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Abstract

Objective: We evaluated whether ivermectin combined with doxycycline reduced the clinical

recovery time in adults with COVID-19 infection.

Methods: This was a randomized, blinded, placebo-controlled trial in patients with mild-to-

moderate COVID-19 symptoms randomly assigned to treatment (n¼ 200) and placebo

(n¼ 200) groups. The primary outcome was duration from treatment to clinical recovery.

Secondary outcomes were disease progression and persistent COVID-19 positivity by RT-PCR.

1Department of Neurology, Dhaka Medical College,

Dhaka, Bangladesh
2Department of Medicine, Dhaka Medical College

Hospital, Dhaka, Bangladesh
3Sarkari Karmachari Hospital, Dhaka, Bangladesh
4Ministry of Health Family Welfare, Dhaka, Bangladesh
5Department of Microbiology, National Institute of

Neurosciences and Hospital, Dhaka, Bangladesh

Corresponding author:

Md. Mujibur Rahman, Department of Medicine, Dhaka

Medical College Hospital, Secretariat Road, Shahbagh,

Dhaka 1000, Bangladesh.

Email: mmrahman61@gmail.com

Journal of International Medical Research

49(5) 1–14

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03000605211013550

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-9427-1746
mailto:mmrahman61@gmail.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211013550
journals.sagepub.com/home/imr


Results: Among 556 screened patients, 400 were enrolled and 363 completed follow-up. The

mean patient age was 40 years, and 59% were men. The median recovery time was 7 (4–10,

treatment group) and 9 (5–12, placebo group) days (hazard ratio, 0.73; 95% confidence interval,

0.60–0.90). The number of patients with a �7-day recovery was 61% (treatment group) and 44%

(placebo groups) (hazard ratio, 0.06; 95% confidence interval, 0.04–0.09). The proportion of

patients who remained RT-PCR positive on day 14 and whose disease did not progress was

significantly lower in the treatment group than in the placebo group.

Conclusions: Patients with mild-to-moderate COVID-19 infection treated with ivermectin plus

doxycycline recovered earlier, were less likely to progress to more serious disease, and were

more likely to be COVID-19 negative by RT-PCR on day 14.

Trial Registration: ClinicalTrials.gov Identifier: NCT04523831.

Data Repository ID: Dryad. doi:10.5061/dryad.qjq2bvqf6
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Introduction

On 31 December 2019, the World Health

Organization announced the outbreak of

an atypical pneumonia in Wuhan City,

China. Within weeks, the illness became a

pandemic.1,2 The presentation of the dis-

ease, named coronavirus disease 2019

(COVID-19), ranges from asymptomatic

to fatal.3 Death is mainly caused by pneu-

monia and potentially also by hyperinflam-

mation associated with cytokine storm

syndrome.4 To date, treatment has relied

mainly on supportive care.
Numerous clinical trials worldwide have

explored the efficacy of existing medicines

against COVID-19, including various antivi-

ral and immunomodulatory drugs.5

Australian researchers from Monash

University established the efficacy of iver-

mectin, a broad-spectrum antiviral drug,6,7

against severe acute respiratory syndrome-

related coronavirus (SARS-CoV-2) in in

vitro studies; viral replication was stopped

within 24 to 48 hours.8 Tetracycline, a
widely available and well-tolerated antibiotic
useful against atypical infections,9 has
known anti-inflammatory effects10 and,
along with its synthetic derivative, doxycy-
cline, has been shown by Mohit et al.11 to
potentially be effective against COVID-19.
The antiviral and anti-inflammatory proper-
ties of ivermectin combined with doxycycline
may be beneficial in the treatment of COVID
19. Given that these two drugs have different
modes of action, their synergistic effects may
contain viral infection by targeting different
sites of disease pathogenesis. In the present
study, we sought to determine the efficacy of
this combination in patients with mild-to-
moderate COVID-19 symptoms.

Patients and methods

Patients

Patients were enrolled between 1 June 2020
and 30 August 2020. The inclusion criteria
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for enrollment were as follows: age >18
years, positive COVID-19 reverse transcrip-
tion polymerase chain reaction (RT-PCR)
test within 3 days prior to enrollment, and
mild to moderately severe COVID-19 infec-
tion. Patients who were unable to receive
oral medications, were pregnant or breast-
feeding, had severe COVID-19 symptoms
(defined as tachypnea [>30 breaths/
minute] and hypoxia [oxygen saturation
(SpO2) <90%] requiring supplemental
oxygen), were admitted to intensive care
or high-dependency units, or had known
hypersensitivities to ivermectin or doxycy-
cline were excluded from participation.

Trial design

This was an investigator-initiated, placebo-
controlled trial. The independent data safety
monitoring board of DhakaMedical College
monitored treatment safety and efficacy.
Routine investigations were performed at
the pathology laboratory of Dhaka
Medical College. RT-PCR tests were per-
formed at the virology laboratory of
Dhaka Medical College and Bangabandhu
Sheikh Mujib Medical University.
Ivermectin, doxycycline, and placebo prepa-
rations were provided by Popular
Pharmaceuticals Ltd. (Dhaka, Bangladesh).

Eligible patients were randomly assigned
to the treatment group or the placebo group
at a 1:1 ratio on day 1 of the trial. Group
assignment was not stratified according to
disease severity.

The allocation schedule was created with
a list of random numbers generated using a
random number generator program by the
head of the Department of Medicine of
Dhaka Medical College. Group assignment
was concealed in sequentially numbered,
opaque, sealed envelopes. The randomiza-
tion code was maintained by the pharma-
ceutical company. Both the investigators
and the patients were blinded to the treat-
ment allocation. Decoding was performed

at the end of the trial under the supervision

of the principal of the institute. The trial

was conducted in accordance with the prin-

ciples of the Declaration of Helsinki and

Good Clinical Practice guidelines, and was

approved by the ethical review committee

of Dhaka Medical College Hospital (ERC-

DMC/ECC/2020/117). Dhaka Medical

College is the largest tertiary care teaching

hospital and the largest COVID-19 treat-

ment hospital in Bangladesh. The trial was

registered retrospectively at ClinicalTrials.

gov (identifier: NCT04523831). Written

informed consent was obtained from all

patients prior to participation. The study

is reported according to the Equator

Network Guidelines.

Study interventions

The treatment group received a single dose

of ivermectin 12 mg and doxycycline 100

mg, twice daily for 5 days, in addition to

standard of care. Standard of care included

administration of paracetamol, antihist-

amines, cough suppressants, vitamins,

oxygen therapy according to indication

and need, low molecular weight heparin

according to indication, appropriate other

broad-spectrum antibiotics, remdesivir

injection, other antiviral drugs, and other

drugs for associated comorbid conditions.
The placebo group received placebo in

addition to standard of care.

Experimental procedures

The baseline demographic and clinical char-

acteristics of patients were recorded. The

date of random assignment was considered

as day 1, and all patients received their ini-

tial study intervention on day 1.

Outpatients were followed daily until at

least 3 days of clinical recovery were

observed. Clinical recovery was defined as

a normal body temperature of 36.1�C to

37.2�C maintained for at least 3 days,

Mahmud et al. 3



significantly improved respiratory symp-
toms (respiratory rate <25 breaths/minute,
no dyspnea), and oxygen saturation greater
than 93% without assisted oxygen inhala-
tion, as recommended by the World Health
Organization and the national guidelines of
Bangladesh.12,13

Hospitalized patients were followed from
day 1 through day 14 or until discharge or
clinical improvement, whichever occurred
later. Clinical status and vital signs (includ-
ing respiratory status) were recorded daily.
Adverse events as defined by the Medical
Dictionary for Regulatory Activities
(MedDRA) were documented.

Laboratory tests were performed on day
1, and included the following: complete
blood count, random blood glucose, creat-
inine, alanine transaminase, C-reactive pro-
tein, ferritin, and D-dimer. Chest
radiography or chest CT scanning were per-
formed as needed. For outpatients, test
results were documented at the next visit.
Hospitalized patients were tested on days
1 and 7 and when ordered by the treating
physicians. COVID-19 RT-PCR testing was
performed 14 days after the initial positive
test in all patients.

Outcome measures

The primary outcome was the number of
days required for clinical recovery from
day 1. Clinical recovery was divided into
three categories: early recovery within 7
days, intermediate recovery within 7 to 11
days, and late improvement requiring 12 or
more days for recovery. Secondary out-
comes were disease progression through
mild, moderate, severe, or death, and the
proportion of patients who continued to
test positive for COVID-19 on day 14.
Adverse drug reactions (adverse events
assumed to be caused by the study interven-
tion) were also recorded. Mild disease was
defined as symptoms of an upper respirato-
ry tract viral infection, including mild fever,

dry cough, sore throat, nasal congestion,

headache, muscle pain, anosmia, and mal-

aise. Moderate respiratory symptoms such

as cough and shortness of breath were

observed without signs of severe pneumo-

nia. Severe disease included severe dyspnea,

tachypnea (>30 breaths/minute), and hyp-

oxia (SpO2 <90% at room air). These clas-

sifications were according to the World

Health Organization and national guide-

lines of Bangladesh.12,13 The co-

investigators assessed the outcome, graded

the disease, and documented adverse

reactions.

Statistical methods

We sought to enroll as many patients as

possible in a short time. As a result, a

priori power calculations were not per-

formed. Instead, 200 patients were enrolled

in each group and it was assumed that 20%

of patients in each group would be lost to

follow-up. A post-hoc power calculation

[2SD2 (Za/2þ Zb)
2/d2]14, a two-tailed test,

an alpha level of 0.05, and standard devia-

tion (SD) 6 indicated that the enrollment of

141 patients in each group (170 before 20%

attrition) would result in an 80% chance of

detecting a 2-day difference in median

recovery time.
Intention-to-treat analysis was per-

formed. The difference in median recovery

time was determined using Kaplan–Meier

analysis and a log-rank test. Details of

patients who were lost to follow-up, had

died, or had withdrawn from the trial

owing to adverse effects were censored on

the final study day. Differences in the clin-

ical improvement in the three disease cate-

gories were analyzed using logistic

regression. Hazard ratios (HRs) were calcu-

lated using Cox regression analysis.

Categorical variables are presented as n

(%), normally distributed continuous vari-

ables as mean (SD), and skewed continuous
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variables as median (interquartile range

[IQR]).
Subgroup analysis was performed using

the logistic regression analysis. HRs were

calculated using Cox regression analysis.

Age group, sex, fever, cough, respiratory

distress, hypertension, diabetes, and pres-

ence of any comorbidity were adjusted.

Subgroups consisted of age (less than vs.

more than 60 years), sex, presence or

absence of any comorbidities, mild disease,

moderate disease, hospital admission, and

interval between disease onset and drug

application interval (less than vs. more

than 4 days from the onset of the disease).

A forest plot was constructed to evaluate

differences in the primary outcome among

the subgroups. No corrections were made

for multiple comparisons. All tests were

two-tailed and the alpha was set at 0.05.

Data were analyzed using SPSS software,

version 20 (IBM Corp., Armonk, NY,

USA).

Results

Sample characteristics

Of 556 screened patients, 400 were enrolled

and randomly assigned to the treatment

and placebo groups (Figure 1). Among the

200 patients in the placebo group, 17 were

lost to follow-up, 3 died, and 180 completed

the follow-up. Among the 200 patients in

the treatment group, 15 were lost to

follow-up, 2 discontinued owing to adverse

effects, and 183 completed follow-up. None

of the patients were receiving oxygen ther-

apy when randomized because only patients

with mild and moderate symptoms were

Figure 1. Enrollment, randomization, follow up, and analysis of patients according to the CONSORT 2010
flow diagram.
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included. A total of 132 (33%) patients
required hospital admission during the
study period. Among the hospitalized
patients, 58% had moderate disease. The
condition of 48 patients worsened during
the study period: 5 patients worsened
from mild disease to moderate disease but
did not require oxygen and the remaining
43 patients worsened from mild/moderate
to severe disease and required oxygen
therapy.

Patient disposition and characteristics

The two groups were balanced in terms of
demographics and disease characteristics
(Table 1). The mean age of all patients
was 40 years, and 59% were men. Most
patients presented with fever (300, 75%)
or cough (247, 62%). Respiratory distress
(defined as shortness of breath and respira-
tory rate >25 breaths/minute) was noted in
123 (31%) patients at presentation.
Furthermore, 277 patients (69%) had mild
disease and 41 (10%) presented with at least
one comorbidity (Table 2). Patients were
randomly assigned to the trial within a
median (IQR) of 4 (3–5) days of symptom
onset (Table 2).

Primary outcome

The median (IQR) recovery period was 7
(4–10) days in the treatment group and 9
(5–12) days in the placebo group (hazard
ratio [HR], 0.73; 95% CI, 0.60–0.90;
p ¼ 0.003 [Figure 2; Table 2]).

Secondary outcomes

The proportion of patients who recovered
within 7 days of treatment initiation was
higher in the treatment group than in the
placebo group (111 [60%] vs. 80 [44%],
HR, 0.06, 95% CI, 0.04–0.09 p ¼ <0.001).
The recovery rates between 7 and 11 days
were not significantly different between the
groups (treatment group, 47%; placebo

group, 53%). The treatment group was sig-
nificantly less likely to experience symp-
toms that persisted for more than 12 days
(42 [23%] vs. 67 [37%], HR, 0.04, 95% CI,
0.03–0.07, p ¼ <0.001) (Table 2). Patients
in the treatment group were also less likely
to experience disease progression and less
likely to have a positive COVID-19 RT-
PCR test result after 14 days (Table 2).

Post-hoc subgroup analysis

In the post-hoc analysis, differences in the
primary outcome were determined in rela-
tion to the time interval between symptom
onset and study intervention administration
(<4 days vs. �4 days), age (<60 years vs.
�60 years), sex, symptoms, disease severity,
and presence of any comorbidities. No rela-
tionship was found between the outcome
and patients who received study interven-
tion after 4 days of symptom onset, were
older than 60 years, were women, had mod-
erately severe disease, and had comorbid-
ities (Figure 3).

Safety outcomes

Among the 400 included patients, adverse
drug reactions occurred in 9 patients
(2.5%); of these, 2 patients discontinued
intervention owing to erosive esophagitis.
Non-ulcer dyspepsia developed in seven
(1.75%) patients (Appendix 1). Three
patients in the placebo group died; these
patients had a higher mean age than those
who survived (63 years vs. 39 years)
(Appendix 2) and they died 8, 22, and 28
days after randomization of respiratory
failure due to COVID-19-related
pneumonia.

Discussion

In the present study, patients with mild or
moderate COVID-19 infection treated with
ivermectin in combination with doxycycline
generally recovered 2 days earlier than
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those treated with placebo. The proportion

of patients responding within 7 days of

treatment was significantly higher in the

treatment group than in the placebo

group. The proportions of patients who

remained symptomatic after 12 days of ill-

ness and who experienced disease progres-

sion were significantly lower in the

Table 1. Baseline characteristics of patients with COVID-19 treated with ivermectin and doxycycline or
placebo.

Characteristic

Total patients

(n¼ 400)

Treatment group

(n¼ 200)

Placebo group

(n¼ 200)

Age, mean (SD), years 40 (13) 41 (14) 38 (12)

Age group, n (%)

<40 years 248 (62) 132 (66) 116 (58)

40–60 years 122 (31) 56 (28) 66 (33)

>60 years 30 (8) 12 (6) 18 (9)

Men, n (%) 235 (59) 123 (62) 112 (56)

Time between onset of symptoms

and enrollment, median (IQR), days a
4 (3–5) 4 (3–5) 4 (3–5)

Symptoms n (%)

Fever 300 (75) 151 (76) 149 (75)

Cough 247 (62) 126 (53) 121 (61)

Running nose 36 (9) 17 (9) 19 (10)

Respiratory distress b 123 (31) 59 (30) 64 (32)

Sore throat 93 (23) 46 (23) 47 (24)

Hoarseness 5 (1) 2 (1) 3 (1.5)

Chest pain 25 (6) 10 (5) 15 (8)

Diarrhea 32 (8) 18 (11) 14 (5)

Vomiting 20 (5) 9 (5) 11 (6)

Anorexia 119 (30) 53 (27) 66 (33)

Anosmia 154 (39) 73 (37) 81 (41)

Headache 80 (20) 34 (17) 46 (23)

Lethargy 106 (27) 55 (28) 51 (25.5)

Conjunctivitis 8 (2) 4 (2) 4 (2)

Body ache 73 (18) 32 (16) 41 (20.5)

Co-morbidities c 41 (10) 19 (10) 22 (11)

Hypertension 57 (14) 29 (15) 28 (14)

Diabetes 53 (13) 24 (12) 29 (15)

Asthma 21 (5) 9 (5) 12(6)

Chronic kidney disease 8 (2) 3 (2) 5 (3)

Disease severity d

Mild 277 (69) 141 (71) 136 (68)

Moderate 123 (31) 59 (30) 64 (32)

a Time from onset of first symptoms to first dose of study intervention.
b Shortness of breath, respiratory rate >25 breaths/minute, or oxygen saturation <93%.
c Presence of any co-morbidity.
d Disease severity at presentation. Mild disease: symptoms of an upper respiratory tract viral infection including mild fever,

cough (dry), sore throat, nasal congestion, malaise, headache, muscle pain, anosmia, or malaise. Moderate disease:

respiratory symptoms such as cough and shortness of breath were present without signs of severe pneumonia (tachypnea

>30 breaths/minute, and hypoxia: oxygen saturation <90% at room air).

SD, standard deviation; IQR, interquartile range.
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treatment group than in the placebo group.

The proportion of patients who remained

RT-PCR positive for COVID-19 was also

lower in the treatment group than in the

placebo group.
Effective vaccines and drugs for COVID-

19 infection are still being researched.

Potential therapies such as hydroxychloro-

quine15,16 and tocilizumab17 have to date

been proved ineffective, while only remde-

sivir has shown some benefit in patients

with moderate18 or severe COVID-19 infec-

tion.19 However, mortality from COVID-19

remained high, despite the use of remdesi-

vir; therefore, treatment with an antiviral

drug alone is unlikely to be sufficient.

Moreover, remdesivir is expensive and can

only be administered to hospitalized

patients, and its effects on disease progres-

sion and viral clearance remain unclear.18

Thus, there remains an urgent need for

inexpensive and effective treatment for this

highly infectious and serious disease.
We were encouraged by the in vitro

research findings of researchers at Monash

University, Australia;6 the study revealed

that ivermectin could reduce viral replica-

tion within 24 to 48 hours of treatment.

There was a >5000-fold reduction in viral

RNA with 5 lM ivermectin in cell culture,

equating to a >99% reduction in viral

RNA. Schmith et al.20 stated,

Table 2. Outcomes of patients with COVID-19 treated with ivermectin and doxycycline or placebo.

Parameter

Total patients

Number of

events¼ 263

Treatment group

Number of

events¼ 183

Placebo group

Number of

events¼ 180

Hazard

ratio

(95% CI) P-value

Recovery, median (IQR),

daysa
7 (4–12) 7 (4–10) 9 (5–12) 0.73 (0.60–0.90) 0.003

Patients responding within

7 days, n (%)b
191 (51.9) 111 (60.7) 80 (44.4) 0.06 (0.04–0.09) <0.001

Patients responding within

7–11 days, n (%)b
68 (18.5) 32 (47.1) 36 (52.9) 1.02 (0.77–1.36) 0.90

Patients remaining symp-

tomatic after 12 days, n

(%)b

109 (29.6) 42 (22.9) 67 (37.2) 0.04 (0.03–0.07) <0.001

Increase in stage of sever-

ity, n (%)c
48 (13) 16 (8.7) 32 (17.8) 0.43 (0.38–0.62) <0.001

Persistent COVID-19 RT-

PCR positivity, n (%)d
50 (13.6) 14 (7.6) 36 (20) 0.61 (0.44–0.83) 0.002

a Clinical recovery was defined as a normal body temperature for at least 3 days, improved respiratory symptoms defined

as no shortness of breath and respiratory rate <25 breaths/minute, and oxygen saturation >93% without supplemental

oxygen.
b Response criterion was the recovery of patients as defined above. The day on which clinical recovery started was

considered the response day.
c Disease stages were defined as follows:

Mild: symptoms of an upper respiratory tract viral infection, including a mild fever, cough (dry), sore throat, nasal

congestion, malaise, headache, muscle pain, anosmia, or malaise.

Moderate: respiratory symptoms such as cough and shortness of breath were present without signs of severe pneumonia

(tachypnea >30 breaths/minute, and hypoxia: oxygen saturation <90% at room air.

Severe: tachypnea >30 breaths/minute and hypoxia: oxygen saturation <90% at room air.
d Persistent COVID-19 RT-PCR positivity: positive COVID-19 RT-PCR test at 14 days.

CI, confidence interval; COVID-19, coronavirus disease 2019; IQR, interquartile range; RT-PCR, reverse transcription

polymerase chain reaction.
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Figure 2. Time-to-recovery in the treatment and control groups, with and without censored data. Hazard
ratio (95% confidence interval): 0.73 (0.60–0.90); P¼ 0.003.

Figure 3. Post-hoc analysis of time-to-recovery among the subgroups. Data are presented as hazard ratios
and 95% confidence intervals.
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“The concentration resulting in 50% inhibi-

tion (IC50; 2 mM) was >35� higher than the

maximum plasma concentration (Cmax)

after oral administration of the approved

dose of ivermectin 200 lg/kg when given

fasted,” and predicted that with the oral

dose of ivermectin 200 lg/kg, lung concen-

trations would be approximately one-fourth

of the IC50.
20 The safety of higher doses has

not been evaluated in humans. Therefore,

we used the conventional dose of ivermectin

in the present study.
Doxycycline, which may be used for the

treatment of atypical bacterial pneumonia

and community-acquired pneumonia,21

exerts an anti-inflammatory effect mediated

by chelating zinc compounds on matrix

metalloproteinases (MMPs) in mammalian

cells.22 Doxycycline also has antiviral activ-

ity, especially against dengue virus23 and

Chikungunya virus.24 A previous in vitro

study showed that murine coronaviruses

rely on MMPs for cell fusion and viral rep-

lication.25 The pathologic features of

COVID-19 closely resemble those of other

SARS-CoV infections, where MMPs play

an important role in disease pathogenesis.26

Therefore, doxycycline may potentially be

effective for the treatment of COVID-19

infection.
Ivermectin and doxycycline were co-

administered in the treatment group

because their synergistic action may

increase the likelihood of efficacy in the

treatment of COVID-19. We did not

observe known drug–drug interactions

between ivermectin and doxycycline;27

therefore, no drug dosage modification

was required in the present study.
The effective dose of ivermectin required

to reach IC50 at a pulmonary level is con-

siderably higher than that used in this

study.20 However, evaluation at higher

doses requires detailed safety analysis,

which was not within the scope of the pre-

sent analysis. Therefore, approved dosing

regimens of ivermectin and doxycycline
were used in this study.

Most patients in our study received the
study intervention within 3 to 5 days of
symptom onset. No similar study of iver-
mectin for COVID-19 treatment could be
identified in the literature. In the previous
remdesivir trial,19 treatment benefits were
prolonged in severe cases (11 vs. 15 days).
In the present study, most patients recov-
ered in both the treatment and placebo
groups. However, in the treatment group,
a higher proportion of patients responded
within 7 days than in the placebo group.
The proportions of patients whose level of
disease severity worsened and who showed
virus persistence beyond 14 days were also
lower in the active drug group than in the
placebo group. Therefore, the ivermectin
and doxycycline combination might play a
role in early recovery and viral clearance,
thus reducing the need for hospitalization
and the quarantine period of patients.

This study was performed in patients
aged >18 years, and most of the included
patients were relatively young (aged <40
years). Therefore, the treatment response
we observed might not be generalizable to
all age groups. Moreover, the subgroup
analysis showed heterogeneous responses;
female sex, older patients, and patients
with high disease severity showed no signif-
icant responses. Early intervention also
influenced the response to treatment.
Early in the course of the disease, viral rep-
lication is particularly high, and in patients
with severe disease, viral pathogenicity
plays a less dominant role in disease patho-
genesis.28 This observation explains the het-
erogeneity of the response in relation to the
interval of drug administration and disease
severity. Pharmacokinetic analysis of iver-
mectin29,30 showed that the drug concentra-
tion varies according to species, age, sex,
and physiological conditions. The effect
size of the sample might also play a role
in the heterogeneous findings we observed.
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Our study findings are suggestive of the
efficacy of this combination treatment
against COVID-19 infection. However, we
speculate that earlier drug administration
and a higher dose of ivermectin than that
used in the present study might be more
beneficial, as a higher dose will help reach
the required IC50

20 at the pulmonary level.
We used approved dosing regimens for

both drugs and noted very few adverse reac-
tions. Furthermore, most reactions were
consistent with those associated with doxy-
cycline,31 which supports our assumption
that the combination treatment was safe
to use in the study population. The death
rate observed (three of 200 patients in the
placebo group; 1.5%) was consistent with
the COVID-19 mortality rate in
Bangladesh (1.4%).32

Our study was performed at a single
center over a short period. Therefore, our
findings need to be carefully interpreted.
Furthermore, a priori sample size calcula-
tions were not performed, limiting the
strength of our findings. We could not test
for viral load, and therefore could not
directly assess viral clearance. It remains
unclear whether the early reductions in
viral load we observed should be verified
by repeated RT-PCR testing during
follow-up. Our testing facilities did not
allow us to test patients repeatedly.
Finally, we evaluated the combination of
doxycycline and ivermectin but did not
determine their individual effects.
Therefore, further studies are needed to clar-
ify the results observed in the present study.

Conclusions

Adult patients with mild-to-moderate
COVID-19 infection treated with ivermec-
tin combined with doxycycline recovered
earlier than those receiving placebo, were
less likely to progress to a serious disease,
and were more likely to test negative for
COVID-19 at the end of the treatment

period. Although additional research on
the effects of ivermectin combined with
doxycycline is warranted, the safety and
efficacy of this combination are favorable
compared with current standard of care.
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Appendix

Appendix 1. Adverse outcomes

Attribute

Total patients

(n¼ 400)

Treatment group

(n¼ 200)

Placebo group

(n¼ 200) P-value

Death 3 (0.75%) 0 3 (1.5%) 0.016

Adverse drug reaction 9 (2.25%) 9 (2.25%) 0 0.010

Non-ulcer dyspepsia 7 (1.9%) 7 (3.8%) 0

Erosive esophagitis 2 (0.5%) 2 (1.1%) 0
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Appendix 2. Analysis of patients by death.

Characteristic

Dead

(n¼ 3)

Alive

(n¼ 397) P-value

Risk ratio

(95% CI)

Treatment group, placebo (n¼ 200) n (%) 3 (100) 197 (49.6) 0.25 2.0 (1.8–2.2)

Age, mean (SD) years 63.7 (15) 39.4 (13) 0.001

Sex, male, n (%) 03 (100) 231 (58.4) 0.27 1.7 (1.6–1.9)

Symptoms at presentation, patients, n (%)

Fever 3 (100) 297 (74.8) 0.58 1.3 (1.3–1.4)

Cough 3 (100) 244 (61.5) 0.29 1.6 (1.5–1.8)

Running nose 0 (0) 36 (9.1) >0.99 1.1 (1.0–1.1)

Respiratory distress 2 (66.7) 121 (30.5) 0.22 2.2 (0.9–4.9)

Chest pain 0 (0) 25 (6.3) >0.99 1.1 (1.0–1.1)

Diarrhea 0 (0) 32 (8.1) >0.99 1.1 (1.0–1.1)

Vomiting 2 (66.7) 18 (4.5) 0.007 14.7 (5.9–36.8)

Anorexia 1 (33.3) 118 (29.7) >0.99 1.1 (0.22–5.6)

Anosmia 1 (33.3) 153 (38.5) >0.99 0.87 (0.17–4.3)

Lethargy 0 (0) 106 (26.6) 0.57 1.4 (1.3–1.4)

Body ache 1 (33.3) 72 (18.1) 0.46 1.8 (0.37–9.2)

SD, standard deviation; CI, confidence interval.
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