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Abstract: A novel coronavirus-2 (SARS-CoV-2) was first identified in Wuhan, China, and
quickly spread globally. Several treatments have been proposed, many of which have proven
ineffective. Consequently, there is a need to review the published evidence of drug clinical
trials to guide future prescribing. A systematic review of published clinical trials and retro-
spective observational studies was carried out. The search was made using PubMed, Embase,
MEDLINE, and China National Knowledge Infrastructure (CNKI) databases. Articles pub-
lished between January 2020 and October 2020 and written in the English language were
retrieved and included in the study. Researches that used traditional medicine, in-vitro and in-
vivo animal studies, as well as reviews were excluded. Seventy-three relevant articles that
fulfilled the inclusion criteria were finally selected and reviewed. Hydroxychloroquine,
chloroquine, and azithromycin produced no clinical evidence of efficacy in randomized
controlled clinical trials (RCT). However, retrospective observational studies reported the
efficacy of remdesivir and lopinavir/ritonavir in reducing viral load, although there have been
concerns with lopinavir/ritonavir and, more recently, remdesivir. Recently, tocilizumab,
dexamethasone, and methylprednisolone significantly relieved lung inflammation and
decreased mortality in patients with severe COVID-19. In addition, convalescent plasma
was effective in boosting strong immunity among patients with mild COVID-19. There is
currently no single worldwide approved therapeutic option for patients with COVID-19
despite the initial hype with medicines, including hydroxychloroquine. Nonetheless, dexa-
methasone has shown promise in symptomatic treatment and convalescent plasma in boost-
ing immunity. New treatments are currently being researched, and the findings will be
reported accordingly to provide evidence-based guidance for prescribers and policymakers.
Keywords: COVID-19, efficacy, remdesivir, hydroxychloroquine, dexamethasone,
lopinavir/ritonavir, clinical-trials, therapeutic-option

Introduction

In December 2019, several cases of mysterious pneumonia with the severe acute
respiratory syndrome (SARS) were first reported in Wuhan, China."* A novel
coronavirus 2 (SARS-CoV-2) was identified as the cause and later designated as
COVID-19 by the World Health Organization (WHO).”> The disease’s main
symptoms include fever, cough, shortness of breath, and fatigue. Other symptoms
comprise sore throat, headache, myalgia, chills, nasal congestion, conjunctivitis,
¢ Vital co-morbidities associated with death to COVID-19 include
hypertension, diabetes, coronary heart disease, cerebral infarction, severe asthma,

and diarrhea.”
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pneumonia, and chronic bronchitis.”’~'* In addition, death
due to COVID-19 is associated with several disease symp-
toms. Prominent among them include chronic pneumonia,
which causes severe respiratory distress, sepsis-associated
organ failure, and high D-dimer levels, which indicate the
high risk of deep vein thrombosis. Also, elderly patients
may experience widespread inflammation and suppression
of body defense mechanisms, making them vulnerable to
opportunistic infections.”'* Ethnicity may also play a role
as seen, for instance, in the United Kingdom and the USA;
however, the exact reasons underlying the early observa-
tions are uncertain.”'>'® Furthermore, SARS-CoV-2
infection appeared to produce a lesser fatality rate (3.1%)
than previous SARS-CoV-1 (9.6%) and the Middle East
respiratory syndrome (MERS-CoV) (34.4%)."*'7 The
novel SARS-CoV-2 is believed to invade a host’s cell
and initiate disease through binding to the angiotensin-
converting enzyme-2 receptor (ACE-2 receptor).'® 2 As
such, an ACE-2 gene is considered responsible for coding
genetic information for the expression of the ACE-2 recep-
tor for both coronavirus 1 and 2."®2' Consequently,
a higher expression of the ACE-2 receptors increases the
risk of COVID-19 infections. Furthermore, some ACE-2
variants genes could reduce the association between ACE-
2 receptors and spike-protein of the coronavirus.
Therefore, altering this gene could significantly affect the
expression pattern of the human ACE-2 receptor in differ-
ent cells and tissues, which appears critical for the suscept-
ibility, of COVID-19
infection.'®!” Patients on angiotensin-converting enzyme
inhibitors (ACEI) or angiotensin receptor blockers (ARBs)
are associated with a considerably low risk of COVID-19

symptoms, and outcome

infection. This is because ACEI stalls angiotensin’s activ-
ity, converting enzymes linked to COVID-19 ACE-2
receptors, reducing the cell invasion. Equally, ARBs pre-
occupy the COVID-19 ACE-2 receptors, thus minimize
the interaction between the coronavirus and the host’s
cells. Moreover, a report showed that COVID-19 patients
on ACEI or ARBs had decreased the need for ICU
admission.”> However, the findings vary according to sev-
eral issues, including the study population.*®

A COVID-19 suspected patient is generally diagnosed
using a reverse transcriptase-polymerase chain reaction
(RT-PCR) assay, with a nasal swab or bronco-alveolar
lavage fluid as test-specimens.”*2® Other methods of
COVID-19 detection include radiologic imaging or chest
X-ray that are frequently employed to detect lung damage.
Also, enzyme-linked immunoassays (ELISA), lateral flow

immunoassays (LFIA), neutralization assays, and chemi-
luminescent assays are required COVID-19 testing
methods.**2® COVID-19 patients are considered to have
severe pneumonia, which may require a ventilator if they
are experiencing respiratory distress (=30 breaths per
min); oxygen saturation at rest (<93%); a ratio of the
partial pressure of arterial oxygen to fractional oxygen
concentration (paO,/fi0,) <300 mm hg; or having severe
complications such as organ failures.””*® Lung inflamma-
tion, an essential symptom of severe pneumonia, occurs
with baseline fever (>38°C), C-reactive protein (10 times
than usual 5 mg/dl), ferritin (2 times of 400 pg/l), or IL-6
(10 times than 3.4 mg/1).>"*® The goal of managing
patients with COVID-19 infection is to reduce the viral
load, improve lung function, treat any fever, control diar-
rhea, and improve the body’s immune system, known as
the standard of care (SOC).?’*® Some medicines that have
been prescribed for patients with COVID-19 include anti-
viral agents (lopinavir 40 mg/ritonavir 100 mg twice a day
or remdesivir 100 mg/day), antibiotics including azithro-
mycin (500mg daily) and ceftriaxone (1g daily), antima-
larials, including hydroxychloroquine (600mg daily), zinc
sulfate (20mg daily), dexamethasone (6mg/day), and vita-
min C (3g daily).?”°38

Recently, there have been concerns over several recom-
mended medicines. Prominent among them is hydroxy-
chloroquine (HCQ), with the concerns of lack of
a control arm in the initial trials leading to the hype,
adverse reactions, and suicides.’**'*** Subsequent stu-
dies typically failed to show any clinical benefit from
HCQ prescribing alongside potential harm resulting in
the WHO dropping HCQ from its current global
studies.>'***° Lopinavir/ritonavir treatments have also
been dropped by the WHO based on concerns of lack of
efficacy.**>! This has prompted the need to try other
potential medicines to treat patients with COVID-19.
This is because preventative measures such as lockdowns,
social distancing, frequent hand washing, track and trace
systems, and closing of borders have resulted in unin-
tended consequences.?’>*>® African countries, including
Botswana, Ghana, Uganda, and Asian countries including
Korea, Malaysia, and Vietnam, are currently having com-
paratively low infection prevalence and mortality rates
than high-income countries, including Italy, Spain, the
United Kingdom, and the USA.'"**?7%? Sequel to those
concerns mentioned earlier, this review will focus on pub-
lished clinical trials and retrospective observational studies
for the therapeutic options of COVID-19 infection. We are
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aware that there are several systematic and other reviews
published already.!-*33337:46.70-84 However, we intended
to build on this and analyze the most recent published
papers to summarize some evidence-based therapeutic
options for COVID-19 infection.

Materials and Methods

Data Sources

Data sources were four electronic databases, including
PubMed, Embase, MEDLINE, and CNKI. The search
terms used were clinical trials, evidence of efficacy,
COVID-19, drug treatment, randomized, double-blinded,
controlled trials, retrospective study, and therapeutic
options.

Study Selection

The study was conducted according to the Prisma metho-
dology for preferred reporting items for systematic
reviews and meta-analyses, protocols 2015 (Prisma-p
2015).% Initially, 427 articles were retrieved from the
databases on the therapeutic options for COVID-19 inde-
pendently by the first two authors. After collecting the
retrieved articles together, 136 duplicates were excluded.
In addition, 183 articles were either in-vitro, in-vivo ani-
mal studies, or used medicinal plants, subsequently
removed from collections. Afterward, 35 more articles
were further excluded because they were either review or
did not utilize an appropriate study design. Finally, 73
published articles that met the inclusion criteria were
appraised in depth. This systematic review has included
pre-printed publications where relevant as research on the
COVID-19 Pandemic is a novel and evolving research
area. The article retrieval, screening, and inclusion flow
chart are shown in Figure 1.

Inclusion Criteria
Studies
October 2020 and written in the English language.

published between January 2020 and

Exclusion Criteria
Studies undertaken using medicinal plants, in-vitro studies,
in-vivo animal studies, and reviews.

Data Extraction

Published clinical trials and retrospective observational
studies were selected. A further search was made to verify
the articles’ clinical trial registration number at www.clin

icaltrials.gov, European clinical trial registry at https://
www.clinicaltrialsregister.eu/, and Chinese clinical trial

registry at  http://www.chictr.org.cn/searchprojen.aspx.

The reference section of all the articles reviewed was
used to generate additional relevant publications. There
was also no attempt to assess the published papers’ quality
using scales such as the Newcastle Ottawa scale as some

key papers are likely to be pre-publication.®¢

Results

Our findings revealed a high degree of therapeutic failure
among most of the medicines studied, building on recent
NIH and WHO deliberations. The findings will be broken
down by pertinent medicines starting with HCQ, with
prospective and retrospective observational studies com-
bined. Full details were depicted in Tables 1 and 2.

Hydroxychloroquine (HCQ) with and

without Azithromycin (AZM)

Hydroxychloroquine does not bind directly to the ACE-2
receptor for COVID-19 but acts by increasing the med-
ium’s acidity around which COVID-19 protein-spikes
interact and bind ACE-2 receptors. The acidity will make
the medium hash, thereby degrading the viral spike and
reducing the infection rate and spread of COVID-19.%
Azithromycin directly blocks the binding of COVID-19
virus with ACE-2 receptors on the host’s cell surface.
Consequently, HCQ and AZM may have a place in the
prophylaxis and treat patients with mild-moderate
COVID-19 infections.”® However, randomized controlled
clinical trials (RCT) conducted in the United States and
parts of Canada reported therapeutic failure of HCQ
1309 COVID-19
Similarly, HCQ did not produce better clinical outcomes

among asymptomatic  patients.”’
than placebo among 30 treatment-naive patients in
China.”” In addition, HCQ failed to effectively treat 423
COVID-19 patients in a randomized, double-blind, pla-
cebo-controlled clinical trial conducted in Canada and
the USA.”> Other studies revealed therapeutic failure
among 181 patients admitted to four different tertiary
healthcare centers in France.”* Alongside this, therapeutic
failure was also seen among 293 patients with mild
COVID-19 versus usual care.” Furthermore, HCQ, when
combined with AZM, did not reduce mortality or the need
for mechanical ventilation among COVID-19 patients
enrolled in a randomized, controlled clinical trial in the
USA.’® Equally, HCQ combined with AZM did not
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First-authored 124
articles identified
through databases:
PubMed (n=54),
Embase (n=21),
MEDLINE (n=25),
CNKI (n=18), Other
Sources (n=6)

Identification | e

Second-authored 303
articles identified
through databases:
PubMed (n=179),
Embase (n=62),
MEDLINE (n=30),
CNKI (n=23), other
sources (n=9)

Primary Screening | sy | Records of combined articles (n = 427) ‘ — | Duplicate 136 articles excluded

A 4

Further 183 articles excluded
for:

Secondary screening | === | Records screened (n = 291) ‘—) :

not relevant (n=102),

A 4

- invitro studies (n=48),

- used medicinal plants (n=21),
- only abstracts (n=7),

- other reasons (n=5)

Further 35 articles excluded for:

Eligibility screening | sy

Full articles assessed for
eligibility (n = 108)

- reviews (n=20),
- study design issues (n=14),

- other reasons (n=1)

| Inclusion | =

Articles included after
Qualitative synthesis (n = 73)

Figure | A Flow Chart lllustrating the Selection Process of Manuscripts.

produce better clinical outcomes among 504 COVID-19
patients versus standard care.”” The UK recovery study
involving 1542 patients randomized to HCQ compared
with 3132 patients randomized to usual care showed no
significant difference in 28-day mortality, duration of hos-
pital stay, the need for mechanical ventilation, renal repla-
cement, and development of major cardiac arrhythmias.”®

In an observational study involving 1376 consecutive
patients in the USA, Geleris et al (2020) found that HCQ
did not improve the outcomes using an endpoint of intuba-
tion of death versus non-HCQ patients.”® In a large cohort
study in the USA involving 3372 patients hospitalized
with COVID-19, Singh et al (2020) demonstrated that
HCQ did not confer any benefits to patients versus those
who did not receive HCQ.'” Ip et al (2020) in their study
conducted in the USA involving 2512 patients also found
no differences in mortality in patients prescribed HCQ
with or without AZM versus patients receiving neither

therapy.'’' In the treatment of COVID-19 using HCQ
with or without AZM, patients’ safety has been of great
concern amplified by suicide attempts.*"'°%'% In line with
this, recent reviews indicated that HCQ causes neuropsy-
chiatric side effects such as depression, psychosis, insom-
nia, manic episodes, and increased risk of suicide.!'%%1% 1n
addition, more studies have reported adverse drug reac-
tions associated with HCQ, especially prolongation of QTc
(Corrected QT Interval). The QT interval is the time from
the beginning of the QRS complex, representing ventricu-
lar depolarization, to the end of the T wave, resulting from
the ventricular repolarization interval.****-*1-1% However,
Mahévas et al (2020) found that only 10% of patients
experience electrocardiographic modifications requiring
discontinuation of therapy.”* Furtado et al (2020) found
no therapeutic benefit in their open-label randomized trial
involving 447 patients from adding AZM to HCQ.'"’
Some of these findings might be explained because HCQ

submit your manuscript

4676

Dove

Infection and Drug Resistance 2020:13


http://www.dovepress.com
http://www.dovepress.com

Abubakar et al

Dove

(panunuod)
syuaned ¢ SPIM-T [eld] pajjoJauod) 6l
101020T | ~AIAOD JO UOISIaAUOD 2ANESaU Joy Ajiep Sw 0pg uays Jaudn|n}y ‘|aqeT ~AIAOD 249A3s YIIM
‘e 32 Sue| ueoyiudis e aonpoud jou pig | ‘skep ¢ o} Ajrep Sw 00z | -uadQ ‘paziwopuey ODH siuaned pazijendsoH (] 89862000074LDUD
aseas|p skep -4 10y} Ajiep asuo [el1] pajjoJauod
60207 oy jo A114aAss Y1 ddnpad 8w 09 “9E| sunoH g -ogade|d ‘pullg 61-AINOD
‘e 32 Jaddpig Apuedyiudis 3ou pip ODH | Sw 009 uays ‘@3uo 3w 08 -3|qnoQ ‘paziwopury ODH Pliw sjuanedinQ € 89980€¥0.LON
[etL
61-dINOD J31uadIN|y pajjonuoc;
16070T ‘& 32 Sunoe.auod wouy jusned sAep -} J40oj Ajrep 3w 009 -ogade|d ‘pullg
dJem|nog a3 31930.4d 30U pip ODH uaya ‘asop 9|3uis 3w 008 -3|qno ‘paziwopury ODH sixe|Aydoug 60€1 89980£#01DON
skep -
09y 04 Ajiep 8w 00§ WZV T [eld 61-dINOD
0£070T ‘39 ansi34auhs e pasnpoud |7y skep -0| [ed1u1|D ‘paziwopuey WZV ‘T dleJopow Yum ST
3aNneD "PEO| [EIA P3sER.I2dp DDH | 404 Ajrep Bw 007 ODH | -UoN ‘jpqeT-uado ODH'I siuaned pazijendsoH Tr | -068000—0T0T:¥.LDON3
sAep-0|
Joy 921m1 3woOZ DDH'T Jaus)
61-AIAOD 33elspow skep-¢ | -9j3uig Apmig pajjo.nuo) 61-AINOD
011020¢ Yam syuaned ur Aoediys Joy Ajrep 8w 00§ uayl paziwopuey |9qe] auinbouojy)y -z dleJopow Yum
e 39 uayd pamoys ODH Puvy DD 3YL | ‘I Aep uo 3w 0001 DD -uadQ aARddsold v ODH "I | sianed paziendsoy L9 | #S00£0000TY.LONYD
61-dINOD 61-AINOD
26020T 91eJ9pOW YIIMm Juaned e uj [eld] P3]|0J3U0D) J3IUDD) S1BJISpPOW YIIM
‘e 39 uayD | AdEdIY JO SDUSPIAD SBM dJdY | sAep-g Joj Ajiep 8w oof -9|3uIg ‘paziwopuey ODH syuaned pazijeadsoH o€ £1S19T#01DN
skep-g 61-dIAOD
1,020 | y3nod pue 4aAs) ‘eluownaud jo a0y Ajrep 2o1m3 Sw oz | el 493U9)-9(8uIS ‘pullg SjBJISpOW YIIM
‘le 39 UayD paAsIjaJ aJam sausned Jo %408 uayy ‘| Aep uo Sw (ot -3|qno ‘paziwopuey ODH syusned pazijendsoH 9 65562000024LDUD
"2Jed pJepuels Jel 6l
«070T UBYl SWODINO JUSWIELY sAep-9 Joj Ajiep 8w 0o | Pa||0Ju0D) paziwopuey -dIAOD @1e49pow 01
‘le 32 ehiy | 491399 € 92npoud 30U pIp ODH uays ‘| Aep uo 3w g | ‘]2qe7-uadQ J23UdNINIY ODH | Plw yum swaneding €6¢ €50¥0€¥0LON
443usp] | °N
ERIIESETEMN] awodINQ urep] sasoq uissg Apmis SUOIJUSAJIIU| | 3Juswiead] jo adA] | juswijouuyzy el [eswd | /s

‘Ajuo esn jeuosiad 104
1L20Z-uer-/0 Uo 88°68°9°08 Aq /w02 ssaidanop mmmy/:SApy Woly papeojumop aouejsisay bnig pue uoijosjul

S[eld] [BDIUl|D WO} ‘dSIMIBYIQ 40 Adediyg s3nu(] Jo IOUSPIAT | dlqeL

4677

submit your manuscript

Infection and Drug Resistance 2020:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Abubakar et al

[eML 6l
21020 | 61-AIAOD 42495 yum sauaned skep-j| 4o} | pa||0LU0D) paZIWOpUERY -AIAOD 249A3S Ylm
‘e 39 0BD | U1 paAIDSqO BUam s3yduaq ON | Ajrep ad1m3 Bwi 00 | /Bw 00 ‘Pqe7-usdo N sjuaned pazijedsoH 661 80€£6C0000TYLOD
sAep-y |
4oy Ajrep 2313 W 0% € '61-QIAOD ®3esspow
NI uoljiw g Yum syuaped
Aes [endsoy jo uoneinp pue Jo sasop @auy] T [ell] J21uadnn|y uiIAeqry g pazifendsoH ‘7
021070T | Peo| [eaiA passaaddns Ajpandayo Ajrep pajjoau0) ‘pullg q|-g uodspmul g '61-AINOD Pl
‘e 39 Buny uopeuiquod 3d3 Sy | a21m1 3w 001 /3w 00F | -9|qnoQ ‘paziwopury AT yum suaneding | 98 8899.C¥01DN
[er]
skeq-¢ J33uad1N|y P3Jj0JIU0D) 6l
26020C AJ4aA023. 03 Bw 9dnpau Joy Ajiep asuo A] 3w Q| -ogade|d ‘pullg -AIAOD 249A3s Yam
‘e 32 Buepp | Apuedyiudis 10N PIp JIAISSpwRY uays ‘| Aep uo 3w 00T -9|qnoQ ‘paziwopury JIAISapUIRY 1uaned pazijendsoH LET 999.ST¥01DN
aJed 61-dINOD
£020T pJepuels 01 pasedwod auoje skep-4, a0y Aep/3wi Q| [el] |9qeT] JjeJ9pOW YuUM
‘le 39 Jauuidg SAIID9YJS JOU SBM JIAISSPLIDY uayy ‘| Aep uo 3w Q7 -uadQ ‘paziwopuey JIAISOpWIDY swuaped pazijendsoH ¥85 0££T6TF01DON
[er]
skep-¢ J93uadn|njy pajjo.nuc; 61-dINOD
16,0202 KJ49A023. 01 Joy Ajrep 8w Q| uay3 | -0qade|d ‘pullg 9jeIOpOW Yum
[e 10 [9819g | Swi aya pauslioys JIAIsSpway | Aep uo asop 9|8uls 3w QT -3|qno ‘paziwopuey JIAISOpWIDY syuaned pazieldsoH 7901 S0£08ZH0.LDON
sAep
aJed paepuess 03 pasedwod | -7 4o Ajiep Bw 00§ WZV'T [eLL [ed1ulD 61-dINOD
,6070T B39 | uswies.y 4a119q 3anpoud 10U skep -/ | Ppa3jjoJauo) paziwopuey WZV T | 93eispow 01 pjiw yum
hues[eAe) PIP WZV YaMm 10 duoje DDH | -0y 221m3 8w 00 ODH'| ‘PqeT-uado ODH I sjuaned pazijendsoH ¥0S €TITLEYOLON
skep-g
UONE|NUDA [edluBydaW | Joj Ajrep 3w 005 WZV T [el1] pajjoJauc) 6l
96070T ‘e 39 0o} paau Jo Ayjeliow 9dnpau skeq-g 4oy Airep | Jeauadninyy ‘2qe-usdo WZV T -AIAOD 249A3S YaIMm 66,6704 104
jousese}y 30U PP WZV YUAA ODH 221mM3 8w 00y ODH °| | ‘paziwopuey 2ARd3dso.g ODH I sjuaned pazijendsoH £08 PUV £T08T04310Y
"61-AIAOD d1eJ9pow skep [eL] p3jjosau0) ‘j2qeT 61-AIAOD 2J42A9s pue
01020C 01 p|iw Yam s323[gns ul -9 .oy 921m3 3w QT pue -uadQ ‘paziwopuey ‘91eJapou ‘pliwl Yam
‘le 139 uayD | Aoeoiys adnpoud jou pip DOH ‘| Aep uo s21m1 3w O0F BERTELT T TARY ODH syuaned pazijealdsoH €€ 08£+8€¥01LDON
4ynusp| | °N
ERIIEFETE] awod3nQ urepy sasoq uBisaqg Apms SUOnUIAJIJU] | Judwyead] jo adA] | juswijoiug el reswnd | /s

‘Ajuo esn jeuosiad 104
1L20Z-uer-/0 Uo 88°68°9°08 Aq /w02 ssaidanop mmmy/:SApy Woly papeojumop aouejsisay bnig pue uoijosjul

"(penunuod) | d1qeL

Infection and Drug Resistance 2020:13

submit your manuscript

4678

Dove


http://www.dovepress.com
http://www.dovepress.com

Abubakar et al

Dove

(panunuo))
691020C 3.Jed pJepuels [er) |
‘619 yum pasedwod uoissauSosd | Al Sw 0p8 Jo wnwixew e [ed1ulD paziwopuey -AIAOD 249A3S Ylm
1UBJRA[RS aseas|p aaoJdwi 30U pIp ZD 1 o1 dn 8y/8w g 7zO1 | ‘|PqeT-uadQ ‘aAndadsouy yio )l syuaned pazijesidsoy 9zl SSE9%EH01ON
6l [er 6l
161020 | -QIAOD 242A3s yum uaned e DS 3w e 2.3u9dn|N| Wuy/-9j3uls -AIAOD 249A3s YaIm
‘[e 19 eIdseIdG ul uoneuidsad aroadwi 7| Jo Al 88w g 7D ‘uadQ aAndadsoud v yio )l sjuaned pazieadsoH €9
skeys |eaidsoy jo uoneanp Apmg Ja3uad) 6l
0510207 | ‘UOIE|RUBA [ED]UBYIDW 4O} PIDU Al -3]8uIS ‘paziwopuey -AIAOD 249A3S YaIm
‘e 39 neluoy a3 pasnpa. Apuesyiudis 75| Ajrep 221ma 8y)/8wg ZD L -UON ‘[PQET-HO Zo1 sjuaned pazijesdsoH 001 08¥S1€¥0LON
sy1oddns
uonendeod Jo ‘oneday
‘leuad ‘oeIpJed Aioreidsad sAep -/ oy Aep & sawn [er] [eswun> 61-AINOD
261020C Joy soidesayy Joma4 4noy Jo 994y3 ogedeld Pa3jjoJ1u0?) J31udNN|Y S1BJOpPOW YIIM
‘e 39 NAA paJinbau dnou8 uiiiaezeld] | snsuaa 8w QG7 ULIABZELI| paziwopury 10|d YV ULIIABZEL | syuaned paziendsoH 7S | 10000£00007¥LDYD
sAep-/ Joj Ajiep sswn
9943 8w o Jmnopwn g
skep
Ausnodau sausned sya | -] Joj Ajrep 921m3 Sw 009 [eld] pajjo.Jauod 6l
21020C aroadwi Apuedyiudis 3ou pip uaya ‘| Aep uo Lo1M1 | J93ULdNINL ‘[PqET-USdQO JiAouRjwNg -AIAOD 249A3s YaIm
‘le 19 usyD Jinousyiwn 03 paJedwod YA 3w 09| Jiaeaidiaeq | | ‘paziwopury sAndadsouy JiAeaidineg *| sjuaned pazieadsoHq (/74 $ST0£000024 LD
0g1020T sAep g UM ddUEIED|D [BML [ed1U|D- Ja3uddnNny 61-AINOD
‘le 12 [BJIA 6]-QIAOD dA0adwi ¥ 1—T Aep 221m1 3wQ09 paziwopuey ‘|oqe] dleJopowW Yum
[ VEITRIIN-IN Apueoyiudis aiaeaidiaey | usy ‘| Aep 921m1 3wipQ9 | uadQ ‘eAndadsold v Jiaeaidiaeyg syuaned pazijeaidsoH 09 8P EYFOLON
sAep 9 ulyum dueIE3]D | SAep (] Jo} ad1m1 Sw 008 [eld] J93u2d13|NLy ‘l9qeT 61-AINOD
21020C [BJIA 6 ]-QIAOD dAoadwi uayl ‘| Aep 1uede y -uadQ ‘paziwopuey 9)eJOpOW YUM
‘le 39 10Q Apuedyiudis Jou pip JiAedidiaeq $ 921m1 Sw 08| ‘9Andadsouy v Jiaeaidineyg syuaned pazijeadsoH 69 ‘021061 1#0S1OY!
dnoug josauod sy ueyy ¥1-C Aep Joy 61-AINOD
¢2/020T | s:uaned ¢|-QIAOD ut 4940304 Arep @21m1 3w 009 usya [ell] a.3uD-3|3uIg 9J9A9S-91RI9POW YIM
‘e 19 18D 49158} paonpoud Jiaedidirey ‘Ajrep 221m1 8w 09| Ad4 | [04auo) |aqeT-uadp uy Jineaidineq syuaned pazijealdsoH 08 00967000024.LDUD
syudred 6| 61-AIAOD
,2,020T | -~QIAOD ur 3yduaq 3| SMOYs YoM~ [ell] pajjoJaucd JlAoudjiwN'T S1eJIopOW YaM
‘€39 17 3UO[e JIAoURJIWIN 4O J/A]T | 404 Ajrep 221m1 8w 00| /00p | PaZIwopuey Aiole.oldx] 4N sjuaned pazieadsoH 98 988TSTH0DLN

‘Ajuo esn jeuosiad 104
1L20Z-uer-/0 Uo 88°68°9°08 Aq /w02 ssaidanop mmmy/:SApy Woly papeojumop aouejsisay bnig pue uoijosjul

4679

submit your manuscript

Infection and Drug Resistance 2020:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Abubakar et al

s21020T [et] 61-AIANOD
‘le 19 ‘Aersow pue uoissauSoud | 1Jede sunoy g pasnjsuesy | pajjoJauod) pasiwopuey (dD) rwsey dleJopowW Yum S//¥70
[emaeSy | 9seasIp 8y 92npaJ 10U PIP 4D | dD W 00T JO S9SOp om| | 2.ausdnn}y [9qeT-usdo JUSIS3[BAUOD swuaned pazijendsoH ¥9¥ 170/0202/141D
61-AINOD
1£,0T0T | sawodIno [ed1uld ays daodwi dd [ell] paziwopuey (dD) ewsey 9jeJOpOW YUM
‘632 ueng | Ppue |-AIAOD P3ZI[eIN3uU D J0 W 00T Jo 350g-2uQ | ‘PQeT-uedQ Je3uLdnIniy JUSIS3[BAUCT sjuaned pazijeadsoH 0l 9¥00€0000TH LDYD
Ajl[e3iow ‘UONE|UIA 01-9 AeQ 4o} Ajrep sduo 61-AINOD
1020T [ed1UBYI3W JO UOHEINP Y3 8w | uay ‘G| Aep Joy [el] pajjosIu0d 9J9A9S-91J9POW YIM
‘& 39 Je||IA $92NpaJ uone.siulWpe Ajieg Ajrep 9ouo A 8w g | J93u9dn|Nn}y ‘pazIWIOpURY suoseyiswexaq swuaned pazijendsoH 11T S6/1€L101DN
[eLa] J23Ud1YNY
Aijeriow pue Aexs [endsoy pajjo.auod) ‘pullg 6l
460207 JO UONEINP 3yl pasea.tdap -3|qno ‘paziwopuey -AIAOD 249A3S Ylm
‘le 39 AquoH Ajpuediyudis suoseylawexaq skep-g| Joj Ajiep Swg ‘leqe7-uado auoseylawexaq syuaned pazijesidsoH STH9 9£618€¥01DON
61-AIAOD 349A9s yum skep-g o} Ajrep [eLL p3jjoauo) 6l
911020C juaned & ul uonewwepul 3un| | 921M1 3w Q7 UYL ‘skep-g | J21uddNINY ‘|2qeT-uadO -AIAOD 249A3S M 1€-%€6100-020T
‘le 19 [edd0D) pasnpaJ Aj9Adaye 3nup ay] Joy Ajrep ao1m1 3w oop ‘paziwopuey AjjenJed | auojosiupaudiAyaly syuaned pazijesidsoH 58 1DeJpng
4933usp] | °N
CRITEFEIEN] swodnQ urely sosoQ udisaq Apms SUOIUSAJS3U| | 3Juswjead) jo adAl | juswijoauzy ey e | /s

‘Ajuo esn jeuosiad 104
1L20Z-uer-/0 Uo 88°68°9°08 Aq /w02 ssaidanop mmmy/:SApy Woly papeojumop aouejsisay bnig pue uoijosjul

"(penunuo)) | sjqeL

Infection and Drug Resistance 2020:13

submit your manuscript

4680

Dove


http://www.dovepress.com
http://www.dovepress.com

Abubakar et al

Dove

(panunuod)
Aep ® Apnmig Jaaus) 6l
660207 Aerey sawn Jnoy Joy Ajrep Sw oot -3]3uIS [eUONEBAIBSGO -AIAOD 243A3s YIMm
‘le 39 sIIBPPD) | Jo uolEBgMIUI JO YSId dYI ddNpad 30U pIp DDH uayy ‘| Aeq uo ad1m1 3w 009 ‘aAndadsoansy ODH syuaned pazjeldsoH 9/€1
Apmg
J9u9) JsuLdn|N|y 61-AIAOD 23ed9pow
001020C 61-dIANOD Yim ske@-9 4oy 221m1 8w 00T [euoneAISsqO 01 pliw yum
‘le 39 y3uig s103lqns ul 3yauaq auedyiudis ou pPRIk ODOH pue ‘| Aeq uo 201m1 3w O0F 9Andadsoanay ODH sjuaned pazieadsoHq 0z8|
ske@-} 1o} Ajrep w 05T
uaip ‘| Aeq uo 3w 00§ WZV'T 61-AINOD
21,020C A4an0233. syusned skep Apmg [euoneAtssqQ WZV-T S)eJapow/pliw
‘le 39 uRN | paroaduw |7V pue ODH jo uoneuiquod ay) | -0|—/ 4o} Ajiep 8w 009 ODH'I aAndadsoaay ODH-I yum sauanedinQ 1S
Apmg
3ioyoy [euoneAlssqO 61-AINOD
£11020C "uonddjul 61-AIAOD JO Pea.ds a3 pasnpau skep-g 4oy Ajrep 3w 005 T ‘aAnesedwo) WZV-C SleJopow-pliut Yam
‘le 19 39.3nED) Apuedyiudis WZV Yyum pauiquod) DDH | sAep-§ Joj Ajiep ao1m1 8w 0oy °| -UoN| ‘p3||o43uodun ODH-1 sjuaned pazieydsoHq 08
sAep-§ Jo} A|iep
8w g uay ‘| Aeq 8w 005 T 61-QINOD
91,020T "61-AIAOD Pparediidwodun yum siusned ul skep -0| sisAleuy a.3us) 3j3uig WZV-T 91eJ9pOW YIIM
‘le 39 uol|jiy | Adjeriow padnpad ‘LWZV YuM pauiquod ‘DDOH Joj Ajrep sawn 924y Sw 07| | ‘MoyoD aAndadsonsy v ODH-I syuaned pazijealdsoH 1901
skep-} 1o} Ajrep Sw 05T
uayy ‘| Aep uo 3w oS T Apmg J21us) 6l
+11020C sauaned ]-QIAOD Ul 338 yredp skep-g .o} Ajrep 21m1 3w 00T -BIN|Y [eUOREAISSqO WZV- ~AIAQD 349435 yam
‘le 32 peysdy | By padnpau ‘LWZV YIM uopeuiquod ul ‘DOH | usys ¢| Aep uo so1m3 Sw oot | 440407 aAndadsoulny ODH-I sjusned pazijeidsoH 1$ST
skep-} 1o} Ajrep Sw 05T
uay ‘| Aep uo 3w 00g T 61-QINOD
£1,020T D] 40} pasu pue Aljeriow pases.dsp skep -0 Apmg [euoneAtssqQ WZV-T S1eI9pOW YIIM
‘le 32 4ai8e sAep ¢ 3ses| 3e Joj Jusweasd WZV-ODH | 04 Ajrep sswn sauyy Sw ooz’ | 140407 3AIddsoany ODH-1 syuaned pazijesidsoH /§1€
Apmg J21us)
111020¢ -BIN|Y [euoneAISsqO 61-AINOD
‘e 32 MaJpuy Aeys |eudsoy jo uoneanp ayy pasnpat OOHH Aep/Bw 009 440407 aAndadsoulny OOH | Pilw yum siuaneding /901
N
ERIIEFETE] awo33INQ urepy asoq uBisag Apmas SUONUIAJIU] | Judwjead] jo adA] | juswijouauy | /s

S3IPNIS [BUONBAISSGQ 9AI3D9ds0.IDY WOy 3SIMISYIQ 40 Aol s8na Jo 9oUSPIAT [edIul]D T d]qeL

‘Ajuo esn jeuosiad 104

1202-Uer-/0 U0 88°G8°9°08 Aq /w09’SS8.Idanop mmmy//:sAjy Woly pepeojumop aauejsisay Bniqg pue uonoaju|

4681

submit your manuscript

Infection and Drug Resistance 2020:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Abubakar et al

Apmsg J21us)

‘61-AINOD

72/020C Ajjeraow ou yum sAexs |eaidsoy sAep - | -9|3uIS |eUONEBAIDSqQO QleJopoW YIM
‘|e 19 ajemog | jo uoneanp aya pasnpad Apuedyiudis s3nup ay] | 4oy Ajrep a31m1 Sw 00| /8w 00 “4oyoD) aAndadsonay JIAT sjuaned pazieadsoHq 43
Aep ® sawn
61-AIAOD JO UOISI2AUOD dANESDU 99.y3 87°0 IV JiAousyiwn g 61-AINOD
52:020C pausisey Jou uonipuod aesy siusned STEEYIN Apmg 431U 9j3ulg JIAoupiwn'g S1eJI9pPOW YIIM
‘e 39 USAA paAoJdwi Jayaiau Jiaoujin pue J4/AdT | - 4o} Ajrep 221m1 8w 001/00F°| | oyoD LAndadsonsy v AT syuaned pazijeidsoH 8/1
Aep e sawn
2343 87°0 3V -laousgiun g 61-AIANOD
«2,020T JIAoujiWIN ESEEVY Apmg J431us)) 9j3ulg Jiaoupiwn’g S1eJIOpPOW YIIM
‘le 39 8usQg YIIM PauIqUIOD USUM DANDIYD SeM J/AdT | - 404 Ajiep 921m1 8w 00 [/00F° | | 3M0yoD aAndadsounsy v AT ] syuaned pazijealdsoH €€
61-AINOD
12,0202 9JBd pJBpUBIS YIIM PauIquiod SEEYY Apmg J31us)) 9j3ulg S1eIopOW YIIM
‘le 19 ap usym ¢ |-AIAOD IsuleSe 2ANIDYD SEM J/AdT -} 40} Ajrep @21m1 3w 00 1/00 | 3MoyoD aAndadsoursy v JIAdT sjuaned pazieydsoHq Iy
sAep Apmig Ja3uad-nnjy ‘61
96,020T sjusned -6 10} A|rep @duo Sw Q| uaya 410402 [BUOIIBAIDSGO -AIAOD 249A9s YaIm
‘e 39 UlRID | JO %89 Ul PIAISSGO AISAODS USISE) Sem aasy] | ‘| Aep uo asop Suipeo| Sw QT ‘aAnd3dsoud JIAISOpWRY syuaned pazijesldsoH 19
sAep-g Joj 8w 05T Apmg J21us) 6l
601020T Aianoe [eianue uays ‘| Aep 3w 00§ WZV -3[3ulS [eUONEAIDSGO WZV-T | -AIAOD 49435 im
‘e 39 BuUllOly ou pasnpoud |7V Yam pauiquod ODH | pue sAep-g| 4o} g/8w 009 ODH ‘aAnd3dsoud ODH-1 syusned paziendsoH 1
Byi/Bw g’
siuaped D) Suowe Ayjeiow skep-g .o} Ajrep Sw 00§ ‘T Apmag J4a1uddn|ny ZD1 ¢ 61-AINOD
11,0202 padnpas 7| YSASMOH ‘[BAIAINS SSBIIDUI ske-g Joy Ajrep 921m1 3w 00T ‘leuoneAISSqO WZV T | 949Ass-a1849pOW Yum
‘e 33 MaJpuy 10U PIp ‘WZV YIM uoneuiquod ul ‘OdH uayy asop uipeo| 3w ooy °| “4104oD) 9Andadso.ny ODH I swuaned pazijendsoH 21T
61-AIAOD ®3rlspow
8010C0C 61-AIAOD ®3elspow o3 pjiu skep-9 .10} a31M3 3w 00T Apmig [euoneAtasqO O3 pliw yam
‘e 39 UsyD | yum siuaned ui Adesyyd adnpoud ou pip ODH pue ‘| Aep uo 2d1m1 3w QOf aAndadsonnay ODH | swusned pazijeadsoH /€
Apnag Jsauddnn|y 6l
+60C0T 61-AIANOD [eUONEBAISSqO ~AIAQD 349435 Yam
‘|6 39 SBAQUELY | 949A9s yum sjuaned ul 9ANDRYS J0u SEM DDH Ae@/Bw 009 ‘aAndadsonnay ODH | swuaned pazijendsoH 181
N
CRUEYEIEN] swoxnQ ulely asoq udisaqg Apmis SUOI3USAJRIU] | 3uswiead) jo 2dA] | juswijosuz | /s

‘Ajuo esn jeuosiad 104

1202-Uer-/0 U0 88°G8°9°08 Aq /w09’SS8.Idanop mmmy//:sAjy Woly pepeojumop aauejsisay Bniqg pue uonoaju|

"(panunuo)) z 31qeL

Infection and Drug Resistance 2020:13

submit your manuscript

4682

Dove


http://www.dovepress.com
http://www.dovepress.com

Abubakar et al

Dove

(ponunuon)
461020C Apmig Ja3ua) 6l
‘e 39 Za43d 'SUONID?UI S49ASS JO Jsid Y3y e -9|3uIS [BUONEAISSGO -AIAOD 249A3s Yam
-0U3JOJy | INQ [BAIAINS PISEAJIDOUI YIIM PIIBIDOSSE SBM 7D | 3y/8w g+ “4oyoD) aAndadsonay 7Dl sjuaned pazieydsoHq i
851020C Apnig Je3us) 6l
‘le 39 zIny 61-AIAOD 2J9Ass sunoy g pue 7| Jaue Sw o) -9|3uIS [BUONBAJISSQO ~AIAOD 249435 Yam
-ZapueUIR Ul JoJR|NPOWOUNWIWI SARDSYS UB SEM 7D | ‘uoisnjui dnoy se Al Sw 0of 41040 aAndadsonsy ZD1 | siwusned pazijeadso 88
Apmg J2aus) 6l
15,020C sJadjJewolq AJorewwejjul paroidwi -3]3uIg ‘[euoneAtssqO -AIAOD 249A3s Yam
‘le 39 a1 PUE JOJE[1IUAA Joj Judwadinbal pasnpad 75| 3y/Bw g ‘aAndadso.y ZD1 syuaned pazijesldsoH $01
skeQ- 61-AIAOD
5,020C Joj sunoy g A9 8w oQg Apnig |euoneAsasqQ 9jeJ9pOW YUM
‘le 19 sJawog Ajjersow paseaudap Apuedyiudis D] | uayl ‘|-Aep Ajiep a31m1 8w 009 aAndadsonsy ZD1 | siwusned pazijeadsoy ¥S1
6l
<0202 sinoy 4 Jaye Apmg [euoneAtssqQ ~AIAOD 249A3S YIIMm
‘le 33 1ss0y 2Q uone|nuaA paroadwi 7] | Sw QQp usyd ‘@sop 1say Sw OOp | 34oyoD aAndadsonsy v 7Dl | swsned pazijendsoy 8S |
Apmg J21us) 6l
£61020T 9jed yiesp pinyy -RIN|Y [eUOREBAISSGO ~AIAQD 349435 m
‘le 39 Ip[eJenD) PUE UONE|IUIA [BDIUBYDSW JO dSII 33 9dNpay Al Ul Ajuo sawn-g Al 83w g “104o)) aAndadsonay ZD1 | siwusned pazieadsoH S
Apmig Jaauad-niny 6l
26,0202 NI 8uiinbaa syuaped 1J0yoD) [BUONEBAISSGQO -AIAOD 243A3s YIm
‘e 19 uedig 61-AIAOD Suowre Ajeriow pasnpad 7| Al 313w g aAndadsonsy v ZD1 | siwusned pazijendsoH 0£9
Apnmag J23ua)-nIN}y 6l
261020T ‘dnoug josauod 01 pasedwod uoissiwpe 140YoD) [BUONEBAISSGQO -AIAOD 2J9A3S 1M
‘le 30 madn | NDJ jo sAep g 3sJly 38 AJj[EIIOW pases.dsp 7D | Al /8w g— 2Andadso.iny v ZD1 | swusned pazijeidsoH yT6€
Apmag '61-AIAOD
££1020C peoj |edia Suissauddns ur dnoug Aep e 14040D) [BUOIIBAIRSqO Q1eI9pOW YIUM
‘le 39 uen |OJIUOD Y3 UBYY 191319Q JOU SEM JIACUJIWIN | sawil 9a4ya 87°( 2B JIAOUBJIWN aAndadsonsy v Jinoudgiwny | sauaned pazieldsoH 18
siuaned uaaas J/AJT Apnig [euoneasasqQ AT € 6l
72,0202 pue | JIAO]IDUES) ‘syudned ‘9Adadsoney JIAOPRUBD | -QIAOD 249A3S Yum
‘e 32 Sueyp sdnou3 |je u1 paonpoud Aoedlye oN 8| 03 USAIZ SEM JIAIWRIBSO ‘padua)-3(3ul§ v T UNAWRRSO’ | sjuaned pazieadsoH S

‘Ajuo esn jeuosiad 104

1202-Uer-/0 U0 88°G8°9°08 Aq /w09’SS8.Idanop mmmy//:sAjy Woly pepeojumop aauejsisay Bniqg pue uonoaju|

4683

submit your manuscript

Infection and Drug Resistance 2020:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Abubakar et al

Apmg JmausD

6l

9,020 61-AINOD juauneasy 1ounipe -9|3uIg [eUONBAISqO -AIAOD 2J2A3s Ylm
‘e 39 UBM3Y| | 249A3s yum sauaned ur Aoed1ys ou pamoys 7D | Aq pamoj|o} ‘By|/8w g— ZD1 “4104yoD) aAndadsonay ZD1 syusned paziendsoH 1S
asop 6l
16,020T uonIpuod Y3eay PUOD3S Y3 SE SUNoY 4,7 Jae Apnmig [euoneAIasqO -AIAOD 2J2A3s Yum
‘[e 19 BUAIO| sauaned ay3 ul Juswaroadwi Juedyiudis oN | Sw gop usaya ‘asop sl 3w g | dAnRdadsoud [pqet-uado ZDo1 syuaned pazijendsoH 1S
asop Apmg |euoneAlasqO 6l
99,020T ‘e 3@ PUOD3S Y3 SE SUNOY 4,7 Jae 140YyoD) aAndadsoanay -AIAOD 2J2A3s Yum
oJeiydodwer) Aaar0d34 Ul aseaudul Juedyiudis oN | Sw gop usys ‘esop 3sJy Sw Qo) a.ud) -3[3uIs v ZD1 syuaned pazijendsoH 59
Apmig Ja3ua>) 6l
4910C0C 61-dINOD skep-gg 4o} asop Jad -9[8uIS [eUORRAISSqO ~AIAQD 349A3s yim
‘le 39 Juouy 249A3s Yum sauaned uj Adedye ou sem auay] | 3w oog jo wnwixew ‘ByBw g “10yoD) aAndadsonay Zo1 juaned pazijendsoH 99
6l
51020T uolssiwpe Apmg |euoneAlasqO -AIAOD 2J9A3s YIIMm
‘le 33 IBUEj0D ND] 4o Ajjeriow adnpaJ 3ou pIp ZD1 3y/8w g “2104yoD) aAndadsonay ZD1 | siuened pazieadsoH 4l
61-AINOD 6l
2020 03 asuodsau sunwiwi ay3 jo 3dedwi aAnedsu skep-g Joj 3y/8w | T Apnag Ja1ua)-9|3ulg auojosiupaudiAyIs|‘T -AIAOD 949A9s Yum
‘le 33 ®IS|MjIl | PINpa.J pue uonde AIoIBWWEUI-IIUE PAdNPO. Al 88w g [euoneAIasqQ [2qeT-HO yiolN| syuaned pazijendsoH 961
Apnig JaausD) 61
091020 ‘& 39 -3]8uIS [eUONEBAJIBSQO -AIAOD 249A3S Yyum
luueloJIse|,| ‘uonsuny 3un| parocadwi 7| Ajsnoaueanagns 3w 79| 140yoD) dAndadsoaiey ZDo1 syuaned pazijeydsoH i
Apmg J23ua) 61-AINOD
661020T SW.I03s 9UPj0IAD JO disld B Yaim siusned -9|3uIS [RUONEAISSQO S1eJopPOW YUM
‘39 on7 | g]-PIAOD JO IUSWIIBDII B3 Ul DANIDYD SBM 7D | awn e 18 3dIM1 8w Q9 ‘aAndadsonay ZD1 | siuened pazieldsoH S|
Apnig a.3usdn|n|y 6l
2020 61-AIAOD 249435 yam sausned ur Ajeaiow [eUONBAISSGO -AIAOD 2J9A9Ss Yim
‘le19 NX | padnpaJ pue sawodno [eaiuld parosdwi 7| 38w g— 9Andadsonay ZDo1 syuaned pazijeydsoH 1T
61-dINOD 6l
19,020T ‘& 3® 249A3s YyuMm sjuaned ul 1.4 Yaesp pue N Apmg |oJ3uoD) -AIAOD 249A9s Yam
uRasuaydory| | Suinbau syusned jo usquinu ays pasnpad 7| 3y/8w g -9se7) 9ANndadso.ay ZDo1 sauaned pazijeadsoH (%
N
ERIIEFETEN] awod3nQ urepy asoq uBisag Apmis SuonuaAJaju] | juswgead] jo adL] | juswijouuy | /s

‘Ajuo esn jeuosiad 104

1202-Uer-/0 U0 88°G8°9°08 Aq /w09’SS8.Idanop mmmy//:sAjy Woly pepeojumop aauejsisay Bniqg pue uonoaju|

"(panunuo)) T 31qeL

Infection and Drug Resistance 2020:13

submit your manuscript

4684

Dove


http://www.dovepress.com
http://www.dovepress.com

Abubakar et al

Dove

61-dINOD
12,0202 61-AINOD 3surede Aoeoiys DS Aep & 201m1 Bw Q| 40 Al Apmg Ja1ua?) 9j3ulg 9J9A3s-31EI9pOW YIIM
‘e 33 IjjeAeD POMOYS PUE 9jes SeMm BJulyeuy 9sop-ydiH Aep & @21m3 3)/8w G eaUDjRUY | 2JOYOD) dARdRdsO.IDY Y eiupjeuy | siusned pazieadsoH 0S
Apnig Ja3us) 6l
££,020C uonipuod Yieay siusned ays aroadwi 9j3uIg [euonEAIRSQO (dD) | -AlAOD 249A9s yum
‘e 39 Jeze[es Apuedyludis pue ajes si 4D YIIM Juswneaan Jle 4oy 4D Jo W 00f aAndadsonsy BWISB|4 JU9dS3BAUOD) |  siuaned pazijendsoH (14
Al4ea pasn Apmg J21us) 6l
2£10C0T S3IPOGRUE TAOD-SYVS 4O [9A3] Y31y ay3 yam -BIN [eUOREBAISSGO (dD) | -QINOD 349A9s yam
‘[e 39 pasysey SJOUOp JI 6|-QIAOD Isurede 2AR9YD SeM ¢D dD Jo W Q0 jo asop-auQ ‘aAndadso.y BWISE|4 JU9dS3[BAUOD) | siuaned pazijendsoH 6b
auosiupad
sjuaned paie|nuDA A||EJIUBYISW-UOU Ul [BAIAINS susaned 3uisoq suoseylawexa 6l
910207 paAoJdw spl0.21S0d1210D JO UORE.ISIUIWPE JO sisA|euy 110yoD '€ UOSNUO0UPAHT |  -AIAOD 249A9s Yyum
‘e 39 uBWYRY Aleq [euoneAlasqO uy | auojosiupaJdiAypsly *| sauaned pazijendsoH 9¢1
61-dIANOD
1»,070T ‘[ 3 suopduny sAep 9AINJaSUOD -¢ Jo} A|iep Apnmig sAnesedwor 9jeIOpOW YaMm
BZJIOISBI|-ZINY 8un| paAoadwi pue uonewWelUl PaASIRY 8w g7 auojosiupaudiAyraly [BUONBAISSqQ Uy suojosiupaudjAysly | siusned pazijeidsoH wt

8910C0C
‘|e 32 puejwIry

61-AIAOD 349A3s Yaim syuaned
JO uonIpuod 3esy ay3 ul uswaAocidwi oN

skep -f
Joj sunoy g AJ4aas Sw Q7 usyr
‘| Aep uo Ajrep aa1m1 3w 009

Apmg ‘[euoneAtasqO
1404oD) 9Andadso.alny

Zo1

6l
-AIAOD 249A3S YUMm
syuaned pazijealdsoH

‘Ajuo esn jeuosiad 104

1202-Uer-/0 U0 88°G8°9°08 Aq /w09’SS8.Idanop mmmy//:sAjy Woly pepeojumop aauejsisay Bniqg pue uonoaju|

4685

submit your manuscript

Infection and Drug Resistance 2020:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Infection and Drug Resistance downloaded from https://www.dovepress.com/ by 80.6.85.88 on 07-Jan-2021
For personal use only.

Abubakar et al

Dove

did not appear to yield significant negative test results
among 150 patients with mild to moderate COVID-19
versus standard care.'”” Another study involving 33
patients in an RCT and 37 in a retrospective study also
failed to demonstrate that HCQ shortened viral
shedding.'®® Molina et al (2020), in their initial study in
France, also found no strong evidence of antiviral activity
by HCQ.'”

In contrast, an initial trial in China involving 48 patients
with moderate COVID-19 found that chloroquine (CQ) or
HCQ showed a trend towards a decrease in the duration of
hospital stay and lung computerized RCT."'® Andrew et al
(2020) also reported that HCQ significantly reduced the
duration of hospital stay in a retrospective observational
study.""! Guérin et al (2020), in their initial study in
France involving 88 patients, also found that AZM plus
HCQ favorably improved the patient’s health status.''”
Lagier et al (2020) found that HCQ combined with AZM
for at least 3 days decreased the need for Intensive Care
Unit (ICU) among 3737 COVID-19 patients in Marseille,
France.'"® Arshad et al (2020) also showed that among
2541 patients treated with HCQ alone, AZM alone, and
HCQ plus AZM, treatment with HCQ or HCQ plus AZM
was associated with lower mortality.''* Another study from
China indicated that treatment with HCQ alone reduced the
incidence of pneumonia among 62 patients with mild
COVID-19 in a randomized clinical trial.'"> Million et al
(2020) also found that the combination of HCQ with AZM
reduced mortality in patients with uncomplicated COVID-
19."'® Gautret et al (2020) also showed that AZM combined
with HCQ significantly reduced the multiplication of the
COVID-19 virus.""” The initial study by Gautret et al
(2020) demonstrated the potential benefits of HCQ; how-
ever, as mentioned, the study was severely criticized as no
control arm was involved.***

Overall, though, HCQ was found not to effectively
prevent or treat mild, moderate, or severe COVID-19
infections in prospective randomized clinical trials and
retrospective and observational studies. This, together
with safety concerns, prompted the WHO to drop HCQ
from the solidarity trial.** The National Institute of Health
in the USA also dropped HCQ from its studies because
HCQ could not slow disease progression, pneumonia,
acute respiratory distress, and death.''®

Lopinavir (LPV)/Ritonavir (r)
Lopinavir/ritonavir blocks an enzyme known as 3CLpro,

a major CoV protease enzyme that cleaves the

polyproteins during viral replication by arresting
COVID-19 multiplication and spread. Consequently, an
LPV/r combination may be useful in treating mild, mod-
erate, and severe COVID-19 infection.''” In a triple ther-
apy study, LPV/r was potentially promising by suppressing
the viral load, while methylprednisolone reduced the inci-
dence of pneumonia and the need for ICU admission.'?’
Ye et al (2020), in an early study in China involving 47
patients, revealed that lopinavir/ritonavir lowered body
temperature and restored normal physiological functions
more effectively than seen in a control group.'?!
A retrospective observational study was undertaken in
Nigeria by Bowale et al (2020), who reported the benefit
of LPV/r as

. 122 . .
duration.”* However, in an open-label, randomized con-

it significantly reduced hospital stay
trolled clinical trial, LPV/r produced no clinical evidence
of efficacy among 199 COVID-19 patients.'** Li et al
(2020), in their randomized controlled study in China
involving 86 patients, also found no clinical benefit from
LPV/r versus umifenovir among patients with mild to
moderate COVID-19.'** Also, the UK recovery study
randomizing 1596 patients to LPV/r versus 3376 patients
receiving usual care showed no benefit from LPV/r.”!
Interestingly, recent studies revealed that the addition of
another drug like methylprednisolone or umifenovir to
LPV/r improves the treatment outcomes.'?*'?> However,
another study, despite the addition of umifenovir, reported
otherwise.'?® Equally, lopinavir, in addition to oseltamivir
and ganciclovir, showed no efficacy in all groups of
COVID-19 patients enrolled.'?” Consequently, further stu-
dies are needed before any recommendation can be made
regarding LPV/r’s role in managing patients with COVID-
19. In the meantime, as mentioned, the WHO has sus-
pended LPV/r from the solidarity trial.**

Favipiravir (FPV)

The mechanism of action of favipiravir involves inhibition
of RNA-dependent RNA polymerase enzyme, thereby
inhibiting viral RNA synthesis.'”® Chen et al (2020)
undertook a recent clinical trial involving FPV combined
with umifenovir. The authors reported that umifenovir and
FPV were not effective in treating patients with COVID-
19 infection among 240 patients enrolled.'”® Similarly,
another study indicated that FPV was not effective in
reducing viral load.'*” However, two recent clinical trials
revealed that FPV administered to COVID-19 patients
showed a faster recovery than the control group.'*®!3!
Overall, there is currently insufficient evidence to suggest
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that the FPV has significant antiviral activity against
COVID-19 and could be recommended as a future
treatment.

Triazavirin

Triazavirin is a guanine nucleotide analog antiviral initi-
ally developed in Russia. Triazavirin acts via inhibition of
RNA-dependent RNA polymerase enzyme, thereby inhi-
biting viral RNA synthesis.'*? In their study, Wu et al
(2020) found that patients
required fewer respiratory, cardiac, hepatic, or renal sup-

administered triazavirin

port therapies than the control group.'**> However, despite
the possible benefit observed, a large randomized, con-
trolled clinical trial is needed before the place of triaza-
virin can be determined in COVID-19 patients.

Umefenovir

The mechanism of antiviral activity of umefenovir is via
blockade of viral entry into the host’s cell and therefore
protects it from viral infection.'*® Lian et al (2020), in
a retrospective observational study, reported that umifeno-
vir was no better than the control group in suppressing the
viral load when administered to 81 COVID-19 patients.'*
This implied that umifenovir monotherapy should not be
used in the management of COVID-19 patients.

Remdesivir

Remdesivir is a monophosphoramidate adenosine analo-
gue that targets and inhibits RNA-dependent RNA poly-
merase enzyme, thereby inhibiting viral RNA synthesis.
Remdesivir has both in-vitro and in-vivo antiviral activity
against several viruses, including SARS-CoV-2. As
a result, remdesivir may have a place in patient treatment
with mild to COVID-19  disease.'"™"**
Conversely, the initial studies with remdesivir failed to

moderate

demonstrate clinical benefit over placebo; however, there
were concerns that the investigations  were
underpowered.*>'*> Spinner et al (2020), in a study invol-
ving 596 COVID-19 patients, found those patients rando-
mized to a 10-day course of remdesivir did not show
a statistically significant improvement in their health status
versus standard care randomized. However, those receiv-
ing a 5-day course had improved outcomes versus standard
care, but the clinical impact was uncertain.*® On the other
hand, Grein et al (2020) among 61 patients with severe
COVID-19 who took remdesivir for compassionate use
showed significant improvement in the health status of
68% of those enrolled."*® More recently, a larger-scale

study conducted among 1062 COVID-19 patients by
NIH in the USA showed encouraging results, including
a reduction in recovery time and a trend towards lower
mortality.'*” This resulted in an emergency use and author-
ization by the US Food and Drug Administration and an
endorsement by the European Medicines Agency and the
National Health Services in the UK.**'**'#! Ppatient’s
liver and kidney function must be monitored during treat-
ment to help minimize any adverse drug reactions.'*?
However, more recent evidence has resulted in WHO
guidelines no longer recommending the use of remdesivir
in hospitalized patients with COVID-19. This is based on
the reports that remdesivir could not reduce mortality, the
need for mechanical ventilation, or the duration of hospital
stay.**'* Consequently, further large-scale RCTs are
needed to better understand the role of remdesivir in the
management of patients with COVID-19.7®

Dexamethasone and Other Steroids

The mechanism of action of corticosteroids in the treat-
ment of patients with COVID-19 involves inhibition of
inflammatory mediators and the inflammatory process. It
begins with pro-inflammatory genes that encode cytokines,
chemokines, cell adhesion molecules, inflammatory
enzymes, and receptors.'**!'** Recent WHO guidelines
give a strong recommendation on the use of systemic
corticosteroids in patients with severe COVID-19; how-
ever, it discourages the use of systemic corticosteroids in
patients with mild-moderate COVID-19 infection.'** This
is based on the findings of the UK recovery group lead by
Horby et al (2020), where dexamethasone appears to be
the most promising treatment to date as it significantly
reduced mortality and the duration of hospital stay
among 6425 patients with severe COVID-19.%° In another
study involving Intensive Care Unit (ICU) patients, early
administration of dexamethasone also reduced the duration

ventilation and 145

of  mechanical mortality.
Methylprednisolone has also been shown to significantly
inflammation among 85 COVID-19

patients.'*® Ruiz-Irastorza et al (2020) in their study invol-

decrease lung

ving 242 patients also showed that methylprednisolone
was effective in improving respiration among 242
COVID-19 patients.'*” Rahman et al (2020) in an observa-
tional study involving 136 COVID-19 patients admitted to
ICU also found that early administration of steroids
improved survival and decreased ICU stay.'*® In line
with this, a recent meta-analysis from the WHO rapid
appraisal team reported that critically ill COVID-19
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patients who received systemic corticosteroids were asso-
ciated with lower mortality than placebo or usual care.>
Mikluska et al (2020) also reported that methylpredniso-
lone on its own or combined with tocilizumab among 130
COVID-19 patients improve outcomes in non-intubated
patients with COVID-19 pneumonia.>’

Tocilizumab (TCZ)

Tocilizumab is a humanized monoclonal antibody that
inhibits the interleukin-6 (IL-6) receptor. It is employed
in the treatment of rheumatoid arthritis and other auto-
inflammatory processes. It is also useful in treating severe
cytokine release syndrome (CRS) induced by the chimeric
antigen receptor. Consequently, TCZ, an IL-6 receptor
blocker, may be suitable in treating patients with severe
pneumonia.'*’ Toniati et al (2020) found that TCZ signifi-
cantly reduced the need for mechanical ventilation and
100 COVID-19
patients.'*° Sciascia et al also found in an off-label, non-

improved lung function among

randomized, single-center study that tocilizumab relieved
bronchial inflammation among 63 COVID-19 patients.'”"
A recent retrospective, observational study by Biran et al
(2020) demonstrated that TCZ significantly reduced mor-
tality among 630 COVID-19 patients requiring ICU.'>*
Guaradi et al (2020) also showed that TCZ effectively
relieved inflammation among patients with severe
COVID-19.'3 Moreno et al (2020) also found that TCZ
decreased mortality and duration of hospital stay in criti-
cally ill patients but seemed to have a high risk of serious
infections.'>* Similar outcomes were reported in another
related study involving 158 COVID-19 patients.'>
Somers et al (2020) also found that tocilizumab signifi-
cantly decreased mortality among 154 patients with severe
COVID-19."°® Furthermore, in research carried out by
Yale University School of Medicine, tocilizumab reduced
the need for mechanical ventilation and improved inflam-
matory biomarkers.'>” Other studies also reported compar-
able outcomes.'>*'>° Xu et al (2020) from China revealed
that tocilizumab significantly improved clinical outcomes
and reduced mortality among patients with severe
COVID-19.%* It also reduced the risk of cytokine storms
among COVID-19 patients in another study.'®® Research
undertaken by Klopfenstein et al (2020) also indicated that
TCZ reduced the number of patients requiring ICU and
death in patients with severe COVID-19."®" Similar out-
comes were reported by Gupta et al 2020.'%% The abilities
of the TCZ to relive inflammation and cytokine storms

among COVID-19 patients were further justified in
a recent meta-analysis.'®*

In contrast, Colaneri et al (2020) reported that TCZ did
not reduce mortality or the number of ICU admission
among 112 patients with severe COVID-19."*" Knorr
et al (2020), in a study conducted in the US involving 66
patients, also found limited clinical improvement with
TCZ in patients with severe COVID-19 in a retrospective
observational study.'®* Kewan et al (2020) also reported
similar therapeutic failure in treating COVID-19 patients
with TCZ.'®>  Other reported
findings.'®'7° In addition to a lack of effectiveness with
TCZ, Moreno Perez et al (2020) also found that critically
ill patients taking TCZ appeared to have a high risk of

researchers similar

severe infections.'>* Consequently, despite the promise

shown by tocilizumab in relieving inflammation,
decreased mortality, and duration of hospital stay in
some studies, we believe more research is needed before
the place of TCZ in the treatment of patients with COVID-

19 can be fully elucidated.'®?

Other Treatments
Other investigational treatments for COVID-19 involve
convalescent plasma (CP) from previously infected and
recovered patients.'”’ Duan et al (2020), administering
CP from donors with a high level of SARS-CoV-2 anti-
bodies early in the disease, found this effective in boost-
ing immunity among ten COVID-19 patients enrolled in
the clinical trial.'”? In addition, CP produced faster recov-
ery among 49 COVID-19 patients in a retrospective
observational study.'’® Related findings were obtained
among twenty-five COVID-19 patients enrolled in
a similar investigation.'”* A recent meta-analysis revealed
that previous studies involving the transfusion of CP to
patients with deadly Ebola, SARS-CoV-1, and HINI
viruses improved patients’ immunity, suppressed the
viral load, and reduced the duration of hospital stay and
mortality with minimal side effects.'”> Nonetheless, the
Indian Council of Medical Research published an open-
label phase-2 multicenter randomized controlled trial
(placid trial). Their research findings revealed that CP
did not decrease COVID-19 severity and mortality
rate.'’® Consequently, further studies are needed before
the use of CP in patients with COVID-19 can be fully
elucidated.

Anakinra is a proinflammatory interleukin (IL)-1a and
IL-1p inhibitor which has been used with some success to
treat macrophage activation syndrome (MAS) and severe
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cytokine release syndrome (CRS) caused by various
inflammatory conditions.'”” Cavalli et al (2020) have
reported that high-dose anakinra was safe and associated
with clinical improvement in patients with moderate
COVID-19."7® However, further studies are imperative
before any comments can be made regarding the effective-
ness and safety of anakinra in patients with COVID-19.

Discussion

The studies reviewed indicate concerns with a number of
the proposed treatments. Principally, HCQ with or without
AZM appeared unable to effectively prevent or treat
COVID-19 alongside potential harm despite the initial
hype. The lack of efficacy of HCQ with or without AZM
implies they were not capable of blocking the COVID-19
virus from binding and invading the host’s cell. This
suggests the possible use of multiple mechanisms of
pathogenesis by the COVID-19 virus. Henceforth, an evi-
dence-based approach is critical when authorities and gov-
ernments recommend treatment modalities. This is
endorsed by the subsequent findings with lopinavir/ritona-
vir and the more recent studies with remdesivir. Lopinavir/
ritonavir and remdesivir were not effective in inhibiting
COVID-19 replication within the host’s cell. This signifies
that the COVID-19 virus may employ multiple replication
modes beyond inhibition of protease and RNA polymerase
enzymes. There is more robust clinical evidence for dex-
amethasone and methylprednisone in symptomatic treat-
ment. These steroids significantly reduced inflammation
due to viral pneumonia, thereby decreasing mortality, the
need for mechanical ventilation, and the duration of hos-
pital stay.

However, further studies are needed to define optimal
doses fully. Furthermore, promising results were obtained
with TCZ to improve lung function and reduce mortality
among patients with severe COVID-19. TCZ targets and
inhibits interleukin-6 leading to cytokine storm prevention
responsible for respiratory depression and deaths.
However, again more studies are needed to assess its role
and value given the contradictory findings to date.
Convalescent plasma may also have a place in the treat-
ment of mild COVID-19 when administered early. This is
because of the timely administration of CP to COVID-19
patients helps develop strong immunity and eliminates the
SARS-CoV-2 virus. However, further randomized clinical
trials are needed involving many patients before CP can be
fully integrated into conventional treatment.

Consequently, healthcare providers should observe
caution in any off-label prescription until confirmatory
studies are reported. Despite the earlier reviews under-
taken on various treatment options for COVID-19, we
further investigated the outcome of several randomized
controlled clinical trials and retrospective observational
studies. This objective was to build on existing knowledge
and to stimulate further debate that could lead to the
emergence of a more evidence-based therapeutic option.

Conclusions

COVID-19 Pandemic has affected almost every country in
the world. The disease currently has killed over one million
people globally and has significantly ravaged individuals,
communities, national and international economies. The
United Nations and countries have made several efforts to
reduce prevalence and mortality rates. Many medicines,
including repurposed medicines,'”*'®! have been the subject
of clinical trials given the urgent need to reduce current
morbidity and mortality rates. Pharmaceutical companies
and reputable health institutions have also been working to
produce an effective and safe vaccine. Whilst there was
initial hype surrounding medicines such as HCQ, dexa-
methasone has shown promise in the symptomatic treatment
of COVID-19 patients with severe pneumonia.

Nonetheless, to date, no single confirmed therapeutic
option for patients with COVID-19 has been fully eluci-
dated. This endorses the need for all key stakeholders to
instigate evidenced-based approaches and not rush to admin-
ister unproven treatments that may result in more harm than
good. We further await the reports of ongoing research,
including new vaccines, with the hope of providing clini-
cians with more information to enable evidence-based deci-
sion-making on the treatment options for COVID-19.

Limitations of the Study

1) Heterogeneous cohort studies were included.

2) Pre-print articles were also included because research in
COVID-19 infection is a novel and continuously evolving
study area.

3) The research has no supporting fund to enable the
purchase of articles that are not open access.
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