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Abstract: Objective: The aim of this study was to evaluate the influence of adding a 10-day course of levamisole (LVM) to
the standard care compared with standard care alone, on the clinical status of COVID-19 patients with mild to
moderate disease.

Methods: In this randomized open-label trial, we enrolled non-hospitalized patients with mild to moderate
COVID-19 at nine health centers in Tehran province, Iran, in 2021. Patients were randomly assigned to receive a
10-day course of LVM with standard care (n=185) or standard care alone (n=180) in a 1:1 ratio. On days 1 to 10,
LVM was administered orally at a dosage of 50 mg. The participants were called and followed on days 1, 3, 5, 7,
9, and 14. The measured parameters were general health condition, hospitalization rate, signs and symptoms,
and adverse events. The generalized estimating equations model was used for analysis.

Results: Among 507 randomized patients, 473 patients started the experiment and received LVM plus standard
care or received the standard care alone; 385 patients included in the analysis; 346 (98%) patients completed
the trial. The median age of the patients was 40 years [IQR: 32-50.75]; and 201 (55.1%) patiens were male. The
mean age, sex ratio, and frequency of the underlying diseases of the patients in the two study groups had no
statistically significant differences (P>0.05). Compared to the control group, LVM improved the general health
condition of the patients (B=-0.635; 95% CI: -0.041,-0.329; P<0.001). Patients receiving LVM compared with
standard care group had significantly lower odds of developing fever (OR=0.260; 95% CI: 0.113,0.599; P=0.002),
chills (OR=0.223; 95% CI: 0.076,0.648; P=0.006), fatigue (OR=0.576; 95% CI: 0.346,0.960; P=0.034), and myalgia
(OR=0.544; 95% CI: 0.317,0.932; P=0.027). No significant difference was observed in the rate of hospitalization.
Although the intervention group had greater adverse effects than the control group, the difference was not sta-
tistically significant.

Conclusion: Findings of this study suggest that LVM has clinical benefits in improving patients’ health condition
with mild to moderate COVID-19.
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1. Introduction nization (WHO) announced the COVID-19 as a public health
. . emergency of international concern (1). According to WHO
In late 2019, a new strand of coronaviruses was discovered e . . .
statistics, the disease has infected millions of people world-

in Wuhan, China. This virus caused a disease named Coron-
m ! 18 VITUs cau ! wide and caused considerable number of deaths till now (2).

avirus Disease 2019 (COVID-2019); Later, World Health Orga-
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Almost no effective therapy exists for the outpatient treat-
ment of COVID-19 and researchers are still working on it. Re-
ducing symptom severity and decreasing hospitalization for
outpatients are essential public health mitigation strategy for
overcoming this pandemic (3).

Levamisole (LVM) is a safe, low-cost, widely available drug,
that showed in vitro activity against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and has been pro-
posed as a potentially effective treatment (4-7). Several re-
cent clinical trials highlighted that LVM might be effective
in preventing and treating SARS-CoV-2 infections. Still, only
one has been published, which was small in sample size and
had methodological limitations, such as not removing the
potential influence of time or the interactions (4). However,
when taken early in the course of the disease, LVM may have
therapeutic benefits in treating mild to moderate disease (6).
To our knowledge, no randomized clinical trials to date have
investigated LVM for COVID-19 in non-hospitalized patients
with a large sample size. We hypothesized that starting LVM
therapy during the first few days of symptoms’ onset could
alter the course of COVID-19 by reducing symptoms’ sever-
ity and duration, as well as preventing hospitalization. Our
objective was to evaluate the influence of adding a 10-day
course of LVM to the standard care compared with standard
care alone, on the clinical status of COVID-19 patients with
mild to moderate disease.

2. Methods
2.1. Study design and setting

We conducted a 6-month, prospective, parallel, random-
ized, clinical trial on patients above 18 years old with
mild to moderate COVID-19 who presented to 10 se-
lected health centers of Tehran and its suburbs from mid-
April 2021 to mid-September 2021. The Ethics Com-
mittee of AJA University of Medical Sciences (Ethics ID:
IR.AJA.REC.1399.199) and the Iranian Registry of Clinical Tri-
als both approved this study (ID: IRCT20201124049480N1,
first registration date: 28/03/2021; The full protocol is avail-
able on https://en.irct.ir/trial/54675). Written informed con-
sent was obtained from all patients or legally authorized rep-
resentatives.

2.2. Study population

It was a multicenter study and convenience sampling was
used in nine selected COVID-19 health centers. In order
to selection of the COVID-19 health centers for this study,
all centers in Tehran were assessed; we selected the cen-
ters qualified with 1) the infrastructures compatible with our
study method, 2) the minimum number of work force re-
quired for implementing this study, and 3) the healthcare
team who gave their consent to cooperate in this study. All
patients who met the study inclusion criteria were referred to
the selected centers from mid-April 2021 to mid-September
2021.

The inclusion criteria were as follows: patients aged 18 years
or older with either signs and symptoms indicating COVID-
19 or spiral chest computed tomography (CT) scan indicat-
ing COVID-19 or reverse transcription polymerase chain re-
action (RT-PCR) confirming COVID-19 infection, and no use
of LVM during the previous five days for any reason e.g., par-
asitic infection (due to the 16-hour half-life of the drug) who
did not require hospitalization. We informed patients not
to take medications that were not part of the study protocol
since they were candidates for outpatient care.

Patients were excluded if they met the following criteria:
negative RT-PCR for COVID-19 over the study period, his-
tory of hepatitis, cirrhosis, or severe liver disorders, severe
renal failure (estimated glomerular filtration rate less than
30 mL/min), shortness of breath due to cardiogenic pul-
monary edema, history of allergic reaction or known allergy
or any hypersensitivity reaction to LVM, history of cancer
chemotherapy, lactating or pregnant women or planning to
become pregnant within 30 days of the trial.

COVID-19 was diagnosed based on the findings of the RT-
PCR test (using the RT-PCR technique with Pishtazteb kit
from the Pishtazteb company in Iran). However, due to the
highest efficacy of outpatient management of COVID-19 (i.e.,
levamisole) in the first four days of symptoms onset, we
sought to enroll patients as soon as possible. The median
false-negative rate of RT-PCR testing was found to be 38% on
the first day of symptom onset (range, 18-65%), decreasing
during the subsequent days (8,9). We enrolled all suspected,
probable and confirmed cases according to WHO definition
(10), instead of waiting for RT-PCR results that may take up to
4 days to be available in our setting. The follow-up was con-
tinued unless the RT-PCR result was negative.

According to the national guideline for COVID-19 diagno-
sis and management, mild COVID-19 symptoms include
fever<38°C, sore throat with or without dry cough, chills,
headache, anosmia, dysgeusia, nausea, vomiting, anorexia,
diarrhea, myalgia, and fatigue. Patients may present with
one or more of the symptoms. The vital signs including pulse
rate, blood pressure, and respiratory rate, are stable at this
stage, and SpO2 (oxygen saturation level) is greater than 92%.
The moderate disease is attributed to the patients suffering
from more severe aforementioned symptoms besides respi-
ratory symptoms (including shortness of breath, chest pain,
and discomfort, etc.) with or without fever>38°C, and SpO2
ranged from 90% to 93% (11,12).

2.3. Sample size

Except for one clinical trial with 25 participants in each
group, there is no complete study that can be used to calcu-
late the sample size. However, considering the general health
condition measured by verbal numeric scale (VNS) as the
primary outcome, the significant level of a=0.05, power of
1-$=0.90, the minimum detectable difference between two
groups d=0.3, the standard deviation (SD)=1.7, and attrition
rate=10%, the required sample size was calculated as 180 pa-
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JE1D RN Comparison of baseline characteristics of the non-hospitalized patients with COVID-19 treated by levamisole and standard care

Characteristics Control group (n=180) Intervention group (n=185) P
Gender, n (%)

Male 91 (50.6) 110 (59.5) 0.087
Female 89 (40.4) 75 (40.5)

Age (year), median (IQR) 41 (34-55) 37 (30-48) 0.056
<20, n (%) 3(2.8) 6 (4.2) -
20-29, n (%) 12 (11.1) 24 (16.8) -
30-39, n (%) 28 (25.9) 45 (31.5) o
40-49, n (%) 24 (22.2) 36 (25.2) -
50-59, n (%) 29 (26.9) 17 (11.9) -
60-69, n (%) 8(7.4) 15 (10.5) -
=70, n (%) 4 (3.7) 0(0.0) -
Body mass index (kg/m?2), mean (SD) 24.4 (3.6) 25.2 (4.1) 0.137
<18.5, n (%) 2 (1.9 4(2.8) -
18.5-24.9, n (%) 58 (55.2) 69 (47.6) -
25-29.9, n (%) 39 (37.1) 58 (40.0) -
>30, n (%) 6 (5.7) 14 (9.7) -
Vital signs

Systolic blood pressure (mmHg), median (IQR) 120 (110-120) 120 (110-120) 0.425
Diastolic blood pressure (mmHg), median (IQR) 75 (70-80) 75 (70-80) 0.920
Pulse rate (beats/min), mean (SD) 80.4 (8.0) 82.4 (11.6) 0.104
Respiratory rate (breaths/min), median (IQR) 16 (15-18) 16 (14-18) 0.371
Temperature (°C), median (IQR) 37.0 (36.0-37.0) 37.0 (36.0-37.0) 0.721
Mean of room-air O2 Sat (%), median (IQR) 96 (95-97) 96 (95-97) 0.755
Social history, n (%)

Cigarette smoking 7 (3.9) 7 (3.8) 0.958
Hookah smoking 3(11.7) 5(2.7) 0.499
Opium abuse 2(1.1) 1(0.5) 0.619
Co-existing conditions, n (%)

Diabetes mellitus type I 1 (0.6) 1 (0.5) 1.000
Diabetes mellitus type II 19 (10.6) 13 (7.0) 0.227
Asthma 2(1.1) 2(1.1) 0.974
Chronic obstructive pulmonary disease 2(1.1) 1(0.5) 0.618
Hypertension 16 (8.9) 16 (8.6) 0.922
Acute coronary syndrome 4(2.2) 2(1.1) 0.388
Thalassemia 0 (0.0) 1 (0.5) 1.000
Corticosteroids use 1 (0.6) 0 (0.0) 0.492
Past COVID-19 infection 2(1.1) 5(2.7) 0.499
Concomitant medications, n (%)

Acetaminophen 73 (40.8) 82 (44.3) 0.494
Naproxen 103 (57.5) 118 (63.8) 0.223
Famotidine 87 (48.6) 102 (55.1) 0.212
Diphenhydramine 61 (34.1) 75 (40.5) 0.203
Dextromethorphan 26 (14.5) 34 (18.4) 0.322
Bromhexine 39 (21.8) 43 (23.2) 0.740
Dimenhydrinate 8 (4.5) 10 (5.4) 0.680
Loperamide 13 (7.3) 14 (7.6) 0.912
Hydroxychloroquine 19 (10.6) 22(11.9) 0.700
Multivitamins 52 (29.1) 58 (31.4) 0.633
Vit D 50000 43 (24.0) 49 (26.5) 0.589
Zinc 73 (40.8) 82 (44.3) 0.494
Chlordiazepoxide 14 (7.8) 18 (9.7) 0.520
Promethazine 4(2.2) 6(3.2) 0.556
Time from symptom onset to enrollment (day), median 1.0 (1.0-2.0) 1.0 (1.0-3.0) 0.918
(IQR)

Time from symptom onset to diagnosis (day), median 2.0(2.0-4.0) 3.0 (2.0-4.0) 0.096
(IQR)

Time from past Covid infection history and reinfection 178.0 (178.0-178.0) 365.0 (300.0-365.0) 0.180

(day), median (IQR)

IQR: Interquartile range; SD: Standard deviation
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gE10 P Comparison of effect of levamisole on primary and secondary outcomes in non-hospitalized patients with COVID-19

Clinical presentation Control group (n=180) Intervention group (n=185) P
General health condition Median (IQR)

Day1 6 (5-7) 6 (4-7) 0.365
Day 3 5 (4-6) 4 (3-5) 0.001
Day 5 4 (3-5) 3(2-5) 0.000
Day 7 3 (2-4) 2 (1-4) 0.000
Day 9 2 (1-3) 1 (0-2) 0.000
Day 14 1 (0-2) 0 (0-1) 0.000
Fever, n (%)

Day 1 84 (48.3) 91 (49.2) 0.863
Day 3 63 (36.2) 35(19.2) 0.000
Day 5 35 (20.2) 19 (10.4) 0.010
Day 7 9 (5.2) 5(2.7) 0.231
Day9 2(1.2) 2(1.1) 1.000
Day 14 1(0.6) 2 (1.1) 1.000
Chills, n (%)

Day 1 47 (27.0) 64 (34.6) 0.120
Day 3 36 (20.8) 27 (14.8) 0.141
Day 5 17 (9.8) 10 (5.5) 0.124
Day 7 3(1.7) 4(2.2) 1.000
Day 9 2 (1.2) 2 (1.1) 1.000
Day 14 1(0.6) 1 (0.5) 1.000
Cough, n (%)

Day 1 71 (40.8) 100 (54.1) 0.012
Day 3 65 (37.4) 77 (42.3) 0.340
Day 5 52 (30.1) 57 (31.3) 0.797
Day 7 45 (26.0) 34 (18.7) 0.097
Day 9 28 (16.2) 19 (10.4) 0.110
Day 14 12 (6.9) 13 (7.1) 0.962
Fatigue, n (%)

Day 1 86 (49.4) 98 (53.0) 0.502
Day 3 70 (40.2) 71 (39.0) 0.814
Day 5 52 (30.1) 44 (24.2) 0.212
Day 7 46 (26.6) 32 (17.6) 0.040
Day 9 33 (19.1) 22 (12.1) 0.069
Day 14 21 (12.1) 12 (6.5) 0.067
Headache, n (%)

Day 1 57 (32.8) 74 (40.0) 0.154
Day 3 50 (28.7) 54 (29.7) 0.846
Day 5 36 (20.8) 27 (14.8) 0.141
Day 7 26 (15.0) 10 (5.5) 0.003
Day 9 16 (9.2) 5(2.7) 0.009
Day 14 10 (5.8) 3 (1.6) 0.036
Myalgia, n (%)

Day 1 83 (48.0) 92 (49.7) 0.740
Day 3 72 (41.4) 66 (36.3) 0.322
Day 5 55 (31.8) 45 (24.7) 0.139
Day 7 37 (21.4) 16 (8.8) 0.001
Day9 18 (10.4) 7 (3.8) 0.016
Day 14 9(5.2) 3 (1.6) 0.061
Sore throat, n (%)

Day 1 51 (29.3) 57 (30.8) 0.757
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UE10 P Comparison of effect of levamisole on primary and secondary outcomes in non-hospitalized patients with COVID-19 (continued )

Day 3 35 (20.1) 26 (14.3) 0.145
Day 5 19 (11.0) 18 (9.9) 0.736
Day 7 12 (6.9) 11 (6.0) 0.733
Day 9 8 (4.6) 8 (4.4) 0.917
Day 14 3(1.7) 4(2.2) 1.000
Rhinorrhea, n (%)

Day 1 19 (10.9) 27 (14.6) 0.288
Day 3 11 (6.3) 11 (6.0) 0.913
Day 5 7 (4.0) 4(2.2) 0.320
Day 7 3(1.7) 1 (0.5) 0.361
Day 9 1(0.6) 1(0.5) 1.000
Day 14 1 (0.6) 2 (1.1) 1.000
Dyspnea, n (%)

Day 1 19 (10.9) 12 (6.5) 0.135
Day 3 14 (8.0) 10 (5.5) 0.337
Day 5 2(1.2) 6 (3.3) 0.174
Day 7 3(1.7) 5 (2.7) 0.724
Day9 1 (0.6) 3(1.6) 0.623
Day 14 1(0.6) 1(0.5) 1.000
Anorexia, n (%)

Day 1 30 (17.2) 33(17.8) 0.882
Day 3 23 (13.2) 32 (17.6) 0.255
Day 5 21 (12.1) 13 (7.1) 0.110
Day 7 14 (8.1) 8 (4.4) 0.149
Day 9 7 (4.0) 4(2.2) 0.315
Day 14 4(2.3) 1(0.5) 0.201
Nausea, n (%)

Day 1 25 (14.4) 15 (8.1) 0.060
Day 3 22 (12.6) 15 (8.2) 0.174
Day 5 9 (5.2) 13 (7.1) 0.488
Day 7 4 (2.3) 6 (3.3) 0.751
Day9 4(2.3) 2(1.1) 0.438
Day 14 0 (0.0) 1(0.5) 1.000
Vomiting, n (%)

Day 1 11 (6.3) 5(2.7) 0.097
Day 3 4(2.3) 0 (0.0 0.056
Day 5 1 (0.6) 0 (0.0) 0.487
Day 7 0 (0.0) 0 (0.0) -
Day 9 0 (0.0) 0 (0.0) -
Day 14 0 (0.0) 0 (0.0 -
Diarrhea, n (%)

Day 1 16 (9.2) 17 (9.2) 0.998
Day 3 10 (5.7) 8 (4.4) 0.561
Day 5 3(1.7) 1(0.5) 0.361
Day 7 1 (0.6) 1 (0.5) 1.000
Day 9 1(0.6) 0 (0.0) 0.487
Day 14 1(0.6) 1 (0.5) 1.000
Hyposmia, n (%)

Day 1 18 (10.3) 27 (14.6) 0.224
Day 3 17 (9.8) 26 (12.3) 0.191
Day5 15 (8.7) 18 (9.9) 0.692
Day 7 16 (9.2) 12 (6.6) 0.354
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JE1) P Comparison of effect of levamisole on primary and secondary outcomes in non-hospitalized patients with COVID-19 (continued )

Day9 13 (7.6) 8 (4.4) 0.208
Day 14 8 (4.6) 4(2.2) 0.199
Dysgeusia, n (%)

Day 1 18 (10.3) 28 (15.1) 0.157
Day 3 18 (10.3) 28 (15.4) 0.156
Day 5 16 (9.2) 20 (11.0) 0.587
Day 7 15 (8.7) 10 (5.5) 0.242
Day 9 14 (8.1) 8 (4.4) 0.149
Day 14 5(2.9) 6 (3.3) 0.839
Hospital admission, n (%) 4(2.2) 2(1.1) 0.444
Time between symptoms onset and 9.5 (8.0-9.5) 7.0 (7.0-7.0) 0.102

hospitalization (days), median (IQR)
IQR: Interquartile range; SD: Standard deviation

Patients screened (n=536)

Excluded (n=29)
= Not meeting inclusion criteria (n=13)
* Declined to participate (n=18)

Y

Randomized (n=507)

hJ ¥

Randomized to receive the standard care (n=254)
+ Started standard care (n=238)

# Didn't start the treatment (n=18)

+ Withdrew consent (n=7)

» Protocol violation® (n=4]

Randomized to receive levamisole and the standard care (n=253)
» Started levamisole and standard care (n=237)

» Didn't start the treatment (n=18)

= Withdrew consent (n=6)

= Protocol violation® (n=5)

h

Completed treatment (n=170)
Negative COVID-19 PCR (n=5&)
Stopped treatment early (n=10)
»Did not answer the telephone for fellow up (n=5)

*Hospitalization (n=4)

#Non-adherence (n=1)
Included in primary analysis (n=180)
Excluded (n=74)

Y

Completed treatment (n=174)
Negative COVID-19 PCR (n=52)
Stopped treatment early (n=9)
+Did not answer the telephone for follow up (n=4)
s Adverse event: rash (n=1)
*Hospitalization (n=2)
#MNon-adherence (n=2]

¥

Included in primary analysis (n=185)
Excluded (n=68)

CONSORT flow diagram (% one patient had elevated liver enzymes, and one was pregnant; b three patients were lactating, one was
pregnant, and one had low glomerular filtration rate)
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UE1D RS The odds ratio of clinical presentation of patients with COVID-19 comparing control and intervention groups by generalized estimat-

ing equations

Clinical presentation OR 95% CI P-value
Fever 0.260 0.113-0.599 0.002
Chills 0.223 0.076-0.648 0.006
Cough 0.638 0.376-1.083 0.096
Fatigue 0.576 0.346-0.960 0.034
Headache 0.613 0.371-1.013 0.056
Myalgia 0.544 0.317-0.932 0.027
Sore throat 0.651 0.248-1.712 0.384
Rhinorrhea 0.285 0.100-0.816 0.019
Dyspnea 0.495 0.095-2.573 0.403
Anorexia 0.771 0.372-1.594 0.482
Nausea 1.034 0.358-2.986 0.951
Vomiting 0.193 0.021-1.810 0.150
Diarrhea 0.966 0.263-3.552 0.959
Hyposmia 0.845 0.345-2.070 0.713
Dysgeusia 0.824 0.358-1.900 0.650

CI: Confidence interval; OR: Odds ratio

The General Health Condition Score
(MeanSD)

Day1l Day3 Day5 Day7 Day9 Day14
Time

L N T ST T ST B S

s CONTrO| s Intervention

EFETH The general health condition of the patients measured by
verbal numeric scale. The mean+SD subjective overall condition of
the patients on 6 follow-up times is shown. Significance is indicated
by * for P<0.001

tients in each group.

2.4. Randomization

In this study, patients were randomly assigned into two
study arms by the permuted block randomization method.
Six quadruple blocks, including AABB, ABAB, ABBA, BBAA,
BABA, and BAAB were defined. Blocks were chosen ran-
domly utilizing a random number table. According to the
order specified in each block, two patients received treat-
ment A (with LVM), and two patients received treatment B
(without LVM). The appropriate number of vials of open-
label study drugs were assigned to the patient. Sites did not
have access to the randomization list and were unaware of
the treatments sequence. At the health center, study medi-
cation was distributed according to the random number al-

located to each participant. The research pharmacies held
this list, and statisticians verified that the randomization se-
quence was followed.

2.5. Intervention

Patients were randomly assigned in a 1:1 ratio into interven-
tion or control groups by the permuted block randomiza-
tion method. The control group received only the standard
COVID-19 care based on the ninth edition of COVID-19 diag-
nosis and treatment guideline at the level of outpatient and
inpatient services in Iran, that was released on December
2019. Standard COVID-19 care included the hydroxychloro-
quine tablets 200 mg twice daily for five days, acetaminophen
tablets 500 mg every 6 hours in case of fever, naproxen tablets
500 mg every 8 hours in case of myalgia, famotidine 40 mg
daily, diphenhydramine syrup 10 cc every 8 hours in case of
sore throat and cough, etc. (11). The intervention group re-
ceived levamisole 50 mg/day for ten days in addition to the
standard care.

2.6. Outcomes and follow-up

We used a predetermined checklist to collect both ob-
jective and subjective (self-reported) data, which included
demographic characteristics such as age (year), gender
(male/female), body mass index (BMI) (kg/mz); the ini-
tial vital signs such as systolic and diastolic blood pressure
(mmHg), temperature (°C), pulse rate (beats/min), respira-
tory rate (breaths/min), O2 saturation (percent), past med-
ical history; and social history including cigarette smoking,
alcohol drinking, opium or any drug abuse. The health care
experts at the health centers were obliged to call the par-
ticipants on days 1 (the medication start date), 3, 5, 7, 9,
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and 14 to assess medication adherence, adverse events, pres-
ence and severity of COVID-19 symptoms, COVID-19 RT-PCR
result, laboratory test results, hospitalization, and vital sta-
tus. If participants were hospitalized within 14 days, we con-
tinued to monitor only their vital status; the clinical symp-
toms, adverse events, and lab results were not evaluated and
not included in the statistical analysis. Due to the differ-
ences in treatment guidelines between hospitalized and non-
hospitalized patients, the continuation of LVM prescription
was not applicable after hospitalization. Moreover, our study
aimed to determine the efficacy of LVM in non-hospitalized
patients, its probable effect in the prevention of severe forms
of the disease, and in general, its role in decreasing mortality
and morbidity.

Clinical symptoms included the general condition of the pa-
tient, dyspnea, cough, diarrhea, nausea, vomiting, myalgia,
fatigue, headache, sore throat, rhinorrhea, fever, anosmia,
dysgeusia, anorexia, and loss of consciousness.

The general condition of the participants’ score was self-
assessed using an 11-point VNS (0 to 10, with 1-point in-
crements) with 0 indicating no symptoms and 10 indicating
death. Those who died of COVID-19 related complications
were assigned a severity score of 10 for any surveys missed
up until the date of death. During each follow-up, patients
were educated on VNS and were informed of their previous
given scores on each follow-up day.

We collected medication-related adverse events by direct
questions on the most common adverse events. Investiga-
tors made a call or sent a text message to the participants or
their designated third-party contacts who did not respond to
follow-up surveys to ascertain outcomes. In case of unsuc-
cessful attempts, investigators searched patients’ vital statis-

tics in the Integrated Health Record System. (so-called SIB).
Agranulocytosis, anemia, and thrombocytopenia are uncom-
mon adverse events of LVM. Therefore, we recommended
physicians to obtain a complete blood count (CBC) for par-
ticipants on days 1 and 14 to rule out such laboratory (lab)
data abnormalities. However, since only 16 participants
brought their lab data results, we didn’t include them for
analysis.

The health professionals were trained to immediately refer
the patient to selected hospital centers in case of any of the
following symptoms: 1) increase in respiratory rates, esp. >
24 breaths per minute, progressive course of shortness of
breath, difficulty in breathing, chest pain, burning, or heav-
iness in the chest 2) peripheral cyanosis 3) changes in con-
sciousness, drowsiness, and confusion. Participants were ad-
vised to consult a physician at the selected comprehensive
health center if they experienced any of the following symp-
toms to determine whether they would require hospitaliza-
tion or continue their treatment, or they need to add sup-
portive therapies: 1) exacerbation of cough or occurrence
of productive cough; 2) persistence or exacerbation of fever
above 38.5 °C after five days; 3) severe diarrhea not respond-
ing to oral replacement therapy with water and electrolytes;
and 4) severe anorexia.

2.7. Study endpoints

The initial primary outcome was the self-reported general
health condition of the participants measured by VNS on
days 3, 5, 7, 9, 14. Secondary outcomes were the presence
of any clinical symptom at days 3, 5, 7, 9, 14, adverse events,
hospitalization, and death.
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JE1D Y Comparison of adverse events between control and intervention groups

Adverse events Control group (n=180) Intervention group (n=185) P
Stomachache, n (%)

Day 1 0 (0.0 5(2.9) 0.336
Day 3 1(1.8) 8 (4.7) 0.455
Day 5 1(1.8) 4 (2.4) 1.000
Day 7 0 (0.0 0(0.0) -
Day 9 0 (0.0 0(0.0) -
Day 14 0(0.0) 0(0.0) -
Vertigo, n (%)

Day 1 0 (0.0 1 (0.6) 1.000
Day 3 0 (0.0 2(1.2) 1.000
Day 5 0(0.0) 1 (0.6) 1.000
Day 7 0 (0.0 0(0.0) -
Day9 0 (0.0 1 (0.6) 1.000
Day 14 0(0.0) 1 (0.6) 1.000
Skin rash, n (%)

Day 1 0 (0.0 0(0.0) -
Day 3 0 (0.0 0(0.0) -
Day 5 0(0.0) 1 (0.6) 1.000
Day 7 0 (0.0 1(0.6) 1.000
Day9 0 (0.0 1 (0.6) 1.000
Day 14 0 (0.0 1 (0.6) 1.000
Metallic taste in mouth, n (%)

Day 1 0 (0.0 7(4.1) 0.197
Day 3 0 (0.0 7(4.1) 0.196
Day 5 0 (0.0 3(1.8) 0.574
Day 7 0(0.0) 0(0.0) -
Day9 0 (0.0 0(0.0) -
Day 14 0 (0.0 0(0.0) -
Insomnia, n (%)

Day 1 1(1.8) 1 (0.6) 0.437
Day 3 0(0.0) 0(0.0) -
Day 5 0 (0.0 0(0.0) =
Day 7 0 (0.0 0(0.0) -
Day 9 0(0.0) 0(0.0) -
Day 14 0 (0.0) 0(0.0) -
Oral ulcer, n (%)

Day 1 0 (0.0 1 (0.6) 1.000
Day 3 0(0.0) 1 (0.6) 1.000
Day5 0 (0.0 1 (0.6) 1.000
Day 7 0 (0.0 0(0.0) -
Day 9 0 (0.0 0(0.0) -
Day 14 0(0.0) 0(0.0) -
Total patients with adverse events 2 (3.5 21 (12.6) 0.052

2.8. Statistical analysis

Before analyzing the data, quantitative variables in terms of
normality were examined through the Kolmogorov-Smirnov
test. The Mann-Whitney U test was used to compare the
general health condition and age in the intervention group
and control group. An independent sample t-test, tested the

difference in BMI means between control and intervention
groups. The presence of symptoms at each time point, gen-
der, vital signs, social history, co-existing conditions, con-
comitant medications, time from symptom onset to enroll-
ment and diagnosis, and the time from past COVID-19 in-
fection history, reinfection, and adverse events were assessed
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with the chi-square/Fisher exact test.

Generalized estimating equations (GEE), was used to test
possible differences in the general health condition of pa-
tients (measured by VNS) and clinical presentations (using
age groups and the baseline presentation as a covariate), as-
suming LVM and follow-up (when applicable) as fixed fac-
tors, with marginal distribution and considering the interac-
tion between LVM prescription and follow-ups. Linear and
binary logistic models were selected for the primary and sec-
ondary outcomes, respectively. The quasi-likelihood under
independence model criterion (QIC) and corrected quasi-
likelihood under independence model criterion (QICC) were
used to choose between different correlation structures and
consider various interactions. According to this criterion, the
structure that obtained the smaller QIC or QICC was better.
The odds ratio and 95% confidence interval (CI) for change in
severity score from baseline between groups are presented.
Mortality analysis was not performed because no death oc-
curred during the study.

All the statistical analysis was conducted by SPSS software
version 20 according to the intention-to-treat principle (that
is, all participants with data are included in the analyses re-
gardless of their medication status) with a 2-sided type I error
using an a of 0.05.

3. Results

3.1. Patients’ characteristics and baseline fea-
tures

Figurel shows the CONSORT flowchart of the study. Of 536
patients who consented and were assessed for eligibility, 507
patients underwent randomization and entered the study
(237 patients started a 10-day course of LVM added to the
standard care; 254 patients started a 10-day course of the
standard care only). Of the 29 patients who were not ran-
domized, 13 patients did not meet eligibility criteria, and 16
patients declined to participate. Thirty-four randomized pa-
tients did not receive treatment (13 patients withdrew con-
sent, and 9 patients had protocol violations). One hundred
eight randomized patients were excluded from the study dur-
ing the follow-up due to their negative COVID-19 RT-PCR re-
sults.

Demographics and disease characteristics of the patients in
the two groups showed no significant difference (Table 1).
The mean age of the patients was 41.3+13.2 years, and 55.1%
of the patients were male. Overall, 9.4% had diabetes, 8.8%
had hypertension, 1.6% of patients had cardiovascular dis-
eases, 1.1% had asthma, and 1.9% had past COVID-19 infec-
tion. At the screening phase, both groups had a median oxy-
gen saturation of 96% while breathing room air (IQR: 95.0-
97.0). The median time from symptom onset to study enroll-
ment and diagnosis in both groups was 2.0 and 3.0 days, re-
spectively (IQR: 1.0-3.0 and 2.0-4.0, respectively). Other than
LVM, patients in the control and intervention groups were
administered identical medications (Table 1).

3.2. Efficacy of levamisole treatment

LVM has significantly decreased the VNS and improved the
general health condition of the patients compared to the
control group (B=-0.635; CIL: -0.041,-0.329; P<0.001) (Fig-
ure2). Moreover, as shown in table 2, when comparing
each follow-up, on day 3, 5, 7, 9, and 14, patients random-
ized to the intervention group had significantly better gen-
eral conditions than those randomized to the control group
(P<0.001). The number of hospitalized patients in the con-
trol and intervention groups was 4 (2.2%) and 2 (1.1%), re-
spectively (P=0.444), with a median time of 7.5 days between
symptom onset and admission (IQR: 7.0-10.2 days). The
mortality rate was not analyzed due to the zero number of
events.

In the intervention group, patients had significantly lower
odds of complaining from fever compared to the control
group (OR=0.260; 95% CI: 0.113,0.599; P=0.002) (Table 3).
When comparing febrile status on different days, we only
found a significant difference in febrile status on days 3 and
5 (P<0.05) (Table 2). Similarly, the odds of complaining from
chills was significantly lower in patients receiving LVM with
standard care, compared to the control group (OR=0.223;
95% CI: 0.076,0.648; P=0.006) (Table 3), but no significant
difference was found when comparing two groups on each
follow-up day (Table 2).

Baseline cough was significantly more reported in the inter-
vention group than the control group (P=0.012) (Table 2);
thereby, we considered adjusting cough at baseline in the
GEE model. Following adjustment, we found that the odds
of reporting cough was less in the intervention group than in
the control group, but the difference was not significant (OR=
0.638; 95% CI: 0.376,1.083; P=0.096) (Table 3). In addition,
when comparing two groups in cough on days 3, 5, 7, 9, 14,
no significant difference was found (Table 2). The interven-
tion group had significantly lower odds of fatigue (OR=0.576;
95% CI: 0.346,0.960; P=0.034) (Table 3). On day 7 of follow-
up, the intervention group experienced less fatigue than the
control group, which was statistically significant (P=0.044, ta-
ble 2).

Patients in the intervention group had significantly lower
odds of myalgia than the control group (OR=0.544; 95% CI:
0.317,0.932; P=0.027, table 3). 37 (21.4%) of patients in the
control group complained of myalgia on day 7 while only
16 (8.8%) of the intervention group experienced myalgia
(P=0.001); on day 9 this was reduced to 18 (10.4%) versus 7
(3.8%) in the control and intervention groups, respectively
(P=0.016) (Table 2). Patients receiving LVM also had signifi-
cantly fewer odds of rhinorrhea than those receiving only the
standard care (OR=0.285; 95% CI: 0.100,0.816; P=0.019) (Ta-
ble 3).

Patients in the intervention group reported fewer headaches
over a follow-up on the 7th (P=0.003), 9th (P=0.009), and
14th (P=0.036) days than the control group (Table 2). The
odds of experiencing headache was less in the intervention
group; however, this finding was not statistically significant
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(OR=0.613; 95% CI: 0.371,1.013; P=0.056) (Table 3).

We found no significant difference in dyspnea, diarrhea,
nausea, vomiting, sore throat, hyposmia, dysgeusia, and
anorexia at baseline and during the treatment (P>0.05, tables
2 and 3, and figure 3). Loss of consciousness was not reported
in either group during the study period.

3.3. Adverse events

No severe adverse events were reported by patients in either
group. Adverse events were experienced by only 23 (10.3%)
of patients in the study, which were mild and self-limited,
including stomachache (n=9), metallic taste in the mouth
(n=7), vertigo (n=2), skin rash (n=1), and oral ulcer (n=1) (Ta-
ble 4). In total, 2 (3.5%) of patients in the control group re-
ported one or more adverse events while 21 (12.6%) of the
intervention group experienced such events, but this differ-
ence was not significant (P=0.052) (Table 4).

4, Discussion

In this trial, individuals who underwent LVM therapy for ten
days showed significantly improved clinical status on day 14
compared to those who received standard care in this clinical
study of patients with mild to moderate COVID-19. The dif-
ference in the clinical status on days 3, 5, 7, 9, and 14 between
the 10-day LVM and standard care groups was significant. We
used an 11-point scale (VNS) to assess the participants’ over-
all health as they were handled outpatient. Unlike hospital-
ized patients, our goal in cases of mild to moderate COVID-
19 in the outpatient setting is to improve patient-reported
health status. For instance, one may experience cough, but
from their point of view, cough is tolerable. Although this is
a subjective measurement, it is valuable. The odds of fever,
chills, fatigue, myalgia, rhinorrhea were also found to be sig-
nificantly lower in the intervention group. The difference in
the occurrence of dyspnea, cough, diarrhea, nausea, vom-
iting, sore throat, hyposmia, dysgeusia, and loss of appetite
was not significant.

The rate of hospitalization in our study was low (1.6%); this is
in agreement with the previous trial on LVM (4). Our multi-
center trial took place in primary health centers, so we as-
sumed that patients with a better overall health condition
visited our study sites. On the other hand, COVID-19 sus-
pected patients with severe health conditions would directly
go to the hospitals, bypassing the health centers. Moreover,
we only included COVID-19 patients with mild to moderate
illnesses in our trial, which could explain the low rate of hos-
pitalization and mortality in our study.

The pro-inflammatory state is the second stage of COVID-19
illness, and it is associated with an increased level of inflam-
matory cytokines such as IL-6 and IL-8 leading to cytokine
storm, systemic inflammation, and severe acute respiratory
syndrome (13).

Therefore, researchers have focused on reducing inflamma-
tory response as a potential therapeutic target against the
second phase of COVID-19 disease. Many current studies

are attempted to identify intracellular and molecular mecha-
nisms and intervene to prevent COVID-19 illness from pro-
gressing to the second phase. In this regard, several stud-
ies evaluated the effect of LVM by explaining the molecular
mechanisms. One study confirmed that LVM has a poten-
tial inhibitory effect on the papain-like protease of the shell
of the virus (which is necessary for virulence of COVID-19),
can decrease the levels of tumor necrosis factor alpha (TNF
a) and interlukin-6 (IL-6), and as a chemical adjutant, can in-
troduce the virus to the immune system and might help man-
age COVID-19 (7). Moreover, it was reported that LVM has an
immune-enhancing effect, thereby increasing host immune
response and viral clearance. Furthermore, Al-Kuraishy et al.
declared that co-administration of LVM with the COVID-19
vaccine might enhance the humoral immune response and
immunization against SARS-CoV-2 (6).

So far, few specific antiviral and immunomodulatory treat-
ments are available for COVID-19. Anti-inflammatory and
immunomodulatory treatments have been proven in stud-
ies to help manage COVID-19 patients who are in the pro-
inflammatory stage of the disease (14). In severe cases of
COVID-19, IL-6 levels in the blood are notably high (15). Us-
ing tocilizumab (TCZ), a human IL-6 blocking medication,
reduced C-reactive protein (CRP), oxygen demand, the opac-
ity of the lunglesion, and normalized the number of lympho-
cytesin 84.2, 75, 90.5, and 52.6 percent of COVID-19 patients,
respectively (16). Another anti-IL-6 agent is LVM. This med-
ication inhibits IL-6’s pro-inflammatory action, and COVID-
19 patients may benefit from this treatment.

With the same thought, several clinical trials on IVM in
COVID-19 patients have been registered (17-20), but the re-
sults are not yet published. Unlike the previous study (4),
which found a significantly better cough status on days 3
and 14 in patients randomized to the IVM group, we found
no significant difference in reducing cough between the two
groups.
method was far more than only running a chi-square in SPSS

We have to mention that our statistical analysis

to remove the effect of time and other probable interactions.
Therefore, apart from chi-square/Fisher’s exact test, which
showed no difference in each follow-up comparison, we used
a GEE model in the current study and confirmed no dif-
ference in the odds of developing cough between the two
groups.

The previous trial (4) reported no significant differences in
febrile status on days 1, 3, 7, and 14 between the interven-
tion and control groups which contradicts our findings. We
found significantly lower odds of reporting fever and chills in
the intervention group. The current study showed that the
odds of not being feverish or not developing chills were al-
most 0.7. Moreover, fever was less reported on days 3 and 5
of follow-up in the intervention group. Several factors may
account for the lack of difference in the aforementioned out-
comes observed in the 3-day LVM added to the standard care
group in the previous study. Given the small sample size of
the previous research and the low dose of LVM continued for
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only three days, the actual antifebrile effect of LVM was not
seen in the previous study.

Myalgia was also assessed in the previous study (4); but un-
like the current study, they found no significant difference.
Interestingly, only five (6%) patients in the previous study (4)
were complaining of myalgia at the initial phase, which is
significantly fewer than the present study with 175 (48.9%)
patients with myalgia. The discrepancy in findings between
the two trials might be explained by the prior study’s lim-
ited sample size and the inability to detect an efficacy out-
come difference. Also, it might have happened since the pre-
vious study was conducted in 2020 with different variants of
COVID-19 and less tendency of the virus to cause myalgia.
The previous trial (4) reported significant differences be-
tween two groups in dyspnea after 7th and 14th days of
follow-up, whereas the current study found no difference
comparing days 3, 5, 7, 9 and 14 of follow-ups. Although
the odds of dyspnea were lower in the present study’s inter-
vention group, this finding was not statistically significant.
Comparing the baseline dyspnea between the two studies,
the percentage of patients with dyspnea in the previous study
(n=27, 54.0%) is higher than in the current study (n=31, 8.6%).
This might have happened due to the methodology and dif-
ference in inclusion criteria; so that patients with a poorer
health condition were included in the previous study in con-
trast to the current study, that wide range of patients with
02sat>92% including both mild and moderate conditions
with or without dyspnea were included. Only a few adverse
events were reported in our trial, which is congruent with the
previous study. However, further studies with a larger sample
size need to confirm our findings.

5. Limitations

This trial has several limitations. First, COVID-19 RT-PCR di-
agnostic testing was limited, non-hospitalized patients were
often ineligible for testing, and the turnaround time for re-
sults was multiple days. Second, the relatively low sam-
ple size in this trial made it impossible to calculate hospital
length of stay, ICU admission, and mortality. Future trials
should consider studying mortality and hospitalization rate
in a higher study population. Third, since the patients had
several coexisting diseases and were subjected to a various
medication regimen, the results could have been affected by
the heterogeneity of the sample and its treatment. Fourth,
the patients were given a dose of only 50 mg LVM after symp-
tom onset to minimize the risk of adverse events and bet-
ter tolerance. The last limitation is that laboratory variables
that could be used in identifying additional predictors of pa-
tients’ outcomes were not collected. More objective methods
such as comprehensive laboratory evaluation that contribute
to distinguishing patients progressing to severe and critical
COVID-19 in both groups remain to be elucidated.

6. Conclusion

Among patients with mild to moderate COVID-19, those ran-
domized to a 10-day course of LVM added to the standard
care had a statistically significant difference in general health
status compared with standard care at 14 days after initiation
of treatment. Patients randomized to a 10-day course of LVM
added to the standard care had statistically significant odds
of not developing a fever, chills, fatigue, myalgia, and rhinor-
rhea compared with standard care at 14 days after initiation
of treatment.
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