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for seven days among 50 individuals (25 each arm) with SARS-COV-2 RT-PCR+ (PCR) that were hospitalized
with mild respiratory insufficiency from May 20, 2020, to September 21%, 2020 (ClinicalTrials.gov
NCT04348409). Clinical and virologic endpoints and inflammatory biomarkers were evaluated. A five-point
scale for disease severity (SSD) was used.
Findings: Two patients died in the NTZ arm compared to 6 in the placebo arm (p = 0.564). NTZ was superior to
placebo when considering SSD (p < 0001), the mean time for hospital discharge (6.6 vs. 14 days, p = 0.021),
and negative PCR at day 21 (p = 0.035), whereas the placebo group presented more adverse events (p = 0.04).
Among adverse events likely related to the study drug, 14 were detected in the NTZ group and 22 in placebo
(p = 0.24). Among the 30 adverse events unlikely related, 21 occurred in the placebo group (p = 0.04). A
decrease from baseline was higher in the NTZ group for p-Dimer (p = 0.001), US-RCP (p < 0.002), TNF
(p < 0.038), IL-6 (p < 0.001), IL-8 (p = 0.014), HLA DR. on CD4" T lymphocytes (p < 0.05), CD38 in CD4" and
CD8" T (both p < 0.05), and CD38 and HLA-DR. on CD4+ (p < 0.01)
Interpretation: Compared to placebo in clinical and virologic outcomes and improvement of inflammatory
outcomes, the superiority of NTZ warrants further investigation of this drug for moderate COVID-19 in larger
clinical trials. A higher incidence of adverse events in the placebo arm might be attributed to COVID-19
related symptoms.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

to 5% of patients. These compose different clinical phenotypic sub-
groups [1,2]. In severe cases, the average start time to death has been

Cases of severe COVID-19 can be observed in up to about 14% of close to 18.8 days in China and 24.7 days outside China [3,4]. Cases of
patients. Even more critical disease with clear respiratory failure, death usually occur from the tenth day of the onset of symptoms
shock, or multiple organ dysfunction appears in approximately 3.6% [5,6]. Although most COVID-19 patients recover from the mild and
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moderate disease within one week, some develop severe pneumonia
in the second week, followed by a cytokine storm, adult respiratory
distress syndrome (ARDS), multiorgan failure, and disseminated
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Research in context

Evidence before this study

We searched the literature for studies in this context, using the
terms "SARS-CoV-2 or coronavirus or COVID-19, or virus" and
Nitazoxanide". We found some in vitro and some clinical trials
showing evidence of the antiviral effect of Nitazoxanide (NTZ)
against many distinct viruses, including many influenza virus,
respiratory syncytial virus, ebola, norovirus, rotavirus, adenovi-
rus, coronavirus, chikungunya virus, hepatitis B virus, Hepatitis
C virus, Japanese encephalitis virus. We found a published
larger randomized placebo-controlled clinical trial for mild
COVID-19, which documented a significant reduction in the
NTZ arm's viral load, although no clinical benefits were
detected.

Added value of this study

In this small randomized proof of concept pilot trial, we
observed a decrease in the time for hospital discharge of
patients with moderate COVID-19 using NTZ. We also docu-
mented a faster evolution to SARS-COV-2 RT-PCR negativity, a
higher reduction of laboratory inflammatory markers, and a
reduction of lymphocyte T cells activation markers among
patients treated with NTZ a This results enable us to further
explore the potential clinic benefits and the antiviral effect of
NTZ for CIVID-19

Implications of all the available evidence

Even in the case of a small clinical study, the positive results
suggest that this drug may have future use in treating a disease
that still lacks adequate antiviral drug regimens.

intravascular coagulation in the third week of the disease [7-9]. A
correlation was established between viral load in different sample
types and disease severity. In respiratory samples, patients with
severe disease presented significantly higher viral loads than patients
with mild disease [10,11].

ACE?2 is the main receptor of the SARS-Cov-2, allowing the virus to
enter the cell. Virus-infected epithelial cells produce interferons via
interferon-responsive genes, leading to a robust innate immune
response [12]. Dendritic cells, macrophages, and neutrophils subse-
quently trigger the adaptative immune response. Autopsies in
patients who died of COVID-19 revealed a high infiltration of macro-
phages in the bronchopneumonia area [13]. Besides, ACE2 expressed
macrophages containing SARS-CoV-2 nucleoprotein antigen were
found infiltrating the spleen and lymph nodes in COVID-19 patients.
These macrophages showed significant production of IL-6, suggesting
that they may contribute to excessive inflammation in COVID-19 dis-
ease [14]. These findings suggest that the inflammatory response
may be even more destructive than the virus’s direct activity [15]. T
cells were more affected by SARS-CoV-2 as the T-cell count was
almost half the lower reference limit and tended to be lower in severe
cases.

Since pro-inflammatory cytokines play a crucial role in the
prognosis of the disease, macrophages’ greater lung damage
involvement has been studied [16,17]. More importantly, Macro-
phage Activation Syndrome (MAS) has been described as a severe
risk factor contributing to lung inflammation. Therefore, the
intense inflammatory response of IL-6 observed in severe cases of
COVID-19 has already been discussed [6,14]. This response, which
is usually responsible for health recovery after a viral infection,
could impair the recovery of patients who experience the MAS
[15,16,18]. The high production of IL-6 along with macrophage

activation may explain the high levels of serum reactive C protein
(RCP), which are generally not achieved in other viral infections.
Similarly, in Severe Acute Respiratory Syndrome (SARS) disease,
which represents the closest analog to COVID-19 in humans, the
high production of IL-6 has also been described. The IL-6 produc-
tion intensity in SARS was even higher than in common viral
respiratory diseases, such as influenza and parainfluenza
[6,19,20]. Conversely, IFN-I (IFN-o and IFN-B) have exhibited a
protective effect on SARS-COV and Middle East Respiratory Syn-
drome (MERS)-COV infection, but the IFN-I pathway have been
inhibited in infected mice with SARS CoV-2 [21,22].

Although initially developed for protozoan disease treatment, the
antiviral properties of Nitazoxanide (NTZ) and its metabolite, tizoxa-
nide, have generated growing interest in recent years due to its dem-
onstrated ability to act as a broad-spectrum antiviral agent through
multiple mechanisms. These seem to vary according to the type of
virus but generally interfere with host-regulated pathways, including
interferon signaling pathways or mTORC1, which is involved in viral
replication [23,24]. As well, it affects antiviral mechanisms that
include actions that trigger viral RNA inhibition and DNA replication,
direct inhibition of viral protein expression, interference in host cell
metabolism, as well as inhibition of viral immune evasion mecha-
nisms [23-25].

NTZ has been clinically evaluated in treating influenza viruses
with selective blockage of viral hemagglutinin’s maturation, which
impairs its intracellular trafficking and the insertion of viral protein
in the host membrane [26,27]. A study comparing the use of 5-day
600 mg and 300 mg dosage regimens with placebo in treating acute
uncomplicated influenza infection reported a reduction in symptom
duration in the 600 mg treatment group with only mild adverse
events [28].

Many clinical trials aiming to use NTZ as the only drug or in com-
bination with other antivirals are proposed (clinicaltrials.gov).
Among these, NCT04486313 in the USA seeks to evaluate mild to
moderate patients’ efficacy and safety using two 300 mg tablets BID
versus Placebo for 800 patients. Phase II/Ill was also planned in
Argentina (NCT04463264) to investigate the efficacy and safety of
mild disease using NTZ 500 mg every six hours for 14 days versus pla-
cebo in 135 patients. A clinical trial was also planned in Mexico as a
prophylactic treatment using 500 mg every 6 h for two days and then
every 12 h for four days (NCT04406246, 150 volunteers). Again, in
México, a study for safety and efficacy is recruiting to use Hydroxy-
chloroquine 200 mg twice daily for ten days versus NTZ 500 mg BID
with Hydroxychloroquine 200 mg BID for ten days 86 patients,
NCT04341493). The safety and efficacy of the drug are also planned
in a study in Egypt using 500 mg, four times per day for 14 days, ver-
sus a regimen combination of Sofosbuvir/ Ledipasvir (400 mg and
90 mg, orally) once daily for 14 days (240 patients, NCT04498936).
Also, in Egypt, one study is planning to compare NTZ, ivermectin, and
ribavirin 200 mg or 400 mg for seven days versus Placebo
(NCT04392427), and some others are planning to use NTZ with Iver-
mectin, Chloroquine, and Azithromycin (Tanta University Hospital,
NCT04382846, NCT04360356, NCT04361318, NCT04351347, and
NCT04345419). In Nigeria, a study for efficacy and safety in 98
patients is planning to use NTZ 1000 mg BID and 300/100 mg ataza-
navir/ritonavir tablets QD for 28 days versus Standard of care treat-
ment (NCT04459286).

One study identified 73 combinations of 32 drugs with potential
activity against SARS-CoV-2 using in silico modeling with subsequent
validation using in vitro studies. The study reported a high NTZ. syn-
ergism with remdesivir, amodiaquine, and umifenovir [29].

NTZ is projected to have average/median Cmax concentrations
above its ECsg of viral pathogens in blood plasma and lung during the
conventional dosing interval [30]. Thus, the study described here
aims to evaluate NTZ's safety and efficacy compared to placebo in a
small group of patients with moderate COVID-19. For this, we
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Assessed for eligibility (n=73)

Excluded (n= 23)
+ SARS-COV-2 RT-PCR negative (23)

Randomized (n= 50)

!

Nitazoxanide (n= 25)
+ Received allocated intervention (n= 25)

Discontinued intervention (n= 3)
+ Lost to follow-up (n= 1)
+ Withdrew informed consent (n= 1)

+ Death (n=1)

Analysed (n= 25)

Placebo (n= 25)
+ Received allocated intervention (n= 25)

A4

Discontinued intervention (n= 2)

+ Death (n=2)

Analysed (n= 25)

Fig. 1. Screening and Randomization Patients admitted for hospitalization with mild/moderate hypothesis of COVID-19 were screened (73 patients), and 50 patients were random-
ized once RT-PCR for SARS-COV-2 was positive in the nasal and throat swabs (RT-PCR results available in the first 12 h of hospital admissions). Patients were allocated to receive
Nitazoxanide (25) or placebo (25). Five patients did not receive 7-day treatment with allocated study interventions. From the Nitazoxanide group, one patient dyed on day 2 of the
study, one patient received four doses of study drug and withdrew informed consent. Another patient was released from the hospital in good health conditions on day 5 of the study
and was lost to follow-up. From the placebo group, one patient dyed on day two and another on day 4. Available data for all patients have been analyzed by the end of the study

period.

selected patients with a compatible clinical picture and positive RT-
PCR for SARS-COV-2 in the nasal and oropharyngeal swab.

2. Methods

For the in vitro effect evaluation of NTZ, VERO E6 cells were cul-
tured until they achieved a 90% confluent cell monolayer and then
treated for 1 h with DMSO and NTZ at the final concentrations of
0.1 uM, 0.5 uM, 1.0 uM, and 10 M. Mock infected and untreated
cells were used as controls. One hour after the incubation, cells were
infected with the clinical isolate SARS-CoV-2 EPI_ISL_413,016 at a
multiplicity of infection of 0.05. After a 2 h virus adsorption period,
each well was washed twice with PBS and completed with 500 pL of
fresh medium containing NTZ as described above and cultured for
additional 48 h. The supernatants were collected at 48 h post-infec-
tion to determine viral load and cellular viability. Cellular viability
and cytotoxic effect were determined after 48 h post-infection using
a lactate dehydrogenase-based cytotoxicity detection kit (Roche,
Basel, Switzerland).

This study was a Pilot Prove of Concept Randomized Double-Blind
Clinical Trial. The study’s primary objectives were to assess the safety
and the effect on the detection of SARS-COV-2 RNA among patients

treated with NTZ compared to placebo in preparation for a study
with the inclusion of a more significant number of patients. One area
of uncertainty to be investigated here was the safety of NTZ among
patients with COVID-19. We also want to address if inflammatory
markers would be of value as endpoints for COVID-19 treatment clin-
ical trials, especially T cells activation markers. The study population
consisted of 50 participants diagnosed with COVID-19 with positive
qPCR and compatible symptoms, aged 18 years or older, both gen-
ders, hospitalized in a non-critical condition with mild respiratory
insufficiency (PO, saturation inferior to 96%), and with a maximum of
36 h of symptoms (Fig. 1). The sample size of 50 patients was deter-
mined during the study design based on the feasibility of conducting
this clinical trial. The statistical power calculation for the 50-person
sample was calculated after the study had begun. We used a power
calculation based on the difference between the proportion of cases
with a more significant PCR-RT reduction over the study period
(from day 1 to day 21). We considered effect size (the ability to dis-
criminate between the two possible results) of 0.5, which is deemed
medium strength. We also used an alpha error of 0.05 and a sample
size of 25 per arm. The software used for the calculation was the
pwr.2p.test of the pwr package of the R statistical programming sys-
tem (v.4.0.3), which produced a power of 42.4% [34,35]. Although
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this is not considered adequate for a full, Phase 3 trial study, we
deemed it sufficient for this pilot study. This was a multicenter study
with a participation of a total of 6 Hospitals in the State of Sao Paulo,
Brazil, including Instituto do Coragao - Incor (city of Sao Paulo), Bene-
ficiencia Portuguesa (city of Sao Paulo), Hospital Vera Cruz (Campi-
nas), SPDM | Hospital Geral de Guarulhos (Guarulhos) e Hospital
Municipal Dr. Francisco Moran (Barueri) and Hospital Prevent Senior
(city of Sao Paulo). The study ran from May 20th, 2020, to September
21st, 2020. Samples and laboratory testing were processed at Labo-
ratério de Retrovirologia of the Federal University of Sao Paulo, Sao
Paulo, Brazil, and interleukine analyses were performed at Labo-
ratorio Interdisciplinar de Pesquisa Médicas (Instituto Oswaldo Cruz/
FIOCRUZ).

Patients infected with HIV, HTLV I or II, participants in antineo-
plastic treatment, patients with severe autoimmune diseases in
immunosuppression, transplant recipients, pregnant or lactating
women, or any other clinical condition that the Investigator deemed
to be an imminent risk to health and participant’s life were excluded.
Patients who previously received any COVID-19 therapies and medi-
cations against specific manifestations of COVID-19, such as monoclo-
nal antibodies or anti-interleukins, were excluded. Due to the small
sample size, we used randomization by blocks of size four, using
RStudio software, Version 1.2.1335 (Integrated Development for R.
RStudio, PBC, Boston, MA URL http://www.rstudio.com/). A Contract
Research Organization (Azidus, Brazil) generated the random alloca-
tion sequence and assigned participants to intervention groups. After
randomization, patients received double-blind NTZ 600 mg BID,
administered with food, for seven consecutive days (25 patients), or
the placebo comparator BID, administered with food, for seven
straight days (25 patients). The investigational product and placebo
were produced and donated by Farmoaquimica (FQM), Brazil, a Phar-
maceutical Company that holds the NTZ production’s license issued
by the Romark Laboratory (NTZ patent holder, Fl, USA). We selected
600 mg BID doses of NTZ in this study based on experience with
pharmacokinetics and tolerability [23,26,28,31]. The clinical evalua-
tions were performed daily during the hospitalization period and, in
discharge cases before 21 days of hospitalization, by follow-up at out-
patient clinics or telemedicine. This manuscript adheres strictly to
CONSORT guidelines (https://www.equator-network.org/wp-con
tent/uploads/2013/09/CONSORT-2010-Checklist-MS-Word.doc).

The viral evaluation was performed by qualitative RT-PCR, and
gPCR viral load for SARS-COV-2 collected in nasal and throat swabs
on day 1 (baseline, inclusion criteria) and days 4, 7, 14, 21. Evalua-
tions on clinical status, length of hospitalization, in-hospital mortal-
ity, need for mechanical ventilation, and need for rehospitalization
have been performed. Laboratory parameters accessed at baseline,
day 10, and day 21, included ultra-sensitive RCP (US-RCP), p-dimer,
CPK, CK-MB, serum interleukins, and lymphocyte activation markers.

According to the manufacturer’s instructions, the SARS-COV-2 RT-
PCR qualitative analyses were performed by the AllplexTM 2019-
nCoV Assay, version 2.1, October 30th 30, 2020. For the SARS-COV-2
RT-PCR viral load, RNA was extracted by using QIAamp RNA Viral kit
(Qiagen, German), and RT-qPCR was performed with 5 uL of
extracted RNA and 15 uL of reaction buffer containing SARS-CoV-2
primers and probes as previously described [32], and Hot Start go
Taq reagent mix (Promega, Madison, Wi). Thermal cycling involved
55 °C for 30 min, followed by 95 °C for 15 min and then 40 cycles of
95 °Cfor 15 s, 58 °C for 45 s. This protocol detected SARS-CoV-2 RdRp
target nCoV_IP2. A real-time PCR instrument (7500 Applied Biosys-
tems) was used with 96 wells plate for qRT-PCR. A standard curve
was generated by using synthetic RNA, and then RNA viral load of
samples was obtained comparing CT of standard curve and CT of each
sample.

Plasma cytokine levels of IL-6, TNF, IL-8, IL-10, IFN-y, IL-18, IL-4,
IL-5, IL-17A, IL-12p70, and IL-13 were assessed, and cytokine con-
tents were calculated by Luminex technology (USA). For this, a

multiplex assay was performed to quantify the serum levels of the
cytokines. Data analysis was performed using the software provided
by the manufacturer (R&D Systems, USA). Recombinant cytokines
were used to establish standard curves and the sensitivity of the
assay. Results were expressed as mean fluorescent intensity (MFI).
The MFI of the last point of each standard curve was used to deter-
mine the detection limit of each cytokine.

Lymphocyte activation markers were accessed by flow cytometry
and included HLA-DR. and CD38 on CD4" and CD8" T cells, as
described elsewhere [36]. Briefly, Peripheral blood mononuclear cells
(PBMC) were separated and cryopreserved. After thawing, PBMCs
were labeled with anti-CD3 APC and anti-CD4 PercP (for the lympho-
cytic subpopulation) and anti-CD38 FITC and anti-HLA-DR. PE (for
cellular activation). Fixed cells were acquired on a FACSCalibur appa-
ratus and analyzed with CellQuest software (BD Biosciences, San
Diego CA, USA). The results were expressed as the percentage of
CD38+HLA-DR.+ cells among CD4+ and CD8+ T lymphocytes.

All analyses of patients were conducted within the randomized
group they were assigned to. Statistical analyses included one-way
analyses of variances using the Kruskal-Wallis non-parametric ranks
test. Additional statistical questions were addressed with the Wil-
coxon Rank Sum Test for numerical variables and Chi-Squared tests
for categorical variables. All analyses were conducted using the R Sta-
tistical System and language and its appropriate packages [35].
Twelve participants stopped their participation earlier in the study,
five on the NTZ arm and seven on the Placebo arm. Participants who
discontinued the study prematurely had all their laboratory and clini-
cal data recorded and analyzed up to the time of their withdrawal or
death. In the NTZ arm, one patient had the data collected until day
two (death), one until day three (withdrew informed consent), one
until day five (lost to follow-up), and two until day seven (death and
lost to follow-up). On the placebo arm, one patient had data collected
until day two (death), one until day four (death), one until day seven
(death), one until day ten (death), one until day 14 (death), and two
until day 15 (death and informed consent withdrawal). These are the
only gaps in the data collection. This study was registered at Clinical-
Trials.gov (NCT04348409), and the Brazilian National Institutional
Review Board approved it (CONEP; approval # CAAE-
30,628,420.0.0000.5412) and each local Institutional Review Boards.
Informed consent has been obtained.

2.1. Role of the funding source

FMQ reviewed the data from the study before manuscript submis-
sion and wrote a report to the Brazilian National Sanitary Agency
(ANVISA). Academic authors retained control in the study design,
data collection, data analysis, data interpretation, and manuscript
writing.

3. Results

This study was initiated after we confirmed the in vitro activity of
NTZ, once viral loads decreased in Vero E6 cells treated with NTZ in a
dose-response manner. There were no effects of DMSO on the infec-
tion course, and no cytotoxicity effect of NTZ treatment after 48 h
was observed (Supplementary Figure 1).

Patients’ characteristics are depicted in Table 1. Groups were well
balanced, with higher body weight and BMI in the NTZ group. The
prevalence of other comorbidities was equal between groups (data
on file). According to the WHO recommendation, the participant’s
clinical evolution was evaluated through an ordinal scale, which
measures the severity of the disease over time [33]. The scale was
performed daily, and the worst score was recorded. We adapted the
ordinal scale used according to the WHO Special Committee, using
fewer anchors (five) to facilitate the evaluation of the reduced sample
size of this study as follows: 1= Outpatient; 2 = Hospitalized without
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Table 1
Patient Characteristics and clinical, inflammatory, and virological Results.
Arm
Day 21 Difference
Level Nitazoxanide Placebo Rate Ratio  p-Value Rate Ratio p-Value
Number 25 25
Gender (%) Masculine 7(28) 8(32) 1143
Feminine 18(72) 17 (68) 0,944
Race (%) White 21(42) 16 (32) 0,762
Mixed 3(6) 7(14) 2333
Black 1(2) 2(4) 2000
Median Age (median (IQR)) 64(17) 64(21) 1000
Age Group (%) less than 65 14(28) 13(26) 0,929
65andolder  11(22) 12 (24) 1091
Height (mean (sd)) 1.71(0.08) 1.68 (0.1) 0,982
Weight (mean (sd)) 89.2 (17) 76.18 (13.04) 0,854
BMI (mean (sd)) 30.41(4.12) 27.06 (3.7) 0,890
Day of Release (mean (sd)) 6.16 (4.07) 9.12 (4.33) 1481 0,021
Severity of the disease scale score (mean (sd)) 1.7(0.8) 2.13(1.03) 1253 0,001
Viral Load at Day 1 (mean(sd)) 29.03 (4.84) 28.88 (4.89) 0,995 0,984
RT-PCR Difference Day 1 - 21 (mean (sd)) —30.15 (4.50) —22.17(12.67) 0,735 0,035
Removed from Supplemental O2 (mean (sd)) 3.72(3.29) 5.88 (4.14) 1580 0,082
02 Saturation at Day 1 (Oximeter) (mean(sd)) 93.00 (1.68) 93.80 (1.94) 1009 0,984
Patients Hospitalized (#) Day 4 12 16 1481 0,300
Day 7 5 10 2222 0,134
Day 14 2 5 2778 0,202
Day 21 1 2 2222 0,503
Oxygen supplementation (#) Day 4 8 10 1389 0,487
Day 7 5 6 1333 0,634
Day 14 2 3 1667 0,572
Day 21 1 2 2222 0,503
Invasive mechanical ventilation Day 4 1 3 3333 0,268
Day 7 1 4 4444 0,144
Day 14 1 1 1111 0,941
Day 21 0 0
Death Day 7 2 3 2000 0,564
Day 14 0 2 NA 0,157
Day 21 0 1 2000 0,564
Lymphocytes (mean(sd)) Day 1 1029.36 (526.66)  944.88 (619.43)
Day 7 1162.36 (689.14)  1188.57 (615.77
D-Dimer (mean (sd)) Day 1 1.15(1.66) 1.71(1.83)
Day 10 1.16 (1.67) 1.65(1.79)
Day 21 1.18 (1.71) 1.82(1.96) 0.026¢ 1943 0,001
US- C Reactive Protein (mean (sd)) Day 1 47.11(70.51) 96.23 (110.43)
Day 10 46.33 (70.56) 87.85(106.53)
Day 21 45.35(71.26) 88.13(101.72) <0.001¢ 1544 0,002
TNF-o (MFI (sd)) Day 1 155.54 (53.46) 196.17 (62.97)
Day 10 126.06 (33.76) 167.69 (132.92)
Day 21 136.17 (38.38) 149.12 (45.88) <0.001¢ 1095 0,038
IL-6 (MFI (sd)) Day 1 571.19 (557.70) 1024.55 (1242.96)
Day 10 323.14 (685.86) 943.60 (1395.63)
Day 21 114.19(61.02) 412.86 (407.52) <0.001¢ 3616 <0.001
IL-8 (MFI (sd)) Day 1 291.72 (145.17) 205.88 (167.34)
Day 10 196.65 (85.82) 164.25 (56.53)
Day 21 180.06 (72.12) 250.57 (133.17) <0.001¢ 1392 0,014

Ratio: numbers above 1.0 wt toward the Placebo arm. p-value: non-parametric, Wilcoxon test. Sd = standard deviation.

€

= Evolution p-value. MFI = Media Intensity Fluorescence.

oxygen use; 3 = Hospitalized with noninvasive use of oxygen,
4 = Intensive therapy with invasive oxygen; 5 = Death. The longitudi-
nal analysis of clinical evolution scores showed a significant differ-
ence between treatments (Table 1, p = 0.001). Both arms showed a
decrease in the scale score over time. However, there is a significant
difference in the reduction in the NTZ treatment arm (p < 0.001). On
day 4, 31.8% of the participants in the NTZ group were undergoing
outpatient treatment, and 9% were hospitalized with oxygen or in
the Intensive Care Unit (ICU), while only 8.3% of the participants in
the placebo group were undergoing outpatient treatment, 29.2%
remained hospitalized with oxygen or in the ICU. On day 7, 68.4% of
the participants in the NTZ group were undergoing outpatient treat-
ment, compared to 31.8% of the placebo participants, whereas on day
14, 84.2% of participants in the NTZ group were on outpatient treat-
ment, compared to 55% of placebo participants

Considering the number/proportion/frequency of deaths, we
observed a total of 8 deaths, 2 for the NTZ group and 6 for the placebo
group; all deaths due to ARDS (p = 0.564). When we evaluated the
number of participants who required invasive mechanical ventila-
tion, we had a similar difference, with eight patients in total, 2 with
NTZ, and 6 with placebo (p = 0.08). In evaluating the time to with-
draw from oxygen supplementation, we observed that the median
weaning time in the NTZ group was three days. In contrast, the pla-
cebo group was eight days (p = 0.08). The mean time to hospital dis-
charge in the NTZ group was 6.2 days compared to 14 days in the
placebo group (p = 0.021).

Two patients died in the NTZ arm of the study. One of these 2,
patient P3 was a 67-year-old male with systemic arterial hyperten-
sion (SAH) and a BMI (body mass index) of 25. Baseline laboratory
evaluation revealed a total lymphocyte count of 702 (9% from 7800
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total white blood cells), p-dimer of 0.94 (normal up to 0,5 mcg/mL),
US-RCP of 193.45 mg/L (normal up to 3 mg/L), and IL-6 of 557.5 MFIL.
He died of ARDS eight days after entering the study. Another patient
in the NTZ group, P6, was a 63-year-old male with type 2 diabetes
mellitus and dyslipidemia, with a BMI of 31. Baseline laboratory eval-
uation revealed a total leukocyte count of 14,250 (1100 lympho-
cytes), p-dimer of 0.78 mcg/ml, US-RCP 107.07 mcg/L, and IL-6 of
163.0 MFIL He also died of ARDS on day 8 of the study. Among
patients who died in the placebo group, P8 was an 88-year-old
female with SAH, BMI of 24. Baseline laboratory evaluation revealed
a total lymphocyte count of 680 (7560 total leucocytes), p-dimer of
1.56 mcg/ml, US-RCP 345.67 mcg/L, and IL-6 of 4872 MFI. She died on
D21 of ARDS and abdominal sepsis due to perforated diverticulitis.
Patient P14 was a 65-year-old female with previously not well-
defined cardiomyopathy, BMI of 25. Baseline laboratory evaluation
revealed a total lymphocyte count of 2320 (total leucocytes 10,340),
p-dimer of 0.8 mcg/mL, US-RCP 319.83 mcg/L, and IL-6 of 4658 MFI.
She died on D4 of ARDS, refractory cardiogenic shock, and acute renal
failure. Patient P24 was a 55-year-old male with type 2 diabetes mel-
litus, BMI of 26. Baseline laboratory evaluation revealed a total lym-
phocyte count of 970 (10,500 total leucocytes), o-dimer of 0.58 mcg/
mL, US-RCP of 19.36 mcg/L, and IL-6 of 239.5 MFI. He died on D5 of
ARDS. Patient P27 was a 71-year-old male with no previous comor-
bidities, BMI of 24. Baseline laboratory evaluation revealed a total
lymphocyte count of 470 (12,950 total leucocytes), p-dimer of
0.94 mcg/mL, US-RCP 166.77 mcg/L, and IL-6 of 849.0 MFI. He died on
D14 of ARDS, bacterial sepsis, general bleeding, acute renal failure,
and refractory shock. Patient P17 was a 78-year-old male, heavy
smoker, BMI of 32. Baseline laboratory evaluation revealed a total
lymphocyte count of 460 (total leucocytes 11,710), p-dimer of
0.8 mcg/mL, US-RCP of 94.53 mcg/L, and IL-6 of 585 MFI. He died on

D3 of ARDS. The last patient in the placebo group to die was P43, a
73-year-old female with obesity (BMI of 32). Baseline laboratory eval-
uation revealed a total lymphocyte count of 930 (total leuco-
cytes13,480), p-dimer of 0.82 mcg/mL, US-RCP of 187.59mcg/L, and
IL-6 of 417 MFI. She died on D12 of ARDS and acute renal failure.

The SARS-COV-2 qualitative RT-PCR results were significantly dif-
ferent between groups over time, favoring the NTZ arm (p = 0.045).
There was a significant difference between treatments at day 21
(Table 1, p = 0.035), in which the percentage of negative RT-PCR was
100% in the NTZ compared to 78.9% in the placebo arm (15 out of 19
patients, since six patients had died by day 21). The SARS-COV-2 viral
loads were not different between treatment groups, with a significant
reduction in both groups’ viral loads over time (p < 0.0001). Fig. 2
shows that the viral load for the NTZ arm of the study dropped
slightly faster than the Placebo arm over the 21 days of the study
(slope of —1.19 for NTZ against —1.08 for the placebo).

As seen in Table 1, the unspecific inflammatory markers such
as p-Dimer and US-RCP decreased more significantly in the NTZ
group than in the placebo group. Similarly, the decrease of
plasma levels of interleukins such as TNF, IL-6, and IL-8 was
more profound in the NTZ arm, although no significant differen-
ces were seen for IL-10, IFN-y, IL-18, IL-4, IL-5, IL-17A, IL-12p70,
and IL-13 (data on file).

As seen by the CD38 and HLA-DR. in the CD4+ T cells and CD8+ T
cells, the lymphocyte T cell activation marker always presented a
trend to decrease over time in both NTZ and placebo arm (Fig. 3). The
HLA DR. on CD4" T cells was significantly lower in the NTZ group
than placebo on day 21 (p < 0.05; Fig. 3B). Similarly, levels of CD38 in
CD4" and CD8" T cell lymphocytes are lower in the NTZ arm on day
21 (both p < 0.05; Fig. 3A and 3C). Furthermore, when both markers’
coexpression is evaluated (CD38 and HLA-DR.), there is also a
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Fig. 2. Relative slopes for the two treatment groups' viral loads, Nitazoxanide (NTZ) and Placebo.
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Fig. 3. T cell activation status over time among the NTZ and Placebo groups. Peripheral blood mononuclear cells (PBMC) from patients of all groups were obtained by Ficoll-Hypaque
gradient centrifugation. PBMC was thawed and used for immunophenotyping on Day 1, Day 10, and Day 21. The MFI of CD38*CD4" T cells (3A), HLA-DR.*CD4" T cells (3B),
CD38"CD8" T cells (3C), HLA-DR."CD8" T cells (3D), CD38 "HLA-DR."CD4" T cells (3E), and CD38"HLA-DR.”CD8" T cells (3F) are expressed as the median =+ standard deviation. Placebo
is represented in black dots, whereas Nitazoxanide is represented in green dots.

significant difference at day 21 between the two study arms in the Among the 30 adverse events unlikely to be related to the treatment

CD4" T cells, favoring NTZ (p < 0.01, Fig. 3E). drug, 21 occurred in the placebo group (p = 0.04).

A total of 36 adverse events were observed, 14 in the NTZ group Among the adverse events with a possible causal relationship
and 22 with placebo (p = 0.24). Of the six possibly related to the drug, with the drug in the NTZ group, one event was mild, and three were
four occurred in the NTZ group and 2 in the Placebo group (p = 0.99). moderate, and in the placebo group, only mild adverse events were
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detected. Two of the adverse events in the NTZ group were severe
(death). Considering those that were assumed as adverse events, as
traditionally accepted, such as elevation of liver enzymes, renal fail-
ure, digestive manifestations, headache, among others, the higher
incidence in the placebo group could be possibly attributed to the
virus damage on various organs and tissues of the human hosts. A
complete list of adverse events is in Supplementary Tables 1 and 2.

4. Discussion

In the absence of a specific antiviral drug that could interrupt the
replication cycle of SARS-COV-2, we designed a pilot, placebo-con-
trolled trial to investigate the safety and efficacy of NTZ among
patients with moderate COVID-19. First, we demonstrated in our lab-
oratory the existence of an unequivocal antiviral activity against
SARS-COV-2, also demonstrating the absence of cytotoxicity in vitro
by this drug using a common SARS-COV-2 Brazilian strain (Supple-
mentary Figure 1). However, we recognize that it is not yet clear its
effect in other emerging viral variants. We have not examined which
variants were present in the patients included in the pilot study and
the antiviral activity of NTZ against these specific strains. Although
we understand that NTZ is a safe drug, the dosages investigated here
were relatively modest and were based on previous studies that
explored the antiviral effect for influenza viruses using 600 mg BID
[28]. Of note, NTZ has been previously employed at 1000 mg BID
without significant safety concerns [29,31,32,37]. Also, previous dose
estimates have indicated that higher doses will be required to
achieve SARS-COV-2 suppressive concentrations at Concentration
trough levels [38]. It has been reported that 1500 mg BID dose of NTZ
is currently under investigation in phase I safety trials in the United
Kingdom [38]. Although the duration of treatment was short in the
current clinical trial, we recognize that sub-optimally dosed mono-
therapy may enable the virus to replicate under the selective pres-
sure of the drug, with potential risk for the selection of drug-resistant
strains, thus jeopardizing this drug activity, in a time antiviral inter-
ventions for COVID-19 are urgently required. However, we under-
stand that even drugs considered yet safe should be initially tested
without substantial increases in dosages and in patients who do not
have high disease severity in the case of a new disease. As a learning
experience, one study with hydroxychloroquine led to an unaccept-
able increase in mortality when higher doses were used for COVID-
19 in patients with greater severity [39]. Moreover, the estimated
ICs0 and ICgg of NTZ against SARS-CoV-2 are 0.68 ng/mL and 1.84 ug/
mL [37], and NTZ 300 mg twice-daily dose exhibited peak plasma
concentrations of 4.6 pg/mL which is well above its in vitro antiviral
concentration [23,28].

Although pilot clinical trials are usually underpowered to test for
efficacy or effectiveness, some clinical and laboratory endpoints were
evaluated. Even with no statistically significant difference between
treatments in the number of death, it is observed that the expected
difference between the proportions of deaths between treatments
(16%) is considered clinically relevant and a tendency to be consid-
ered in studies with a larger sample size. Similarly, the number of
participants who required invasive mechanical ventilation, although
not statistically significant, was higher in the placebo group
(p=0.08), and again, larger sample sizes may reveal some differences.
Also, the time to withdraw from oxygen supplementation (three ver-
sus eight days) was not statistically significant (p = 0.08) but may
reveal a consistency in the clinical endpoints, added to the mean
time to hospital discharge, that was lower in the NTZ group
(p=0.021).

The study’s primary outcome was the virological response to
treatment with NTZ, and a statistically significant difference was
noted in the number of patients who completed the study with nega-
tive PCR for SARS-COV-2. Similarly, the acute inflammatory process
decreased more significantly in the NTZ arm, as seen by the US-RCP

decrease. It is recognized that US-RCP is related to a worse prognosis
and worse evolution in COVID-19 [40,41]. We can speculate here that
the reduction of this nonspecific marker of inflammation corresponds
to better control of viral infection. Not surprisingly, IL-6 was elevated
among patients, evolving to a higher decay in the NTZ group. IL-6 is
released into the circulation by a variety of different cell types, acting
as a significant pro-inflammatory mediator for the induction of the
acute phase response, leading to a wide range of local and systemic
changes, including fever, leucocytes recruitment, and activation and
hemodynamic effects, is also a marker of higher risk of disease deteri-
oration [42].

Besides, we found a statistically significant decrease in TNF levels
lower on day 21 in the NTZ arm than placebo. TNF is one of the cyto-
kines that most changes in COVID-19 [43,44], and proposals exist to
control the disease’s hyperinflammatory phase using anti-TNF drugs.
It is conceivable that anti-TNF therapy could mitigate inflammation-
driven capillary leak in COVID-19, thus reducing respiratory insuffi-
ciency and mortality [45]. It is also plausible that the significant
decrease in TNF associated with the use of NTZ corresponds to
another advantage in the process of COVID-19 recovery. Further-
more, IL-8 decreased significantly in the NTZ arm compared to the
baseline period to day 21 of the disease, which did not occur in the
study placebo arm. It has been demonstrated that high serum IL-6,
IL-8, and TNF-« levels at the time of hospitalization were strong and
independent predictors of patient survival [44]. Also, IL-8 is a potent
pro-inflammatory cytokine playing a pivotal role in the recruitment
and activation of neutrophils during inflammation, and IL-8 may con-
tribute to the frequent neutrophilia observed in patients with COVID-
19 [46]. We have not measured other IFN that might exhibit a protec-
tive effect, such as IFN-I (IFN-« and IFN-8) [21,22], and this informa-
tion is still lacking vis a vis the treatment we proposed.

We explored whether moderate SARS-CoV-2 infection led to a
Lymphocyte T cell activation as inferred by the levels of CD38 and
HLA-DR....ccooee.... in CD4* and CD8" T cells lymphocytes and if the
study drug was able to mitigate this cell activation. Lymphopenia is
associated with a worse disease course, and the normalization of
lymphocyte count indicated recovery of COVID-19 [47]. Thus, when
analyzing the cell activation parameters, we decided to evaluate MFI
rather than percentages of cells not to overestimate the lymphocyte
T cell activation as disease resolves. Interestingly, we were able to
document that all these markers were high in the baseline in both
groups of patients and gradually decreased over time.

Moreover, the decrease of the CD4" HLA-DR." T cell lymphocytes
on day 21 was significantly higher in the NTZ treated group than the
placebo group; one more piece of evidence related to the drug-asso-
ciated decrease of COVID-19 inflammation among treated patients.
Monocytes, which are a source of IL-6, have not been evaluated in
this trial. It has been described that a significant expansion of CD14+
CD16+ monocytes producing IL-6 was observed among patients with
COVID-19in ICU [48].

One of the study’s main objectives was to evaluate the safety of
NTZ among patients with COVID-19, and interestingly, the incidence
of adverse events was significantly higher among placebo-treated
individuals. Although this difference could be due to chance only, one
could say that the adverse events were COVID-19 related symptoms
that could have been mitigated in the NTZ-treated arm. According to
the study’s small sample size nature, it was not expected superiority
of treatment arm than placebo when clinical endpoints were ana-
lyzed. Nonetheless, the NTZ arm was superior when outcomes such
as disease symptoms, oxygen weaning, and hospital discharge were
evaluated.

It is conceivable that for the effective treatment of a viral infection
such as COVID-19, it is necessary to associate antiviral drugs that act
in various virus replication cycle stages, as usually done for some
other viral infections. Even with a mechanism for correcting the poly-
merization of viral nucleic acid carried out by an exonuclease with
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action 3-5' proofreading activity [49], which would decrease the
genetic diversity of this virus and mitigate the chance of rapid selec-
tion of resistant mutants, it is conceivable that the combination of
more than one drug would be necessary at least to increase the
potency of the antiviral treatment. In this context and as seen for
other viruses, NTZ may have antiviral activity in more than one step
of the SARS-COV-2 replication cycle. In different viruses, this drug
simultaneously inhibits viral RNA and DNA replication and direct
inhibition of viral protein expression [23,25]. Additionally, as a mech-
anism associated with interference in the host’s cellular metabolism,
there is a modulation with interferon increment provided by NTZ,
which per se would be related to an additional antiviral mechanism
[23,24]. We recognize, however, that the mechanism of action
responsible for the putative benefits of NTZ in SARS-CoV-2 infection
needs to be better elucidated if benefits are confirmed in larger clini-
cal trials. Also, virus evasion to NTZ treatment due to viral resistance
needs to be evaluated, especially among high viral loads. As SARS-
COV-2 evolves, higher transmissibility and higher viral loads among
new emerging strains such as the Brazilian P.1 strain from Amazona
have been suggested [50].

We are aware that the results presented here contrast with a
larger randomized placebo-controlled clinical trial for mild COVID-
19, which despite documenting a significant reduction in the viral
load in the NTZ arm, no clinical benefits were detected [51]. This
study used 500 mg of NTZ TID for five days, whereas our study gave
600 mg BID for seven days, and in fact, one can speculate that mild
COVID-19 will not benefit from an antiviral treatment (if any) since
the disease will resolve itself. Among 475 randomized patients with
mild COVID-19, no death was reported, and only two patients were
admitted to ICU, both from the NTZ group [51].

Some caution is required to interpret this trial’s immunological
and inflammatory findings, as it is not possible to disentangle a direct
immunomodulatory role of NTZ from an indirect immunological
impact resulting from its antiviral activity and an associated reduc-
tion in viral replication. Also, we recognize that the double-blind
nature of a placebo-controlled study is compromised in the case of
NTZ, which produces effects visible to the naked eye in some people’s
urine color using this drug. Also, the inclusion of such a small number
of patients could obscure the incidence of less frequent adverse
events, which could be severe in the association of this previously
unused drug in a disease with such prominent inflammatory charac-
teristics. However, this study’s clinical and laboratory outcomes
motivate us to proceed with a phase 3 study for moderate/severe
COVID-19. We recognize as a limitation of the current study the
absence of pharmacokinetic data. Given the lack of current under-
standing of this drug’s most appropriate dose relative to its different
action mechanisms, incorporating a sub-study of intensive pharma-
cokinetic analysis in the phase 3 study will be fundamental.

In conclusion, we were able to observe in that small proof of con-
cept pilot trial an evident decrease in the time for hospital discharge,
faster evolution to SARS-COV-2 RT-PCR negativity, and a higher
reduction of inflammatory markers such as p-Dimer, US-RCP, TNF, IL-
6, IL-8, associated to a higher reduction of lymphocyte T cells activa-
tion markers such as HLA DR. on CD4", CD38 in CD4" and CD8" T, and
CD38 and HLA-DR. on CD4 among patients treated with NTZ as com-
pared to placebo.

Data sharing statement

The study protocol and all data files from the study results and
programs to process the files are deposited in a publicly available
repository on the GitLab system for this clinical trial: https://gitlab.
com/jameshunterbr/ntz-clinical-trial. Data files are in the form of
comma-separated files ("csv"), Excel worksheet files ("xIs" or "xIsx™),
text files ("txt") or binary R language files (suffix: "rds"). Although
these may have suffixes appropriate to the language the program is

written in, programs will be stored in text files. All files deposited in
this repository will be open to review and downloading publicly.
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