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1 | BACKGROUND

Most patients recover within a few weeks after severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection and developing coronavirus disease 2019
(COVID-19). However, varying from 10% to 87% of the
patients, depending on the study, continue to be troubled
by a variety of symptoms for months, including upper/
lower respiratory, gastrointestinal, neurological problems
and fatigue (e.g., symptoms listed in Figure 1) leading to a
condition recognized as post-acute sequelae of COVID-19
(PASC) or long COVID.'™ Reasons for the development of
PASC are not well-understood but mainly are attributed
to viral persistence in certain tissues and/or damage
to the immune system leading to hyper-inflammation

Key Clinical Message

Findings here imply lingering of virus, SARS-CoV-2, in the body for months.
Thus, Nitazoxanide and/or other anti-viral medications might be potential op-
tions to combat long COVID. This could transform treatment for long COVID

Long COVID or post-acute sequelae of COVID-19 (PASC) continues to affect
many people even after a relatively mild acute illness. Underlying causes of PASC
are poorly understood. There is no particular treatment or management program
developed yet. Thus, the possibility of well-known, safe anti-viral medications use
against PASC is proposed here.

acyclovir, anti-viral medication, COVID-19, herpesviruses, latent virus reactivation, long
COVID, Nitazoxanide, post-acute sequelae (PASC), SARS-CoV-2, shingles

particularly by autoantibodies, autoimmunity, and prim-
ing of the immune system from molecular mimicry.'™
Furthermore, neurotropic reactivation of pathogens such
as herpesviruses due to COVID-19-related immune dys-
regulation; damage from the acute SARS-CoV-2 infection
in certain organs, frequently to heart, lungs, and muscles;
impacts of SARS-CoV-2 on microbiata, including virome;
deconditioning; dysregulation of brainstem and/or vagus
nerve signaling; coagulation or clotting issues via endo-
thelial dysfunction; relapse or reinfection are also thought
to be among the contributing factors."™ Relapse, that is,
worsening of symptoms, is usually associated with ex-
ertion and multiple reinfections are found to increase
the chances of PASC."” These can promote new onset
of cardiovascular, thrombotic, and/or cerebrovascular
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conditions besides Type-2 Diabetes, myalgic encepha-
lomyelitis/chronic fatigue syndrome (ME/CFS), dysau-
tonomia and postural orthostatic tachycardia syndrome.'
Anti-viral medications are used to treat acute COVID-19
patients.s’6 Nonetheless, an effective treatment for PASC
is yet to be developed. An unusual PASC case with a liter-
ature review is presented below. Using an anti-parasitic/
anti-viral medication, Nitazoxanide, with or without other
medications for PASC sufferers is proposed, considering
the significant recovery observed in this patient. This sug-
gestion is made here for the first time.

2 | CLINICAL PRESENTATION
Patient-X, a 48-year-old female, had symptoms of COVID-19
in March 2020, including sore throat, continuous dry cough,
fever (38-39°C), chills, sweat, and muscle pains. Her symp-
toms worsened in ~2weeks with congestion in sinuses and
swollen tonsils, leading to breathing difficulties, fever up-to
40-41°C, chills, pools of sweat, significant chest pain, lungs
feeling like burning, anosmia, and diarrhea (Figure 1). She
had no remarkable underlying conditions other than insu-
lin-resistance and slightly elevated cholesterol (Table 1).
Doctors visited her at home in April 2020. They made the
diagnosis of COVID-19 and possible COVID-19-related
pneumonia based on symptoms. She was given a course
of Amoxicillin for potential secondary chest infection and
took some over-the-counter medications (Figure 2). She
called doctors again in May and September 2020 due to per-
sistent symptoms and was given antibiotics, Doxycycline
and Metronidazole, respectively. Metronidazole was given
against a potential parasite, Blastocystis Hominis, because
her husband was recently diagnosed with it and in case she
might have also been infected. Owing to the pandemic, she
was not tested for parasites in September 2020. Her check-
up in February 2020, prior to the pandemic, did not detect
any parasites (Figure 2).

Antibiotics, including Metronidazole did not help and
the sputum test for bacteria was negative in September
2020 (Table 1). She still experienced regular cough,
blocked right nostril, swollen, and congested right tonsil

besides chest pain in the upper-right lung-quadrant, on
and off fever, chills, severity varying depending on activ-
ities. Diarrhea, bloated stomach, and cramps led her to a
gastroenterologist in November 2020, who prescribed her
Nitazoxanide as a precaution against the potential para-
site, Blastocystis Hominis. She did not take Nitazoxanide
immediately.

She saw ENT (ear, nose, and throat) and lung specialists
in February and March 2021, respectively, due to worsening
upper and lower respiratory symptoms. She was prescribed
further medications (Figure 2) but she did not improve
after trying them for ~2weeks. Eventually in May 2021,
she took Nitazoxanide: 1-to help against the potential para-
site (although she was not diagnosed with it—but it might
have been dysregulating her immunity, thereby affecting
her recovery from PASC), 2-because of Nitazoxanide's an-
ti-viral properties.” Having completed a course of 500mg
Nitazoxanide three times daily for 6days, she noticed a
remarkable improvement. In ~3days, she felt the blocked
nostril opened, swollen tonsil was normalized; congestion
and cough were cleared shortly, after ~14 months of suffer-
ing these symptoms. The rest of her problems disappeared
soon as well (Figure 1); she resumed a normal life, includ-
ing exercising without relapse. She then got vaccinated in
June 2021, August 2021 (for 2nd dose), December 2021 (3rd
dose), and December 2022 (4th dose).

She went through reinfections in August 2021,
December 2021, June 2022, September 2022, and January
2023 after traveling. These were milder as compared to
pre-May 2021 experience and she recovered faster within
~5-10days depending on the exposure—except the re-
infection in June 2022 lasting ~7weeks. Probably, the
antibodies in her system (Table 1) after COVID-19 vac-
cinations helped her recovery from reinfections without
going into PASC again.

3 | DISCUSSION

These observations suggest the potential use of exist-
ing, available, safe medication, Nitazoxanide, which has
anti-viral properties, for PASC sufferers to help speed-up

FIGURE 1 Patient-X Symptoms and Duration: Arrows point to the times Patient-X called doctors. Red lightning bolt points to the

Nitazoxanide treatment time, in May 2021. The intensity of the symptoms was variable with periodic exasperation as explained in the main
text. They are roughly represented with the multicolored bars comparable to a pain scoring system from 0 to 5 with: pink/red (equivalent to
score 5): most intense (+++++)>blue (equivalent to score 4): ++++ > green (equivalent to score 3): +++>orange (equivalent to score 2):
++ >yellow (equivalent to score 1): least intense (+) > white (equivalent to score 0): none (—), i.e. no symptoms. Her recovery is represented
with color gradually whitening. Re: Fever: She did not have fever every day: The bar is a rough demonstration of “on and off” regular,
persistent, variable fever she experienced with yellow representing the low grade fever ~37.8°C and least frequent, green for ~38°C, blue for
~39°C and pink/red for ~40-41°C up to ~10days in a row, on/off, and white returning to her normal ~36.5°C. Brain fog refers to memory
problems and confusion, such as numbers, days, words, etc. Cognitive problems refer to issues with practical tasks like arithmetic, driving,
using kitchen appliances, etc.
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recovery. There was ~1-month gap between the patient
taking Nitazoxanide and her 1st dose of vaccination.
Therefore, her significant recovery was attributed to
Nitazoxanide. Limitation of the study includes unavail-
ability of testing for COVID-19 at the beginning of the

pandemic when her symptoms began in March 2020, be-
sides sequencing to differentiate between persistence ver-
sus reinfection of the virus in 2021. Her physicians had
eliminated other causes of her symptoms and thought
she suffered COVID-19 (particularly due to anosmia) and



“0 | WiLEy-Ciricsl CaseReports

TABLE 1 Patient-X Relevant Characteristics and Clinical Investigation.

Characteristics
Age (Years)
Sex

BMI

Race

Duration of symptoms
Smoking status
Immunocompromised

HblAc

Chest X-ray

Sputum culture (not checked
for SARS-CoV-2)

Allergy test
Cardiac MRI

Echocardiogram

Electrocardiogram (ECG)

Electroencephalogram (EEG)
Troponin

Platelets

Fibrinogen

INR (Prothrombin time)
APTT ratio

Ferritin

ESR

C-reactive protein
Cortisol

Cholesterol
Triglycerides

LDL

HDL

Cholesterol/HDL ratio

Vitamin D

STEWART
Patient-X
Pre-COVID-19 During COVID-19 Post COVID-19 Latest Normal range
48 48.5 49 51
Female
28 29 29 28 18.5-24.9: normal
25-29.9:
overweight
>30 obese
White
~14months
Never
No
46 47 46 47 20-41 mmol/mol
42-47 mmol/
mol: insulin
resistance/
pre-diabetic
Clear Clear Clear Clear
Negative for bacteria in
Sept 2020
Negative
Minor Pericardial
Effusion
Normal (Feb Minor Pericardial Normal Normal
2020) Effusion No
Pericardial Effusion
(Sept 2021)
Normal Abnormal P wave, Q Normal Normal
wave, Subtle ST
segment change
inferolaterally
Normal
3 5 0.0-14ng/L
395%10° 382%10° 297x10° 369%10° 150-400x 10°/L
2.9 1.6-4.8g/L
0.9 0.8-1.1 ratio
0.94 0.85-1.19 ratio
43 47 51 71 30-400 pg/L
18 21 16 1-23mm/h
3 4 4.5 3.1 0.0-10.0mg/L
259 100-540 nmol/L
5.54 6.8 5.6 4.9 3.3-5.2mmol/L
2.92 3.03 3.19 2.54 0.8-2.0 mmol/L
2.82 4.1 2.8 2.6 0.0-3.0mmol/L
1.39 1.28 1.28 1.2 1.1-2.6 mmol/L
3.98 5.3 4.3 4.08 0.0-5.0 ratio
59 82 68 77 50-174nmol/L
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Patient-X
Characteristics Pre-COVID-19 During COVID-19 Post COVID-19 Latest Normal range
Antibodies (against Spike 259 2500 >0.8U/mL
protein)
Autoimmune profile Negative/
Normal
Paraneoplastic screen Negative/
Normal
Toxocariasis screen Negative
Toxoplasma screen Negative

HIV

Negative

Note: Abnormal values are indicated in bold. If no value presented, it was not available or not applicable. Autoimmune Profile: ANA (anti-nuclear antibody),
ANCA (anti-neutrophil cytoplasmic antibodies), ENA (extractable nuclear antigen), protein electrophoresis, rhSSeumatoid factor, anti-CCP (anti-cyclic
citrullinated peptide), paraprotein, Bence Jones protein (for multiple myeloma), ganglioside antibodies, paranodal antibodies, serum free light chains, anti-
neural antibodies, liver and gastric periatal cell antibodies, including anti-Gastro Periatal Cell, anti-Smooth muscle, anti-Mitochondrial, anti-Liver/Kidney
Microsomal, thyroid antibodies. Paraneoplastic Screen: Intracellular paraneoplastic antibodies (Hu, Yo, Ri, amphiphysin, CV2, Mal, Ma2, Tr, ZIC4), Purkinje
cells, other Cerebellar cells, IgG White matter (myelin). Toxocariasis/Toxoplasma Screen: To check on potential infections caused by pet parasites, ELISA-
Novalisa Toxocara canis IgG was used. HIV: Human Immunodeficiency Virus. Pre-COVID-19: Dec 2019-Feb 2020, During COVID-19: March-Apr 2021, Post-
COVID-19: Aug-Sept 2021, after recovery time, Latest: Oct 2022-June 2023. See Table S1 for further details.

Abbreviations: APTT, Activated Partial Thromboplastin Clotting Time; ESR, Erythrocyte Sedimentation Rate; HDL: High-Density Lipoprotein.INR,

International Normalized Ratio; LDL, Low-Density Lipoprotein.

then PASC, which can be considered sufficient for diag-
nosis."’” She did not have such symptoms prior to the
pandemic. Her full blood counts, electrolytes, kidney,
liver function, allergy, autoimmune, and paraneoplas-
tic screen tests were within normal range before, during
and post-pandemic, ruling-out allergies and other causes
for her symptoms, including human immunodeficiency
virus (HIV), toxoplasmosis, and toxocariasis (Table 1 and
Table S1).

Other medications (in Figure 2) she had taken did not
help her symptoms, which confirmed that her symptoms
were not due to hyper-inflammation nor any other bacte-
rial infection—also verified by sputum test. Unfortunately,
her sputum in September 2020 (Table 1) was not tested for
SARS-CoV-2 due to test unavailability. Nevertheless, she
was isolated at home mostly since her initial symptoms
from March 2020 until November 2020; therefore, it is
highly unlikely that she was affected by other pathogens
and reinfections.

Currently, the cause of PASC is elusive."™ Such long
recovery time and persistent symptoms draw pathophys-
iological parallels to ME/CFS and other coronaviruses,
SARS-CoV-1 and Middle Eastern Respiratory Syndrome
coronavirus (MERS-CoV),"™* which may be credited to
large similarities in genomic sequences across them. The
varying degree of intensity in her symptoms were on the
same locations: mainly cough, fever, chills, chest pain
in the right-upper lung-quadrant, blocked right nostril,
congested, and swollen right tonsil. Particularly consider-
ing fever and chills, these symptoms implied persistence

of the original virus, possibly multiplying while mutat-
ing as observed by others."'°"® Her fast recovery after
taking Nitazoxanide also suggested that her symptoms
were likely to be due to the presence of virus for months
as in other studies"'®"* rather than autoimmune reac-
tions (from which she was cleared—Table 1). Some in-
flammation due to virus particles circulating might have
additionally been contributing to her symptoms; how-
ever, she had taken anti-inflammatory, Naproxen and
N-Acetyl-Cysteine in January 2021 to no-avail (Figure 2).
Her blood tests, including inflammatory markers, ferri-
tin, ESR, and C-reactive protein (CRP) levels (Table 1,
Table S1) were within normal range, indicating lack of
hyper-inflammation.

3.1 | Initial viral load could matter
to PASC

Chronic SARS-CoV-2 infections are frequently observed
in immunocompromised individuals,"'*13 yet she was
not immunocompromised nor obese nor elderly people.
Although there is one patient here, this is one of the rare
presentations of PASC lasting for ~14months in non-im-
munocompromised patients. She could have been helped
earlier if she had access to an anti-viral medication sooner.
Prior to the pandemic, she had been volunteering at a hos-
pital, using public transport in rush-hours besides various
appointments in crowded environments. Therefore, her
initial viral-load might have been high, instigating PASC
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eSudafed tablets and nasal spray (by McNeil)
eVitamin C (up to 2-3 g/day as needed)

e*Manuka Honey (high or moderate potency)
eGarlic, Ginger, Chillies (individually)

eAmoxicillin (500 mg/day, 7 days) April, last week /

~

eGarlic/chillies remedy *

eEverything (other than Amoxicillin)listed for Mar-April 20

* Doxycycline (100 mg, 2 at first then 1X/day, 7 days)

eGarlic/chillies remedy *

4K &

eEverything listed for Mar-April 2020

eMetronidazole (400 mg/day, 7 days) in Sept, last week

*Only Solgar Multi-vitamins and supplements, including Echinaforce,
Magnesium, Zinc, Spirulina, Quercetin

eN-Acetyl-Cysteine (NAC) 600 mg, anti-histamine (Loratadine)

*Naproxen 500mg 1X or 2X/day when needed

eSolgar Multi-vitamins and supplements

=SB eLanzoprazole 30 mg, 1X/day

WEIS o Dymista 1 spray, 2X/day (for 2 weeks)
oAl eNaproxen 500mg 1X or 2X/day when needed

eOmeprazole 20mg, 1X/day
eSterimar nasal spray

eSolgar Multi-vitamins and supplements

eFlixonase 2 sprays, 1X/day (for 2 weeks)
eSymbicort Turbo inhaler, 2 doses, 2X/day (for 10 days)

eIncreased Vitamin D (5000 1U/day)

eSolgar Multi-vitamins and supplements, including Vitamin D
eNitazoxanide (Alinia) 500 mg, 3X/day for 6 days -

eSolgar Multi-vitamins and supplements, including Vitamin D
*Moderna Covid-19 Vaccine 1st dose

eSolgar Multi-vitamins and supplements, including Vitamin D

*Moderna Covid-19 Vaccine 2nd dose

with such upper/lower respiratory symptoms and on/off
fever that long. SARS-CoV-2 viral load is associated with
increased disease severity, causing higher rate hospitaliza-
tion and mortality."* " For example, the patient's husband

(Patient-Y), whose serendipitous Blastocystis Hominis in-
fection led to Nitazoxanide treatment for Patient-X, also
had COVID-19 symptoms from March 2020 onwards. His
initial symptoms were similar to Patient-X with anosmia,
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FIGURE 2 Patient-X Treatments timeline: The over-the-counter medications listed were used as directed by the manufacturer when
needed depending on the intensity of the symptoms. They were not all used at the same time, particularly Paracetemol containing tablets
Sudafed, Lemsip or Aspirin. The supplements included probiotics by Holland & Barrett, mostly after antibiotics taken. The antibiotics and
Naproxen (used around January/February 2021) were not effective for her, which also indicated that her symptoms were not related to
secondary bacterial infections nor hyper-inflammation. Nitazoxanide treatment made the biggest difference, indicated with red lightning
bold. *See Appendix S1 for details of garlic/chillies remedy and Table S1 for further details. Metronidazole in September 2020 was prescribed
against Blastocystis Hominis although she was never diagnosed with this parasite but her husband was. She had given stool sample to be
analyzed for pancreatic enzymes, Calprotectin and Elastase in February 2020 during her check-up prior to the pandemic. There was no
indication of parasites nor those enzymes nor any other abnormality in her sample. Due to the pandemic, doctors were limiting testing and
appointments; their GP (general physician or primary care physician) thought that potential parasite might have been lowering her immune
system, prolonging her recovery time from COVID-19 and long COVID symptoms. However, she did not benefit from Metronidazole,

which was why the gastroenterologist she consulted prescribed Nitazoxanide that was the breakthrough to her recovery. She had also

taken additional antibiotics due to a tooth infection and the subsequent tooth extraction at the end of May (~20days after she had taken
Nitazoxanide) however by then she had already recovered from her PASC symptoms (Figure 1).

cough, fever, upper/lower respiratory, and gastrointes-
tinal problems (Figure S1). Other than gastrointestinal
issues, his repeat respiratory cycles over the following
months were relatively milder compared to hers. This
might have been partly due to his viral load being lower
since he wasn't in crowded areas like his wife.

3.2 | Genetic and/or immunological
predisposition could matter to PASC

Heterogeneity across PASC patients in their predominant
symptoms and multiple immunological factors is recog-
nized.'”*'” Consequently, the effected organ systems could
differ in PASC patients: For instance, PASC patients show-
ing gastrointestinal problems were discovered to contain
newly expanded cytotoxic CD8"* and CD4" T-cell popula-
tions as well as bystander activation of Cytomegalovirus-
specific T-cells."” Furthermore, SARS-CoV-2-specific
CD8* T cells of gastrointestinal PASC patients exhibited
undifferentiated phenotypes during acute disease and el-
evated cytotoxic characteristics at PASC state. Conversely,
in patients with respiratory-viral symptoms, SARS-CoV-2-
specific T cells followed the opposite trend."”

Similarly here, Patient-X was mostly affected on the si-
nuses, tonsils, and lungs while her husband, Patient-Y, in the
gastrointestines, particularly by nausea, diarrhea, bloated
stomach, besides vertigo (Figure S1). SARS-CoV-2 affects
gastrointestines of COVID-19 patients regularly.'**%'7-1
They were from the same home, potentially infected by the
same virus strain in March 2020, exhibited diverging symp-
toms as PASC progressed. This could have been because of
differences in their genetic predisposition including differ-
ential immune responses.” Although low cortisol levels
and increased autoantibodies were observed in PASC pa-
tients according to some studies,"'” this tendency did not
seem applicable for these patients here (Table 1, Table S2).

In June 2022, both Patient-X and Patient-Y tested posi-
tive for ~3 weeks by lateral flow tests after traveling. Once

more, Patient-X had symptoms mainly in upper/lower
respiratory areas while Patient-Y gastrointestinal, besides
anosmia and dysgeusia they both experienced. They re-
covered fully in ~7weeks without going into PASC again.
This reiterates: 1—their symptoms listed in Figure 1 and
Figure S1 were attributable to COVID-19 although they
had not had a positive test at the beginning of the pan-
demic due to lack of testing and 2—patients’ genetic/im-
munologic predisposition might have been responsible
from their COVID-19/PASC symptom heterogeneity as
described above.""’

3.3 |
PASC

Testing methods and COVID-19/

Despite these symptoms since March 2020, neither of
these patients tested positive for COVID-19 by PCR nor
by lateral-flow tests in September 2020 when first tests
were available to them. It is possible by the time they were
tested, the virus might have been at an undetected level
in their nostrils and throats, while multiplying deeper in
sinuses, lungs and gastrointestines as discovered by oth-
ers.n7 % Certainly, a negative COVID-19 test does not
mean recovery."’2* Other studies showed that patients
who had negative COVID-19 PCR tests were still shed-
ding viral RNA."7?* Detection of CD8" T-cell response at
a study suggested live-virus presence even after months."?
This highlights the importance of virus testing by alterna-
tive methods using sputum,”'** bronchoalveolar-lavage
fluid,>?! faeces'®'181 and/or lung CT.32122

3.4 | Nitazoxanide, COVID-19, and
potential for PASC

Nitazoxanide, an FDA-approved anti-parasitic medication
against Giardia intestinalis and Cryptosporidium parvum-
associated diarrhea, is a benzamide; hydrolyzed into the
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active form, Tizoxanide, by plasma esterases after being
absorbed from the gastrointestinal tract.>* It interrupts
host pathways anaerobic energy metabolism by inhibiting
pyruvate: ferredoxin oxidoreductase (PFOR) enzyme-de-
pendent electron-transfer reactions in protozoa and anaer-
obic bacteria. In aerobic bacteria such as Mycobacterium
tuberculosis, it disrupts membrane-potential and intra-
organism PH homeostasis via uncoupling.?>*°

Its anti-viral efficacy was discovered while treating
AIDS patients in 1990s. In vitro studies confirmed that it
blocks viral replication of broad range of viruses including
influenza, parainfluenza, rotavirus, syncytial, hepatitis-C,
hepatitis-B, norovirus, dengue, yellow-fever, Japanese en-
cephalitis, HIV, and coronaviruses, such as MERS-CoV
and SARS-CoV-2.2"*® The mechanism of viral inhibition
is attributed to Nitazoxanide's interfering with host-regu-
lated pathways, such as mitogen-activated protein kinase
(MAPK), nuclear-factor kappa-light-chain-enhancer of
activated B-cells (NF-xB), type I interferon (IFN-1), or
mammalian target of rapamycin complex (mTORC1) sig-
naling pathways, thereby slightly differing depending on
virus type.”>*” In MERS-CoV and other coronaviruses,
Nitazoxanide prohibited nucleocapsid viral protein ex-
pression in vitro.”* Considering the similarity between
MERS and SARS-CoV-2, Nitazoxanide was thought to in-
hibit SARS-CoV-2, which was demonstrated using SARS-
CoV-2/Wuhan/WIV04/2019 infected Vero E6 cells at
micromolar concentrations.*

SARS-CoV-2 binds to the angiotensin-converting en-
zyme 2 (ACE2) receptors, which are highly expressed
on lungs, gastrointestines, and endothelial cells. 83!
Glycosylation is one of the key processes for this bind-
ing and fusion activity, besides its role in viral spike pro-
teins conformation, stability, shaping viral tropism.?
Syncytia formation is the consequent of ACE2 express-
ing neighboring cells fusing into multinucleated cells
upon SARS-CoV-2 infection and subsequent display of
newly synthesized fusogenic spike protein on the host
cell plasma membrane.?® This is considered as a hallmark
of advanced lung pathology in patients affected with
COVID-19 at a frequency undetected in other lung infec-
tions before.”® SARS-CoV-2 spike glycoprotein maturation
at an endoglycosidase H-sensitive stage and fusion activity
were hampered by Nitazoxanide in vitro, hindering prog-
eny virion infectivity and syncytium-forming ability, not
only for the original SARS-CoV-2 Wuhan-spike but also
for Alpha, Beta, Gamma and Delta-Spike variants.?® These
and Nitazoxanide attenuating COVID-19 pathogenesis
were confirmed by other in vitro cultures and in Syrian
Hamsters. >

Furthermore, Nitazoxanide decreased pro-inflam-
matory cytokines TNF-a, IL-2, IL-4, IL-5, IL-6, IL-8, and
IL-10 productions in peripheral blood mononuclear cells,

resulting in reduced viral protein accumulation and sup-
pressed IL-6 overproduction in mice, one of the main cy-
tokine storm mediators in respiratory viral infections.?’
It was also suggested that airway smooth-muscle Ca**-
activated-Cl~ channels (TMEMI16A -Transmembrane
member 16A) were blocked by Nitazoxanide, thereby
bronchodilating contracted airways, aiding recovery from
respiratory illnesses.’**”** Consequently, it is thought
that Nitazoxanide could improve outcomes in patients
infected with coronaviruses, including MERS-CoV
and SARS-CoV-2 by reducing inflammation, cytokine
storm besides bronchoconstriction and other respiratory
complications.?*™3

Various randomized, double-blind, placebo-con-
trolled clinical trials have shown that Nitazoxanide is a
safe medication for COVID-19 patients.>*** It reduced:
SARS-CoV-2 viral load in ~5-7days; requirement for
supplemental oxygen; relative risk of progressing to se-
vere illness in mild or moderate COVID-19 patients; hos-
pitalization time; and mortality rate compared to placebo
group in moderate to severe COVID-19 patients.>**
Some of these trials did not demonstrate resolution of
all the COVID-19 symptoms within the time frame of
the trials,>**”*® which might have been attributable to
patients’ high viral load and not waiting long enough.
For instance, one trial found that Nitazoxanide reduced
viral load in 5days, resulted significantly more COVID-
19 negative patients compared with the placebo group in
mild cases of COVID-19, without symptom resolution.’’
In a further study on hospitalized patients with COVID-
19 pneumonia, the same group® observed improved
clinical outcomes, symptom resolution, shorter duration
for oxygen supplement besides lowered levels of CRP,
D-Dimer, ferritin levels in ~7days in the Nitazoxanide
arm. Additionally, when Nitazoxanide was administered
with corticosteroids, a significant reduction in ICU ad-
missions was observed compared with placebo or corti-
costeroid alone groups.*

Another trial showed clinical improvement on the
need of oxygen supplement in ~3days in moderate
cases besides SARS-CoV-2 RT-PCR negativity by Day
7 subsequent to decrease in viral load.*® Hospital dis-
charge time and inflammatory parameter levels, such as
D-Dimer, ultra-sensitive-CRP, TNF, IL-6, IL-8 and lym-
phocyte T-cells activation markers HLA DR on CD4"
T-cells, CD38 in CD4" and CD8" T-cells, and CD38 and
HLA-DR on CD4" T-cells were also decreased among
patients treated with Nitazoxanide compared to pla-
cebo.”® Similarly, by measuring clinical parameters,
a group discovered the intensity of COVID-19 was re-
duced if treated early with Nitazoxanide in 150 health-
care workers exhibiting COVID-19 symptoms, resulting
fewer hospitalizations.*!



STEWART

N 90f13
Clinical Case Reports _Wl LEY

At a retrolective study, 552 COVID-19 outpatients were
administered mainly Nitazoxanide with Azithromycin
(an immunomodulatory/antiviral antibiotic) and corti-
costeroid Prednisone.” 533/552 patients recovered with
majority of symptoms disappearing in ~20days. 312/552
were severe cases, 279/552 were given additional med-
ication from 10days (anti-coagulant Rivaroxaban) to
2months (bronchodilator Formoterol and corticosteroid
Budesonide) depending on symptoms.* Likewise, another
group found 100% success including in severe cases of
COVID-19 using Nitazoxanide/Azithromycin by person-
alizing treatment for patients with/without antihistamine
Loratadine and/or Non-Stereoid-Anti-Inflammatories de-
pending on their symptoms.**

Despite the Nitro group attached to C5 position of
the Nitazoxanide Thiazole ring, which might cause
concerns for toxicity, Nitazoxanide is well-known for
its safety and tolerance at approved doses, including
for children.>*"*** Furthermore, a study in Mexico
involved pregnant COVID-19 patients treated with
Nitazoxanide effectively at 600 mg for 5days without
known harm on fetuses.’® Nonetheless, Tizoxanide,
metabolite of Nitazoxanide, without the Nitro group,
was also discovered to be as potent against SARS-
CoV-2 and other viruses in the abovementioned stud-
ies if required.>****** Reducing viral replication/load
and excess inflammatory response at an early stage of
COVID-19 is likely to diminish its severity, leading to
symptoms resolution by supporting the innate immune
system. This would reduce the risk of viral transmission
besides being a preventative solution to PASC. Taken
together, Nitazoxanide is likely to be effective against
PASC for persisting virus as observed for Patient-X here.

3.5 | What about other anti-viral
medications for COVID-19, thereby their
potential for PASC?

Currently, Paxlovid, Sotrovimab, Remdesivir, and
Molnupiravir are the main authorized treatment options
for COVID-19.4*° Paxlovid, a prodrug, combination
treatment of Nirmatrelvir and Ritonavir, appears to be
the most effective by 89% reduction in hospitalization or
death compared to placebo for high-risk non-hospitalized
COVID-19 patients.*’ Nirmatrelvir, a Proline derivative,
prohibits the main SARS-CoV-2 protease, M, a three
domain Chymotrypsin-like-Cysteine protease, which
processes critical viral protein precursors, thereby blocks
viral replication, including for SARS-CoV-2 variants.>*#
Ritonavir, an L-Valine derivative, is an HIV-1 protease
inhibitor but it also hampers drug metabolizing protease

CYP3A4 (of Cytochrome-P450 family). It is co-adminis-
tered with Nirmatrelvir to enhance its half-life.**’

Prodrug nucleoside analogues, Remdesivir and
Molnupiravir, are phosphorylated to active forms in host
cells, get incorporated into RNA by RNA-dependent-
RNA-polymerase (RdRp), causing viral replication ob-
struction.>***>3 Remdesivir, an adenosine analogue,
acts as an RNA chain terminator while the active form
of Molnupiravir, beta-D-N4-hydroxycytidinetriphos-
phate, can be directly incorporated into RNA as a sub-
strate for cytidine and uridine triphosphates, resulting
error accumulation in viral genome.***°>* Both medi-
cations reduced SARS-CoV-2 viral load, hospitalization
or death besides improving pulmonary function for mild
COVID-19 patients.**>*> Their efficacy against COVID-
19 was uncertain according to some clinical trials.’*>*
Studies continue to make Remdesivir available for oral
administration® but currently it is given by intravenous
infusion, consequently not practical for outpatients'
settings. Similarly, Sotrovimab is a neutralizing mono-
clonal antibody, administered intravenously and its ef-
ficacy may be reduced with SARS-CoV-2 variants, such
as Omicron BA.2.12.1, BA.4 or BA.5.4%°7% Nevertheless,
it was found superior to Molnupiravir to reduce risk of
hospital admission or death in a comparative clinical
trial involving vaccinated patients infected with SARS-
CoV-2 Omicron BA.1 or BA.2 variants, who were not
hospitalized.’’

Additionally, Acyclovir and its analogues were found
effective against coronaviruses SARS-CoV-1, HCoV-NK63,
MERS-CoV in vitro.*** Acyclovir was successful against
acute cases of COVID-19.°*** It is an acyclic nucleoside an-
alogue for guanosine and used to treat herpesvirus infec-
tions, including shingles and chicken-pox.°>®® Acyclovir
mechanism of action in coronaviruses is unclear: It is
thought to hinder: 1-coronavirus RdRps® 2-viral gene
expression567; 3-viral proteasesﬁsg and/or 4-IL-12 binding
to its receptor by changing the surface, thereby reducing
hyper-inflammation.®

Recent studies illustrated significant correlations
across COVID-19, PASC and herpesviruses' reactiva-
tion, including Varicella-Zoster (causing shingles),
Epstein-Barr, HSV-1 or Cytomegalovirus, attributed to
COVID-19-induced lymphopenia.””” For example, at the
beginning of March 2021, aforementioned Patient-Y suf-
fered shingles, which might have been consequential of
PASC. Regardless of the cause, subsequent to completing
a course of 800mg Acyclovir 5 times daily for 7days, he
felt significantly better, all of his symptoms disappeared
shortly (Figure S1), after ~12months suffering. He re-
sumed a normal life, including exercises. Thus, Acyclovir
could be another candidate to treat PASC depending on
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patients’ symptoms -if not by itself but in combination of
other anti-viral medications."****

Althoughnoviralresistanceis detected for Molnupiravir
yet,75 resistance was observed with Remdesivir*’%”” and
Nirmatrelvir.**’®”® Crucially, Nitazoxanide is a host-tar-
geted anti-viral, therefore developing viral resistance is
unlikely as compared to RdRp targeting medications such
as Remdesivir, Molnupiravir when mutation rates are
high on RNA viruses.® Moreover, Paxlovid, Remdesivir,
and Sotrovimab are not advised to use for below 12year-
olds and Molnupiravir below 18year-olds nor during
pregnancy unlike Nitazoxanide.’*****%® Ppaxlovid has
serious drug interaction concerns for patients with co-
morbidities*® while Nitazoxanide interacts with signifi-
cantly less number of drugs at moderate level, including
Warfarin.*’® Nitazoxanide is cheaper and more avail-
able alternative globally as compared to these COVID-19-
approved medications.*®*™**

4 | CONCLUSION

Besides inflammatory factors, SARS-COV-2 remnants
lingering in the body for months in various patients
leading to PASC is becoming more evident."'>'72%32
Viral load of PASC patients is likely to be lower com-
pared to acute infection phase of COVID-19. Hence,
Nitazoxanide's multiple moieties make it an ideal medi-
cation to treat PASC patients when the underlying cause
is uncertain from virus persistence to hyperinflamma-
tion, with its potential to target the virus and inflamma-
tion as described here, if not by itself but in combination
of the medications mentioned above depending on
patients’ symptoms. Incidentally, when administered
in combination with Remdesivir, Nitazoxanide syner-
gistically inhibits SARS-CoV-2 growth in vitro.** This
combination was successfully demonstrated in an im-
munocompromised, 4-year-old COVID-19 patient, also
demonstrating Nitazoxanide's safety for children and
further potential for PASC.* Systematic clinical trials
with PASC patients are awaited to confirm these and
this article could help pave the way.

AUTHOR CONTRIBUTIONS

Denise Stewart: Conceptualization; data curation; meth-
odology; validation; visualization; writing — original draft;
writing - review and editing.

ACKNOWLEDGMENTS

Grateful to cardiologist Dr. Han Bin Xiao (MD, PhD) of
Homerton Hospital for critical review of the initial draft
of this manuscript and helpful comments, to the doctors
of the patients besides National Health Services (NHS)

for the care of these patients during their COVID-19
problems, and to Ms Cecilia Yaskey for the garlic/chili
remedy recipe.

FUNDING INFORMATION
None.

CONFLICT OF INTEREST STATEMENT
None.

DATA AVAILABILITY STATEMENT
Yes, the raw data is available. It is already presented in the
Manuscript and the Appendix S1.

ETHICS STATEMENT

Written informed consent for publication of their data
was obtained from both patients. The prescriptions and
clinical investigations were performed by their doctors
upon them seeking help voluntarily due to their symp-
toms. This is a retrolective and descriptive review of these
patients' clinical records, therefore the protocol was not
submitted to an ethics committee.

CONSENT TO PARTICIPATE
The patients’ doctors had prescribed all their medications.

CONSENT

Written informed consent was obtained from the patient
to publish this report in accordance with the journal's pa-
tient consent policy.

ORCID
Denise D. Stewart (2 https://orcid.
0rg/0000-0003-1984-3430

REFERENCES

1. Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID:
major findings, mechanisms and recommendations. Nature Rev
Microbiol. 2023;21:133-146. d0i:10.1038/s41579-022-00846-2

2. Proal AD, VanElzakker MB. Long COVID or post-acute se-
quelae of COVID-19 (PASC): an overview of biological factors
that may contribute to persistent symptoms. Front Microbiol.
2021;12:698169.

3. Raveendran AV, Jayadevan R, Sashidharan S. Long COVID: an
overview. Diabetes Metab Syndr. 2021;15:869-875.

4. Nalbandian A, Sehgal K, Gupta A, et al. Post-acute COVID-19
syndrome. Nat Med. 2021;27:601-615.

5. Lokhande AS, Devarajan PV. A review on possible mechanistic
insights of Nitazoxanide for repurposing in COVID-19. Eur J
Phar. 2021;891:173748.

6. Abuo-Rahma GEA, Mohamed MFA, Ibrahim TS. Potential re-
purposed SARS-CoV-2 (COVID-19) infection drugs. RSC Adv.
2020;10:26895-26916.

7. Parmar H, Montovano M, Banada P, et al. RT-PCR negative
COVID-19. BMC Infect Dis. 2022;22(149):149.


https://orcid.org/0000-0003-1984-3430
https://orcid.org/0000-0003-1984-3430
https://orcid.org/0000-0003-1984-3430
https://doi.org//10.1038/s41579-022-00846-2

STEWART

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J.
Variation in false-negative rate of reverse transcriptase poly-
merase chain reaction-based SARS-CoV-2 tests by time since
exposure. Ann Intern Med. 2020;5:M20-M1495. doi:10.7326/
M20-1495

Yang Y, Yang M, Yuan J, et al. Laboratory diagnosis and moni-
toring the viral shedding of SARS-CoV-2 infection. Innovation.
2020;1:100061. d0i:10.1016/j.xinn.2020.100061

Gaebler C, Wang Z, Lorenzi JCC, et al. Evolution of antibody
immunity to SARS-CoV-2. Nature. 2021;591:639-644.

Morone G, Palomba A, Iosa M, et al. Incidence and persistence
of viral shedding in COVID-19 post-acute patients with neg-
ativized pharyngeal swab: a systematic review. Front Med.
2020;7:562.

Vibholm LK, Nielsena SSF, Pahus MH, et al. SARS-CoV-2
persistence is associated with antigen-specific CD8" T-cell re-
sponses. EBioMedicine. 2021;64:103230.

Kemp SA, Collier DA, Datir RP, et al. SARS-CoV-2 evolu-
tion during treatment of chronic infection. Nature. 2021;592:
277-282.

Fajnzylber J, Regan J, Coxen K, et al. Massachusetts consortium
for pathogen readiness. SARS-CoV-2 viral load is associated
with increased disease severity and mortality. Nat Commun.
2020;11:5493.

Puhach O, Meyer B, Eckerle I. SARS-CoV-2 viral load and
shedding kinetics. Nature Rev Microbiol. 2023;21:147-161.
doi:10.1038/s41579-022-00822-w

Chen P, Nirula A, Heller b, et al. SARSCoV-2 neutralizing an-
tibody LY-CoV555 in outpatients with Covid-19. N Engl J Med.
2021;384:229-237. doi:10.1056/NEJM0a2029849

SuY, Yuan D, Chen DG, et al. Multiple early factors anticipate
post-acute COVID-19 sequelae. Cell. 2022;185:881-895.

WuY, Guo C, Tang L, et al. Prolonged presence of SARS-CoV-2
viral RNA in faecal samples. Lancet Gastroenterol Hepatol.
2020;5:434-435. doi:10.1016/S2468-1253(20)30083-2

Natarajan A, Zlitni S, Brooks EF, et al. Gastrointestinal symp-
toms and fecal shedding of SARS-CoV-2 RNA suggest pro-
longed gastrointestinal infection. Med. 2022;3:371-387.

Alwan NA. A negative COVID-19 test does not mean recovery.
Nature. 2020,584:170.

Zhang P, Cai Z, Wu W, et al. The novel coronavirus (COVID-
19) pneumonia with negative detection of viral ribonucleic
acid from nasopharyngeal swabs: a case report. BMC Infect Dis.
2020;20:317.

Xie X, Zhong Z, Zhao W, Zheng C, Wang F, Liu J. Chest CT
for typical 2019-nCoV pneumonia: relationship to negative RT-
PCR testing. Radiology. 2020;296:E41-E45.

van Kampen JJA, van de Vijver DAMC, Fraaij PLA, et al.
Duration and key determinants of infectious virus shedding in
hospitalized patients with coronavirus disease-2019 (COVID-
19). Nat Comms. 2021;12:267.

Kanji JN, Zelyas N, MacDonald C, et al. False negative rate of
COVID-19 PCR testing: a discordant testing analysis. Virol J.
2021;18:13.

Rossignol JF. Nitazoxanide: a first in-class broad-spectrum an-
tiviral agent. Antiviral Res. 2014;110:94-103.

Stachulski AV, Taujanskas J, Pate SL, et al. Therapeutic potential
of Nitazoxanide: an appropriate choice for repurposing versus
SARS-CoV-2? ACS Infect Dis. 2021;7(6):1317-1331. doi:10.1021/
acsinfecdis.0c00478

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

. 11 0f 13
Clinical Case Reports —Wl LEYJ—

Rossignol JF. Nitazoxanide, a new drug candidate for the treat-
ment of Middle East respiratory syndrome coronavirus. J Infect
Public Health. 2016;9(3):227-230.

Riccio A, Santopolo S, Rossi A, Piacentini S, Rossignol JF,
Santoro MG. Impairment of SARS-CoV-2 spike glycopro-
tein maturation and fusion activity by nitazoxanide: an effect
independent of spike variants emergence. Cell Mol Life Sci.
2022;79:227. d0i:10.1007/s00018-022-04246-w

Cao J, Forrest JC, Zhang X. A screen of the NIH clinical collec-
tion small molecule library identifies potential anti-coronavirus
drugs. Antiviral Res. 2015;114:1-10.

Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus
(2019-nCoV) in vitro. Cell Res. 2020;30:269-271. doi:10.1038/
$41422-020-0282-0

Jackson CB, Farzan M, Chen B, Choe H. Mechanisms of SARS-
CoV-2 entry into cells. Nat Rev Mol Cell Biol. 2022;23:3-20.
Miorin L, Mire CE, Ranjbar S, et al. The oral drug nitazox-
anide restricts SARS-CoV-2 infection and attenuates dis-
ease pathogenesis in Syrian hamsters. bioRxiv. 2022.
doi:10.1101/2022.02.08.479634

Al-kuraishy HM, Al-Gareeb AI, Elekhnawy E, Batiha
EG. Nitazoxanide and COVID-19: a review. Mol Biol Rep.
2022;49:11169-11176. doi:10.1007/s11033-022-07822-2

Lei S, Chen X, Wu J, Duan X, Men K. Small molecules in
the treatment of COVID-19. Signal Transduct Target Ther.
2022;7:387. doi:10.1038/s41392-022-01249-8

Blum VF, Cimerman S, Hunter JR, et al. Nitazoxanide superior-
ity to placebo to treat moderate COVID-19 -a pilot prove of con-
cept randomized double-blind clinical trial. EClinicalMedicine.
2021;37:100981.

Calderén JM, Flores MDRF, Coria LP, et al. Nitazoxanide
against COVID-19 in three explorative scenarios. J Infect Dev
Ctries. 2020;14(9):982-986.

Rocco PRM, Silva PL, Cruz FF, et al. Early use of nitazoxanide
in mild COVID-19 disease: randomised, placebo-controlled
trial. Eur Respir J. 2021;58:2003725.

Rossignol JF, Bardin MC, Fulgencio J, Mogelnicki D, Bréchot
C, for the Vanguard Study Group. A randomized double-blind
placebo-controlled clinical trial of nitazoxanide for treatment of
mild or moderate COVID-19. EClinicalMedicine. 2022;45:101310.
Rocco P, Silva P, Cruz FF, et al. Nitazoxanide in patients hos-
pitalized with COVID-19 pneumonia: a multicentre, ran-
domized, double-blind, Placebo-Controlled Trial. Front Med.
2022;9:844728. doi:10.3389/fmed.2022.844728

Calderon JM, Padmanabhan S, Salazar FMC, et al. Treatment
with hydroxychloroquine vs nitazoxanide in patients with
COVID-19: brief report. PAMJ Clin Med. 2021;7(15):1-11.
Zeron MH, Calderon MJ, Coria LP, et al. Nitazoxanide as an
early treatment to reduce the intensity of COVID-19 outbreaks
among health personnel. World Acad Sci J. 2021;3:1-6.

Medhat MA, El-Kassas M, Karam-Allah H, et al. Sofosbuvir/
ledipasvir in combination or nitazoxanide alone are safe and
efficient treatments for COVID-19 infection: a randomized
controlled trial for repurposing antivirals. Arab J Gastroenterol.
2022;23(3):165-171. doi:10.1016/j.ajg.2022.04.005
Romero-Cabello R, Romero-Feregrino R, Romero-Feregrino R,
Muiioz-Cordero B, Sevilla-Fuentes S. Outpatient treatment of
COVID-19: an experience with 552 cases in Mexico. J Infect Dev
Ctries. 2023;17(3):311-318. doi:10.3855/jidc.16982


https://doi.org//10.7326/M20-1495
https://doi.org//10.7326/M20-1495
https://doi.org//10.1016/j.xinn.2020.100061
https://doi.org//10.1038/s41579-022-00822-w
https://doi.org//10.1056/NEJMoa2029849
https://doi.org//10.1016/S2468-1253(20)30083-2
https://doi.org//10.1021/acsinfecdis.0c00478
https://doi.org//10.1021/acsinfecdis.0c00478
https://doi.org//10.1007/s00018-022-04246-w
https://doi.org//10.1038/s41422-020-0282-0
https://doi.org//10.1038/s41422-020-0282-0
https://doi.org//10.1101/2022.02.08.479634
https://doi.org//10.1007/s11033-022-07822-2
https://doi.org//10.1038/s41392-022-01249-8
https://doi.org//10.3389/fmed.2022.844728
https://doi.org//10.1016/j.ajg.2022.04.005
https://doi.org//10.3855/jidc.16982

12 0of 13 ..
linical R
4|_Wl LEY_C inical Case Reports ~

44,
45.

46.
47.
48.
49.
50.
51.

52.
53.

54.

55.

56.

57.

58.

59.

STEWART

Kelleni MT. The African Kelleni's roadmap using nitazox-
anide and broad-spectrum antimicrobials to abort return-
ing to COVID-19 square one. Inflammopharmacology. 2023.
doi:10.1007/s10787-023-01263-4

Snell LB, Alcolea-Medina A, Charalampous T, et al. Real-time
whole genome sequencing to guide patient-tailored therapy of
severe acute respiratory syndrome coronavirus 2 Infection. Clin
Infect Dis. 2022;15(6):1125-1128. doi:10.1093/cid/ciac864
Saravolatz LD, Depcinski S, Sharma M. Molnupiravir and
Nirmatrelvir-ritonavir: Oral coronavirus disease 2019 antiviral
drugs. Clin Infect Dis. 2023;76(1):165-171.

Hammond J, Leister-Tebbe H, Gardner A, et al. EPIC-HR inves-
tigators. Oral nirmatrelvir for high-risk, nonhospitalized adults
with COVID-19. N Engl J Med. 2022;386(15):1397-1408.

Owen DR, Allerton CMN, Anderson AS, et al. An oral SARS-
CoV-2 M(pro) inhibitor clinical candidate for the treatment of
COVID-19. Science. 2021;374:1586-1593.

Zeldin RK, Petruschke RA. Pharmacological and therapeutic
properties of ritonavir boosted protease inhibitor therapy in
HIV infected patients. J Antimicrob Chemother. 2004;53(1):4-9.
Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for
the treatment of COV1D-19: final report. N Engl J Med.
2020;383:1813-1826. doi:10.1056/NEJM0a2007764

Bernal JA, Gomes da Silva MM, Musungaie DB, et al.
Molnupiravir for oral treatment of COVID-19 in nonhospital-
ized patients. N Engl J Med. 2022;386(6):509-520.

Butler CC, Hobbs FDR, Gbinigie OA, et al. Molnupiravir
plus usual care versus usual care alone as early treatment for
adults with COVID-19 at increased risk of adverse outcomes
(PANORAMIC): an open-label, platform adaptive randomised
controlled trial. Lancet. 2023;401:281-293.

Arribas JR, Bhagani S, Lobo SM, Khaertynova I, et al
Randomized trial of Molnupiravir or placebo in patients hospi-
talized with COVID-19. NEJM Evid. 2022;1(2):1-13. d0i:10.1056/
EVID0a2100044

Wang Y, Zhang D, Du G, et al. Remdesivir in adults with severe
COVID-19: a randomised, double-blind, placebo-controlled,
multicentre trial. Lancet. 2020;395:1569-1578. doi:10.1016/
S0140-736(20)31022-9

WHO Solidarity Trial Consortium. Repurposed antiviral drugs
for Covid-19 —interim WHO solidarity trial results. N Engl J
Med. 2021;384:497-511. doi:10.1056/NEJMo0a2023184

Spinner CD, Gottlieb RL, Criner GJ, et al. Effect of Remdesivir
vs standard care on clinical status at 11days in patients with
moderate COVID-19. A randomized clinical trial. JAMA.
2020;324(11):1048-1057. doi:10.1001/jama.2020.16349

Zheng B, Green ACA, Tazare J, et al. Comparative effectiveness
of sotrovimab and molnupiravir for prevention of severe covid-
19 outcomes in patients in the community: observational cohort
study with the OpenSAFELY platform. BMJ. 2022;379:e071932.
doi:10.1136/bmj-2022-071932

Guermazi D, Arvanitis P, Farmakiotis D. Molnupiravir effi-
cacy among immunocompromised patients with COVID-19:
no proof of concept. Infection. 2023;51:1593-1595. d0i:10.1007/
$15010-023-02027-6

Schafer A, Martinez DR, Won JJ, et al. Therapeutic treatment
with oral prodrug of the Remdesivir parental nucleoside is pro-
tective against SARS-CoV-2 pathogenesis in mice. Sci Transl
Med. 2022;14(643):eabm3410.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Takashita E, Yamayoshi S, Simon V, et al. Efficacy of antibod-
ies and antiviral drugs against omicron BA.2.12.1, BA.4, and
BA.5 subvariants. N Engl J Med. 2022;387:468-470. doi:10.1056/
NEJMc2207519

Peters HA, Jochmans D, de Wilde AH, et al. Design, synthesis
and evaluation of a series of acyclic fleximer nucleoside ana-
logues with anti-coronavirus activity. Bioorg Med Chem Lett.
2015;25:2923-2926.

Santos IA, Grosche VR, Bergamini FRG, Sabino-Silva R,
Jardim ACG. Antivirals against coronaviruses: candidate drugs
for SARS-CoV-2 treatment? Front Microbiol. 2020;11:1818.
doi:10.3389/fmicb.2020.01818

Baker VS. Acyclovir for SARS-CoV-2: an old drug with a new
purpose. Clin Pract. 2021;18(1):1584-1592.

Baker VS. ACYCLOVIR for SARS-CoV-2: an old drug with a
new therapeutic purpose—an observational study. Int J Clin
Case Rep Rev. 2022;10(2):1-7. d0i:10.31579/2690-4861/199
Majewska A, Mlynarczyk-Bonikowska B. 40years after the reg-
istration of acyclovir: do we need new anti-herpetic drugs? IntJ
Mol Sci. 2022;23:3431. doi:10.3390/ijms23073431

Huang L, Ishii KK, Zuccola H, et al. The enzymological basis
for resistance of herpesvirus DNA polymerase mutants to acy-
clovir: relationship to the structure of a-like DNA polymerases.
Proc Natl Acad Sci USA. 1999;96:447-452.

Li Z, Yang L. Underlying mechanisms and candidate drugs for
covid-19 based on the connectivity map database. Front Genet.
2020;11:558557. doi:10.3389/fgene.2020.558557

Kumar D, Kumari K, Bahadur I, Singh P. Promising acyclovir
and its derivatives to inhibit the protease of SARS-CoV-2: mo-
lecular docking and molecular dynamics simulations. Res Sq.
preprint. doi:10.21203/rs.3.1s-94864/v1

Far BF, Bokov D, Widjaja G, et al. Metronidazole, acyclovir and
tetrahydrobiopterin may be promising to treat COVID-19 pa-
tients, through interaction with interleukin-12. J Biomol Struct
Dyn. 2022;21:1-19.

Bhavsar A, Lonnet G, Wang C, et al. Increased risk of herpes
zoster in adults >50years old diagnosed with COVID-19 in
the United States. Open Forum Infect Dis. 2022;9(5):0fac118.
doi:10.1093/0fid/ofac118

Heidary F, Madani S, Gharebaghi R, Asadi-Amoli F. Acyclovir
as a potential add-on therapy in COVID-19 treatment regimens.
Pharm Sci. 2021;27(Suppl 1):S68-S77. doi:10.34172/PS.2021.38
Wang F, Nie J, Wang H, et al. Characteristics of peripheral lym-
phocyte subset alteration in COVID-19 pneumonia. J Infect Dis.
2020;221:1762-1769.

Gold JE, Okyay RA, Licht WE, Hurley DJ. Investigation of
Long COVID prevalence and its relationship to Epstein-Barr
virus reactivation. Pathogens. 2021;10(6):763. doi:10.3390/
pathogens10060763

Giacobbe DR, Di Bella S, Lovecchio A, et al. Herpes simplex
virus 1 (HSV-1) reactivation in critically ill COVID-19 patients:
a brief narrative review. Infect Dis Ther. 2022;11:1779-1791.
doi:10.1007/s40121-022-00674-0

Agostini ML, Pruijssers AJ, Chappell JD, et al. Small-molecule
antiviral beta-d-N (4)-Hydroxycytidine inhibits a proofread-
ing-intact coronavirus with a high genetic barrier to resistance.
J Virol. 2019;93:€01348-19.

Gandhi S, Klein J, Robertson AJ, et al. De novo emergence of a
remdesivir resistance mutation during treatment of persistent


https://doi.org//10.1007/s10787-023-01263-4
https://doi.org//10.1093/cid/ciac864
https://doi.org//10.1056/NEJMoa2007764
https://doi.org//10.1056/EVIDoa2100044
https://doi.org//10.1056/EVIDoa2100044
https://doi.org//10.1016/S0140-736(20)31022-9
https://doi.org//10.1016/S0140-736(20)31022-9
https://doi.org//10.1056/NEJMoa2023184
https://doi.org//10.1001/jama.2020.16349
https://doi.org//10.1136/bmj-2022-071932
https://doi.org//10.1007/s15010-023-02027-6
https://doi.org//10.1007/s15010-023-02027-6
https://doi.org//10.1056/NEJMc2207519
https://doi.org//10.1056/NEJMc2207519
https://doi.org//10.3389/fmicb.2020.01818
https://doi.org//10.31579/2690-4861/199
https://doi.org//10.3390/ijms23073431
https://doi.org//10.3389/fgene.2020.558557
https://doi.org//10.21203/rs.3.rs-94864/v1
https://doi.org//10.1093/ofid/ofac118
https://doi.org//10.34172/PS.2021.38
https://doi.org//10.3390/pathogens10060763
https://doi.org//10.3390/pathogens10060763
https://doi.org//10.1007/s40121-022-00674-0

STEWART

. 13 of 13
Clinical Case Reports —Wl LEYJ—

77.

78.

79.

80.

81.

82.

SARS-CoV-2 infection in an immunocompromised patient: a
case report. Nat Commun. 2022;13:1547.

Hogan JI, Duerr R, Dimartino D, et al. Remdesivir resistance in
transplant recipients with persistent coronavirus disease 2019
(COVID-19). Clin Infect Dis. 2023;76(2):342-345. doi:10.1093/
cid/ciac769

Sjaarda CP, Lau L, Simpson JT, et al. Prevalence of low-fre-
quency, antiviral resistance variants in SARS-CoV-2 iso-
lates in Ontario, Canada, 2020-2023. JAMA Netw Open.
2023;6(7):2324963. d0i:10.1001/jamanetworkopen.2023.24963
Service, R. F. Bad news for Paxlovid? Resistance may be com-
ing. Science. 2022;377:138-139.

Tilmanis D, Koszalka P, Barr IG, Rossignol JF, Mifsud E, Hurt
AC. Host-targeted nitazoxanide has a high barrier to resistance
but does not reduce the emergence or proliferation of oseltami-
vir-resistant influenza viruses in vitro or in vivo when used in
combination with oseltamivir. Antiviral Res. 2020;180:104851.
doi:10.1016/j.antiviral.2020.104851
https://www.drugs.com/drug-interactions/nitazoxanide,alinia.
html#

Vets E, Rossignol JF, Jackson AS. Effects of nitazoxanide on
pharmacokinetics and pharmacodynamics of a single dose of
warfarin. Am J Health-Syst Pharm. 2009;66(5):838-842.

83.

84.

Mullokandov E, Ahn J, Szalkiewicz A, Babayeva M. Protein
binding drug-drug interaction between warfarin and Tizoxanide
in human plasma. Austin J Pharmacol Ther. 2014;2(7):1038.
Clemente NS, Penner J, Breuer J, Ip W, Booth C. Case report:
a severe Paediatric Presentation of COVID-19 in APDS2 im-
munodeficiency. Front Immunol. 2022;13:881259. doi:10.3389/
fimmu.2022.881259

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Stewart DD. Can
Nitazoxanide and/or other anti-viral medications
be a solution to long COVID? Case report with a
brief literature review. Clin Case Rep.
2023;11:€8162. doi:10.1002/ccr3.8162



https://doi.org//10.1093/cid/ciac769
https://doi.org//10.1093/cid/ciac769
https://doi.org//10.1001/jamanetworkopen.2023.24963
https://doi.org//10.1016/j.antiviral.2020.104851
https://www.drugs.com/drug-interactions/nitazoxanide,alinia.html
https://www.drugs.com/drug-interactions/nitazoxanide,alinia.html
https://doi.org//10.3389/fimmu.2022.881259
https://doi.org//10.3389/fimmu.2022.881259
https://doi.org/10.1002/ccr3.8162

	Can Nitazoxanide and/or other anti-viral medications be a solution to long COVID? Case report with a brief literature review
	1|BACKGROUND
	2|CLINICAL PRESENTATION
	3|DISCUSSION
	3.1|Initial viral load could matter to PASC
	3.2|Genetic and/or immunological predisposition could matter to PASC
	3.3|Testing methods and COVID-19/PASC
	3.4|Nitazoxanide, COVID-19, and potential for PASC
	3.5|What about other anti-viral medications for COVID-19, thereby their potential for PASC?

	4|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	CONSENT TO PARTICIPATE
	CONSENT
	REFERENCES


