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Abstract

Following reports of elevated antiviral antibodies in MS patient sera and viral DNA detection in 

MS plaques nearly two decades ago, the neurovirology community has actively explored how 

herpesviruses such as HHV-6 might be involved in MS disease pathogenesis. Though findings 

across the field are nonuniform, an emerging consensus of viral correlates with disease course and 

evidence of HHV-6-specific immune responses in the CNS provide compelling evidence for a 

role, direct or indirect, of this virus in MS. Ultimately, the only way to demonstrate the 

involvement, or lack thereof, of HHV-6 or other herpesviruses in this disease is through a 

controlled clinical trial of an efficacious antiviral drug.

Introduction: Pathogens in Multiple Sclerosis

Multiple Sclerosis (MS), a neurodegenerative, inflammatory demyelinating disease of the 

central nervous system (CNS), is idiopathic, despite its description over 150 years ago [1]. 

For the past two decades, following reports of elevated anti-human herpesvirus 6 (HHV-6) 

antibodies in MS patient sera [2, 3] and HHV-6 viral DNA detection in MS plaques [4], the 

neurovirology community has actively explored if and how this virus is involved in MS 

disease pathogenesis.

The discussion of any pathogen implicated in MS should be contextualized by the long 

history of infectious agents in this disease. Proponents of an infectious etiology of MS can 

be traced back to the mid 19th century, when descriptions of the disease were beginning to 

coalesce [1]. The idea of an infectious etiology resurged in the 1930s with the observation 

that, by histopathology, the perivenous demyelination of MS and post-infectious 

encephalomyelitis were indistinguishable. From this time forward, there were many reports 

of agents detected in MS patient spinal fluid including spirochetes and Toxoplasma gondii 

[1]. There were also reports of agents recovered from laboratory animals following 
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immunization with tissue from MS patients. These agents have been largely dismissed due 

to confirmed contamination or irreproducibility, but the list once included rabies, a Scrapie 

agent, measles and chimpanzee cytomegalovirus, to name a few. Interestingly, viruses have 

dominated the list of suspected agents; there have been few bacteria or parasites by 

comparison [5]. However, despite the subsequent isolation of the specific viruses 

responsible for the demyelinating diseases subacute sclerosing panencephalitis (SSPE: 

measles virus) and progressive multifocal leukoencephalopathy (PML: JC virus), the focus 

of the MS field has largely transitioned away from a single, unidentified agent (though some 

hold this view [6]) towards ubiquitous agents, particularly herpesviruses [5]. While there are 

numerous reports for other herpesviruses in MS, notably the sero-epidemiological data for 

human herpesvirus 4 (Epstein-Barr virus (EBV)) reviewed in [7, 8], this current review will 

focus solely on HHV-6.

Traces of HHV-6 in the CNS: virus detection and virus-specific immune 

responses

Early studies reporting HHV-6 viral DNA in the brains [9, 10] and CSF [11] of MS patients 

and controls supported that HHV-6 possessed strong neurotropism that was associated with 

a CNS reservoir [9]. This was supported by concomitant studies reporting higher levels of 

HHV-6 expression in MS brains compared to control brains [12], and greater levels of viral 

DNA [13, 14] and viral mRNA [12] specifically in the demyelinated plaques. An example of 

HHV-6 expression, as detected by immunohistochemistry (IHC), in a periventricular MS 

lesion is shown in Figure 1. HHV-6 positivity (red) is evident in the lesion (A–E), but 

notably absent in non-lesional areas and normal appearing white matter (F). The 

observations of viral mRNA [12] and protein expression [4] specifically in oligodendrocytes 

proved central to the hypothesis that HHV-6 may be a driver of MS pathogenesis. 

Collectively, these studies demonstrated that while HHV-6 may be a commensal of normal 

brain, its replication and activity is enriched in the context of MS pathology. This is 

highlighted in Table 1, which summarizes the pathologic, inflammatory and virologic 

findings of 20 lesions from a subset of MS lesions previously reported [14]. HHV-6 

expression was greater in the acute relative to chronic lesions, associating viral expression 

with earlier stages of MS lesion formation. This appears specific for HHV-6 since IHC for 

three other herpesviruses were uniformly negative (Table 1).

Compelling evidence that HHV-6 may be a key component in MS pathology stems from the 

observation that in approximately 20% of patients, a subset of oligoclonal bands (OCB) 

demonstrates HHV-6 specificity [15, 16]. A 2014 publication by Pietläinen-Nicklén and 

colleagues analyzed patients with demyelinating disease (mostly MS) and HHV-6-reactive 

CSF OCB, and determined that patients with HHV-6 OCB appear to form a separate group, 

which was significantly younger, with greater IgG OCB relative to patients without HHV-6 

OCB [17]. OCB, representing intrathecally-produced immunoglobulins, are a hallmark of 

MS but are not specific for the disease. In fact, OCB are common among CNS disorders 

with an infectious component, and when the inciting agent is known, OCB are often specific 

to that agent (for example measles virus in SSPE). For this reason, the identification of 

HHV-6-specific bands in a subset of MS patients has strengthened the idea that HHV-6 from 
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within the CNS is involved in the disease (Figure 2) [18]. Furthermore, the hypothesis of an 

antigen-driven immune response in MS is supported by data of clonally expanded B cells in 

MS brains, similar to SSPE brains [19]. A recent study observed interesting correlates 

between the presence of herpesvirus-specific OCB (HHV-6 and EBV) and several clinical 

parameters [20]. Virtanen and colleagues reported that herpesvirus-specific CSF OCB 

inversely correlated with the detection of CSF viral DNA, and that MS patients with CSF 

viral DNA had significantly more contrast enhancing lesions compared to those without 

detectable CSF viral DNA. These data suggest that anti-viral antibodies may be necessary 

for the maintenance of viral latency, as the reduction in such antibodies corresponded to 

both detectable CSF virus and MRI activity indicative of an active inflammatory process 

[20].

While OCB reflect CNS B cell reactivity toward HHV-6, less is known about CNS T cell 

reactivity toward HHV-6. A recent study by Wuest and colleagues reported significant 

enrichment of HHV-6 specific CD4 T cell responses in CSF compared to peripheral blood 

of MS patients (progressive and relapsing-remitting subtypes), suggesting that HHV-6-

expanded T cells in the CNS may contribute to disease activity [21].

Traces of HHV-6 in the periphery: virus detection and virus-specific 

immune responses

It is not solely studies of the CNS that have established an association between HHV-6 and 

MS; early observations of HHV-6 in the periphery of MS patients linked the detection of, or 

an immune response to, the virus with clinically active disease [22, 23]. Recent studies with 

MS cohorts in different geographical areas have largely confirmed these previously reported 

observations. Two recent studies found greater levels of HHV-6 IgM and IgG in MS cohorts 

compared to controls, one in an Iranian population [24] and one in a Tunisian population 

[25]. A separate study of another Iranian MS cohort detected a higher frequency of viral 

DNA in the serum of patients, along with a relative increase in viral load during disease 

exacerbation [26]. Such observations of increased antibody responses and elevated viral 

loads in the serum, especially during disease exacerbation, confirm earlier observations of 

HHV-6 in MS and appear to be valid across geographically varied populations.

Many serologic and DNA studies published in the past several years have stratified MS 

patients into the clinical phases of relapse or remission, and provide mounting evidence for a 

role—direct or indirect—of HHV-6 in the switch from remission to relapse. A 2012 study of 

a Tasmanian cohort found HHV-6 IgG titer to be a significant predictor of relapse risk [27]. 

This was echoed in a 2014 study of a Spanish MS cohort, which reported that a decrease in 

HHV-6 antibody titers correlated with fewer relapses and less disease progression [28]. 

Interestingly, the authors noted that IgG titers reached their highest value two weeks, and 

IgM titers one month, before relapse [28]. A 2011 study of a Latvian MS cohort reported 

HHV-6 DNA in the plasma of a majority of RRMS and SPMS patients during relapse, 

which was confirmed by enhancing MRI lesions, and correlated with higher serum 

concentrations of the inflammatory cytokines IL-12 and TNF-alpha relative to periods of 

remission [29]. These data agree with earlier studies of serum HHV-6 detection during 

relapse and add the observation of cytokine correlates, complementing a recent study 
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suggesting that TNF-alpha may be predictive of HHV-6 reactivation [30]. However, if 

HHV-6 is involved in relapses, the nature of its involvement remains unknown. Does the 

virus have an active role in initiating or potentiating the inflammation associated with 

relapse, or is it a marker of disease activity, activated from latency as a result of the 

surrounding inflammation?

Other serological studies have focused on the immune response to a specific portion of the 

virus, an approach that may provide functional insights into the role of HHV-6 in disease. A 

2013 study examined antibodies to a latency-promoting protein, U94/REP, and found 

elevated IgG levels in Tunisian MS patients compared to controls; for eight patients with 

samples collected during relapsing and remitting phases, significantly higher titers were 

detected during the relapsing phases [31]. The finding of an elevated U94 IgG response in 

MS patients versus controls agrees with previous findings in an Italian cohort [32], and adds 

the observation of higher titers during relapse versus remission. Elevated antibodies against 

a latency-promoting protein may be one mechanism leading to the increased viral levels 

observed across many MS cohorts. Another approach to investigating the immune response 

against a specific viral protein is identification of the antigenic target of anti-viral antibodies. 

In a recently published study, Alenda and colleagues purified IgG from the CSF of RRMS 

and PPMS patients, then incubated the IgG with HHV-6 and characterized peptides of the 

bound antigens. They reported that the peptides matched the major capsid protein of 

HHV-6A, a structural protein needed to assemble the viral capsid [33]. This approach 

provides a framework for exploring the antigenic targets of HHV-6 antibodies, and whether 

there are differences between the periphery and CSF, MS patients and controls or MS 

patients in different stages of the disease.

HHV-6 status post-interferon treatment: examining the influence of 

polymorphisms

A long-standing argument in support of a viral etiology of MS is the effectiveness of 

interferon beta, a potent antiviral [34]. Several studies published in the past few years have 

formally examined the relationship between interferon treatment and HHV-6 status in MS 

patients. In a 2011 publication, Garcia-Montojo and colleagues observed that patients with 

HHV-6 viral DNA in whole blood and serum exhibited a higher risk of MS relapse and 

comprised a lower proportion of IFN-beta-1b responders [35]. These data agree with the 

many studies that detect an increase in serum viral DNA during relapse compared to 

remission, and add the observation of an inverse correlation with IFN-beta responsiveness.

Several studies have adopted a gene-environment interactions approach to the study of 

HHV-6 and interferon therapy, correlating polymorphisms with HHV-6 status and therapy 

responsiveness. For instance, Vandenbroeck and colleagues reported elevated odds ratios for 

specific polymorphisms of the transcription factor IRF5 (interferon regulatory factor 5) and 

HHV-6 infection and interferon responsiveness [36]. In a separate study, Garcia-Montojo 

and colleagues studied polymorphisms in MHC2TA, which encodes a transcriptional 

coactivator of MHC class II genes, and reported significant differences in genotype 

frequency between MS patients with and without detectable serum HHV-6 [37]. In a follow 

up study, they observed that a significantly higher proportion of MS patients with higher 
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MHC2TA mRNA levels and without detectable serum HHV-6 were clinical responders to 

interferon beta therapies compared to patients with decreased MHC2TA mRNA levels and 

detectable serum HHV-6. The authors concluded that MHC2TA mRNA levels might be 

decreased by the active replication of HHV-6 [38]. Interestingly, human cytomegalovirus 

(HCMV), a beta herpesvirus like HHV-6, has been reported to decrease MHC2TA mRNA 

levels, resulting in the suppression of MHC class II expression [39]. While this study found 

no correlation between polymorphisms and the development of interferon-neutralizing 

antibodies [38], future studies should examine polymorphisms that correlate with interferon-

neutralizing antibodies and HHV-6 viral DNA.

Potential mechanism of HHV-6 involvement in MS: molecular mimicry with 

myelin

Associations of viruses with human demyelinating disease and virally-induced animal 

models of demyelination provide compelling, though indirect, evidence of a viral etiology of 

MS [19]. Additionally, studies of mechanisms of demyelination and oligodendrocyte injury 

have reinforced the idea that viruses can lead to MS or MS-like pathology [5]. One such 

mechanism is molecular mimicry, whereby sequence homology between a pathogen and a 

self-molecule leads to the generation of an immune response that is cross-reactive between 

both the pathogen and self. There is a stretch of identical amino acids between HHV-6 U24 

(an integral membrane protein [40]) and human myelin basic protein (MBP), which has 

bolstered the idea that molecular mimicry may be at play in the relationship between HHV-6 

and MS. In 2003, Tejada-Simon and colleagues reported that MS patients, compared to 

healthy controls, exhibited a much higher frequency of T cells that were reactive to both 

(HHV-6 U24)1–13 and (MBP)93–105 [41]. These observations were recently confirmed in a 

cohort of Chinese MS patients, in a 2012 study by Cheng and colleagues [42].

While positive findings continue to provide an impetus to study the role of HHV-6 in MS, 

much about the mechanisms remain unknown. Are elevated levels of HHV-6 in MS a 

hallmark of an aberrant immune response or a reflection of the failure of the immune 

response to contain infection (Figure 2)? As inflammation can induce reactivation in T cells 

trafficking through the CNS [19], to what extent is the virus causal or simply a reactivated 

byproduct of vast peripheral and CNS inflammation?

Controversy: findings and suggestions

Despite a publication bias toward positive results, not all published reports of HHV-6 in MS 

are positive; several recent studies have found a non-significant or low incidence of HHV-6 

in their respective MS populations. A 2014 study of South African MS patients and controls 

reported no difference between HHV-6 viral DNA detection in whole blood between MS 

patients and controls [43]. Another study of Swedish patients reported a low incidence of 

HHV-6 in the plasma and CSF of possible MS patients compared to controls. These 

investigators also detected a low incidence of HHV-6 in the serum samples of IFN-beta 

treated MS patients, without any difference between patients with or without neutralizing 

antibodies [44]. Another study of a Tasmanian MS cohort prospectively analyzed levels of 

HHV-6 IgM as a marker of viral reactivation; the authors detected HHV-6 IgM in only 
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1/198 patients, and concluded that HHV-6 reactivation does not drive relapse or disability in 

this MS population [45].

Many factors can account for discordant results, including differences in patient and control 

populations, technical differences and the timing of sample acquisition, to name a few. In a 

multitude of positive studies, HHV-6 appears in only a subset of MS patients and yet, the 

findings are often interpreted broadly. Investigators of both positive and negative studies 

should carefully parse out characteristics of the patient and control populations in question, 

in an effort to foster hypothesis generation and present more nuanced conclusions than 

HHV-6 is or is not involved in MS.

Future directions

Ultimately, a controlled clinical trial of an efficacious [CNS penetrable] anti-HHV-6 drug in 

MS may be the only way to ascertain the involvement of this agent in MS (it is important to 

consider that a positive outcome demonstrating robust clinical efficacy would be persuasive, 

while a negative outcome would only add controversy to the field). However, additional 

basic research on the biology of HHV-6—especially differences between the two viruses 

that comprise this group [46]—is required for the discovery or development of such an anti-

viral. For example, several studies have reported more HHV-6A relative to HHV-6B in MS 

patient material [38, 47, 48]. Understanding the properties of each virus and knowing to 

what extent one or both are involved in MS is crucial to furthering this field, and all 

publications should diligently distinguish HHV-6A from HHV-6B viral DNA sequences. 

Serological differentiation between these two viruses is an active area of research [49] and 

once validated, will provide great insight into the relative antibody reactivity to each virus, 

and importantly, the time of acquisition of HHV-6A. The acquisition time of one or both 

viruses may be a factor in MS development, as has been proposed for EBV [50].

Sequencing additional HHV-6 genomes may also lead to a more thorough understanding of 

each virus. A 2013 study examined the oral shedding of EBV from pediatric MS patients 

and controls, and reported that changes in the predominant EBV variants were higher in MS 

patients, suggesting a lack of immunologic control of this virus [51]. Perhaps there are 

different frequencies of HHV-6 variants between MS patients and controls? Or perhaps 

there are HHV-6 variants that differ between sites, for example the periphery and CNS? 

Studies of JC virus have identified sequences that lend to its classification as non-virulent 

(found in non-PML patients) or virulent (found in the brain and CSF of PML patients) [52]. 

As HHV-6 is at once ubiquitous and implicated in a non-ubiquitous pathology, perhaps there 

are genetic variants that are analogously associated with MS.

In conclusion, there is sufficient and compelling evidence that HHV-6 may be involved, 

albeit to an unknown extent, in the disease pathogenesis of a subset of MS cases. To 

elucidate the possible mechanisms of HHV-6A and/or HHV-6B involvement in this disease, 

or the involvement of other herpesviruses, future studies are encouraged to ask focused 

questions, using material from well-characterized patient populations and well-matched 

control populations.
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Highlights

• Additional observations of HHV6-specific B and T cell reactivity in MS CSF

• Evidence of correlations between HHV6 status, polymorphisms and response to 

therapy

• Controlled trial of anti-HHV6 therapeutic needed to demonstrate MS 

involvement
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Figure 1. 
HHV-6 expression is detectable by immunohistochemistry in a periventricular MS lesion 

(A–E), but not in the normal appearing white matter (F). Red: HHV-6 gp116. MS lesions 

were obtained from a subset of patient material previously reported [14].
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Figure 2. 
A complex interplay between genetics, immune response and viral infections (such as 

HHV-6) influences the development of MS. Genetics have been implicated in the 

susceptibility to the disease, as well as in the response to antiviral therapy. Under certain 

inflammatory conditions, potentially in genetically susceptible individuals, the latency and 

persistence of herpesviruses may result in a dysregulated infection. Anti-viral immune 

responses in the periphery and CNS of MS patients suggest that a dysregulated viral 

infection is a key component of the disease.

Adapted from Owens, Bennet. 2012 Mult Scler.
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