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The coronavirus disease (COVID-19) pandemic has led to a global struggle to cope with the sheer numbers of infected
persons, many of whom require intensive care support or eventually succumb to the illness. The outbreak is managed
by a combination of disease containment via public health measures and supportive care for those who are affected.
To date, there is no specific anti-COVID-19 treatment. However, the urgency to identify treatments that could turn
the tide has led to the emergence of several investigational drugs as potential candidates to improve outcome,
especially in the severe to critically ill. While many of these adjunctive drugs are being investigated in clinical trials,
professional bodies have attempted to clarify the setting where the use of these drugs may be considered as off-label
or compassionate use. This review summarizes the clinical evidence of investigational adjunctive treatments used in
COVID-19 patients as well as the recommendations of their use from guidelines issued by international and national
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Background

The current millennia has witnessed the emergence of three
coronaviruses of epidemic proportions: the severe acute
respiratory syndrome coronavirus (SARS-CoV), Middle East
respiratory syndrome coronavirus (MERSCoV) and most
recently, the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) which is responsible for the coronavirus
disease 2019 (COVID-19). COVID-19 has proven to be the
most pervasive of the three, far outstripping its predecessors in
terms of sheer numbers infected and lives claimed.

The global impact of the outbreak has led to a race to
develop vaccines and identify potential cures. However
vaccines are realistically a long way from becoming publicly
available, even though some have already accelerated towards
human trials[1]. In the meantime, investigational therapies are
being explored as potential adjuncts to standard supportive
care[2]. These are multi-pronged approaches directed towards
viral inhibition, suppression of the secondary effects of
cytokine storm and/or modulation of the host immune system
to mount its defenses.

The World Health Organization (WHO) states there
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is currently no evidence for any specific anti-COVID-19
treatment[3]. Beyond the standard of care, it recommends
that investigational therapies for COVID-19 should only
be used in approved, randomized, controlled trials. Whilst
the medical profession awaits the results of large scale, well-
designed clinical trials that are already ongoing, several smaller
studies have emerged with early evidence where adjunctive
treatments might improve clinical outcome. Some national
professional bodies have put together guidelines on treatment
of COVID-19 based on clinical experience, published evidence
and/or expert consensus. The objectives of this article are to
review the clinical evidences of these investigational treatments
used in COVID-19 patients and summarize some of the
clinical guidelines on the use of these drugs. The management
of concurrent infection, sepsis, shock, haemodynamic
compromise, respiratory failure or acute respiratory distress
syndrome (ARDS) will not be covered as it is considered part
of standard care. This article is intended to critically appraise
the evidence, rather than endorse the use of these empiric
drugs. We hope that it provides some clarity to the treatment
options of these patients amidst the trove of information in the

literature.

Identification of clinical studies

A literature search was conducted in PubMed and Cochrane

209



Xu et al. Mil Med Res 2020
http://mmrjournal.biomedcentral.com

Library to identify published studies examining investigational
drugs used to treat COVID-19. The keywords “COVID-19’,
“SARS-CoV-2”, and “2019 novel coronavirus” were used in
the search strategy. The systematic searches for therapeutic
drugs were carried out independently by all authors using the

» o« » «

key words “drug”, “therapeutic”, “treatment”, “therapy” and
“guidelines”. References of all identified studies were examined
to ensure that all relevant studies were collected. Individual
case reports were included due to the small number of articles
tulfilling the inclusion criteria, but were used primarily to
examine for reports on adverse effects. The findings of all
included studies were summarized in a standardized table, and
the quality of each study was evaluated based on the Oxford
levels of evidence from level 1a to S (Table 1)[34].

The initial search identified a total of 1325 articles from
PubMed and Embase. A search of the Cochrane Library
database did not reveal any relevant articles. Studies in
which combination drugs were used without distinguishing
the primary drug studied were excluded. Studies reporting
on traditional Chinese medicine were excluded due to
the heterogenous nature of the drugs used and the active
ingredient was not always known.

Thirty studies were eventually identified for the review
after excluding duplicates and unsuitable studies. These
studies reported clinical outcome with chloroquine or
hydroxychloroquine (HCQ) (7 studies), lopinavirritonavir
(5 studies), umifenovir (2 studies), remdesivir (4 studies),
systemic corticosteroids (3 studies), low molecular weight
heparin (LMWH) (2 studies), tocilizumab (2 studies),
convalescent plasma (3 studies) and mesenchymal stem
cell therapy (2 studies). We are aware of other potential
investigational therapies such as interferon-alpha, ribavirin,
intravenous immunoglobulin etc., but the literature search did
not uncover any clinical studies investigating their individual
use on COVID-19 patients and therefore these drugs are not

included in this review.

Clinical guidelines

Seven clinical guidelines on the management of COVID-19 by
international or national professional bodies were identified.
They are:

1) WHO: Interim guidance on clinical management
of severe acute respiratory infection (SARI) when
COVID-19 disease is suspected[3];

2) Infectious Diseases Society of America (IDSA):
Guidelines on the treatment and management of
patients with COVID-19[35];

3) Surviving Sepsis Campaign: Guidelines on the
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management of critically ill adults with COVID-19[36];

4) People’s Republic of China’s National Health
Commission (NHC): Guidelines on the treatment of
COVID-19 (7th edition) [37];

S) The Lombardy Section of the Italian Society of
Infectious and Tropical Diseases (Societa Italiana
di Malattie Infettive e Tropicali) (SIMIT Lombardy
Section): Vademecum for the treatment of people with
COVID-19. Edition 2.0, 13 March 2020[38];

6) The Netherlands’ Working Party on Antibiotic
Policy (Stichting Werkgroep Antibiotica Beleid)
(SWAB): Drug treatment options in patients with
COVID-19[39];

7) Belgium’s Sciensano (scientific institute of public health):
Interim clinical guidance for adults with suspected or
confirmed COVID-19 in Belgium[40].

The WHO, IDSA and Surviving Sepsis guidelines were
generally in agreement of using investigational treatments
only within the setting of clinical trials[3, 35, 36]. The
IDSA recommended the use of chloroquine/HCQ with
or without azithromycin, lopinavir-ritonavir, tocilizumab
and convalescent plasma in the context of clinical trials
due to current knowledge gaps[34]. The Surviving Sepsis
guidelines specifically suggested against the routine use of
lopinavir-ritonavir, convalescent plasma and intravenous
immunoglobulins in critically ill COVID-19 patients (weak
recommendation), and stated there was insufficient evidence
to issue recommendations on the use of other anti-viral agents,
recombinant interferons, chloroquine/HCQ or tocilizumab
in critically ill COVID-19 patients[35]. However, guidelines
from China, Italy, Netherlands and Belgium have listed some
investigational drugs as potential adjuvant treatment options,
whilst cautioning taking into consideration the individual risk
of harm[37-40].

We have decided to organize these investigational
treatments according to the clinical severity of COVID-19
where they may be utilized, based on the guidelines (Fig. 1).
There is no general consensus on the clinical classification of
COVID-19 and each guideline tends to use its own defined
clinical categories of COVID-19. We therefore harmonized
the categories across the various guidelines into “mild”,
“pneumonia’, “severe” and “critical” groups according to case
definitions put forth by the WHO (Table 2)[3]. This led to
SWAB’s “moderately severe” group being re-categorized under
the “severe” category to match WHO’s case definition. The
guidelines from China, Italy, Netherlands and Belgium on the
use of adjunctive treatments could then be compared based on

fairly similar descriptions of clinical severity (Table 3).
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Table1l Summary of clinical studies on investigational therapies in COVID-19 patients

Study

Study location Study design Study groups Clinical endpoint Adverse effects Conclusions LOE
Chloroquine/
Hydroxychloroquine
(HCQ)
. HCQ (200 mg tid for 10 days) + . .
Marseille, azithromycin (500 mg on day . \égylg)rgolgstl-(i:l!wiii?;: * HCQ improved rate of
Nice, Prospective 1, followed by 250 mg od for 2. Virological clearance over viral clearance. Its effect
Gautret™ Avignon, cohort study 4 days) (n=6) “time Not reported appeared enhanced b 2b
Briancon, (n=42) -HCQ (200 mg tid for 10 days) 5 Fi e aFZ’iFt’hrom an Y
France (n=14) 4. Side effects > v
. Controls (n=16) ’ ’
1. Time to clinical recovery .
Wuhan . HCQ (200 mg bid for 5 days) 2. Clinical characteristics g%iscg?;teeégiirtm;ﬁjo
*Chen® L RCT (n=62) (n=31) and radiologic results 5 Mild: rash, headache -overy . 2b
China hastened improvement in
.No HCQ days after treatment neumonia
3. Severe adverse reactions P
Negative conversion rate ’
6 Shanghai, - HCQ (400 mg/d for 5 days) of viral nuclei acid in Dla.rrhoea, elevated aspartate No clear benefit in
Chen Chi RCT (n=30) (n=15) aminotransferase, disease 2b
ina _ pharyngeal swab on day 7 - common COVID-19
. Controls (n=15) of treatment progression
1. Result of hospitalisation Risk of death from any
South Retrospective . HCQ (n=97) (discharge or death) cause higher in the
R .m . P . HCQ + azithromycin (n1=113) 2. Need for ventilation HCQ group. HCQ with
Magagnoli Carolina, cohort study No HC -158) (d d 3 Result of hospitalisati Not reported th ith . 2b
Virginia, USA  (n=368) -No HC Q (n=158) (doses an . Result o Qsplta |sat|'o.n or without azit romycin
! duration unknown) among patients requiring did not reduce risk of
ventilation ventilation
. High dose chloroquine
(600 mg bid for 10 days) + . .
ceftriaxone (1 g bid for 7 Severe rhabdomyolysis (1 High dose chloroquine
. - ) - should not be
Doubleblinded, days) + azithromycin (500 ) patient), prolonged QTc
- _ Safety and efficacy of P recommended due
a 8] Manaus, randomized mg od for 5 days) (n=41) A ) especially in high dose group
Borba ) . ; chloroquine at high and low - to safety concerns. 2c
Brazil phase Ilb clinical 2. Low dose chloroquine (450 at days 2 & 3, ventricular - )
! ; doses : Recruitment of patients
trial (n=81) mg bid on day 1, then od tachycardia followed by death to high dose arm
on days 2-5) + ceftriaxone (2 patients) remgaturel halted
(above dose) + azithromycin P y ’
(above dose) (n=40)
HCQ (600 mg/day for 10 days) . . No clear evidence of
.o . Prospective case + azithromycin (500 mg on day . Prolpngeq QT |.nterval resulting antiviral or clinical benefit
Molina Paris, France . ~ Nil in discontinuation of HCQ (1 . L 4
series (n=11) 1, followed by 250 mg od for 4 atient) of HCQ + azithromycin in
days) P severe COVID-19
1. Transfer to ICU within 7 .
_ 3 . 9.5% in the HCQ group . .
*Mahévasi® Paris, France Cohort study 1. HCQ (600 mg/d) (n=84) days from study inclusion had ECG changes requiring No benefit of HCQ in 2b

(n=181)

2. No HCQ (n=97)

2. Death from any cause
3. Occurrence of ARDS

discontinuation of HCQ

severe COVID-19
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(Continued)
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Study

Study location Study design Study groups Clinical endpoint Adverse effects Conclusions LOE
Lopinavir-ritonavir
Gastrointestinal events No benefit of
1. Lopinavir-ritonavir (400 Time to clinical (anorexia, nausea, abdominal lopinavirritonavir over
1) RS RCT (openlabel) mg/100 mg) PO bid for 14 . . discomfort diarrhoea, acute p AR
Cao Hubei, China ~ ~ improvement or discharge g standard care in clinical 1b
(n=199) days (n=99) ) gastritis, haemorrhage from ; .
_ from hospital : ’ improvement or mortality
2. Standard care alone (n=100) lower digestive tract), self- . . .
e - . in seriously ill COVID-19
limited skin eruptions
Retrospective S . . .
Zhou!™ Wghan, cohort study LoplnaVlr—rlto_naVlr (dose Nil None reported No improvementin b
China (n=191) unknown) (n=41) duration of viral shedding
Young'™ Singapore Case series Lopinavir-ritonavir (400 mg/100 Nil Nausea, vomiting, diarrhoea, gﬂ;'\é%crzltg:g?\lli?;neﬂt 4
9 gap (n=18) mg bid for up to 14 days) abnormal liver function test
clearance
Incheon Case report Lopinavir-ritonavir (400 mg/100 No conclusions can be
Kim™ Seoul. Korea (n=1) P mg, dose per day and duration  Nil None reported drawn about efficacy or 5
! B nknown. safety
A - No conclusions can be
Lim™ Soyang, Ca_se report Lopinavir-ritonavir (400 mg/100 None reported drawn about efficacy or 5
orea (n=1) mg bid; duration unknown) safety
Umifenovir (Arbidol®)
1. Arbidol (0.2 g tid) and Arbidol with
lopinavirritonavir (400 RT-PCR negative for SARS- lopinavirritonavir might
; mg/100 mg bid) until RTPCR S . .
Deng!™® Guangdong,  Retrospective negative for virus 3 times CoV-2 at days 7 and 14 Elevated bilirubin, mild decrease the viral load 4
9 China cohort (n=33) (n—916) from date of diagnosis, gastrointestinal side effects of COVID-19 and delay
T . chest CT findings progression of lung
2. Lopinavir-ritonavir only [
(n=17)
Arbidol might improve
an RS Retrospective Arbidol (0.4 g tid), median " rate of discharge from
Sl Hubei, China cohort (n=67) duration 9 days (n=36) Nil None reported hospital and mortality “
rate
Remdesivir
USA, Japan, Common: Elevated hepatic
Italy, Austria, Incidence of key clinical enzymes, diarrhoea, rash, renal Clinical improvement
France, Prospective Remdesivir (200 mg on day 1 events, hospital discharge,  impairment, hypotension. observed iFrJ1 68% of
Grein™® Germany, cohort study 9 Y% adverse event, proportion Serious adverse events: . X ° 2b
_ then 100 mg od for 9 days) . A e . . patients with severe
Netherlands, (n=61) of patients with clinical multiple organ dysfunction COVID-19
Spain, improvement. syndrome, septic shock, cute
Canada kidney injury, hypotension.
1. Remdesivir (200 mg once Transient gastrointestinal .
aCOVID-19 . . on day 1, then 100 mg od . No conclusions can be
o Various Case series S . symptoms (nausea, vomiting, .
Investigation - for 4-10 days until clinical Nil . drawn about efficacy or 4
[191 states, USA (n=12) . - gastroparesis), elevated
Team improvement (n=3) safety

2. No remdesivir (n=9)

aminotransferase
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(Continued)

Study

Study location Study design Study groups Clinical endpoint Adverse effects Conclusions LOE
Remdesivir discontinued in 1
Paris, Case series Remdesivir (200 mg loading patient due to combined elevated No conclusions can be
Lescure® Bordeaux, (n=5) dose, then 100 mg od for Nil alanine aminotransferase and drawn about efficacy or 4
France - 10days) (n=3) rash (uncertain drug adverse safety
reaction)
B - ) No conclusions can be
Holshue! Washington, Ca_se report Remdesivir (dose and duration Nil None reported drawn about efficacy or 5
USA (n=1) unknown)
safety
Corticosteroids
. . Reduced duration of fever,
Hubei, ; gljlr(a(t)igr:g?alrlgumonia but not mortality risk,
Ly Hangzhou, Meta-analysis Systemic corticosteroids : - pneumonia None reported duration of pneumonia. 2a
. 3. Duration of hospitalisation . .
China 4 Duration of fever Associated with longer
’ hospital stay.
: No survival advantage in
Median . . ICU patients with severe
23 Case series yeliotoiieinese ivelsn. doss COVID-19, especially
Zhou Hubei, China > of 400 mg per day after ICU Nil None reported e 4
(n=15) . when complicated by
admission, for average 9.5 days q
(n=15) ARDS and shock or multi-
- organ injury
Retrospective ] B :
Liy9 Hubei, China  cohort study v methylprednlsolone_(SO 80 Nil None reported No Qbservable benefit of 4
_ mg/d for 3-5 days) (n=40) corticosteroids
(n=137) 9 4
Heparin
1. LMWH (enoxaparin 40-60 Heparin may improve 28-
mg/d, at least 7 days) (n=94) day mortality in severe
Tang® Wuhan, Case-control 2. Unfractionated heparin Nil None reported COVID-19 patients 4
9 China study (n=449) (10,000-15, 000 U/d, at least P meeting sepsis-induced
7 days) (n=5) coagulopathy criteria or
3. No heparin (n=350) markedly elevated Ddimer
Heparin can increase
Retrospective _ the proportion of
°Shi® \é\ll,:ij:gn' cohort study é E’;"r‘]’l’r';é”(ﬁlz)l) Nil None reported lymphocytes and decrease 4
(n=42) ‘ N IL-6 levels in severe
COVID-19
Tocilizumab
. - Improved clinical status
aXu Anhui, China (Cnafgls)erles IOLCIIDI'\fqum;Zt(ﬁOIO Qghggfgndeose) Nil None reported in severe to critically ill 4
- P COVID-19
Reduced ICU admission
Retrospective 1. Tocilizumab (8 mg/kg, once, and requirement of
*Roumier”® Paris, France pect renewable once) (n=30) Nil Hepatic cytolysis mechanical ventilation 4
cohort (n=30) - . .\ .
2. No tocilizumab in severe to critically ill
COVID-19
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(Continued)

Study Iscftj:t)i/on Study design Study groups Clinical endpoint Adverse effects Conclusions LOE
Convalescent plasma
1. Safety of convalescent Convalescent plasma
1 transfusion of 200 ml of plasma transfusion was WeII—toIergted and
29] Wuhan, Prospective convalescent plasma from 2. Improvement in clinical AT
Duan . - - . None reported could potentially improve 4
China cohort (n=10) donors with neutralising symptoms & laboratory clinical outcomes in
antibody titres >1:640 (n=10) parameters within 3 days COVID-19
of transfusion severe }
2 consecutive transfusions of Improved clinical status in
301 Shenzhen, Case series 200-250 ml of convalescent . P - . h
Shen - > - o Nil None reported critically ill patients with 4
China (n=5) plasma with neutralizing ARDS
antibody titre >40
2 transfusions of 250 ml of Z?J\;Slojrﬁglii Ccl;ir]cliigllly
AhnPY Seoul, Korea ~ C35€ series convalescent plasma at 12-h Nil None reported ill patients with ARDS 5
(n=2) interval (optical density ratio bined with .
for IgG: 0.532 & 0.586) (n1=2) (combined with systemic
T ’ corticosteroids)
Mesenchymal stem
cell (MSQ) treatment
1. Adverse events.
2. Cytokine variation,
Creactive protein, oxygen Symptoms, pulmonary
132 Beijing, ; ; _ 1. MSC transplant (n=7) saturation. function biochemistry
L3 China Al el (=1 2. Placebo (n=3) 3. Total lymphocyte count oty i) apparently improved after .
and subpopulations, MSC transplantation
chest CT, respiratory rate,
patient symptoms
aLiang®™ Baoshan, Case report MSC transplant 3 times, 3 days Nil None reported No conclusion can be 5
9 China (n=1) apart drawn
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LOE. Level of evidence; tid. Three times a day; od. Once a day; RCT. Randomized controlled trial; bid. Twice a day; ECG. Electrocardiogram; SpO, Oxygen saturation; ICU. Intensive care unit;
ARDS. Acute respiratory distress syndrome; LMWH. Low molecular weight heparin; RT-PCR. Reverse transcription polymerase chain reaction; CT. Computed tomography; *Published on pre-
print medical server without peer review
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Specific anti-COVID-19 treatment Adjunctive agents
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Others
Mesenchymal stem
cell treatment

Under
development/
investigation

Chloroquine/
HCQ

Clinical severity

|
AT

[ SARS-COV-2 ) s

Remdesivir

,-/C’onvalescent | p= £
l /‘ . .
P GEME g N, \Cg_rtlcostero[(‘:lé
Tocilizumab,
\\ L

Fig.1 Summary of current adjunctive therapeutic agents used in clinical management of coronavirus disease (COVID-19).
\HCQ. Hydroxychloroquine; LPV/r. Lopinavir/ritonavir.
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Table 2 COVID-19 severity classifications across different guidelines harmonized according to WHO's classification of severity,
guided by WHO case definition

WHO classification and
case definition

NHC (China)

SIMIT Lombardy section
(Italy)

SWAB (Netherlands)

Sciensano (Belgium)

Mild
- Uncomplicated upper

respiratory tract viral
infection

Pneumonia

- Pneumonia but no signs
of severe pneumonia

- No need for supplemental
oxygen

Severe

- Fever or suspected
respiratory infection, plus
1 of the following:

« RR >30/min;

« Severe respiratory
distress

* SpO, = 93% on room
air

Critical

- ARDS, or
- Sepsis with acute organ
dysfunction

"Mild”

- Mild clinical symptoms
- No radiologic signs of
pneumonia

“"Common” or "Regular”

- Fever, symptoms
of respiratory tract
infection

- Signs of pneumonia
on imaging

"Severe”

- Dyspnoea, respiratory
rate >30/min

- SpO, <93% at rest, or

- PaO,/FiO, ratio <300
mmHg

“Critical”

- Respiratory failure
requiring mechanical
ventilation, or

- Presence of shock, or

- Multi-organ failure
requiring monitoring
in ICU

"Mild respiratory symptoms”

- Fever (>37.5°C), cough, no
dyspnoea

“Moderate respiratory

symptoms”

- Fever (>37.5°C), cough,
mild to moderate
dyspnoea, and/or

- Pneumonia on chest x-ray

- Mild respiratory symptoms
in age >70 years and/
or co-morbidities with
increased mortality risk

Nil

"Critically ill"

- ARDS

- Respiratory failure

- Haemodynamic failure (re-
classified under WHO's
“critical” category)

"Mild”

- No supplemental
oxygen required

“Mild to moderate”

- No oxygen requirement

or no evidence of

pneumonia
Nil
“"Moderately severe” “Severe”
- Requires monitoring = 1 of the following:

in ward
- Supplemental
oxygen required

"Very severe”

- Monitoring in ICU
required, or

- ECMO required, or

- Clinical deterioration
from moderate
severity with initial
anti-viral therapy

- RR = 30/min

-Sp0, < 93%

- PaO,/FiO, ratio <300
mmHg

- Lung infiltrates >50%
of the lung field
within 24-48 h

“Critical”

=

1 of the following:

- ARDS

- Sepsis

- Altered consciousness
- Multi-organ failure

WHO. World Health Organization; NHC. National Health Commission; SIMIT. Societa Italiana di Malattie Infettive e Tropicali (Italian
Society of Infectious and Tropical Diseases); SWABI Stichting Werkgroep Antibiotica Beleid (Working Party on Antibiotic Policy); RR.
Respiratory rate; SpO,. Peripheral oxygen saturation; PaO,. Partial pressure of arterial oxygen; FiO,. Fraction of inspired oxygen; ARDS.
Acute respiratory distress syndrome; ICU. Intensive care unit; ECMO. Extra-corporeal membrane oxygenation
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Table 3 Summary of national guidelines in the use of investigational adjunctive treatments in COVID-19

Severity of
COVID-19 . . . .
(WHO NHC (China) SIMIT Lombardy section (Italy) SWAB (Netherlands) Sciensano (Belgium)
classification)
Mild Symptomatic treatment Symptomatic treatment Symptomatic treatment Symptomatic treatment
Other general treatments: In age >70 years old and/or co- « Consider starting HCQ
« Interferon-alpha (5 million morbidities (400 mg at diagnosis,
units or equivalent dose « Consider lopinavir-ritonavir then 400 mg 12 h later,
added to 2 ml sterile water, (400 mg/100 mg bid) + followed by 200 mg bid
delivered via nebulizer bid) Chloroquine (500 mg bid) or up to day 5)
* Lopinavir-ritonavir (400 HCQ (200 mg bid) for 5-20 or
mg/100 mg bid; not >10 days)  days) « Chloroquine base (10
« Ribavirin (500 mg bid/tid, not  Alternatives to lopinavirritonavir: mg/kg at diagnosis,
>10 days)(recommended in » Darunavir + ritonavir (800 5 mg/kg 12 h later,
combination with interferon mg/100 mg od), or followed by 5 mg/kg
or lopinavir-ritonavir) » Darunavir + cobicistat (800 bid up to day 5)
« Chloroquine phosphate (500 mg/150 mg od) or
mg bid for 7 days in adults » Chloroquine phosphate
18-65 years and body weight (1000 mg at diagnosis,
>50 kg; 500 mg bid for days then 500 mg bid,
1-2, followed by 500 mg od followed by 300 mg bid
for days 3-7 in adults <50 kg) up to day 5)
* Umifenovir (200 mg tid, not
>10 days)
Pneumonia * Lopinavir-ritonavir (400 Nil (including age >65 years
mg/100 mg bid) + and/or underlying end-
Chloroquine (500 mg bid) or organ dysfunction)
HCQ (200 mg bid) for 5-20
days)
BCRSS' score = 2, consider
adding:
- Dexamethasone 20 mg/
day for 5 days, then 10 mg/
d for 10 days (discuss with
intensivist) and/or
- Tocolizumab
Severe « Convalescent plasma Nil mentioned + Chloroquine (600 mg * Prophylactic LMWH
* Tocolizumab (extensive lung loading dose, 300 mg Start HCQ or
disease, increased IL-6; 12 h later, followed by chloroquine (above
prohibited in active 300 mg bid on days 2-5  dose)
tuberculosis)(1V, 4-8 mg/kg, or  Consider lopinavir-
maximum 2 cumulative doses) * HCQ (400 mg bid ritonavir (400 mg/100
* Glucocorticoids (not loading dose, then 200 mg bd for 14 days) only
exceeding equivalent of mg bid on days 2-5) if HCQ/chloroquine is
methylprednisolone 1-2 mg/ Consider switching or contraindicated and if
(kg-d), for 3-5 days) adding remdesivir if it can be administrated
* Xuebijing (TCM)(100 ml bid) insufficient response or  with 12 days of
* Probiotics clinical deterioration symptom onset
Critical * Remdesivir (IV 200 mg loading * Chloroquine/HCQ + » Remdesivir (200 mg
dose on day 1, maintenance remdesivir (200 mg loading dose within 30
dose 200 mg/d from day loading dose on day 1, min, followed by 100
2-10) + chloroquine/HCQ then 100 mg daily for mg daily for 2-10 days)
(above dose) days 2-9) « Consider HCQ/
or or chloroquine if
* Lopinavir-ritonavir + » Remdesivir alone remdesivir unavailable
chloroquine/HCQ (above « IL-6 inhibitors should
dose)|ARDS: only be used in clinical
 Dexamethasone 20 mg/d for trials

5 days, then 10 mg/d for 5
days; to initiate within 24 h of
ARDS diagnosis (discuss with
intensivist)|and/or

» Tocilizumab

BCRSS'. Brescia-COVID Respiratory Severity Scale, based on 4 criteria: patient wheezing or unable to speak in full sentences while at rest/
with minimal effort; respiratory rate >22, PaO, <65mmHg or SpO, <90%; worsening repeat chest X-ray (not externally validated); WHO.
World Health Organization; NHC. National Health Commission; SIMIT. Societa Italiana di Malattie Infettive e Tropicali; SWAB. Stichting
Werkgroep Antibiotica Beleid; HCQ. Hydroxychloroquine; bid. Twice a day; tid. Three times a day; RR. Respiratory rate; SpO,. Peripheral
oxygen saturation; PaO,. Partial pressure of arterial oxygen; FiO,. Fraction of inspired oxygen; TCM. Traditional Chinese medicine; IV.
Intravenous; LMWH. Low molecular weight heparin; ARDS. Acute respiratory distress syndrome; DVT. Deep venous thrombosis; ECMO.
Extracorporeal membrane oxygenation
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Mild illness and pneumonia

All guidelines (except for the Surviving Sepsis guidelines
which were specifically for critically ill COVID-19
patients) unanimously recommended symptomatic
treatment for mild cases, which were generally defined as
uncomplicated respiratory tract infections and may not
require hospitalization[3, 35, 37-40]. As adjuncts to this, the
NHC, SIMIT Lombardy section and Sciensano guidelines
recommended considering the use of chloroquine/HCQ and/
or lopinavirritonavir, including for those in the pneumonia
category[37, 38, 40]. The United States Food and Drug
Administration (US FDA) has authorized the emergency
use of chloroquine and HCQ from the Strategic National
Stockpile for treatment of hospitalized adults and adolescents
with COVID-19 for whom a clinical trial is not available or
participation is not feasible[41]. The NHC guidelines also
recommended umifenovir in this category, albeit being the
only guideline to suggest the use of this drug. Therefore,
chloroquine/HCQ, lopinavir-ritonavir and umifenovir will be
discussed in this section.

Chloroquine/Hydroxychloroquine

Chloroquine is used in both treatment and chemoprophylaxis
against malaria. HCQ, an analogue of chloroquine, is used in
autoimmune conditions such as systemic lupus erythematosus
and rheumatoid arthritis. Both drugs have shown in-vitro
activity against SARSCoV-2, with HCQ possibly being the
more potent of the two[42, 43]. Their anti-viral mechanisms
of action are not clear, but have been postulated to include
inhibition of the pH-dependent steps of viral replication and
immunomodulation via inhibition of tumor necrosis factor-
alpha and interleukin-6 (IL-6)[44]. Given that both drugs
have been around for decades, they are generally affordable
and their safety profiles are well-established, they are attractive
candidates as potential anti-COVID-19 treatments.

The study that arguably sparked much global interest in
HCQ as a potential treatment for COVID-19 was Gautret
et al’s non-randomized case-control study in France, which
compared HCQ (n=14) and HCQ plus azithromycin for
prevention of bacterial superinfection (n=6) against a control
group (n=16)[4]. The inclusion criteria was age >12 years and
confirmed SARS-CoV-2 carriage in nasopharyngeal sample at
admission no matter their clinical status. The main outcome of
the trial was virus carriage in nasopharyngeal swabs at day 6. At
day 6 of treatment, all patients in the HCQ plus azithromycin
group tested virus-free, compared to 57.1% in the HCQ-alone
group and 12.5% of the control group (P<0.001). However,
1 patient who tested negative on day 6 subsequently tested

positive on day 8. Clinical benefit was also not assessed. Six

patients who dropped out from the HCQ group were not
included in the analysis, including patients who could not
tolerate the drug, were escalated to intensive care unit (ICU)
or eventually died. No adverse effects were documented.

A couple of reports have noted favorable outcomes with
chloroquine/HCQ. In a randomized controlled trial (RCT)
comparing HCQ_(n=31) versus no HCQ (#=31) in mild to
common COVID-19 (NHC criteria) patients, Chen et al.[5]
reported that the HCQ group had shorter time to clinical
recovery and radiologic improvement in pneumonia. However,
the sample size was small, the follow-up period was short
(5 days following enrolment in the study) and the statistical
analysis of the results was not clear. Another report stated
that results from more than 100 patients from clinical trials
investigating chloroquine use in COVID-19 patients had
shown benefits in clinical improvement and virologic clearance
compared to controls[45]. However, details of these patients
were not reported in this paper.

Studies with less encouraging results have also emerged.
Chen et al.[6] reported their preliminary results from a
small non-blinded RCT in China comparing HCQ (n=15)
against a control group (n=15) in patients with common
COVID-19 (NHC criteria). Following 7 days of treatment,
throat swabs were negative for the virus in 86.7% of the HCQ_
group compared to 93.3% of the control group (P>0.05).
The mean duration from hospitalization to viral clearance
was comparable in both groups. There were 4 adverse events
in the treatment group: 2 cases of diarrhea, 1 case of disease
progression and 1 case of transiently elevated aspartate
aminotransferase. The authors noted that the overall prognosis
of common COVID-19 appeared to be good, and HCQ
treatment in common COVID-19 patients did not appear to
have clear benefits.

Magagnoli et al.[7] performed a retrospective review
of their cohort of 368 males from the US Veterans Health
Administration medical centers who received either HCQ,
HCQ plus azithromycin or no HCQ for COVID-19 of varying
severities. They observed that the risk of death from any
cause was higher in the HCQ group (adjusted hazard ratio
(HR)=2.61; 95% CI: 1.10-6.17; P=0.03) compared to the no-
HCQ group. The risk of ventilation was no different in patients
who did not receive HCQ compared to those who received
HCQ alone (adjusted HR, 1.43; 95% CI: 0.53-3.79; P=0.48)
or with azithromycin (adjusted HR=0.43; 95% CI: 0.16-1.12;
P=0.09). The risk of death after ventilation also was not
significantly different across the 3 groups. However, limitations
included the retrospective nature of the study, the select

patient population of male, predominantly African American
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veterans, differing baseline demographics across all 3 groups
and inclusion of a spectrum of COVID-19 severity.

The SIMIT Lombardy section, SWAB and Sciensano
guidelines included chloroquine/HCQ in treatment of
severe to critically ill COVID-19 patients, each with varying
dosing regimens[38-40]. A concern with chloroquine is its
narrow therapeutic window and consequent risk of toxicity.
Chloroquine and HCQ have strong tissue tropism for the
kidney and liver. At higher cumulative doses, such as with
ICU patients who are far more likely to have renal and/or
hepatic dysfunction, the risk of cardiotoxicity, prolonged QT
interval and arrhythmia is substantially increased[46]. Long
term exposure to chloroquine/HCQ carries added risks of
retinopathy, maculopathy and cardiomyopathy, therefore
short courses of chloroquine are generally recommended
by professional bodies when used in COVID-19. The expert
consensus on chloroquine by the multicenter collaboration
group of the Department of Science and Technology and
Health Commission of Guangdong Province recommended
monitoring with daily blood counts, electrolytes and cardiac
enzymes every other day; electrocardiogram pre-treatment,
and S and 10 days after starting treatment[47]. Although the
American Academy of Ophthalmology does not recommend
retinal screening before short-term use of chloroquine[48],
patients should be asked about visual changes during treatment.
The use of chloroquine with concurrent macrolides (including
azithromycin) and quinolone was not recommended in view of
risks of prolonged QT interval[47].

Four studies have investigated the use of chloroquine/HCQ_
in severe COVID-19 patients. Borba et al.[8] released their
preliminary findings of high dose (600 mg twice a day for 10
days) versus low dose (450 mg twice a day on day 1, followed
by 450 mg daily on days 2-5) chloroquine diphosphate in
the treatment of severe COVID-19 in a randomized, double-
blinded, phase IIb clinical trial. The study halted recruitment
of patients into the high dose chloroquine arm after just 6
days into the study when authors noted that more patients in
this arm demonstrated prolonged QTc and a trend towards
more deaths. Two patients died from ventricular tachycardia.
Molina et al.[9] noted in their prospective case series of 11
severe COVID-19 patients that HCQ plus azithromycin, in
doses similar to that used in the study by Gautret et al.[4],
saw 1 patient discontinue treatment due to prolonged QT
interval. Moreover, viral clearance and clinical outcome was
not improved by this drug combination. Mahévas et al.[10]
observed in their cohort of 181 patients with severe COVID-19
that HCQ_did not significantly reduce ICU admission, death
at day 7 after hospitalization or reduce the incidence of ARDS
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compared to those who did not receive HCQ. Furthermore, 8
(9.5%) of 84 patients in the HCQ group discontinued HCQ_
after a media of 4 days due to prolonged QT interval or first-
degree atrioventicular block. Perinel et al.[49] attempted
to address the issue of HCQ dosing in severe to critically
ill COVID-19 patients by studying the pharmacokinetic
properties of HCQ in 13 COVID-19 ICU patients. The
study population had a median renal function of 79.6 ml/
min. Twelve patients were mechanically ventilated, 4 had
moderate or severe renal failure, 1 required renal replacement
therapy and 1 required extracorporeal membrane oxygenation
(ECMO). On a regimen of oral HCQ 200 mg three times daily,
only 8 (61%) patients achieved the minimum therapeutic level
of 1 mg/L and 2 (15.4%) patients exceeded the maximum
therapeutic level of 2 mg/L. HCQ was withdrawn in 2 (15.4%)
patients due to prolonged QT interval. The HCQ blood levels
of the patient on ECMO increased more slowly compared to
other patients. The authors recommended 800 mg once on
the first day to rapidly achieve therapeutic levels, followed by
200 mg twice daily for 7 days in ICU patients.

Overall, the findings from these studies suggest limited
benefit from chloroquine/HCQ in COVID-19 in general.
The discrepancies in findings may stem from different patient
populations, differences in inclusion criteria, paucity of long-
term follow-up data, differences in drug dosages, lack of control
group and inclusion of azithromycin in the some studies. These
preliminary findings will need to be confirmed with large scale
RCTs when they are completed. More clinical studies are also
needed to establish the safety and dosing of chloroquine/
HCQ, especially if to be used in severe to critically ill patients.
Lopinavir-ritonavir
Lopinavir is a human immunodeficiency virus (HIV) type-
1 aspartate protease inhibitor. Ritonavir inhibits CYP3A-
mediated metabolism of lopinavir, thereby increasing the
serum concentration of the latter and is therefore often given
in combination. Lopinavir-ritonavir has been used off-label
during SARS and MERS outbreaks. A systematic review of
lopinavir-ritonavir use in SARS and MERS coronaviruses
reported two retrospective matched cohort studies showing
that lopinavirritonavir improved clinical outcome when given
early in SARS patients, and lopinavir-ritonavir alone or given
in combination with interferon improved clinical outcome of
some MERS patients[50].

A literature search revealed S in-vivo studies of lopinavir-
ritonavir use in COVID-19 patients. The only RCT was
an open-label study in China by Cao et al.[11], comparing
standard treatment (n=100) versus standard treatment

together with lopinavir-ritonavir (n=99). The study population
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was patients with arterial oxygen saturation (Sa0,) < 94% on
room air or a ratio of partial pressure of arterial oxygen (PaO,)
to fraction of inspired oxygen (FiO,) <300 mmHg, which was
close to NHC’s definition of severe COVID-19. The authors
did not observe significantly improved clinical outcomes in the
lopinavir-ritonavir group. The time to clinical improvement,
mortality at 28 days and viral RNA load or detectability of
viral RNA at various time points was not significantly different
between the 2 groups. The lopinavir-ritonavir group reported
4 serious adverse events (2 acute gastritis, 2 haemorrhage of
the lower digestive tract); 13 patients were unable to complete
the full course due to anorexia, nausea, abdominal discomfort,
or diarrhea. Two patients had self-limited skin eruptions. The
high overall mortality rate (22.1%) in this trial was noted to
be a potential confounder, as patients may have been too ill to
respond to the drug.

A retrospective cohort study of 191 COVID-19 patients
in China by Zhou et al.[12] observed that of the 29 patients
who received lopinavir-ritonavir at a median time of 14 days
from the onset of illness and were eventually discharged, the
duration of viral shedding was not significantly shortened
(median duration: 22.2 days). As a comparison, patients with
severe disease tended to shed the virus for a median duration
of 19.0 days and those with critical disease was a median of
24.0 days.

In a descriptive case series of 18 COVID-19 patients in
Singapore, S patients who required supplemental oxygen
were administrated lopinavir-ritonavir within 1 to 3 days of
desaturation[13]. Three patients had reduction in oxygen
requirements within 3 days of treatment, and 2 tested
negative for the virus within 2 days of treatment. Two
patients progressively worsened, of whom 1 required invasive
mechanical ventilation. Four patients developed nausea,
vomiting and/or diarrhoea; 3 had abnormal liver function tests
and only 1 patient managed to complete the 14-day course
of treatment. The authors noted that lopinavir-ritonavir had
equivocal clinical benefits and duration of viral clearance.

There were 2 case reports from Korea. Kim et al.[14]
reported a young healthy female with COVID-19 requiring
oxygen supplementation up to 6 L/min who received lopinavir-
ritonavir on day 4 of illness. Her fever improved from day 10 of
illness; dyspnoea, oxygen requirement and radiologic findings
improved from day 14. The viral load was not measured.
Lim et al.[15] reported a middle-aged healthy male who was
initiated on lopinavir-ritonavir on day 10 of illness. The degree
of respiratory support required was unknown. The patient’s
viral load decreased the day after administration of lopinavir-

ritonavir until little or no virus titers were detected, although

the authors conceded this could be due to the natural course of
the disease rather than the effect of the drug. No adverse effects
from lopinavir-ritonavir were reported in both case reports.
From the limited evidence, there appears to be equivocal
benefit of lopinavir-ritonavir on clinical improvement and viral
clearance. Apart from the adverse effects encountered in these
clinical studies, lopinavir-ritonavir is additionally known to
cause liver injury, pancreatitis, leukopaenia, anaemia, severe
cutaneous eruptions, QT prolongation and the potential for
drug interactions from inhibition of CYP3A enzymes[51, 52].
Umifenovir

Umifenovir is small indole-derivative molecule that has broad-
spectrum antiviral properties, including Influenza A and B[53].
It blocks viral fusion with the target membrane, thus providing
viral entry into target cells. It is approved for prophylaxis and
treatment of influenza in Russia and China.

Deng et al. performed a retrospective non-randomized
cohort study of 33 patients in China, stratified into 16
patients who received oral umifenovir and lopinavirritonavir
versus 17 patients who received lopinavirritonavir without
umifenovir[16]. At day 7 of treatment, 75% in the combination
group tested negative for the virus, compared with 35% in the
lopinavir-ritonavir-only group (P<0-05). Chest CT findings
improved for 69% in the combination group compared with
29% patients in the lopinavir-ritonavir-only group (P<0-05).
At day 14, 94% in the combination group tested negative
compared to 53% in the lopinavir-ritonavir-only group
(P<0.05). None of the patients developed acute respiratory
failure, required invasive ventilation or vasopressor therapy
during the treatment. Adverse effects recorded included
hyperbilirubinemia (68.7%) and mild gastrointestinal
symptoms (43.7%) such as diarrhoea and nausea. The
authors concluded that combination therapy might decrease
the viral load of COVID-19 and delay progression of lung
lesions. Potential confounders included the use of other
drugs in patients in both groups (immunoglobulin therapy,
corticosteroids, non-specified antivirals).

Wang et al. performed a retrospective cohort study of 67
COVID-19 patients in China, who were stratified according to
the lowest recorded peripheral oxygen saturation (SpO,) into
the SpO, = 90% group (n=55) and the SpO, <90% group
(n=12)[17]. Thirty-two (58.2%) patients in the SpO, = 90%
group received umifenovir while 4 (33.3%) patients in the
SpO, <90% received umifenovir. The authors observed that
12 (33%) of 36 patients in the umifenovir-treated group had
been discharged, compared to 6 (19%) of 31 patients in the
no-umifenovir group who had been discharged (P=0.03). The

mortality rate of this cohort was 7.5%; all who had received
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umifenovir survived. No adverse events were reported. The
authors commented that umifenovir could improve the rate
of discharge from hospital and mortality rate of COVID-19
patients. However, 88.9% of the patients who received
= 90% group, which had
a mean age of 37.0 years and could arguably have better

umifenovir belonged to the SpO,

prognosis than the SpO, <90% group, which had a mean age of
70.5 years.

From the 2 cohort studies, no clear conclusion could be
drawn about the benefit of administering umifenovir. Little is

also known about the adverse effects of umifenovir.

Severe and critical illness

The SIMIT Lombardy section, SWAB and Sciensano
guidelines had recommended the consideration of remdesivir
as compassionate use in critically ill patients[38-40]. The
WHO and Sciensano had recommended the use of heparin as
prophylaxis against venous thromboembolism in this group
of patients[3, 40]. The use of systemic corticosteroids had
been mentioned under this category by several guidelines and
appeared to be controversial. The WHO recommended against
routine corticosteroids for pneumonia outside clinical trials,
but did not comment on their role in ARDS[3]. In patients
with ARDS, the SIMIT Lombardy section and Surviving Sepsis
guidelines suggested considering of a short course of systemic
corticosteroids[36-38], whereas the IDSA recommended
their use only in the context of a clinical trial[35]. Tocolizumab
had been mentioned as an option in the NHC and SIMIT
Lombardy section guidelines[37, 38], but recommended only
in the context of clinical trials by the Sciensano guidelines[40].
The NHC guidelines had also suggested considering
convalescent plasma in this category[37]. These adjunctive
treatments will be discussed in this section.

Remdesivir

Remdesivir is a novel nucleotide analogue prodrug which is
incorporated into nascent viral RNA chains, causing premature
termination of RNA transcription[54]. It was developed
for use against the Ebola virus, an epidemic RNA virus[55].
However, its use was suspended after a RCT evaluating the
safety and efficacy of 3 monoclonal antibodies and remdesivir)
terminated random assignment to remdesivir due to a clear
reduction in survival in this treatment group[5S]. In-vitro
studies had shown that remdesivir effectively inhibited the
replication of SARS-CoV and MERS-CoV([56, 57], and
appeared to have effect on SARS-CoV-2 replication as well in
non-human cells[42]. Remdesivir is not approved to treat any
condition by regulatory agencies, including the US FDA or the
European Medicines Agency.
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Grein ef al.[18] reported the outcome of an openlabel
cohort study of 61 COVID-19 patients from 9 countries who
received remdesivir on a compassionateuse basis. The inclusion
criteria were hospitalized COVID-19 patients with SpO,
< 94% on ambient air or supplemental oxygen, creatinine
clearance >30 ml/min, serum aminotransferases less than S
times the upper limit of normal and not on other investigational
drugs for COVID-19. Eight patients were excluded due to
missing or erroneous data. The study population included 34
(64%) patients on invasive ventilation and 4 (8%) patients
on ECMO. Over 18 days, 36 of 53 patients (68%) showed an
improvement in the category of oxygen support, including 17
(57%) of 30 patients who were extubated. Eight of 53 patients
(15%) showed worsening. The mortality rate of the cohort
was 13%, including 6 of 34 patients on invasive ventilation
and 1 of 19 patients on non-invasive oxygen support. Adverse
events were reported in 60% of the study population and were
generally more common in patients on invasive ventilation.
The most common adverse events were increased hepatic
enzymes, diarrhea, rash, renal impairment and hypotension.
Serious adverse events included multipleorgan-dysfunction
syndrome, septic shock, acute kidney injury, and hypotension.
Four (8%) patients discontinued remdesivir treatment due
to worsening pre-existing renal failure, multiple organ failure,
elevated aminotransferases and maculopapular rash. Some
limitations of the study were the lack of pre-defined sample
size, short duration of follow-up, lack of data on viral load to
determine anti-viral effects and lack of control group. Notably,
the pharmaceutical company that developed remdesivir was
responsible for the funding, study design, approving the
patient selection and drafting the manuscript.

The COVID-19 Investigation Team in the United States
described 12 COVID-19 patients, of whom 3 (who appeared
to fulfil the WHO severe illness criteria) received remdesivir
for 4 to 10 days at the time of clinical worsening[19]. The
efficacy of remdesivir in clinical improvement or viral clearance
was not known as these were not outcome measures. Following
initiation of remdesivir, all 3 patients experienced elevated
aminotransferases and transient gastrointestinal symptoms,
including nausea, vomiting, gastroparesis or rectal bleeding,
although the patient with rectal bleeding was later stool-tested
positive for Giardia and Clostridiodes difficile. However, it
was also described that the 3 patients tolerated treatment with
remdesivir. This study was published on a preprint server
without peer review. Lescure et al.[20] reported their case
series of S COVID-19 cases in France, of whom 3 with at least
severe illness requiring ICU monitoring received remdesivir.

In 2 patients, remdesivir was administered at day 11-15 of
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illness. One patient discontinued remdesivir after 4 days due to
raised alanine aminotransferase 3 times higher the higher limit
of normal and maculopapular rash. Both patients recovered
and were discharged. The third patient who was administered
remdesivir was elderly and critically ill with multiorgan failure
and eventually died.

Holshue et al.[21] reported the first case of COVID-19 in
the United States. A young healthy male received remdesivir on
day 11 of illness when he continued to demonstrate ongoing
fever and atypical pneumonia on chest X-ray. The following
day, his clinical condition improved and supplemental oxygen
was discontinued. He remained hospitalized at time of
conclusion of data collection. Side effects from remdesivir were
not reported.

Based on the current evidence, no collective conclusion

can be drawn about the therapeutic efficacy or safety profile
of remdesivir in the treatment of COVID-19. Elevated liver
enzymes were a common feature reported in 3 of the 4 studies.
Systemic corticosteroids (against routine use)
A search of the literature uncovered 3 articles examining the
role of corticosteroids in patients with COVID-19. In a meta-
analysis of systemic corticosteroid use in COVID-19 patients
by Lu et al.[22], the pooled results from S cohort studies
found that corticosteroids did not reduce the risk of mortality
(relative risk (RR)=2.0, 95% CI: 0.7-5.8, I’'=90.9%), shorten
the duration of pneumonia (weighted mean difference (WMD)
=-1.0 day, 95% CI: —2.9-0.9), or shorten hospital stay (WMD
=2.4 days, 95% CI: 1.4-3.4, I’=0.0%) in COVID-19 patients.
However, the duration of fever was significantly lower in
COVID-19 patients who received corticosteroids than patients
who did not receive corticosteroids (WMD = -3.2 days, 95%
CI: -3.6 to —2.9). The authors concluded that the evidence
did not support routine use of systemic corticosteroids in
COVID-19.

Two other studies were identified that were not included in
the above meta-analysis. Zhou et al.[23] described the efficacy
of corticosteroids in a cohort of 15 critical COVID-19 patients
(NHC criteria) with moderate to severe ARDS. All had
received anti-virals and/or antibiotics without improvement.
Corticosteroids (median hydrocortisone-equivalent dose of
400mg/d) were initiated upon ICU admission for an average
of 9.5 days. The authors observed that while corticosteroids
improved arterial oxygenation (Sa0,) and PaO,/FiO, ratio
in the first 3 to S days which could theoretically be further
augmented with invasive ventilation, overall survival was not
improved. The mortality rate of the study was 46.7%, compared
with the 57.6% mortality rate of MERS ICU patients who

did not receive corticosteroids. Corticosteroids did not exert

a survival advantage in 7 patients with concomitant ARDS,
shock or multi-organ failure, who all eventually expired.

Liu et al.[24] described their cohort of 137 COVID-19
patients, of whom 24.8% required non-invasive ventilation.
None of the patients required invasive ventilation or ICU
management. The mortality rate of this cohort was 11.7%.
Forty (29.2%) patients who had persistently high fever or
significant short-term disease progression on chest imaging
were administered intravenous methylprednisolone (30-
80mg/d, for 3 to S days), with a view to inhibit cytokine storm
and promote resorption of exudates. The authors observed
that low dose, short course of intravenous methylprednisolone
(30-80mg/d, for 3 to S days) did not appear to improve
patient outcomes. Potential confounders included the use
of other drugs such as antivirals (not specified) and gamma-
immunoglobulin.

From the three studies, no clear conclusion could be
drawn on giving corticosteroids in severe to critically ill
COVID-19 patients. In general, the concern with the use
of systemic corticosteroids in this group is with increased
likelihood of harm and lack of clear benefit based on evidence
from corticosteroid treatment in SARS, MERS and other
severe respiratory virus infection. A systemic review of
SARS treatment reported 29 studies on corticosteroid use,
of which 25 were inconclusive and 4 demonstrated possible
harm[S58]. A multi-center retrospective cohort study of 309
ICU patients with MERS noted that patients who received
corticosteroids were associated with delayed viral clearance
and lack of survival benefit[59]. A meta-analysis of patients
with seasonal and pandemic influenza from 3 Asian cohorts
observed that corticosteroid therapy was associated with
superinfection and increased mortality[60]. Based on this,
the overall evidence generally favours against routine use of
corticosteroids in critically ill patients, and the decision to
administer corticosteroids should be made on an individual
basis following discussion with the intensivist.

Low molecular weight heparin

Severe to critically-ill patients can be complicated by sepsis-
induced coagulopathy, disseminated intravascular coagulation
or venous thromboembolism from prolonged bedrest.
However, critically-ill COVID-19 patients appear to be
particularly predisposed towards thrombotic complications.
A Dutch study of 184 critically-ill COVID-19 patients in ICU
noted a 31% incidence of thrombotic complications including
ischaemic stroke, systemic arterial embolism and myocardial
infarction[61]. Similarly, a study of 81 critically-ill COVID-19
patients in ICU in China observed a 25% incidence of venous

thromboembolic events[62]. Indicators of pro-coagulation
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state such as elevated D-dimer, fibrin degradation product
levels, inflammatory markers, and prolonged prothrombin time
and activated partial thromboplastin time in this population
are associated with increased risk of mortality[ 12, 63, 64].

Tang et al.[25] evaluated their cohort of 449 patients with
severe COVID-19, of whom 99 patients received mainly
LMWH for at least 7 days. There was no difference in the
28-day mortality rate between heparin users and non-users
(30.3% vs. 29.7%, P=0.910). However, in patients meeting
sepsis-induced coagulopathy criteria or having markedly
increased D-dimer, the 28-day mortality of heparin recipients
was significantly lower than that of non-recipients (40.0% vs.
64.2%, P=0.029).

Shi et al.[26] performed a retrospective cohort study of
42 patients with severe COVID-19, with 21 patients in the
LMWH group and no-heparin group each. The authors found
that LMWH had no effect on the duration of viral clearance
and duration of hospitalization. Biochemically, the LMWH
group had higher proportion of lymphocytes and reduced IL-6
compared to the control group. This study was published in a
preprint medical server without peer review.

The WHO and Sciensano guidelines recommended
the use of prophylactic LMWH or heparin against venous
thromboembolism in severe to critically ill COVID-19
patients[3, 40]. In addition, the International Society on
Thrombosis and Haemostasis recommended that all hospitalized
COVID-19 patients, not just those in ICU, should receive
prophylactic LMWH in the absence of contraindications (active
bleeding, platelet count <25x10°/L)[65].

Interleukin-6 inhibitors (Tocilizumab)

Tocilizumab is a humanized immunoglobulin that blocks the
IL-6 receptor. It is licensed in the US and Europe for chimeric
antigen receptor T-cell-induced severe or life-threatening
cytokine release syndrome. It is hypothesized to be effective
in suppressing the cytokine storm syndrome associated with
severe or critical COVID-19[66].

There are 2 studies on tocilizumab use in COVID-19, Xu
et al.[27] reported a case series of 21 patients from China
with severe or critical COVID-19 who received tocilizumab
in addition to LPV and methylprednisolone. The authors
observed resolution of fever the following day and subsequent
improvement in clinical symptoms and oxygen saturation.
Inflammatory markers and chest CT also showed improvement
within a week in majority of patients. Roumier et al.[28], in
their study of 30 severe to critically ill patients in France who
received tocilizumab, noted that tocilizumab significantly
reduced the requirement of mechanical ventilation compared
to controls (weighted odds ratio (OR)=0.42; 95% CI: 0.20-
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0.89; P=0.025) and reduced the risk of ICU admission in those
treated outside ICU (weighted OR=0.17; 95% CI: 0.06-0.48;
P=0.001). However, there was no statistically significant
difference in reduction of mortality after weighted analysis
(OR=0.25; 95% CI: 0.05-0.95; P=0.04). Both studies were
published in a preprint server without peer review.

From a systematic review and meta-analysis of RCTs
conducted in patients with rheumatoid arthritis, tocilizumab
is associated with an increased risk of infectious respiratory
adverse events[67]. It carries a FDA black box warning of
serious infections including tuberculosis, bacterial, invasive
fungal and viral infections.

Only 2 guidelines included tocilizumab in the management
algorithm. The NHC guidelines recommended the use of
tocilizumab in severe COVID-19 with extensive bilateral lung
disease and elevated IL-6[37]. The SIMIT Lombardy section
guidelines suggested tocilizumab in critically ill patients with
ARDS[38]. However the current evidence is insufficient to
support the use of tocilizumab outside clinical trials.
Convalescent plasma
Convalescent plasma is blood plasma from a person who
has recovered from an infection and contains neutralizing
antibodies against the offending agent. It is considered a form
of passive immunotherapy. Convalescent plasma has been
explored as a treatment option in SARS and severe influenza;
a meta-analysis noted it may reduce mortality, although many
studies were of low quality and lacked control groups[68].
Currently, the only guideline that includes the use of
convalescent plasma in its algorithm is from the NHC[37].

A literature search found 3 articles examining the use of
convalescent plasma in COVID-19 patients. Duan et al.[29]
reported on 10 patients with severe COVID-19 (NHC criteria)
in China who received one dose of 200 ml convalescent plasma
from recovered donors with neutralizing antibody titres
above 1:640. Patients additionally received various treatments
including umifenovir, remdesivir, ribavirin, peramivir and
methylprednisolone. Clinical symptoms improved within
3 days, and general improvements in chest CT appearance
and lymphocyte counts were noted. The viral load became
undetectable within 6 days of transfusion in 7 patients with pre-
transfusion viraemia. Compared to 10 controls, the treatment
group had greater proportions of patients discharged, improved
and no deaths. No adverse events were reported.

Shen et al. reported a case series of $ critically ill (NHC
criteria) COVID-19 patients with ARDS who received
convalescent plasma containing neutralizing antibodies in
China[30]. Each patient received 2 consecutive transfusions

0f 200 to 250 ml of ABOcompatible convalescent plasma each
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time, on the same day it was obtained from the donor. The
donors had been asymptomatic for at least 10 days, with a
serum SARS-CoV-2 - specific enzyme-linked immunosorbent
assay (ELISA) antibody titer higher than 1:1000 and a
neutralizing antibody titer greater than 40. Patients received
also anti-virals continuously until viral loads returned negative.
The authors observed that fever, inflammatory markers and CT
findings improved following convalescent plasma treatment.
Three of S patients were weaned oftf mechanical ventilation and
discharged; 2 remained hospitalized.

Ahn et al.[31] reported their experience on convalescent
plasma therapy on 2 severe COVID-19 patients with ARDS
in Korea. Both patients had received prior treatment with
lopinavir-ritonavir and HCQ but progressed to ARDS.
Both patients were commenced on methylprednisolone
and convalescent plasma. Clinical, lymphocyte count and
radiologic improvement, as well as viral clearance were seen.
One was weaned off ventilator and the other was discharged.
Neutralizing antibody titres were not assessed.

While the initial results appear to be promising, the
evidence is limited by the observational nature of the studies
and small sample sizes. Recently the US FDA has listed
convalescent plasma as an emergency investigational new
drug for patients with serious or immediately life-threatening
COVID-19, pending application from the patient’s physician
and FDA approval[69]. Severe disease was defined as
dyspnoea, respiratory rate = 30 /min, SpO, < 93%, partial
pressure of arterial oxygen to fracture of inspired oxygen
radio <300, and/or lung infiltrates >50% within 24 to 48 h.
Life-threatening disease was defined as respiratory failure,
septic shock, and/or multiple organ dysfunction or failure.
Eligible plasma donors needed to have had proven history of
COVID-19; complete resolution of symptoms at least 28 days
before donation or complete resolution of symptoms at least
14 days before donation and negative COVID-19 tests; tested
negative for human leukocyte antigen (HLA) antibodies; and
had defined SARS-CoV-2 neutralizing antibody titers (eg:
greater than 1:80). The potential risks of convalescent plasma
transfusion include pathogen transmission, allergic transfusion
reactions, transfusion-associated circulatory overload and

transfusion-related acute lung injury[70].

Others

This section covers mesenchymal stem cell therapy, which has
been investigated in COVID-19 patients, but is not included in
the treatment algorithm of any of the guidelines.
Mesenchymal stem cell treatment

The interest in mesenchymal stem cell treatment lies in the

immunomodulatory effects of these stem cells, which can
potentially produce anti-inflammatory effects to attenuate the
cytokine storm caused by a dysfunctional immune response to
the SARS-CoV-2 virus. SARS-CoV-2 invades target cells via its
spike proteins, which bind to angiotensin-converting enzyme
(ACE)-2 receptors that are widely distributed in many types of
human cells, including the alveolar type II cells in the lungs[71,
72]. However, bone marrow which produces mesenchymal
cells lack ACE-2 receptors, thus making them immune to the
effects of the virus.

A literature search found 2 clinical studies describing the
clinical experience with mesenchymal stem cell therapy on
COVID-19 patients. Leng et al.[32] performed a clinical pilot
trial of mesenchymal stem cell treatment on 7 patients (1
critical illness, 4 severe illness, 2 common illness, according
to NHC criteria) in China. Three patients with severe
illness served as controls. The authors reported that oxygen
saturations improved to = 95% with oxygen supplementation
up to SL/min or without in all patients within 2 to 4 days
of mesenchymal stem cell transplantation. 3 patients (1
severe, 2 common) were discharged in 10 days after receiving
mesenchymal stem cell treatment. No complications were
noted in the treatment group. Amongst the control group,
one patient died; another patient developed ARDS. The
biochemistry of only the critically severe patient was presented,
which demonstrated an increase in peripheral lymphocytes
and reduction in inflammatory cytokines. The authors
concluded that intravenous transplantation of mesenchymal
stem cells was safe and effective for treatment of patients with
COVID-19, especially for the patients in critically severe
condition.

Liang et al.[33] reported their experience with
mesenchymal stem cell therapy on a critically-ill, intubated
65-year old lady with multi-organ failure in China. Prior to
mesenchymal stem cell therapy, the patient had received a
cocktail of drugs including lopinavirritonavir, interferon-
alpha inhalation, oseltamivir, traditional Chinese medicine
(Xuebijing), methylprednisolone, immunoglobulin and
thymosin a1. Allogenic human umbilical cord MSC was
administrated intravenously 3 times, 3 days apart. Following
the second administration, her bilirubin, C-reactive protein,
liver transaminases, white blood cell, neutrophil, CD3" T cell,
CD4" T cell, and CD8" T cell counts normalized and she was
decannulated. She tested negative for the virus after 8 days and
was transferred out of ICU. No side effects were observed. This
study was reported in a preprint open repository server.

Based on the current evidence, the small number of patients

and lack of adequate controls prevents one from drawing
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conclusions about the benefits of mesenchymal stem cell
therapy. Little is also known about the properties of the stem
cells used in the studies. In addition, the potential long-term

adverse effects on the immune system are unknown[73].

Knowledge gaps and ethical issues

This review highlights 3 main issues. The first is that clinical
findings from small scale studies without control groups are
largely anecdotal, which may explain the disparate results
across different studies. Most of the studies identified are of
level 4 and 5 (19 of 30 studies) level of evidence, and of the
remaining studies, most did not have control groups. Therefore
these treatments should be considered experimental and ideally
investigated in the setting of a clinical trial with informed
consent. Clinicians also need to consider the individual risk-
benefit ratio before administering investigational drugs in the
off-label context.

The second issue is the lack of information on potential
adverse effects of these investigational drugs in the COVID-19
patient population. Eighteen of the 30 identified studies did
not note or report adverse effects. Notwithstanding, this is an
inherent issue with clinical studies of small numbers, which may
not uncover safety issues especially without control groups.
The concern with administering investigational drugs without
full awareness of its safety profile is the assumption that drugs
given as compassionate use is one step “better” than standard
care alone. This is simply not true. A prime example is the
elderly with cardiovascular comorbidities, who are a high-risk
group for complications and mortality from COVID-19[8, 74].
The same population is also susceptible to the ill effects of
chloroquine/HCQ_if not used judiciously. The clinical trial
from Brazil that prematurely halted recruitment of patients
into the high-dose chloroquine arm just 6 days into the trial
due to complications and deaths from cardiotoxicity illustrates
this point[46]. When in doubt, the control group is considered
safer in terms of risk of harm compared to the investigation
group as the control group receives evidence-based care[75].

Finally, this review demonstrates that multiple heterogenous
trials with small sample sizes will inevitably give rise to
multiple heterogenous findings that are difficult to interpret.
Recognizing the need to harmonise research efforts, the WHO
is coordinating an international clinical study that focuses
efforts on 4 potential treatments for COVID-19, namely
lopinavir-ritonavir, lopinavir-ritonavir in combination with
interferon (3, remdesivir and chloroquine[76]. The same 4
therapies will also be evaluated in a European clinical trial that
aims to recruit 3200 patients from 8 European countries[77].

This trial is designed to be adaptive, such that ineffective
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investigational treatments can be quickly rejected and replaced
with others as research findings unfold, which is ideal in a
study performed during an outbreak.

Limitations of this systemic review include its largely
descriptive nature, because the small numbers of patients
investigated for each drug and heterogenous nature of the
studies precluded meta-analysis of the data. Studies that had
not received peer review were included in order to share
potentially important preliminary findings, which may change
prior to final publication. With the emergence of results from
clinical trials, this systemic review will need to be revised to

reflect updated findings.

Conclusion

The global scale of the COVID-19 outbreak has brought about
much interest in identifying treatments that could potentially
turn the tide. However, medical professionals are bound by the
time-honored dictum to first do no harm. The current evidence
of adjunctive treatments in COVID-19 does not support their
routine use over standard care outside clinical trials. We eagerly
await the results of quality, rigorous clinical trials that may shed
light on effective and safe therapies that improve outcome

especially in the severe to critically ill patient population.

Abbreviations

ACE: Angiotensin-converting enzyme; NARDS: Acute respiratory
distress syndrome; COVID-19: Coronavirus disease; CT: Computed
tomography; ECMO: Extracorporeal membrane oxygenation; ELISA:
Enzyme-linked immnosorbent assay; FiO,: Fraction of inspired oxygen;
HCQ: Hydroxychloroquine; HLA: Human leukocyte antigen; HIV: Human
immunodeficiency virus; ICU: Intensive care unit; IDSA: Infectious
Diseases Society of America; IL-6: Interleukin 6; LMWH: Low molecular
weight heparin; MERS-CoV: Middle East respiratory syndrome
coronavirus; NHC: National Health Commission; OR: Odds ratio; PaO,:
Partial pressure of arterial oxygen; RCT: Randomized controlled trial;
RR: Relative rate; SARI: Severe acute respiratory infection; SARS-CoV:
Severe acute respiratory syndrome coronavirus; SIMIT: Societa Italiana
di Malattie Infettive e Tropicali; SWAB: Stichting Werkgroep Antibiotica
Beleid; Sa0,: Arterial oxygen; SpO,: Peripheral oxygen saturation; US
FDA: United States Food and Drug Administration; WHO: World Health
Organization; WMD: Weighted mean difference

Acknowledgements

Not applicable.

Authors’ contributions

All authors performed the independent systemic literature review
and identified the studies to be included in this review. All authors
contributed to writing the manuscript. All authors read and approved
the final manuscript.

Funding
Not applicable.



Xu et al. Mil Med Res 2020
http://mmrjournal.biomedcentral.com

Availability of data and materials

Not applicable.

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

1.

Fauci AS, Lane HC, Redfield RR. Covid-19 - navigating the
uncharted. N Engl J Med. 2020;382(13):1268-9.

Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. Pharmacologic
treatments for coronavirus disease 2019 (COVID-19) a review.
JAMA. 2020. https://doi.org/10.1001/jama.2020.6019. [Epub
ahead of print].

World Health Organization. Clinical management of severe
acute respiratory infection when COVID-19 is suspected 2020
[Accessed 31 March 2020]. Available from https://www.who.
int/publications-detail/clinicalmanagement-of-severe-acute-
respiratory-infection-when-novel-coronavirus-(ncov)-infection-
is-suspected.

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M,
et al. Hydroxychloroquine and azithromycin as a treatment of
COVID-19: results of an open-label non-randomized clinical trial.
Int J Antimicrob Agents. 2020;105949. https://doi.org/10.1016/
j.ijantimicag.2020.105949. [Epub ahead of print].

Chen Z, Hu J, Zhang Z, Jiang S, Han S, Yan D, et al. Efficacy of
hydroxychloroquine in patients with COVID-19: results of a
randomized clinical trial. medrxiv. 2020;03(22):20040758.

Chen J, Liu D, Liu L, Liu P, Xu Q, Xia L, et al. A pilot study of
hydroxychloroquine in treatment of patients with common
coronavirus disease-19 (COVID-19). J Zhejiang Univ (Med Sci).
2020;49(1):0-1.

Magagnoli J, Narendran S, Pereira F, Cummings T, Hardin JW,
Sutton SS, et al. Outcomes of hydroxychloroquine usage in
United States veterans hospitalized with Covid-19. medrxiv.
2020;04(16):20065920.

Borba MGS, Val FFA, Sampaio VS, Alexandre MAA, Melo GC,
Brito M, et al. Chloroquine diphosphate in two different dosages
as adjunctive therapy of hospitalized patients with severe
respiratory syndrome in the context of coronavirus (SARS-CoV-2)
infection: preliminary safety results of a randomized, double-
blinded, phase llb clinical trial (CloroCovid-19 study). medRxiv.
2020; Accessed 14 April 2020]. Available from: https://www.
medrxiv.org/content/10.1101/2020.04.07.20056424v1 full.pdf.
Molina JM, Delaugerre C, Le Goff J, Mela-Lima B, Ponscarme
D, Goldwirt L, et al. No evidence of rapid antiviral clearance or
clinical benefit with the combination of hydroxychloroquine and
azithromycin in patients with severe COVID-19 infection. Med
Mal Infect. 2020. https://doi.org/10.1016/j.medmal.2020.03.006.
Mahévas M, Tran V-T, Roumier M, Chabrol A, Paule R, Guillaud
C, et al. No evidence of clinical efficacy of hydroxychloroquine
in patients hospitalized for COVID-19 infection with oxygen
requirement: results of a study using routinely collected data to

20.

21.

22.

23.

24.

25.

26.

emulate a target trial. medrxiv. 2020;04(10): 20060699.

Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A trial of
Lopinavirritonavir in adults hospitalized with severe Covid-19. N
Engl J Med. 2020. https://doi.org/10.1056/NEJM0a2001282. [Epub
ahead of print].

Zhou F, YuT, DuR, Fan G, Liu Y, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet.
2020;395(10229):1054-62.

Young BE, Ong SWX, Kalimuddin S, Low JG, Tan SY, Loh J, et al.
Epidemiologic features and clinical course of patients infected
with SARSCoV-2 in Singapore. JAMA. 2020; [Epub ahead of print].
Kim JY, Choe PG, Oh Y, Oh KJ, Kim J, Park SJ, et al. The first Case
of 2019 novel coronavirus pneumonia imported into Korea from
Wuhan, China: implication for infection prevention and control
measures. J Korean Med Sci. 2020;35(5):e61.

Lim J, Jeon S, Shin HY, Kim MJ, Seong YM, Lee WJ, et al. Case of the
index patient who caused tertiary transmission of coronavirus
disease 2019 in Korea: the application of Lopinavir/ritonavir for
the treatment of COVID-19 pneumonia monitored by quantitative
RT-PCR. J Korean Med Sci. 2020;35(6):e79.

Deng L, Li C, Zeng Q, Liu X, Li X, Zhang H, et al. Arbidol combined
with LPV/r versus LPV/r alone against Corona Virus Disease
2019: A retrospective cohort study. J Inf Secur. 2020;50163-
4453(20):30113-4.

Wang Z, Yang B, Li Q, Wen L, Zhang R. Clinical Features of 69 Cases
with Coronavirus Disease 2019 in Wuhan, China. Clin Infect Dis.
2020:ciaa272. https://doi.org/10.1093/cid/ciaa272. [Epub ahead
of print].

Grein J, Ohmagari N, Shin D, Diaz G, Asperges E, Castagna
A, et al. Compassionate use of Remdesivir for patients with
severe Covid-19. N Engl J Med. 2020. https://doi.org/10.1056/
NEJMo0a2007016. [Epub ahead of print].

Team TC-I. First 12 patients with coronavirus disease 2019
(COVID-19) in the United States. medrxiv. 2020; https://www.
medrxiv.org/content/10.1101/2020.03.09.20032896v 1 full.pdf.
Lescure FX, Bouadma L, Nguyen D, Parisey M, Wicky PH,
Behillil S, et al. Clinical and virological data of the first cases of
COVID-19 in Europe: a case series. Lancet Infect Dis. 2020;51473-
3099(20):30200-0.

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H,
et al. First Case of 2019 novel coronavirus in the United States. N
Engl J Med. 2020; 382(10):929-36.

Lu S, Zhou Q, Huang L, Shi Q, Zhao S, Wang Z, et al. Effectiveness
and Safety of Glucocorticoids to Treat COVID-19: A Rapid Review
and Meta-Analysis. medrxiv. 2020;04(17):20064469.

Zhou W, Liu Y, Tian D, Wang C, Wang S, Cheng J, et al. Potential
benefits of precise corticosteroids therapy for severe 2019-nCoV
pneumonia. Signal Transduct Target Ther. 2020;5(1):18.

Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, et al. Clinical
characteristics of novel coronavirus cases in tertiary hospitals
in Hubei Province. Chin Med J. 2020. https://doi.org/10.1097/
CM9.0000000000000744. [Epub ahead of print].

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant
treatment is associated with decreased mortality in severe
coronavirus disease 2019 patients with coagulopathy. J Thromb
Haemost. 2020;18(5):1094-99.

Shi C, Wang C, Wang H, Yang C, Cai F, Zeng F, et al. Clinical
observations of low molecular weight heparin in relieving
inflammation in COVID-19 patients: A retrospective cohort study.

225



Xu et al. Mil Med Res 2020
http://mmrjournal.biomedcentral.com

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

medrxiv. 2020. https://doi.org/10.1101/2020.03.28.20046144.
[Epub ahead of print].

Xu X, Han M, Li T, Sun W, Wang D, Fu B, et al. Effective Treatment
of Severe COVID-19 Patients with Tocilizumab. ChinaXiv.
2020;202003:00026v1.

Roumier M, Paule R, Groh M, Vallee A, Ackermann F. Interleukin-6
blockade for severe COVID-19. medrxiv. 2020;04(20):20061861.
Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al. Effectiveness of
convalescent plasma therapy in severe COVID-19 patients. Proc
Natl Acad Sci U S A. 2020; 202004168.

Shen C, Wang Z, Zhao F, Yang Y, Li J, Yuan J, et al. Treatment of 5
critically ill patients with COVID-19 with convalescent plasma.
JAMA. 2020;323(16): 1582-89.

Ahn JY, Sohn Y, Lee SH, Cho Y, Hyun JH, Baek YJ, et al. Use of
convalescent plasma therapy in two COVID-19 patients with
acute respiratory distress syndrome in Korea. J Korean Med Sci.
2020;35(14):e149.

Leng Z, Zhu R, Hou W, Feng Y, Yang Y, Han Q, et al. Transplantation
of ACE2- Mesenchymal stem cells improves the outcome of
patients with COVID-19 pneumonia. Aging Dis. 2020;11(2):216-
28.

Liang B, Chen J, Li T, Wu H, Yang W, Li Y, et al. Clinical remission of
a critically ill COVID-19 patient treated by human umbilical cord
mesenchymal stem cells. ChinaXiv. 2020;,202002:00084.

Oxford Centre for Evidence-based Medicine (CEBM) - Levels of
Evidence. 2009 [29 March 2020]. Available from: https://www.
cebm.net/2009/06/oxford-centre-evidence-based-medicine-
levels-evidence-march-2009/.

Bhimraj A, Morgan RL, Shumaker AH, Lavergne V, Baden L, Cheng
VC-C, et al. Infectious Diseases Society of America guidelines on
the treatment and Management of Patients with COVID-19 2020
[Accessed 11 April 2020]. Available from: https://www.idsociety.
org/practice-guideline/covid-19-guideline-treatment-and-
management/.

Alhazzani W, Moller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al.
Surviving Sepsis campaign: guidelines on the Management of
Critically ill Adults with coronavirus disease 2019 (COVID-19). Crit
Care Med. 2020;1-34. https://doi.org/10.1007/s00134-020-06022-
5. [Epub ahead of print].

National Health Commission (NHC) of the People’s Republic of
China. Guidelines for the Prevention, Diagnosis, and Treatment of
Novel Coronavirus-induced Pneumonia. 7th ed; 2020. [Accessed
3 March 2020]. Available from: http://www.gov.cn/zhengce/
zhengceku/2020-03/04/5486705/files/ae61004f930d47598711a0
d4cbf874a9.pdf.

Lombardy Section Italian Society |, Tropical D. Vademecum for the
treatment of people with COVID-19. Edition 2.0, 13 March 2020.
Infez Med. 2020;28(2):143-52.

Vollaard A, Gieling E, van der Linden P, Sindha B, de Boer M.
Medicamenteuze behandelopties bij patiénten met COVID-19
(infecties met SARS-CoV-2) 2020 [Accessed 3 April 2020].
Available from: https://swab.nl/nl/covid-19.

Van lerssel S, Dauby N, Bottieau E, Huits R. Interim clinical
guidance for adults with suspected or confirmed COVID-19 in
Belgium 2020 [Accessed 7 April 2020]. Available from: https://
epidemio.wiv-isp.be/ID/Documents/Covid19/COVID-19_
InterimGuidelines_Treatment_ENG.pdf.

United States Centers for Disease Control and Prevention.
Information for Clinicians on Therapeutic Options for Patients
with COVID-19 2020 [Accessed 7 April 2020]. Available from:

226

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

https://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-
options.html.

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir
and chloroquine effectively inhibit the recently emerged novel
coronavirus (2019-nCoV) in vitro. Cell Res. 2020;30(3):269-71.

Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In vitro
antiviral activity and projection of optimized dosing Design of
Hydroxychloroquine for the treatment of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Clin Infect Dis. 2020.
https://doi.org/10.1093/cid/ciaa237.

Savarino A, Boelaert JR, Cassone A, Majori G, Cauda R. Effects
of chloroquine on viral infections: an old drug against today's
diseases? Lancet Infect Dis. 2003;3(11):722-7.

Gao J, Tian Z, Yang X. Breakthrough: Chloroquine phosphate has
shown apparent efficacy in treatment of COVID-19 associated
pneumonia in clinical studies. Biosci Trends. 2020;14(1):72-3.
Schrezenmeier E, Dorner T. Mechanisms of action of
hydroxychloroquine and chloroquine: implications for
rheumatology. Nat Rev Rheumatol. 2020;16(3):155-66.
Multicenter collaboration group of Department of S, Technology
of Guangdong P, Health Commission of Guangdong Province
for chloroquine in the treatment of novel coronavirus p. Expert
consensus on chloroquine phosphate for the treatment of novel
coronavirus pneumonia. Chin J Tuberc Respir Dis. 2020;43(3):185-
8.

Marmor MF, Kellner U, Lai TY, Melles RB, Mieler WF. American
Academy of O. recommendations on screening for Chloroquine
and Hydroxychloroquine retinopathy (2016 revision).
Ophthalmology. 2016; 123(6):1386-94.

Perinel S, Launay M, Botelho-Nevers E, Diconne E, Louf-Durier A,
Lachand R, et al. Towards Optimization of Hydroxychloroquine
Dosing in Intensive Care Unit COVID-19 Patients. Clin Infect Dis.
2020;ciaa394. https://doi.org/10.1093/cid/ciaa394. [Epub ahead
of print].

Yao TT, Qian JD, Zhu WY, Wang Y, Wang GQ. A systematic review
of lopinavir therapy for SARS coronavirus and MERS coronavirus-a
possible reference for coronavirus disease-19 treatment option. J
Med Virol. 2020. https://doi.org/10.1002/jmv.25729. [Epub ahead
of print].

Kaplan SS, Hicks CB. Safety and antiviral activity of lopinavir/
ritonavir-based therapy in human immunodeficiency virus type 1
(HIV-1) infection. J Antimicrob Chemother. 2005;56(2):273-6.

Kim UJ, Won EJ, Kee SJ, Jung Sl, Jang HC. Combination therapy
with lopinavir/ritonavir, ribavirin and interferon-alpha for Middle
East respiratory syndrome. Antivir Ther. 2016;21(5):455-9.
Blaising J, Polyak SJ, Pecheur El. Arbidol as a broad-spectrum
antiviral: an update. Antivir Res. 2014;107:84-94.

Warren TK, Jordan R, Lo MK, Ray AS, Mackman RL, Soloveva V,
et al. Therapeutic efficacy of the small molecule GS-5734 against
Ebola virus in rhesus monkeys. Nature. 2016;531(7594):381-5.
Mulangu S, Dodd LE, Davey RT Jr, Tshiani Mbaya O, Proschan
M, Mukadi D, et al. A randomized, controlled trial of Ebola virus
disease therapeutics. N Engl J Med. 2019;381(24):2293-303.
Sheahan TP, Sims AC, Graham RL, Menachery VD, Gralinski
LE, Case JB, et al. Broad-spectrum antiviral GS-5734 inhibits
both epidemic and zoonotic coronaviruses. Sci Transl Med.
2017;9(396):eaal3653.

Agostini ML, Andres EL, Sims AC, Graham RL, Sheahan TP, Lu X,
et al. Coronavirus Susceptibility to the Antiviral Remdesivir (GS-
5734) Is Mediated by the Viral Polymerase and the Proofreading



Xu et al. Mil Med Res 2020
http://mmrjournal.biomedcentral.com

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Exoribonuclease. mBio. 2018; 9(2):e00221-18.

Stockman LJ, Bellamy R, Garner P. SARS: systematic review of
treatment effects. PLoS Med. 2006;3(9):e343.

Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, Almekhlafi GA,
Hussein MA, et al. Corticosteroid therapy for critically ill patients
with Middle East respiratory syndrome. Am J Respir Crit Care
Med. 2018;197(6):757-67.

Lee N, Leo YS, Cao B, Chan PK, Kyaw WM, Uyeki TM, et al.
Neuraminidase inhibitors, superinfection and corticosteroids
affect survival of influenza patients. Eur Respir J. 2015;45(6):1642—
52.

Magro C, Mulvey JJ, Berlin D, Nuovo G, Salvatore S, Harp J, et al.
Complement associated microvascular injury and thrombosis in
the pathogenesis of severe COVID-19 infection: a report of five
cases. Transl Res. 2020. https://doi.org/10.1016/j.trsl.2020.04.007.
[Epub ahead of print].

Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous
thromboembolism in patients with severe novel coronavirus
pneumonia. J Thromb Haemost. 2020. https://doi.org/10.1111/
jth.14830. [Epub ahead of print].

Deng Y, Liu W, Liu K, Fang YY, Shang J, Zhou L, et al. Clinical
characteristics of fatal and recovered cases of coronavirus disease
2019 (COVID-19) in Wuhan, China: a retrospective study. Chin
Med J. 2020. https://doi.org/10.1097/CM9.0000000000000824.
[Epub ahead of print].

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel
coronavirus pneumonia. J Thromb Haemost. 2020;18(4):844-7.
Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M,
et al. ISTH interim guidance on recognition and management of
coagulopathy in COVID-19. J Thromb Haemost. 2020;18(5):1023-
26.

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson
JJ, et al. COVID-19: consider cytokine storm syndromes and
immunosuppression. Lancet. 2020;395(10229):1033-4.

Geng Z, Yu Y, Hu S, Dong L, Ye C. Tocilizumab and the risk of
respiratory adverse events in patients with rheumatoid arthritis:
a systematic review and metaanalysis of randomised controlled
trials. Clin Exp Rheumatol. 2019;37(2):318-23.

Mair-Jenkins J, Saavedra-Campos M, Baillie JK, Cleary P, Khaw
FM, Lim WS, et al. The effectiveness of convalescent plasma and
hyperimmune immunoglobulin for the treatment of severe acute
respiratory infections of viral etiology: a systematic review and

69.

70.

71.

72.

73.

74.

75.

76.

77.

exploratory meta-analysis. J Infect Dis. 2015;211(1):80-90.

U.S. Food & Drug Adminitration. Investigational COVID-19
Convalescent Plasma - Emergency INDs 2020 [Accessed 4 April
2020]. Available from: https://www.fda.gov/vaccines-blood-
biologics/investigational-new-drug-indor-device-exemption-
ide-process-cber/investigational-covid-19-convalescent-plasma-
emergency-inds#foot.

COVID-19 Treatment Guidance Writing Group. JHMI clinical
guidance for available pharmacologic therapies 2020 [updated
25 March 2020]. Available from: https://www.hopkinsguides.
com/hopkins/view/Johns_Hopkins_ABX_Guide/540747/all/
Coronavirus_COVID_19__SARS_CoV_2_.

Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al. Genomic
characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding. Lancet.
2020;395(10224):565-74.

Xu X, Chen P, Wang J, Feng J, Zhou H, Li X, et al. Evolution of
the novel coronavirus from the ongoing Wuhan outbreak and
modeling of its spike protein for risk of human transmission. Sci
China Life Sci. 2020;63(3):457-60.

Marks PW, Witten CM, Califf RM. Clarifying stem-cell Therapy's
benefits and risks. N Engl J Med. 2017;376(11):1007-9.

Wu Z, McGoogan JM. Characteristics of and important lessons
from the coronavirus disease 2019 (COVID-19) outbreak in China:
summary of a report of 72314 cases from the Chinese Center
for Disease Control and Prevention. JAMA. 2020. https://doi.
org/10.1001/jama.2020.2648. [Epub ahead of print].

Kalil AC. Treating COVID-19-off-label drug use, compassionate
use, and randomized clinical trials during pandemics. JAMA.
2020. https://doi.org/10.1001/jama.2020.4742. [Epub ahead of
print].

Sayburn A. Covid-19: trials of four potential treatments to
generate "robust data" of what works. BMJ. 2020;368:m1206.
Launch of a European clinical trial against COVID-19 [press
release].

https://doi.org/10.1186/s40779-020-00251-x

Cite this article as: Xu et al.: Role of adjunctive treatment
strategies in COVID-19 and a review of international and
national clinical guidelines. Mil Med Res, 2020, 7: 22

227



	2020-01
	2020-02



