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Opinion

Alzheimer’s disease (AD) is a chronic neurodegenerative 
disorder, which can be preferably characterized by dementia 
occurring 60-70% of all cases [1]. AD is more likely a progressive 
disease consisting of three critical stages (the first-stage starts 
with confusion, middle-stage with disorientation, aphasia, 
depression and hallucination, and later-stage with symptoms like 
dysplasia and severe dementia) and involves language problems, 
disorientation, behavior issues, etc. [2-4]. Globally, there have 
been 46.8 million cases of dementia with 9.9 new cases every 
year [5]. Although, AD is thought to be mostly genetic, the actual 
reason is behind the screen and still unknown. 

As the disease is due to the neurological imbalance, the risks 
may not be limited to genetic or body’s functional abnormalities 
caused by injuries, depression, hypertension, etc. [6]. Therefore, 
other environmental risk factors such as viral infections that 
are associated with exposure to central nervous system (CNS), 
for instance, herpes simplex virus (HSV), are thought to have 
the potential impact on the development of AD [7].  HSV is a 
double-stranded DNA virus, which locates at sensory ganglia 
as latent form after primary or initial infection [7]. It has been 
documented that HSV maintains a quiescent but persistent form 
in sensory ganglia by expressing latency associated transcript 
(LAT) RNA [8]. However, it is still unknown whether LAT 
encodes proteins to cause AD or HSV itself stimulates gradual 
functional loss of neurons in this stage of latency. Nevertheless,  
 
neurological symptoms caused by AD such asaphasia, dysphasia, 
confusion, etc. are mostly similar to that of HSV infection [4,9]. 

Severe loss of memory is caused by both types of AD, namely 
rare early-onset AD (EOAD causing 1-6% of all cases) and 
frequent late-onset AD (LOAD), which are prevalent among 30-
65 years and 60-65 years respectively [10]. Heritance relations 
were found in both types of AD, which is mainly diagnosed by 
amyloid plaques and neuro fibrillary tangles [11]. Furthermore, 
several studies documented the abnormalities of thetype-4 allele 
of apolipoprotein E (APOE4) in the brain of AD patients [11-13]. 

From the history, the concept of herpes simplex viral 
association with AD was proposed decades earlier [14,15]. 
However, still now there is no confirmed evidence of HSV 
association regarding AD; though, it is assumed that the 
reactivation of HSV1 can cause increased formation of β-amyloid, 
a characteristic feature of AD, by direct and inflammatory 
damage of the CNS [11]. Moreover, several studies confirmed the 
presence of HSV1 DNA in the brain of AD patients [16,17]. They 
also suggested the association of HSV-1 DNA with abnormalities 
of APOE4 [16,17]. 

Neuropathologically, the brain of patients with AD is 
normally suffered by the presence of hallmarks such as the neuro 
fibrillary tangles that are composed of hyper-phosphorylated 
Tau proteins, and the β-amyloid protein aggregates located in 
the cortex and hippocampus area [17]. Tau protein is thought 
to be phosphorylated by enzymes such as protein kinase A, 
induced by HSV1, and β-amyloid protein aggregates (plaques) 
are found mixed with the HSV1 DNA in most of the cases of AD 
as documented [18]. According to a study in Manchester, 90% of 
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the β-amyloid plaques contain HSV1 DNA, of which 72% were 
directly associated with plaques [16], suggesting the possible 
association of HSV1 with developing AD. 

In regards to the Tau proteins, these are the aberrantly 
phosphorylated forms of microtubules associated proteins, 
otherwise called neurofibrillary tangles [18]. Such abnormal 
phosphorylation of Tau proteins occurs at several sites of amino 
acids, such as serine 202, threonine 212, serine 214, serine 396 
and serine 404 residues by host enzymes, namely protein kinase 
A and glycogen synthase kinase 3-β [18]. However, the production 
of these enzymes in host brain is induced by HSV1, which may 
further clarify the association of HSV1 with developing AD [18]. 

From very past, it has been thought that the only risk factors 
for developing AD were age, brain injury, Down syndrome and 
the abnormalities of APOE4 [10]. But since several decades, 
viral association with AD has been highlighted and AD has 
been predicted to be multi factorial [19]. Usually, the human 
immune system has some autophagy properties, which is 
the natural, regulated and destructive mechanism prevent in 
assembling of unnecessary or dysfunctional components of the 
immune system as well as degradation of cellular components, 
and ultimately, their recycling in the body [20]. However, HSV1 
has been documented to disrupt autophagy in the body and 
therefore, prevents the destruction of these abnormal proteins, 
which then leads to their deposition and accumulation in the 
brain, and finally, the development of AD [20]. To other extends, 
antivirals used against HSV1 such as acyclovir, have been 
found to have obstructive effects on progressing AD and most 
effectively, together with an intravenous immunoglobulin (IVIG) 
as documented by several studies [11,21]. 

From the previous supports, it can be claimed that HSV1 
may have a strong association with developing AD. Now, it is 
still unclear that ‘which stage of HSV1 infection is responsible 
for developing AD’. If we think about the replication stages 
of HSV1, a primary or initial infection of a susceptible host is 
involved, which may either be symptomatic or asymptomatic 
[22]. Symptomatic infections may cause either mild symptoms 
which normally does not need to meet with doctors, sometimes 
called semi-symptomatic infections, or an acute symptomatic 
infection. Symptomatic acute cases are noticeable and can easily 
be treated using antiviral or other existing treatments. However, 
asymptomatic or semi-symptomatic cases may be in high risks 
of developing AD due to the lack of detection at an early stage 
and hence, development ofHSV1 latency, although viruses with 
acute infection can undergo latency as observed in several cases 
[23,24]. In this stage of latent infection, the virus is not usually 
detectable due to the production of LAT RNA only [8]. However, 
it is still unknown whether viruses prepare themselves at this 
stage to cause AD. Furthermore, several studies documented 
the presence of IgM and IgG antibody to HSV1 in the blood of 
AD patients, which suggests a recent HSV1 infection [17]. Now 
it also needs to know whether it is a primary or recurrent 

infection. Several studies reported thatHSV1 may also migrate 
to the brain during primary infection suggesting that primary 
infection might be able to cause AD by infecting CNS in the brain 
[7,15,25]. On the other hand, it could also be a recurrent HSV1 
infection, as the chance of formation of β-amyloid is likely more 
during recurrent infections, at which, LAT transcripts along 
with active mRNAs would be detect able in the brain [26]. In 
recurrent infection, HSV1 comes out of sensory ganglia to the 
peripheral nervous system due to the stress, immunodeficiency 
of the host, other viral or bacterial infections, exposure to UV 
light, etc., and may cause infections with increased severity of 
pneumonia, encephalitis, etc. [11,26]. 

Other than HSV1, several human herpes viruses such as 
HSV2, human herpes virus 6 (HHV6) and cytomegalovirus 
(CMV) were also been documented to be associated with AD 
[11]. The prevalence of HHV6 is much higher than HSV1 in the 
brain of AD patients compared to the normal people, although 
not found to be directly associated with the development of AD 
[11,27]. The presence of HSV2 and CMV in AD patients does 
not signify to cause AD, although detected in their brain [11]. 
Unlike HSV1, other herpes viruses detected in patient’s brain 
were not found to have an impact on APOE4 abnormalities and 
hyper-phosphorylation of Tau proteins [27]. However, further 
researches with other herpes viruses are needed to identify 
whether they have possible effects on the development of AD. 

In conclusion, the above-presented data may indicate a strong 
association of HSV with the pathogenesis of AD by accumulating 
β-amyloid aggregates into plaques, hyper-phosphorylating Tau 
proteins required to form neurofibrillary tangles, and disrupting 
autophagy in the human brain. Other viruses might cause few 
of similar symptoms like β-amyloid, but HSV is unique among 
the elderly population by developing recurrent infections. 
Therefore, greater attention should be paid to the environmental 
factors, especially herpes simplex viral infection contributing to 
causing AD. 
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