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HUMAN HERPUSVIRUS 6: A RISK FACTOR FOR
MULTIPLE SCLEROSIS

ANALYSING THE POTENTIAL ROLE OF THE HUMAN HERPESVIRUS 6 IN THE
DEVELOPMENT OF MULTIPLE SCLEROSIS.

Multiple sclerosis (MS) is very complex disease consistent of various phenotypes of which the exact
origin is unknown. It is considered a combination of an inflammatory mediated auto immune disease
with a neurodegenerative disease. Known risk factors for the development of MS are genetic
predispositions and environmental factors such as smoking. More recently it is believed that viral
infections such as human herpesvirus 6 (HHV6) can be an environmental risk factor for MS as well.
Through the mechanism of molecular mimicry, HHV6 is considered to activate the autoimmune
response that marks the pathogenesis of MS. Moreover, various studies suggest that HHV6 influences
the concentration of TNF-a, a pro-inflammatory cytokine, which plays an important role in the
development and progression of the disease. Other viruses such as the Epstein-bar virus (EBV) have
been studied more extensively and have more proof substantiating the idea that they might
contribute to the disease development. Based on evidence regarding EBV, it is believed that HHV6 can
induce latent infections in the meninges of patients that will later contribute to the development of
MS, possibly in combination with EBV infection. Although there have been many studies that
presented evidence substantiating the idea that HHV6 is a risk factor for MS, the vast majority of that
evidence is very circumstantial. It is because of this that many believe there to be no role for HHV6
and conducted meta-analysis in combination with alternative theories have tried to disprove the role
of HHV6 in MS. Nevertheless, the admittingly circumstantial evidence does indicate a possible role for
HHV6 in MS, but more research into a wide range of mechanisms is needed in order to definitely
classify HHV®6 as a risk factor.
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Multiple sclerosis (MS) is an autoimmune mediated disease of the central nervous system (CNS). It is
a neuronal disease whereby myelin, used as a neuronal insulator, is degraded. Myelin is a lipid-rich
material, surrounding nerve fibres. Myelin is produced by oligodendrocytes and allows for the
conduction of axonal impulses. Degradation leads to various mental and physical incapacitations. Since
almost the complete CNS can be affected by this disease, many different neurological symptoms can
be experienced by patients. Symptoms that are commonly found in MS are weakness or numbness of
limbs, optic neuritis, tremors, involuntary muscle movements, double vision, dysarthria, dizziness, and
fatigue (Rolak, 2003).

The prevalence of MS has increased rapidly over the past years, with an astounding 10,4 percent
between 1990 and 2016. In 2016, an estimate of 30.1 cases of MS was present per 100.000 inhabitants
globally (Wallin et al., 2019). MS appears to be more frequent with increasing latitude, indicating a
higher prevalence in the northern hemisphere. A United States population study substantiates this,
showing a significantly higher prevalence between states above and below the 37" parallel, with a
difference of approximately 30 cases per 100,000 inhabitants (Wallin et al., 2019). MS affects mostly
young women between the ages of 20 and 40. The incidence ratio between men and women globally
is 1:2.3-3.5, respectively. However, this predominance in women does differ with latitude.
Nevertheless, MS is consequently one of the main causes leading to disability in young adults (Garg &
Smith, 2015; Harbo et al., 2013).

MS has a range of different phenotypes that have a different disease progression and perspective.
Initially, most cases of MS start with the development of clinically isolated syndrome (CIS). CIS is
defined as an acute clinical attack of inflammation and demyelination in one or more places in the CNS,
leading to an episode of neurological symptoms. Patients who develop CIS often progress to relapsing-
remitting MS (RRMS) (Doshi & Chataway, 2016). RRMS is characterized by infrequent attacks of
neurological symptoms. These attacks are followed by periods
of remission whereby symptoms may disappear or become
permanent (Lublin et al.,, 2014). After 10-15 years since S
diagnosis with RRMS, approximately 80 percent of patients Brain volume
develop secondary progressive MS (SPMS). In this stage, there ' /
is an accumulation of neurological symptoms without Neurodegeneration //
apparent clinical remission. The progression in SPMS can be
either active, meaning worsening of neurological symptoms,

or not active, meaning continuous neurological symptoms

without remission or worsening. In some cases, MS can onset
with the same phenotype as SPMS. This is seen in 10-15
percent of the cases and is called primary progressive MS  Figure 1: Phenotypes of MS subtypes
(PPMS) (Baecher-Allan et al.,, 2018). Figure 1 shows the g‘ﬁ;zp:;til:’,:ﬂ:f;gij:l\;’;rgxzzgia,
phenotype of the different subtypes of MS and the stage of progression of the disease. The corresponding

neurological degradation and corresponding brain volume brain volume and amount of
o neurodegeneration are also shown).
(Hakansson, 2019). 9 )
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The aetiology of the different subtypes of MS remains largely unclear. However, various studies have
shown that there are many factors that can contribute to the development of the disease such as
genetic predispositions and environmental factors. These environmental factors that contribute to a
higher risk of developing MS are smoking, vitamin D deficiency and obesity. The role of vitamin D is
hereby believed to play a major role in the increasing incidence by latitude (Ghasemi et al., 2016).
Moreover, observations of patients with MS over the years have displayed some interesting
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incidences. Many patients in various stages of MS showed reactivation of certain viral infections. This
sparked the first idea that viral infections might also be an environmental trigger. Afterwards,
increasing evidence that viral infections may also play a role in the pathogenesis of MS, thereby being
the environmental trigger, came about. Over the past 30 years, several herpes viruses have gained an
interest in the field of MS. An example is the Epstein-Barr virus (EBV), or human herpes 4 virus, which
is nowadays a well-established risk factor for the development of MS (Guan et al., 2019). Another
herpes virus that is more and more frequently linked to the development of MS, is the human herpes
virus 6 (HHV6). HHV6 has been previously suspected to be associated with a variety of autoimmune
diseases such as rheumatoid arthritis, and there has even been substantiating evidence for the role of
this virus in the development of autoimmune thyroid gland diseases (Sultanova et al., 2017). Lately,
the connection between HHV6 infections and MS development is being discussed. Evidence for the
correlation between HHV6 and the development of MS is based on anti-HHV6 antibody levels in MS
patients and HHV6 concentrations in MS plaques (Virtanen & Jacobson, 2012). Nevertheless, the
evidence is often circumstantial and unreproducible. The role of HHV6 is a highly debatable subject
and numerous studies submit different mechanisms that are supposedly affected by the virus in MS or
disagree with the possible role all together (Fierz, 2017).

The disagreement and uncertainty in the literature about the role of HHV6 in the development of MS
needs to be further addressed in order to determine the aetiology of MS. Currently, treatment for MS
only consists of managing symptomes. It is based on slowing the progression of disease and speed up
the recovery following attacks (Dargahi et al.,, 2017). Mapping the factors that can trigger the
development of MS is therefore extremely important to expand the possible targets for therapy and
prevention. Therefore, the aim of this article is to discuss whether the human herpes virus 6 is a risk
factor for the development of multiple sclerosis.

The primary cause in MS is the inflammation of the CNS. It is therefore that the CIS and RRMS stages
are generally classified as the inflammatory phase driven by an autoimmune process while the
progressive forms, SPMS and PPMS, are classified as neurodegenerative. The progressive forms are
hereby characterized by scathing irreversible axonal loss (Sospedra & Martin, 2016). The direct cause
for the inflammation and with that, the development of MS is, as mentioned before, still unknown.
Many immunological studies have however examined various pathways that play a role in MS. These
studies are often performed in animal models for human MS based on experimental autoimmune
encephalomyelitis (EAE). Although this EAE model has proven to be adequate in studying diverse
mechanisms resembling MS, the lack of knowledge about the differences between EAE and MS must
be kept in mind (Loma & Heyman, 2011).

The immunopathogenesis of MS consists of attacks against the CNS due to a violation in self-tolerance
to various antigens such as myelin basic protein (MBP), proteolipid protein (PLP) and myelin
oligodendrocyte glycoprotein (MOG) (Garg & Smith, 2015). T-lymphocyte antigen diversity is
generated by rearrangements in the V, D and J regions of the T-cell receptor (TCR) a and B genes. The
production of TCR’s takes place in the thymus and is an important mechanism for generating TCR
variance (Qi et al., 2014). In the cortex of the thymus, positive selection reviews the compatibility of
the TCR to the major histocompatibility complex (MHC). Afterwards, in the medulla, negative selection
reviews the reaction to tissue specific antigens in order to eliminate autoreactive TCR’s. This process
is not completely efficient and avoidance of negative selection may contribute to the development of
autoreactive T cells that are present in MS (Gonsette, 2012).



In animal models, EAE is induced by activating naive CD4* T helper 1 (Th1) cells against myelin antigens.
Autoreactive Thl cells are hereby enough to create an inflammatory demyelinating disease mimicking
MS. Nevertheless, effective treatments against EAE were not effective in MS, showing that MS is a
more complex disease including more mechanisms than autoreactive Thl cells (Lassmann & van
Horssen, 2011). More recently, further research in the EAE model showed that not only Thi1, but also
Th17 and CD8* regulatory T-cells play a role in this disease (Kleinewietfeld & Hafler, 2014). This was
considered applicable for MS as well when research on the immune response in MS patients
themselves showed that T-cells, B-cells and antibodies contribute to the pathogenesis of the disease
(Martin et al., 2016).

Activated autoreactive Thl or Th1l7 express certain adhesion molecules that allow binding the
endothelium-brain-barrier (EBB). The T-lymphocytes simultaneously express metalloproteinase
(MMP) which are enzymes that disrupt the semi-permeability of the EBB by degrading parts of the
extracellular matrix, allowing the infiltration of the lymphocytes. The autoreactive T-lymphocytes are
reactivated by microglia which leads to the production of pro-inflammatory cytokines like IL-1, IFN-y
and tumour necrosis factor a (TNF-a) causing further disruption of the EBB (Lazibat et al., 2018;
Minagar & Alexander, 2003). The pro-inflammatory cytokines attract B -lymphocytes and macrophages
as part of the inflammatory response, leading to the formation of inflammatory lesions called plaques.
Plaques consist of an accumulation of cells surrounding white matter and appear in the visual neuron,
basal ganglia, brain stem and spinal cord. The distribution of plagues in MS patients is an important
factor that determines the phenotypical and prospective characteristics of the disease (Dargahi et al.,
2017). In the plaques, the T-lymphocytes stimulate macrophages to internalize and degrade various
myelin antigens, mediated by B-lymphocyte produced antibodies. This in combination with activation
of the complement system, the release of free radicals and protease release leads to demyelination,
axonal damage and oligodendrocyte destruction (Katsara & Apostolopoulos, 2018; Lazibat et al., 2018).

The inflammatory events that occur last about 2-14 days, after which a period of remission arises.
Regulatory T-lymphocytes will mediate the inflammation by releasing cytokines such as IL-10, which
inhibits inflammation, leading to a reduced inflammatory state. In RRMS, remaining oligodendrocytes
will be restored and activated to remyelinate the unmyelinated axons. The axons will hereby regain
some, but not full function, since the MBP isoform which used in the remyelination is functionally
insufficient. Patients will experience reduced clinical symptoms during this period of remission. Further
progression of MS will cause damage to the axons and the oligodendrocytes to become irreversible
whereby the myelination stops. At this point, the disease is classified as SPMS since the phases of
remission have stopped (Lazibat et al., 2018).

The role of B-lymphocytes in the development and progression of MS is very complex. B-lymphocytes
can act as antigen presenting cells (APC) allowing stimulation of T-cells, produce autoantibodies that
contribute to the destruction of myelin and oligodendrocytes and act as regulatory cells by affecting
T-cell activity with cytokine production (Lazibat et al., 2018). Furthermore, B-lymphocytes can cause
the formation of ectopic lymphoid structures (ELS) in the meninges of MS patients. These ELS consist
of B-lymphocytes and plasma cells and there is increasingly more evidence that these structures can
be a source of latent viral infections (Serafini et al., 2004).

HHV®6 is the collective name for the HHV6-A and the HHV6-B viruses. These are double stranded DNA
viruses that employ humans as their main host and niche for reproduction (Jaworska et al., 2010).
HHV6 can utilize all nucleated cells as a host, but especially T-lymphocytes are highly infectable (Lusso
et al., 1995). HHV6 can enter the cell due to the interaction of its gH-glL-gQ complex, consisting of three
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glycoproteins with the transmembrane protein CD46 which is present on the host cell (Mori et al.,
2003). After the initial interaction, the viral envelope merges with the cell membrane thereby releasing
the virus in the cytoplasm of the cell. Cytosolic transport mechanisms that have not been identified for
HHV®, transport the naked virus to the nuclear membrane. The virus fuses with the nuclear membrane
and the viral genome is thereby released in the nucleoplasm. Cellular transcription and translation
processes are then used to reproduce viral proteins, that can regulate the expression of other genes
and replicate the viral DNA. Mature viruses are encapsulated by packaging proteins in the Golgi
complex and eventually leave the host cell through exocytosis. The complete cycle of reproduction for
the HHV6 virus takes approximately 72 hours (De Bolle et al., 2005).

Under normal circumstances, cells infected with a virus, such as HHV6, express microbial peptide
fragments, typically 8 to 10 amino acids in length, using the MHC class 2 complex. Dendritic cells that
are present in the tissue are activated due to the recognition of the protein and migrate to the local
lymph nodes where they present the antigen to the relevant T-cells. Afterwards, activated T-cells
differentiate and migrate to the specific tissue where they will react to the infected cells or co-
stimulate other immune related responses causing the eventual clearance of the infection (Alberts et
al., 2017). The selection of T and B cells is, as mentioned earlier, not completely effective. In some rare
cases, an immune response is initiated against a presented peptide that is related to the host itself. In
the bone marrow and thymus, where the initial selection occurs, only a limited number of self-antigens
are present that can be used for selection. Therefore, the lymphocytes move to the periphery where
a second selection process, called clonal anergy, takes place (Pelanda et al., 1997). It is hypothesised
that genetic polymorphisms can result in defective regulation of lymphoid selection in the periphery,
allowing certain lymphoid cells that are self-reactive, to escape control (Rosenblum et al., 2015).

Studies have shown that an immune reaction to self-peptides is one underlying factor in the
development of MS. The first stages of MS are also classified as an autoimmune disease, and there are
many studies that substantiate these claims. Over the last decade, more and more interest was placed
on environmental factors such as viruses that are now believed to be a trigger for this autoimmunity.
Viral infections such as EBV are believed to trigger autoimmunity by a process called molecular mimicry
(Tengvall et al., 2019). Molecular mimicry is characterized as the cross-reactivity of B- and T-
lymphocytes. Due to structural similarities between microbial and host peptides that are presented in
the form of antigens, the lymphocytes will be able to react to both epitopes. Similarities do not need
to be exact since only a part of the peptide will be presented by the APC. When part of a viral peptide
is presented that has a similar glycosylated structure as a self-peptide, it can activate lymphocytes that
are self-reactive and thereby initiate an autoimmune response (Shoenfeld et al., 2014).

The notion that molecular mimicry can cause the development of autoimmune diseases is not new.
Currently, in many autoimmune diseases, a form or variant of the disease is often associated with a
microbial infection. One example is rheumatoid arthritis, where one form concerning a group with
nonpyrogenic conditions is usually associated with a preceding infection of the proteus bacteria.
Moreover, ankylosing spondylitis has supporting data that its aetiology is related to subclinical bowel
infections with the Klebsiella bacteria. (Rashid & Ebringer, 2012). These studies therefore show, that
there is a possible role for microbial infections in the development of inflammatory and autoimmune
diseases. More focussed on MS, EBV is nowadays a well-established risk factor for the development of
the disease. Individuals with specific expression of the HLA gene, HLA-DRb1*15:01, who are infected
with EBV have a significantly higher risk for MS than patients without the EBV infection (Rojas et al.,
2018). Although it is not fully proven, most studies point towards molecular mimicry as the main
mechanism for the increased risk of MS caused by EBV infections. In MS patients, increased
concentrations of autoantibodies have been found against the chloride-channel protein anoctamin 2



(ANO2). The reactivity of these autoantibodies has been measured and compared against both ANO2
and EBV nuclear antigen 1 (EBNA1). Results show that the autoantibodies show cross-reactivity to the
two antigens. This leads to the hypothesis that an infection with EBV can activate autoantibodies that
are also reactive to a protein important in the development of MS. How an immune reaction towards
ANO2 can affect MS is nevertheless unclear (Tengvall et al., 2019).

Similar to EBV, HHV6 has now also been linked to MS. Even though it is still debated whether HHV®6 is
a risk factor for MS, a meta-analysis study provided substantial evidence that HHV6 is indeed a risk
factor. The meta-analysis, including 39 studies and over 2500 MS patients, concluded that there was a
significant correlation between MS and HHV6 infection (Pormohammad et al., 2017). The first evidence
for the implication of HHV6 in MS was already found a long time ago. A study performed by Derfuss et
al. observed that in about 20 percent of the MS patients, intrathecal antibody production was present
against HHV®6. This, in contrary to the control group, where no patients showed an intrathecal immune
response to HHV6 (Derfuss et al., 2005). This analysis was performed using oligoclonal bands (OCB),
and reflects therefore only the B-cell reactivity towards HHV6. Later, a second study showed a strong
increase in intrathecal EBV and HHV6 specific Th1 reactivity. Treatment with IL-2, known to decrease
the disease activity of MS, leads to a strong decrease in the EBV and HHV6 specific Th1 reactivity. This
was a clear suggestion that HHV6 reactive T-cells play a role in the disease activity of MS (Wuest et al.,
2014).

One of the mechanisms that was suggested as a hypothesis for the role of HHV6 in the development
of MS was, as for EBV, molecular mimicry. One of the viral proteins of HHV6, U24, shares a significantly
homologous amino acid sequence with MBP. Seven amino acids within HHV6, ranging from 4 to 10,
appeared to be identical to the range of amino acids 96-102 in MBP. This indicates that activation of
MBP reactive T-cells ascribable to HHV®, is feasible (Tejada-Simon et al., 2003). Various studies have
proven this concept and found that T cells in MS patients, recognizing MBP, were cross reactive and
could be activated by epitopes of HHV6. More importantly even, the existence of CD8* cytotoxic T-
cells that were cross reactive has been proven. This is especially important since these lymphocytes
have the ability to directly induce harm to the oligodendrocytes (Cheng et al., 2012).

Viruses are known to play part in the aetiology of other autoimmune diseases, and in the case of EBV,
in MS itself. Autoimmunity has a major role in the development of MS but its origin is ambiguous.
Molecular mimicry by cross reaction of HHV6 and MBP sequences, in addition to a significant link
between MS and HHV6, advocate for the role of HHV6 in the development of MS.

MS is a demyelinating inflammatory disease of the CNS. As previously mentioned, T-cells that are
reactivated produce inflammatory cytokines such as IL-1, IFN-y and TNF-a, to stimulate macrophage
activation and further disruption of the EBB. One factor that is particularly important is the pleiotropic
pro-inflammatory cytokine TNF-a. TNF-a plays an important role in the inflammatory state of MS and
is produced by reactivated T-cells to induce the inflammatory state. In addition, activated macrophages
will also produce TNF-a to stimulate the inflammatory response and induce injury to oligodendrocytes
(Lock et al., 1999). TNF-a is found in either of two states, soluble TNF-a or transmembrane TNF-a.
Soluble TNF-a predominantly activates the TNFR1 receptor, thereby inducing apoptosis and chronic
inflammation. Transmembrane TNF-a, on the other hand, primarily activates TNFR2, thereby
stimulating cell survival and anti-inflammatory effects. Low levels of TNF-a are associated with positive
immune regulation and defence against pathogens, while high levels are associated with the induction
of inflammation and cell damage (Gdbel et al., 2018).



The specific role of TNF-a in MS is as of yet inconclusive. However, various studies on the role of TNF-
a in EAE, an animal model often used to compare with MS, have shed some light on the function of
this cytokine. Experiments showed that TNF-a KO mice developed even more severe inflammation and
clinical symptoms in comparison to the wild type. In contrast, TNFR1 KO mice were entirely protected
against the development of EAE while TNFR2 KO mice also developed more severe clinical symptoms
in comparison to the wild type. Inducing a TNFR2 agonist in EAE mice thereby showed relief of
inflammation and clinical symptoms. This substantiates the previously mentioned function of TNFR1
activation and indicates the role of this receptor, and soluble TNF-a, in the pathogenesis of MS (Fischer
et al., 2019; Steeland et al., 2017). A study performed by Ribeiro et al., from 2019, corroborated these
results by analysing over 150 patients and investigating the possible correlation between soluble TNF-
a and the disease progression of MS. They discovered that the concentration of soluble TNF-a was
positively related to the progression of disability in patients. Patients with RRMS had increased levels
of soluble TNF-a in both blood serum and CSF (Ribeiro et al., 2019).

Knowing that TNF-a plays a role in the development and pathogenesis of MS, it is important to
determine whether HHV6 has the potential to alter the production of TNF-a and thereby induce MS or
aid in its development. An In vitro study with peripheral blood mononuclear cells infected with HHV6
was performed to observe the concentration of various cytokines. Using polymerase chain reactions
(PCR), the concentrations of IL-1, TNF-a and IL-6 were determined. Conclusions were that HHV6 has
an enhancing effect on the gene expression of TNF-a and the production rate of TNF-a was 8.5 times
higher in infected cells compared to uninfected cells (Flamand et al., 1991).

HHV6 is a virus belonging to the B-Herpesviridae family. This subfamily of viruses contains a total of
three human herpesviruses. Alongside HHV®, this subfamily contains the cytomegalovirus (CMV) and
HHV7. HHV6 and CMV are known to have many biological and molecular similarities. Interestingly,
many studies have described CMV and its mechanisms, and have thereby established that CMV is able
to interfere with TNF-a production. This, in combination with In vitro studies showing that HHV6 has
the ability to upregulate TNF-a, corroborates the hypothesis that HHV6 can also upregulate TNF-a in
vivo. A study including six patients, performed by Yoshikawa et al. further substantiates these claims
when they concluded that the serum concentration of TNF-a was increased in all patients after
infection with HHV6 (Yoshikawa et al., 2006) The patients used in this study were claimed to be healthy
and not affected by underlying diseases apart from the HHV6 infection. This evidence, combined with
earlier mentioned substantiated claims, contributes to the idea that HHV6 affects MS via TNF-a.

The lymphatic system is a very important player in the immune o
system and specifically in the activation of the immune !
response. Throughout the human body, secondary lymphoid
organs can be found in local tissues, hereby attached to
lymphatic vessels. They play a role in the activation of the
immune response and specifically recruit activated APCs and
naive lymphocytes. The construction of secondary lymphatic
structures is a pre-programmed human system and does not
require external activation. This, contrary to tertiary or ectopic
lymphatic structures (ELS), requiring some form of
inflammation in order to develop. These structures are hereby

formed in almost all tissues, such as the meninges as can be Figure 2 ELS in patient meninges (Follicles

o . containing B-cells, in the meninges of

seen in figure 2, and do not need to be near a lymphatic vessel. patients with SPMS (Serafini et al., 2004).)
Although their function has not been as extensively studied, it




is believed that it is relatively similar to the function of secondary lymphoid structures (Carragher et
al., 2008).

The formation of ELS, in the meninges of MS patients, is called neolymphogenesis. These ELS often
form at sites of inflammation in tissues targeted by autoreactive immune cells. ELS are identified as a
collection of B-lymphocytes and plasma cells and were found in 66 percent of MS patients diagnosed
with SPMS (Serafini et al., 2004). It is believed that ELS can harbour latent viral infections such as EBV,
and thereby contribute to the progression of the disease. A latent EBV infection, present in the ELS,
can cause repeating infections that can trigger an inflammatory response (Lazibat et al., 2018).
Meningeal inflammation, expected to be caused by an ELS associated latent infection, seems to be
related to increased neurodegeneration and demyelination (Magliozzi et al.,, 2010). One study
describes the hypothesis that EBV and HHV6 both play a role in the formation of ELS, and state that
HHV6 causes the aggregation of lymphoid cells, leading to the initial formation of ELS (Eriksen, 2017).
This possible link between ELS and HHV6 is very obscure. Furthermore, a single case study about drug
reaction with eosinophilia and systemic symptoms (DRESS) syndrome describes the presence of HHV6
in secondary lymphoid structures and insinuates the feasibility that HHV6 is associated with the
inflammation present (Mine et al., 2014). This is a farfetched, but only, indication thus far that HHV6
can induce a latent infection in ELS and thereby contribute to MS. Latent HHV6 infection in ELS might
contribute to the pathogenesis of MS, but the role of latent viruses in general, is still unexplained.

As has been mentioned a couple of times already, the role of HHV6 in the development and
progression of MS is very ambiguous. Although many believe there to be a role for this virus in MS,
absolute certainty has not yet been achieved. Various reports show different prevalence rates of HHV6
in MS patients, ranging from 0 to 100 percent. Thereby, similar prevalence rates can often be found in
patients with other neurological diseases or even in healthy individuals. Earlier, a large meta-analysis
performed by Pormohammad et al.,, described the correlation between MS and HHV6. They
determined that there was in fact a significant correlation. Other studies show contradictory results,
reporting a 67 percent prevalence in MS patients, and a 60 percent prevalence in healthy individuals
(Ablashi et al., 2000). Many studies contradict results of other MS related studies and a research group
by Hon et al. was intrigued by the widespread of differences in prevalence and conducted a clinical
analysis with 30 MS patients and compared their results with 30 healthy individuals that matched the
age, sex and race of the patients. For the screening of HHV6, standard PCR was used. The results
showed that none of the control group patients were infected with HHV6 and just 3 percent of the MS
patient group. These data therefore suggest that HHV6 might not be a risk factor MS (Hon et al., 2014).

Another theory that is provided, disproving the role of HHV®, is the relationship between HHV6 and
EBV. Both HHV6 and EBV can cause immune suppression and would be able to reactivate each other.
It is thought that EBV plays a major role in MS, and can reactive latent HHV6. The mentioned
upregulation and reactivation of HHV6 are hereby believed to be caused by EBV and only the
reactivation by EBV explains therefore the increased concentrations of HHV6 (Eriksen, 2017). However,
this hypothesis is up until thus far unproven.

Finally, the most important argument that is often mentioned, describing why HHV6 might not be a
risk factor for MS, is the lack of evidence. Research on the link between HHV6 and MS has started at
the beginning of the 20th century and yet most, if not all, evidence that substantiates the correlation
is highly circumstantial. A clear example of this is the link between HHV6, TNF-a and MS. Meta studies
conclude that an infection with HHV6 induces upregulation of TNF-a. Moreover, a higher
concentration of TNF-a is found in patients diagnosed with MS. This evidence is often used as proof of



theory even though it is very presumptive. Direct evidence for the role of HHV6 and the mechanism(s)
it utilizes is not present. Although In vitro studies and animal EAE models corroborate the theory to
some extent, the main reason HHV6 is believed to have no influence in MS is the circumstantial and
inconclusive evidence present nowadays.

When reviewing the various studies presented in this article, it becomes clear that MS is a very complex
disease with parts of its pathogenesis and aetiology that have yet to be discovered. Factors that
influence the risk of acquiring MS, are genetics and environmental factors. It is highly debated whether
these environmental factors include viral infections such as EBV and HHV6, although the role of EBV is
more widely accepted than that of HHV6. There is much controversy noticeable between studies,
attempting to substantiate different hypotheses on the relationship between MS and HHV6.
Comparison of the different studies is often extremely difficult due to the variety of methods, the
different patients in various stages of MS and the control groups that are used. Nevertheless, evidence
supporting the theory that HHV6 is at least in some way engaged in the development of MS is
seemingly undeniable. Meta-analysis often involve some form of PCR, whereby a specific primer has
to be selected. The selection of different primers can explain the vast range of outcomes in these
studies. Still, in spite of the fact that the outcome of meta-analysis studies might be debatable, other
results are evident. Similarities in amino-acid sequences between MBP and U24 are clear evidence that
substantiates the hypothesis. Moreover, the role of TNF-a in MS, in combination with In vitro
upregulation of TNF-a after an infection is more fundamental proof of this concept.

Much of the controversy that is found might find its origin in the unknown. Since there are so many
undetermined aspects of MS and the role environmental factors play in it, experimental results can be
hard to interpret. Contradicting results can be influenced by mechanisms that have so far not been
discovered. One example is a paper published in 2004, by Dietrich et al., which reported that HHV6 is
able to infect primary human glial precursor cells directly. Infection of the cells lead to impairment of
cell replication and alteration of the cell morphology. This is important since the glial precursor cells
have an indirect role in the remyelination process. Regardless, research into this particular mechanism
and the part it can possibly play in the development of MS has not been performed yet (Dietrich et al.,
2004). Furthermore, most research is focused on one particular aspect of MS, or its origin. Often the
role of HHV6 is observed unaccompanied, even though some studies have suggested some form of
interplay between different viruses.

Overall, it seems arguable to say that HHV6 participates in some extent, to the development and
progression of MS. However, gaining more insight in this entanglement of factors that play a role, is
extremely important for the understanding and possible treatment of this disease. Therefore further
research should aim to clarify the various possible mechanisms that HHV6 adopts. An important start
is to examine the feasibility of coaction between numerous possible factors, such as the interplay
between HHV6 and EBV. Moreover, it is clear that regulatory T-cells play an important role in MS,
specifically in the progression. The effect of HHV6 on these regulatory T-cells has not been determined
yet. It is therefore of great value to study this potential effect. Finally, it has been briefly mentioned
that HHV6 can infect precursor glial cells. This could possibly have tremendous effects on the
development of MS, and should definitely be further examined as well. So, although HHV6 plays at
least some role in MS, further research is required to definitely state that HHV®6 is a risk factor for the
development of MS.
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