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Abstract

This trial compared the rate and time of viral clearance in subjects receiving

a combination of nitazoxanide, ribavirin, and ivermectin plus Zinc versus those

receiving supportive treatment. This non‐randomized controlled trial included

62 patients on the triple combination treatment versus 51 age‐ and sex‐matched

patients on routine supportive treatment. all of them confirmed cases by positive

reverse‐transcription polymerase chain reaction of a nasopharyngeal swab. Trial

results showed that the clearance rates were 0% and 58.1% on the 7th day and

13.7% and 73.1% on the 15th day in the supportive treatment and combined

antiviral groups, respectively. The cumulative clearance rates on the 15th day are

13.7% and 88.7% in the supportive treatment and combined antiviral groups,

respectively. This trial concluded by stating that the combined use of nitazoxanide,

ribavirin, and ivermectin plus zinc supplement effectively cleared the SARS‐COV2

from the nasopharynx in a shorter time than symptomatic therapy.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) pandemic caused by

the novel Severe acute respiratory syndrome coronavirus

2 (SARS‐CoV‐2) started in Wuhan, China, in December 2019, and

spread worldwide 1 The mortality rate of COVID‐19 is one of the

most important ways of measuring the disease's burden. Johns

Hopkins resource data reveals the deaths per 100.000 population

ranged from 10.1% to 3.5% in different localities, as updated on

20 October 2020.2

The urgent need for a safe and effective treatment has en-

couraged researchers to initiate clinical trials evaluating the efficacy

of many drugs targeting viral proteins, viral entry pathway or the

immune regulatory pathways.3 the following mentioned drugs were

approved as safe and effective in other indications, now we redirect

its use in combinations toward COVID‐19.
Nitazoxanide is an oral antiparasitic drug having activity against

many protozoa and helminths. Recent studies suggested a potential

antiviral activity for nitazoxanide and immune‐modulatory effect

suppressing the proinflammatory cytokines including interleukin‐
6 and tumor necrosis factor‐α.4–7 In vitro studies suggested that

nitazoxanide has activity against SARS‐COV‐2 replication but there

is no clear evidence about its usefulness in the clinical setting.2,8

Ribavirin is a guanosine analogue having a broad‐spectrum
antiviral effect against RNA and DNA viruses. The mechanism of

ribavirin action is not completely clear, but possible mechanisms

include inhibition of mRNA capping and induction of mutations

during viral replication. These mechanisms can limit viral replication

and reduce the viral load.9,10 Indirect antiviral activity of ribavirin

mediated via immune regulatory pathways was also noted by many

authors.11–14

Previous clinical experience with ribavirin in the treatment of

SARS‐COV and Middle‐East respiratory syndrome coronavirus has

proved its efficacy against coronaviruses and encouraged re-

searchers to evaluate ribavirin as a potentially effective antiviral in

treatment of SARS‐COV‐2 infection.15–22 The Chinese governmental

treatment plan recommended Ribavirin for SARS‐COV‐2 pneumonia

and then many clinical trials started evaluating the drug in SARS‐
COV‐2 infection.23,24

Ivermectin is a broad‐spectrum antiparasitic drug belonging to

the Ivermectin family having proved antiparasitic, antibacterial, and

antiviral activity25,26 Ivermectin has a broad range of antiviral ac-

tivity against many RNA and DNA viruses in vitro. The in vivo anti-

viral potential of the drug was proved only against two RNA viruses,

the West Nile virus, the Newcastle disease virus, and two DNA

viruses the pseudorabies virus and parvoviruses.27–30 A recent study

reported an in vitro inhibition of SARS‐COV‐2 replication by Iver-

mectin, and so the drug is now a potential candidate for SARS‐COV‐2
treatment.31

Zinc ions (Zn) play a pivotal role in the development and ma-

turation of both the innate and acquired antiviral immune response

and its deficiency is associated with immune dysregulation.32

Zinc ions may also directly inhibit SARS‐CoV‐2 replication. Many

authors hypothesized that zinc supplementation may have a poten-

tially beneficial effect for treatment of SARS‐CoV‐2 infection.33,34

2 | STUDY RATIONALE

This is the first non‐randomized controlled trial on the triple com-

bination of Ivermectin, nitazoxanide, and ribavirin compared to

routine supportive treatment in the treatment of patients with

COVID‐19. We hypothesized that treatment with a combination of

multiple antiviral drugs with therapeutic minimum doses may be

more effective than single‐drug treatments as this treatment regi-

men is safe with minor and self‐limiting gastrointestinal adverse

events of diarrhea and vomiting.

This trial aims to compare the rate and time of viral clearance in

subjects receiving the combination of nitazoxanide, ribavirin, and

ivermectin plus zinc versus those receiving supportive treatment.

3 | PATIENTS AND METHODS

3.1 | Study locality and duration

This study was carried out at the outpatients’ clinic of COVID‐19 at

Mansoura University Hospital from May 15, 2020 to October 15,

2020. The COVID‐19 clinic was founded for triage and treatment of

affiliated staff of Mansoura University and their families (both aca-

demic staff and administrative employees).

3.2 | Study design

Non‐randomized phase I clinical trial.

3.3 | Target population

Adult patients with suspected COVID‐19 as manifested by signs and

symptoms who had become confirmed cases by positive reverse‐
transcription polymerase chain reaction (RT‐PCR) of a nasophar-

yngeal swab.

Inclusion criteria: mild and early moderate cases with home

treatment. With no associated co‐morbidities.

3.3.1 | Sample size

A convenient sample of 113 patients who completed the study (51

and 62 in the supportive and combined antiviral groups, respectively)

was included in the final analysis. Seventeen patients were excluded

from the analysis as they dropped out from follow‐up.
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3.3.2 | Patients' allocation

Patients were self‐allocated to the treatment groups; the first 3 days

of the week for the intervention arm while the other 3 days for

symptomatic treatment. Patients were informed about the drugs

included in each arm of the study and informed consent was signed

from each case.

3.4 | Data collection

A questionnaire was constructed to collect:

*Sociodemographic data, for example, age, sex, residence,

occupation.

*Clinical data: exposure to a possible source of infection, signs

and symptoms, severity of COVID‐19 classified according to the

following; Asymptomatic illness: individuals who test positive for

SARS‐CoV‐2 using a virologic test with no symptoms consistent with

COVID‐19; Mild Illness: individuals who have any of following signs

and symptoms of COVID‐19 (e.g., fever, cough, sore throat, malaise,

headache, muscle pain, nausea, vomiting, diarrhea, loss of taste and

smell) but who do not have shortness of breath, dyspnea, or

abnormal chest imaging; Moderate Illness: Individuals with lower

respiratory affection and who have saturation of oxygen (SpO2) ≥

94% in room air at sea level; Severe Illness: Individuals who have

SpO2 < 94% in room air at sea level, a ratio of arterial partial pres-

sure of oxygen to fraction of inspired oxygen (PaO2/FiO2) < 300

mmHg, respiratory frequency > 30 breaths per minute, or lung

infiltrates > 50%; critical illness: individuals who have respiratory

failure, septic shock, and/or multiple organ dysfunction.35

*Laboratory and radiological findings, if any, as well as associated

comorbidities.

* The Coronavirus COVID‐19 Real‐Time PCR Assay is an in vitro

diagnostic test based on real‐time PCR technology, developed for

specific detection of SARS‐CoV‐2 viral RNA. The probe system is

based on the standard hydrolysis probe system known as TaqMan®

Technology. The COVID‐19‐specific probe is labelled with the FAM

fluorophore and the internal control is labelled with the HEX fluor-

ophore (genesig; Z‐Path‐COVID‐19‐CE‐IFU Issue 3.0 Published Date,

Primerdesign Ltd.). The assay includes an internal control to identify

possible PCR inhibition, measure extraction purity, and confirm the

integrity of the PCR run.

*Follow‐up: both groups were followed up at weekly intervals to

assesses the viral load using quantitative RT‐PCR in nasopharyngeal

swab and resupply with drugs and record any side effects. Patients

could consult the treating physicians by telephone or WhatsApp

Web if there any complaints.

3.5 | Treatment

Supportive symptomatic treatment (controlled or named white arm):

in the form of paracetamol tablets (three times/day), zinc

supplements (twice/day), good nutrition and hydration, and azi-

thromycin capsules once may be added on a case by case basis.

Combined drugs as antivirals (intervention or named yellow

arm): in the form of nitazoxanide 500mg rapid release formula/6 h,

ribavirin 1200mg (400mg divided doses); ivermectin in dose ac-

cording to the following weight schedules: less than 60 kg or

60–90 kg 3 tables (200–300 μg/kg) (6 mg each table), 90–120 kg

4 tables (300–400 μg/kg), more than 120 kg 5 tables (30mg fixed

dose); all ivermectin doses taken singly after meals (due to long half

live 12 to 54 h) were taken every 72 h till the end of 2 weeks

according to each case; plus zinc supplement 30mg twice daily.

Patients adherence: The best way to assess adherence is to

discuss medication‐taking behaviors directly with the patient. The

project clinical team revised the remaining pills before swabs plus

followed up with the patients by telephone contact.

TABLE 1 Sociodemographic characteristics of both groups

Supportive

treatment (51)

Combined

antiviral (62)

N (%) N (%) p

Age

35 and less 24 (47.1) 33 (53.2) .5

>35 27 (52.9) 29 (46.8) .9

Mean (SD) 37.5 (10.9) 37.9 (11.9)

Sex

Female 29 (56.9) 32 (51.6) .6

Male 22 (43.1) 30 (48.4)

Residence

Urban 38 (74.5) 46 (74.2) .97

Rural 13 (25.5) 16 (25.8)

Occupation

HCW 48 (94.4) 48 (77.4) .01

Others 3 (5.9) 14 (22.6)

Exposure

Contact with case 8 (15.7) 23 (37.1) .01

Unknown 43 (84.3) 39 (62.9)

Severity

Mild 36 (70.6) 54 (87.1) .03

Early moderate 15 (29.4) 8 (12.9)

CT Lunga

Free 26 (47.3) 34 (81.0) .5

≤50% 9 (25.7) 8 (38.1)

O2 saturation ≤.001

Mean (SD) 96.9 (1.1) 97.7 (0.9)

Abbreviation: HCW, Health care workers.
aDone for 35/42 in supportive/combined antiviral.
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3.6 | Ethical consideration

IRB approval at 10/5/2020 with code number RP.20.05.69, all in-

cluded patients provided written informed consent before inclusion

in the study. Also, this study is registered on ClinicalTrials.gov

ID: NCT04392427.

3.7 | Data analysis

Data were analyzed using statistical package for social sciences ver-

sion 23. Quantitative variables were presented as mean and stan-

dard deviation and an unpaired t test was used for group comparison.

Categorical variables were presented as number and percent. χ2 test

or Fisher's exact test was used for the comparison between the two

groups, as appropriate. p ≤ .05 was considered statistically significant.

4 | RESULTS

Sociodemographic data described in Table 1 shows that both groups

are matched by their age, sex, residence, and CT lung findings.

However, patients on supportive treatment are more likely to be

health care workers, unknown exposure, early moderate severity,

and have low mean oxygen saturation than the other group. Patients

flow charts in Figure 1 summarize the patients' selection criteria in

both arms of the study.

Clinical symptomatology data shown in Table 2 reveals that no

symptoms, abdominal pain, and nausea were significantly higher

among the group of the combined antiviral than the supportive

treatment. However, dyspnea is significantly higher among the sup-

portive treatment group than the combined antiviral.

Viral clearance comparison in Table 3 shows that the clearance

rates were 0% and 58.1% on the 7th day and 13.7% and 73.1% on

the 15th day in the supportive treatment and combined antiviral

groups, respectively. The cumulative clearance rates on the 15th day

are 13.7% and 88.7% in supportive treatment and combined antiviral

groups, respectively.

Basic biochemical data in Table 4 shows more leukocytopenias

and lymphopenias in the combined antiviral group while the liver

biochemical profile had no difference and renal functions in all in-

cluded patients were normal.

Drugs' side effect data in Table 5 reveals that 58.1% and

41.9% of patients on the combined antivirals received treatment

for 7 and 15 days; respectively. The commonest side effects are

GIT upsets, colored urine, and palpitation (22.6%, 22.6%, and

F IGURE 1 Flow chart of all COVID‐19 infected cases
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19.4%) No mortality was recorded during the follow‐up duration

(15 days).

5 | DISCUSSION

It is well known that it takes years before the approval of a new

antiviral for clinical use, so urgency is needed for providing highly

active antiviral drugs for any novel emerging infectious disease. In

such a pandemic as COVID‐19, researchers were obliged to test the

existing broad‐spectrum antiviral drugs that have been used to treat

other viral infections for drug repurposing. So, we used a

combination of antiviral drugs with well‐known efficacy against other

viral infections.

To our knowledge, this is the first controlled trial on this triple

unique combination of nitazoxanide, ribavirin, and ivermectin plus

zinc in the treatment of patients with COVID‐19. This study de-

monstrated that the combination of nitazoxanide, ribavirin, and

ivermectin plus zinc was effective in suppressing the shedding of

SARS‐CoV‐2 in nasopharyngeal swabs among mild and early mod-

erate cases receiving home treatment compared to those receiving

routine supportive symptomatic treatment alone. This could be

helpful towards a safe and effective treatment combination for

COVID‐19. Most patients (88%) treated with this combination were

RT‐PCR negative on the 15th day.

This combination seems to be safe with minor side effects and no

reported mortality at all during the follow‐up duration (15 days plus

post‐therapy for 1 month). The commonest side effects were GIT

upsets, colored urine, and palpitation.

Many studies proved that Ribavirin was effective against

COVID‐19 when used in combination with interferon‐α or

lopinavir–ritonavir.36,37 In contrast; when used as a single agent in

vitro studies it showed decreased potency compared to its com-

parative therapeutic agents.38,39 This suggests that ribavirin when

used alone has limited therapeutic efficacy against COVID‐19.
Moreover; dose‐dependent adverse drug reactions, including hema-

tologic and liver toxicity, were reported.3

In in vitro studies (Vero E6 cells), nitazoxanide inhibited SARS‐
CoV‐2 at a low micromolar concentration.2 Nitazoxanide was sug-

gested as a protocol for early cases of COVID‐19 in combination

with azithromycin.40 Many countries have started clinical trials

for nitazoxanide such as Egypt, the United States, Brazil, and

Mexico.41

Recently, Caly et al.31 reported in vitro potent inhibition of

COVID‐19 replication by ivermectin. But, still the problem remains

as to how to calculate the most effective accepted dose against

SARS‐CoV‐2. The ivermectin concentrations used in this in vitro

study are 50‐ to 100‐fold the peak concentration (Cmax) achieved in

plasma after the single dose of 200 μg/kg commonly used for the

control of onchocerciasis.42 Although, single doses up to 120mg of

ivermectin (which is 10‐fold greater than those approved by the US

Food and Drug Administration) can be safe and well‐tolerated; the
Cmax values reported were ∼250 ng/ml, one order of magnitude

TABLE 2 Clinical symptoms and signs of both groups (if any)

Supportive

treatment (51)

Combined

antiviral (62) p

N (%) N (%)

No symptoms 2 (3.9) 17 (27.4) .001

Fever 35 (68.6) 38 (61.3) .4

Cough 35 (68.6) 32 (51.6) .07

Sore throat 14 (27.5) 20 (32.3) .6

Malaise 14 (27.5) 10 (16.1) .1

Muscle pain 13 (25.5) 21 (33.9) .3

Headache 3 (5.9) 11 (17.7) .06

Dry mouth 0 2 (3.2) .5

Dyspnea 7 (13.7) 1 (1.6) .02

Chest pain 1 (2.0) 1 (1.6) 1.0

Vomiting 1 (2.0) 1 (1.6) 1.0

Loss of smell/taste 9 (17.6) 3 (4.8) .03

Breathlessness 7 (13.7) 5 (8.1) .3

Myalgia 3 (5.9) 3 (4.8) 1.0

Diarrhea 15 (29.4) 17 (27.4) .8

Abdominal pain 3 (5.9) 12 (19.4) .04

Nausea 3 (5.9) 11 (17.7) .06

Note: Categories are not mutually exclusive.

TABLE 3 Viral clearance (negative PCR swab) at follow up of both groups

Supportive treatment Combined antiviral p

N (%) N (%)
Number

tested Clearance

Cumulative

clearance

Number

tested Clearance

Cumulative

clearance Clearance

Cumulative

clearance

Days after therapy N (%) N (%) N (%) N (%)

7 days 51 0 62 36 (58.1) ≤.001

15 days 51 7 (13.7%) 7 (13.7%) 26 19 (73.1%) 55 (88.7%) ≤.001 ≤.001

No further swabs 44 (86.3%) 7 (11.3%)
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lower than effective in vitro concentrations against SARS‐CoV‐2.43 A
recent phase III clinical trial in dengue patients (DNV) in Thailand

revealed that lower doses of ivermectin can be effective. A once‐
daily dose of 400 µg/kg for 3 days was found to be safe but did not

produce any clinical benefit, and showed a modest and indirect in

vivo effect against DNV.44

The antioxidant, anti‐inflammatory, immunomodulatory and

antiviral activities of Zn are well known. Its antiviral effect is

mediated by suppressing RNA‐dependent RNA polymerase

(RdRp).45 Zinc ions (Zn2+) are closely involved in the normal de-

velopment, differentiation, and function of immune cells, thus

considered critical for generating both innate and acquired

(humoral) antiviral responses.32 The synergistic effect of zinc, if

combined with antiviral treatment, has been proved previously

with hepatitis C virus, human papillomavirus, viral diarrhea in

children, and human immunodeficiency virus.46–49 Short‐term
treatment with zinc in therapeutic doses is completely safe. Zn

toxicity rarely occurs in very sporadic cases unlike many other

metal ions with similar chemical properties.50

Study limitation: the groups were not randomized and the drug

combination does not have an established in vitro mechanism of

action and remains exploratory.

6 | CONCLUSION

The results of this study confirm that combined use of nitazoxanide,

ribavirin, and ivermectin plus zinc supplement effectively cleared the

SARS‐COV2 from the nasopharynx in a shorter time than the

symptomatic therapy with a few side effects, mostly gastrointestinal

upset, with no reported mortality over the follow‐up period.

ACKNOWLEDGMENTS

Great thanks to resident doctors at the front line of this pandemic,

Manar Metwalle, Mahmoud Samir, Ahmed Ezzate, who participated

in data collection. This study is part of an official grant from the

Mansoura University Funding Research Unit.

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS

Hatem Elalfy and Tarek Besheer shared the idea and research design

of the clinical trial. The manuscript was written, and clinical assess-

ment, COVID‐19 classification, and data collection done by team-

work of the following doctors: Hatem Elalfy, Tarek Besheer, Ahmed

El‐Mesery, Ahmed Alhawarey, and Mohamed Alegezy; while Tamer

Elhadidy and Asem A. Hewidy were responsible for the pulmonary

evaluation. Hossam Zaghloul and his colleague, Douaa Raafat, Wafaa

M. El‐Emshaty, and Nermin Y. Abo El Kheir were responsible for the

swab and PCR test for SARS‐Co‐V2. Abdel‐Hady El‐Gilany was re-

sponsible for statistical analysis and study design. Data analysis and

interpretation were done by all research team members. Mahmoud

El‐Bendary, Mustafa Ahmed Mohamed Neamatallah, and Mahmoud

Abdel‐Aziz Soliman supervised all these processes.

TABLE 4 Basic biochemical data of
both groups Biochemical result

Supportive

treatment

Combined

antiviral Significance test

Hemoglobin (mg/dl) 12.7 ± 1.6 12.6 ± 1.6 t = 0.2, p = .9

Platelets (103/dl) 261.2 ± 84.1 236.6 ± 71.8 t = 1.5, p = .1

Total leucocyte count (103/dl) 6.5 ± 2.4 5.1 ± 2.2 t = 3.1, p = .002

Neutrophils (103/dl) 3.8 ± 1.8 3.0 ± 1.4 t = 2.3, p = .02

Lymphocytes (103/dl) 2.1 ± 0.9 1.6 ± 0.8 t = 2.4, p = .02

Alanine transaminases (IU/L) 32.0 ± 22.5 26.1 ± 8.1 t = 1.9, p = .1

Aspartate transaminases (IU/L) 30.7 ± 20.0 25.4 ± 8.1 t = 1.8, p = .1

Albumin (mg/dl) 3.8 ± 0.3 3.9 ± 0.2 t = 1.8, p = .1

Total bilirubin (mg/dl) 0.7 ± 0.2 0.7 ± 0.1 t = 12, p = .2

Note: t = t test; p = p value; data presented as the mean ± SD.

TABLE 5 Duration of treatment and side effect in the combined
antiviral arm

N (%)

Treatment duration: 7 days 36 (58.1)

15 days 26 (41.9)

No side effect 32 (51.6)

High liver enzymes 7 (11.3)

GIT upsets 14 (22.6)

Itching 1 (1.6)

Headache 3 (4.8)

Colored urine 14 (22.6)

Palpitation 12 (19.4)
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