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Abstract

Over 3.7 billion people worldwide under the age of 50 are estimated to have some form of Herpes simplex virus
(HSV) infection in their lifetime. Despite mostly presenting as asymptomatic, HSV infection has been associated
with worsening symptoms and biological conditions in various diseases, some of which are neurological, such as
Alzheimer’s disease (AD). This mini-review thus aims to showcase the varying researches carried out in the past
decades which sought the connection between the infection and the neurodegenerative disease. Various members
of the Herpes viridae family have been associated with worsening AD pathology and symptoms, namely HSV-1,
HSV-2, human herpes virus 6 (HHV-6), and HHV-7. The virus affects many aspects of the nervous system to
promote neurodegeneration, including fragmentation of amyloid precursor proteins (APP), inducing production of
excess amyloid beta (AB) in response to the viral infection, and formation of tau neurofibrillary tangles (NFT), all of
which point to further degeneration of the nervous system structures and cognitive decline in AD patients. HSV has
been significantly reported to induce concurrent alterations in the context of AD. Although more in-depth analysis
still needs to be done to consider other factors such as age, viral load, and the degree of neurodegeneration, HSV
infection remains an interesting drug target through the means of antivirals in ameliorating a certain degree of

neurodegeneration, cognitive decline, and memory loss in AD.
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Introduction

Overview of Herpes Simplex Virus (HSV) and Alzheimer’s
Disease (AD)

Herpes simplex virus 1 (HSV-1) is a member of the Herpes viridae
family of viruses with double stranded DNA and a genome size of
152 kb encodes at least 84 different polypeptides [1]. It is a common
neurotropic virus that affects most humans and it is implicated for
its infection an etiology in Alzheimer’s disease (AD), a common
neurodegenerative disease which is characterized by cognitive decline
which leads to memory loss and dementia. The aim of this mini-review
is to highlight current and relevant studies which considered the
correlations between HSV infection and AD pathology at molecular
and genetic levels.

The primarily affected brain regions by this infection are the
frontal and cortical cortices which are also mainly damaged in
AD [2]. Moreover, inflammation markers found in AD and many
inflammatory mediators involved in HSV-1 infection are common. For
example, tumor necrosis factor a (TNF-a), interleukin 6 (IL-6), IL-8,
and interferon-inducible protein 10 which are elevated in the brain of
AD patients are also produced upon infection with HSV-1 virus [3,4].
Using PCR, it was discovered HSV-1 DNA is present in high amount
in the brains of elderly individuals including patients with AD when
compared to non-patients [5].

It was observed that HSV-1 confers a high risk of developing AD
when in the brain of individuals carrying specific allele for gene APOE-
the APOE-¢4 allele [6,7]. Amyloid plaques and neurofibrillary tangles
(NFT) are the two abnormal features observed in AD patients. Plaques
are composed of amyloid-. It is derived from the proteolytic cleavage of
amyloid-p protein precursor (APP) [8]. Tau, a microtubule associated
protein is the main part of NFT formed by the hyper-phosphorylation
by many enzymes including protein kinase A and glycogen synthase
kinase 3. HSV-1 codes for a protein which is homologous to PKA [9].
Malfunction in autophagy has also been shown in the presence of HSV
infection which would lead to the accumulation of protein which might

shed some light on the presence of aberrant proteins in AD [10,11].
The reason behind autophagic dysfunction remains unclear in AD;
however, the role of HSV-1 in degrading host cell proteins is a defense
mechanism against invading pathogens and to counteract this, the
pathogens have co-evolved to restrict autophagy [12].

Current evidence of link between HSV and AD

In the past decade, evidences of infectious agents playing a role
in the progression of AD have been continuously emerging, one
of which is HSV [13]. Within current literature, the role of HSV-1,
otherwise known as ‘oral herpes’ in AD pathogenesis have been more
commonly studied; although some studies also showed other types of
the virus possibly having implications in AD, namely HSV-2, human
herpesvirus 6 (HHV-6), and HHV-7 [14-16]. This section summarizes
current knowledge of how HSV infection may be correlated with AD
with Figure 1 constructed to visualize a brief overview on how HSV has
been observed to interact with worsening AD pathology.

HSV-1

Aside from AD, HSV-1 infection has been linked to worsening
symptoms in various other neurodegenerative diseases and the
mechanisms of HSV-1 mediating production of toxic protein aggregates
commonly found in neurodegenerative diseases are continuously
being researched [17,18]. Within the context of AD, HSV-1 promotes
neurodegeneration through the upregulation of A, tau protein, and
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+ Lysosomal system breakdown in vitro

+ Breakdown of neuronal cytoskeleton integrity

+ Fragmentation of APP which yields
neurotoxic APP fragments

+ Promotes mal-transportation of APP

+ Induces excess neuroinflammation via
oxidative stress

+ Localization of hyperphosphorylated
tau protein in the nucleus of cells

+ Propagates accumulation of
amyloid beta plaques and
hyperphosphorylated tau in
neuroblastoma cultures

* Alters expression of reductase
enzyme GMPR2 and inosine
diphosphatase NUDT16

+ Similar to HSV-2, HHV-6 alters
expression of GMPR2 and
NUDT16

« Might act as co-infectant and
supplement damages done
by HSV-1 in AD

Figure 1: Brief overview of relevant members of the Herpes viridae family in the
context of AD and their proposed mechanisms actions.

oxidative stress amongst the many other AD hallmarks [19]. Recently,
the breakdown of lysosomal systems within in vitro cultures has
also been debated as a novel potential mechanism as to how HSV-1
infection may induce AD hallmarks [19]. The cytoskeleton integrity of
neuronal cultures infected by HSV-1 are also affected and this might
shed some light in the cellular and mechanical disruption that happens
during the process of neurodegeneration [20].

Within the AP hypothesis, HSV-1 was observed to induce
fragmentation of APP which is neurotoxic much like its downstream
form, AP plaques [21]. Intracellular HSV-1 components have also
been reported to interact with APP, increasing and reducing APP’s
speed during interplay and thus, causing a mal-transportation of APP
within infected cells [22]. Other more popular theories regarding the
mechanism of HSV-1 in AD is that the virus directly stimulates the
production of more AP deposits [23]. HSV-1, which can become latent
in the body, may be reactivated and suppresses the immune system
aside from inducing excess inflammation, further worsening AD [24].
Eimer, et al. have also recently come up with an argument that Ap
is produced to mediate viral infection among many other infection
types and that prolonged AP production would eventually lead to
neurodegeneration observed in AD [15,25].

Tau hyperphosphorylation and formation of NFT have been
shown in various studies to be affected by HSV-1. Similarly, to A,
most of the tau produced via HSV-1 mediation was shown to localize
within the nucleus of affected cells [26]. Within in vitro studies, it was
also revealed that HSV-1 growth is not dependent on the expression of
tau, signifying HSV-1’s role as a cause of worsening tau pathology in
AD [26]. Cleavage of tau protein at aspartic acid residue 421 was also
shown to induce production of tau aggregates commonly seen in AD
and other neurodegenerative diseases [27].

Other Herpes viridae family members

Within preclinical studies, it was observed that HSV-2, otherwise
known as the ‘genital herpes’ propagates worsening hallmarks of AD

in the form of accumulated AR plaques and hyperphosphorylated
tau in neuroblastoma cultures [28]. A recent study conducted by
Readhead et al. which employed multiscale analysis of AD network
unravelled that HSV-6 and HSV-7 disrupted genetic and molecular
components of the APP metabolism component of the brain [14].
They also found that certain other members of the HSV family, namely
HSV-2 and HHV-6A, can alter the expression of certain proteins that
regulate nucleotide expression, such as the reductase enzyme GMPR2
and inosine diphosphatase NUDT16 respectively. This suggests that
viruses from the HSV family can induce dysregulation of nucleotide
pool metabolism, and these observations are congruous with previous
metabolomics studies conducted for AD [29].

Additionally, many studies have provided strong evidence that
primary human herpesvirus 6 or HHV-6 is present, and can be
successfully detected, not only in a large number of AD patients but also
in the brains of healthy elderly patients and multiple sclerosis patients
[30-33]. Wozniak et al. were able to detect the HHV-6 antibody in CSF
in 22% of AD patients, but not in samples from healthy individuals
[34]. In one of their earlier studies, they also found the prevalence of
HHV-6 in AD patients at a much higher frequency (72%) as opposed
to healthy samples (40%). Although there was a significant overlap
between HHV-6 and HSV-1 in AD samples, it was also observed that
APOE 34 expression was high in both HHV-6-positive and HHV-6-
negative AD patients, in contrast to results obtained for HSV-1 positive
samples [32]. In a nutshell, these findings suggest that HHV-6 by itself
might not be a risk factor for AD but might possibly enhance or activate
other co-infectants or supplement the damage done by HSV-1 in AD
patients [35].

However, contrary to the evidence above, there are studies that
have suggested that many members of the Herpesviruses family, such
as HSV-2 AND HHV-8, have no association with AD pathogenesis
[36,37]. There have been experiments conducted to determine if there
is any causal relationship between herpesviruses and sporadic AD, and
many groups have failed to show any such link [36-38]. Nonetheless,
these negative results can very well be the consequence of low sensitivity
of the techniques or methods used in these studies, which could lead to
non-detection of viral genomes or antigens in AD samples [30]. Hence,
taking into account all the strong evidence illustrated earlier, it can be
strongly suggested that there is a link between HSV, especially HSV-
1, and development of AD in patients. Given the strong correlation
between HSV-1 and AD pathology, more attention should also be given
to other Herpes viridae members to identify if such AD-propagating
mechanisms are exclusive to only some of the viral subtypes.

Future Directions

Targeting HSV infection has been an emerging trend in the quest
to combat AD with antivirals being employed in clinical studies,
such as an interventional clinical trial of valacyclovir in AD patients
who are tested positive for HSV-1 or HSV-2 [39]. A Taiwanese
study which recruited 33,448 HSV-positive subjects also reported a
marked reduction of AD dementia in HSV-positive from 28.33% in
the non-treated patient group to 5.8% in the antiviral-treated group
[40]. Among the antivirals being employed, acyclovir, valciclovir, and
valganciclovir caused the most significant reductions of AD dementia
scores [40]. In the future, more proteomic and transcriptomic data
could be produced to further delineate the connection between the two.
The causal-effect relationship between components of the infection
and the neurodegenerative disease should also be further researched as
curing HSV infection might only tackle one side of the many problems
that AD present.
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Conclusion

Large scale population studies report over 2.7 times likelihood of

developing AD dementia in the presence of HSV infection. This figure
and prevalence of the viral infection itself make HSV an interesting
drug target to combat AD amongst many other neurodegenerative
diseases. This mini-review summarizes current research which reported
correlations, positive and negative, between HSV and AD. Mounting
evidence has been gathered throughout the past decades and dealing
with HSV infection might just be a new avenue in the great effort to
combat AD.
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