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Abstract: The SARS-CoV-2 pandemic has significantly impacted world health and economic status. 
In response, much work has been undertaken to provide effective, safe vaccines, antibodies and 
antiviral drugs with which to address this pandemic. Treatment of a pandemic population presents 
multiple challenges in addition to the primary issue of drug efficacy and safety, such as large scale 
drug manufacture and distribution, drug stability, oral dosing and pharmacoeconomic considera-
tions. Ideally, these factors must be addressed if new candidate drugs are to be advanced for treat-
ment of large (pandemic) populations. Subsequently, new antivirals have reached the market but 
choices are few. According to the NIH Covid Treatment Guidelines, only three small molecule an-
tiviral drugs are available to treat COVID-19 disease. As such, a significant part of the research to-
wards discovery of new antiviral drugs has focused on screening and evaluation of ‘repurposed 
drugs’ or previously approved or clinical stage drugs. Yet, in spite of this increased research activity, 
one promising clinical stage candidate drug has received little attention regarding its potential as a 
monotherapy or component of combination therapy for treatment of COVID-19 disease. Tucaresol, 
with documented human safety and pharmacokinetic data, is an orally active, stable, small molecule 
amenable to large scale manufacture by a proprietary two-step synthesis developed by us. Tucaresol 
functions as a host-targeted antiviral by selective protection/reconstitution of CD4+ T helper cells as 
demonstrated in HIV patients and SIV macaques. In view of similarities between HIV and SARS-
CoV-2, especially with respect to host CD4+ T helper cells, and the suitability of Tucaresol for facile 
treatment of pandemic populations, Tucaresol is presented herein for treatment of mild-to-moder-
ate COVID-19 patients but may also be useful for treatment of advanced disease accompanied by 
lymphopenia. 
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BACKGROUND 
With 640 million cases of COVID-19 world-wide, SARS-CoV-2 has significantly im-

pacted the health and economic status of the world population. Although successful as 
regards significant protection to the general population against COVID-19 disease, vac-
cines are not 100% protective or a cure.  This vaccine induced protection is further eroded 
by multiple viral mutations competing to evade vaccine induced immune defense (typical 
of cold viruses) along with poor vaccine compliance, apparently more so with the mRNA 
vaccines. Sought after herd immunity is unlikely, and COVID-19 will probably become 
endemic with the need for annual vaccination. Indeed, the CEO of Pfizer, a significant 
provider of COVID-19 mRNA vaccine (Comirnaty) and antiviral drug (Paxlovid), recently 
opined that there is a threat of “constant waves of COVID-19”1. Additionally, large scale 
immunization associated with a pandemic is hampered by practical considerations such 
as the need to refrigerate most vaccines, the need to wait days to achieve protective im-
munity and the need to provide one or more booster doses of vaccine in order to achieve 
protective immunity. Monoclonal antibodies also improve immune defense but can be 
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rendered ineffective by viral mutations, as has been the case with the recent omicron coro-
navirus variant. Antibody therapy is not conveniently administered, is expensive and is 
therefore not practical for widespread use. Therefore, in view of the widespread, pan-
demic occurrence of the mutating SARS-CoV-2 virus, much effort is in progress to bring 
forward as quickly as possible orally active (convenient dosing), readily manufactured 
antiviral drugs (accessible, stable and affordable to treat large populations) with signifi-
cant efficacy and good safety profiles. In spite of best efforts to rapidly develop small mol-
ecule antiviral drugs, according to the NIH Covid Treatment Guidelines, last up-dated 
April 29, 2022, only three small molecule antiviral drugs are available for treatment of 
COVID-19 disease: Veklury, Paxlovid and Lagevrio. Of these three drugs, only Veklury is 
approved by the US FDA for treatment of COVID-19 disease.  

Veklury (remdesivir, Gilead) is a broad-spectrum antiviral nucleoside monophos-
phate prodrug that inhibits viral RNA chain elongation. When administered within 5 days 
of symptom onset, it reduces the risk of hospitalization of patients with mild-to-moderate 
COVID-19 disease by 90%2. Veklury was first approved for the treatment of COVID-19 in 
May 2020 for patients requiring hospitalization. It was later approved in January 2022 for 
treatment of mild-to-moderate COVID-19 (i.e., non-hospitalized patients). Notably, how-
ever, Veklury does not offer the convenience of oral dosing and is significantly more ex-
pensive than the two other FDA supported antivirals.  

On December 22, 2021, the FDA issued an EUA (Emergency Use Authorization; not 
an FDA approval) for Paxlovid (nirmatrelvir and ritonavir tablets, Pfizer) as the first oral 
antiviral drug for treatment of mild-to-moderate COVID-19 disease in infected patients at 
high risk for progression to severe COVID-19 disease. Nirmatrelvir is a protease inhibitor 
that inhibits the main (3C-like) protease of SARS-CoV-2 and subsequent viral replication. 
Ritonavir retards catabolism of nirmatrelvir by inhibition of cytochrome P450 3A4. When 
orally administered within 5 days of symptom onset, it reduces risk of hospitalization or 
death by 88%3. However, due to the need for ritonavir to extend the half-life of nirma-
trelvir, Paxlovid must be prescribed with caution for individuals requiring multiple pre-
scription drugs since ritonavir may interfere with their metabolism by cytochrome P450, 
which could subsequently result in a too high concentration of the co-prescribed drugs. 
Additionally, it was recently reported that patients who recover from COVID-19 after 
treatment with Paxlovid might experience a return of symptoms or test positive again for 
COVID-19 even after previously testing negative for the virus4. These rebounds have oc-
curred 2 to 8 days after initial recovery. According to the US CDC, there is no evidence 
that additional treatment with Paxlovid is required for rebound cases but the CDC rec-
ommends patients re-isolate for at least 5 days (viral rebound is not limited to Paxlovid 
and has been reported, for example, to occur in HIV patients treated with indinavir mon-
otherapy or HAART triple therapy5). A phase 2/3 clinical trial failed to achieve statistical 
significance in a post-exposure protection protocol wherein adults were prophylactically 
administered Paxlovid and exposed to virus through someone they live with, such as a 
family member6.  

Only one day after Paxlovid’s approval, the FDA issued an EUA for Lagevrio (mol-
nupiravir capsules, Merck) as the second oral antiviral drug for the treatment of mild-to-
moderate COVID-19 disease in infected patients at risk for progression to severe COVID-
19 disease when other authorized treatment options are not available or clinically appro-
priate. Lagevrio is the prodrug of an older nucleoside antiviral drug, β-d-N4-hydroxycyti-
dine, that introduces errors (mutations) into the replicating virus RNA chain as a result of 
incorrect base pairing. However, β-d-N4-hydroxycytidine is also mutagenic to mamma-
lian cells, and based on findings from animal reproduction studies Lagevrio is therefore 
not recommended for use during pregnancy 7, 8. When orally administered within 5 days 
of symptom onset, Lagevrio reduces the risk of hospitalization by 30% 9. 

Crucially, the clinical effectiveness of these three antiviral drugs is predicated upon 
a relatively brief period of time (i.e., a maximum of 5 days between the appearance of 
symptoms and commencement of antiviral treatment). And although starting antiviral 
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therapy as soon as possible after infection is typical for acute viral infections (e.g., the 
recommendation to administer Tamiflu antiviral within 2 days upon appearance of symp-
tom(s) of viral influenza), the particular challenge for successful treatment with these 
COVID-19 antivirals is noteworthy: since (i) the first disease symptom(s)  may be indis-
tinguishable from a cold or allergies, which can result in a delay for seeking treatment, 
and (ii) a drug prescription should be preceded by a positive COVID-19 test(s), further 
constraining the narrow time frame.  

The NIH Covid treatment guidelines that recommended the three antivirals for treat-
ment of COVID-19 disease also recommended against some candidate antivirals where 
the clinical trial results were ambiguous for multiple reasons, including a too small patient 
sample or too little information regarding the novel SARS-CoV-2 virus upon which to 
guide the best choice of therapy and/or trial design. In order to address these issues, some 
potential therapeutics have been tested multiple times. For example, more than 150 hy-
droxychloroquine trials have been undertaken 10 with the outcome being a recommenda-
tion against the use of hydroxychloroquine, chloroquine, azithromycin, ivermectin, nita-
zoxanide, lopinavir/ritonavir or other HIV protease inhibitors. Not mentioned in the NIH 
guidelines is the pyrazine antiviral Favipiravir, which had the potential for being a prom-
ising candidate given that it is active against RNA (e.g., human influenza) viruses, but it 
demonstrated ambiguous clinical activity against SARS-CoV-211. Indeed, the challenges 
regarding the discovery/development of an antiviral drug compared to an antibiotic or 
antifungal drug help explain why only a few SARS-CoV-2 antivirals have successfully 
navigated clinical trials12.  

Antiviral chemotherapy has routinely experienced slow development as a conse-
quence of the unique properties of a virus. A virus cannot exist outside of the cells it will 
infect since it cannot reproduce by itself, but once inside the target cell the infected cell 
can produce thousands of copies of the virus. Viruses offer significantly fewer druggable 
(biochemical) targets for development of selective antivirals that do not target host func-
tional proteins and subsequently are not too toxic. Therefore, the main thrust of SARS-
CoV-2 drug development has been the evaluation of ‘repurposed drugs’ that were previ-
ously approved either for treatment of viral infections other than SARS-CoV-2 or (and 
perhaps less ideally) those approved for other diseases. Drug repurposing can be cost ef-
fective because it can significantly reduce the time required for drug approval by: (i) re-
ducing the time required for drug safety assessment, (ii) increasing the likelihood of an 
effective trial design that demonstrates drug efficacy and (iii) facilitating the procurement 
of requisite investment capital with advanced knowledge of both drug toxicity and (to a 
lesser extent) drug efficacy.  

Efforts directed towards the discovery of SARS-CoV-2 antivirals have included eval-
uation of libraries of FDA approved drugs, as exemplified by the evaluation of a library 
of 12,000 FDA approved or clinical stage (candidate) drugs13. Screening of this large li-
brary identified 100 inhibitors of viral replication that included 21 known drugs. More 
focused drug repurposing screens included a virtual screen of 6,218 FDA-approved or 
clinical stage (candidate) drugs14, wherein the compounds were screened against SARS-
CoV-2 main protease and RNA-dependent RNA polymerase. This focused screening re-
sulted in 15 and 23 potential repurposed drugs, respectively, of which three exhibited ac-
tivity in human lung (Calu-3) cells. Interestingly, omipalisib, an FDA approved cancer 
(PI3K/mTOR inhibitor) drug exhibited 200 fold higher activity than remdesivir in Calu-3 
cells. Pertinent to this article is the observation that three drug combinations displayed 
"strong synergistic effects in inhibiting SARS-CoV-2"15, thereby improving antiviral effi-
cacy and reducing the risk of toxicity of each component of the drug combination. Multi-
ple examples of compound screens in various cell-based or virtual assays have been pub-
lished since last year. A mention of one compound class, polyphenolic plant compounds, 
merits note since multiple members of this class have been or are under clinical evaluation 
as treatments for COVID-19 disease 16.  
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Polyphenolic compounds, polyphenols, are plant secondary metabolites of diverse 
structure and molecular weight. They contain at least 2 phenol moieties that impart anti-
oxidant properties along with the associated health benefits. In fact, these antioxidant 
properties, and subsequently documented anti-inflammatory and antiviral properties, at-
tracted interest regarding their potential therapeutic activity against SARS-CoV-2 as noted 

elsewhere 17, where the authors list 30 clinical trials regarding pure polyphenols and pol-
yphenolic extracts registered in the US National Library of Medicine.  Similar to repur-
posed drugs approved for human use, many of the polyphenols are available for human 
use as nutraceuticals or supplements. Polyphenol clinical trials include the red wine anti-
oxidant resveratrol, tannic acid and tannins, the flavones quercetin and hesperidin and 
the major constituent of turmeric, curcumin. The generally observed clinical improvement 
was restoration of the pro/anti-inflammatory (Th1/Th2) balance as supported by an im-
proved cytokine profile. Additionally, multiple polyphenols have been shown to poten-
tially bind to SARS-CoV-2 protein targets such as the main protease by virtual (e.g., com-
puter docking) studies or in-vitro enzyme inhibition assays (e.g., IC50; main and papain-
like protease of SARS-CoV-2).     

In summary, screening of thousands of repurposed drugs that were previously ap-
proved for treatment of viral infections other than SARS-CoV-2 or treatment of other dis-
eases have identified promising compounds but it remains that only three small molecule 
antiviral drugs are available for treatment of COVID-19 disease. Of course, with comple-
tion of ongoing COVID-19 clinical trials of repurposed drugs, along with continued eval-
uation of clinical stage candidate drugs, a few more orally active antiviral drugs may be-
come available. However, the three available antivirals have issues that demonstrate a 
need and opportunity for improved (i.e., second generation) orally active drugs for treat-
ment of COVID-19 disease.  

Possibly inspired by the success of HIV protease inhibitors, of which eleven drugs 
are FDA approved, multiple SARS-CoV-2 main protease inhibitors are under develop-
ment. One protease inhibitor candidate drug with FDA fast track designation, EDP-235 
(Enanta Pharmaceuticals), is currently in a phase 2 clinical trial. Unlike Paxlovid and Mol-
nupiravir, which require twice-daily doses, EDP-235 is targeted as a once-daily oral drug 
that does not require co-administration of Ritonavir18. Interestingly, Glecaprevir, a com-
ponent of the hepatitis C drug Mavyret (identified jointly by Enanta and AbbVie), is a 
high affinity macrocyclic inhibitor of SARS-CoV-2 main protease19. As such, is EDP-235 
repurposed macrocyclic Glecaprevir that is being developed as an antiviral drug against 
SARS-CoV-2? This is not unreasonable, since Enanta has two issued compound owner-
ship (COM) US patents (8,648,037; and 9,220,748). More likely EDP-235 is a macrocyclic 
spiropyrrolidine derived structure cited in US patent 11,319,325 and assigned this year to 
Enanta for treatment of coronavirus infection. A confounding factor regarding little infor-
mation about the structure of EDP-235 may be a patent infringement suit concerning 
Paxlovid, filed by Enanta June 21, 2022 against Pfizer and prompted by Enanta's US patent 
11,358,953, issued June 14, 2022. Ensitrelivir (S-217622, Shionogi & Co.) is another SARS-
CoV-2 main protease inhibitor that is centered about a 1,3,5-triazinane scaffold. It is cur-
rently in a phase 2b/3 clinical trial. In the prior phase 2a trial, Ensitrelivir was orally ad-
ministered once daily for 5 days, resulting in rapid clearance of the virus. The drug was 
well tolerated in patients with mild-to-moderate COVID-19 disease. However, birth de-
fects were observed during animal safety studies with doses of Ensitrelivir that were 
higher than used in the clinical trial20. Based on animal safety studies, Molnupiravir poses 
similar birth defect risks and is not recommended for use during pregnancy. Contingent 
upon successful completion of clinical trials, a similar limitation for use during pregnancy 
may be placed upon Ensetrelivir. PBI-0451 (Pardes Biosciences) is an acyclic peptide mi-
metic main protease inhibitor with an electrophilic cyano group mimic of the substrate 
peptide scissile bond. PBI-0451 recently successfully completed a phase 1 safety, tolerabil-
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ity and pharmacokinetic study. A phase 2 double blind trial is in progress whereby pa-
tients with mild-to-moderate disease are treated twice daily with PBI-0451 for 5 days. 
VV116 (Junshi Biosciences) is an orally active analog of Veklury (remdesivir). A cohort 
study was recently undertaken in omicron variant infected SARS-CoV-2 patients treated 
twice daily with oral VV116 within 5 days of the first disease symptom, along with a pla-
cebo group.  Those who received VV116 demonstrated a significant decrease in the time 
of viral shedding relative to the control group21. Most recently, in July 2022, Chinese reg-
ulatory authorities approved its first ‘home grown’ COVID-19 antiviral pill, Azvudine 
(Genuine Biotech), which was already approved in China for treatment of HIV. It is an 
analog of the first drug approved by the FDA for treatment of HIV, Zidovudine (AZT). 
Both drugs are reverse transcriptase inhibitors. SIM0417 (Jiangsu Simcere Pharmaceutical 
Group) is a small molecule main protease inhibitor currently in a phase 2 trial in combi-
nation with ritonavir, presumably to inhibit cytochrome P450 3A4. 

The above overview provides examples of candidate drugs currently in development 
with documented human data suggesting varying degrees of promise. But a candidate 
drug in development does not ensure a commercial product. In fact, the large patient pop-
ulation that requires treatment in a pandemic setting adds more criteria regarding the 
definition of an ideal candidate drug for use during a pandemic, as further discussed be-
low.     

TUCARESOL, A CLINICAL STAGE CANDIDATE DRUG FOR TREATMENT OF 
CORONAVIRUS      

In spite of the numerous repurposed or clinical stage drugs that have been evaluated, 
one well studied clinical stage candidate drug has apparently not been evaluated regard-
ing its antiviral activity as monotherapy or in combination therapy for the treatment of 
COVID-19 disease. In fact, this clinical stage candidate drug possesses the properties that 
makes it ideal for the rapid treatment of a large population of patients with mild-to-mod-
erate COVID-19 disease. This candidate drug is Tucaresol (Figure 1), or 4-[(2-formyl-3-
hydroxyphenoxy) methyl] benzoic acid (IUPAC nomenclature); Molecular Weight = 272; 
soluble in aqueous base. Tucaresol is an orally active antiviral agent with good oral bioa-
vailability (70%), ambient temperature stability and excellent potency (less than 100 mg 
daily), thereby permitting treatment of many patients with a minimal amount of drug. 
Additionally, Tucaresol is readily manufactured by a two-step proprietary synthesis de-
veloped by us (patent pending). Importantly, Tucaresol is not encumbered by pre-existing 
patent(s) claiming compound ownership (Composition of Matter), synthesis (process) or 
treatment of coronavirus, including SARS-CoV-2.  

 
Figure 1: Structure of Tucaresol (free acid). 

Tucaresol first appeared as a new compound in European patent application EP 
00549924, 1982, from The Wellcome Foundation Ltd. However, per this application, Tu-
caresol was initially under development by Glaxo Wellcome for the palliation of sickle cell 
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anemia. Since the drug mechanism required stoichiometric binding of Tucaresol to hemo-
globin to prevent red blood cell sickling and increase oxygen affinity, Tucaresol was ad-
ministered to patients in high doses (grams). Subsequently, human toxicity and pharma-
cokinetic data, such as maximum tolerated dose, were available well above that required 
for clinical work with Tucaresol as an antiviral agent administered at daily doses of up to 
100 mg per patient. However, it was during this work with high dose Tucaresol that indi-
cations of immune activity were observed, thereby resulting in cessation of the sickle cell 
anemia project. Exploration of this newly discovered activity revealed that Tucaresol func-
tions as a host-targeted antiviral agent by protection of antiviral immune cells via con-
trolled co-stimulation of specific T cells (CD4+ T helper cells) in the presence of a patho-
genic virus to maintain normal immune status or by reconstitution of the same antiviral 
immune cells significantly depleted by a pathogenic virus, as was demonstrated in HIV 
patients and SIV macaques (details below). Important to note is that Tucaresol does not 
function as an immunostimulant in normal immune status mammals thereby preventing 
a hyper-active and potentially fatal immune response such as cytokine storm (cytokine 
release syndrome). In fact, the ability to stimulate a controlled immune response in an 
immunodeficient mammal, such as may occur during a viral infection, is a key tenant of 
the intellectual property of Tucaresol as defined by the granted patents to Glaxo Wellcome 
Inc..These patents, issued in 1996, 1999 and 2000, respectively, state in their first claim a 
method for treating an immunodeficient mammal, which exemplifies the use of Tucaresol 
to treat and eliminate (in one macaque) an SIV infection (US patents 5,508,310; 5,872,151; 
and 6,096,786).    

There are no documented reports, to the best of our knowledge, regarding the eval-
uation of Tucaresol in patients with COVID-19 disease. However, as noted above, Tu-
caresol was evaluated for treatment of immunodeficiency virus in patients and macaques. 
In view of similarities between Human Immunodeficiency Virus (HIV) and SARS-CoV-2, 
especially with respect to host CD4+ T helper cell function and subsequent depletion of T 
cell numbers during infection, it is appropriate to review the published immunodeficiency 
virus Tucaresol treatment results with consideration to the merit of a similar clinical trial 
for treatment of patients with COVID-19 disease. HIV and SARS-CoV-2 are RNA viruses 
that have reached the human population from animals. SARS-CoV-2, along with other 
viruses such as measles, influenza, viral hepatitis, CMV and RSV, is associated with lym-
phopenia. Similarly, HIV infection can cause a well known lymphopenia associated dis-
ease, AIDS (Acquired Immune Deficiency Syndrome). In both HIV and SARS-CoV-2, the 
viruses gain entry into the immune system by binding to the CD4+ T helper cells, which 
is achieved by directly binding to the CD4 cell surface receptor22. Neither virus binds to 
and enters CD8+ cytotoxic T lymphocytes (CTLs). Since T helper cells play a pivotal role 
in coordinating the immune response to a viral infection by activating multiple immune 
cell types, including B cells (antibody production) and CD8+ CTLs (cell mediated immun-
ity), it is not a surprise that both viruses focus on direct entry, control and subsequent 
depletion of CD4+ T helper cells. As such, the resultant lymphopenia is an indicator of a 
poor clinical outcome. 

TUCARESOL, CLINICAL STUDIES 
In view of the important role played by T cells regarding patient survivability during 

an HIV infection, as reflected by the appearance of secondary infections that may accom-
pany HIV, and with regard to the selective interaction (binding) of Tucaresol with CD4+ 
T helper cells, it is appropriate to consider a proof-of-concept (phase 2) clinical trial em-
ploying Tucaresol for treatment of patients with mild-to-moderate (non-hospitalized) 
COVID-19 disease, either in a monotherapy or preferably combination antiviral drug ther-
apy setting. However, another option is treatment of patients with severe (hospitalized) 
COVID-19 disease accompanied by lymphopenia. In the case of the earlier evaluation by 
GlaxoSmithKline of Tucaresol for treatment of HIV infected patients in a multicenter, pla-
cebo controlled phase 2 trial, a two dose, 25 mg and 50 mg daily, 3 month combination 
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therapy study with HAART (Highly Active Antiretroviral Therapy) was planned with 45 
patients already receiving HAART and a study start date of 2004-11-01. This trial appears 
lengthy with a study completion verification date of 2008-10-13, an issuance of "History 
of Changes for Study: NCT00343941'' and notification that "Final trial results were not 
reported"23. However, demonstration of significant modulation of T cell activity by Tu-
caresol during a phase 1b/2a trial in HIV patients was published in 2004 as a Glax-
oSmithKline and University of Milan collaboration24. This clinical trial consisted of 4 
groups of HIV positive patients, a total of 24 patients, in which half of the patients received 
HAART prior to the trial and the other half were HAART naive. This was a 16 week pulse 
dose escalation protocol in which Tucaresol was administered as one 25 mg dose during 
week 1, 25 mg/day for 4 days during week 4, 50 mg/day for 4 days during week 8 and 100 
mg/day for 4 days during week 12 with time between doses to permit drug wash out. One 
of the 4 groups received only Tucaresol while the second group received Tucaresol and 
HAART at the same time. Groups 3 and 4, already on HAART prior to the trial, received 
Tucaresol according to the dose schedule above. The difference between the two groups 
is that one group consists of patients that are immunologic non-responders as evidenced 
by a below average CD4+ T helper cell count. Following administration of Tucaresol, in-
creases in percentages of memory T lymphocytes (CD4+/CD45RO+) were observed in all 
patients, including those patients treated only with Tucaresol. Following administration 
of Tucaresol, a significant increase in memory T cells was seen on week 12 in the group 
already on HAART and on week 13 in the group of immunologic non-responders; P<0.05 
in both cases. Any significant P value is of note since each group consists of only 6 patients.  
More significant was a sustained increase in percentages of naive T lymphocytes 
(CD4+/CD45RA+) observed in all patients concomitantly with administration of Tu-
caresol. Also, an increase in naive CD4+ T cells was observed at approximately week 8 in 
all groups following the third Tucaresol administration. Env-stimulated perforin-express-
ing CD8+ T cells were increased in all groups. Perforin-expressing p24-stimulated CD8+ 
T cells were similarly amplified.  As regards HIV plasma viremia, there were no changes 
in HIV RNA levels, including those patients treated only with Tucaresol, except a decrease 
in HIV RNA in patients starting simultaneous treatment with Tucaresol and HAART. 
Therefore, while treatment with Tucaresol alone did not eliminate viremia, it prevented a 
significant increase in HIV viremia. Administration of Tucaresol was associated with in-
creased interleukin 12 and decreased interleukin 10. In particular, the reduction of inter-
leukin 10 upon administration of Tucaresol was significant at weeks 8, 12 and 16 in the 
patient group already on HAART; P<0.001. High interleukin 10 expression, similar to in-
terleukin 6 expression, can predict poor clinical outcomes in COVID-19 patients25.  The 
above phase 2 (planned) clinical trial was preceded by a phase 1 dose escalating safety 
trial in 24 HIV infected patients already on HAART (ClinicalTrials.gov registry number; 
NCT00006209).       

In conclusion, in patients on HAART with proper viral suppression, treatment with 
Tucaresol resulted in: (i) stimulation of cytotoxic T lymphocyte activity, (ii) generation of 
naive T cells and (iii) did not result in any adverse effects or increase in patient viral load.  

TUCARESOL, PRECLINICAL STUDIES 
The three patents granted to Glaxo Wellcome Inc. (US 5,508,310; 5,892,151; and 

6,096,786) demonstrated the host targeted antiviral activity of Tucaresol by exemplifica-
tion of the elimination of simian immunodeficiency virus (SIV) in a macaque, as well as 
reduction of SIV in the second animal. Two of four macaques of average weight 2.5 kg 
with established SIV infection were injected ip; 30 mg/kg Tucaresol every other day for 
nine days (five injections). Viral load was measured on day 11. No virus was detected in 
the first animal while a ten-fold reduction in SIV was observed in the second animal. 

Human pharmacokinetic and pharmacodynamic data, along with other human pre-
clinical data, is available in three publications from Wellcome Research Laboratories, later 
Glaxo Wellcome R & D Ltd.26-28. Interestingly, these studies were not targeted towards 
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clinical evaluation of Tucaresol at a dose of up to 100 mg/daily as noted above but instead 
were directed to the maximum tolerated dose of Tucaresol, since the preclinical studies 
were initially focused on Tucaresol as a potential treatment for sickle cell disease. There-
fore, in the first administration of Tucaresol into humans, the pharmacokinetics and phar-
macodynamics were studied in healthy male volunteers following oral doses of 200 mg - 
3,600 mg. Tucaresol is well tolerated with some gastrointestinal discomfort at oral doses 
of 1,200 mg or more. There were no clear effects on routine hematology or biochemistry, 
platelet aggregation, resting or exercise heart rates or blood pressure. Lymphadenopathy 
was observed in a few individuals at high dose Tucaresol (>2 grams), 7-10 days after be-
ginning administration, which suggests stimulation of the immune system. At the time of 
peak whole blood concentration following administration of 3,600 mg of Tucaresol, ap-
proximately 70% of the candidate drug is present in the blood, indicating good oral bioa-
vailability. Food intake and gender apparently have no significant effect on orally admin-
istered Tucaresol.  

Additional information regarding preclinical evaluation of Tucaresol, including 
studies undertaken in rodents and larger animals, is available in a Doctor of Medicine 
thesis based on work at Wellcome Research Labs29. Similar to the three publications noted 
above, this work was focused on significantly higher doses of Tucaresol as a potential 
treatment for sickle cell anemia. Animal toxicology studies included acute oral and iv 
mouse studies, 14 days oral subacute rabbit studies and a one month oral dose ranging 
Wistar rat study. The latter study included a hematology, biochemistry and pathology 
profile. A one month oral toxicology study was undertaken with cynomolgus monkeys. 
Also, teratogenicity (rats, rabbits) and Ames mutagenicity tests were undertaken. Phar-
macokinetic studies were performed with a single oral dose of Tucaresol in rats, single 
oral carbon-14 labeled dose in rabbits, three iv carbon-14 labeled doses over three days in 
two beagles and three iv doses over three days in two cynomolgus monkeys. Another 
pharmacokinetic study was done with carbon-14 labeled Tucaresol administered orally to 
two monkeys and administered iv to another two monkeys.    

As noted above, Tucaresol is a benzoic acid substituted benzaldehyde small molecule 
with a unique mechanism of action based on a selective transient covalent bond (Schiff 
base) formed between its aldehyde moiety and amino groups present on CD4+ T helper 
cells (lysine side chains). This T helper cell Schiff base formation with Tucaresol induces 
sodium/potassium ion channel activation and subsequent tyrosine phosphorylation of cy-
toplasmic signaling proteins. This costimulatory signal transduction pathway converges 
with the signaling events resulting from virus peptide fragment binding (within the con-
text of MHC II) to the T cell receptor. Tucaresol co-stimulation favors enhancement of a 
Th1 proinflammatory cytokine response by effectively increasing interleukin 2, interleu-
kin 12 and interferon-gamma while diminishing a Th2 anti-inflammatory cytokine re-
sponse with reduction of interleukin 430. As such, Tucaresol mimics the transient covalent 
bond (Schiff base) formation that occurs between the ‘specialized’ carbonyls (likely arising 
from glycated proteins) from MHC (major histocompatibility complex) class II bound vi-
rus peptide fragment present at the surface of APCs (Antigen Presenting Cells) and amino 
groups (lysine side chains) from CD4+ T helper cells31. This mimetic activity of Tucaresol 
enhances antigen-specific T cell activation and cell mediated immunity via the increased 
Th1 proinflammatory cytokine response.  

Perhaps one reason Tucaresol has not received much attention as a clinical stage can-
didate drug for treatment of SARS-CoV-2 is the perception that the aldehyde function will 
covalently bind nonspecifically off-target to lysine(s) present in multiple proteins thereby 
resulting in drug toxicity. However, this concern was addressed in 2019 with FDA ap-
proval of a 2-hydroxybenzaldehyde analog of Tucaresol, Voxelotor (GBT440, Global 
Blood Therapeutics), for the treatment of sickle cell disease. Therapy is achieved by high 
dose stoichiometric binding (and reversible Schiff base formation) with hemoglobin via a 
mechanism first observed with Tucaresol. Lack of significant toxicity of Voxelotor was 
supported by the recent $5.4 billion acquisition of Global Blood Therapeutics by Pfizer. 
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Interestingly, it was published this year that the time spent by Voxelotor correctly bound 
to hemoglobin (the residence time) was “dramatically enhanced” by a hydroxyl group 
ortho to the aldehyde moiety of Voxelotor, thereby facilitating a favorable equilibration 
of the drug correctly bound to hemoglobin32.  The lack of toxicity reported for Tucaresol 
in animal and human studies cited above is in agreement with this lack of toxicity ob-
served with Voxelotor.      

DISCUSSION 
Only three small molecule antiviral drugs are available for treatment of COVID-19 

disease: Veklury, Paxlovid and Lagevrio. These medications represent the first generation 
COVID-19 disease antivirals with which to address the current pandemic. However, ex-
perience with older antivirals against other viral infections teaches that a broad array of 
readily available antiviral medicines is required to address SARS-CoV-2 ‘head on’. Fur-
thermore, a forceful assault on COVID-19 disease not only requires a broad choice of ef-
fective medicines but also a combination of two or more effective antivirals in order to 
have a significant impact upon viral infections. Combination therapy (‘drug cocktails’) 
have demonstrated superior performance regarding treatment of HIV and hepatitis C.  
One reason for the proven success of combination antiviral therapy is that, because viruses 
generally replicate faster than bacteria, viruses are generally more prone to develop drug 
resistance. However, combination therapy with two or more antiviral drugs with dis-
tinctly different mechanisms of action, different biochemical or druggable targets, will 
protect the infected organism longer than when the virus only has to circumvent one viral 
replication drug inhibition pathway. That is, the best combination therapy regimen is one 
that offers two or more distinctly different viral replication inhibition mechanisms that 
make it as difficult as possible for the virus to subjugate the host cell. As such, one recom-
mendation to achieve as distinct as possible a mechanistic difference for the virus to over-
come is to treat the infection with one drug that directly inhibits viral replication and, at 
the same time, treat the infection with a host-targeted drug that denies the virus access to 
a component of the host that it usurps in order to replicate and prevail. Another advantage 
of a host-targeted drug is that it will not be directly affected by viral mutation(s) since it 
does not directly inactivate the virus. Combination therapy with Tucaresol offers such an 
opportunity, as demonstrated above in the HIV clinical trial results reported for combina-
tion therapy with HAART (zidovudine, lamivudine, nevirapine) and Tucaresol33. Addi-
tion of Tucaresol to the HAART triple drug combination does not impose an impediment 
to the treatment protocol, since Tucaresol adds only a small amount of active ingredient, 
less than 100 mg daily per patient, to the drug cocktail. The ease of synthesis of Tucaresol, 
especially per our recent proprietary protocol, ensures avoidance of supply shortages that 
can occur when more complex antiviral drugs are required to address a pandemic infec-
tion. Furthermore, any requirement for large amounts of Tucaresol should not be cost 
prohibitive since the synthetic protocol does not require use of expensive reagents such 
as precious metal catalysts. Tucaresol's lack of optical centers negates loss of product (in-
active enantiomer) or need for a stereospecific synthesis. 

With respect to selection of a combination therapy regimen for treatment of mild-to-
moderate COVID-19 disease with one of the three approved antiviral drugs, the best 
choice may be combination therapy with oral Paxlovid and Tucaresol. Veklury does not 
offer the convenience of an oral dosing regimen, while Molnupiravir is significantly less 
efficacious than Paxlovid against mild-to-moderate COVID-19 disease. Indeed, addition 
of Tucaresol to the Paxlovid treatment regimen, five days b.i.d. after the appearance of the 
first symptom of COVID-19 disease, could be conveniently accomplished with a 25 mg 
daily dose of Tucaresol for five days formulated along with the daily dose of Ritonavir 
that accompanies Paxlovid (perhaps a combination 125 mg Ritonavir/Tucaresol tablet?). 
The potential advantage of early treatment of mild-to-moderate COVID-19 disease is that 
co-administration of Tucaresol with Paxlovid would offer immediate protection of the 
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adaptive immune response from induction of viral lymphopenia so that the T cell compo-
nent would be better able to ‘mop up’ residual virus  not inactivated by the five day treat-
ment with Paxlovid. Indeed, the decline in CD4+ T helper cells begins almost immediately 
with the first symptom(s) of infection by SARS-Cov-2 following a kinetic profile that re-
sembles infection with HIV 34.  Another potential advantage to co-administration of Tu-
caresol with Paxlovid may be protection from viral rebound (as noted above) to not only 
occur with Paxlovid but with the HIV protease inhibitor Indinavir or HAART35. Viral re-
bound associated with Paxlovid recently received renewed attention since US President 
Biden experienced it after infection with SARS-CoV-2. It was reported by NBC News36 
that more people are reporting viral rebound after treatment with Paxlovid, such that ap-
proximately 5% of treated patients are reporting rebound compared to the 1 - 2% of pa-
tients observed in the Pfizer Paxlovid clinical trial. It was also reported that Molnupiravir 
exhibits a similar percent of viral rebound. Recently, August 2022, Pfizer was ordered by 
the FDA to conduct an additional trial by September, 2023 to determine if a second five 
day treatment with Paxlovid would diminish viral rebound. Two recent studies suggest 
that COVID rebound is “more prevalent and pronounced among users of Paxlovid”37, 
although it can occur among those infected with SARS-CoV-2. One theory is that the adap-
tive immune response does not activate quickly enough and so treatment with Tucaresol 
could protect or better facilitate a more robust response to residual virus not inactivated 
by the five day treatment with Paxlovid.    Some support for this theory was published 
seven years ago38 regarding a mathematical model that demonstrated "a range in CTL 
(CD8+ T cell) response strengths where a (AIDS) patient may show either viral rebound 
or post-treatment control, depending upon the size of the latent (virus) reservoir at treat-
ment termination" of HIV infection. 

Nonetheless, with increasing use of Paxlovid as monotherapy, concern increases re-
garding the possible appearance of a Paxlovid resistant strain of SARS-CoV-2 virus, as 
reflected in two commentaries published in Science39,40. One concern is that studies from 
different labs identified drug resistant mutations in the virus protease that render the vi-
rus less susceptible to Paxlovid. These mutations are also present in circulating viral var-
iants found in infected people. Fortunately, a significantly Paxlovid resistant virus has not 
been reported in general circulation which may be accounted for reasons that include the 
relatively short five day dose schedule. However, both commentaries note that the 
usual approach to prevent or at least delay virus drug resistance is by means of combina-
tion therapy or a drug cocktail. 

Of course, other candidate antivirals are progressing through clinical trials that, for 
reasons similar to those discussed above concerning Paxlovid, justify exploration of com-
bination therapy with Tucaresol. Two examples are Ensitrelivir (Shionogi) and EDP-235 
(Enanta). Like Paxlovid, both candidate drugs are orally active protease inhibitors with 
clinical data. The advantage of Ensitrelivir and EDP-235 is that they require one daily dose 
for five days and do not require Ritonavir. This regimen would permit convenient formu-
lation with Tucaresol as it also requires one daily dose. Another opportunity exists 
wherein Tucaresol is combined with an approved repurposed drug. Indeed, there are ex-
amples where approved drugs have been in repeated clinical trials as monotherapy for 
COVID-19 disease. As noted above, for example, hydroxychloroquine has been tested in 
more than 150 trials41. In such cases it is possible that Tucaresol, with its unique mecha-
nism of action, may result in a significant, synergistic antiviral activity in combination 
with an appropriate repurposed drug that did not previously display significant activity 
as a monotherapy. Potential repurposed drugs for evaluation with Tucaresol, based on 
prior interest as monotherapy for COVID-19 disease, include: favipiravir, azvudine, hy-
droxychloroquine, nitazoxanide, clofazimine, ivermectin, colchicine, antibiotics such as 
azithromycin, cefepime and ceftazidime and polyphenolic natural (plant) products such 
as tannic acid and tannins, resveratrol, quercetin, hesperidin and curcumin. 

Finally, it should be mentioned that there is significant concern regarding future viral 
pandemics that may join or follow COVID-19 disease. Potential pandemics may include 
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influenza, lassa, nipah, hendra, ebola, marburg, yellow fever, dengue, zika and west nile 
viruses. Therefore, with multiple viruses of pandemic potential in the background, it is 
highly desirable to have access to as many drugs as possible with activity against more 
than one pathogenic virus. This is where Tucaresol may become particularly important 
because, in theory, Tucaresol should display activity against any virus that targets CD4+ 
T helper cells, either directly (HIV or SARS-CoV-2) or indirectly, and subsequently in-
duces a reduction in T cells including lymphopenia. Therefore, access to large quantities 
of Tucaresol may become particularly desirable and would be achievable by means of our 
two step proprietary synthesis. Additionally, with potential activity of Tucaresol against 
other viruses of pandemic potential, exploration of the activity of analogs of Tucaresol 
becomes more important; especially since few analogs have been reported in the scientific 
literature. One example is the synthesis and evaluation of the long alkyl chain (hexadecyl) 
ester of Tucaresol as a vaccine adjuvant42. Our work with Tucaresol and analogs contin-
ues43. 
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