
Abstract
Background: since inception of covid-19 in 2019 December; no definitive treatment with high efficacy have approved for it. inflammation in many cases has deteriorated the disease and even cause death of people; so, Efforts to find agents that reduce inflammation are considered necessary. Ivermectin is an antiparasitic medicine that show antiproliferative and anti-inflammatory effects on covid-19 at in vitro environment; so, this trial conducted to reveal its effects on covid-19 in clinical levels.
Methods: this open label study conducted on 75 patients; 38 patients in intervention group and 37 patients in control group. The patients at intervention group received hydroxychloroquine plus ivermectin and control group only received hydroxychloroquine. Study lasted 7 days. All of clinical signs, hematologic and biochemical laboratory findings of patients was collected at onset and end of study. All of Datas analyzed by SPSS and p value was 0.05. 
Results: in this trial there is no significant difference between two group in clinical outcomes improvement; but intervention group had a significant improvement in inflammatory factor CRP and liver enzymes; AST and ALT and also clinical symptoms including sore throat, anorexia, myalgia and fatigue. 
Conclusion: although in our trial no significant effect of ivermectin have seen on clinical outcomes improvement; but it’s positive effect on inflammatory condition is worthy. Also, more trials with more study population may be useful for reveal of effect of ivermectin on covid-19.
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Introduction
In December 2019 an infection caused by a new virus named SARS COV-2 has spread in wuhan of china. then this infection spread all over the world and became a pandemic. this infection mainly spread with respiratory droplets. the most common symptoms of this disease include fever, dry cough and shortness of breath (28). although covid-19 infected millions of people and caused death in some of them; there is no specific drug for treatment of this infection. so some of unspecific drugs uses to relive symptoms and help to decrease the speed of infection progress.
Some of these unspecific drugs include hydroxychloroquine, azithromycin, Umifenovir, remdesivir,  favipiravir, human antibodies and corticosteroids (29). ivermectin; a potent anti-parasitic drug; considered as a target drug for SARS COV-2. First time some scientists found that a single dose of ivermectin is able to effect ∼5000-fold reduction in viral RNA at 48 h. This drug seems play its antiviral role by inhibition of viral IMPα/β1-mediated nuclear import, which reduces the replication of virus and thereby the viral load. ivermectin also shows antiviral effects on several RNA viruses, such as Zika virus, Influenza A virus, Newcastle disease virus, Chikungunya virus, Yellow fever virus, Dengue virus, Japanese encephalitis virus and DNA virus such as BK polyomavirus and Equine herpesvirus type 1 (30). ivermectin also can inhibits two proteases of virus both main protease and 3-CL with proper affinity (31). some studies also revealed that ivermectin is an inhibitor of virus entry to cell because of its affinity to human ace-2 protein (32). Ivermectin could reduce the production of TNF-alpha, IL-1 and IL-6, and suppressing LPS-induced NF-kB translocation. the administration of ivermectin  in mice, suppresses mucus hypersecretion in the respiratory tract and decreases the recruitment of immune cells and the production of cytokines and IgE/IgG1 in bronchoalveolar lavage (33). these anti-inflammatory effects could be very useful in covid-19. due to proper effects of this drug at in silico and in vitro studies we decided to evaluate the effects of ivermectin in mild and moderate patients with covid-19, in combination with hydroxychloroquine.

Methods
Design and setting
A phase 3, single-center, randomized, open-label, controlled trial with a 2-arm parallel-group
design (1:1 ratio). study was carried out to evaluate the efficacy and safety of Ivermectin in
patients with mild and moderate covid-19. our target population were selected from The Severe Acute Respiratory Syndrome Departments of the Shahid Mohammadi Hospital, Bandar
Abbas, Iran. Our trial was approved by the Ethics Committee of Hormozgan University of Medical Sciences (Ethics committee reference number: IR.HUMS.REC.1399.410 ) on November 15, 2020. The investigators declare the trial has received ethical approval from the aforementioned ethical committee as described above. A signed informed consent will be freely completed by all participants before randomization.

Patients 
All of our patients had  age ≥ 20 years and weight ≥35 kg and also these following criterias:
1. Diagnosed mild pneumonia using computed tomography (CT) and/or chest X-ray (CX-R) imaging, not requiring hospitalization.
2. Signing informed consent.
Our Exclusion criteria was:
1. Severe and critical pneumonia due to covid-19.
2. Underlying diseases, including AIDS, asthma, loiasis, and severe liver and kidney disease.
3. Use of anticoagulants (e.g., warfarin) and ACE inhibitors (e.g., captopril).
4. History of drug allergy to Ivermectin.
5. Pregnancy or breastfeeding.

Randomization and blinding 
Patients randomized into the treatment and control groups based on block randomization method. This study was an open-label study, and there is not blinding. 

Intervention 
Intervention groups of patients received the standard treatment regimen for mild covid-19, based on the Iranian Ministry of Health and Medical Education's protocol, along with oral Ivermectin (MSD Company, France) at a single dose of 0.2 mg/kg. Control group received hydroxychloroquine sulfate (Amin Pharmaceutical Company, Iran) at a dose of 400 mg twice a day for the first day and 200 mg twice a day for seven subsequent days.

Outcomes measures
The primary outcomes include the improvement of clinical symptoms and need for hospitalization. The secondary outcome is the incidence of serious adverse drug reactions within seven days of randomization. the measurable outcomes is laboratory results including hemoglobin, WBC count, lymphocyte, Neutrophil, hematocrit, platelets, BUN, Cr, ALT,  AST,  Ferritin, LDH, CRP, D-dimer and clinical signs including systolic pressure, diastolic pressure, body temperature, respiratory rate, heart rate, saturation pressure of oxygen.

Statistical analysis
This study was an open-label and randomized study. SPSS version 18.0 software was used for statistical analysis. The statistical description of qualitative variables was in the form of frequency and percentage, and these variables were compared between the ivermectin and control groups using Fisher's exact test. The Kolmogorov Smirnov test was used to check the normality of the distribution of quantitative variables. Quantitative variables were reported in the form of mean and deviation from the mean for data with normal distribution or median and interquartile range for data with non-normal distribution. The comparison of these quantitative variables among the groups was done using independent t-test and Mann-Whitney U test, respectively. For all tests, the significant level for P value was 0.05

Results
Study population 
At the beginning of the study, 117 patients volunteered for the trial, 10 patients were excluded due to lack of inclusion criteria and 27 patients were excluded due to having exclusion criteria, and 80 patients finally participated in the study. Also, during the study, 2 patient from the intervention group and 3 patient from the control group were excluded from the study due to unwillingness to cooperate and continue. The average age of the paients in the intervention group was 40.86 ± 13.21 and in the control group was 35.53 ± 10.76, and there was no significant difference in the average age between the two groups. Also, in this study, there were 51 male patients and 24 female patients; Of this amount, 27 men (73.0%) and 10 women (27.0%) participated in the intervention group and 24 male patients (63.2%) and 14 women (36.8%) participated in the control group.
Demographics, chronic diseases including diabetes, hypertension, hyperthyroidism and cardiovascular disease, clinical features including number of patiens with SPO2 <96% Temperature ≥37.5° C and RR ≥16/min repotred in table 1. There was no significant difference in the groups in terms of age, gender, underlying diseases and clinical manifestations in the two groups.

Efficacy 
Laboratory  finding of patients including hematologic and biochemical factors reported in table 2. The number of white blood cells on the first day of the study was significantly lower in the intervention group than the control group; However, on the seventh day of the study, no significant difference was observed between the two groups. Also, there was no significant difference between the groups in terms of hematocrit percentage, number of neutrophils, number of lymphocytes, number of platelets and hemoglobin level. Serum levels of creatinine and lactate dehydrogenase were significantly higher in the intervention group on the first day of the study, and at the end of the study, on the seventh day of the study, they decreased significantly compared to the control group. The liver enzymes include ALT and AST both in the intervention group on the seventh day of the study had a significant decrease compared to the control group. CRP, which indicates the level of inflammation, was also significantly reduced in the intervention group compared to the control group on the seventh day of the study. Clinical outcomes of the patients with confirmed covid-19 after treatment reported at table 3. There was no significant difference between two groups in clinical outcomes. Clinical charactristic of pateints reported at table 4. Patients at intervention group had more significant improvement in sore throat, myalgia, fatigue and anorexia at end of study compared to the control group.

safety
Adverse drug effects also reported in table 5. There was no significant difference between two groups in adverse drug effects.

Discusion 
In this study conducted on 75 patients, it was finally observed that there was no significant difference between the two groups in the need for hospitalization and the improvement in clinical symptoms. In a similar clinical trial in Brazil, subjects in the intervention group received 0.4 mg/ kg ivermectin for 3 days; It was observed that the intervention group had more viral clearance on the 3rd and 7th day of the study; Also, in this group, the need for hospitalization in the group and the need for ventilation in the intervention patients decreased and the mortality was also lower; However, the duration of symptom resolution in patients was not different from the control group (21). In another study, it was found that people receiving ivermectin needed to be hospitalized more than the control group; However, the need for ventilation was reduced in this group and they had less need to be hospitalized in special care; Of course, the duration of the disease was not different in both groups (22). In another clinical trial, it was observed that after 72 hours of taking the drug, patients receiving ivermectin had a significant reduction in symptoms compared to the control group, the most important of which were fever, cough, body pain, loss of sense of taste and smell (23). also In our trial, it was observed that the reduction CRP, alanine aminotransferase, aspartate aminotransferase on the seventh day of the study was significantly higher in the intervention group than in the control group. In a similar study; The evaluation of the effects of ivermectin on clinical and laboratory findings in a clinical trial showed that the intervention and control groups did not have a significant difference in improving the oxygen saturation level; Also, due to the metabolism of ivermectin by the liver, it was expected that alanine aminotransferase, aspartate aminotransferase enzymes would increase; But it decreased and alkaline phosphatase increased slightly, none of which had a significant difference with the control group. Also, kidney tests, creatinine and serum urea nitrogen did not change much; But in the intervention group, there was a significant increase in the number of platelets and a mild increase in lymphocytes and prothrombin time. There was no significant difference in the improvement of vital and clinical symptoms such as heart rate, breathing rate, fever, cough and shortness of breath in the two groups (24). A clinical trial was conducted in Turkey on a number of patients with severe type of Covid-19; In this study, intervention and control groups received both standard treatments including azithromycin, favipiravir and hydroxychloroquine, and the intervention group received ivermectin in the form of 0.2 mg/kg for 5 days in addition to the standard treatment. At the end of the study, it was found that the study group had a faster increase in the number of lymphocytes, a shorter treatment period, a faster decrease in CRP and D-dimer, a faster decrease in ferritin (while it was still increasing in the control group) (25). A clinical trial was conducted on 114 patients in Egypt, in which the patients were divided into two equal groups; In addition to the standard regimen that included hydroxychloroquine, patients in the intervention group also received ivermectin as a nasal spray; In this trial, a nanosuspension formulation of ivermectin was prepared, each puff containing 70 μg/ml of the drug. In this study, it was found that patients in the intervention group have significantly improved clinical symptoms compare to the control group; Especially fever, cough and shortness of breath. Also, there was no difference in side effects in both groups. In this study, the group receiving ivermectin had a significant improvement in CRP, dimer and ferritin compared to the control group (26). In a clinical trial, 72 hospitalized patients with Covid-19 were divided into 3 groups; A group received only ivermectin at a dose of 12 mg per day for 5 days, a group received a single dose of 12 mg ivermectin along with 200 mg doxycycline on the first day, and then received doxycycline every 12 hours for 4 days, the third group also were the control group. Patients' symptoms were monitored for 7 days after the study. The results of the study showed that the groups receiving ivermectin had faster viral clearance; Also, in this group, the two laboratory factors CRP and lactate dehydrogenase, which express the severity of the disease, had a much greater decrease on the seventh day of the study; In addition, the viral load on the seventh and fourteenth day of the study in these groups had a much greater drop than the control group (27).

Conclusion
As seen, the results of this clinical trial are sometimes the same and sometimes opposite to other similar trials; These differences can be due to the different design of the study, such as the received dose, the number of patients, and could also have pharmacogenomic reasons. However, more trials are needed to investigate the effectiveness and side effects of ivermectin in the treatment of Covid-19. Due to the contradictory and sometimes similar effects, different clinical trials are suggested to evaluate this drug with different study designs such as different doses, patients with different genetics from around the world, and also larger study groups.
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Table 1. Demographic characteristics and baseline feature of the patients
	
	Ivermectin group
(n = 38)
	[bookmark: OLE_LINK1]Control group
(n = 37)
	P value

	Age, years
	40.86 ± 13.21
	35.53 ± 10.76
	0.71

	20-39
40-69
70-99
	18 (51.4)
16 (45.7)
1 (2.9)
	22 (66.7)
11 (33.3)
0 (0.0)
	
0.322


	Sex, male
	24 (63.2)
	27 (73.0)
	0.460

	Comorbidities
	
	
	

	Diabetes
	3 (7.9)
	1 (2.7)
	0.615

	Hypertension
	7 (18.4)
	2 (5.4)
	0.153

	Cardiovascular disease
	3 (7.9)
	1 (2.7)
	0.615

	Hyperthyroidisem
	3 (7.9)
	1 (2.7)
	0.615

	Clinical features
	
	
	

	SPO2 <96%
	2 (5.3)
	0 (0.0)
	0.493

	Temperature ≥37.5° C
	22 (57.9)
	16 (43.2)
	0.251

	RR ≥16/min
	3 (7.9)
	4 (10.8)
	0.711


Values were expressed as mean ± SD or n (%).
Comparison between groups was performed using the t test, or the Fisher's exact test.
SPO2; peripheral capillary oxygen saturation, Temperature; body temperature, RR; respiratory rate.


Table 2. Laboratory findings of the patients
	Characteristics
	
	Ivermectin group
(n = 38)
	Control group
(n = 37)
	P value

	Hematologic
	
	
	
	

	Hematocrit (%)
	Baseline
	43.73 ± 3.79
	39.98 ± 6.12
	0.073

	
	Day 7
	39.3 ± 3.68
	40.73 ± 3.88
	0.641

	WBC, ×109/L
	Baseline
	5.04 ± 1.57
	7.03 ± 1.79
	0.006

	
	Day 7
	5.52 ± 1.87
	7.57 ± 2.60
	0.072

	Neutrophil, ×109/L
	Baseline
	6.71 ± 2.16
	7.19 ± 1.18
	0.340

	
	Day 7
	7.16 ± 1.52
	7.37 ± 1.13
	0.597

	Lymphocytes, ×109/L
	Baseline
	1.98 ± 0.53
	2.16 ± 1.15
	0.475

	
	Day 7
	2.22 ±2.73
	2.73 ± 1.81
	0.497

	Platelets, ×109/L
	Baseline
	208.80 ± 24.22
	183.61 ± 37.37
	0.051

	
	Day 7
	237.67 ± 52.58
	220.85 ± 46.25
	0.423

	Biochemical
	
	
	
	

	Hemoglobin, g/L
	Baseline
	13.95 ± 1.28
	13.68 ± 1.40
	0.579

	
	Day 7
	12.85 ± 1.55
	13.73 ± 1.25
	0.130

	BNU, mg/dL
	Baseline
	15.02 ± 8.52
	19.95 ± 5.88
	0.081

	
	Day 7
	16.00 ± 5.66
	20.44 ± 5.16
	0.245

	Creatinine, mg/dL
	Baseline
	1.28 ± 0.37
	0.79 ± 0.15
	0.022

	
	Day 7
	1.02 ± 0.20
	0.78 ± 0.16
	0.022

	ALT, units/L
	Baseline
	48.09 ± 46.03
	37.51 ± 18.91
	0.494

	
	Day 7
	19.67 ± 5.78
	34.50 ± 8.95
	<0.001

	AST, units/L
	Baseline
	33.99 ± 24.06
	24.81 ± 4.50
	0.260

	
	Day 7
	17.17 ± 2.99
	22.42 ± 5.47
	0.002

	LDH, units/L
	Baseline
	324.70 ± 39.55
	222.00 ± 46.61
	<0.001

	
	Day 7
	335.50 ± 38.89
	216.75 ± 20.47
	0.001

	CRP, mg/dL
	Baseline
	9.49 ± 11.20
	7.17 ± 4.36
	0.516

	
	Day 7
	2.88 ± 2.09
	7.22 ± 4.41
	0.002

	Ferritin, ng/mL
	Baseline
	137.63 ± 99.51
	144.83 ± 46.08
	0.820

	
	Day 7
	110.55 ± 72.24
	144.47 ± 41.34
	0.157

	D-dimer, ng/mL
	Baseline
	267.35 ± 138.59
	205.35 ± 78.57
	0.227

	
	Day 7
	265.04 ± 157.32
	202.60 ± 62.65
	0.428


Values were expressed as mean ± SD, or n (%).
Comparison between groups was performed using the t test.
WBC; white blood cells, BUN; blood nitrogen urea, ALT; alanine aminotransferase, AST; aspartate aminotransferase, LDH; lactate dehydrogenase, CRP; C-reactive protein.


Table 3. Clinical outcomes of the patients with confirmed COVID-19 after treatment
	
	Ivermectin group
(n = 38)
	Control group
(n = 37)
	P value

	Primary outcomes
	
	
	

	SARS-CoV-2 clearance
	-
	17 (45.9)
	-

	Secondary outcomes
	
	
	

	SPO2
	97.25  ± 1.71
	98.38 ± 0.55
	0.278

	<96%
	1 (2.6)
	0 (0.0)
	>0.999

	Temperature
	37.10 ± 0.72
	36.86 ± 0.24
	0.626

	≥37.5°C
	1 (2.6)
	0 (0.0)
	>0.999

	Respiratory rate
	16.00 ± 1.41
	14.11 ± 1.22
	0.082

	≥16/min
	1 (2.6)
	1 (2.7)
	>0.999

	Hospital admission
	1 (2.6)
	1 (2.7)
	>0.999


Values were expressed as mean (SD) or n (%).
Comparison between groups was performed using the independent t-test or Fisher's exact test.
Data were collected after seven days of randomization except for hospital admission (documented within 14 days of randomization). The outcomes were assessed in the per-protocol population who had received complete treatment regimens. 
SPO2; peripheral capillary oxygen saturation, Temperature; body temperature, RR; respiratory rate.

TABLE 4. Clinical characteristics of the patients
	Symptoms
	
	Ivermectin group
(n = 38)
	Control group
(n = 37)
	P value

	Fever
	Baseline
	15 (39.5)
	8 (21.6)
	0.133

	
	Day 7
	0 (0.0)
	0 (0.0)
	-

	Chills
	Baseline
	14 (36.8)
	13 (35.1)
	>0.999

	
	Day 7
	0 (0.0)
	0 (0.0)
	-

	Headache
	Baseline
	14 (36.8)
	11 (29.7)
	0.626

	
	Day 7
	2 (5.3)
	1 (2.7)
	>0.999

	Sore throat
	Baseline
	7 (18.4)
	14 (37.8)
	0.075

	
	Day 7
	1 (2.6)
	9 (24.3)
	0.007

	Diarrhea
	Baseline
	5 (13.2)
	10 (27.0)
	0.158

	
	Day 7
	0 (0.0)
	0 (0.0)
	-

	Cough
	Baseline
	23 (60.5)
	16 (43.2)
	0.168

	
	Day 7
	4 (10.5)
	9 (24.3)
	0.137

	Fatigue
	Baseline
	15 (39.5)
	5 (13.5)
	0.018

	
	Day 7
	2 (5.3)
	16 (43.2)
	<0.001

	Nausea 
	Baseline
	4 (10.5)
	5 (13.5)
	0.736

	
	Day 7
	1 (2.6)
	0 (0.0)
	>0.999

	Myalgia
	Baseline
	11 (28.6)
	6 (16.2)
	0.271

	
	Day 7
	2 (5.3)
	6 (16.2)
	0.047

	Anorexia
	Baseline
	4 (10.5)
	2 (5.4)
	0.674

	
	Day 7
	3 (7.9)
	10 (27.0)
	0.036


Values were expressed as n (%).
Comparison between groups was performed using the Fisher's exact test.
p <0.05 was considered as statistically significant.


Table 5. Adverse drug effect of the patients
	
	Ivermectin group
(n = 38)
	Control group
(n = 37)
	P value

	Any
	2 (5.3)
	2 (5.4)
	>0.999

	Diarrhea
	0 (0.0)
	1 (2.7)
	0.493

	Gastrointestinal disorders
	0 (0.0)
	0 (0.0)
	-

	Severe anorexia
	0 (0.0)
	0 (0.0)
	-

	Severe nausea
	1 (2.6)
	0 (0.0)
	>0.999

	Heartburn
	0 (0.0)
	1 (2.7)
	0.493

	Edema
	0 (0.0)
	0 (0.0)
	-

	Pruritus
	1 (2.6)
	0 (0.0)
	>0.999

	Rash
	0 (0.0)
	0 (0.0)
	-

	Weakness
	0 (0.0)
	0 (0.0)
	-

	Hemachoria
	0 (0.0)
	0 (0.0)
	-

	Headache
	0 (0.0)
	0 (0.0)
	-

	Lymphadenopathy
	0 (0.0)
	0 (0.0)
	-


Values were expressed as n (%).
Data were collected within seven days of randomization.
Comparison between groups was performed using the Fisher's exact test.
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                                                                    Figure   1 .   Overview of the  patient enrollment and treatment assignment              
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