHV6B specific anti-gH
(gp100) (clone OHV-3) antibody], and in seven patients with ME/CFS gp116
expression was present [samples were positive using HHV6A and HHV6B
specific anti-gB (gp116) (clone OHV-1) antibody].

2.3.5. Association of HHV-6 with ME/CFS clinical symptoms

Occurrence of typical ME/CFS clinical symptoms and presence of
markers of a persistent HHV-6 infection in latent and active phase in patients
with ME/CFS are summarized in Table 2.1.

Table 2.1

Occurrence of typical ME/CFS clinical symptoms in ME/CFS patients with
persistent HHV-6 infection in latent and active phase

Symptoms Latent HHV-6, Active HHV-6, P value
n (%) n (%)

Chronic fatigue >6 months 84 (100%) 22 (100%) >0.9999
Post-exertional malaise 53 (63.1%) 14 (63.6%) >0.9999
Impaired memory 55 (65.5%) 17 (77.3%) 0.4418
Decreased concentration 62 (73.8%) 14 (63.6%) 0.4261
Sleep disturbances 64 (76.2%) 18 (81.8%) 0.7762
Subfebrility 49 (58.3%) 13 (59.1%) >0.9999
Lymphadenopathy 48 (57.1%) 10 (45.5%) 0.3469
Muscle pain 46 (54.8%) 12 (54.5%) >0.9999
Multi-joint pain 36 (42.9%) 10 (45.5%) >0.9999
Headache of new type 37 (44%) 9 (40.9%) 0.8146
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2.3.6. Level of cytokines in case of HHV-6 infection

Table 2.2 shows median (IQR) concentration level (pg/ml) and
percentage of patients with an elevated level of pro-inflammatory (IL-6, TNF-a
and IL-12) and anti-inflammatory cytokines (IL-4 and IL-10) in ME/CFS
patients with a persistent HHV-6 infection in latent and active phase.

Table 2.2

Level of cytokines in patients with ME/CFS with persistent HHV-6
infection in latent and active phase

Cytokine, IL-6, | TNF-a, | IL-4, | IL-10, “‘7'32
Assessed sensitivity | 0.92 <1 <? <1 (P2 1)1
parameters pg/ml pg/ml pg/ml | pg/ml pg/ml
Persistent HHV-6 infection in latent phase
3.8 68.0 155 12.0
Median (IQR) (5.2- | (126.4- <2 (36.4- | (16.8-
2.0) 39) 8) 4.6)
Patients with elevated level (%) 28.8 80.0 0.0 785 96.6
Persistent HHV-6 infection in active phase
4.4 67.0 20.0 15.1
Median (IQR) (26.9- | (113.6— <2 (52.4- | (18.6—
1.3) 55) 11.9) 14)
Patients with elevated level (%) 55.0 81.0 0.0 88.9 100.0
Mann-Whitney test [latent vs 0.949 0.478 | .
active infection (pg/ml)] 3 0.919 B 9 0.0386
Fishers' exact test [elevated -
cytokine level latent vs active 0.03 |, 0.9999 > 0.675 1, 0.9999
. - - 56 0.9999 9
infection (number of patients)]

* statistically significant (p < 0.05)
— undetectable
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2.4. Involvement of HHV-7 in development of ME/CFS

2.4.1. Presence of HHV-7 specific antibodies and genomic sequences

HHV-7 specific IgG class antibodies was detected in 84.6% (11/13) of
patients with ME/CFS and 93.8% (30/32) of the analysed apparently healthy
individuals (p = 0.5672).

Marker of persistent HHV-7 infection was detected by nPCR in 92%
(184/200) of patients with ME/CFS and 75.3% (113/150) of apparently healthy
individuals (p < 0.0001). From them presence of HHV-7 genomic sequence in
DNA extracted from peripheral blood leukocytes was revealed in 58%
(116/200) of ME/CFS patients and 67.3% (101/150) of apparently healthy
individuals (p = 0.0766), whereas presence of genomic sequence in DNA from
blood plasma — 34% (68/200) of patients and 8% (12/150) of apparently
healthy individuals (p < 0.0001).

Using RT-PCR HHV-7 U57 gene expression was detected in 45.7%
(58/127) of analysed ME/CFS patients PBMCs with previously detected
HHV-7 in peripheral blood DNA by nPCR.

2.4.2. HHV-T7 load

HHV-7 load was elevated (> 10 copies/10° cells) in 67.3% (113/168) of
the analysed patients with ME/CFS and in 31.4% (16/51) of the analysed
apparently healthy individuals with previously detected HHV-7 genomic
sequence by nPCR (p < 0.0001).

In ME/CFS patients with persistent HHV-7 infection in a latent phase
median (IQR) viral load was 196.7 (533-132) copies/10° cells and in an active
phase — 238.6 (410.6-80.2) copies/10° cells (p = 0.3502). HHV-7 load < 10
copies/106 cells was detected in 37.1% (39/105) of the patients with a persistent
HHV-7 infection in a latent phase and 25.4% (16/63) of the patients with a
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persistent HHV-7 infection in an active phase, as well as 68.6% (35/51) of
apparently healthy individuals.

In one patient with ME/CFS HHV-7 load in whole blood DNA was
1140127.6 copies/10° cells and in hair follicle DNA — 1188811.8 copies/10°
cells. In addition, in the same patient’s mother’s hair follicle the HHV-7 load
was 2591031.6 copies/10° cells.

2.4.3. Association of HHV-7 with ME/CFS clinical symptoms

Occurrence of typical ME/CFS clinical symptoms and presence of
markers of a persistent HHV-7 infection in latent and active phase in patients

are shown in Table 2.3.

Table 2.3

Occurrence of typical ME/CFS clinical symptoms in ME/CFS patients with
persistent HHV-7 infection in latent and active phase

Symptoms Latent HHV-7, Active HHV-7, P value
n (%) n (%)
Chronic fatigue (>6 months) 116 (100%) 68 (100%) >0.9999
Post-exertional malaise 68 (58.6%) 40 (58.8%) >0.9999
Impaired memory 79 (68.1%) 44 (64.7%) 0.7458
Decreased concentration 79 (68.1%) 50 (73.5%) 0.5059
Sleep disturbances 78 (67.2%) 53 (77.9%) 0.1325
Subfebrility 64 (55.2%) 42 (61.8%) 0.4406
Lymphadenopathy 63 (54.3%) 31 (45.6%) 0.2864
Muscle pain 67 (57.8%) 32 (47.1%) 0.1711
Multi-joint pain 55 (47.4%) 30 (44.1%) 0.7596
Headache of new type 51 (44%) 27 (39.7%) 0.6437
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2.4.4. Level of cytokines in case of HHV-7 infection

Median (IQR) concentration (pg/ml) and percentage of patients with
elevated levels of pro-inflammatory and anti-inflammatory (IL-6, TNF-a, IL-12
and IL-4, IL-10) cytokines levels among ME/CFS patients with persistent
HHV-7 infection in latent and in active phase is shown in Table 2.4.

Table 2.4

Level of cytokines in ME/CFS patients with persistent HHV-7 infection in
latent and active phase

Cytokine, IL6, | TNF-a, | IL-4, | IL-10, “‘7'32
Assessed sensitivity 092 <1 <2 <1 (p2 1),
arameters :
p pg/ml pag/ml pg/ml pg/ml pg/ml
Persistent HHV-7 infection in latent phase
2.9 55.7 125 142
Median (IQR) (5.2- | (1256- | <2 (30— | (16.4-
1.5) 32.8) 6.3) 8.2)
Patients with elevated level (%) 30.7 65.2 0.0 83.5 100.0
Persistent HHV-7 infection in active phase
4.6 57.5 20.0 15.3
Median (IQR) (6.5~ | (1208~ | <2 (50— | (17.7-
2) 36.5) 10.4) 12.7)
Patients with elevated level (%) 37.3 83.6 0.0 73.9 95.3
Mann-Whitney test [latent vs | 139 | 4814 | _ | *0.0421 | 0.1071
active infection (pg/ml)]
Fishers' exact test [elevated 0.414 >
cytokine level latent vs active '5 *0.0096 | 0.999 | 0.1841 | 0.1044
infection (number of patients)] 9

* statistically significant (p < 0.05)
— undetectable
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2.5. Involvement of B19V in development ME/CFS

2.5.1. Presence of B19V specific antibodies

B19V specific 1gG class antibodies were found in 70% (140/200) of
patients with ME/CFS and 67.4% (60/89) of the analysed apparently healthy
individuals (p = 0.6803) blood plasma samples. None of apparently healthy
individuals had B19V specific IgM class antibodies, though 8% (16/200) of
ME/CFS patients had IgM class antibodies (p = 0.0038).

2.5.2. Frequency of B19V genomic sequences

Using nPCR B19V genomic sequence in DNA isolated from peripheral
blood and/or blood plasma was detected in 29% (58/200) of ME/CFS patients
and in 3.8% (4/104) of apparently healthy individuals (p < 0.0001). Presence of
B19V genomic sequences in DNA from peripheral blood leukocytes was
detected in 12% (24/200) of patients with ME/CFS and in 1.9% (2/104) of
apparently healthy individuals (p = 0.002). However, presence of B19V
genomic sequences in DNA from blood plasma was found in 17% (34/200) of
patients with ME/CFS and 1.9% (2/104) of apparently healthy individuals
(p < 0.0001). B19V NS1 gene expression in PBMCs was detected by RT-PCR
and 25 out of 58 (NPCR positive) analysed ME/CFS patients were positive.

2.5.3. B19V load

In nine of 24 patients with a latent/persistent B19V infection the viral
load was [median (IQR)] 5.6 (27.4-0.8) copies/ug DNA (37.2 copies/10° cells)
and in 15 patients < 0.2 copies/ug DNA. In addition, in 11 out of 34 patients
with an active B19V infection the viral load was 38.2 (217.5-17.7) copies/ug
DNA (251.8 copies/10% cells) and in 23 patients < 0.2 copies/ug DNA
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(p = 0.0289). All apparently healthy individuals with B19V infection had a
viral load < 0.2 copies/pug DNA.

2.5.4. B19V antibody reaction patterns

By analysing B19V specific antibody reaction patterns of 75 patients
with ME/CFS (39 with and 36 without the presence of B19V genomic sequence
in DNA from peripheral blood and/or blood plasma) with recomLine kit, an
acute B19V infection was revealed in one patient, a recent infection (weeks to
months after infection onset) in 41% (16/39) of the patients with B19V
genomic sequence and in 30.6% (11/36) without it (p = 0.4706). A sustained
infection (months to years after infection onset) was observed in 56.4% (22/39)
of patients with and 27.8% (10/36) — without B19V genomic sequence in
peripheral blood and/or plasma DNA (p = 0.0191). 41.7% (15/36) of patients
without B19V genomic sequence were without B19V specific antibodies.
51.3% (20/39) of the analysed patients with the presence of B19V genomic
sequence in DNA isolated from peripheral blood and/or plasma had developed
B19V specific NS1 antibodies.

2.5.5. Association of B19V with ME/CFS clinical symptoms

The occurrence of typical ME/CFS clinical symptoms and the presence
of B19V infection markers in patients with ME/CFS are summarized in
Table 2.5.

The onset of ME/CFS symptoms was determined six months up to three
years before inclusion in the study. In 93.3% (70/75) of patients with B19V
infection onset of symptoms had occurred 8.3 = 1.7 months before inclusion in
this study and in 6.7% (5/75) of the patients symptoms had started 2.4 + 0.5

years before. In patients with a recent B19V infection symptoms had started
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8.3 £ 1.6 months ago and in patients with a sustained infection — 12.1 + 7.8

months ago (from them 25% — more than 12 months ago).

Table 2.5

Occurrence of typical ME/CFS clinical symptoms in ME/CFS patients with
latent/persistent and active B19V infection

Symptoms Latent/persistent Active B19V, P value
B19V, n (%) n (%)
Chronic fatigue (>6 months) 24 (100%) 34 (100%) 1.0000
Post-exertional malaise 15 (62.5%) 18 (52.9%) 0.5923
Impaired memory 12 (50%) 24 (70.6%) 0.1694
Decreased concentration 13 (54.2%) 18 (52.9%) 1.0000
Sleep disturbances 15 (62.5%) 22 (64.7%) 1.0000
Subfebrility 9 (37.5%) 20 (58.8%) 0.1820
Lymphadenopathy 10 (41.7%) 17 (50%) 0.5992
Muscle pain 14 (58.3%) 16 (47.1%) 0.4351
Multi-joint pain 9 (37.5%) 15 (44.1%) 0.7872
Headache of new type 14 (58.3%) 13 (38.2%) 0.1828

Figure 2.1 shows the percentage of ME/CFS typical clinical symptoms
in the analysed patients with and without detectable NS1 antibodies in the
presence of B19V genomic sequence in whole blood DNA. From them 55% of
patients with and 21.1% without NS1 antibodies had multi-joint pain
(p = 0.0294). Muscle pain was observed in 65% and 42.1%, while
lymphadenopathy — 65% of patients with and 31.6% without NS1 antibodies,
respectively (p = 0.1517 and p = 0.0369).
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Figure 2.1 Number of ME/CFS typical symptoms in patients with presence
of B19V genomic sequence with and without B19V specific NS1 antibodies
* statistically significant (p < 0.05)

2.5.6. Level of cytokines in case of B19V infection

Pro-inflammatory (IL-6, TNF-a and IL-12) and anti-inflammatory (IL-4
and IL-10) cytokines median (IQR) concentration (pg/ml) and percentage of
patients with an elevated cytokine level in ME/CFS patients with a

latent/persistent and active B19V infection is depicted in Table 2.6.
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Table 2.6

Level of cytokines in patients with ME/CFS with latent/persistent and
active B19V infection

Cytokine, | IL-6, | TNF-a, | IL-4, | IL-10, | 'L12

Assessed sensitivity | 092 | <1 | <2 | <1 |®7D

parameter pg/ml pg/ml pg/ml pg/mi pg)ml
Latent/persistent B19V infection

3.0 69.9 11.6 13.8

Median (IQR) (3- (133 <2 (29.6- | (151

2.1) 29) 5.9) -8.1)

Patients with elevated level (%) 8.3 76.2 0.0 75.0 100.0
Active B19V infection

45 | 106.4 158 (11‘:3'%
Median (IQR) (6— (153- <2 (82.5- o

1.5) 42.9) 10) 12.7)

Patients with elevated level (%) 455 72.7 0.0 92.9 92.9

Mann-Whitney test [latent vs 0.061
active infection (pg/ml)] 0.625 | 0.3581 B 0.096 2

Fishers' exact test [elevated -

. : . 0.00 > >0.99 0.494

cytokine level persistent vs active 31 0.9999 99 0.1234 9

infection (number of patients)]
* statistically significant (p < 0.05)
— undetectable

2.5.7. B19V phylogenetic analysis

Although two B19V genotypes (genotype 1 and 2) were revealed in
Latvia, the results of phylogenetic analysis of the B19V NS1 gene showed
genotype 1 circulation in patients with ME/CFS. The majority of Latvian
isolates (also from patients with diagnoses other than ME/CFS) was clustered
with genotype 1. Consistent tree topologies were observed with both of
neighbour-joining and maximum likelihood methods. The gene diversity for

genotype 1 was low — 0.3 ~ 1.1%.
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2.6. Involvement of HHV-6, HHV-7 and B19V infection/co-infection
in development of ME/CFS

2.6.1. Frequency of virus infection/co-infection

Using nPCR markers of persistent viral infection/co-infection was
revealed in 96.5% (193/200) of patients with ME/CFS and in 85.3% (128/150)
of apparently healthy individuals (p = 0.0003) (Figure 2.2).

ME/CFS (n=200) AHI (n=150)

7. 4% mLatent
infection
(p=0.0001)

m Active
infection
(p=<0.0001)

m Without
infection
(p=0.0003)

Figure 2.2 Frequency of persistent HHV-6, HHV-7 and B19V infection in
patients with ME/CFS and apparently healthy individuals
AHI — apparently healthy individuals

Figure 2.3 shows the frequency of markers for persistent HHV-6,
HHV-7 and B19V infection/co-infection in latent or active phase in groups of

patients with ME/CFS compared with apparently healthy individuals.
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Figure 2.3 Frequency of persistent HHV-6, HHV-7 and B19V
infection/co-infection (%) in latent or active phase
HHV-human herpesvirus, B19V — human parvovirus B19, AHI — apparently healthy
individuals

2.6.2. Viral load in patients with co-infection

The median HHV-6 load in patients with a persistent
infection/co-infection in a latent phase was (IQR) 262 (474-29.7) copies/10°
cells, whereas in an active phase — 653.2 (4136-190.5) copies/10° cells
(p = 0.0251) (Figure 2.4.a).

HHV-7 load was 166.5 (398.6-123.8) copies/10° cells in patients with a
persistent infection/co-infection in a latent phase and 248.5 (422-105.6)
copies/108 cells in ME/CFS patients with an active infection (p = 0.55) (Figure
2.4.b).

In patients with a persistent infection/co-infection in a latent phase
B19V load was 14.7 (27.4-0.7) copies/ug DNA (96.8 copies/10° cells) and in
patients with an infection in an active phase — 38 (217.8-18) copies/ug DNA
(250.8 copies/108 cells) (p = 0.0444) (Figure 2.4.c).
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Figure 2.4 HHV-6 (a), HHV-7 (b) and B19V (c) viral load in ME/CFS
patients with persistent infection/co-infection in latent and active phase
* statistically significant (p < 0.05)
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2.6.3. Cytokine level in ME/CFS patients with viral
infection/co-infection

According to the used cytokine detection protocols, the mean (range) of
IL-6 level in apparently healthy individuals was 6.4 (< 0.92-13) pg/ml. Median
(IQR) level of IL-6 in ME/CFS patients with a persistent HHV-6/HHV-7/B19V
infection and/or co-infection in a latent phase was 2.5 (5.1-1.9) pg/ml and in
patients with a persistent single HHV-6 or HHV-7 infection in an active phase
—4.2 (5.3-1.3) pg/ml. IL-6 level in case of a persistent double (HHV-6+HHV-7
and HHV-7+B19V) infection in an active phase was 4.7 (10.2-2) pg/ml and in
case of a persistent triple (HHV-6+HHV-7+B19V) infection in an active phase
— 3.3 (6-1.8) pg/ml. In all ME/CFS patients without infection IL-6 level was
<0.92 pg/ml (p = 0.1289).

TNF-a level in apparently healthy individuals was under the detection
level (< 2.3 pg/ml). In ME/CFS patients with a persistent HHV-6/HHV-7/B19V
infection and/or a co-infection in a latent phase median (IQR) TNF-a level was
59 (133-29) pg/ml and with a single HHV-6 or HHV-7 infection in an active
phase — 44 (68-26.5) pg/ml. In patients with a persistent double
(HHV-6+HHV-7 and HHV-7+B19V) infection in an active phase TNF-a level
was 625 (117.2-43) pg/ml, though with a persistent triple
(HHV-6+HHV-7+B19V) infection in an active phase — 123 (178-74.7) pg/ml.
In ME/CFS patients without infection the TNF-a level was 59 (77.5-12) pg/mi
(p = 0.0492).

IL-12 level in apparently healthy individuals was under the detection
level (< 2.1 pg/ml). In ME/CFS patients with a persistent HHV-6/HHV-7/B19V
infection and/or co-infection in a latent phase IL-12 median level was 13.4
(15.6-5.6) pg/ml. In patients with a persistent single (HHV-6 or HHV-7)
infection in an active phase and with a double (HHV-6+HHV-7 and
HHV-7+B19V) infection in an active phase IL-12 level was 15.5 (16.8-13.3)
pg/ml and 15.5 (18.4-13.3) pg/ml, respectively. In case of a persistent triple
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(HHV-6+HHV-7+B19V) infection in an active phase IL-12 level was 16
(31.3-13.9) pg/ml and patients without infection — 14.6 (15.1-3.1) pg/mi
(p = 0.0063).

In apparently healthy individuals the mean IL-10 level was 10.3
(8.1-12.5) pg/ml. The median (IQR) IL-10 level in ME/CFS patients with a
persistent HHV-6/HHV-7/B19V infection and/or co-infection in a latent phase
was 12.4 (30-7) pg/ml, whereas in patients with a persistent single (HHV-6 or
HHV-7) infection in an active phase — 20 (25-18.3) pg/ml. In addition, in
ME/CFS patients with a persistent double (HHV-6+HHV-7 and
HHV-7+B19V) and a triple (HHV-6+HHV-7+B19V) infection in an active
phase IL-10 level was 21 (98.8-10.3) and 22 (130-12.2) pg/ml, respectively.
Median IL-10 level was 5 (11.6-3.1) pg/ml for patients without infection
(p = 0.0023).

2.6.4. ME/CFS typical clinical symptoms in patients with
infection/co-infection
ME/CFS clinical symptoms in case of a persistent single HHV-6,
HHV-7 and B19V infection and co-infection (double HHV6+HHV-7,
HHV-7+B19V and triple HHV-6+HHV-7+B19V) in latent and active phase

with p value (Fisher's exact test) are shown in Table 2.7.
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Table 2.7
Occurrence of typical ME/CFS clinical symptoms in ME/CFS patients with
persistent HHV-6, HHV-7 and B19V infection/co-infection in latent and
active phase

n (%2}
= |€ |8 |E |8 £ s | 2
© £ = = > | 8 £ g 2
Ao | = 5 5 8 = S s by 2
® s E 5 = S & <% s 4=
=} 2 = o A7) 5] o S =X o
= = o - - "'_5 ‘E 172 T E
c = L ‘T Q = > S 2 = G
S S d><.> o ] o » c IS > I
Se\|le |5 |E | & |2 > E |8
28 g S 8 2
= £ = =
o
Latent 100 | 522 | 76.1 | 804 | 76.1 | 478 | 56.5 | 52.2 | 60.9 | 45.7
single
Active 100 | 529 | 588 | 824 | 765 | 70.6 | 41.2 | 529 | 294 | 35.3
single

p value > > 0.21 > > 0.15 | 0.39 > *0.0 | 0.57
099 | 099 | 58 | 0.99 | 099 | 57 5 099 | 452 | 08
99 99 99 99 99

Latent 100 | 62.7 | 66.7 | 66.7 | 647 | 588 | 58.8 | 58.8 | 39.2 | 37.3
double

Active 100 | 50.0 | 704 | 722 | 704 | 648 | 46.3 | 48.1 | 48.1 | 46.3
double

p value > 023 | 0.83 | 0.67 | 0.67 | 0.55 | 0.24 | 0.32 | 0.43 | 0.42
0.99 | 85 37 18 68 25 24 94 23 95

99
Latent | 100 | 66.7 | 50 | 66.7 | 83.3 | 33.3 | 33.3 | 66.7 | 16.7 | 100
triple
Active | 100 | 789 | 579 | 474 | 789 | 474 | 52.6 | 52.6 | 474 | 31.6
triple
p value [>0.9999| 0.60 p0.9999 0.64 P0.9999 0.66 | 0.64 | 0.66 | 0.34 | *0.0

61 47 09 47 09 49 052

* statistically significant (p < 0.05)
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2.6.5. Severity of ME/CFS in patients with infection/co-infection

Severe course of disease was experienced by 18.7% and moderate — by
81.3% of patients with ME/CFS (p < 0.0001).

In patients with severe and moderate ME/CFS median (IQR) IL-6 level
was 1.5 (5.2-1.1) pg/ml and 4.5 (5.7-2) pg/ml, respectively (p = 0.0506).
TNF-a level was 103 (150.7-44.7) pg/ml in patients with severe and 58
(123-32) pg/ml with moderate ME/CFS (p = 0.0434). In patients with ME/CFS
and a severe course of the disease IL-12 level was 19.9 (37.3-15.5) pg/ml and
with a moderate course — 13.8 (16.4 —7.4) pg/ml (p = 0.0494). Moreover, IL-10
level was 35 (90-8.8) pg/ml in patients with severe and 12.4 (25-6.7) pg/ml
with moderate severity of ME/CFS (p = 0.025) (Figure 2.5).
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Figure 2.5 Median (IQR) IL-6, TNF-a, IL-10 and IL-12 level in ME/CFS
patients with severe and moderate course of the disease
* statistically significant, CC — clinical course

33



HHV-6 load in ME/CFS patients with a severe course of the disease was
median (IQR) 1134 (2962-34.5) copies/10° cells and with a moderate
course — 391.8 (3190-162.8) copies/108 cells (p = 0.7656). Though HHV-7 load
in patients with severe ME/CFS was 303.6 (514.8-174) copies/10° cells and
with a moderate disease course — 175.7 (402.7-90) copies/10% cells
(p = 0.0254), but B19V load in cases of severe and moderate ME/CFS was 8
(13.5-2.5) copies/ug DNA (53 copies/10°® cells) and 30 (79.1-5.6) copies/ug
DNA (197.8 copies/10° cells), respectively (p = 0.2353) (Figure 2.6).
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Figure 2.6 Median (IQR) HHV-6, HHV-7 (copies/10° cells) and B19V
(copies/ng DNA) load in ME/CFS patients with severe and moderate
course of the disease
* statistically significant, CC — clinical course

34



3. DISCUSSION

ME/CFS is a multifactorial disorder characterized by several symptoms,
which frequently follow after a virus infection or prolonged stress. After
decades of great effort in research, there is still no accordance regarding
frequency and severity of immune disturbances in this condition (Bansal et al.,
2012; Committee on the Diagnostic  Criteria  for  Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome et al., 2015). ME/CFS is
recognized as a heterogeneous disease with a lack of homeostasis in multiple
organ systems accompanied by psychosocial problems that reduce the quality
of life (Winger et al., 2015; Glassford, 2017).

Virus infections are believed to be one of ME/CFS potential triggers,
because infectious-like symptoms are present in many ME/CFS patients during
sudden onset of the disease. Fatigue can be the consequence of a post-viral
infection and immunological dysfunctions may be caused or facilitated by a
virus infection in patients with ME/CFS. However, there is no consensus on
implication of a virus infection in ME/CFS (Morinet and Corruble, 2012). It is
not clear, whether an active HHV-6A, HHV-6B, HHV-7 and B19V infection
cause ME/CFS or follows the disease.

In this study the biological material of 200 patients’ with clinically
diagnosed ME/CFS and 150 apparently healthy individuals is analysed with
molecular and serological laboratory methods to determine presence, load and
activity phase of HHV-6A, HHV-6B, HHV-7, B19V and XMRV, as well as the
level of cytokines in association with clinical symptoms.

ME/CFS is more prevalent in females compared to males. It is reported
that 65 to 80% of adult ME/CFS cases are females (Underhill, 2015). Likewise,
in this study 65% of patients with ME/CFS are females, albeit the prevalence of
ME/CFS could be higher than currently assessed. Onset of ME/CFS can happen
at any age, though patients are characterized by a peak at the age of 10 to 19
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years and 30 to 39 years (Bakken et al., 2014). This corresponds to average age
of adult patients in our study (38 + 12 years).

XMRYV as potential causative factor of ME/CFS was considered since
2009, when 67% of patients and 3.7% of healthy donors are reported to be
XMRYV positive (Lombardi et al., 2009). Next year the publication revealed
murine leukemia virus related virus gene sequence in 86.5% of ME/CFS
patients and in 6.8% of controls (Lo et al., 2010). However, these reports are in
contrary to this study result, where XMRYV specific gag and env gene sequences
are absent in DNA isolated from peripheral blood of ME/CFS patients and
apparently healthy individuals. The obtained results are in line with majority of
published researches worldwide, where XMRYV is not detected in patients with
ME/CFS and is concluded not to be associated with human diseases (Groom
and Bishop, 2012).

Trigger factor could differ from causal factor of ME/CFS aetiology and
Underhill in 2015 discusses that related pathogens instead of different ones
causes this disease (Underhill, 2015).

The presence of virus-specific IgG class antibodies in blood plasma or
serum is observed in patients with history of an infection, whereas
virus-specific IgM class antibodies and virus genomic sequence in DNA from
cell-free plasma is present during an acute or primary infection and an active
viral infection (Liefeldt et al., 2005). Considering that the primary infection
with these viruses usually occurs in early childhood, in case of a persistent
infection in the adults the presence of virus genomic sequence in DNA isolated
from cell-free plasma is marker for virus reactivation. It is accompanied by
detectable virus genomic sequence in DNA isolated from whole blood or blood
leukocytes indicating persistent virus infection (Traylen et al., 2011).

In this study, the frequency of B19V specific I1gG class antibodies is
similar in patients with ME/CFS (70%) and apparently healthy individuals
(67.4%) (p = 0.6803). Furthermore, none of apparently healthy individuals but
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8% of patients with ME/CFS have IgM class antibodies (p = 0.0038). Other
B19V seroprevalence studies likewise do not find a significant difference
between the presence of B19V specific 1gG class antibodies in patients and
control group, reporting that B19V seroprevalence in population varies from
60% to 80%, but others show B19V specific IgG class antibodies in 74% and
IgM — in one patient with ME/CFS (Cooling et al., 1995; Zhang et al., 2010).
Considering that B19V seroprevalence increases from 2% in children under age
of 5 years up to 85% in elderly people (Servant-Delmas et al., 2010) and the
mean age of this study cohort is 38 £ 12 years, results on frequency of IgG
class antibodies are consistent with worldwide population.

The presence of B19V NS1 specific antibodies accompanied by the
presence of B19V DNA is found in 20/39 (51.3%) analysed ME/CFS patients,
asserting the persistence of B19V infection. These results coincide with Kerr et
al., publication, where IgG class antibodies against NS1 protein are detected in
more patients (41.5%) than controls (7%) whereas IgM class antibodies are
found in three patients and one donor. Detectable B19V specific NS1
antibodies indicate on a severe and persistent infection, therefore immune
system of a part of the patients is not able to control the virus sufficiently (von
Poblotzki et al., 1995; Kerr et al., 2010).

In this study B19V genomic sequence is more frequently detected in
patients with ME/CFS (29%) than apparently healthy individuals (3.8%)
(p < 0.0001). A significant difference is revealed between patients (12%) and
apparently healthy individuals (1.9%) in case of a latent/persistent B19V
infection (virus genomic sequence only in DNA isolated from leukocytes)
(p = 0.002). In addition, an active B19V infection (B19V genomic sequence
also in cell-free blood plasma DNA) is significantly often detected in patients
with ME/CFS (17%) than apparently healthy individuals (1.9%) (p < 0.0001).
Furthermore, B19V replication is proven in patients with a persistent B19V

infection by the detection of NS1 gene expression in patients PBMCs. Other
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studies have also reported the detection of B19V DNA, messenger ribonucleic
acid (mRNA) and protein in macrophages, T and B cells, follicular dendritic
cells and in monocytes (Takahashi et al., 1998), whereas B19V infection of
monocyte cell line U937 can be abortive due to a lack of viral particle
production (Munakata et al., 2006).

The results of our study are in accordance with publications by other
researchers, who conclude that at least in part of patients B19V could be
involved in etiopathogenesis of ME/CFS due to the detection of B19V infection
markers in 40% of patients and almost 15% of controls (Fremont et al., 2009).
In this study the frequency of elevated B19V load is significantly often
estimated in ME/CFS patients than in apparently healthy individuals
(p = 0.0003). Moreover, in case of an active B19V infection the viral load is
higher than in patients with a latent/persistent B19V infection. Reports from
other studies show the detection of B19V genomic sequence with real-time
PCR only in patients with ME/CFS and not in control group (Kerr et al., 2010).
However part of researchers report no association of B19V infection with
ME/CFS, because markers of B19V are not detected in all ME/CFS cases
(Sanders and Korf, 2008). Furthermore, reviewing neurological aspects of
B19V infection, nine reports have published a correlation of ME/CFS with an
acute B19V infection, however two studies deny it (Barah et al., 2014).

The analysis of B19V 1gG and IgM class antibodies’ patterns discloses
an acute infection in only one ME/CFS patient. Recent infection is observed in
more patients with the presence of B19V genomic sequence (41%) detected by
nPCR than without it (30.6%), though not statistically significant (p = 0.4706).
Furthermore, a sustained infection is significantly often found in patients with
(56.4%) than without (27.8%) detectable B19V genomic sequence in DNA
from whole blood (p = 0.0191). The data of this study show that B19V
infection can persist for years. In patients with a recent B19V infection,

ME/CFS symptoms started 8.3 + 1.6 months ago and with a sustained infection
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—12.1 + 7.8 months ago, indicating that B19V infection is a potential promoter
of this disease. In addition, a severe clinical course of ME/CFS is experienced
by more patients with a sustained (28.1%) than with a recent BV19 infection
(18.5%), thus pointing to the gradual increase in the symptoms of the disease
during an infection. Findings of B19V infection in ME/CFS tends to confirm
the hypothesis of B19V as a possible trigger for this disease, however ME/CFS
could be caused by various factors and some infectious agents may contribute
to forming a subset of this illness (Kerr et al., 2010). No specific pathogen is
detected yet and rather could be viral than bacterial due to failure of antibiotic
treatment (Underhill, 2015).

In our study HHV-6 seropositivity is revealed in 92.1% of patients with
ME/CFS and 76.7% of analysed apparently healthy individuals showing a
difference between these groups. Whereas IgM class antibodies are found in
6.1% of patients and only 2.2% of controls (p = 0.2227). Published results on
the prevalence of HHV-6 antibodies by other researchers are discrepant. Some
report on a higher frequency of IgM class antibodies among patients with
ME/CFS (50%) compared to donors (28.5%), while some do not find any
difference between patients and control groups (Levine et al., 2001; Burbelo et
al., 2012). Despite potential differences in geographic distribution, the
prevalence of HHV-6 1gG class antibodies in apparently healthy individuals
(76.7%) from this study correspond to previously published in Greece (78.8%)
that does not differ from the age and gender of adults (Politou et al., 2014).
However, Ablashi with colleagues detected IgM class antibodies more
frequently in ME/CFS patients (57.1%) and donors (16%) than in our study
(6.1% and 2.2%, respectively) (Ablashi et al., 2000).

According to PCR results a persistent HHV-6 infection in a latent phase
is observed in more patients with ME/CFS than in apparently healthy
individuals (42% vs 28.7%, p = 0.0133). Moreover, a persistent HHV-6
infection in an active phase is detected only in patients with ME/CFS (11%)
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and none of donors (p < 0.0001). Similar to this study results, Di Luca with
colleagues found HHV-6 genomic sequences in 44% of patients and 29% of
donors (Di Luca et al., 1995). Analysing a larger cohort, HHV-6 is reported to
be present in 70% of patients and 20% of controls (Buchwald et al., 1992).
Furthermore, 30.5% of patients and 9% of donors have an active HHV-6
infection (Nicolson et al., 2003). Publications show the correlation of an active
HHV-6 replication with ME/CFS, which can be emerged from reactivation of a
latent virus infection (Ablashi et al., 2000; Buchwald et al., 1992; Sairenji et al.,
1995). However, other studies show no difference in the frequency of HHV-6
infection between patient and control groups (Wallace et al., 1999; Reeves et
al., 2000; Cameron et al., 2010). Important is a fact that some study cohorts are
too small to draw general conclusions about association of a virus infection
with ME/CFS. HHV-6A is detected in only one patient with ME/CFS showing
that HHV-6B is prevalent among ME/CFS patients in Latvia. Similarly, in
another study HHV-6B is more present (75%) than HHV-6A (9.7%) in patients
with ME/CFS (Burbelo et al., 2012). Controversial, in other studies HHV-6A is
more prevalent in patients with ME/CFS but HHV-6B — in controls (Di Luca et
al., 1995; Ablashi et al., 2000). These differences can be explained by
geographic location, because another study in Latvia also reports on the
detection of HHV-6B in Latvian patients with other diseases, like autoimmune
thyroiditis (Sultanova et al., 2017).

The first gens, which are transcribed after HHV-6 infection are
immediate early (IE) genes. IE U89/90 a-gene is expressed in 78% of analysed
patients with the presence of HHV-6 showing HHV-6 transcription, as well as
optimization of a cell for virus gene expression and replication in these patients
with ME/CFS (Mirandola et al., 1998; De Bolle et al., 2005). The detection of
specific mMRNA is not always a marker for new protein synthesis. Accumulation
of transcripts can occur prior to protein synthesis (Mirandola et al., 1998).

Moreover, mRNA is not detected in all cases due to potential replication site in
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lymphoid tissue or other organs, instead of PBMCs (Van den Bosch et al.,
2001).

HHV-6 reactivation and replication in these ME/CFS patients are proven
by the detection of HHV-6 early and late proteins with virus-specific
monoclonal antibodies. In our study analysing PBMCs from 36 patients, in six
patients early p41 antigen expression is found. Moreover, HHV-6B reactivation
is identified by detection of gpl00 expression in 15 patients with ME/CFS.
Furthermore, in seven patients with ME/CFS gp116 expression is revealed,
which reacts with HHV-6A and HHV-6B and is associated with virus
replication (De Bolle et al., 2005).

The analysis of a virus copy number by real-time PCR reveals that in
patients with a persistent HHV-6 infection in an active phase the viral load is
almost seven times higher than in patients with a persistent infection in a latent
phase (p = 0.0019). The detection of elevated viral load in all patients with a
persistent HHV-6 infection in an active phase as well as a significantly higher
viral load in patients with an active infection suggests the usage of an elevated
viral load as a marker to distinguish latent from active infection phase.

During an active infection, the virus replicates through a rolling circle
mechanism and maintains the viral genome as a circular episome. Some
patients with HHV-6 related diseases have very high viral loads that can show
chromosomally integrated HHV-6 instead of high level of viral replication.
Therefore, in patient treatment and association of the virus with this disease it is
important to distinguish an active viral infection from integration (Clark, 2016).
Telomeric repeats at the end of HHV-6 genome allow integration into host cell
telomeres during homologous recombination (Kaufer and Flamand, 2014).
Integration in germ line cells can be transmitted to progeny, therefore the virus
integrates in a specific chromosome of every nucleated cell (Gravel et al.,
2015). It is proved that germ line integrated HHV-6 can be activated to a

transmissible infectious form in cell culture (Prusty et al., 2013 b) and can
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produce infectious virions in patients with immunodeficiency (Endo et al.,
2014). Literature data suggest HHV-6 integration in case of detected virus
genome copy in every cell of the body (Gravel et al., 2015). In this study
possible HHV-6 chromosomal integration is suspected in six ME/CFS patients,
due to a high viral load — more than one HHV-6 copy per cell [median (IQR)
1209033 (1464421-808183) copies/10° cells].

Dr. Prusty with colleagues analysed cells from patients with detected
HHV-7 sequences in DNA isolated from peripheral blood and demonstrate
telomeric integration of HHV-7 into chromosomes (Prusty et al., 2017). HHV-7
chromosomal integration was estimated in one Latvian ME/CFS patient with
more than one copy of HHV-7 per cell (1140127.6 copies/10® cells) and
confirmed with HHV-7 load detection in DNA from hair follicle (1188811.8
copies/108 cells), as well as with fluorescence in situ hybridisation analysis by
Prusty et al., 2017. Germ line integration of HHV-7 was confirmed by the
detection of more than two HHV-7 copies per cell (2591031.6 HHV-7
copies/108 cells) in patient’s mother’s hair follicle DNA.

In our study, HHV-7 specific 1gG class antibodies are detected in 84.6%
of ME/CFS patients and 93.8% of apparently healthy individuals corresponding
to HHV-7 seroprevalence of around 90% among worldwide adult population
(Caselli and Di Luca, 2007). The frequency of a persistent HHV-7 infection in
a latent phase is similar between patients with ME/CFS (58%) and apparently
healthy individuals (67.3%) (p = 0.0766) while a persistent HHV-7 infection in
an active phase is more often found in patients with ME/CFS (34%) than
apparently healthy individuals (8%) (p < 0.0001). Moreover, self-assembled
HHV-7 U57 gene, which forms an icosahedral capsid, is expressed in 45.7% of
analysed patients with HHV-7, indicating on active replication. Worldwide
studies on HHV-7 in patients with ME/CFS are very scarce. Some find HHV-7

specific antibodies in 91.4% of patients and 88% of controls, whereas some in
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all ME/CFS patients and 88% of controls (Sairenji et al., 1995; Ablashi et al.,
2000).

Patients with a persistent HHV-7 infection in an active phase have a
higher viral load than with a latent infection, though without statistical
significance (p = 0.3502). The data published by Oakes et al., coincides with
our results — they also do not find any statistical difference between HHV-7
copy number in patients and controls DNA isolated from PBMCs and saliva
(Oakes et al., 2013).

Recently published research data also support the hypothesis on
herpesviruses involvement in ME/CFS development due to expression of
herpesviruses encoded deoxyuridine triphosphate nucleotidohydrolases -
dUTPases that activates humoral immune response (Halpin et al., 2017). The
percentage of HHV-6, HHV-7 and co-infection is estimated to be similar
between patients and controls, nevertheless HHV-7 is revealed twice as much
as HHV-6 (Wallace et al., 1999). Elsewhere differences in detection of HHV-6,
HHV-7 and B19V in twins with and without ME/CFS are not observed
(Koelle et al., 2002). Furthermore, Fremont with colleagues estimate similar
amount of HHV-6 and HHV-7 positive cases with high loads in gastric and
intestinal mucosa tissue from patients and donors. In the same work, B19V is
detected significantly more in ME/CFS than in control group (Fremont et al.,
2009).

Previous studies by colleagues in our laboratory demonstrate the
reactivation of HHV-6 and HHV-7 in patients with ME/CFS (Chapenko et al.,
2006). The analysis on the presence of herpesviruses genomic sequences in
healthy blood donors in Latvia are also conducted (Kozireva et al., 2001).
Subsequently, an active HHV-6, HHV-7 and B19V infection and a
simultaneous dual or triple infection of these viruses is present in patients with
ME/CFS (Chapenko et al., 2012).
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Analysing co-infections of HHV-6/HHV-7/B19V in this study, a
persistent infection/co-infection is more frequently found in patients with
ME/CFS (96.5%) than apparently healthy individuals (85.3%) (p = 0.0003).
From them a persistent infection/co-infection in a latent phase is revealed in
half of patients with ME/CFS (51.1%) and % of apparently healthy individuals
(76.7%) (p < 0.0001). However, a persistent infection/co-infection in an active
phase is present significantly more often in patients (45%) than in apparently
healthy individuals (8.7%) (p < 0.0001), showing the relevance of an active
viral infection in ME/CFS.

Notably, single B19V infection is detected in only one patient and two
apparently healthy individuals from this cohort. Considering that herpesviruses
can be helper viruses for subfamily of parvoviruses — dependoviruses
replication, hypothetically they could serve as triggers for B19V infection
(Streiter et al., 2011).

The data of this study demonstrate no differences in the frequency of a
persistent single infection in an active phase among patients with ME/CFS and
apparently healthy individuals, whereas a persistent double HHV-7+B19V
infection in an active phase is observed significantly more patients compared to
apparently healthy individuals (p = 0.0002). Moreover, an active double
HHV-6+HHV-7 and active triple co-infection is found only in patients with
ME/CFS (p < 0.0001 and p < 0.0001, respectively), distinctly indicating on the
involvement of an active co-infection in the development of ME/CFS. HHV-6
and B19V load is significantly higher in patients with an infection/co-infection
in an active than in a latent phase (p = 0.0251 and p = 0.0444, respectively). In
addition, HHV-7 load is higher in patients with a severe compared to a
moderate course of ME/CFS, therefore it could be linked with symptoms
severity (p = 0.0254). Other researchers have not analysed viral loads according
to co-infections, though they find a similar tendency of higher HHV-7

prevalence and load, as well as a higher B19V frequency in patients with
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ME/CFS compared to controls suggesting B19V involvement in ME/CFS.
Controversial to our research, they do not determine the difference of HHV-6
frequency and load in patients and controls (Fremont et al., 2009).

An active virus may be undetectable in many patients’ body fluids
because of possible latency in other tissues than peripheral blood (Hiifner et al.,
2007). Therefore, although the presence of a virus infection is not detected in
all cases of ME/CFS, it could form a subgroup of this disease. Similarly,
endocrine, immunological, psychosocial, genetic factors and factors
predisposing oxidative stress are considerable in dividing patients into
subgroups (Sanders and Korf, 2008).

It is hypothesized that ME/CFS could be caused by neurotropic viruses,
like HHV-6 and HHV-7, which can infect neurons and immune cells to impair
CNS capillaries and micro-arteries, leading to brain damage. This infection
initiates immune system disturbances that in its turn can lead to a chronic
infection. Immunosuppression and activated immune complexes may cause
chronic inflammation, which facilitates the establishing of a persistent infection
(Krueger and Ablashi, 2006; Broderick et al., 2010; Glassford, 2017).
Furthermore, chronic immune system activation is accompanied by alterations
in regulation of cytokine production (Sairenji and Nagata, 2007).

Cytokines are small proteins, involved in cell signalling, mostly
providing a balance between humoral and cell mediated immune response.
Pro-inflammatory ~ cytokines  ensure  systemic  inflammation  and
anti-inflammatory — inhibition of pro-inflammatory cytokines (Mensah et al.,
2017). The analysis of cytokine levels in this study reveals that patients with
ME/CFS have elevated levels of pro-inflammatory (IL-6, TNF-a and I1L-12)
and anti-inflammatory (IL-10) cytokines comparing to apparently healthy
individuals. Moreover, ME/CFS patients with a persistent infection in an active
phase have higher levels of cytokines than patients with a persistent infection in

a latent phase, however not in all cases statistical difference is confirmed. In

45



contrary, the level of IL-4 is not elevated in patients with ME/CFS, what is
supported by other studies where no difference is found in the level of IL-4
between ME/CFS patients and healthy controls (Nakamura et al., 2010; Brenu
et al., 2011; Lidbury et al., 2017). Elsewhere IL-4 is found to be higher in
women with this disease compared to women in control group (Fletcher et al.,
2009).

The inconsistency among studies on cytokine levels in patients with
ME/CFS are explained by variations in patient and control recruitment in terms
of diagnostic criteria, onset, duration and phase of the disease, as well as time
of sample collection and used laboratory methods (Mensah et al., 2017).
Findings on increased level of several cytokines after exertion are found in
patients with severe symptom flare (White et al., 2010). In addition, disease
duration for more than three years is reported to impact immune signatures
(Hornig et al., 2015).

It is shown that HHV-6 can infect monocytes/macrophages and
inflammatory cytokines can contribute in the reactivation of this virus from a
latent phase (Aoki et al., 2016). Viral infection induced prolonged state of
immune disbalance accompanied by changes in cytokine level can lead to the
development of ME/CFS clinical symptoms. Findings in this study correspond
to Brenu et al., findings of Th1/Th2 cytokine response imbalance that is
reflected by increased levels of TNF-o and IL-10, suggesting a persistent
chronic infection (Couper et al., 2008; Brenu et al., 2011).

Despite frequent findings of elevated IL-6 in patients with active single
HHV-6 and B19V infection, analysing the level of cytokines in case of
co-infections, no difference is confirmed in the level of IL-6 among patient
groups without infection, with a latent infection/co-infection, active single,
double and triple co-infection (p = 0.1289). Though a significant difference is
revealed in levels of TNF-a, IL-12 and IL-10 among five above mentioned

groups (p = 0.0492, p = 0.0063 and p = 0.0023, respectively). Our study results
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are in accordance with those in the published report on equally raised 1L-6 level
without any difference between patients’ and donors’ group (Brenu et al.,
2011). Other researchers also do not find differences in the level of IL-6
amongst ME/CFS and control cases (Ter Wolbeek et al., 2007; Lidbury et al.,
2017). Further analysis discloses a higher level of IL-6 in patients with an
active double co-infection than in patients with a latent infection/co-infection
and without infection (p = 0.0319 and p = 0.0418, respectively). Despite the
fact that a level of IL-6 is elevated only slightly, the results show differences
among patients with a persistent co-infection in latent and in active phase,
which can be observed only analysing certain ME/CFS patients groups with
co-infection. Other studies also report on a raised level of IL-6 in patients with
ME/CFS (Fletcher et al., 2009). Taking into account that average onset of
ME/CFS among patients included in this study is 10.2 =+ 4.2 months, discrepant
results can be explained by a difference in the duration of disease. Findings of
high IL-6 level concern older patients with the duration of ME/CFS for more
than two years but a low level of IL-6 concern younger patients with a recent
occurrence of disease (early disease) (Russell et al., 2016).

Particularly higher level of TNF-a is found in patients with an active
triple co-infection if compared to a latent infection/co-infection and an active
double co-infection, presenting a role of an active co-infection with multiple
viruses in increase in TNF-a level, which indicates on inflammation that could
be caused by a viral infection (p = 0.0045 and p = 0.0158, respectively). A
study by Brenu and co-authors shows a higher level of TNF-a in ME/CFS
patients, however some authors do not find any difference between patients and
controls (Fletcher et al., 2009; Nakamura et al., 2010; Brenu et al., 2011;
Lidbury et al., 2017). It is shown that low-level inflammation and activation of
cell-mediated immunity is observed in ME/CFS cases and the high level of

TNF-o correlates with several clinical symptoms, therefore an increase of

47



inflammatory mediators might explain why these disease symptoms exist
(Maes et al., 2012).

Similarly, in case of an active triple co-infection the level of IL-12 is
more elevated than in a latent infection/co-infection, active single and active
double infection cases (p = 0.0003, p = 0.0125, p = 0.0195, respectively). The
same tendency in IL-12 level is observed between patients with an active triple
co-infection and without infection (p = 0.0636). Elevated level of IL-12 is
admitted to have a good biomarker potential in ME/CFS (Fletcher et al., 2009).
Russell and co-workers also record increased expression of IL-12 in their study
(Russell et al., 2016). In contrary, elsewhere a decreased level of IL-12 is
reported (Visser et al., 2001).

Significantly higher level of IL-10 is observed in patients with an active
double co-infection compared to patients without infection and with a latent
infection/co-infection (p = 0.029 and p = 0.0035, respectively). In addition,
ME/CFS patients with an active triple co-infection have a higher level of IL-10
in comparison to patients without infection, with a latent infection/co-infection
and an active single infection (p = 0.0107, p = 0.0034 and p = 0.0321,
respectively). The same tendency of IL-10 level increase in patients with
ME/CFS is presented in several studies (Visser et al., 2001; Ter Wolbeek et al.,
2007; Nakamura et al., 2010; Brenu et al., 2011). However, some researchers
find a similar level of IL-10 in patients and controls, but some find a higher
level of IL-10 even in healthy controls (Kavelaars et al., 2000; Patarca, 2001;
Fletcher et al., 2009; Lidbury et al., 2017).

Cytokines can serve as markers for virus induced changes in cell
immunity and an elevated level of certain cytokines can be associated with
inflammation caused by a virus infection (Nastke et al., 2012). The data of this
study show that the level of cytokines is changed significantly in case of
co-infections. Moreover, patients with an active co-infection demonstrate a

higher level of pro-inflammatory and anti-inflammatory cytokines. It is proved,

48



that the level of pro-inflammatory cytokines correlates with the severity of
ME/CFS and sleep disturbances (Milrad et al., 2017). Besides, the level of
TNF-a in patients with ME/CFS correlates with a degree of fatigue (Bansal et
al., 2012). In our study a level of TNF-a, IL-12 and IL-10 is statistically
significantly higher in patients with a severe course of ME/CFS compared to
those with a moderate course (p = 0.0434, p = 0.0494 and p = 0.025). Inversely,
the level of IL-6 tends to be higher in patients with moderate severity of the
disease (p = 0.0506). Stress and fatigue are estimated to be greater in patients
with an elevated level of IL-6 (Lattie et al.,, 2012). A moderate course of
ME/CFS is experienced by most of the patients in this study (81.3%) that could
be because of the level of IL-6, which is not significantly elevated.

It is possible that a virus infection causes a cellular immunity
dysfunction, which induces virus reactivation. Subsequently, viral proteins
facilitate cytokine secretion, resulting in emergence of ME/CFS typical
symptoms, such as fatigue, fever, sleep and cognitive disorders (Bansal et al.,
2012). Chronic pain can be caused by inflammatory signals that are spread by
glial cells, whereas inflammatory cytokines and neuronal stimulation can
activate glial cells (Yasui et al., 2014; Glassford, 2017).

Besides chronic fatigue for more than six months, which all patients
with diagnosed ME/CFS have, impaired memory, decreased concentration and
sleep disturbances are the most frequently observed symptoms in these patients.
The presence of typical ME/CFS symptoms is reported more frequently among
patients in the Netherlands and the United Kingdom. Besides these symptoms,
cognitive dysfunction, sleep disturbances and post-exertional malaise are most
frequent reported and are acknowledged to be essential symptoms of ME/CFS
(Collin et al., 2016).

The analysis of single HHV-6, HHV-7 and B19V infection does not
reveal any statistically significant differences in occurrence of typical ME/CFS

clinical symptoms among patients with a persistent infection in a latent and an
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active phase. Though, patients with B19V genomic sequence and antibodies to
NS1 protein significantly more frequently have multi-joint pain (55%) than
patients” with B19V genomic sequence and without NS1 antibodies (21.1%)
(p = 0.0294). Muscle pain and lymphadenopathy are more frequently observed
in patients with (65% and 65%) than without (42.1% and 31.6%) presence of
NS1 antibodies (p = 0.1517 and p = 0.0369, respectively). Such B19V
associated ME/CFS clinical manifestations as fatigue, lymphadenopathy, joint
and muscle pain could be consequences to B19V infection. Reports are
published on B19V as a cause of ME/CFS typical clinical symptoms, therefore
in some studies B19V is reported to be one of the trigger factors for at least part
of ME/CFS patients that corresponds to the results of our study (Matano et al.,
2003; Appel et al., 2007; Fremont et al., 2009).

Further analysing the occurrence of ME/CFS typical symptoms in case
of HHV-6/HHV-7/B19V co-infection, a significant difference is not found
between the groups of patients with a persistent co-infection in latent and active
phase. However, multi-joint pain is observed in more patients with a persistent
single infection in latent than in active phase (p = 0.0452) and in more patients
with a persistent double and triple infection in active than in latent phase,
though without statistical significance. In addition, headache of a new type is
present in more patients with a persistent triple co-infection in latent than in
active phase (p = 0.0052). Subfebrility is present in more patients with a
persistent single, double and triple co-infection in active than in latent phase,
though predominance is not statistically significant. Taking into account that
diagnosis of ME/CFS was set up at least six months after the onset of the first
symptoms and samples were collected even longer period after onset of
ME/CFS, a clear difference between a persistent infection in latent and active
phase is difficult to identify. These results may indicate a possible role of a
persistent infection in ME/CFS development or consequences of a virus

infection that could be in an active phase during the onset of this disease and is
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in a latent phase on sample collection time, although the clinical symptoms
persist.

A lack of statistical differences comparing clinical symptoms between
groups of ME/CFS patients with persistent infection in latent and active phase
could also be due to the diagnostic criteria — all patients have to have chronic
fatigue for at least six months and four out of eight typical ME/CFS symptoms,
therefore a variation of symptom frequency is limited. Noteworthy is also a fact
that various numbers of patients — from six up to 54 patients, in analysed
groups with latent and active single, double and triple infection that affects
statistical analysis.

The frequency of ME/CFS clinical symptoms also is different between
various countries and depends on patient characteristics, comorbidities and
patient-reported measures. It is still not clear whether a group of symptoms
leads to a chronic illness or symptoms are developed during chronic illness
(Collin et al., 2016). Such flu-like symptoms as fatigue, joint, muscle and
extremities pain, tender lymph nodes and headache are present not just in a
majority of patients in other studies, but also in many patients from this study.
Friedberg with colleagues report immune and viral factors as the most frequent
causes of ME/CFS in patients with short and long duration of this illness,
whereas persistent stress as second most frequent etiological factor for ME/CFS
is mentioned (Friedberg et al., 2000).

It is necessary to conduct longitudinal studies in order to assess immune
functions and symptom severity variations over time, what in some studies
already is showed (Hardcastle et al., 2015; Mensah et al., 2017). Moreover,
results should be compared not only between ME/CFS patients and controls,
but also with other comorbidities, like multiple sclerosis or depression to assess
specificity of suggested biomarkers. A biomarker must be selected considering
costs and a possibility to use it in clinics, because expensive and very complex

methods will most likely not be incorporated in routine practice (Fischer et al.,
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2014). Therefore, chosen methods in this study are cost-effective for routine
analysis in laboratories. Controlled trials in future will enable assessment of
antiviral therapy and resulting in clinical improvement will approve association
with the disease (Clark, 2016). Considering ME/CFS heterogeneity, use of
biomarkers will enable to define subtypes of the disease. In addition,
longitudinal and standardized studies determining phenotype and measures of
ME/CFS course and therapy effectiveness with follow-up measurements in
dynamics should be accomplished. This will allow prognosis of the disease
development and promote development of a specific definition for diagnostics

and a treatment plan (Fischer et al., 2014).
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4. CONCLUSIONS

1. No evidence of XMRYV infection in patients with ME/CFS and
apparently healthy individuals is found, therefore the hypothesis on XMRV
association with ME/CFS development is denied.

2. Persistent HHV-6 and HHV-7 infection in an active phase is
presented significantly more frequently and with a higher viral load among
patients with ME/CFS than apparently healthy individuals, and HHV-6B is
prevalent in Latvian ME/CFS patients.

3. A more common finding of B19V (genotype 1) active infection with
a higher B19V load in ME/CFS patients than in apparently healthy individuals
and the coincidence of the infection time with the onset of the disease
symptoms point to B19V as a possible trigger factor in ME/CFS development.

4. HHV-6, HHV-7 and B19V persistent co-infection in an active phase
is significantly more widespread among patients with ME/CFS compared to
healthy donors and is characterized by a higher a viral load and level of
cytokines in comparison to the latent phase of infection. Therefore, markers of
HHV-6, HHV-7 and B19V infection could be used as one of biomarkers in
ME/CFS diagnostics.

5. The level of cytokines is elevated in patients with ME/CFS
indicating immune response to inflammation that could be caused by a viral
infection. Also persistent HHV-6, HHV-7 and B19V co-infection in an active
phase might significantly influence elevation of pro-inflammatory and
anti-inflammatory cytokine levels, which can lead to immune disturbances and
the development of ME/CFS symptoms.

6. MEJ/CFS patients with viral infection markers are more likely to
disclose the clinical symptoms of the disease defined in the diagnostic criteria,

which are also common with respect to the appropriate virus infection.
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7. A higher HHV-6 and HHV-7 load and a significantly elevated level
of pro-inflammatory cytokines TNF-a, IL-12 and anti-inflammatory cytokine
IL-10 in patients with a more severe ME/CFS clinical course advocate on the

involvement of these viral infections in ME/CFS development.

54



5. RECOMMENDATIONS

1. To improve knowledge of general practitioners in Latvia about
ME/CFS to assure recognition and proper diagnostics of this illness.

2. To inform society about ME/CFS existence and characteristics to
increase tolerance and understanding of this disease.

3. To use more than one ME/CFS case definition in diagnostics to assure
sensitivity and specificity of diagnosis.

4. To analyse the presence of active HHV-6, HHV-7 and B19V infection
markers in patients with ME/CFS to assess potential etiological factors and
manage treatment strategies according to disease severity and infection activity

phase, considering necessity of antiviral treatment application.
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