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Abstract

Introduction and Objective Ivermectin (IVM) and doxycycline (DOXY) have demonstrated in-vitro activity against SARS-
CoV-2, and have a reasonable safety profile. The objective of this systematic review was to explore the evidence in the
literature on the safety and efficacy of their use as monotherapy and combination therapy in COVID-19 management.
Methods After prospectively registering the study protocol with the Open Science Framework, we searched PubMed, Google
Scholar, clinicaltrials.gov, various pre-print servers and reference lists for relevant records published until 16 February, 2021
using appropriate search strategies. Baseline features and data pertaining to efficacy and safety outcomes were extracted
separately for IVM monotherapy, DOXY monotherapy, and IVM 4+ DOXY combination therapy. Methodological quality
was assessed based on the study design.

Results Out of 200 articles screened, 19 studies (six retrospective cohort studies, seven randomised controlled trials, five
non-randomised trials, one case series) with 8754 unique patients with multiple stages of COVID-19 were included; four
were pre-prints and one was an unpublished clinicaltrials.gov document. The comparator was standard care and ‘hydroxy-
chloroquine + azithromycin’ in seven and three studies respectively, and two studies were placebo controlled; six studies
did not have a comparator. [VM monotherapy, DOXY monotherapy and IVM + DOXY were explored in eight, five and five
studies, respectively; one study compared IVM monotherapy and IVM + DOXY with placebo. While all studies described
efficacy, the safety profile was described in only six studies. Efficacy outcomes were mixed with some studies concluding in
favour of the intervention and some studies displaying no significant benefit; barring one study that described 9/183 patients
with erosive esophagitis and non-ulcer dyspepsia with IVM + DOXY (without causality assessment details), there were no
new safety signals of concern with any of the three interventions considered. The quality of studies varied widely, with five
studies having a ‘good’ methodological quality.

Conclusions Evidence is not sufficiently strong to either promote or refute the efficacy of IVM, DOXY, or their combination
in COVID-19 management.

Systematic Review Protocol Registration Details Open Science Framework: https://osf.io/n7r2j.
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As of February 2021, apart from dexamethasone,
no other drug or drug combination has proven to be
unequivocally effective in reducing mortality due to
COVID-19

After analysing 19 different research papers that have
described the outcomes of usage of ivermectin and doxy-
cycline, either alone or together, we have observed that
the evidence is not strong to either approve or disapprove
the usage of these two drugs for COVID-19 treatment

Given that both these drugs are inexpensive, safe and
have a potential role in the COVID-19 management,
further studies are required to explore this in detail.

1 Introduction

As of 5 December, 2020, the COVID-19 pandemic that
started in November 2019 has affected over 64.6 million
patients worldwide, leading to global deaths of over 1.5 mil-
lion people. At present, the country most affected by the
pandemic is the USA, both in terms of the number of cases
(13.76 million) and the number of deaths (271,233) [1]. The
onset of winter and a resurgence in the number of new cases
hailing the arrival of a ‘second wave’ of the pandemic [2]
further complicate matters, making the situation the most
unprecedented global healthcare crisis in recent years. The
news of successes with various COVID-19 vaccines appears
to be the light at the end of the tunnel for COVID-19 preven-
tion [3]. Reports of clinical improvements with drugs such
as remdesivir [4] and dexamethasone [5] notwithstanding,
there appears to be no drug that has unequivocally proven its
efficacy and safety in reducing clinical symptoms or mortal-
ity due to COVID-19. Thus, a ‘drug of choice’ for treating
COVID-19 is still an enigma.

Because new drug development is time consuming, the
repurposing of drugs used for other conditions for COVID-
19 management has been tried worldwide. As a result of
this exercise, various drugs have gained interest as poten-
tial candidates for COVID-19 management. These drugs
are expected to target different points in the disease patho-
physiology, and belong to two major therapeutic categories,
namely drugs inhibiting viral activity (including remde-
sivir, hydroxychloroquine [HCQ], favipiravir, azithromy-
cin [AZT], lopinavir-ritonavir) and drugs modulating the
antiviral immune response in the host (such as tocilizumab,
interferons, corticosteroids) [6]. Among these drugs, two
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agents that have also been tried for COVID-19 management
include the antiparasitic agent ivermectin (IVM) and the
broad-spectrum tetracycline antibiotic doxycycline (DOXY).

The antiviral activity of IVM had been reported pre-
viously, wherein IVM was found to have in-vitro activ-
ity against both RNA and DNA viruses including human
immunodeficiency virus type 1, influenza virus, Venezuelan
equine encephalitis virus, dengue virus, yellow fever virus
and Zika virus [7, 8]. In April 2020, the in-vitro activity
of IVM against SARS-CoV-2 was reported: a single dose
of the drug administered after 2 h of infecting cultured
Vero/hSLAM cells reduced the viral load up to 5000 times
within 48 h [9]. The possible antiviral mechanism of action
of IVM in COVID-19 is by inhibiting transport of viral pro-
teins in and out of the host nucleus by blocking the activ-
ity of importin a/B1 receptors, which are normally involved
in the nucleo-cytoplasmic transport of multiple substrates
[10]. As a part of similar drug repurposing efforts, DOXY
was shown to have in-vitro activity against SARS-CoV-2
on infected Vero E6 cells [11]. The possible mechanism of
antiviral action of DOXY may involve upregulation of the
zinc finger antiviral protein, which binds to viral messenger
RNAs and represses translation of viral RNAs [12]. Addi-
tionally, the in-vivo anti-inflammatory activity of DOXY
was reported previously, which is through the capacity of
DOXY to inhibit matrix metalloproteases and modulate
serum levels of pro-inflammatory cytokines such as tumour
necrosis factor-alpha, interleukin-6, and interleukin-8 [13].
Further, the anti-inflammatory properties of DOXY were
thought to contribute to its efficacy in pulmonary inflamma-
tory conditions including asthma, acute respiratory distress
syndrome, cystic fibrosis, bronchiectasis, and chemical-
induced lung damage [14]. DOXY is also proposed as an
alternative to AZT for the treatment of COVID-19 in elderly
patients [15]. Most importantly, both of these drugs have
excellent safety profiles and are inexpensive [12, 16]. Both
these drugs have been tried as combination therapy with var-
ying degrees of success for managing parasitic infestations
such as onchocerciasis [17] and bancroftian filariasis [18]. In
the management of COVID-19, IVM + DOXY combination
therapy theoretically has multiple merits, including a non-
overlapping mechanism of action, targeting both the viral
replication and pulmonary inflammation, a good tolerability
profile and being economically viable. However, at the time
of this writing, neither of these drugs nor their combination
is approved by the US Food and Drug Administration for
the management of COVID-19, and all such uses remain
off-label [19].

Physician experiences of the efficacy and safety of these
two drugs used alone and as a combination notwithstand-
ing, it is required to establish whether there is actually a
beneficial effect of such off-label usage in COVID-19 man-
agement. In this background, we performed the present



Ivermectin and Doxycycline in COVID-19

637

scoping review to answer the research question: “What is
the evidence available from published literature regarding
the efficacy and safety of IVM and DOXY when used as
monotherapy or in combination in the clinical management
of patients with confirmed COVID-19?”

2 Materials and Methods
2.1 Study Protocol

The protocol for the scoping review was drafted in-house
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement and
revised by internal discussion. The final version of the pro-
tocol was registered prospectively with the Open Science
Framework on 5 November, 2020, and is available from
https://www.osf.io/n7r2;j.

2.2 Eligibility Criteria

For identifying potentially relevant articles that answered
our research question, we drafted the following eligibility
criteria: ‘Population’ was all studies involving all patients
with confirmed COVID-19; there was no restriction on age
or sex of the patients, stage of the disease or presence of
comorbidities. ‘Intervention’ included IVM and DOXY used
alone or in combination for managing COVID-19; there was
no restriction on dose or duration of treatment. Studies using
either of these drugs in patients with COVID-19 for manag-
ing other concomitant conditions were excluded. We did not
restrict studies based on the ‘comparator’, and included all
studies irrespective of whether there was a comparator. ‘Out-
comes’ included (1) efficacy outcomes, including impact on
clinical course (duration of hospital stay, mortality, clinical
progress or deterioration, requirement of oxygen or venti-
latory support, and days to clinical or symptomatic recov-
ery), and impact on viral load as determined by reverse-
transcription polymerase chain reaction (RTPCR); and (2)
safety outcomes, including the presence of adverse effects
of any grade, and the presence of serious adverse effects.
‘Study design’ included all studies that described prospec-
tively collected data, such as randomised controlled trials
(RCTs), non-randomised trials (NRTS), cohort studies, ret-
rospective cohort studies, observational studies, open-label
studies, and case series and case reports involving at least
five patients. The number of patients to be included in a case
series to be eligible for inclusion in the review was amended
from at least five patients in the review protocol to at least
four patients after execution of the search strategy. Papers
not describing primary data (such as narrative or systematic
reviews, letters to editors, opinion pieces, commentaries,
editorials, brief communications, news items) were excluded

from our review. We also excluded studies describing non-
human experiments (including in-vitro studies, in-silico
experimentation) and studies involving only healthy volun-
teers. No restriction was applied in the search strategy with
respect to date or language of publication.

2.3 Literature Search, Data Extraction and Quality
Assessment

Following the eligibility criteria described above, the litera-
ture search strategy was drafted by in-house experts, which
was modified through internal discussion. Using the refined
search strategy, a systematic literature search was performed
in PubMed/MEDLINE, Google Scholar and clinicaltrials.
gov, from their inception till 16 February, 2021, using a
combination of search terms and Boolean operators; the
detailed PubMed search strategy is presented as Table 1 of
the Electronic Supplementary Material (ESM). In addition
to published studies, we also searched pre-print servers to
identify potentially relevant but unpublished papers that are
yet to undergo peer review.

The titles and abstracts of all retrieved articles were
screened for eligibility, and after deduplication and exclud-
ing ineligible articles after providing reasons for exclusion,
full texts of potentially relevant articles were assessed for
including in review. We additionally hand searched the bib-
liographic sections of relevant articles and excluded sys-
tematic reviews to identify other eligible records that might
have been missed by the database search. We excluded non-
English articles from the review because our team of review-
ers was proficient with the English language. Once all the
eligible records were pooled, relevant data from the papers
were extracted and entered into a predefined data extraction
grid, after reading through the full texts of the selected stud-
ies. Extracted data included data pertaining to the details of
the study (year of publication, country of the first author,
study design, details of the intervention and comparator),
participant details (number of patients, age, sex and patient
profile), intervention details (whether monotherapy or com-
bination therapy of IVM and DOXY, and dose details) and
outcome details (efficacy and safety). For the purpose of
this scoping review, no assumptions or simplifications were
employed, and all results were extracted descriptively. A
meta-analysis was not performed.

For assessing the methodological quality and/or risk
of bias of the included studies, we used tools as per the
study design. We used the RoB-2 tool for assessing the
risk of bias in RCTs [20]. The official Microsoft Excel tool
provided by the Cochrane foundation was used for imple-
menting RoB-2 [21]. For NRTs, we used the ROBINS-I
tool [22]. For retrospective cohort studies, we used the
tool provided by the National Institutes of Health [23].
For case series, we used the evaluation tool proposed by
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Murad et al. in 2018 [24]. The final overall risk of bias/
methodological quality of each paper was described as per
the interpretation of the respective tool, without changing
the terms or nomenclature. The literature search, determin-
ing articles for their inclusion in the study, data extraction
and risk of bias assessment was performed by two inde-
pendent authors (AD and VBN), and any disagreements
were resolved by discussion and via moderation by another
author (SB, SD).

2.4 Statistical Analysis

Study selection and data extraction were performed
electronically in Microsoft Excel. Cohen’s kappa value
for judging inter-rater reliability of study inclusion and
methodological quality assessment of included papers
was calculated using SPSS Version 20, with the p value
of < 0.05 considered statistically significant. The cut-offs
for the kappa statistic were interpreted as < 0.20 = slight
agreement; 0.21-0.40 = fair agreement; 0.41-0.60 =
moderate agreement; 0.61-0.80 = substantial agreement;

0.81-0.99 = near-perfect agreement; and 1.00 = perfect
agreement [25].

2.5 Data Availability

All datasets used to derive conclusions in this study are
available from the corresponding author on reasonable
request.

3 Results
3.1 Study Selection, Baseline Characteristics

From a total of 200 records screened, 19 studies were
included for data extraction and review. Figure 1 depicts the
study selection process.

Out of the 19 included studies, six were retrospective
cohort studies, seven were RCTs, five were NRTs, and
one was a case series involving four patients. Four of the
included studies (three RCTs and one NRT) were pre-prints.
The first authors of the 19 studies came from eight different

Additional records identified
through other sources

(n=16)

Records excluded, with reasons (n = 171)
-Population not of interest (n = 35)
-Intervention not of interest (n = 10)
-Outcome not of interest (n = 07)

-No primary data generation (n = 119)

Fig.1 Study selection process
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countries, of which the most frequent was Bangladesh with
seven papers, followed by three papers from the USA.

Twelve of the studies involved patients with non-severe
(mild or mild-to-moderate) COVID-19; three studies
included hospitalised patients with COVID-19 without
specifying the stage of COVID-19; one study each included
patients with severe COVID-19, high-risk patients with
COVID-19 in long-term care facilities, and all stages of
COVID-19, and the case series described four patients
with COVID-19 with comorbid conditions. The criteria for
defining the severity of COVID-19 were similar in all the
included studies. The intervention was IVM monotherapy
in eight studies, DOXY monotherapy in five studies, and
IVM + DOXY combination therapy in five studies; one
study compared IVM monotherapy and IVM + DOXY
combination therapy with placebo. There was no compara-
tor in 6/19 studies; of the remaining 13 studies, seven stud-
ies had ‘standard care’, three studies had ‘combination of
HCQ + AZT’ and two studies had placebo as the compara-
tor. One study was a four-armed study with DOXY mono-
therapy in one arm, the remaining three arms being AZT
monotherapy, combination of DOXY with nitazoxanide
and combination of AZT with nitazoxanide. Standard care
was not uniform in all the involved studies, owing to the
novel nature of the disease and the lack of uniform treat-
ment guidelines. Standard care was generally based on clini-
cal discretion, which depended upon the treatment protocol
established by the hospital, which was in turn based on the
guidelines given by the regulatory/competent authority of
the geographical area where the hospital was located. Stand-
ard care generally involved symptomatic and supportive
management through the use of antipyretics, anti-histamines,
antibiotics for secondary infection and other supportive
measures. Some studies also mentioned having used drugs
such as HCQ and AZT as a part of standard care, and some
studies did not specify the nature of standard care. Out of the
8754 unique patients in the 19 included studies, 851 patients
received IVM monotherapy, 288 patients received DOXY
monotherapy, 636 received the IVM + DOXY combination,
and 3574 patients received comparator therapy. While all 19
studies described the efficacy of the intervention, only nine
studies described the safety profile adequately. The baseline
characteristics of all included studies and the demographic
details are provided as Tables 2 and 3 of the ESM, and the
main outcomes (efficacy and safety) of the studies are sum-
marised in Table 4 of the ESM.

3.2 IVM Monotherapy

Eight studies explored the outcomes of IVM monotherapy
[26-33]. Two of these six studies are RCTs, but the RCT
by Podder et al. is a pre-print whose results have not been
peer reviewed and published [30]. Four studies administered

IVM as a single oral dose of 200 ug per kg, one study each
administered a 400-pg/kg and a 12-mg single dose, one
study administered a higher dose of IVM at 12 mg once
daily for 12 days, while one study did not specify the dose
(Table 2 of the ESM).

The efficacy outcomes varied across the studies (Table 4
of the ESM). Some studies reported results favouring IVM
monotherapy. The overall duration of hospital stay with [VM
treatment was observed to be significantly lower compared
with HCQ + AZT by Gorial et al. [26]. The overall mortality
with IVM treatment was observed to be significantly lower
compared with standard care by Rajter et al. [27]. Other
results favouring IVM in COVID-19 management included
a lower number of median days with positive RTPCR for
SARS-CoV2 compared with HCQ + AZT [26], and a higher
proportion of survival without intensive care unit transfer
compared with standard care [28]. Pre-treatment of patients
with suspected COVID-19 with IVM on an outpatient basis
was not shown to reduce the odds of eventual hospitalisa-
tion in a multi-intervention retrospective study [31]. Com-
pared with placebo, IVM was found to have non-statistically
significant lower median viral loads after 4 and 7 days of
treatment and a lower number of patient-days for overall
symptoms, anosmia and cough [32]. IVM monotherapy was
also found to have significantly lower days to viral clearance,
significantly lower days of hospitalisation and significantly
lower deaths compared to standard care [33].

However, some results were not in favour of IVM mono-
therapy. The overall duration of hospital stay was found to
be not significantly lower with IVM monotherapy compared
to standard care by Rajter et al. [27] and the overall mortal-
ity with IVM treatment was not significantly different from
standard care by Soto-Becerra et al. [28]. Other efficacy out-
comes that were not in favour of IVM included no significant
improvements seen in parameters such as intensive care unit
admission, clinical features (after 10 days), RTPCR positive
result (after 3—5 days) [29]; extubation rate [27]; survival
without oxygen supplementation [28]; days to recovery and
RTPCR negative result on day 10 [30]. Reverse-transcription
polymerase chain reaction positivity with IVM monotherapy
was also found to be similar to that with placebo [32].

Only four studies had explored safety parameters, and
none of them reported any new safety signals or concerns
with respect to IVM [26, 29, 32, 33]. Thus, while the stud-
ies did not reveal any new safety signals after using IVM for
COVID-19 management, the benefits observed with IVM (or
lack thereof) in COVID-19 management were not consistent
across all studies.

3.3 DOXY Monotherapy

Five studies explored the efficacy of DOXY monotherapy in
COVID-19. One of these was a case series of four patients
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with COVID-19 having various comorbid conditions treated
with varying doses of DOXY monotherapy (Table 2 of the
ESM). All included patients were symptom free after a max-
imum of 10 days, with no adverse reactions reported [34].
The second study was a retrospective cohort study involving
89 high-risk patients with COVID-19 in a long-term care
facility who were administered DOXY 100 mg for 7 days.
There was clinical improvement (as defined by resolution of
fever, shortness of breath or improvement in oxygen satura-
tion) in 76/89 patients, while ten of the patients died. No
new safety signals were noted in this study as well. In the
absence of a comparator, it is challenging to determine if
these findings suggest an improved efficacy of DOXY over
standard care [35]. DOXY monotherapy was found to have
no benefit among hospitalised patients with COVID-19 with
respect to the risk of death, severe acute respiratory distress
syndrome or all-cause mortality. However, a study by Fal-
cone et al. focussed on the role of low-molecular-weight
heparin in patients with COVID-19, and a small group of
included patients had received DOXY monotherapy [36].
Another observational study by Gironi et al. reported a
prompt resolution of symptoms including body temperature,
cough and dyspnoea. However, this study included patients
with COVID-19 with some previous dermatological condi-
tion for which systemic tetracycline treatment was given,
and hence DOXY was not actively prescribed for COVID-19
management. Further, the absence of a comparator makes
these findings difficult to interpret [37]. Finally, an RCT by
Sayed et al. compared the outcome of DOXY monotherapy,
AZT monotherapy, DOXY with nitazoxanide, and AZT with
nitazoxanide when given to patients with COVID-19 and
found that symptomatic improvement started in 5 days when
nitazoxanide was given either with DOXY or with AZT, but
with DOXY monotherapy, it started in 7 days. The informa-
tion about AZT was not clearly given [38].

3.4 IVM + DOXY Combination Therapy

Five studies, none of which were obtained from the data-
base search, explored the outcomes of the IVM + DOXY
combination in COVID-19. Three of these were RCTs, of
which two were pre-prints, and one was a clinicaltrials.gov
document, thereby marking all three included RCTs as non-
peer-reviewed and unpublished records. The dosing sched-
ule used by each study is different (Table 2 of the ESM).
Alam et al. report 100% RTPCR negativity and no intensive
care unit admissions with the IVM + DOXY combination;
however, there is no comparator in this study [39]. Rah-
man et al. report earlier viral clearance with IVM + DOXY
compared with HCQ + AZT; however, the description of
this finding in this study is difficult to interpret given the
lack of clarity [40]. The findings of the RCT by Mahmud
posted in clnicaltrials.gov are strongly in favour of the
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IVM + DOXY combination wherein the combination shows
a significantly higher proportion of patients with early clini-
cal improvement within 7 days, with a corresponding lower
proportion of patients having late clinical improvement in
12 days, persistent RTPCR positivity after 14 days and clini-
cal deterioration in 1 month, compared with standard care.
This study suggests that the IVM + DOXY combination
was associated with unique adverse drug reactions includ-
ing erosive esophagitis and non-ulcer dyspepsia in two and
seven patients, respectively, among the 183 patients (com-
bined adverse event incidence of 4.91%) who received the
combination; however, there was no mention of a causality
assessment in the results posted [41].

Average days to symptom resolution and clinical recov-
ery with the IVM + DOXY combination was found to be
lower compared with the standard care by Hashim et al.,
and compared to the HCQ + AZT combination by Chowd-
hury et al. The study by Hashim et al. found no benefit with
the IVM + DOXY combination in patients with severe
COVID-19 compared to standard care [42]. The study by
Chowdhury et al. reported that the average number of days
to RTPCR negativity was similar with the IVM + DOXY
combination and the HCQ + AZT combination [43]. Neither
of these studies indicated any new safety concerns with the
IVM + DOXY combination. Finally, it should be noted that
both these studies are pre-prints of RCTs.

Thus, apart from the one study that suggested an
increased incidence of erosive esophagitis and non-ulcer
dyspepsia in 9/183 patients, whose causality assessment is
uncertain, there appears to be no significant safety concerns
with the IVM + DOXY combination; however, the efficacy
of the combination in COVID-19 is also not unequivocally
established.

3.5 Other Designs

Ahmed et al. reported a three-arm RCT comparing IVM
monotherapy, IVM + DOXY combination therapy, and pla-
cebo and found that the mean duration to viral clearance
was significantly lower with IVM monotherapy compared
with placebo (9.7 days vs 12.7 days with placebo, p = 0.02),
but not significantly lower with IVM + DOXY combination
therapy (11.5 days vs 12.7 days with placebo, p = 0.27).
However, the duration of hospital stay was comparable
between the three groups (p = 0.93). It is important to note
here that the dose of IVM used in this study was significantly
high, at 12 mg once daily for 5 days [44].

3.6 Methodological Quality/Risk of Bias Assessment
of Included Studies

Out of the six retrospective cohort studies, four studies had
‘good quality’ [27, 28, 31, 33], and two had ‘fair quality’
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of methodology [29, 35], as per the National Institutes
of Health tool. Out of the seven RCTs in our review, five
RCTs had a high risk of bias as per the ROB-2 tool [30,
38, 42—44]; three of these five RCTs are pre-prints [30, 42,
43]. The RCT by Chaccour et al. had a low risk of bias [32],
and the Mahmud RCT, which was sourced from clinicaltri-
als.gov, had some concerns in the methodology as per the
ROB-2 tool [41]. Out of the five NRTs, two studies had a
moderate risk of bias [26, 36], and the remaining three stud-
ies had a serious risk of bias [37, 39, 40], as per the ROBINS
tool. Finally, the case study by Yates et al. [34] had moder-
ate methodological quality as per the Murad et al. quality
assessment tool (Table 3 of the ESM).

3.7 Inter-Rater Reliability

The inter-rater reliability for the selection of papers for
review between the two reviewers was substantial, with
a Cohen’s kappa value of 0.687 (95% confidence inter-
val 0.658-0.716) and 0.613 (95% confidence interval
0.584-0.642) for title-abstract screening and full-text
screening, respectively; mediation was required in 21/200
papers for title-abstract screening and 4/29 papers for full-
text screening. For the methodological quality assessment,
as multiple tools were used based on the study design, an
inter-rater reliability calculation was not feasible. There
was agreement between the two reviewers with respect to
the methodological quality of 15/19 papers, with only four
papers needing mediation, leading to an inter-rater agree-
ment of 78.95%.

4 Discussion

After evaluating 19 relevant papers from sources for this
scoping review, it was not possible for us to establish a
strong evidence either in favour of or against IVM, DOXY,
and the IVM + DOXY combination when used in the man-
agement of patients with COVID-19. The results of efficacy
outcomes were mixed, and only one study indicated that
the IVM + DOXY combination resulted in non-ulcer dys-
pepsia and erosive esophagitis in nearly 5% of the patients
who were administered the combination. Considering that
the association of esophagitis with DOXY therapy has been
previously reported in the literature [45], our review did not
identify any new safety signals concerning the use of either
drug alone or in combination.

Both IVM and DOXY can be considered ‘latecomers’
in the bandwagon of drugs used for COVID-19 manage-
ment. This might be one reason why neither of these drugs
has received as much public and media attention as drugs
such as remdesivir, HCQ, or favipiravir. Perhaps fuelled by
the increased use of IVM to treat endemic filariasis, and in

part because of the inexpensive nature of either drug, the
usage of these two drugs is seen more in Asian countries,
especially Bangladesh, as evidenced by the distribution of
country of the first authors of the studies included in this
review. In a recently published paper from India, the prophy-
lactic potential of IVM was explored in a case-control study,
which found that when IVM was given as two doses of 300
pg/kg with a gap of 72 h, the incidence of SARS-CoV-2
infection among healthcare workers in the subsequent month
was reduced by 73% [46]. For these reasons, regardless of
the reason for the apparent lack of interest, we believe that
these drugs deserve a more comprehensive evaluation of
their role in COVID-19 management.

As described previously, both these drugs have non-
overlapping and viable in-vitro (and in the case of DOXY,
in vivo as well) mechanisms of action in the pathophysiol-
ogy of the disease [10, 12—-14]. However, through the course
of the current review, we have observed that this has not
completely translated into clinical benefits. Two possible
reasons for this observation are non-compatible pharma-
cokinetics and an inadequate dosing/route of administration.

The pharmacokinetics of DOXY suggests that it is dis-
tributed in the pulmonary tissue after oral administration,
and the concentration of the drug in the lung is reported
to be 18-23% of the serum concentration in humans [47].
Further, oral DOXY is reported to achieve moderate pulmo-
nary penetration when administered to patients with cystic
fibrosis [48]. Finally, oral DOXY has shown efficacy when
used to treat patients with chronic obstructive pulmonary
disease [49]. However, the as far as IVM is concerned, by
virtue of having a high plasma protein binding of 93%, its
uptake by endothelial cells is limited [50]. With regard to
the pulmonary distribution of IVM, while adequate literature
is not available describing the accumulation of IVM in the
lungs when administered to human subjects, the concentra-
tions of IVM reaching cattle lungs after injecting the drug
at a dose of 200 pg/kg was approximately 0.1 uM, which
is significantly less than the 5-uM IVM concentration that
was used in the Caly study to inhibit the growth of SARS-
CoV-2 in vitro [9, 51, 52]. Considering that the conventional
dose of IVM for treating strongyloidiasis is a single 200-pg/
kg oral dose, there is no evidence that this dosing sched-
ule would result in IVM reaching an antiviral concentration
in the lungs [51]. Consequently, alternative administration
approaches should be explored for IVM in COVID-19, such
as an alternative route of administration (e.g. inhalational),
a higher dose, a multiple dosing schedule, and using in com-
bination with drugs that enhance the activity of IVM by
mechanisms such as improving the pulmonary penetration
of IVM.

As the usage of both IVM and DOXY and their com-
bination for COVID-19 is off-label, throughout this study
we have observed an inconsistency in the dosing schedule,
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with respect to the dose, frequency, and duration of admin-
istration, of both IVM and DOXY. This might have contrib-
uted to the lack of consistent efficacy of the drugs. Next,
barring one study, there have been no safety signals of
concern with the use of these drugs in their current doses;
however, the safety aspect should be explored when alterna-
tive administration schedules are considered. Future studies
should also take into consideration other aspects such as the
interaction between IVM and DOXY, the safety and effi-
cacy of these drugs in patients experiencing different clini-
cal stages of COVID-19, and different patient populations
(such as extremes of ages, patients with comorbidities and
pregnancy).

Our study is not without limitations. We did not search
for additional databases such as SCOPUS and EMBASE,
and for unpublished conference abstracts; thus, additional
relevant studies indexed in these databases or unpublished
studies presented in conferences might have been missed.
Though two independent reviewers were involved in data
curation, extraction, and quality assessment, the risk of bias
in reviewing and reporting cannot be completely ruled out.
We did not assess the role of IVM or DOXY in COVID-19
prophylaxis. Finally, the inherent publication bias wherein
only studies with positive findings are reported cannot be
completely ruled out.

5 Conclusions

Existing evidence is not sufficient to strongly advocate the
usage of IVM and DOXY, either as monotherapy or as a
combination therapy, in the treatment of COVID-19. How-
ever, it should be considered that both of these drugs have
several advantages associated with them, such as viable
mechanism of action, easy availability, acceptable safety
profile, experience of long-term use and inexpensiveness.
Because a lack of evidence for efficacy does not necessar-
ily mean evidence for lack of efficacy, and also because the
prophylactic role of IVM has been recently reported in the
literature, further studies are essential to explore if this com-
bination has the potential to manage patients with COVID-
19, and to find out if this combination is a solution for the
long-sought drug of choice for COVID-19 management.
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