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fAbstract \

Background: SARS-CoV-2 infection (COVID-19) is a potentially lethal disease that may progress into severe respiratory dis-
tress syndrome requiring ventilatory support. While azithromycin (AZI) and hydroxychloroquine (HCQ) are considered similar
to placebo in COVID-19, other drugs such as ivermectin (IVER), are being repurposed to treat this pandemic. This study was
designed to assess the effects of ivermectin on duration of febrile illness and disease outcomes in mild-to-moderate COVID-19
infection in a community setting.

Methods: In this case-control study 95 suspected patients of mild-to-moderate COVID-19 were included. The controls (Group-
A) received AZI+HCQ for seven days while the cases (Group-B) received IVER+AZI+HCQ for six days.

Results: A total of 41 patients were in Group-B, while 54 patients were in Group-A. Group-B had consistently and significantly
shorter span of fever on days 5, 7, 10 and 14, where the logistic regression showed IVER as the major (Exp B 49-55; p<0-001)
underlying factor. The Kaplan-Meier survival analysis showed that Group-A had a prolonged febrile illness (p<0-001).

Conclusions: Ivermectin use is associated with reduced duration of febrile illness in COVID-19 in outpatient setting, thus
potentially saving precious lives, reducing direct load on healthcare facilities and preventing high cost of management in a

community setting.
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Introduction

World continues to fight against COVID-19 pandemic caused
by the novel coronavirus SARS-CoV-2. This unprecedented
challenge can only be dealt with rigorous research on poten-
tial therapeutic drugs and vaccine development that continues
globally to date. SARS-CoV-2 infection (COVID-19) usually
presents as a multi-system syndrome comprising of varying
combination of fever, cough, dyspnea, gastrointestinal upset,
body ache, changes in sensations of smell and taste among
other symptoms. Many patients suffering from dyspnea would
progress into acute respiratory distress syndrome requiring
ventilator support. Laboratory investigation usually shows
changes in blood count, increased inflammatory response and
tissue damage, as well as hypercoagulable state [1]. Radio-
logical criteria exist to aid in COVID-19 diagnosis [2]. The
abrupt progression into a pandemic and concomitant strain on
economy as well as healthcare infrastructure has led to uneven
distribution of diagnostic investigations such as PCR detec-

tion kits lagging behind the disease burden in a large part of
the global community. That is why a combination of clinical
presentation, as well as non-specific laboratory and radio-
logical investigations are widely being relied upon across the
world and accepted by WHO [3]. Being a new disease that is
still being understood and treatment being sought, a variety
of solutions have been proposed to treat it. Newly diagnosed
patients of COVID-19 are often prescribed a combination of
azithromycin and hydroxychloroquine in anticipation of fa-
vorable therapeutic outcome. However, multiple studies have
failed to show a beneficial effect of this combination in treating
COVID-19 and are not superior to the placebo [4]. While an-
tiviral drugs such as lopinavir/ritonavir, nelfinavir, remdesivir,
favipiravir and ribavirin have been tried with varying success
and still being explored, other approach includes modulating
the immunological and inflammatory response using cortico-
steroids 5, interferons 6, and IL-6 pathway inhibitors such as
tocilizumab, sarilumab, and siltuximab [5].
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Some ant parasitic drugs such as chloroquine, Niclosamide,
Nitazoxanide and Ivermectin have also been proposed as po-
tentially useful drugs against COVID-19 [6-9]. While chloro-
quine or hydroxychloroquine does not seem to be an effective
treatment for COVID-19 [10,11], ivermectin has shown prom-
ising effects. Recent reports suggesting utility of ivermectin in
some viral infections [12] and low viral infection in communi-
ties having mass deworm campaigns [13] has also led to use of
this drug in COVID-19.

With more than 41 million people affected and 1.1 million
deaths globally the tragedy continues. Almost half the burden
of morbidity and mortality is seen in the worst three affected
countries, USA, India and Brazil alone [14]. With burdened
healthcare infrastructure, limited resources and few available
treatment choices in developed as well as developing coun-
tries, all available options could prove vital not only for local
use but also globally. This is highly imperative that while new
drug and vaccine development is in progress, existing treatment
methods may be repurposed to reduce morbidity and mortal-
ity at the community level globally as well as help reduce the
extreme pressure on healthcare personnel and infrastructure.
Hence, we designed this study to assess the effects of ivermec-
tin on duration of febrile illness and disease outcomes in mild-
to-moderate COVID-19 infection in a limited-resource com-
munity setting in an effort to maximize the ability of healthcare
system to deal with the plethora of COVID-19 cases.

Method and Materials

Patients

This is a case-control study conducted at Jinnah Medical and
Dental College (JMDC) Karachi, and Jinnah Medical Col-
lege Hospital (JMCH), Karachi, Pakistan. The research was
conducted in accordance with the Declaration of Helsinki
and national and institutional standards. The Ethical Review
Committee of Jinnah Medical and Dental College, Karachi ap-
proved the study.

All patients who presented at JMCH outpatient clinics with
strong clinical suspicion of mild-to-moderate COVID-19
[3,15] between March and August 2020, who were not hospi-
talized, were included. Briefly, patients presenting with a vary-
ing combination of fever, cough, fatigue, anorexia, shortness
of breath, myalgia, diarrhea, nausea and vomiting, anosmia or
ageusia, but no signs of severe pneumonia, including SpO2
> 90% on room air, were defined as mild-to-moderate COV-
ID-19. The diagnostic investigations included PCR testing for
SARS-CoV-2, immunoglobulin titers against SARS-CoV-2,
pulmonary radiological features (plain radiography and/or CT
scan) blood inflammatory markers, such as CRP, and addition-
al investigations depending upon the presenting clinical pic-
ture and comorbidities. Being a developing country, there are
financial and logistic constraints along with limited availability
of public testing facilities because of which not every patient
could be tested for COVID-19 through PCR or antibody titers.
Therefore, a strong clinical suspicion remained the major diag-
nostic parameter as described above [3,15].

The patients who received azithromycin (AZI) 500 mg PO
daily and hydroxychloroquine (HCQ) 200 mg PO twice daily,
both for seven days, were considered as control group (Group-
A) while the cases (Group-B) comprised of all those patients
who received ivermectin (IVER) 12 mg PO daily for six days
in addition to AZI+HCQ.

Data Collection

The general and clinical data of all patients was collected by

a questionnaire which included age, gender, history of recent
travel or Covid-19 exposure, and significant medical history. A
total of 95 patients were included in the study.

Study outcomes

The primary and secondary outcomes of the study are given in
Table-1 [11].

Table 1: Study Outcomes.

Primary Outcomes |11] - 14th day of starting treatment

1. Not hospitalized with no limitations on activities

2. Not hospitalized but with limitations on activities

3. Hospitalized, not receiving supplemental oxygen

4. Hospitalized, receiving supplemental oxygen

5. Hospitalized, receiving non-invasive ventilation or high-

flow nasal cannula

6. Hospitalized, receiving mechanical ventilation

7. Death
Secondary Outcomes|11] - 7th day of starting treatment
1. Not hospitalized

2. Hospitalized, not receiving supplemental oxygen

3. Hospitalized, receiving supplemental oxygen

4. Hospitalized, receiving non-invasive ventilation or high-

flow nasal cannula
5. Hospitalized, receiving mechanical ventilation

6. Death

Additional secondary outcomes:

1. Presence of febrile illness on day 5
2. Presence of febrile illness on day 7

3. Presence of febrile illness on day 10

4. Presence of febrile illness on day 14

Statistical analysis

The groups were compared using chi-square test or Student’s
t-test where applicable. Odds ratios with 95% confidence inter-
val were computed for primary and secondary outcomes. Lo-
gistic regression analysis was carried out and survival analysis
using Kaplan-Meier curves (log-rank) were conducted. In all
analyses, only a p-value <.05 was considered significant.

Results

Atotal of 95 patients, including 36 females (38%) and 59 males
(62%) diagnosed with COVID-19 with mild to moderate ill-
ness were included in this study, who had received azithromy-
cin and hydroxychloroquine (AZI+HCQ) as part of the treat-
ment. Out of those, 41 (Group-B) had also received ivermectin
(IVER+AZI+HCQ), while remaining 54 received AZI+HCQ
only (Group-A). Patients living in six out of seven urban dis-
tricts of Karachi were represented. Since the participating hos-
pital is situated in Karachi East, that district remained the dom-
inant group. While patients were predominantly involved with
some sort of public dealing, including healthcare and business
profession, a quarter of patients were housewives, suggesting
the extent of transmission within community and potentially
serious outlook. Majority (n=68; 72%) had no comorbidity.
The baseline characteristics are given in Table-2. The majority
of patients presented with fever, body ache, lethargy and respi-
ratory complaints although gastrointestinal symptoms were not
uncommon. The total leukocyte count showed significant dif-
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Table 2: Baseline Characteristics.

Parameters Medication Group Total p value | OR 95%
CI
A B Low- | Upper
er
Sex Female 18 | 33:3% | 18 | 43:9% | 36 | 37°9% | 0-29
Male 36 | 66:7% | 23 | 56:1% | 59 | 62:1%
Occupation Healthcare 8 14-8% | 6 14:6% | 14 | 14-7% | 0-17
Business 14 |1 259% |5 12:2% | 19 | 20:0%
Commerce 2 3-7% 2 4-9% 4 4-2%
Industry 0 2 | 49% 2 2:1%
InfoTech 2 3-7% 0 2 2:1%
Public office/ 8 14-8% | 6 14:6% | 14 | 147%
Student 4 7-4% 5 12:2% | 9 9:5%
Housewife 15 1 27-8% | 9 22:0% | 24 | 25-3%
Retired 1 1-9% 3 7-3% 4 | 42%
Not mentioned 0 3 7-3% 3 3-2%
District of Residence in Kara- | N/A 6 11-1% | 9 22:0% | 15 | 15:8% | 0-23
chi South 9 16:7% |2 | 49% 11 | 11-6%
Central 7 13:0% |2 | 49% 9 9-5%
Kemari 0 1 2-4% 1 1-1%
East 21 | 38:9% | 20 | 48:8% | 41 | 43-2%
Korangi 8 14-8% | 5 12:2% | 13 | 13-7%
Malir 3 5:6% 2 | 49% 5 5:3%
Symptoms at the time of presentation
Fever No 0 2 4-9% 2 2:1% 0-10
Yes 54 | 100% 39 | 95:-1% | 93 | 97-9%
Difficulty in breathing No 45 | 833% | 38 [ 92:7% | 83 | 87:4% | 0-17
Yes 9 16:7% | 3 7-3% 12 | 12:6%
Cough No 11 | 20:4% | 13 | 31:7% | 24 | 25:3% | 0-21
Yes 43 | 79:6% | 28 | 68:3% | 71 | 74:7%
Diarrhea No 50 1 92:6% |29 | 70:7% | 79 | 83-2% | 0-01
Yes 4 7-4% 12 1 293% | 16 | 16:8%
Vomiting No 48 | 88:9% | 40 | 97-6% | 88 | 92:6% | 0-14
Yes 6 11-1% |1 2-4% 7 7-4%
Lethargy No 2 3-7% 2 | 49% 4 1 42% 1-00
Yes 52 1 96:3% | 39 | 95:1% | 91 | 95-8%
Loss of smell sensation No 37 | 68:5% | 28 | 68:3% | 65 | 68-4% | 0-98
Yes 17 | 31:5% | 13 | 31:7% | 30 | 31-6%
Loss of appetite No 6 11-1% | 10 | 24:4% | 16 | 16:8% | 0-09
Yes 48 | 88:9% | 31 | 75:6% | 79 | 83-2%
Loss of weight No 22 | 40-7% | 22 | 53:7% | 44 | 46:3% | 0-21
Yes 32 1 593% | 19 | 46:3% | 51 | 53-7%
Loss of taste sensation No 22 | 40:7% | 19 | 46:3% | 41 | 43-2% | 0-59
Yes 32 |1 593% |22 | 53:7% | 54 | 56:8%
Bodyache No 0 2 |1 4% 2 |1 2-1% 0-18
Yes 54 | 100% 39 1 95:1% | 93 | 97-9%
Comorbidity Asthma/ Allergy 2 3-7% 0 2 2:-1% 0-32
Hypertension 9 16:7% | 4 9-8% 13 | 13-7%
Hypertension + Dia- | 5 9:3% 4 9-8% 9 9:5%
betes
Rheumatoid arthritis | 0 2 4-9% 2 2:1%
Migraine 0 1 2-4% 1 1-1%
None 38 | 70:4% | 30 | 73:2% | 68 | 71:6%
Medication use due to some other co-existing condition
Gluco-corticoid No 53 [ 98:1% | 40 | 97:6% | 93 | 97°9% | 1-00
Yes 1 1-:9% 1 2-4% 2 2:1%
ACE inhibitor No 52 1 96:3% |39 | 95:1% | 91 | 95-8% | 1-00
Yes 2 3-7% 2 | 49% 4 | 42%
ARB No 45 | 833% | 36 | 87-8% | 81 | 85:3% | 0-77
Yes 9 16:7% | 5 12-:2% | 14 | 147%
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NSAID No 52 196:3% | 36 | 87-8% | 88 | 92:6% | 0-23
Yes 2 | 37% 5 12-2% | 7 | 7-4%

Proton pump inhibitors No 37 | 68:5% | 33 | 80-5% | 70 | 73:7% | 0-24
Yes 17 | 31-5% | 8 19-5% | 25 | 26:3%

Hydroxy-chloroquine No 54 | 100% 40 | 97-6% | 94 | 98-9% | 0-43
Yes 0 1 2:4% 1 1-1%

Azithromycin No 53 [ 98-1% | 40 | 97:6% | 93 | 97°9% | 1-00
Yes 1 1:9% 1 2:4% 2 | 21%

Investigations for COVID-19

PCR Unavailable 43 | 79:6% | 38 | 92:7% | 81 | 85:3% | 0-19
Positive 9 16:7% | 3 7-3% 12 | 12:6%
Negative 2 | 37% 0 2 | 21%

IgG, IgM titer Unavailable 51 [ 94:4% | 40 | 97:6% | 91 | 95-8% | 0-16
Positive 3 5-6% 0 3 32%
Negative 0 1 2-4% 1 1-1%

Total antibody estimation | Unavailable 51 [ 94:4% | 30 | 73:2% | 81 | 85-3% | 0-01

(Qualitative) Positive 3 5:6% 9 122:0% | 12 | 12:6%
Negative 0 2 14-9% 2 2:-1%

Chest X-ray and/or CT Scan | Unavailable 26 | 48-1% |27 | 65:9% | 53 | 55-:8% | 0-22
Positive 23 | 42:6% | 12 | 29:3% | 35 | 36:8%

(Chest)
Negative 5 9-3% 2 4-9% 7 7-4%

Drugs used during COVID-19 illness

Cortico-steroids No 45 | 83-3% | 27 | 659% | 72 | 75:8% | 0-05
Yes 9 16:7% | 14 | 34-1% | 23 | 24-2%

Aspirin low dose No 49 1 90-7% | 38 | 92:7% | 87 | 91:6% | 1-:00
Yes 5 193% 3 7-3% 8 8-4%

Additional antibacterials No 52 196:3% | 39 | 95:1% | 91 | 95-8% | 1-00
Yes 2 | 37% 2 | 49% 4 | 42%

Zinc supplements Yes 50 [ 92:6% | 38 | 92:7% | 88 | 92:6% | 1-00
N/A 4 | 7-4% 3 7-3% 7 | 74%

Presence of fever after starting treatment

Day 05 Afebrile 1 1-:9% 16 | 432% | 17 | 189% | <0-001 | 40-00 | 4-94 | 318-04
Febrile 52 1 98-1% | 21 | 56:8% | 73 | 81-1%

Day 07 Afebrile 11 [ 20-8% | 24 | 649% | 35 | 38:9% | <0-001 | 7-04 | 2-74 18-17
Febrile 42 | 792% | 13 | 35:1% | 55 | 61:1%

Day 10 Afebrile 32 1 60:4% | 35 | 94:6% | 67 | 74-4% | <0-001 11-49 | 2-49 5291
Febrile 21 | 396% |2 | 54% 23 | 25:6%

Day 14 Afebrile 46 | 86-8% | 37 | 100% 83 192-:2% | 0-04
Febrile 7 13-:2% | 0 7 | 7-8%

Continuous Variables

Parameters Medication Group N Mean S.D. P value
Age in years A 53 40-91 12-41 0-48
B 40 38-90 14-60
Days of being sick at the time | A 54 4:22 2-02 0-85
of presentation B 40 4-30 2-02
Oxygen saturation at presenta- | A 42 97-29 0-89 0-83
tion B 36 97-33 1-01
Magnitude of weight loss A 21 5-12 1-44 0-28
B 14 4-61 1-21
Total duration of febrile illness | A 53 9.85 3.62 <0.001
Cortico-steroids (days) A 9 8-00 3-12 0-43
B 12 7-08 1-44
Zinc supplement (days) A 28 6-00 0-33
B 16 6-06 0-25

Investigations
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Hemoglobin (G/dL) A 41 13-55 0-98 0-09
B 27 13-01 1-41

Total Leucocyte Count (x1073) | A 41 5-56 1-24 0-03
B 27 637 1-68

Platelet Count (x10"9) A 41 311-34 56-15 0-54
B 27 301-48 74-34

ESR A 11 20-91 1-58 0-25
B 6 25-33 819

Serum C-reactive protein A 26 10-08 4-83 0-18
B 13 8-00 3-56

Serum alanine amino-transfer- | A 24 76:71 21-38 0-80

ase B 18 74-89 25-42

Serum gamma glutamyl-trans- | A 28 147-21 106-41 0-14

ferase B 17 106-35 39-87

Plasma Ferritin A 12 690-83 230-19 0-26
B 4 549-25 116-34

Mean Total fever days after starting treatment

19

10

Volume 13- Issue 4

| | | | |
1 2 3 -4 5 6

Days of being sick at the time of presentation

Error bars: 95% Confidence Interval
—— Azithromycine +
Hydroxychloroquine

—— Ivermectin + Azithromycine +
Hydroxychloroquine

Figure 1: KAPLAN-MEIER ANALYSIS FOR PRIMARY END POINTS (a) AND SECONDARY END POINTS (b).
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ference between the two groups; however, no clinical signifi-
cance could be suggested as the values fell well within normal
limits. Loss of weight was also common. The most striking
difference was whether both groups differed in presence of fe-
ver on day 5, 7, 10 and 14. Group-B had consistently and sig-
nificantly shorter span of fever at each time-point mentioned
above. The odds ratio (OR) suggested that Group-B had much
higher odds to have a shorter span of febrile illness. The drugs
were well-tolerated in the doses used as shown by lack of any
reported side effects.

The logistic regression (Table-3) showed that use of ivermectin
was the only dominant (Exp(B) 49-55) and significant (p<-001)

Table 3: Logistic Regression Analysis.

factor underlying the shorter duration of febrile illness among
patients. The use of azithromycin, hydroxychloroquine and
zinc was uniform between the groups.

A Kaplan-Meier (K-M) curve with log-rank test (Figure-1) was
computed for duration of fever in both groups. The K-M curve
showed that Group-A, which did not use ivermectin, was more
likely to show a prolonged duration of febrile illness (p<-001)
as compared to Group-B, which received ivermectin.
Figure-2, as well as the odds ratio shown in Table-2 shows that
the maximum benefit of using ivermectin is seen when pre-
scribed early in the course of illness. If ivermectin is prescribed
with a delay of five days or more after the start of febrile ill-

Parameters in the Model | B S.E. | Wald | p-value | Exp(B) | 95% C.I.for EXP(B)
Lower Upper
Age 0-03 | 0-03 | 094 | 033 1-03 0-97 1-10
Days of Illness -0-11 | 0-18 | 0-40 | 0-53 0-89 0-63 1-27
Shortness of Breath -0-10 | 1-43 | 0-01 0-94 0-90 0-06 14-74
Cough -0-:58 | 075 | 0-60 | 0-44 0-56 0-13 2-44
Sex 0-32 | 0-78 | 0-17 | 0-68 1-38 0-30 6-38
Ivermectin use 390 | 1-16 | 11-29 | <0-001 | 49-55 5-09 482-68
Zinc supplement 1-68 | 1-57 | 1-14 | 0-28 5-36 0-25 116-06
Constant -1-83 | 2:27 | 0-65 | 0-42 0-16
—— Acrithromycine +
a 1.0 _l%:_lﬁ_ ||_\-drox3x—_hlmm:|uim:
Ivermectin +~ Azithromycine +
Hydroxychloroquine
O.8—
Log-rank
g O.6— P <001
=
<
=
= O a—
O.=— jj_\
O_0—
T T T T T
o S 10 15 =0
Total fever days after starting treatment
b
1.0 —I_l_l —— Azithromycine +
Hydroxychloroquine
Irermectin + Azrzithromycine +
o . S— — Hydroxychloroquine
Log-rank
&
o
=
= O.a—
0. 22—
O .0— Ty

T T
o S

T
10

T
1S

Total fever days after starting treatment

Figure 2: Duration of febrile illness according to the day of treatment commencement.
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Supplementary Table:

Logistic Regression Analysis
Parameters in the Model | B S.E. | Wald | p-value | Exp(B) | 95% C.I.for EXP(B)

Lower Upper

Age 0-03 [ 003|094 | 033 1-03 0-97 1-10
Days of Illness -0-11 | 0-18 | 0-40 | 0-53 0-89 0-63 1-27
Shortness of Breath -0-10 | 1-43 | 0-01 | 0-94 0-90 0-06 14-74
Cough -0-58 | 0-75 | 0-60 | 0-44 0-56 0-13 2-44
Sex 0-32 | 0-78 | 0-17 | 0-68 1-38 0-30 6-38
Ivermectin use 3:90 | 1-16 | 11-29 | <0-001 | 49-55 | 5-09 482-68
Zinc supplement 1-68 | 1-:57 | 1-14 | 0-28 5-36 0-25 116-06
Constant -1-83 | 2:27 | 0-65 | 0-42 0-16

ness, its beneficial effect may be reduced.

Discussion

This study shows that ivermectin use is associated with re-
duced duration of the febrile illness in an outpatient setting,
thus promoting early recovery from COVID-19 infection, es-
pecially when started early in the course of the illness.

There are several advantages of this study. This study included
COVID-19 patients suffering from febrile illness who had pre-
sented most frequently on 3rd day of febrile illness (unimodal
distribution). The severity of illness and treatment was uniform
and suggested an effective, feasible and very affordable meth-
od of treatment at community level.

There are some limitations of this study such as a case-control
design, and exclusion of severely ill or hospitalized patients.
Many patients were diagnosed on the basis of the clinical
syndrome rather than the molecular testing, as it was neither
widely available nor within reach of the majority of popula-
tion within the country. Moreover, there are serious concerns
over the COVID-19 testing in Pakistan at the community level
[16,17] rendering its feasibility in our setting. At places where
the molecular testing is considered more standardized, the
presence of false positive and false negative results remains a
limiting factor within the country creating speculations about
the testing itself. RT-PCR is commonly used for a diagnostic
test; however, its accuracy is questionable as the absence of the
virus cannot be ruled out depending on the basis of PCR alone.
The probability of false-negative results is high early in the
disease, however, despite a relative reduction of false-negative
results by the end of first week of exposure the clinical picture
remains the main consideration among those presenting with
the COVID-19 infection [18].

Earlier the antimalarial drugs chloroquine and hydroxychlo-
roquine were claimed to possess antiviral activity [19,20],
however, such studies were mainly in vitro and needed clini-
cal trials to validate their efficacy and safety in humans. This
was even more concerning when chloroquine or hydroxychlo-
roquine in combination with another potentially cardiotoxic
drug azithromycin was considered to treat COVID-19 [21,22].
However, recent studies do not support chloroquine or hy-
droxychloroquine for the treatment of COVID-19 as follows. A
comparative observational study involving COVID-19 patients
reported that hydroxychloroquine was not superior to control
group in terms of worsening of symptoms, respiratory distress,
or overall survival, all by the end of 3 weeks of treatment [23].
A clinical trial found no difference in seroconversion rate at
28th day of COVID-19 illness among those receiving hydroxy-
chloroquine compared to control group [10]. Thus, AZI+HCQ

does not impart any beneficial effect in COVID-19 and is as
good as placebo, albeit with an increased risk of cardiotoxicity.
The adequate safety profile of any drug is pivotal to consider
it as a potential drug to treat different diseases and ivermec-
tin certainly possesses this quality. Its safety profile is estab-
lished in adults on fixed daily doses of up to 36 mg without
producing any significant adverse effects [24]. Apart from the
antiparasitic effect, ivermectin is known for its antimicrobial,
antiviral, and anticancer potential. In this study ivermectin was
used in a fixed dose of 12 mg once a day for six days without
any reported side effect, thus confirming other similar studies
where ivermectin has been used safely in a variety of condi-
tions. With its good safety profile, ability to produce beneficial
effects against many RNA and DNA viruses, and effects on
various biological mechanisms, they can be considered as a
potential treatment of COVID-19 infection.12 In this study, a
dose of 12 mg once daily was used for six days leading to a
highly feasible cost of under three dollars for the entire course
of ivermectin over six days.

Thus, it could be implied that use of ivermectin in COVID-19
could potentially save many patients from adversely progress-
ing to a severer illness thus saving precious lives, reducing di-
rect load on healthcare facilities and preventing high cost of
management.

Ivermectin has various effects on different organisms such
as regulation of glucose and cholesterol, suppression of cell
proliferation, inhibition of viral replication, and reduction in
survival in insect vectors [25]. Despite its multiple therapeu-
tic applications, its mechanism of action is still not accurately
known. Another beneficial effect of ivermectin is the modula-
tion of the immune system as it decreases immune cell prolif-
eration and cytokine production.25 Both of these effects can be
the reason for showing a positive effect in COVID-19 patients
as discussed here. Ivermectin inhibits cytokine production as
estimated in bronchoalveolar lavage fluids as well as the re-
duction in serum IgE and IgG1 levels, thus reducing airway
inflammation [26]. A recent proteomic investigation, utilizing
cell-based assay, suggests a role of ivermectin as an immuno-
modulator in COVID-19 [27].

There is an evidence that ivermectin also works directly against
some viruses, such as HIV1, dengue and yellow fever viruses.
Ivermectin is believed to disrupt important cellular processes
of HIV1 by inhibiting HIV integrase and non-structural pro-
tein 5 polymerase in dengue virus [26]. It is suggested that it
also reduces the replication of flaviviruses which cause yel-
low fever and dengue by inhibiting viral RNA helicase [25].
In an in vitro study, ivermectin showed anti-viral activity in
SARS-CoV2 infected Vero/hSLAM cells [9]. RNA viruses
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rely on importin o/pf1 heterodimers for protein translocation
during replication, which is blocked by ivermectin [9]. It is
postulated that by a similar mechanism it might inhibit replica-
tion of SARS-CoV2 [28].

A recent study suggested that ivermectin used in hospitalized
patients suffering from severe pulmonary complications would
reduce mortality among COVID-19 patients [29]. However, it
was a retrospective study, conducted among hospitalized pa-
tients many of whom required a combination of various drugs,
had multiple confounders requiring statistical adjustments, the
administration of ivermectin did not follow a consistent dos-
ing regimen and many of the patients were given ivermectin
later in the course of the disease. The primary and secondary
end-points were also different as compared to our study. An-
other study conducted among healthcare personnel suggested a
beneficial role of ivermectin in COVID-19 patients [30]. How-
ever, it was a cross-sectional study conducted on COVID-19
patients presenting with a wide range of severity including as-
ymptomatic patients as well as severely ill. Further, the study
included mixed treatment regimens. In this study, the group
taking ivermectin showed a much quicker recovery from the
febrile illness at all time-points consistently with an odds ratio
being highly significant as discussed below. The most drastic
difference was seen within first 5 days, suggesting the poten-
tial of ivermectin to bring about a sharp improvement among
COVID-19 patients. To complement our observation, logistic
regression analysis shows ivermectin being the only significant
factor underlying the shorter duration of febrile illness among
patients. Similarly, the survival analysis further supports this
inference as the Kaplan-Meier curve showed a clear and highly
significant advantage of using ivermectin among COVID-19
patients presenting with febrile illness. Interestingly, like other
drugs being tried and used for COVID-19, this study suggests
that the sooner the treatment is started, the better the magni-
tude of benefit in terms of a shorter duration of febrile illness.
Recently, it has been postulated [31] that hydroxychloroquine
may act synergistically with ivermectin to improve recovery
in patients infected with SARS-CoV-2, however, we were not
able to explore this in our study. An adequately designed ran-
domized trial should provide the evidence for this hypothesis.

Conclusion

Ivermectin used in COVID-19 infection seems to be a safe
and well-tolerated drug which could shorten the duration of
febrile illness in outpatient setting. The mechanism of action of
ivermectin in COVID-19 needs further investigation stepping
further in the direction of a direct antiviral as well as immuno-
modulatory effects. It is recommended that a double-blinded,
placebo-controlled trial should be carried out to establish the
efficacy of ivermectin in coronavirus infections among patients
who have various level of disease severity and ivermectin dos-
es administered.
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