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ARTICLE INFO ABSTRACT

Keywords: Coronavirus virus disease 2019 (COVID-19) is a viral infectious disease caused by the severe acute respiratory
COVID-19 syndrome coronavirus 2 (SARS-CoV-2), actually considered as a global pandemic. The entry-point for SARS-CoV-
SARS',C_OV'z 2 is angiotensin converting enzyme 2 (ACE2) and dipeptidyl peptidase 4 (DPP4), which are highly expressed in
](;lec;é;lcrll;e the lung. Among other complications, COVID-19leads to fatal pneumonia, acute lung injury (ALI) and acute

respiratory distress syndrome (ARDS) due to development of cytokine storm (CS). The pathogenesis of SARS-
CoV-2 infection depends on the viral load and human innate/adaptive immune response that are required for
viral elimination in the first phase of COVID-19. However, an exaggerated immune response in the second phase
of COVID-19 results in immune overreaction and CS-induced ALI and ARDS. Thus, in view of these consider-
ations, we report here a series of five patients with COVID-19 pneumonia who developed ALIL In addition to the
supportive therapy, the patients received doxycycline in the first week and doxycycline plus colchicine in the
second week. Following sequential therapy with doxycycline and/or colchicine in patients with COVID-19
pneumonia, the patients had reduction of disease severity and symptoms with better clinical and radiological
outcomes. However, it is tough to confirm the link between this therapeutic combination and recovery from
COVID-19 pneumonia, as it is a small case-series report. Nevertheless, this study gives a rational for large-scale
prospective studies to evaluate the dual sequential effect of doxycycline and colchicine on the COVID-19 severity.
This case-series illustrated that use of colchicine: doxycycline combination is linked with marked improvements
in the clinical, laboratory and radiological outcomes in patients with COVID-19 pneumonia. However, we cannot
sketch any definitive conclusion from our observation, despite we hypothesize that this combination therapeutic
regimen may attenuate and treat COVID-19. Further, namely prospective, randomized, and controlled clinical
studies are recommended in this regard.

Clinical outcomes

1. Background (MERS-CoV), respectively, also led to fatal pneumonia, acute lung injury
(ALI) and acute respiratory distress syndrome (ARDS) [2]. SARS-CoV,

Considered a global pandemic, coronavirus virus disease 2019 MERS-CoV  and SARS-CoV-2 are positive-sense, enveloped

(COVID-19) is a viral infectious disease caused by the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) [1]. Previously, in 2003
and 2012, the severe acute respiratory syndrome coronavirus type 1
(SARS-CoV) and Middle East respiratory syndrome coronavirus

single-strand RNA betacoronaviruses with some phylogenetic similarities:
SARS-CoV-2 has 79% similarity with SARS-CoV and 96% with bat
coronavirus (CoV) [3]. It has been shown that SARS-CoV-2 has a higher
ability of transmission and lower fatality rate compared to SARS-CoV
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and MERS-CoV [4]. For instance, on January 10, 2021, there were 92,
493,946 confirmed cases officially reported in more than 200 countries
with 1,980,825 deaths globally [5].

The entry-point for SARS-CoV-2 is angiotensin converting enzyme 2
(ACE2) and dipeptidyl peptidase 4 (DPP4) receptors, which are highly
expressed in different tissues, mainly in the lung, heart, kidney, testis,
pancreas and endothelium [6]. The interaction of SARS-CoV-2 with lung
alveolar type II cells, ACE2 and DPP4 lead to macrophages activation
with subsequent exaggerated immune response, hypercytokinemia, and
cytokine storm (CS) due to release of pro-inflammatory cytokines, such
as interleukin (IL)-6, IL-1p and tumor necrosis factor (TNF)-a with
activation of nod-like receptor pyrine 3 (NLRP3) inflammasome [7].
This interaction is dependent on viral load and human innate/adaptive
immune response, required for viral elimination in the first phase of
COVID-19. However, exaggerated immune responses in the second
phase of COVID-19 result in immune overreaction and CS-induced ALI
and ARDS [8]. Regarding clinical impact, most of SARS-CoV-2 infections
(80%) are mild due to normal immune response and low viral load,
being 15% considered severe and only 5% are established as critical,
needing mechanical ventilation [9].

Different drug modalities have been adopted for management of
COVID-19, including antiviral and immune-modulating drugs and
complementary medicine to overcome the viral pathogenesis and the
overstated the release of pro-inflammatory cytokines [10].

Colchicine is a lipophilic tricyclic alkaloid derived from meadow
saffron named Cochicum autumnale, has been used over 2000 years as the
main remedy for gout and painful conditions. Colchicine acts as an in-
hibitor of cellular microtubule assembly, and binds to the tubulin to
form tubulin-colchicine complex that interfere with microtubule for-
mation and polymerization, mainly in cells with high proliferative rate,
like neutrophils [11]. Colchicine also has anti-inflammatory effects
through different mechanisms, including inhibition of neutrophil func-
tions and chemotaxis, expression of adhesion molecules, suppression of
pro-inflammatory cytokines release and inhibition of NLRP3 inflam-
masomes [12]. Therefore, colchicine is used in the treatment and pro-
phylaxis of gout flares, crystal arthropathy and familial Mediterranean
fever (FMF) as well as inflammatory disorders, like pericarditis [13].
Thus, as colchicine has a potent anti-inflammatory potential, different
clinical trials have been done to explore its therapeutic benefits in the
management of COVID-19. A Greek clinical trial study (GRECCO-19), by
Deftereos et al. [14], recommended the use of colchicine in the man-
agement of COVID-19.

On the other hand, doxycycline is a bacteriostatic antibiotic from the
tetracycline class; inhibits bacterial protein synthesis through blocking
ribosomal 30 subunit. Doxycycline like other tetracycline exerts anti-
inflammatory effect in different inflammatory disorders, including
periodontitis, gingivitis, osteoarthritis, rheumatoid arthritis and ARDS
[15]. The anti-inflammatory effect of doxycycline is linked with inhi-
bition of nuclear factor kappa-B (NF-«B), p38, mitogen-activated protein
kinase (MAPK) signaling pathway and inhibition the release of
pro-inflammatory cytokines [16]. In addition, doxycycline therapy is
effective against viral and chemotherapy-induced ALI through
down-streaming of matrix metalloproteinase (MMP-2, MMP-9) [17]. For
example, Fredeking et al. [18] illustrated that doxycycline reduces
pro-inflammatory cytokines in patients with dengue hemorrhagic fever.
Furthermore, different reports disclosed the potential benefit of doxy-
cycline therapy in the management of COVID-19 due to its
anti-inflammatory and anti-SARS-CoV-2 activities [19].

Taken together, since COVID-19 patients are in an enormous need for
both anti-inflammatory and antiviral treatment as well as protection
against ALI, studies addressing the effect of a planned combination
therapy are warranted. Thus, in view of these considerations, we report
a series of five patients with COVID-19 pneumonia who developed ALL
The patients in addition to the supportive therapy were placed on
doxycycline (100 mg/day) in the first week and doxycycline (100 mg/
day) plus colchicine (1 mg/day) in the second week. In this case-series
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study, there was no any concomitant use of other antibiotics or any
drugs proposed to be beneficial in COVID-19 pneumonia. The main goal
of this study was to illustrate the potential impact of a combination
therapy with doxycycline-colchicine on the clinical outcomes of patients
with Covid-19 pneumonia.

This study was approved by the Ethical Committee and Scientific
Board in College of Medicine, Al-Mustansiyriah University, Baghdad,
Iraq in October 2020 according to the ethical reference number 33NTE
in July 1, 2020. Informed verbal and written consent was taken from the
recruited patients for their participation in this study.

2. Case one

On 10, October 2020, a 36-years-old employment man, presented
with fever, headache, profuse sweating, nausea, anorexia, vomiting, dry
cough and anosmia for 1-week duration without history of any chronic
diseases. On examination, the patient presented with body temperature
39.7 °C, heart rate 112 beat/min, blood pressure 110/60 mmHg, and
oxygen saturation 92% at room air. Laboratory findings illustrated
positive anti- COVID-19 test for IgM (3.07 mIu/ml) and negative for IgG
(cut-off value of 0.00-0.04 mIu/ml for both IgM and IgG), real-time
polymerase chain reaction (RT-PCR) was positive, and leukocytosis
with lymphopenia, C-reactive protein (CRP) 23 mg/L (0.0-5), serum
ferritin 453 ng/mL (20-250), lactate dehydrogenase (LDH) 300 U/L
(100-190), and D-dimer 473 ng/mL (<230). Radiological findings by
chest X-ray and computed tomography (CT) scan revealed bilateral
ground glass opacity (GGO). The patient declined hospitalization and
was instructed for general health guidelines and prescribed supportive
therapy and oxygen on need. From the first day, he received a doxycy-
cline capsule (100 mg) twice daily for one week and doxycycline (100
mg) twice daily plus colchicine (0.5 mg/day) in the next week.
Following a 2-week of therapy, the patient showed clinical, radiological
and laboratory improvements, with negative RT-PCR for SARS-CoV-2
and returned to his work normally.

3. Case two

On October 23, 2020, a 47-year-old man with history of type 2
diabetes mellitus (T2DM) on regular insulin therapy presented with low-
grade fever, headache, malaise and fatigue, dry cough for 4 days dura-
tion. On examination, the patient presented with body temperature
37.2 °C, heart rate 83 beat/min, blood pressure 130/75 mmHg, oxygen
saturation 94% on room air. Laboratory findings illustrated positive
anti-COVID-19 test for IgM (1.02 mlIu/ml), negative for IgG (cut-off
value of 0.00-0.04 mIu/ml for both IgM and IgG), RT-PCR positive,
leukocytosis with lymphopenia, CRP 10 mg/L (0.0-5), serum ferritin
280 ng/mL (20-250), LDH 231 U/L (100-190), D-dimer 254 ng/mL
(<230), fasting blood glucose (FBG) 145 mg/dL, and glycated hemo-
globin (HbAlc) 6.7%. Radiological findings, chest X-ray and CT scan
revealed mild bilateral GGO. The patient was informed for general
health guidelines and prescribed supportive therapy, being given
doxycycline (100 mg) twice daily for the first one week and doxycycline
(100 mg)/twice daily plus colchicine (0.5 mg/day) in the next second
week. During the first week of doxycycline therapy, the FBG was
reduced. In the second week, the patient reported myalgia and diarrhea,
and in the subsequent two weeks of therapy the patient showed clinical,
radiological and laboratory improvements with negative RT-PCR for
SARS-CoV-2 and repaid to his work routinely.

4. Case three

A 68-year-old retired man, a known case of essential hypertension on
telmisartan treatment (160 mg/day) since 2012, on December 10, 2020,
presented with low-grade fever, headache, malaise and fatigue, dry
cough and anosmia for 1-week duration. On examination, the patient
presented with a body temperature 37.6 °C, heart rate 80 beat/min,
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blood pressure 140/95 mmHg, oxygen saturation 97% on room air.
Laboratory findings illustrated positive anti-COVID-19 test for IgM (1.02
mlu/ml) and negative for IgG (cut-off value of 0.00-0.04 mIu/ml for
both IgM and IgG), leukocytosis with lymphopenia, CRP 34 mg/L
(0.0-5), serum ferritin 278 ng/mL (20-250), LDH 290 U/L (100-190),
and D-dimer 300 ng/mL (<230). Radiological findings, chest X-ray and
CT scan illustrated mild unilateral GGO. The patient received supportive
therapy with doxycycline (100 mg)/twice daily for one week and
doxycycline (100 mg) twice daily plus colchicine (0.5 mg/day) in the
next week. In the second week, the patient reported recurrent hypo-
glycemic events. In the subsequent two weeks of therapy, the fever
resolved with negative RT-PCR for SARS-CoV-2 and the patient returned
to his home with good health.

5. Case four

A 74-year-old housewife woman a known case of hypertension on
candesartan therapy (16 mg/day) since 2010. On November 5, 2020
presented with dyspnea, low-grade fever, headache, dry cough and
anosmia for 10 days duration. She was misdiagnosed as having a typhoid
fever and received ciprofloxacin therapy for seven days without any
response. On examination, the patient presented with body temperature
38.6 °C, heart rate 83 beat/min, blood pressure 140/95 mmHg, oxygen
saturation 94% on room air. The investigations illustrated a positive
anti-COVID-19 test for IgM, RT-PCR positive, leukocytosis with lym-
phopenia, CRP 11 mg/L (0.0-5), serum ferritin 233 ng/mL (20-250),
LDH 180 U/L (100-190), and D-dimer 100 ng/mL (<230). Radiological
findings, chest X-ray and CT scan showed mild bilateral GGO. She was
treated by symptomatic therapy and doxycycline 100mg/twice daily for
one week and doxycyclinel00mg/twice daily plus colchicine 0.5 mg/
day in the next week. Following two weeks of therapy, the fever resolved
with negative RT-PCR for SARS-CoV-2 and the patients returned to his
home with good health.

6. Case five

On July 22, 2020, a 49-year-old man presented with dyspnea, severe
headache, nausea, anorexia, vomiting, dry cough and anosmia for two
weeks duration. Physical examination revealed high body temperature
(40.7 °C), heart rate 123 beat/min, blood pressure 110/50 mmHg, and
oxygen saturation 87% on room air. Laboratory investigations demon-
strated positive anti-COVID-19 test for IgM (13.45 mlu/ml) and IgG
(4.83 mlu/ml), positive RT-PCR, leukocytosis 27.96 x 10° with lym-
phopenia 16.07 x 103, CRP 44 mg/L (0.0-5), serum ferritin 906 ng/mL
(20-250), LDH 731 U/L (100-190), and D-dimer 422 ng/mL (<230).
Radiological findings by chest X-ray and CT scan revealed severe bilat-
eral GGO affecting 50% of the lung. He was hospitalized and managed
by supportive therapy, high pressure oxygen nasal cannula, and
empirical antibiotic therapy including ceftriaxone and azithromycin, as
well as dexamethasone injections for one week. On the beginning of the
fourth week of disease, doxycycline (100 mg)/twice daily was given. On
the fifth week of COVID-19 pneumonia, the RT-PCR test became nega-
tive, despite of that the radiological findings were still present, but to a
lesser extent. On the sixth week of COVID-19 pneumonia, colchicine
(0.5 mg/day) was added to the doxycycline therapy (100 mg, twice) for
the next week. At the end of doxycycline-colchicine combination ther-
apy, a dramatic improvement in all clinical, laboratory findings and
clinical outcomes was stated. He was discharged without need for oxy-
gen therapy following an additional one week with negative RT-PCR.

7. Clinical course summary

All reported cases were COVID-19 pneumonia with mild-to-
moderate clinical presentation, except for case (5), who was severe
and needs supportive therapy with non-invasive ventilation. Also, all
cases were hospitalized for about two weeks, except for case (1), who
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was treated at home. The comorbidities have also been reported, in case
2 (T2DM) and in cases 3 and 4 (hypertension). Before doxycycline
therapy, all patients were symptomatic with high levels of biomarkers of
active disease, like leukocytosis, lymphopenia, CRP, serum ferritin, D-
dimer, LDH and positive RT-PCR. The radiological findings were
detectable by lung CT scan as bilateral or unilateral ground glass
appearance (GGA). COVID-19 patients were treated sequentially with
doxycycline capsule (100 mg/twice daily) in the first week, and doxy-
cycline capsule (100 mg/twice daily) plus colchicine (0.5 mg/day) in the
second week. Following doxycycline treatment in the first week, pa-
tients showed mild clinical and laboratory improvements, but lung GGA
and positive RT-PCR were still evident. In the second week, colchicine
was added to treatment with doxycycline in the form of doxycycline:
colchicine combination at doses of 200 mg/day and 0.5 mg/day,
respectively. At the end of the second week of combination therapy,
dramatic clinical and laboratory improvements with negative RT-PCR
and resolution of lung GGA were stated (Table 1, Fig. 1).

8. Discussion

The present study revealed the beneficial effect of doxycycline and
colchicine sequential therapy in the management of COVID-19 pneu-
monia, through a pronounced reduction in the disease severity and
symptoms with better clinical and radiological outcomes. However, it is
tough to confirm the association between this combination therapy and
recovery from COVID-19 pneumonia due to a small case-series report.
Nevertheless, this study gives a rational for large-scale prospective study
to evaluate the dual sequential effect of doxycycline and colchicine in
COVID-19 therapy. The patients reported here were not critically ill and
did not need intensive care and presented with various high-risk
comorbidities, like T2DM (case 2), hypertension and old age (case 3
and 4). Indeed, it has been stated that T2DM and old age increase the
COVID-19risk and severity due to immunological disturbances and high
level of pro-inflammatory cytokines production [20]. Zhao et al. [21],
reported that high neutrophil: lymphocyte ratio (NLR), IgE, TNF-a, IL-6
and CRP in T2DM patients noticeably predispose for a higher COVID-19
severity.

In our case-series report, inflammatory biomarkers (ferritin, CRP),
tissue injury biomarker (LDH), and coagulation biomarker (D-dimer)
were increased in all cases with bilateral lung infiltration, with excep-
tion of case 3, in which unilateral lung infiltration was linked with low
levels of inflammatory biomarkers. Francone et al. [22] disclosed that
higher lung CT scan score is linked to the elevated
pro-inflammatory/inflammatory cytokines and COVID-19 severity in
symptomatic patients.

Furthermore, in this study, administration of doxycycline in the first
week and combination of doxycycline with colchicine in the second
week for COVID-19 management, led to a noteworthy recovery in
clinical, laboratory and radiological findings with exception of case 5, in
which lung damage was still present, despite of negative RT-PCR. Grillo
etal. [23] illustrated that lung fibrotic pathological findings are unlikely
to resolute in severe COVID-19 patients and the resident lung damage
might be due to CS-induced lung injury, prolonged low-grade viral
infection and secondary cytokine cascade. Of note, case 5 received
dexamethasone which has noteworthy effect in the management of
COVID-19 [24] and recovery of this patient might due to dexamethasone
effect which could potentiates the anti-inflammatory effect of doxycy-
cline and/or colchicine.

The rational protocol of the present study showed that administra-
tion doxycycline in the first week helped to overcomes SARS-CoV-2
infection and associated inflammatory reactions. Amide different
recent literature studies, doxycycline inhibits the SARS-CoV-2 patho-
genesis by blocking the DPP4/CD26/NF-kB axis. DPP4 is regarded as an
entry-point for SARS-CoV-2 and site for NF-kB action, thus NF-kB inhi-
bition by doxycycline reduces the DPP4 expression [25]. Conforti et al.
[26] also showed that doxycycline in addition to its antibacterial
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Table 1
Clinical outcome summary of COVID-19 cases at end of doxycycline or doxy-

cycline in combination with colchicine treatments.

Cases At time of At end of At end of Discharge
admission doxycycline doxycycline plus
treatment colchicine
Case Presented with Mild clinical Dramatic clinical Well®
1 fever, headache, improvements, improvements,
profuse dry cough and Pa02 97%,
sweating, anosmia were still negative RT-PCR,
nausea, present. RT-PCR clear lung, and
anorexia, positive, Pao2 CRP 8 mg/L.
vomiting, dry 90%, bilateral
cough and GGO, CRP 20 mg/
anosmia. L.
Positive RT-PCR,
Pa02 92%
leukocytosis and
lymphopenia,
bilateral GGO,
CRP 23 mg/L
Case T2DM patient Mild clinical Complete clinical Well
2 presented with improvements, recovery. RT-PCR
low-grade fever, dry cough and negative, PaO2
headache, anosmia were still 98%, bilateral
malaise and present. RT-PCR GGO, CRP 8 mg/
fatigue, dry positive, Pao2 L, FBG 90 mg/dL,
cough for 4 days  92%, bilateral and HbAlc 6.7%.
duration. GGO, CRP 8 mg/
Positive RT-PCR, L, FBG 65 mg/dL,
Pa02 94% and HbAlc 6.7%.
leukocytosis and
lymphopenia,
bilateral GGO,
CRP 10 mg/L,
FBG 145 mg/dL,
and HbAlc
6.7%.
Case Hypertensive Mild clinical Dramatic clinical Well
3 patient improvements, improvement,
presented with dry cough and Pa02 98%,
low-grade fever, anosmia were still  negative RT-PCR,
headache, present. Positive clear lung, and
malaise and RT-PCR, PaO2 CRP 7 mg/L.
fatigue, dry 97%, unilateral
cough and GGO, CRP 20 mg/
anosmia for 1- L.
week duration.
Positive RT-PCR,
Pa02 97%
leukocytosis and
lymphopenia,
unilateral GGO,
CRP 34 mg/L.
Case Hypertensive Mild clinical Complete clinical Well
4 patient improvements, improvement,
presented with dry cough and negative RT-PCR,
low-grade fever, anosmia were still Pa02 99%, clear
headache, present. Positive lungs, CRP 8 mg/
malaise and RT-PCR, PaO2 L
fatigue, dry 97%, bilateral
cough and GGO, CRP 8 mg/
anosmia for 1- L.
week duration.
Positive RT-PCR,
Pa02 94%
leukocytosis and
lymphopenia,
bilateral GGO,
CRP 11 mg/L.
Case Presented with Mild clinical Dramatic clinical Well
5 dyspnea, severe improvements, improvements,
headache, dry cough, Pa02 96%,
nausea, anosmia and fever negative RT-PCR,

anorexia,
vomiting, dry
cough and

were still present.
Negative RT-PCR,
Pa02 90%,

clear lung, and
CRP 12 mg/L.
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Table 1 (continued)

Cases At time of At end of At end of Discharge
admission doxycycline doxycycline plus
treatment colchicine
anosmia for two bilateral GGO,
weeks duration. CRP 40 mg/L.

Positive RT-PCR,
Pa02 87%
leukocytosis and
lymphopenia,
bilateral GGO,
CRP 44 mg/L.

@ Treated at home.

property is capable to treat secondary bacterial super-infections in
COVID-19 patients, and exerts a marked anti-inflammatory effect
through inhibition of pro-inflammatory cytokines and MMPs with
attenuation the development of CS. As well, doxycycline blocks the
core-receptor CD147 which is necessary for the SARS-CoV-2 entry into T
lymphocytes [27]. Doxycycline may directly interrupt the replication
and life cycle of SARS-CoV-2 through proteolysis induction of viral
non-structural proteins and inhibition of RNA-dependent polymerase or
indirectly through increasing the intracellular concentration of zinc
which block the SARS-CoV-2 replication [28]. Moreover, doxycycline
has anticoagulant effect [29] which could attenuate COVID-19-induced
prothrombotic activation and development of ALI, ARDS and
multi-organ injury [30].

On the other hand, the present study revealed that colchicine when
combined with doxycycline in the second week of COVID-19 therapy led
to a dramatic improvement and rapid recovery in the reported case-
series. Montealegre-Gomez et al. [21] reported 5 patients on the
colchicine therapy for 1-3 weeks prior development of COVID-19
pneumonia, found mild symptoms. Different studies have illustrated
that colchicine therapy reduced the activation of IL-1/IL-6 axis and
NLRP3 inflammasome that are involved in the development of
CS-induced endothelial dysfunction and coagulopathy in patients with
COVID-19 [31]. The potential advantage of colchicine therapy in pa-
tients with COVID-19 pneumonia was also addressed in a clinical trial
that involved 100 COVID-19 patients (Clinical Trial.gov Identifier:
NCT04322565), where a significant clinical improvement following
colchicine therapy was stated [32].

Scarsi et al. [33] described the potential benefit of colchicine therapy
in patients with severe COVID-19 at the 8th day of Covid-19 compared
to the standard therapy, through inhibition of major pro-inflammatory
cytokines engaged with development of ALI and ARDS. It has been re-
ported that cytokine storm and uncontrolled hyperinflammation are
linked with multi-organ damage and ARDS. Therefore, anti-cytokine
therapy, such as anakinra (IL-1 receptor antagonist), mavrilimumab
(colony stimulating factor antagonist) and tocilizumab (IL-6 receptor
antagonist) are theoretically effective in COVID-19, but not prompted
full recovery as expected due to late administration of these agents when
ALI was developed [34]. Similarly, sarilumab is a human anti-IL-6 re-
ceptor monoclonal IgG1 antibody, revealed to be effective against the
development of ALI and lung consolidation in COVID-19 pneumonia as
reported by Della-Torre et al. [35]. Della-Torre et al. [36] also illustrated
that a timely administration of colchicine in COVID-19 patients is
important and should be given at 5th day of spiking fever or after 8th
day of influenza-like symptoms to attenuate CS-induced ALI and
multi-organ damage, since early colchicine therapy in COVID-19 may
impairs the immune response to SARS-CoV-2 [36].

Furthermore, Deftereos et al. [37], performed a randomized clinical
trial with 105 COVID-19 patients on colchicine therapy compared with
standard care control; found that colchicine is an effective agent in
reducing ALI and cardiac injury in the early course of COVID-19 due to
its potent anti-inflammatory effects. Likewise, Dupuis et al. [38],
described that colchicine is effective in the management of ALI and
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Five Covid-19 cases
RT-PCR (positive)

Treated by doxycycline and standard

care therapy

First week - l

S RT-PCR
> positive

Treated by doxycycline plus
colchicine and standard care therapy

Second week l

Discharge

> RT-PCR negative

Fig. 1. Clinical course of reported COVID-19 cases.

ARDS through reduction of pro-inflammatory CS and inhibition of
cellular inflammasomes. Indeed, COVID-19 in FMF patients under
colchicine therapy developed mild symptoms without radiological
findings [39]. In addition, various studies illustrated that colchicine
therapy is an effective agent in prevention of ALI and ARDS.

Yue et al. [40] found that pretreatment with colchicine improves
lung oxygenation with a significant reduction of pulmonary edema and
neutrophil recruitment, and may prevent the development of ARDS. As
well, a meta-analysis by Vrachatis et al. [41] illustrated the beneficial
effect of colchicine therapy in the management of COVID-19.

On the other hand, colchicine has important antiviral effects; briefly,
it inhibits the replications of flaviviruses, respiratory syncytial virus,
hepatitis virus, coronaviruses and human immune deficiency virus
through suppression of microtubules polymerization [42]. SARS-CoV-2,
like other coronaviruses, its replication is mainly depend on the cyto-
solic microtubules with formation of membrane vesicles in the infected
cells due to interaction of spike protein with tubulin proteins, that fa-
cilitates the SARS-CoV-2 entry to the nucleus with further assembly of
virions. Therefore, inhibition of microtubules by colchicine may prevent
the virus transport and replication with subsequent reduction of tissue
damage due to reduction of pro-inflammatory cytokines release [43].

Therefore, the potent anti-inflammatory effect of colchicine along
with its antiviral effects made it a possible candidate against SARS-CoV-
2 infections [44].

To author’s knowledge, there is no any study recommending the
combination of doxycycline and colchicine in the management of
COVID-19. Nevertheless, one study reported that the combination of
doxycycline and colchicine therapy for autoimmune bullous diseases
should be continuing during COVID-19 development [45]. However,
there are various studies reporting the combination of doxycycline with
other agents in the COVID-19 management. Alam et al. [46] showed a
significant effect of doxycycline and ivermectin combination in the

management of mild-to-moderate COVID-19. Similarly, the combination
of doxycycline with famotidine is regarded as a robust chemoprophy-
laxis against COVID-19 [47].

Thus, depending on both previous and recent studies, we suggest that
combination of doxycycline and colchicine lead to the following effects
in patients with COVID-19: 1) Synergistic anti-SARS-CoV-2 effects
through inhibition of cellular microtubules by colchicine and RNA-
dependent polymerase, non-structural proteins by doxycycline [48,
49]; 2) Synergistic anti-inflammatory effect through inhibition of
NF-kB/NLRP3 inflammasome and of pro-inflammatory cytokines release
by both colchicine and doxycycline [50,51].

In the present study, all reported cases were positive for RT-PCR
following doxycycline therapy and became negative following combi-
nation of doxycycline and colchicine, suggesting that combination
therapy was more effective than doxycycline alone in the management
of COVID-19 pneumonia.

In the present study, some of the reported cases had certain side
effects, like hypoglycemia (case 3 and 3), despite was mild and self-
limited. Hypoglycemia during doxycycline therapy is due to DPP4
blocking effect with prolongation of insulin half-life [52]. In addition,
there were no significant interactions between colchicine and doxycy-
cline, meaning that this combination can be used safely in the man-
agement of COVID-19.

This study has some limitations, including the small sample size, and
the fact that both IL-6 and TNF-« levels were not evaluated in relation to
doxycycline alone or in combination with colchicine. Though, a final
causal relationship between using of colchicine: doxycycline combina-
tion to improve COVID-19 could not be confirmed unless documented by
large-scale clinical study. Therefore, we suggest that emerging of
different clinical trials should be done to assess the clinical efficacy of
colchicine: doxycycline combination in the management of COVID-19.
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9. Conclusion

In the present study we described a series of case-repots illustrated
that the use of colchicine and doxycycline in combination was linked
with marked improvements in clinical, laboratory and radiological
outcomes in patients with COVID-19 pneumonia. However, we cannot
sketch any definitive conclusion from our observation due to the small
sample size. Anyway, we hypothesize that combination of colchicine:
doxycycline therapy may attenuate and even be an enormous contrib-
utor to treat COVID-19. In our opinion the effect of this combination
treatment should be evaluated in a clinical trial and large-scale pro-
spective clinical studies.

Funding and sponsorship
Nil.

Declaration of competing interest
Nil.

Acknowledgements

N.C.-M. acknowledges the Portuguese Foundation for Science and
Technology under the Horizon 2020 Program (PTDC/PSI-GER/28076/
2017). Al-kuraishy HM, acknowledges medical staff members of Al-
Shiffa Medical Center, Baghdad, Iraq for their participations.

References

[1] H.M. Al-Kuraishy, M.S. Al-Naimi, C.M. Lungnier, A.I. Al-Gareeb, Macrolides and
COVID-19: an optimum premise, Biomed. Biotechnol. Res. J. (BBRJ) 4 (3) (2020
Jul 1) 189.

[2] H.M. Al-Kuraishy, A.L. Al-Gareeb, N. Cruz-Martins, G.E. Batiha, Hyperbilirubinemia
in Gilbert syndrome attenuates Covid-19 induced-metabolic disturbances: a case-
report study, Front. Cardiovasc. Med. 8 (2021) 71.

[3] H.M. Al-kuraishy, A.I. Al-Gareeb, M. Alblihed, N. Cruz-Martins, G.E.-S. Batiha,
COVID-19 and risk of acute ischemic stroke and acute lung injury in patients with
type II diabetes mellitus: the anti-inflammatory role of metformin, Front. Med. 8
(2021) 644295, https://doi.org/10.3389/fmed.2021.644295.

[4] H.M. Al-Kuraishy, A.I. Al-Gareeb, From SARS-CoV to nCoV-2019: ruction and
argument, Arch. Clin. Infect. Dis. (2020 Apr 1) 15. COVID-19).

[5] L.L. Poon, M. Peiris, Emergence of a novel human coronavirus threatening human
health, Nat. Med. 26 (3) (2020 Mar) 317-319.

[6] H.M. Al-Kuraishy, N.R. Hussien, M.S. Al-Naimi, A.K. Al-Buhadily, A.I. Al-Gareeb,
C. Lungnier, Renin-Angiotensin system and fibrinolytic pathway in COVID-19:
one-way skepticism, Biomed. Biotechnol. Res. J. (BBRJ) 4 (5) (2020 Aug 1) 33.

[7] J. Sun, F. Ye, A. Wu, R. Yang, M. Pan, J. Sheng, W. Zhu, L. Mao, M. Wang, Z. Xia,
B. Huang, Comparative transcriptome analysis reveals the intensive early stage
responses of host cells to SARS-CoV-2 infection, Front. Microbiol. 11 (2020 Nov 25)
2881.

[8] C. Lugnier, H.M. Al-Kuraishy, E. Rousseau, PDE4 inhibition as a therapeutic
strategy for improvement of pulmonary dysfunctions in Covid-19 and cigarette
smoking, Biochem. Pharmacol. (2021 Jan 28) 114431.

[9] H.M. Al-kuraishy, T.J. Al-Maiahy, A.I. Al-Gareeb, R.A. Musa, Z.H. Ali, COVID-19
pneumonia in an Iraqi pregnant woman with preterm delivery, Asian Pacific J.
Reprod. 9 (3) (2020 May 1) 156.

[10] H.M. Al-Kuraishy, N.R. Hussien, M.S. Al-Naimi, A.K. Al-Buhadily, A.I. Al-Gareeb,
C. Lungnier, Is ivermectin-Azithromycin combination the next step for COVID-19?
Biomed. Biotechnol. Res. J. (BBRJ) 4 (5) (2020 Aug 1) 101.

[11] F. Naaz, M.R. Haider, S. Shafi, M.S. Yar, Anti-tubulin agents of natural origin:
targeting taxol, vinca, and colchicine binding domains, Eur. J. Med. Chem. 171
(2019 Jun 1) 310-331.

[12] G.J. Martinez, D.S. Celermajer, S. Patel, The NLRP3 inflammasome and the
emerging role of colchicine to inhibit atherosclerosis-associated inflammation,
Atherosclerosis 269 (2018 Feb 1) 262-271.

[13] B. Dasgeb, D. Kornreich, K. McGuinn, L. Okon, I. Brownell, D.L. Sackett,
Colchicine: an ancient drug with novel applications, Br. J. Dermatol. 178 (2) (2018
Feb) 350-356.

[14] S.G. Deftereos, G. Giannopoulos, D.A. Vrachatis, G.D. Siasos, S.G. Giotaki,

P. Gargalianos, S. Metallidis, G. Sianos, S. Baltagiannis, P. Panagopoulos,

K. Dolianitis, Effect of colchicine vs standard care on cardiac and inflammatory
biomarkers and clinical outcomes in patients hospitalized with coronavirus disease
2019: the GRECCO-19 randomized clinical trial, JAMA Netw. Open 3 (6) (2020 Jun
1), e2013136.

[15] A.N. Sapadin, R. Fleischmajer, Tetracyclines: nonantibiotic properties and their
clinical implications, J. Am. Acad. Dermatol. 54 (2) (2006 Feb 1) 258-265.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Pulmonary Pharmacology & Therapeutics 67 (2021) 102008

M. Sodhi, M. Etminan, Therapeutic potential for tetracyclines in the treatment of
COVID-19. Pharmacotherapy, J. Human Pharmacol. Drug Ther. 40 (5) (2020 May)
487-488.

F. Zhang, L. Hu, Y.X. Wu, L. Fan, W.T. Liu, J. Wang, H. Sun, J.S. Zhang,
Doxycycline alleviates paraquat-induced acute lung injury by inhibiting
neutrophil-derived matrix metalloproteinase 9, Int. Inmunopharm. 72 (2019 Jul
1) 243-251.

T. M Fredeking, J. E Zavala-Castro, P. Gonzélez-Martinez, W. Moguel-Rodriguez,
E. C Sanchez, M. J Foster, F. A Diaz-Quijano, Dengue patients treated with
doxycycline showed lower mortality associated to a reduction in IL-6 and TNF
levels, Recent Pat. Anti-Infect. Drug Discov. 10 (1) (2015 Apr 1) 51-58.

M. Gendrot, J. Andreani, P. Jardot, S. Hutter, O. Delandre, M. Boxberger,

J. Mosnier, M. Le Bideau, L. Duflot, I. Fonta, C. Rolland, In vitro antiviral activity of
doxycycline against SARS-CoV-2, Molecules 25 (21) (2020 Jan) 5064.

Q. Zhang, Y. Wei, M. Chen, Q. Wan, X. Chen, Clinical analysis of risk factors for
severe COVID-19 patients with type 2 diabetes, J. Diabetes Complicat. 34 (10)
(2020 Oct 1) 107666.

G. Montealegre-Gomez, E. Garavito, A. Gémez-Lopez, A. Rojas-Villarraga, Parra-
Medina R. Colchicine, A potential therapeutic tool against COVID-19. Experience
of 5 patients, Reumatol. Clinica (2020 Jan 1) 10.

M. Francone, F. Iafrate, G.M. Masci, S. Coco, F. Cilia, L. Manganaro, V. Panebianco,
C. Andreoli, M.C. Colaiacomo, M.A. Zingaropoli, M.R. Ciardi, Chest CT score in
COVID-19 patients: correlation with disease severity and short-term prognosis, Eur.
Radiol. 30 (12) (2020 Dec) 6808-6817.

F. Grillo, E. Barisione, L. Ball, L. Mastracci, R. Fiocca, Lung fibrosis: an undervalued
finding in COVID-19 pathological series, Lancet Infect. Dis. 0 (2020 Jul 28), 1-1.
T. Lammers, A.M. Sofias, R. van der Meel, R. Schiffelers, G. Storm, F. Tacke,

S. Koschmieder, T.H. Briimmendorf, F. Kiessling, J.M. Metselaar, Dexamethasone
nanomedicines for COVID-19, Nat. Nanotechnol. 15 (8) (2020 Aug) 622-624.
P.A. Yates, S.A. Newman, L.J. Oshry, R.H. Glassman, A.M. Leone, E. Reichel,
Doxycycline treatment of high-risk COVID-19-positive patients with comorbid
pulmonary disease, Ther. Adv. Respir. Dis. 14 (2020 Sep), 1753466620951053.
C. Conforti, R. Giuffrida, I. Zalaudek, N. Di Meo, Doxycycline, a widely used
antibiotic in dermatology with a possible anti-inflammatory action against IL-6 in
COVID-19 outbreak, Dermatol. Ther. 33 (4) (2020 Jan 1) e13437.

F.A. Acosta, Entry of SARS-CoV2 through the basal surface of alveolar endothelial
cells-A proposed mechanism mediated by CD147 in COVID-19, Preprints
2020050359 (2020 May 23).

M. Gendrot, J. Andreani, P. Jardot, S. Hutter, O. Delandre, M. Boxberger,

J. Mosnier, M. Le Bideau, L. Duflot, I. Fonta, C. Rolland, In vitro antiviral activity of
doxycycline against SARS-CoV-2, Molecules 25 (21) (2020 Jan) 5064.

S.A. Hasan, Interaction of doxycycline and warfarin: an enhanced anticoagulant
effect, Cornea 26 (6) (2007 Jul 1) 742-743.

J.S. Rico-Mesa, D. Rosas, A. Ahmadian-Tehrani, A. White, A.S. Anderson,

R. Chilton, The role of anticoagulation in COVID-19-induced hypercoagulability,
Curr. Cardiol. Rep. 22 (7) (2020 Jul) 1-6.

S. Piantoni, E. Colombo, P. Airo, A. Tincani, A. Brucato, F. Franceschini,

L. Andreoli, R. Furloni, M. Scarsi, The rationale for the use of colchicine in COVID-
19: comments on the letter by Cumhur Cure M et al, Clin. Rheumatol. 39 (8) (2020
Aug) 2489-2490.

S. Deftereos, G. Giannopoulos, D.A. Vrachatis, G. Siasos, S.G. Giotaki, M. Cleman,
G. Dangas, C. Stefanadis, Colchicine as a potent anti-inflammatory treatment in
COVID-19: can we teach an old dog new tricks? Eur. Heart J. Cardiovasc.
Pharmacother. 6 (4) (2020 Apr 27) 255.

M. Scarsi, S. Piantoni, E. Colombo, P. Aird, D. Richini, M. Miclini, V. Bertasi,

M. Bianchi, D. Bottone, P. Civelli, M.S. Cotelli, Association between treatment with
colchicine and improved survival in a single-centre cohort of adult hospitalised
patients with COVID-19 pneumonia and acute respiratory distress syndrome, Ann.
Rheum. Dis. 79 (10) (2020 Oct 1) 1286-1289.

R. Haberman, J. Axelrad, A. Chen, R. Castillo, D. Yan, P. Izmirly, A. Neimann,

S. Adhikari, D. Hudesman, J.U. Scher, Covid-19 in immune-mediated inflammatory
diseases—case series from New York, N. Engl. J. Med. 383 (2020 Apr 29) 85-88.
E. Della-Torre, C. Campochiaro, G. Cavalli, G. De Luca, A. Napolitano, S. La Marca,
N. Boffini, V. Da Prat, G. Di Terlizzi, M. Lanzillotta, P.R. Querini, Interleukin-6
blockade with sarilumab in severe COVID-19 pneumonia with systemic
hyperinflammation: an open-label cohort study, Ann. Rheum. Dis. 79 (10) (2020
Oct 1) 1277-1285.

E. Della-Torre, F. Della-Torre, P.C. Marija Kusanovic, R. Scotti, G. Alvise-Ramirez,
L. Dagna, M. Tresoldi, Treating COVID-19 with colchicine in community
healthcare setting, Clin. Immunol. 217 (108490) (2020 Aug 1) 1-2. Orlando, Fla.
S.G. Deftereos, G. Giannopoulos, D.A. Vrachatis, G.D. Siasos, S.G. Giotaki,

P. Gargalianos, S. Metallidis, G. Sianos, S. Baltagiannis, P. Panagopoulos,

K. Dolianitis, Effect of colchicine vs standard care on cardiac and inflammatory
biomarkers and clinical outcomes in patients hospitalized with coronavirus disease
2019: the GRECCO-19 randomized clinical trial, JAMA Netw. Open 3 (6) (2020 Jun
1), e2013136.

J. Dupuis, M.G. Sirois, E. Rhéaume, Q.T. Nguyen, M.E. Clavet-Lanthier, G. Brand,
T. Mihalache-Avram, G. Théberge-Julien, D. Charpentier, D. Rhainds, P.E. Neagoe,
Colchicine reduces lung injury in experimental acute respiratory distress
syndrome, PloS One 15 (12) (2020 Dec 2), e0242318.

S. Kobak, COVID-19 infection in a patient with FMF: does colchicine have a
protective effect? Ann. Rheum. Dis. 80 (e39) (2020 Jun 5), 1-1.

Q. Yue, T. Liu, Z. Cheng, Protective effect of colchicine on LPS-induced lung injury
in rats via inhibition of P-38, ERK1/2, and JNK activation, Pharmacology 105
(9-10) (2020 Jul 20) 525-530.


http://refhub.elsevier.com/S1094-5539(21)00020-1/sref1
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref1
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref1
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref2
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref2
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref2
https://doi.org/10.3389/fmed.2021.644295
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref4
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref4
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref5
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref5
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref6
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref6
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref6
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref7
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref7
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref7
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref7
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref8
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref8
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref8
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref9
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref9
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref9
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref10
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref10
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref10
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref11
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref11
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref11
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref12
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref12
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref12
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref13
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref13
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref13
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref14
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref14
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref14
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref14
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref14
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref14
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref15
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref15
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref16
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref16
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref16
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref17
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref17
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref17
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref17
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref18
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref18
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref18
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref18
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref19
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref19
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref19
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref20
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref20
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref20
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref30
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref30
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref30
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref21
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref21
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref21
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref21
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref22
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref22
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref23
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref23
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref23
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref24
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref24
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref24
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref25
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref25
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref25
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref26
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref26
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref26
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref27
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref27
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref27
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref28
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref28
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref29
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref29
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref29
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref31
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref31
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref31
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref31
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref32
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref32
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref32
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref32
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref33
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref33
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref33
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref33
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref33
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref34
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref34
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref34
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref35
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref35
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref35
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref35
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref35
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref36
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref36
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref36
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref37
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref37
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref37
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref37
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref37
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref37
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref38
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref38
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref38
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref38
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref39
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref39
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref40
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref40
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref40

H.M.

[41]

[42]

[43]

[44]

[45]

[46]

Al-kuraishy et al.

Vrachatis DA, Giannopoulos GV, Giotaki SG, Raisakis K, Kossyvakis C, Iliodromitis
KE, Reimers B, Tousoulis D, Cleman M, Stefanadis C, Lansky A. Impact of
colchicine on mortality in patients with COVID-19. A meta-analysis. Hellenic J.
Cardiol. HJC: HIC= Hellenike kardiologike epitheorese.:S1109-S9666.

M. Richter, V. Boldescu, D. Graf, F. Streicher, A. Dimoglo, R. Bartenschlager, C.
D. Klein, Synthesis, biological evaluation, and molecular docking of combretastatin
and colchicine derivatives and their hCE1-activated prodrugs as antiviral agents,
ChemMedChem 14 (4) (2019 Feb 19) 469-483.

Y. Wang, M. Grunewald, S. Perlman, Coronaviruses: an updated overview of their
replication and pathogenesis, Coronaviruses (2020) 1-29.

J.C. Tardif, N. Bouabdallaoui, P.L. L’Allier, D. Gaudet, B. Shah, M.H. Pillinger,

J. Lopez-Sendon, P. da Luz, L. Verret, S. Audet, J. Dupuis, Efficacy of colchicine in
non-hospitalized patients with COVID-19, Medrxiv (2021 Jan 1) 1-22.

M. Kasperkiewicz, E. Schmidt, J.A. Fairley, P. Joly, A.S. Payne, M.L. Yale,

D. Zillikens, D.T. Woodley, Expert recommendations for the management of
autoimmune bullous diseases during the COVID-19 pandemic, J. Eur. Acad.
Dermatol. Venereol. 34 (7) (2020 Apr 25) e302-e303.

M.T. Alam, R. Murshed, E. Bhiuyan, S. Saber, R.F. Alam, R.C. Robin, A case series
of 100 COVID-19 positive patients treated with combination of ivermectin and
doxycycline, J. Bangladesh Coll. Phys. Surg. (2020 Jun 12) 10-15.

[47]

[48]

[49]

[50]

[51]

[52]

Pulmonary Pharmacology & Therapeutics 67 (2021) 102008

P.S. Sen Gupta, M.K. Rana, Ivermectin, famotidine, and doxycycline: a suggested
combinatorial therapeutic for the treatment of COVID-19, ACS Pharmacol. Transl.
Sci. 3 (5) (2020 Sep 28) 1037-1038.

M.N. Elshafei, A. Khalil, A. El-Bardissy, M. Danjuma, M.B. Ahmed, M.F. Mohamed,
The efficacy of colchicine in the management of coronavirus disease 2019: a
protocol for systematic review and meta-analysis, Medicine (36) (2020 Sep 4) 99.
E. Francini, S.T. Miano, A.L Fiaschi, G. Francini, Doxycycline or minocycline may
be a viable treatment option against SARS-CoV-2, Med. Hypotheses 144 (2020
Nov) 110054.

S. Downing, V. Chauhan, I.H. Chaudry, S. Galwankar, P. Sharma, S.P. Stawicki,
Colchicine, aspirin, and montelukast-A case of successful combined
pharmacotherapy for adult multisystem inflammatory syndrome in COVID-19,

J. Global Infect. Dis. 12 (4) (2020 Oct 1) 221.

A. Farouk, S. Salman, Dapsone and doxycycline could be potential treatment
modalities for COVID-19, Med. Hypotheses 140 (2020 Jul) 109768.

C.H. Tan, C. Shelley, K.E. Harman, Doxycycline-induced hypoglycaemia, Clin. Exp.
Dermatol. 41 (1) (2016 Jan) 43-44.


http://refhub.elsevier.com/S1094-5539(21)00020-1/sref42
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref42
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref42
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref42
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref43
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref43
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref44
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref44
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref44
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref45
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref45
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref45
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref45
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref46
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref46
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref46
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref47
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref47
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref47
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref48
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref48
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref48
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref49
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref49
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref49
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref50
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref50
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref50
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref50
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref51
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref51
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref52
http://refhub.elsevier.com/S1094-5539(21)00020-1/sref52

