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Abstract

Recent commentary in Neurotherapeutics by Nath critically addresses the earlier report by Tzeng et al. that aggressive antiviral
treatment (AVT) against herpes simplex virus (HSV) was associated with a later decrease in the incidence of Alzheimer’s disease
(AD). Nath raises issues that we respond to: we point out that (i) the treated group (probably with severe infection) is likely to
harbor genetic risk alleles that predispose to both AD and HSV infection—the potential treatment bias cited by Nath would
support (rather than challenge) the preventive effect of AVT; (i) HSV is well known to establish persistent infection in the brain;
and (iii) current AVT compounds used to combat herpes viruses are highly specific for this class of viruses. Instead of “alternative
fact,” the findings of Tzeng et al. argue in favor of clinical trials of AVT in AD.
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The recent concise commentary by Avindra Nath [1] discusses
the report by one of us (Tzeng et al. [2]), in a recent issue of
Neurotherapeutics that addressed a potential protective role
for antiviral therapy (AVT) in Alzheimer’s disease (AD). In
this retrospective study employing the Taiwan National
Health Insurance Database, Tzeng et al. reported that short-
term AVT of patients with overt herpes virus infections was
followed by a long-term reduction in the subsequent incidence
of AD over the following decade ([2]; discussed in [3]). In his
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commentary, Dr Nath queries the results of this study (“alter-
native fact”), and concludes that it might merely be safe to
treat “patients who develop herpes virus infections with ap-
propriate antiviral drugs” [1], a proposal wisely consistent
with current practice. Although the commentary makes inter-
esting points, other issues appear to be misconstrued and war-
rant urgent rectification, which we offer in the hope of clari-
fying the situation.

Dr Nath is correct is in pointing out that the Tzeng et al. study
is retrospective in nature, and thus raises issues concerning prop-
er diagnosis in the absence of neuroimaging or postmortem path-
ological analysis. However, the Taiwan database employs an
accredited diagnostic instrument (International Classification of
Disease, Ninth Revision, Clinical Modification; ICD-9-CM), and
thus is unlikely to be a major confounding factor.

Dr Nath further points out that there was also a lack of
identification of genetic risk factors. We agree that this latter
is extremely important because diverse immune-related genes
are associated both with infection and AD development.
Centrally, 4 alleles of the APOE gene are susceptibility fac-
tors not only for AD but also for several infectious diseases.
The €4 allele is known to increase susceptibility to infection
damage by, among others, herpes simplex virus type 1
(HSV1) [4, 5], HSV2 [6, 7], Chlamydia pneumoniae [8],
Chlamydia-associated arthritis [9], and HIV [10]. Some other
AD risk alleles are also known to predispose to infectious
disease; for example, genetic variants in PILRA, a receptor
for HSV1 glycoprotein B (that governs HSV 1 viral entry into
cells), are associated with AD [11]. Therefore, the population
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studied in the Tzeng et al. report (acute HSV 1/2 infection) was
likely to have been enriched in AD risk alleles, including
APOE €4, and thus may have been inherently at increased risk
of later AD development. No genomic studies were performed
on patients in the Tzeng et al. study, and although we do not
believe that this detracts from the potential protective role of
AVT reported by Tzeng et al., we agree (as discussed further
below) that such genetic predisposition could potentially un-
derlie positive associations (possibly circumstantial) between
AD and different infectious conditions including herpes zoster
ophthalmicus [12], varicella zoster [13], periodontal disease
[14-16], Borrelia burgdorferi [17], and Chlamydophila
pneumoniae [18].

We highlight this genetic factor because it must be carefully
borne in mind when considering the next caveat listed by Nath
[1]—"selection bias for treatment.” The Tzeng et al. [2] study
compared patients with acute HSV-induced lesions (predom-
inantly orolabial and genital) who received AVT versus those
who were not treated. It could be argued that the patients who
received AVT were likely to have suffered from more severe
lesions than those who went untreated. In consequence, the
AVT group (likely with more serious lesions) may have been
biased towards inclusion of individuals with a genetic predis-
position to AD.

Our central argument, therefore, is that the AVT group might
have been at increased (rather than decreased) risk of later AD
development. By contrast, it was precisely the AVT group that
showed a dramatic reduction in later AD development. The
potential treatment bias cited by Nath argues in exactly the
reverse direction. Thus, it is even more remarkable that their
treatment with AVT apparently prevented most (ca 90%) cases
of AD development in the decade that followed. Treatment
bias, if it exists, would therefore entirely support (rather than
challenge) the reality of the preventive effect of AVT.

An additional major issue in Nath’s commentary also calls
for clarification. He states that “one would have to postulate
that the virus establishes a chronic or persistent infection in the
brain to cause cognitive deficits. However, given what we
know about these viruses, this would be highly unlikely”
[1]. We must point out that this is not correct.

Seropositivity for HSV1 and HSV2 increases over our life-
time: HSV infection is generally acquired during postnatal life,
and HSV seropositivity increases with age in the USA [19] and
Europe [20], as well as in Taiwan [21], and by age 50 years, the
majority of the population harbors HSV1 and/or HSV2 (often in
addition to other herpes viruses such as cytomegalovirus and
Epstein—Barr virus). Following primary infection (generally of
epithelial cells) that can be symptomatic or asymptomatic, HSV1
enters a silent (latent) state (reviewed in [22, 23]) principally in
neurons in peripheral ganglia and other tissues, from where it can
intermittently reactivate. In the nervous system, HSV1 can latent-
ly persist for decades, notably in the trigeminal ganglia [24-27],
but can invade many brain regions. HSV1 receptors are most

abundantly expressed in the hippocampus [28], a site of early
degeneration in AD. Indeed, HSV1 DNA can be detected in
several brain regions including the hippocampus, both of control
individuals and AD patients [29, 30], but levels are upregulated
in AD brain, as recently confirmed for HSV1/2 as well as for
human herpes viruses (HHV) 6 and 7 [31]. The pathological
signature of AD, Abeta protein, is induced by HSV1 infection
[32] and is increasingly recognized as an antimicrobial factor
([33], reviewed in [34]) that exerts potent antiHSV 1 effects [35,
36]. Although de novo brain invasion with HHV following dis-
ease onset cannot be ruled out [37], this is not the case for HSV1
that is widely detected in both AD and control brain tissues [30,
31, 38]. There are also suggestions that a declining immune
system in the elderly might predispose to virus reactivation: the
immune system undergoes systemic changes over a lifetime
(e.g., [39]) and reactivation of HSV1 has been reported to take
place as a function of age [40, 41]. Diverse types of evidence for
reactivation of HSV1 in human brain have been described in
detail [42]. The available data thus manifestly rebut Nath’s view
that “a chronic or persistent infection in the brain ... would be
highly unlikely.”

This indirectly answers the question raised by Nath—"“why
would herpes virus infection in the genitalia or lips lead to de-
mentia”—in short, it may not (or not directly). Instead, reactiva-
tion of epithelial HSV1 might be accompanied (particularly in
genetically predisposed individuals) by reactivation in other tis-
sues including the brain, that then initiates the lesions that, over
the following decades, culminate in clinical AD. Alternatively
(or in addition), in cases of de novo orogenital infections, in-
creased peripheral virus load and/or inflammation might increase
the likelihood that virus enters the brain [3].

A final issue raised by Nath concerns the apparent
nonspecificity of the association between infection, AVT, and
AD. He very properly highlights that several types of infectious
agent have been associated with AD, and that minor infections of
the elderly can be associated with cognitive decline. However,
this nonspecificity does not extend to AVT. Current AVT com-
pounds used to combat herpes viruses are highly specific for this
class of viruses: these agents (e.g., acyclovir, ganciclovir,
penciclovir) are nucleoside analogs that require phosphorylation
by the viral thymidine kinase enzyme (and recognition of the
ensuing triphosphates by viral DNA polymerases) for inhibition
of virus proliferation. These compounds are poorly recognized
by the corresponding enzymes of other virus classes and display
much less or no antiviral activity against them (e.g., vaccinia
virus or even veterinary herpes viruses) [43, 44]. There is evi-
dence that ganciclovir does have inhibitory activity against ade-
novirus [45], but this is not the first-line antiherpetic drug, and
others in the class are ineffective against adenoviruses. There
have been suggestions that acyclovir might have some activity
against HIV by targeting the reverse transcriptase enzyme [46],
but virus-inhibitory concentrations are 10—100-fold higher than
those for herpes viruses, and acyclovir failed to prevent HIV
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transmission [47]. Therefore, although inhibition of a so far un-
identified virus class cannot yet be ruled out, it is most likely that
the protective efficacy of AVT observed by Tzeng et al. is
through selective targeting of one or more herpes viruses (al-
though the precise virus type remains to be established).

To conclude, Dr Nath has clearly not overlooked the po-
tential implications of the Tzeng et al. report. However, we
argue that, far from representing “alternative fact,” the find-
ings of the Tzeng et al. argue strongly in favor of clinical trials
of AVT in AD.

Required Author Forms Disclosure forms provided by the au-
thors are available with the online version of this article.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Nath A. Association of herpes viral infections, antiherpetic therapy,
and dementia: real or alternative fact? Neurotherapeutics. 2018; 15:
415-416.

2. Tzeng N-S, Chung CH, Lin FH et al. Antiherpetic medications and
reduced risk of dementia in patients with herpes simplex virus in-
fections — a nationwide population-based cohort study in Taiwan.
Neurotherapeutics 2018; 15: 417-429.

3. Itzhaki RF, Lathe R. Herpes viruses and senile dementia: first
population evidence for a causal link. J. Alzheimers Dis. 2018;
64: 363-366.

4. Itzhaki RF, Lin WR, Shang D, Wilcock GK, Faragher B, Jamieson
GA. Herpes simplex virus type 1 in brain and risk of Alzheimer’s
disease. Lancet 1997; 349: 241-244.

5. Burgos JS, Ramirez C, Sastre I, Bullido MJ, Valdivieso F. ApoE4 is
more efficient than E3 in brain access by herpes simplex virus type
1. Neuroreport 2003; 14: 1825-1827.

6. Jayasuriya AN, Itzhaki RF, Wozniak MA et al. Apolipoprotein E-
epsilon 4 and recurrent genital herpes in individuals co-infected
with herpes simplex virus type 2 and HIV. Sex.Transm.Infect.
2008; 84: 516-517.

7. Koelle DM, Magaret A, Warren T, Schellenberg GD, Wald A.
APOE genotype is associated with oral herpetic lesions but not
genital or oral herpes simplex virus shedding. Sex. Transm.Infect.
2010; 86: 202-206.

8. Gerard HC, Wildt KL, Whittum-Hudson JA, Lai Z, Ager J, Hudson
AP. The load of Chlamydia pneumoniae in the Alzheimer’s brain
varies with APOE genotype. Microb.Pathog. 2005; 39: 19-26.

9. Gerard HC, Wang GF, Balin BJ, Schumacher HR, Hudson AP.
Frequency of apolipoprotein E (APOE) allele types in patients with
Chlamydia-associated arthritis and other arthritides.
Microb.Pathog. 1999; 26: 35-43.

10. Burt TD, Agan BK, Marconi VC et al. Apolipoprotein (apo) E4
enhances HIV-1 cell entry in vitro, and the APOE epsilon4/epsilon4

@ Springer

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

genotype accelerates HIV disease progression. Proc.Natl.Acad.Sci
U.S.A 2008; 105: 8718-8723.

Rathore N, Ramani SR, Pantua H et al. Paired immunoglobulin-like
type 2 receptor alpha G78R variant alters ligand binding and confers
protection to Alzheimer’s disease. PLoS Genet. 2018; 14: 1007427
Tsai MC, Cheng WL, Sheu JJ et al. Increased risk of dementia
following herpes zoster ophthalmicus. PLoS.One. 2017; 12:
¢0188490.

Chen VC, Wu SI, Huang KY et al. Herpes zoster and dementia: a
nationwide population-based cohort study. J.Clin. Psychiatry.
2018; 79.

Tzeng NS, Chung CH, Yeh CB et al. Are chronic periodontitis and
gingivitis associated with dementia? A nationwide, retrospective,
matched-cohort study in Taiwan. Neuroepidemiology. 2016; 47:
82-93.

Lee YT, Lee HC, Hu CJ et al. Periodontitis as a modifiable risk
factor for dementia: a nationwide population-based cohort study.
J.Am.Geriatr.Soc. 2017; 65: 301-305.

Chen CK, Wu YT, Chang YC. Association between chronic peri-
odontitis and the risk of Alzheimer’s disease: a retrospective, pop-
ulation-based, matched-cohort study. Alzheimers.Res.Ther. 2017,
9: 56.

Miklossy J. Alzheimer’s disease — a neurospirochetosis Analysis of
the evidence following Koch’s and Hill’s criteria.
J.Neuroinflammation. 2011; 8: 90.

Gerard HC, Dreses-Werringloer U, Wildt KS et al. Chlamydophila
(Chlamydia) pneumoniae in the Alzheimer’s brain. FEMS
Immunol Med Microbiol. 2006; 48: 355-366.

Xu F, Schillinger JA, Sternberg MR et al. Seroprevalence and
coinfection with herpes simplex virus type 1 and type 2 in the
United States, 1988-1994. Journal of Infectious Diseases 2002;
185: 1019-1024.

Pebody RG, Andrews N, Brown D et al. The seroepidemiology of
herpes simplex virus type 1 and 2 in Europe. Sex.Transm.Infect.
2004; 80: 185-191.

Shen JH, Huang KY, Chao-Yu C, Chen CJ, Lin TY, Huang YC.
Seroprevalence of herpes simplex virus type 1 and 2 in Taiwan and
risk factor analysis, 2007. PLoS.One. 2015; 10: e0134178.

Nicoll MP, Proenca JT, Efstathiou S. The molecular basis of herpes
simplex virus latency. FEMS.Microbiol.Rev. 2012; 36: 684-705.
Grinde B. Herpesviruses: latency and reactivation — viral strategies
and host response. J.Oral.Microbiol. 2013; 5: 22766.

Baringer JR, Swoveland P. Recovery of herpes-simplex virus from
human trigeminal ganglions. N.Engl.J.Med. 1973; 288: 648—650.
Croen KD, Ostrove JM, Dragovic LJ, Smialek JE, Straus SE. Latent
herpes simplex virus in human trigeminal ganglia. Detection of an
immediate early gene ‘anti-sense’ transcript by in situ hybridization.
N.Engl.J.Med. 1987, 317: 1427-1432.

Furuta Y, Takasu T, Sato KC, Fukuda S, Inuyama Y, Nagashima K.
Latent herpes simplex virus type 1 in human geniculate ganglia.
Acta Neuropathol. 1992; 84: 39-44.

Theil D, Arbusow V, Derfuss T et al. Prevalence of HSV-1 LAT in
human trigeminal, geniculate, and vestibular ganglia and its implica-
tion for cranial nerve syndromes. Brain Pathol. 2001; 11: 408-413.
Lathe R, Haas JG. Distribution of cellular HSV-1 receptor expres-
sion in human brain. J. Neurovirol. 2017; 23: 376-384.

Jamieson GA, Maitland NJ, Wilcock GK, Craske J, Itzhaki RF.
Latent herpes simplex virus type 1 in normal and Alzheimer’s dis-
ease brains. J Med.Virol. 1991; 33: 224-227.

Jamieson GA, Maitland NJ, Wilcock GK, Yates CM, Itzhaki RF.
Herpes simplex virus type 1 DNA is present in specific regions of
brain from aged people with and without senile dementia of the
Alzheimer type. J.Pathol. 1992; 167: 365-368.

Readhead B, Haure-Mirande JV, Funk CC et al. Multiscale analysis
of independent Alzheimer’s cohorts finds disruption of molecular,



Herpes Infections and Dementia: Rebutting Alternative Fact

179

32.

33.

34.

35.

36.

37.

38.

39.

genetic, and clinical networks by human herpesvirus. Neuron 2018;
99: 64-82.

Wozniak MA, Itzhaki RF, Shipley SJ, Dobson CB. Herpes simplex
virus infection causes cellular beta-amyloid accumulation and
secretase upregulation. Neuroscience Letters 2007; 429: 95-100.
Soscia SJ, Kirby JE, Washicosky KJ et al. The Alzheimer’s disease-
associated amyloid beta-protein is an antimicrobial peptide. PLoS
One 2010; 5: ¢9505.

Moir RD, Lathe R, Tanzi RE. The antimicrobial protection hypoth-
esis of Alzheimer’s disease. Alzheimer’s and Dementia 2018.
Published online October 9, 2018. https://doi.org/10.1016/j.jalz.
2018.06.3040

Bourgade K, Le PA, Bocti C et al. Protective effect of amyloid-beta
peptides against herpes simplex virus-1 infection in a neuronal cell
culture model. J. Alzheimers Dis. 2016; 50: 1227-1241.

Eimer WA, Kumar DKV, Shanmugam NKN et al. Alzheimer’s
disease-associated beta-amyloid is rapidly seeded by herpesviridae
to protect against brain infection. Neuron 2018; 99: 56-63.

Haas JG, Lathe R. Microbes and Alzheimer’s disease: new findings
call for a paradigm change. Trends.Neurosci. 2018; 41: 570-573.
Jamieson GA, Maitland NJ, Craske J, Wilcock GK, Itzhaki RF.
Detection of herpes simplex virus type 1 DNA sequences in normal
and Alzheimer’s disease brain using polymerase chain reaction.
Biochem.Soc.Trans. 1991; 19: 1228S.

Franceschi C, Salvioli S, Garagnani P, de Eguileor M, Monti D,
Capri M. Immunobiography and the heterogeneity of immune re-
sponses in the elderly: a focus on inflammaging and trained immu-
nity. Front.Immunol. 2017; 8: 982.

40.

41.

42.

43.

44,

45.

46.

47.

Stowe RP, Kozlova EV, Yetman DL, Walling DM, Goodwin JS,
Glaser R. Chronic herpesvirus reactivation occurs in aging.
Exp.Gerontol. 2007; 42: 563-570.

Stowe RP, Peek MK, Cutchin MP, Goodwin JS. Reactivation of
herpes simplex virus type 1 is associated with cytomegalovirus
and age. J.Med.Virol. 2012; 84: 1797-1802.

Itzhaki RF. Herpes and Alzheimer’s disease: subversion in the cen-
tral nervous system and how it might be halted. J.Alzheimers.Dis.
2016; 54: 1273-1281.

Darby G, Larder BA, Bastow KF, Field HJ. Sensitivity of viruses to
phosphorylated 9-(2-hydroxyethoxymethyl)guanine revealed in
TK-transformed cells. Journal of General Virology 1980; 48:
451-454.

Collins P. The spectrum of antiviral activities of acyclovir in vitro
and in vivo. J. Antimicrob.Chemother. 1983; 12 Suppl B: 19-27.
Ying B, Tollefson AE, Spencer JF et al. Ganciclovir inhibits human
adenovirus replication and pathogenicity in permissive immuno-
suppressed Syrian hamsters. Antimicrob.Agents.Chemother. 2014;
58: 7171-7181.

McMahon MA, Siliciano JD, Lai J et al. The antiherpetic drug
acyclovir inhibits HIV replication and selects the V75I reverse tran-
scriptase multidrug resistance mutation. J.Biol. Chem. 2008; 283:
31289-31293.

Celum C, Wald A, Lingappa JR et al. Acyclovir and transmission of
HIV-1 from persons infected with HIV-1 and HSV-2.
N.Engl.J.Med. 2010; 362: 427-439.

@ Springer


https://doi.org/10.1016/j.jalz.2018.06.3040
https://doi.org/10.1016/j.jalz.2018.06.3040

	Herpes Infections and Dementia: Rebutting Alternative Fact
	Abstract
	References


