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Doxycycline multistep pathogenesis and unique features, combination therapy using safe immunomodulatory and antiviral
SARS-CoV-2 drugs should be considered as the most effective and acceptable therapeutic regimen for this infection. Based
Cytokine storm on a thorough assessment of the literature, it was determined that it would be interesting to study the
Combination therapy therapeutic potential of ivermectin and doxycycline, given their roles in several biological pathways involved in

SARS CoV-2 pathogenesis. Following that, a comprehensive literature search was undertaken using Scopus,
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doxycycline in alleviating the ‘cytokine storm’ of COVID-19 infection.
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Introduction clinical studies are in process to establish the efficacy and tolerability

A mysterious deadly disease which has originated in the Wuhan
city of China gripped the whole world in no time. This disease was
later designated as COVID-19 and declared a pandemic. About 245
million people were affected by this pandemic till November 17,
2021. It has taken the lives of 4.97 million people across the globe. It
has left scientists, government authorities, and the whole world
community clueless and helpless. Since the emergence of this in-
fection, many existing drugs are being used in therapeutics for the
treatment of this deadly disease. ‘Cytokine storm’, the hallmark of
this incurable illness, is the cause of disease severity and has re-
sulted in millions of deaths due to this deadly disease, as no therapy
could control the ‘cytokine storm’. Such was the devastation, da-
mage, and intensity of this pandemic that it prompted researchers
and government authorities across the globe to initiate the devel-
opment process for the vaccines vigorously. Consequently, many
vaccines have been developed, and others are in the development
stage against this infection. Although most vaccines are highly ef-
fective, many of the developing and economically poor countries are
still deprived of vaccination against SARS-CoV-2 due to the unequal
distribution of vaccines worldwide. Furthermore, the uncertainty
about the effectiveness of currently available vaccines against the
emerging mutants and variants also remains a matter of concern [1].

The current global trend in vaccination drive indicates that 100%
immunization is a distant reality. In view of the above facts, drug
therapy should be considered as the mainstay for the treatment of
this disease. Thus, the currently available drugs are being explored.
Accordingly, many types of drugs, such as antiviral, anti-in-
flammatory, antimalarial, anti-cytokine, interferons, etc., have been
tried against this deadly infection [2]. Hydroxychloroquine was used
in the initial phase of the disease, but it was found that the drug was
not efficacious [3]. Among the different types of drugs used in
practice, antiviral drugs have been extensively studied for the
management of this infection. Remdesivir, a broad-spectrum anti-
viral, was the first drug approved for emergency use in hospitalized
patients with COVID. It is also one of the most widely used drugs for
COVID-19. However, the cost factor, the limited effectiveness in cy-
tokine storms, and the availability issues of remdesivir, particularly
in the Indian market, have paved the way for the other repurposed
drugs. The multi-character and multistep pathogenesis of the dis-
ease indicates that the use of only one category of drugs viz. anti-
viral, antimalarial, anti-inflammatory, or immunomodulatory, will
not be worthwhile for the management of this deadly infection.
Given the unique nature of the disease, combination therapy with an
antiviral and immunomodulatory drug should be considered as the
most effective and acceptable therapeutic regimen for the manage-
ment of this disease. Ivermectin has been used as an antiparasitic
drug for the last 30 years. Many in vitro studies have reported that
the drug is effective against COVID-19 infection. Consequently, many
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of the drug. The drug is well tolerated and is found to be safe [4,5].
Doxycycline is an antibiotic and belongs to the tetracycline family. It
has been used in therapeutics for more than five decades. Studies
have confirmed the broad-spectrum antibacterial, antiviral, anti-in-
flammatory, and immunomodulatory potential of doxycycline. Many
combinations have been tried and tested for the treatment of SARS-
CoV-2 infection, but none is effective as yet. Thus, it was thought
worthwhile to explore the potential of ivermectin and doxycycline
as the effective and safe ‘combination therapy’ based on their unique
multiple-step mechanism of action.

Methodology

A systematic search of PubMed, Google Scholar, Web of Science,
and Science Direct was conducted from January 2020 to October
2021 for research on COVID-19 management using a combination of
keywords, including "ivermectin + doxycycline + COVID-19," "iver-
mectin + doxycycline + SARS-CoV-2," and human studies, rando-
mized controlled trials (RCT), prospective or retrospective cohort
designs, case-control designs, case series, invitro studies, and case
ports. Only studies that mentioned the combination of ivermectin
and doxycycline to manage the cytokine storm of COVID-19 were
included in this review article.

Ivermectin: a promising drug

Ivermectin is being used in therapeutics for more than three
decades. Initially, it was considered an anthelmintic drug. The drug
has been used effectively to treat lymphatic filariasis, head lice,
strongyloidiasis, and river blindness [6,7]. Many studies have shown
its effectiveness against various RNA viruses [8]. The drug has al-
ready been approved in Peru and Bolivia for its use in mild cases of
COVID-19 [4]. The first path-breaking in vitro study with ivermectin
was conducted in Australia [9]. The usefulness of ivermectin against
SARS-CoV-2 infected cells has been established in the above-men-
tioned work. The drug was found to inhibit viral replication with a
dose of 5 pM. The viral load was found to be significantly reduced in
the above study. A single dose controlled viral replication in this
remarkable finding. Previously it has been established that the drug
prevents HIV-1 replication by preventing the entry of integrase
protein inside the nucleus [10]. Many RNA viruses depend upon their
interaction with IMP o/p1 for their replication. Ivermectin acts as a
broad-spectrum antibiotic by inhibiting the IMP «/B1, thereby sup-
pressing the viral replication in all such infections, viz. influenza,
chikungunya, and HIV [8,11]. Studies have shown that SARS-CoV
infection and viral replication are mediated through the transporter
IMP «/B1. Ivermectin has been used very widely in a clinical setting,
and no serious adverse effects have been reported so far.
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Efficacy of ivermectin in viral infections

Ivermectin has been widely used in therapeutics as an anti-
parasitic drug. It has also produced promising results against RNA
and DNA viruses [8,11]. According to recent reports, the drug
(1-2 uM) also suppresses the Zika virus [12]. The drug also sig-
nificantly inhibited the dengue virus and was found to be safe at the
concentrations used [8,9]. Leon Caley and his team conducted the
first study on the use of ivermectin in COVID-19 infection. This was
an in vitro study that reported a highly significant reduction in viral
load. The researchers in this study have found that no toxicity with
ivermectin was observed. The remarkable findings of the above
study paved the way for the conduction of clinical trials on iver-
mectin. Currently, many studies are in process to find out the ef-
fectiveness of the drug alone or with other drugs. The encouraging
results of the in vitro study prompted the researchers to conduct
clinical studies to establish the therapeutic utility of the drug in the
in vivo studies. A matched case-controlled study (186 matched pairs)
conducted in AIIMS, Bhuvaneshwar, has reported a 73% reduction in
COVID-19 with two doses (300 pg at 72 h apart), suggesting its
significant prophylactic activity. However, the single dose of iver-
mectin could not produce any significant prophylactic activity [13]. A
retrospective cohort study (n = 280) conducted in the USA showed
that ivermectin produced significantly lower mortality in patients
hospitalized in four Florida Hospitals [14]. Another observational
study was conducted in the USA involving 1970 COVID-19 positive
critically ill hospitalized patients from 169 hospitals. The study re-
ported a marked improvement in the survival rate [15,16]. A random
control clinical trial on COVID patients was conducted in Bangladesh
in two groups. Patients in group A were treated with ivermectin and
doxycycline, while the Group B patients were treated with hydro-
xychloroquine and azithromycin. After comparing the above groups
with two different combinations, it was found that the results were
better in group A. Furthermore, the adverse events were 31.67% in
group A as compared to 46.43% in group B [6]. Reports of various
studies involving the use of ivermectin against viral infections are
presented in Table 1.

The probable mechanism of action of ivermectin

Transport of proteins across the nuclear membrane is essential
for carrying out important physiological processes such as cell di-
vision, differentiation, and multiplication. IMPa/p1 is a type of
transporter that transports various proteins from the cytoplasm to
the nucleus. This process is accomplished with the help of nuclear
localization signal and nuclear pore complex. It has been reported
that MPa/B1 is involved in the infectivity of SARS-CoV [17]. Thus, it
can be considered that IMPa/p1 may be involved in the etiology of
SARS-CoV-2 [10,12,18-20].

The viral nucleocapsid protein (NCP) utilizes IMPa/p1 for in-
itiating its action. Ivermectin acts by selectively inhibiting the «/p1
transporter, thus preventing the entry of NCP into the nucleus
[21-23]. It is also considered that the drug selectively inhibits IMPa/
B1 and does not affect other nuclear import pathways. Ivermectin

Table 1
Report of various studies involving the use of doxycycline against viral infections.
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has been reported to act by binding to IMPa/p1 through NLS binding
pocket [11]. Furthermore, the formation of IMPa/p1 is also sup-
pressed by the drug. It has also been hypothesized that two iver-
mectin molecules can interact to make it an ionophore [20].

Doxycycline: a multifaced medication

Doxycycline is a derivative of tetracycline, which is widely used
in infections caused by Mycoplasma pneumonia, Streptococcus
pneumonia, Haemophilus influenza, Chlamydia psittaci, Klebsiella
species, and acinetobacter. The drug has also been used to treat other
infections such as rickettsia infections, plague, and cholera [24]. The
pharmacokinetic pattern of the drug is very.impressive. The drug
attains maximum plasma level within 2 h after drug administration.
Literature survey has revealed that the drug does not produce any
serious adverse effect during the ordinary course of therapy. Unlike
other antibiotics, doxycycline does not produce diarrhea. Doxycy-
cline acts by blocking/modifying the signaling pathways involved in
viral infection in multiple steps.

Efficacy of doxycycline in viral infections

Doxycycline (4.5 pM) has been reported to produce a significant
reduction in viral load in SARS-CoV-2 infected cell lines [25]. The
inhibitory activity was comparable with that produced by other
drugs such as hydroxychloroquine, lopinavir, and azithromycin. This
important study has also reported that doxycycline produced the
above effect by the two-step mechanism, i.e., by preventing the viral
entry and also by inhibiting the viral replication. It has also been
found that the drug utilizes the same mechanism in suppressing the
chikungunya virus, as mentioned above [26]. The drug has also been
shown to inhibit dengue virus replication as well as its entry into the
cells by inhibiting the dengue virus serine protease and also by
suppressing the E2 envelope, respectively [27]. The case report of
four high-risk patients with an associated pulmonary disease has
shown that doxycycline treatment (100-200 mg daily) for 5-14 days
had revealed a remarkable improvement in all symptoms of COVID-
19 [28]. This was the first report of its kind on SARS-CoV-2 infected
symptomatic patients. Studies have also reported that doxycycline
prophylaxis was effective in preventing acute lung injury in ex-
perimentally induced H3N2 virulence in mice [29].

An important study was conducted on high-risk patients infected
with SARS-CoV-2 who had suddenly developed clinical symptoms.
These patients had at least one of the high-risk complications such
as cardiac, lung, obesity, and diabetes. Doxycycline (100 mg orally or
iv) was administered for 7 days in conjunction with a regular stan-
dard of care. It was observed that 85% of the patients were found to
be recovered [30]. A report of various studies involving the use of
Doxycycline against RNA viruses is reported in Table 2.

Anti-inflammatory and immunomodulatory effects of doxycycline

Many studies have established the immunomodulatory and anti-
inflammatory potential of doxycycline. An in vivo study has shown

Type of study Type of infection Results/Remarks

In vitro
In vivo (RCT)

Dengue virus
Dengue virus

Significant inhibition of infection. The drug inhibited serine protease enzymes and viral entry[26].
A significant reduction in mortality from dengue hemorrhagic fever was observed. 11.2% mortality was found in

doxycycline treated group (13/116) as compared to 20.9% mortality in untreated group (24/115)[33].

SARS-CoV- 2

SARS-CoV-2

Vesicular stomatitis virus
Chikungunia virus
Dengue virus

In vivo (Clinical study)
In vitro study

In vitro study

In vitro

In vivo (Clinical study)

Administration of the drug resulted in marked reduction in all symptoms of COVID-19|28].
Doxycycline inhibited infection. The results are comparable to those of other drugs[25].
The drug significantly inhibited the virus[57].

Doxycycline significantly inhibited the virus[27].

Suppression of cytokines[33].
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Table 2
Report of various studies involving the use of ivermectin against RNA viruses.
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Type of study Type of infection

Results/Remarks

SARS-CoV-2
SARS-CoV-2
COVID-19 critically ill patients

Clinical study

In vitro study (Australia)

observational registry-based study (169

Hospitals, 1970 patients)

Dominician Republic based clinical study The early stage confirmed patients

with COVID-19.

Bangladesh based clinical study (n = 60)
infected patients

A matched controlled study (AIIMS
Bhubaneshwar)

In vitro studies

In vitro studies

In vitro studies

In vitro studies

In vitro studies

Health care workers (positive and
negative)

Dengue virus (DENV)

Hendra virus (HEV)

Zika virus (ZIKV) infected vero cells
Yellow fever virus

Human immunodeficiency virus
type 1

In vitro studies Avian influenza A virus

In vitro studies Chikungunya virus (CHIKV)

Symptomatic, confirmed SARS-CoV-

2

Significantly lower mortality[15].
Inhibition of virus[9].
A significantly higher survival rate was observed|16].

99% of the patients were recovered with 100-200 mcg/kg (initial dose) and
400 mcg/kg (final dose) (India - Trial Site News, 2020)

Ivermectin + doxycycline produced a better recovery rate as compared to
hydroxychloroquine + azithromycin. The former combination also shortened the
duration of recovery|6].

73% reduction in COVID-19 infection was observed after two doses of ivermectin
prophylaxis (300 ug/kg given at an interval of 72 h)[13].

Ivermectin (25-50 uM) produced an Inhibitory effect[11].

Ivermectin (25-50 pM) produced an inhibitory effect[8].

Ivermectin potently inhibited the virus|12].

Ivermectin produced an Inhibitory effect[8].

An inhibitory effect was produced|8].

Ivermectin inhibited the nuclear transmission of viral ribonucleoprotein
complexes|8].
Ivermectin inhibited the CHIKV infection in BHK-21 cell line[8].

that the drug (7-15 mg/1) inhibits the human neutrophil collagenase
activity by 50%. In an important study, Johan et al. have reported that
the function of the drug inhibits the polymorphonuclear leukocytes
in vitro by binding to divalent cation [31].

Microglial activation in response to pathogens results in the re-
lease of pro-inflammatory molecules. An extensive study was con-
ducted to investigate the effects of doxycycline on LPS-induced
murine microglial activation [32]. It was an in vitro study in which
10 pM doxycycline was administered to rat microglial and neuronal
cells, which were later subjected to hypoxic injury. The results have
revealed that doxycycline suppressed activated microglial cells. It
has also been confirmed that p38MAP kinase and NF-kB mediated
pathways are involved in the above-mentioned activity. Thus, the
drug inhibited the LPS induced activity of cytokines, NO as well as
ROS. This effect was supported by the down-regulation of proin-
flammatory cytokines. Due to these multiple/multiple actions, dox-
ycycline can be immensely beneficial in preventing or inhibiting
COVID - 19 infection.

In an important study, doxycycline was administered to dengue
hemorrhagic fever patients (n = 231) and observed for seven days. It
was found that the level of IL-1p, IL-6, and TNF-a was increased in
control groups, whereas the patients treated with doxycycline were
found to exhibit low levels of these cytokines, which were statisti-
cally significant (P < 0.01) by day 3. There was a further reduction in
the level of pro-inflammatory cytokines from day 3 to day 7.
Furthermore, doxycycline treatment produced 46% reduction in
mortality rate [33,34].

The toxic shock condition induced by superantigens is considered
a hyper-inflammatory state caused by stimulation of the immune
system. Consequently, the proinflammatory cytokines are released in
such a state [35]. It has been confirmed that doxycycline exhibited
the immunomodulatory effect by dose-dependent suppression of
staphylococcal exotoxin-induced secretion of inflammatory media-
tors by the human WBC. Staphylococcal exotoxins were also found to
be suppressed in the study above. The above findings establish the
immunomodulatory activity of the drug.

Severe sepsis is a hyper-inflammatory state developed due to the
excessive immune response and is the cause of mortality in severe
pulmonary infections [36]. It has been established that there is a
marked increase in the level of inflammatory cytokines as well as the
MPO (oxidative enzyme) in septic conditions. A reduction in the
level of glutathione is observed in septic conditions. Anasuya et al.
have further confirmed the immunomodulatory activity of doxycy-
cline when used in combination with the lower dose (100 mg/kg) of
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ceftriaxone. The above combination also inhibited the CLP-induced
increase in MPO levels. CLP-induced reduction in GSH level was also
normalized by this treatment. The results of the above study have
demonstrated the immunomodulatory and antioxidant potential of
doxycycline.

Tetracyclines are found to be effective in various inflammatory
disorders such as gingivitis, osteoarthritis, periodontitis, and pul-
monary disorders [16,37]. Doxycycline has been reported that dox-
ycycline can inhibit the process of inflammation by inhibiting the
events of inflammation, viz. leukocyte adhesion and leukocyte mi-
gration [38,39]. The drug also inhibits the phospholipase A, NF-B,
and I Ba [40-42]. Sun ] et al. have reported that doxycycline reg-
ulates the p38 and ERK1/2/MAPK pathways, further validating its
anti-inflammatory effects. Dysregulation of TXA, synthesis in in-
flammatory conditions favors hypercoagulation in the pulmonary
capillaries. PGG, and PGH,, the precursors of TXA2, are derived from
arachidonic acid by COX-1 and COX-2 [42]. It has been reported to
inhibit the enzyme phospholipase A2, resulting in the reduced
availability of arachidonic acid for the synthesis of PGG, and PGH,.
Thus, doxycycline indirectly decreases the synthesis of thromboxane
A, and thereby improves the thrombotic events in ALl and
ARDS [40].

Doxycycline and matrix metalloproteinases

The severe acute respiratory syndrome coronavirus-2 utilizes
matrix metalloproteinase-9 (MMP-9) for gaining its entry into the
body. Doxycycline prevents the entry of the virus by inhibiting
MMP-9. The unique structure of doxycycline with a four-ring core
and many side groups makes it an important compound with
pleiotropic actions. The lower part of the molecule is rich in oxygen,
which helps in the chelation of metal ions, which greatly increases
the binding of tetracyclines with different proteins. Hence, doxycy-
cline has a higher binding capacity with different proteins as com-
pared to other compounds. Therefore, this drug has a better ability to
inhibit the metalloproteinases as compared to other similar com-
pounds due to its higher chelation capacity for zinc ions present in
the MMP-9 [43]. It has been established that the release of MMP-9
during acute lung injury is responsible for further magnifying the
process of inflammation and thereby causing the destruction of lung
tissue. Therefore, targeting MMP-9 could be an effective measure to
manage this infection [44].

Matrix metalloproteinases (MMPs) are an important class of
endopeptidases with a zinc-binding moiety in their catalytic site.
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Previously, MMPs were responsible for degrading the extracellular
matrix by the cleavage of collagens, fibronectin, and elastin. Later it
was noticed that these proteinases have a wide range of physiolo-
gical functions at the matrix and nonmatrix levels. But recently, it
has been established that these important proteases play an im-
portant role in tissue homeostases, such as the remodeling of cells
and tissues. More recently, it has also been established that MMPs
have a role in interacting with the cell surface receptors [45]. They
are also involved in regulating cytokines and chemokines. They are
also involved in inflammation and tissue repair by regulating ad-
hesion, migration, and angiogenesis. They produce a pathological
state when their activity is uncontrolled.

Pulmonary epithelial damage is the hallmark of ARDS in COVID-
19 infection, initiating the cascade of inflammatory events, resulting
in lung parenchymal damage due to cytokine storm. There is an
overexpression of MMPs, which produce remodeling of lung tissue.
Nonspecific inhibition of MMPs can prevent further lung damage in
ARDS/ALL Therefore, nonspecific inhibitors of MMPs can be effective
in managing ARDS in COVID infection. Studies have reported that
doxycycline is one of the most widely used nonspecific inhibitors of
MMPs [46].

Studies have shown that there is an increase in the expression of
MMPs during infections. Thus, it is suggested that these molecules
may enhance the virulence and pathogenicity in bacterial and viral
infections. It has also been noted that the levels of MMP-9 are raised
in septic conditions [45]. Batimastat and marimastat are first-gen-
eration MMP inhibitors, but they lack specificity. As a result, new
MMP inhibitors with specificity in their action were developed, and
doxycycline is an important drug in this category [45]. This drug has
many other advantages as well. It does not produce GIT adverse ef-
fects and its bioavailability is also high.

Cytokine storm and doxycycline

The ‘cytokine storm’ is considered the hallmark of the COVID-19
illness and is the cause of millions of deaths due to this deadly
disease. WBCs become hyperactive and inflammatory cytokines are
released in this cytokine storm cascade. The epithelial cells of the
lungs, as well as the endothelial lining of the capillaries surrounding
the alveoli, are severely damaged and inflamed due to the hyperin-
flammatory and hyperimmune state. Damaged epithelium and en-
dothelial cells release reactive oxygen species (ROS), which further
damage the epithelial lining of alveoli and endothelial cells of the
blood capillaries. Thus, a vicious cycle sets in, and there is over-
production of immune cells, cytokines, thromboxane A, and ROS.
Consequently, there is complete disruption of the alveolar-capillary
barrier resulting in exacerbation of capillary permeability and hy-
peractivation of WBCs. Lung function declines profoundly due to
pneumonia, pulmonary fibrosis, and edema. Finally, death ensues
due to respiratory failure [46,47].

Lisa E et al. conducted a dose-escalation study on mice by
adopting an unbiased modeling approach to study the molecular
mechanisms involved in SARS-CoV pathology by conducting the
proteomics analysis. This extensive study has reported that there is
increased expression of the hyaline membrane in the acute pul-
monary damage after SARS-CoV infection. Fibrin level was also
found to be increased. The above findings suggest that there is
dysregulation of the urokinase pathway resulting in abnormalities in
coagulation. It is suggested that the above cascade of events may
also be observed in SARS-CoV-2 infection. High fibrin and low sur-
factant levels enhance collagen deposition by stimulating the ad-
herence and growth of fibroblasts, culminating in lung
fibrosis [48,49]. Since there is no cure for fibrosis, it is important to
develop therapeutic interventions that can prevent or slow the fi-
brotic process. Recent studies have shown that doxycycline has the
potential to inhibit the MMPs responsible for the degradation of the
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extracellular matrix of the lungs, thus reducing the process of fi-
brosis [50]. The AMP-activated kinase (AMPK) pathway is important
in the maintenance of normal function and integrity of the en-
dothelium in the lungs. It has been reported that AMPK activity was
found to be decreased in bacterial endotoxin-induced lung injury in
mice. Another study has reported that endothelial barrier dysfunc-
tion was observed in AMPK deficient mice. This study has also re-
ported that the endothelial barrier integrity was improved by the
pharmacologically induced activation of AMPK in these AMPK ac-
tivities deficient mice. It has been established that MMPs stimulate
the activity of TNF-a, which in term cause deactivation of AMPK.
Therefore, by decreasing the activity of MMPs, AMPK can be acti-
vated, resulting in the maintenance of endothelial barrier function
and integrity in the lungs [50].

It has been very widely accepted that MMPs are actively involved
in pulmonary damage and ARDS [46]. A study has reported that
SARS-CoV-2 infected ICU patients were found to have developed a
pathology of thrombotic disorders. Studies have also revealed that
inflammatory mediators are controlled by the MMPs [51].

Zinc is considered to be important in controlling the SARS-CoV-2
infection due to its diverse actions. It prevents replication of the
SARS-CoV-2 RNA genome and also inhibits the translation process
[52]. It also increases the interferon-a production, improving the
immunity against the virus [53]. Since doxycycline can transport
divalent cations such as zinc into infected host cells, it will produce
its therapeutic effects against COVID-19 by increasing zinc trans-
portation, thus preventing the replication of the virus [54-56].

Conclusion

The hallmark of the COVID-19 infectivity and severity is the
‘cytokine storm’ resulting in excessive irreversible damage to the
lungs due to the uncontrolled release of proinflammatory cytokines.
The end result is death due to severe pneumonia and multiorgan
failure. Many mono-drug therapies have been tried with hardly any
encouraging results. Simultaneously many different combination
therapies such as lopinavir-ritonavir, hydroxychloroquine-azi-
thromycin have also been used for the treatment of this infection,
but with little benefit. The complex nature of the COVID-19 patho-
genesis advocates the selection of drugs that can produce their ef-
fects through a multistep mechanism. Due to the diverse
mechanisms of action of doxycycline and ivermectin, as mentioned
in this review, this combination may help immensely in reducing the
fatality of infection by preventing the cytokine storm.

In this review, the established therapeutic efficacy of ivermectin
against various viral infections, including COVID infection, has been
discussed in this review. The promising results of the drug against
various infections suggests that the drug could be beneficial for the
treatment of this mysterious disease. The established antiviral and
immunomodulatory activity of doxycycline has also been presented
in this report. The above-mentioned results suggest that the com-
bined use of ivermectin and doxycycline can be useful in controlling
the severity of the infection, as both drugs act synergistically in
producing antiviral effects.

Furthermore, doxycycline will provide the additional benefit of
reducing the cytokine storm. The clinical features of COVID-19 ad-
vocate that the combined use of antiviral and immunomodulatory
drugs is expected to provide the best results against this deadly
infection. In view of the three-step mechanism of action of this
combination therapy, well-designed controlled trials need to be
conducted to explore this combination therapy further so as to es-
tablish its therapeutic efficacy in the treatment of this infection.
Based on the above findings, it can be concluded that due to its role
in blocking | modifying various pathways (MMP-9, p38MAP kinase,
and NF-kB) involved in the pathogenesis of COVID-19, doxycycline
(200 mg daily) can be a very useful drug in reducing the severity of
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Table 3

SSummary of the clinical trials based on ivermectin and doxycycline in COVID-19 [58-61].

Status

Outcomes

Phase of
Study

Sponsor

Condition NCT number

Intervention

Short title

Recruiting

Decreased admission rate to the hospital secondary
to respiratory illness related to COVID-19 (5 week)

Max Health, Subsero Phase 4
Health

NCT04729140

Covid-19

Drug: Ivermectin TabletsDrug:

An Outpatient Clinical Trial Using Ivermectin

Doxycycline TabletsDrug: Placebo

and Doxycycline in COVID-19 Positive

Patients at High Risk to Prevent COVID-19

Related Hospitalization
Clinical Trial of Ivermectin Plus Doxycycline

Body temperature remains normal for at least 3 days Completed

Dhaka Medical College Phase 3

NCT04523831

Covid-19

Drug: Ivermectin and

(ear temperature is lower than 37.5 °C). Respiratory
symptoms are significantly improved.Lung imaging

shows obvious improvement in lesions.There is no
co-morbidities or complications which require

DoxycyclineDrug: Standard of care

for the Treatment of Confirmed Covid-19

Infection

hospitalization.Sp02, > 93% without assisted oxygen

inhalation.

Presence of virus will be negative on Day 7 detected Completed

by RT PCR, Body temperature will be < 37.5 C by day

Phase 2

International Centre for

Diarrhoeal Disease

NCT04407130

Covid-19

Efficacy and Safety of Ivermectin and

Efficacy and Safety of Ivermectin and

Doxycycline in Combination or IVE
Alone in Patients With COVID-19

Infection.

Doxycycline in Combination or IVE Alone
in Patients With COVID-19 Infection.

7 detected by Infrared thermometer, Remission of

Research, Bangladesh

cough: No signs of cough showing respiratory rate

within 12-20/ min, on day7

The effect of the experimental drugs to reduce the Completed

Phase

NCT04591600  Alkarkh Health

Covid-19

Drug: Ivermectin and Doxycycline

Drug: Standard of care

Effectiveness of Ivermectin and Doxycycline

mortality rate (death rate) of treated patients, rate of

1Phase 2

Directorate-Baghdad

on COVID-19 Patients

patients under treatment who undergo progression

of disease to a more advanced stage
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the disease, if used in combination with ivermectin (200-400 pg/kg
daily).

A report of the clinical trials conducted on the combination
therapy with ivermectin and doxycycline is presented in Table 3. The
respiratory symptoms were found to be reduced and the body
temperature was also normalized. After analyzing the results of the
different clinical trials it is concluded that the use of ivermectin in
combination with doxycycline can prove to be an effective, safe and
affordable therapeutic regimen for relieving the cytokine storm of
COVID-19 infection. Evaluation of the pharmacokinetic and phar-
macological profile of the above drugs has revealed that the suitable
oral and parenteral formulations of ivermectin+doxycycline can be
developed for the management of COVID-19 patients particularly in
the developing countries. Thus this combination finds immense in-
dustrial applicability in view of its cost effectiveness, safety and ef-
ficacy.
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