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Abstract

It is always of critical importance to scrutinize biomedical studies for accuracy, especially those even suggesting benefits of novel ap-
plications for widely used medications.  An example is a 2018 retrospective Taiwanese study in which Tzeng claims that patients with 
HSV infections ‘may have’ a 2.56-fold increased risk of developing dementia. Furthermore, and more appropriate to the title of his 
paper (Anti-herpetic Medications and Reduced Risk of Dementia in Patients with Herpes Simplex Virus Infections-a Nationwide, Popula-

tion-Based Cohort Study in Taiwan), Tzeng claimed that the usage of anti-herpetic medications was associated with a decreased risk 
of dementia. However imperfections in the study suggest the need for a more controlled study. For example, in the HSV-group merely 
13.7% (1147 in 8362) did not receive anti-herpetic medications [1].
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In January of 2006, Catherine Helmer first published a similar study: Herpes simplex virus, anti-herpetic medication, and dementia: Re-

sults from the three-city population-based cohort. But Helmer., et al. concluded that their results regarding anti-herpetic medications were 
“not significant” for lessening dementia. Helmer presented this paper once again, this time for Alzheimer’s & Dementia in July, 2015 [2].

As such a high seroprevalence for Herpes simplex type 1 exists in populations at large, both the Tzeng and Helmer studies mention 
reactivation of the virus as being important for active disease. According to WHO, globally, an estimated two-thirds of the population 
under 50 are infected with Herpes simplex virus type 1, and that ratio only goes upwards with increased age. Concurrent infections, such 
as viral upper respiratory tract infection or other febrile diseases, can cause outbreaks. Reactivation due to other infections is the likely 
source of the historic terms “cold sore” and “fever blister.”

This concept of reactivation through existing systemic disease is therefore critical to the understanding of Herpes simplex  
virus type 1. In 1896 German physician Paul Unna developed a way to differentiate herpes from syphilis under a microscope [3]. This  
observation was important because previously it was not possible to identify the difference between herpes and syphilis since they are often  
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This produced a typical keratitis, transmissible in series. Later on, in 1919, the scientist Lowenstein confirmed that herpes was an 
infectious disease, extending these findings to herpes of the skin and mucous membranes. Lowenstein showed that not only corneal 
herpes, but also simple herpes and the symptomatic herpes accompanying diseases such as tuberculosis produced a specific keratitis 
when inoculated in the cornea of a rabbit. And with considerable regularity, Lowenstein noticed, herpes could be passed from rabbit to 
rabbit [5]. Following Lowenstein, Kooy confirmed the latter’s findings of the transmission of the “virus” of febrile herpes. Kooy carried 
out a series of inoculations on rabbits, using the contents of herpetic vesicles [6]. 

He inoculated the cornea of rabbits with herpetic dendritic keratitis, and herpes labialis in febrile disease. Then he described his 
herpes culture’s morphology and staining in detail. Much to his own surprise, what Kooy isolated was not a virus at all. Rather from 
twenty-five inoculations upon the cornea he succeeded twenty-two times in culturing a polymorphic, cell-wall-deficient, viral-like mi-
croorganism belonging to the Mycobacteriaceae. Mycobacteria are a genus of the Actinobacteria, given their own family, the Mycobac-

teriaceae. Over 190 species are recognized in this genus. This genus includes pathogens known to cause serious diseases in mammals, 
including tuberculosis (Mycobacterium tuberculosis) and leprosy (Mycobacterium leprae) in humans. In direct culture from herpes la-
bialis (cold sores of the lip), Kooy again succeeded three times in culturing these same Mycobacteria. 

In animals with a general diseased condition, these microorganisms were also isolated three times from the blood and spleen. In 
general, several mycobacterial forms were found in the same culture; although, at times, pure cultures of one form were observed. All 
of the forms could be demonstrated in smear preparations of conjunctiva secretion and corneal infiltration. The organisms flourished 
at 37°C, as well as at room temperature, were more aerobic than anaerobic, and the cultures could be transferred by inoculation from 
one rabbit’s cornea to another. The case for Alzheimer’s and many of the dementias as a sub-clinical, underlying Mycobacterial disease 
has previously been made [7-10].

Prescription antiviral (anti-herpetic) medicines approved for the treatment of both types of herpes simplex include acyclovir,  
famciclovir, and valacyclovir. However, since they were known to have activity against viruses, no studies for activity against bacteria or 
mycobacteria were included in their package inserts –nor looked for in any Western studies. Acyclovir (Zovirax®) for example was an 
anti-viral, so why would anyone look further?

When she worked on the drug for HSV, Elion determined exactly how and why it worked. To Elion, Acyclovir, marketed as Zovirax®, 
interfered with the replication process of the herpesvirus –and only the herpesvirus –proving that drugs can be selective. That is, until 
a Polish study would one day prove this wrong.

And so while Western literature remained silent about acyclovir as having anything but anti-viral activity, this Polish study found 
that acyclovir actually had activity against Pseudomonas aeruginosa and E. coli –two out of only 4 bacteria used in this study that acy-
clovir was tested against. The mycobacteria were excluded [11]. Gertrude Elion hypothesized that what made acyclovir an antiviral 

The discovery of acyclovir as an antiviral agent, and what made its “career” as an antiherpes drug was purported to be its selective 
activity against herpes simplex virus (and later varicella-zoster virus) – all due to a specific recognition by these viruses thymidine 
kinase (TK). The antiviral activity of acyclovir was discovered by Peter Collins (Wellcome) in Beckenham, UK, but the fact that it was 
recognized as substrate by the viral TK stemmed from Gertrude Elion and her colleagues at Burroughs Wellcome in Research Triangle 
Park (RTP). At that time (late 1970s), there was a high need for the systemic treatment of HSV infections, and this explains why Well-
come developed and scrutinized acyclovir solely for the treatment of HSV. 

Enter Acyclovir (Zovirax®)

An anti-viral or more?

concurrent. The notion that Herpes simplex might have been caused by a living infectious agent resulted from the 1912 work of Grüter, 
who inoculated the cornea of a rabbit with material derived from corneal herpes in man [4]. 
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Similarly, by 1949, Gertrude had synthesized a purine that inhibited growth in mouse leukemia, which Joseph Burchenal at Sloan 
Kettering Institute in New York used to treat four patients with chronic granulocytic leukemia, two of whom went into remission. This 
was the forerunner of 6-mercaptopurine, which continues to be effective in some cancers. Yet good activity of 6-mercaptopurine against 
M. tuberculosis has also been recently reported by Greenstein [13].

An example of why anti-virals should not be assumed to be just for viruses until confirmed is below. In one assay study of 1,2,3 
triazole derivatives, [14] not only were they superior in their anti-HSV-1 activity to acyclovir, but these same triazole derivatives were 
described by the investigators as having “potent activity” against HSV-1. https://www.ncbi.nlm.nih.gov/pubmed/21376603

However, in a 2017 study of related “anti-viral” triazole derivates, 25 exhibited “promising” anti-TB activity [15]. And this study 
merely confirmed an investigation on 1,2,3-triazole derivatives as anti-tubercular agents done two years earlier [16]. 

Acyclovir is a synthetic purine nucleoside analog derived from guanine. Nucleosides are well known for their antiviral and antican-
cer properties. In addition to this, they have recently shown great potential against Mycobacterium tuberculosis, [17] though this is not 
a new finding. In 2003, Pochet et al reported a comparative study of purine and pyrimidine nucleoside analogues as inhibitors of the 
mycobacterial enzyme thymidine monophosphate kinase (TMPKmt), believed to be a potentially attractive target for the design of a 
novel class of anti-tubercular agents [18]. 

A pioneer in antiviral research, Erik De Clercq, is quite familiar with the discovery of acyclovir as an antiviral agent. De Clercq began 
his medical career in 1966, received his certification in Clinical Pathology in 1971, and his Ph.D. the following year. Over his prodigious 
career, Dr. De Clercq’s research focused on the development of new therapies, and in particular, the development of new agents against 
viral infections. He is widely recognized for his seminal work in the field of nucleotide analogs, which were the first broad-spectrum 
antivirals, and sparked a new era in antiviral development. Dr. De Clercq was also Editor-in-Chief of the journal Antiviral Research 
from1981 to 2011.

When asked specifically regarding whether acyclovir and other anti-herpetics might have activity against M. tuberculosis, Dr. De 
Clercq said “I am sure that acyclovir and some other antivirals should have some activity against some bacteria, including M. tuber-

culosis, but this does not make them useful for the treatment of such infections” [19]. [Personal communication 10/10/2018] Yet, at 
the same time Dr. De Clerq admitted that “In the whole context, the antimicrobial potential of acyclovir and valacyclovir, if any, did not 
receive due attention”. In other words, such testing was never done. So how would one know whether TB could be treated by acyclovir 
as well?

Mohammed Asif, who wrote in his Development of new anti-tubercular drugs containing Benz-fused ring system [20] that recently 
purine analogues have been found to possess anti-TB activity, was essentially asked the same question, specifically about acyclovir and 
its derivatives. Since acyclovir is a synthetic purine nucleoside analog derived from guanine, does it have activity against TB and the 
mycobacteria? His reply: “Chances of anti-tubercular activity for these drugs is very high. But no strong evidence and research was ever 
published” [21] [Personal communication 9/27/2018].

This leaves the question wide open as to whether acyclovir and the current anti-herpetic nucleoside analogs have anti-mycobacteri-
al activity. At the present and past level of willingness to break such ground, we may never know. Certainly, almost as if by design, all of 
the early developers and their pharmaceutical employers made no attempt whatsoever to define the activity of acyclovir and its related 

agent and antiherpes drug was its selective activity against herpes simplex virus as being due to a specific recognition by herpes’s viral 
thymidine kinase (TK). Yet she never tested the drug on bacteria or mycobacteria. Mycobacterium tuberculosis has its own thymidine 
kinase, crucial to its pathogenicity [12].  But acyclovir’s activity was never tested against this.

An Expert Weighs in
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congeners against either bacteria or mycobacteria. This seems strange, no matter how air-tight their hypothesis or guess was as to why 
a drug, anti-viral or otherwise, does what it does. 
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