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Abstract

Introduction: coronavirus pandemic has led to 1.8
million deaths worldwide as of May 1%, 2021.
Nitazoxanide (NTZ) is currently being studied in
several ambulatory clinical trials to control viral
infections including SARS-CoV-2. This study
evaluates the effect of treatment with NTZ
compared to Hydroxychloroquine (HCQ) in
hospitalized patients. Methods: in this clinical
study performed from May to August 2020, two
groups of COVID-19 patients were compared: A) a
control group treated with HCQ 200 mg PO twice a
day for seven days and B) an experimental group
treated with NTZ 500 mg PO every 6 hours for
seven days. Student's t-test between the two
groups and Relative Risk (RR) with a 95%
confidence interval (Cl), were calculated. In all
cases a P<0.05 was considered statistically
significant. Results: twenty-seven (27) patients
(females 17, males 10) treated with HCQ and 17
patients (females 8, males 9) administered NTZ
were included in the study (mean age 44.6 + 14.4
years old). At the moment of hospital admission,
the following variables were statistically
significant: BMI (P=0.0225) and leucocyte counts
(P=0.069). In the follow-up period, the statistically
significant variables were hospital length of stay
(P=0.003257) and Intensive Care Units (ICU)
admission with a lower RR in the group taking NTZ
vs HCQ of 0.4074 (95% Cl: 0.2451 to 0.5927,
attributable risk (P1 - P2): 0.5926, P<0.0001, NNT:
1.688). Conclusion: in comparison to HCQ, NTZ
significantly reduces the risk to be hospitalized in
the ICU and this approach could be replicated
easily in any hospital.

Introduction

Coronaviruses (CoV) are positive-sense single-
stranded RNA viruses in the Coronaviridae family
(Coronavirinae subfamily) that infect a wide range
of hosts to produce diseases ranging from the
common cold to serious/fatal diseases [1]. Rapid
spread of COVID-19 and the ensuing havoc has led
physicians to try a variety of treatments due to the
paucity of drugs available for this disease [2].
Currently approved drugs include the RDRP
inhibitor, remdesivir, which is cost prohibitive for
most developing countries. In addition, the WHO
SOLIDARITY trial did not reveal a significant effect
of remdesivir when compared to placebo in
moderate to severe disease. The ACTIV trial,
however, showed a small reduction in hospital
length of stay (LOS) without a significant effect on
mortality [3]. The results of the multi-arm
SOLIDARITY trial, in addition to other clinical trials
on hydroxychloroquine (HCQ) (an established
therapy for several rheumatological disorders) for
moderate to severe disease, did not show any
effect on mortality (or mortality due to
arrhythmias) [4,5].

For hospitalized patients with COVID-19
pneumonia who are mechanically ventilated, the
American Thoracic Society/European Respiratory
Society coordinated International Task Force
suggests dexamethasone based on the RECOVERY
trial data, where dexamethasone was shown to
reduce mortality in patients with hypoxia [6].
Nitazoxanide (NTZ), a derivative of 5-nitrothiazole,
initially used against protozoan and helminths, has
also showed antibacterial and antiviral activity [7].
Because of its broad-spectrum antiviral activity [8],
NTZ has been studied in several clinical trials to
control viral infections [7,8,9]. In vitro activity
against SARS-CoV-2 is encouraging [10] with
equally encouraging initial clinical experience [9].
It is clear that more data is needed to determine
its role in the management of COVID-19 in a
real-life clinical setting. The NTZ dosing for anti-
viral effect is higher than that used for anti-
parasitic effect, and in this study we used 500 mg
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every 6 hours with food based on previous
analysis [11-13].

The initial aim of this prospective study was to
determine if there is a difference in Intensive Care
Unit (ICU) utilization rates for patients with COVID-
19 who were treated with HCQ in contrast to NTZ.
The initial hypothesis was that the addition of NTZ
in the first 48 or 72 hours of hospitalization with
COVID-19 would decrease ICU admission by at
least 20% based on different statistics that report
the percentage of patients requiring use of
intensive therapy in a threshold higher than even
30% [14].

Methods

Study design and setting: this was a prospective
and descriptive study performed in the Health
Institute of the State of Mexico (ISEM), Mexico,
from May to August 2020. The State of Mexico has
a population of 16,992,418 inhabitants, of which
the ISEM serves those who do not have any type
of social security, this institution has medical units
in the 125 municipalities that make up the State of
Mexico, of first level, second level and third level
of care. The initial trial was designed to test a
control group of HCQ vs HCQ+NTZ in April
2020 [15]. However, we were unable to complete
recruitment for the trial due to the now retracted
reports that indicated higher mortality for the HCQ
treated group which resulted in an administrative
halt. The small sample of NTZ only treated arm
were protocol “deviations” as they did not receive
HCQ in addition. The primary outcome was
admission to ICU and the secondary outcomes
were death or discharge alive, mechanical
ventilation and LOS.

Study population: COVID-19 real-time polymerase
chain reaction (qPCR) positive patients over 18
years old within the first 72 hours of diagnosis
were included in this study excluding pregnant
women or children, patients with prolonged
corrected QT on admission electrocardiogram,
patients with heart disease of any kind (heart
attack, arrhythmias, hypotension with symptoms),

patients who have contraindications inherent to
each drug. Patients whose clinical follow-up was
lost or who decided not to continue in the study
were not included in the final analysis.

Sample: through a non-randomized method, due
to the technical difficulty of having a person in
charge in the randomization process 24 hours a
day for more than one hospital, two groups were
compared: A) a control group treated with HCQ
200 mg PO twice a day for seven days and B) an
experimental group treated with NTZ (Daxon,
Siegfried Rhein, S.A. de C.V. Mexico) 500 mg PO
every 6 hours for seven days.

Data collection: patients who tested positive for
COVID-19 and admitted to the hospital were
evaluated for inclusion in the trial. Following
signed informed consent, treatment was initiated
and the taking of both drugs was supervised by the
nurse staff in charge of the patients. Concomitant
diseases were treated in accordance with the
National and International Best Clinical Practice
Guidelines. Initial vitals were recorded on arrival
to the emergency unit while on room air (FiO2
21%). Clinical information regarding the patients
who received the medications were retrieved by
the Research Department of the ISEM, from the
respective hospitals by filling out a specific data
sheet designed for this project. The severity score
that was previously used for Influenza H1/N1 in
Mexico was adapted for COVID-19 (Table 1). The
weight (kg) of the participants were evaluated
with a minimum of clothes on a previously
calibrated electronic TANITA scale. Height (m) was
measured with a conventional stadiometer. The
Body Mass Index (BMI) was calculated as the
weight (kg) divided by the height in meters
squared (m?). Blood pressure (mmHg) was
measured with an electronic baumanometer.
Venous blood samples were taken to measure
glucose (mg/dl), uric acid (mg/dl), cholesterol
(mg/dl), triacylglycerides (mg/dl) and hematic
biometry. The laboratory procedures were
standardized according to the International
Federation of Clinical Chemistry and Medicine
Laboratories (IFCC). ICU admission was registered
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for every patient being positive from the moment
he/she crossed the door of that service,
mechanical ventilation was considered as the one
in which the patient was intubated, death was
confirmed with the absence of clinical signs
through electronic monitors. Statistical analysis:
guantitative variables were represented by
measures of central tendency. First, the
Kolmogorov test was performed to determine the
normality of the variables and student's t-test or
the Mann-Whitney U test were used as indicated
through the program Social Science Statistics [16]
or GraphPad Prism 9.0. Relative risk (RR), Number
needed to treat (NNT) calculations for ICU
admission was calculated by Fisher’s exact test
using the Koopman asymptotic score to calculate
the RR with 95% Cl, attributable risk
(Newcombe/Wilson) with GraphPad Prism version
9 for Windows, GraphPad Software, San Diego,
California USA, www.graphpad.com. The COVA
score to estimate the odds of hospitalization, ICU
admission and death was also used [17]. In all
cases, a P<0.05 was considered statistically
significant. LOS was compared by unpaired t-test
and by Log-Rank tests in GraphPad Prism v 9.0.

Ethical considerations: this project was authorized
(code 2020-03-681) by the Research Ethics
Committee of the HMPMPS, with current
registration in the National Bioethics Commission
(CONBIOETICA) and by the Research Committee
with actual registration in the Federal Commission
for Protection Against Health Risks (COFEPRIS).
The research was carried out under the ethical
considerations recognized by the Declaration of
Helsinki (Fortaleza, Brazil, 2013), and according to
the level of intervention considered a study of
greater than minimal risk. In any case, an informed
consent was asked to be signed prior to
enrollment.

Results

General characteristics of the study population:
forty (40) patients started the HCQ arm but 10
were discarded after being prescribed with

different HCQ doses from that stated in the
protocol and three were excluded as they were
moved to a particular Hospital. Thirty (30) patients
started the NTZ arm but 11 had to be excluded
because the drug was suspended for unknown
reasons in a weakened and two had to be treated
with  lower dose after having severe
gastrointestinal effects. Thus, the study analyzed
27 control patients (females 17, males 10) treated
with HCQ and 17 patients (females 9, males 8)
treated with NTZ. All the patients were of low-
socioeconomic status. The recruitment process
was stopped when there was public concern
regarding the HCQ safety in COVID-19 prognosis.
The mean age of the patient population was 44.6 +
14.4 vyears with their general characteristics
depicted in Table 2 and the main symptoms shown
in Table 3. The number of patients with
lymphopenia, defined as a lymphocyte count of
< 1500X103 cells/mm?3 were 24 (88.8%) in the HCQ
group and 10 (62.5%) in the NTZ group. Patients
with thrombocytopenia, defined as a platelet
count lower than 150X10 cells/mm3). Were 2
(7.4%) in the HCQ group and 2 (11.7%) in the NTZ
group. On initial hospital admission, the only
differences on Student’s t-Test were noted in BMI
(P = 0.0225) and in leucocyte counts (P = 0.069),
both being higher in the HCQ group.

ICU admission: sixteen (59.3%) patients of the
control group had to be admitted to the ICU. By
contrast, in the NTZ group none of the patients
needed ICU admission, but there was one (5.6%)
death on day 3 of hospitalization. The RR for ICU
admission in NTZ compared with the HCQ as
control group was of 0.4074 (95% Cl: 0.2451 to
0.5927, attributable risk (P1 - P2): 0.5926,
P<0.0001, NNT: 1.688). The COVA score for the
NTZ group was 58.56, with an estimated
probability (P) for hospitalization of 40.98, ICU
admission/mechanical ventilation of 18.38 and
Death of 3.34. The estimated P for the NTZ group
as a whole for ICU admission was 18% vs 0 (Actual)
and the estimated P (death) was 3.4% vs actual 5%
(1 death) in the NTZ group. Finally, the difference
in the LOS is shown in Figure 1. Due to the low
number of patients per group it was not possible
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to perform stratified analyzes to adjust for the
possible role of confounding variables.

Mechanical ventilation: invasive mechanical
ventilation was begun in 4 (14.81%) patients from
the HCQ group with a mean duration of 8.8 + 7.5
days (range 4-20) and there were 5 deaths. By
contrast, in the NTZ group no patient needed
mechanical ventilation although one patient died
on day 3 of admission. The RR for composite
outcome of mechanical ventilation and death
using HCQ vs NTZ was of 1.22 (95% Cl: 0.9203 to
1.564, attributable risk (P1 - P2): 0.1697, P =
0.2414, NNT: 5.8) but was not statistically
significant.

Pharmacological use: antibiotic use in the HCQ
group was as follows: levofloxacin: 11 (40.74%),
ceftriaxone: 9 (33.33%), cefotaxime: 5 (18.51%),
meropenem: 3 (11.11%) and clarithromycin: 1
(3.7%). In the NTZ group, antibiotics used were
azithromycin: 10 (55.55%), ceftriaxone: 9 (50%),
levofloxacin: 5 (17.24%) and clarithromycin: 5
(17.24%). Steroid use in the HCQ group was as
follows:  methylprednisolone: 4  (14.81%),
prednisone: 1 (3.7%) and hydrocortisone: 1 (3.7%).
Among the 5 patients that died, only 2 patients
had received steroids (methylprednisolone and
hydrocortisone each). In the NTZ group, 5
(27.77%) patients received dexamethasone.
Among other drugs, enoxaparin was prescribed in
19 (70.37%) patients in the HCQ group and in 9
(50%) patients in the NTZ group.

Length of stay (LOS): on follow-up, LOS was
significantly reduced in the NTZ group with control
(HCQ) mean of 11.59, NTZ mean of 5.588 and a
mean reduction of -6.004 + 2.097 compared with
control, P-value of 0.0065 by two-tailed t-Test.
Given the small sample size and that none of the
patients in the NTZ group needed ICU admission, a
subgroup analysis of LOS was also compared
between control non-ICU and NTZ (non-ICU)
group. Mean LOS between the two non-ICU
sub-groups was still statistically significant with 8.6
for control (non-ICU) vs 5.6 for NTZ, difference of

-3.048 *+ 1.481 with a P-value of 0.0497, in the
two-tailed t-test.

Discussion

The initial clinical trial was designed as a
comparison of HCQ (which was used extensively
off-label when the study was first designed) vs
dual therapy of HCQ and NTZ. However, due to the
now retracted papers that reported higher
mortality in HCQ group, the study was stopped
prematurely. Serendipitously, several patients who
were still treated with NTZ alone (which were
protocol deviations of the original study) still
showed a significant clinical effect which was
further analyzed in this manuscript. NTZ treatment
in hospitalized patients show a significant clinical
improvement in this cohort with reduced LOS,
reduced ICU admission and ventilatory
requirements.

Factoring in other drugs prescribed in our patients,
regarding to the administration of antibiotics, its
prescription was not standardized rather was
based on the known antimicrobial susceptibility of
each participating service, in this case,
azithromycin use was higher in the NTZ group
which however has not shown any significant
clinical effect in COVID-19 patients [18]. On the
other hand, multiple studies including that by
Albani et al. show that treatment with enoxaparin
during hospital stay is associated with a lower
death rate [19] and while results from larger
randomized clinical trials are still pending, the
patients in the HCQ group in this study received
anticoagulation treatment at a higher percentage
than the NTZ group.

It is striking that, since the beginning of the
pandemic, NTZ was proposed as a valuable
alternative against SARS-CoV-2 [20], a notion that
has been reinforced based on its in vitro
results [21], minimum achievable inhibitory
concentration with little or no toxicity, decades of
use worldwide and the low cost [22]. A previous
randomized, double-blind pilot clinical trial
comparing NTZ 600 mg BID versus Placebo for
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seven days among 50 individuals (25 each arm)
with SARS-COV-2 RT-PCR+ (PCR) that were
hospitalized with mild respiratory insufficiency
reported two deaths in the NTZ arm and six 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) [23]. Another analysis
concluded that early COVID-19 therapy with
azithromycin plus NTZ, ivermectin or HCQ in
outpatient settings significantly improved COVID-
19 outcomes compared to known outcomes in
untreated patients [24]. Based on our data, NTZ
can be envisioned as a promising alternative that
urgently needs to be tested in a larger study with a
recommended dose of 500 mg in tablets every 6
hours given with food.

Importantly, a recent study in a multicenter,
randomized, double-blind, placebo-controlled trial
with adult patients who presented up to 3 days
after the onset of Covid-19 symptoms and
confirmation of SARS-CoV2 infection by gPCR
comparing either NTZ (500 mg suspension) or
placebo, three times a day (TID), for 5 days found
that early NTZ therapy was safe and reduced viral
load significantly [25]. Recent finding, from a
double-blind randomized multicenter study in 36
centers in the U.S. and Puerto Rico showed that
NTZ treatment provided an 85% reduction in the
progression to severe COVID-19 vs placebo [26].
Following this line of analysis, another study
confirms a possible reduction in the intensity of
COVID-19 outbreaks in health staff when NTZ is
prescribed early in the clinical course of the viral
infection [27].

Our study adds to the knowledge that NTZ could
improve clinical outcomes in hospitalized patients
with COVID-19. Given the dramatic reduction in
disease severity in the hospitalized population
with the dosing regimen of 500 mg tablets given
every 6 hours with food, this needs to be tested in
a larger randomized clinical trial in hospitalized
and high-risk outpatients.

Conclusion

There are several important limitations to this
study, the sample size was small, open label and
not randomized. Given the small sample size,
there were a few statistically significant
differences in the population as noted below and
only outcomes with the most dramatic differences
met statistical significance. Despite the limitations
noted above, the reduced LOS, reduced ICU
admission and possibly mortality in the NTZ group
point to therapeutic efficacy. Additional analysis of
the NTZ group show that despite the baseline
higher risk for ICU admission (18%) based on risk
score (COVA), none of the treated patients ended
up requiring ICU admission. Furthermore, the
subgroup analysis of non-ICU admitted patients,
between control and NTZ, still showed a significant
overall LOS reduction. Survival analysis did not
show a statistically significant difference between
the groups for death, likely due to the small
sample size. The generalizability of the results can
be compromised for this same last condition.

What is known about this topic

e Without consensus specific treatment,
COVID-19 patient care remains
heterogeneous;

e Nitazoxanide has proven useful against
SARS-CoV-2, being a drug with a broad
safety profile and low cost.

What this study adds

e This study demonstrates the possible
usefulness of nitazoxanide in reducing the
risk of entering intensive care units in cases
of COVID-19;

e Nitazoxanide can be tested against other
alternatives in any hospital with few
patients as in this study using simple
statistical tests helping the medical staff to
fine-tune the best scheme.
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Table 1: COVI

D-19 severity scale

Symptoms

Points

Fever (38°C or more) 5

Dry cough

Headache

[$3]

Dyspnea

N
o

Joint pain

Muscle pain

Sore throat

Runny nose

Conjunctivitis

Chest pain

Diarrhea

Anosmia

Ageusia

[Igy Ry Ry [y gy gy | gy [y

Table 2: general characteristics of the two groups

Variable HydroxychloroquineNitazoxanide [P

(N=27) Mean £ SD |(N=17)

Mean + SD

Age (years) [45.7+12.4 42.7£17.4 |0.503
Severity scale Median: 30 IR: 25- [27.8+12 0.459
(points) 31
Hospital stay [11.6+8.2 5.6+ 3.5 0.006
(days)
BMI (kg/m2) 32.9+7.4 27.816.3 0.022
MAP (mmHg) [92.7 + 13 88.2+9.4 0.112
Heart rate 96.1+16.9 93.3+18.6 [0.607
(bpm)
Respiratory [25.8+5.6 24.3+4.8 0.138
rate (fpm)
Temperature 37.4+1.2 37.2+0.9 0.184
(oC)
Hemoglobin 14.9+2.1 15.7+2.3 0.135
(g/dL)
Hematocrit (%)44.3 £ 6.2 46.5 + 6.8 0.143
Leucocytes 10340.4 £5570.7 |[7415.6 % 0.069
(cells/mm3) 3675.9
Lymphocytes |Median: 605 IR: 1288 + 824.2 (0.082
(cells/mm3) 400-900.8
Platelets 232333.3 +60112.7 2414375+ [0.677
(cells/mm3) 81429.7

BMI: Body Mass Index, IR: Interquartile Range, MAP: Mean
Arterial Pressure, SD: Standard Deviation
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Table 3: main symptomatology

Variable HydroxychloroquineNitazoxanide
(N=27) (N=17)

Dyspnea (%) 77.8 66.7

Fever (%) 44.4 72.2

Headache (%) 48.1 66.7

Cough (%) 81.5 66.7

Sore through (%) (37 38.9

Joint pain (%) 0 50

Muscle pain (%) [40.7 66.7

Thoracic pain (%) [0 33.3

Nasal discharge |0 5.6

(%)

Conjunctivitis (%) |0 11.1

Disgeusia/Ageusia |0 22.2

(%)

Hiposmia/anosmial0 27.8

(%)

Diarrhea (%) 11.1 5.6

% Discharged

-e- control

- niz

Length of stay

10 20

Days

|
30

1
40

Figure 1: length of stay survival curve (Log rank (Matel-Cox), P = 0.001); violin plot
of length of stay (unpaired t-test, P = 0.0065)
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