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Abstract

Purpose Nitazoxanide is a broad-spectrum antiparasitic that has been tested for COVID-19 due to its anti-inflammatory
effects and in vitro antiviral activity. This study synthesized the best evidence on the efficacy and safety of nitazoxanide in
COVID-19.

Methods Searches for studies were performed in peer-reviewed and grey-literature from January 1, 2020 to May 23, 2022.
The following elements were used to define eligibility criteria: (1) Population: individuals with COVID-19; (2) Intervention:
nitazoxanide; (3) Comparison: placebo; (4) Outcomes: primary outcome was death, and secondary outcomes were viral load,
positive RT-PCR status, serum biomarkers of inflammation, composite measure of disease progression (ICU admission or
invasive mechanical ventilation), and any adverse events; (5) Study type: blinded, placebo-controlled, randomized clinical
trials (RCTs). Treatment effects were reported as relative risk (RR) for dichotomous variables and standardized mean dif-
ference (SMD) for continuous variables with 95% confidence intervals (CI).

Results Five blinded, placebo-controlled RCTs were included and enrolled individuals with mild or moderate SARS-
CoV-2 infection. We found no difference between nitazoxanide and placebo in reducing viral load (SMD= —0.16; 95%
CI-0.38 to 0.05) and the frequency of positive RTP-PCR results (RR =0.92; 95% CI 0.81 to 1.06). In addition, there was no
decreased risk for disease progression (RR=0.63; 95% CI 0.38 to 1.04) and death (RR=0.81; 95% CI 0.36 to 1.78) among
patients receiving nitazoxanide. Patients with COVID-19 treated with nitazoxanide had decreased levels of white blood
cells (SMD = —0.15; 95% — 0.29 to — 0.02), lactate dehydrogenase (LDH) (SMD —0.32; 95% — 0.52 to — 0.13), and D-dimer
(SMD —0.49; 95% CI —0.68 to—0.31) compared to placebo, but the magnitude of effect was considered small to moderate.
Conclusion This systematic review showed no evidence of clinical benefits of the use of nitazoxanide to treat patients with
mild or moderate COVID-19. In addition, we found a reduction in WBC, LDH, and D-dimer levels among nitazoxanide-
treated patients, but the effect size was considered small to moderate.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a novel single-stranded RNA virus associated
with an acute pulmonary disease known as COVID-19 [1].
The binding between SARS-CoV-2 spike (S) protein and
human receptor cells may lead to a dysregulated immune
response with increased release of pro-inflammatory
cytokines implicated in multi-organ damage and risk of
death [2]. Given the lack of effective and safe antiviral
agents against SARS-CoV-2, drug repurposing has played
a critical role in the identification of rapidly available ther-
apeutic solutions in treating patients with COVID-19 [3].

The tenth version of the World Health Organization
(WHO) living guideline, published on July 14, 2022, con-
tains 19 recommendations for the use of therapeutics in
the treatment of COVID-19 [4], including strong recom-
mendations to use nirmatrelvir plus ritonavir in patients
with non-severe illness at the highest risk of hospitaliza-
tion, and systemic corticosteroids and interleukin-6 (IL-6)
blocking agents in patients with severe or critical disease.
Baricitinib has been indicated as an alternative to IL-6
receptor blockers, in combination with corticosteroids, in
patients with severe or critical COVID-19. There is evi-
dence that nirmatrelvir plus ritonavir is associated with
a reduced risk of progression to severe disease in non-
hospitalized patients with COVID-19 [5]. In addition, it
has been shown that there is a decreased risk of mortality
among hospitalized patients with COVID-19 treated with
systemic corticosteroids [6] and tocilizumab [7].

Other promising drugs, including antiparasitic agents,
have also been tested in controlled clinical settings, but
no benefits were found in preventing or treating patients
with SARS-CoV-2 infection [8§—10]. After a comprehen-
sive review by Sanders and colleagues [11] in April 2020
and a letter to the editor published by our research group
in July 2020 [12] calling attention to the potential antiviral
effects of nitazoxanide and the need for high-quality trial
evidence of this thiazolide antiparasitic drug in the treat-
ment of SARS-CoV-2 infection, 28 interventional studies
were registered on ClinicalTrials.gov, of which eight were
completed or published by August 2022.

The best available evidence to assess treatment effects can
be obtained through the identification, critical appraisal, and
summary of results from blinded, placebo-controlled, rand-
omized clinical trials (RCTs), considered the gold standard
in clinical research. The aim of this systematic review and
meta-analysis was to summarize the available evidence on
the efficacy and safety of nitazoxanide as a treatment option
in COVID-19 patients.
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Methods

This study followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guideline [13].

Search strategy

Searches for studies were performed in PubMed, Web of Sci-
ence, Scopus, Embase, Google Scholar (first 100 hits), the web-
site ClinicalTrials.gov, and the preprint server medRxiv from
January 1, 2020 to May 23, 2022, without language restriction.
On ClinicalTrials.gov, only completed studies with results were
analyzed. The reference lists of all eligible studies and reviews
were evaluated to identify additional studies for inclusion.

We used the following structured search strategy for each
electronic database and other sources: (nitazoxanide) AND
(COVID-19 OR “2019-nCoV Infection” OR “Coronavirus
Disease-19” OR “2019-nCoV Disease” OR SARS-CoV-2).
To expand the number of eligible studies, specific filters for
RCTs were not used.

Study selection and eligibility criteria

Two reviewers (P.R.M.-F. and E.M.N.-J.) independently
screened the search results and identified studies that were
potentially relevant based on their title and abstract. Relevant
studies were read in full and selected according to eligibil-
ity criteria. Disagreements between the two reviewers were
resolved by consensus.

The following elements were used to define eligibility
criteria: (1) Population: individuals with COVID-19; (2)
Intervention: nitazoxanide; (3) Comparison: placebo; (4)
Outcomes: primary outcome was death, and secondary
outcomes were viral load, positive RT-PCR status, serum
biomarkers of inflammation (white blood cells [WBC], neu-
trophils, lymphocytes, C-reactive protein [CRP], D-dimer,
lactate dehydrogenase [LDH], IL-6, IL-8, TNF-a), com-
posite measure of disease progression (ICU admission or
invasive mechanical ventilation), and any adverse events;
(5) Study type: blinded, placebo-controlled, RCTs. Eligible
studies must report at least one of the outcomes of inter-
est. Potential overlapping populations, open-label trials,
and observational studies were excluded. Trials testing drug
associations were also excluded.

Data extraction
Two authors (P.R.M.-F. and E.M.N.-J.) extracted the data

from included studies and crosschecked them for accu-
racy. Using a standardized data extraction worksheet, the
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following information were extracted from the studies: the
registry of the study protocol; demographic characteristics
of study participants; pre-existing medical conditions; treat-
ment arms; nitazoxanide protocol; concomitant medications;
follow-up duration; and outcome data.

Risk of bias assessment

The study-level assessment of risk of bias was judged
according to the Cochrane guidelines for RCTs [14]. The
following domains were evaluated: sequence generation and
allocation concealment (selection bias), blinding of partici-
pants and personnel (performance bias), blinding of out-
come assessment (detection bias), incomplete outcome data
(attrition bias), selective outcome reporting (reporting bias),
sample size calculation, power analysis, and early stopping
for futility (operational bias), outcome measurements (infor-
mation bias), and the authors' financial or non-financial con-
flicts of interest that could appear to affect the judgment of
the research team when designing, conducting, or reporting
a study. Studies that used real-time reverse transcription-
polymerase chain reaction (RT-PCR) to detect SARS-CoV-2
or provided a diagnosis based on COVID-19-related symp-
toms and epidemiological data if testing was limited were
considered to have a low risk of bias.

The overall risk of bias for an outcome across studies was
judged as (1) low risk of bias, if most information is from
studies at low risk of bias; (2) unclear risk of bias, if most
information is from studies at unclear risk of bias; and (3)
high risk of bias, if the proportion of information from stud-
ies at high risk of bias is sufficient to affect the interpretation
of results [15].

Data synthesis

Treatment effects were reported as relative risk (RR) for
dichotomous variables (positive RT-PCR status, compos-
ite measure of disease progression, death, and any adverse
events) and standardized mean difference (SMD) for con-
tinuous variables (viral load and serum biomarkers of
inflammation) with 95% confidence intervals (CI). To cal-
culate the RR, the number of events and individuals in each
treatment group were extracted. To calculate SMD, means
and standard deviations (SD) were obtained for each study
group. If the means and SD were not directly reported in the
publication, indirect methods of extracting estimates were
used [16]. For viral load, we analyzed the results based on
changes from baseline. A negative effect size indicated that
nitazoxanide decreased viral load and levels of inflammatory
biomarkers in patients with COVID-19.

Depending on the presence of heterogeneity, we used a
fixed- or random-effects model to pool the results of individ-
ual studies. Statistical heterogeneity was quantified by the

% index using the following interpretation: 0%, no between-
study heterogeneity; < 50%, low heterogeneity; 50-75%,
moderate heterogeneity; > 75%, high heterogeneity [17]. In
the case of heterogeneity, we used the random-effects model,
otherwise, the fixed-effects model was used.

Although funnel plots may be useful tools in investigat-
ing small study effects in meta-analyses, they have limited
power to detect such effects when there are few studies [18].
Therefore, because we had only a small number of included
studies, we did not perform a funnel plot analysis. Forest
plots were used to present the effect sizes and the 95% ClI,
and a 2-tailed p <0.05 was used to determine significance.
Analyses were conducted using Review Manager, version
5.3 (Cochrane IMS).

Grading the strength of evidence

We graded the strength of evidence for the association
between the use of nitazoxanide and the outcomes of inter-
est as high, moderate, low, or very-low using the Grading of
Recommendations Assessment, Development, and Evalu-
ation (GRADE) rating system [19, 20]. In the GRADE
system, RCTs begin as high-quality evidence but may be
downrated according to the risk of bias assessment, incon-
sistency, indirectness, imprecision in the results, and pub-
lication bias [21]. Certainty is uprated for estimates with
a large (RR>2.0 or RR<0.5; SMD > 0.8) magnitude of
effect, in the case of plausible residual opposing confound-
ing or for dose-response gradients.

Although the funnel plot asymmetry was not evaluated,
we reduced the potential for publication bias by planning
a comprehensive search including grey-literature without
restrictions. For this criterion, we analyzed discrepancies
in findings between studies and the influence of small tri-
als (< 100 patients per arm) on estimated treatment effects.
The influence of small trials on the pooled estimates was
analyzed using a “leave-one-out” sensitivity approach [22].

Results
Study selection

The search strategy yielded 1031 potentially relevant records.
After screening of titles and abstracts and evaluation of com-
pleted trials retrieved from ClinicalTrials.gov, eight full-
text articles were assessed for eligibility, and five [23-27]
blinded, placebo-controlled RCTs were included in the meta-
analysis. A flow diagram of the study selection process and
specific reasons for exclusion are detailed in the supplement
(eFig. 1; supplementary information).
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Study characteristics and risk of bias assessment

The studies were conducted in the USA, Puerto Rico, Brazil,
and Argentina and included individuals with mild to moder-
ate COVID-19 [24-27] or requiring supplemental oxygen
therapy [23]. All trial protocols were registered on Clini-
calTrials.gov, had a parallel design, and were classified as
Phase 2 or Phase 3. Population characteristics, the dosage
of nitazoxanide, and outcomes of interest are detailed in
Table 1. Outcomes assessment was performed within the
first month of follow-up. Although most trials evaluating
nitazoxanide as treatment for patients with COVID-19 had
a low risk of bias in most domains, the study by Silva et al.
[26] was classified as having a high risk of bias for detection,
attrition, reporting, and operational bias. A small sample
bias was also found in the study by Blum et al. [27] (eFig. 2;
supplementary information).

SARS-CoV-2 viral load and RT-PCR status

Most studies evaluated viral load and RT-PCR results dur-
ing the first 10 days after treatment. Viral load in naso-
pharyngeal swabs was reduced over time with no difference
between treatment groups (SMD = —0.16; 95% CI -0.38 to
0.05; p=0.14; P= 67%;) (Fig. 1). In addition, nitazoxanide
did not decrease the frequency of positive RTP-PCR results
compared to placebo (RR=0.92; 95% CI 0.81 to 1.06;
p=0.25; P =42%) (Fig. 2).

Serum biomarkers of inflammation

Patients with COVID-19 treated with nitazoxanide had
decreased levels of WBC (SMD —0.15;95% —0.29 to—0.02;
p=0.03; ?=0%), LDH (SMD —0.32; 95% —0.52 to—0.13;
p<0.01; I>=not applicable), and D-dimer (SMD — 0.49;
95% CI1—-0.68 to—0.31; p<0.01; I*=0%) compared to pla-
cebo, but the magnitude of effect was considered small to
moderate. No differences were found for the other inflam-
matory biomarkers (Table 2).

Clinical outcomes

There was no reduction in the risk of ICU admission or inva-
sive mechanical ventilation (RR =0.63; 95% CI1 0.38 to 1.04;
p=0.07, P= 0%) or death (RR=0.81; 95% CI 0.36 to 1.78;
p=0.59; ’=0%) among patients with COVID-19 receiv-
ing nitazoxanide. We also found no differences between
groups regarding the frequency of individuals with any
adverse events (RR=0.93; 95% CI 0.80 to 1.09; p=0.40;
I?=0%) (Fig. 2). Of the 211 adverse events reported among
patients using nitazoxanide, 98.6% were mild to moderate.

@ Springer

Gastrointestinal symptoms were the most common adverse
events in most studies [23-26]. The results of the meta-
analyses were not influenced by studies with small samples.

Strength of evidence

The quality of evidence was graded as high for RT-PCR
status; moderate for viral load, the composite measure of
disease progression, death, and adverse events; and very-low
to moderate for inflammatory biomarkers (eTable 1; sup-
plementary information).

Discussion

Several drug repurposing strategies have been evaluated
for the prevention and treatment of COVID-19. However,
meta-analyses of clinical trials have shown that some of
these promising drugs, including hydroxychloroquine [8],
ivermectin [9, 28], colchicine [29], and statins [30] have no
clinical benefits against the disease. This systematic review
and meta-analysis synthesized the evidence on the efficacy
and safety of nitazoxanide as a potential treatment of patients
with COVID-19 based on the results of blinded, placebo-
controlled, RCTs. Our findings confirm the inefficacy of
nitazoxanide against COVID-19 in the current state of the
art as established by best practices.

Nitazoxanide is a broad-spectrum antiparasitic and anti-
viral drug, originally approved for the treatment of parasite-
mediated infectious diarrhea and enteritis, that has been
tested for COVID-19 due to the anti-inflammatory effects
[31], and in vitro anti-viral activity and promising clinical
benefits against influenza and other viruses [32-34]. Moreo-
ver, there is in vitro evidence that nitazoxanide may induce
a significant down-regulation of IL-6/JAK2/STAT3 [35]
and may increase elF2a and PKR phosphorylation, critical
mediators involved in IFN-induced antiviral responses [36].

Individual studies [27] have suggested that nitazoxanide
reduces the SARS-CoV-2 viral load in Vero E6 cells by 75%
at a minimal dose of 0.1 pM with no cytotoxic effects. High
SARS-CoV-2 viral loads were found to be associated with
lymphopenia, increased markers of inflammation, and poor
clinical outcomes in hospitalized patients with COVID-19 [37,
38]. Therefore, the use of nitazoxanide might accelerate viral
clearance, improve clinical symptoms, and decrease the risk
of hospitalization and death for patients with SARS-CoV-2
infection. Despite promising theoretical and experimental find-
ings, this systematic review showed no evidence of clinical
benefits of the use of nitazoxanide to treat patients with mild
or moderate COVID-19. In addition, we found a reduction in
WBC, LDH, and D-dimer levels among nitazoxanide-treated
patients, but the effect size was considered small to moderate.
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Study Nitazoxanide Placebo SMD (95% ClI) Strength of evidence
Rocco 2021 41+32 3217 @ -0.35 (-0.55 to -0.15)

Rocco 2022 -3.7+24 -34+27 @ -0.12 (-0.31 t0 0.08)

Rossignol 2022 -25+1.6 -26+1.6 - 0.06 (-0.14 to 0.27)

Silva 2021 -23+x14 16+14 —@—— -0.49 (-1.18 to 0.20)

Summary & -0.16 (-0.38 to 0.05) PPPO
'

Fig. 1 Forest plot showing the effect of nitazoxanide on viral load in patients with COVID-19

Because of its low cost, wide availability, and safety, nita-
zoxanide has been recommended for patients with COVID-
19 in low- and middle-income countries. Individual results
have shown that nitazoxanide can reduce the viral load dur-
ing the first week of treatment [25, 26], the levels of some
inflammatory mediators including CRP and D-dimer [23,
271, the time for hospital discharge [23, 27], and the time

to sustained clinical response [24] in patients with mild to
moderate COVID-19. However, the magnitude of the inter-
vention effect of nitazoxanide in these studies seems to be
limited, and the results need to be interpreted with caution.
Furthermore, despite the potential reduction in viral load and
inflammatory status, the clinical impact on critical outcomes
such as ICU admission, need for mechanical ventilation, and

Clinical outcomes Nitazoxanide Placebo

RR (95% ClI, p-value, 12) Strength of evidence

Positive RT-PCR result 342/619 (55.3%) 376/615(61.1%)

ICU/IMV 221227 (9.7%)

Death 10/628 (1.6%)  12/634 (1.9%)

Adverse events 211/916 (23.0%) 224 /902 (24.8%)

35 /228 (15.4%) ‘

2

F

4

0.92 (0.81t0 1.06, p = 0.25, 12 = 42%)

SDDD

0.63 (0.38 to 1.04, p = 0.07, 12 = 0%)

SPDO

SDDO

0.81 (0.36 t0 1.78, p = 0.59, 12 = 0%)

DBDO

0.93 (0.80 to 1.09, p = 0.40, I2 = 0%)

Fig.2 Forest plot showing the effects of nitazoxanide on RT-PCR status and clinical outcomes in patients with COVID-19
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Table 2 Results of meta-

- ; Laboratory findings SMD 95% CI P p-value Magnitude of effect

analysis analyzing the levels

of inflammatory biomarkers in WBC -0.15 ~0.29 to—0.02 0% 003  Small

patients with COVID-19 treated .\ g 007  -0211007 0% 032 Noeffect

with nitazoxanide compared to

placebo Lymphocytes -0.07 —0.21 to 0.06 0% 0.29 No effect
LDH -0.32 -0.52t0-0.13 NA <0.01 Small to moderate
IL-6 -0.48 —-1.51t00.55 89% 0.36 No effect
IL-8 -0.25 —0.92 t0 0.42 77% 0.47 No effect
TNF-a —-0.30 —-0.91100.31 NA 0.33 No effect
CRP -0.36 —1.00 to 0.27 94% 0.26 No effect
D-dimer —-0.49 —0.68 to—0.31 0% <0.01 Small to moderate

WBC white blood cells, LDH lactate dehydrogenase, CRP C-reactive protein, SMD standardized mean dif-

ference, NA not applicable

death was insignificant. Since the quality of evidence for
these outcomes was considered moderate, trials of high qual-
ity need to be designed to confirm our findings.

Despite the ineffectiveness of nitazoxanide in the treat-
ment of COVID-19, the results of this meta-analysis showed
a safety profile comparable to that of placebo. Approxi-
mately 23% of patients who received nitazoxanide expe-
rienced adverse effects, with the vast majority (98.6%)
classified as mild or moderate. However, the proportion of
individuals with at least one adverse effect was higher than
that observed by Gamifio-Arroyo et al. [39], who evaluated
the efficacy and safety of nitazoxanide in severe influenza-
like illness in a population in which more than 50% of
patients were children and teenagers. In addition, nitazoxa-
nide is absorbed from the intestinal tract [33] and transient
adverse effects such as diarrhea, abdominal pain, and nau-
sea/vomiting have been reported to be the most common
in patients treated with this antiprotozoal agent [40-42], as
shown in the present study.

To date, there is still no optimal approach to the manage-
ment of COVID-19. Symptomatic cases require supportive
care with a medical evaluation, risk factor stratification for
unfavorable clinical outcomes, and clinical monitoring of
symptoms. In outpatients, symptomatic treatment includes
analgesics and antipyretics. In the hospital setting, patients
may need supplemental oxygen and adequate management of
pulmonary ventilation. Moreover, the use of dexamethasone
[43] and IL-6 antagonists [7, 44] has been associated with
a decreased risk of death in patients with the most severe
forms of the disease. Recently, open-label RCTs showed that
prophylactic or therapeutic anticoagulation did not result in
clinical improvement for hospitalized patients with COVID-
19, except in the context of diagnosing a thromboembolic
event [45, 46].

Our study has some major limitations, including trials
with a high-risk of operational bias and slight differences
at the time of outcomes assessment between studies, which
may have led to some degree of clinical heterogeneity.

Finally, the results of this study cannot be generalized to
severe or critical COVID-19. Despite these limitations,
available evidence based on the results of blinded, placebo-
controlled, RCTs showed no clinical benefits of nitazoxanide
in COVID-19.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00228-022-03380-5.
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