European Review for Medical and Pharmacological Sciences 2020; 24: 8219-8225

Morning vs. evening administration of antiviral
therapy in COVID-19 patients. A preliminary
retrospective study in Ferrara, Italy

A. DE GIORGI', F. FABBIAN"?, E. DI SIMONE', S. GRECO'"?, R. DE GIORGIO',
G. ZULIANI™3, A. PASSARO'3, E. CASELLI*, R. MANFREDINI"?,
THE OUTCOME-INTMED-COV19 STUDY COLLABORATORS?

'COVID-19 Internal Medicine Units (Clinica Medica, Medicina Interna Universitaria, Medicina
Ospedaliera 2), Azienda Ospedaliero-Universitaria “S. Anna”, Ferrara, Italy

’Department of Medical Sciences, University of Ferrara, Italy

3Department of Morphology, Surgery and Experimental Medicine, University of Ferrara, Italy
*Clinical Microbiology, Department of Chemical and Pharmaceutical Sciences, University of

Ferrara, Italy

>OUTcome and COMorbidity Evaluation of INTernal MEDicine COVID19 (OUTCOME-INTMED-COV19)

Study Collaborators (see appendix)

Abstract. — OBJECTIVE: At the end of 2019,
the Novel Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2), spread rapid-
ly from China to the whole world. Circadian
rhythms can play crucial role in the complex in-
terplay between viruses and organisms, and
temporized schedules (chronotherapy) have
been positively tested in several medical dis-
eases. We aimed to compare the possible ef-
fects of a morning vs. evening antiviral adminis-
tration in COVID patients.

PATIENTS AND METHODS: We retrospec-
tively evaluated all patients admitted to COVID
internal medicine units with confirmed SARS-
CoV-2 infection, and treated with darunavir-ri-
tonavir (single daily dose, for seven days).
Age, sex, length of stay (LOS), pharmacologi-
cal treatment, and timing of antiviral administra-
tion (morning or evening), were recorded. Out-
come indicators were death or LOS, and labo-
ratory parameters, e.g., variations in C-reactive
protein (CRP) levels, ratio of arterial oxygen par-
tial pressure (PaO,, mmHg) to fractional inspired
oxygen (FiO2) (PaO,/FiO,), and leucocyte count.

RESULTS: The total sample consisted of 151
patients, 33 (21.8%) of whom were selected for
antiviral treatment. The mean age was 61.8+18.3
years, 17 (51.5%) were male, and the mean
LOS was 13.4+8.6 days. Nine patients (27.3%)
had their antiviral administration in the morn-
ing, and 24 (72.7%) had antiviral administra-
tion in the evening. No fatalities occurred. De-
spite the extremely limited sample size, morning
group subjects showed a significant difference
in CRP variation, compared to that in evening

group subjects (-65.82+33.26 vs. 83.32+304.89,
respectively, p<0.032). No significant differenc-
es were found for other parameters.

CONCLUSIONS: This report is the first study
evaluating temporized morning vs. evening an-
tiviral administration in SARS-CoV-2 patients.
The morning regimen was associated with a sig-
nificant reduction in CRP values. Further confir-
mations with larger and multicenter samples of
patients could reveal novel potentially useful in-
sights.
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Introduction

At the end of 2019, another Novel Coronavirus,
designated Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), was first reported
in Wuhan, a city in the center of China, and then,
rapidly spread to the whole world, since more
than 800 thousand people in over 200 countries
have become involved in the global pandemic'. A
wide range of clinical pictures has been observed
in affected patients, including from fatal, severe,
mild, scarcely manifest, and even asymptomatic
forms, and diverse immune responses may play
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a role. Our body defense is governed by the im-
mune system, but a complex interplay between
the host and infectious agent may depend on
circadian rhythmicity of cellular processes and
immune functions, thus affecting the patterns of
host-virus interaction®.

Biological rhythms exist at any level of living
organisms and, according to their cycle length,
may be divided into three main types: a) circa-
dian rhythms (from the Latin circa-diem, period
of approximately 24 hours, deriving from the
duration of a cycle of earth rotation), b) ultradian
rhythms (period <24 hours, e.g., hours, minutes
or even seconds), and c) infradian rhythms (pe-
riod > 24 hours, e.g., days, weeks, or months)?.
Circadian clocks are autonomous cells, tran-
scriptionally based, molecular mechanisms that
confer the selective advantage of anticipation,
enabling organisms to prepare for changes in
their physical environments and respond to en-
vironmental factors in a temporally appropriate
manner®. The anatomical center of the mamma-
lian circadian clock lies within approximately
15,000 neurons of the suprachiasmatic nucleus, a
region of the anterior hypothalamus, that directs
the oscillatory nature of multiple physiological
and metabolic functions, since the transcription
of at least 10% of all cellular genes oscillates in
a circadian manner’.

Circadian rhythms can play a crucial role and
determine the outcome of the interplay between
hosts and microorganisms, including viruses.
When a viral agent infects a cell, it immediately
works to change the biological processes aimed
at creating a more favorable environment for
self-replication and spread. A recent review ana-
lyzed three different aspects of the interplay: (1)
the circadian regulation of innate and adaptive
immune systems, (2) the impact of the biological
clock on viral infection, and (3) the clock de-
regulation operated by the viral perturbations®.
Previous observations revealed that a circadian
variation in the efficacy of vaccination exists. On
the one hand, mice vaccinated at the time of high
Toll-like receptor (TLR9) expression had an en-
hanced immune response’. On the other hand, in
humans, a higher antibody response after morn-
ing vaccination than that after evening vaccina-
tion has been reported for both hepatitis A and in-
fluenza®®. A growing body of evidence'®!> shows
that time-of-day-related treatment schedules and
chronomodulated drug delivery may positively
affect both the effectiveness and side effects
of pharmacological therapy for several medical
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diseases, such as cardiovascular, rheumatologic,
and oncologic diseases. Based on these premises,
we aimed to evaluate the existence of a possible
advantage of chronomodulated antiviral thera-
peutic strategies, comparing morning vs. evening
administration.

Patients and Methods

Ferrara is a province located in the eastern
part of the Emilia-Romagna region of Italy, with
a total population of approximately 350,000
inhabitants. The General and University Hospi-
tal (Azienda Ospedaliero-Universitaria “S. An-
na”) has 626 beds and represents the hub and
teaching hospital of the entire province. The
“S. Anna” Hospital approached the Corona-
virus outbreak with a series of organizational
measures. A specific COVID-dedicated path-
way was adopted, including an emergency de-
partment triage area, an infectious disease and
a ‘suspect’ observational unit, three internal
medicine units, one pulmonology unit, and one
intensive care unit. We retrospectively evaluated
all patients admitted to the internal medicine
COVID units who had SARS-CoV-2 infection
confirmed with polymerase chain reaction test-
ed by nasopharyngeal swab. The internal medi-
cine COVID units, accounting for 88 total beds,
were opened on March 17, 2020 and received
patients 24/24 hours and 7/7 days from the emer-
gency department. On admission, each patient
received a team evaluation by two specialists
(internal medicine and infectious disease), who
evaluated the time of infection, clinical signs
and symptoms, and imaging and laboratory ex-
aminations, and prescribed the most appropriate
therapeutic regimen, including or not antiviral
drugs, that was immediately initiated. In our
hospital, the association darunavir/ritonavir was
the allowed available antiviral regimen, with a
single daily dosage of 800 mg of darunavir-100
mg of ritonavir, for seven days. Thus, patients
hospitalized in the morning received their first
dose in the morning, while those hospitalized in
the afternoon-evening hours received the drugs
in the evening.

For the present study, we decided to stop
enrolment on May 4, 2020, and we selected
all patients treated with antiviral drugs. The
study was conducted in agreement with the
declaration of Helsinki of 1975, revised in 2013.
Subject identifiers were deleted before data anal-
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Table I. Characteristics of the investigated patients.

Total patients n =33
Age (years) 61.8 +18.3
Male [n (%)] 17 (51.5%)
Female [n (%)] 16 (48.5%)
Antiviral drugs evening administration [n (%)] 24 (72.7%)
Length of stay (days) 13.4+8.6
Treatment other than antiviral drugs
Hydroxychloroquine [n (%)] 29 (87.9%)
Steroids [n (%)] 3 (9.1%)
Azithromycin [n (%)] 20 (60.6%)
Antimicrobial therapy [n (%)] 22 (66.7%)
Low molecular weight heparin — prophylaxis dose [n (%)] 21 (63.6%)
Low molecular weight heparin — therapeutical dose [n (%)] 3 (9.1%)
Clinical data
CRP variation (%) 42.64 +267.65
PaO,/FiO, variation (%) -0.374 £ 0.618
Lymphocytes count variation (%) 22.71 +49.65
ysis aimed to maintain data anonymity and Results

confidentiality: therefore none of the patients
could be identified, either in this paper or in
the database. We recorded demographic data,
such as age, sex, length of stay (LOS), general
pharmacological treatment, and timing of anti-
viral administration (morning or evening). Our
outcome indicators were: (1) death (or LOS), and
(2) laboratory parameters, including variations
of C-reactive protein (CRP) levels, ratio of arte-
rial oxygen partial pressure (PaO,, in mmHg) to
fractional inspired oxygen (FiO,) (PaO,/FiO,),
and leucocyte count, from the first to the last day
of the antiviral regimen. Descriptive analysis
and comparison between subjects with morn-
ing vs. evening antiviral therapy administration
was performed. Data are expressed as absolute
numbers, percentages and means + standard de-
viation. The chi-square test, Student’s ¢-test, and
Mann-Whitney-U test were used as appropriate.
SPSS 13.0 for Windows (SPSS Inc., Chicago, IL,
2004) was used for statistical analyses.

Overall, 151 patients were hospitalized in the
internal medicine COVID units during the study
period, and antiviral treatment was prescribed in
33 (21.8%). The mean age was 61.8+18.3 years,
17 (51.5%) were male, and the mean LOS was
13.4+8.6 days. Table I shows the main character-
istics of these 33 patients. Morning and evening
antiviral administration was recorded in 9 (27.3%)
and 24 (72.7%) patients, respectively. No fatalities
occurred. No differences by sex were found. The
results of the univariate analysis are reported in Ta-
ble II. The only parameter with significant differ-
ence between the two groups was the CRP varia-
tion (-65.82+33.26% vs. 83.32+304.89%, p<0.032).
Figure 1 graphically shows the CRP variation.
A separate analysis (data not included) did not
show significant differences for the subgroups of
patients receiving or not receiving antimicrobial
therapy, including azithromycin, likely due to the
extremely limited number of cases.

Table Il. Comparison between morning vs. evening administration of antiviral drugs.

Morning administration Evening administration

(n=29) (n = 24) P
Male [n (%)] 4 (44.4%) 13 (54.2%) NS
Female [n (%)] 5 (55.6%) 11 (45.8%)
Age (years) 56.44 + 12.37 63.79 + 19.94 NS
Length of stay (days) 12.67 + 8.63 13.65 + 8.74 NS
CRP variation (%) -65.82 +33.26 83.32 £304.89 0.032
PaO,/FiO, variation (%) -0.372 £ 0.615 -0.375 £ 0.657 NS
Lymphocyte count variation (%) 39.97 +£43 17.35 +51.73 NS

8221



A. De Giorgi, F. Fabbian, E. Di Simone, S. Greco, R. De Giorgio, et al.

p=0.032 A
350
300
- 250
s
g 200
k-
1w
K
50
o
) é
~100
Morning Evening

x CRP admission B
O CRP end of therapy

-
o
z o—x
= o—x
A~ 0
& o
o——x
o—x
o0—x
D )
[<] X
(<] X
Cx
C-x
C %
Oa %
(<3 X
[-3 x

1000 1500 3000
CRP value (mg/dl)

o
@
2
=)

Figure 1. CRP variations after morning vs. evening antiviral
therapy.

Discussion

This report is the first study evaluating the
results of a temporized approach in patients hos-
pitalized for SARS-CoV-2 infection. Morning vs.
evening antiviral drug administration, evaluated
at initiation and at the end of a 7-day regimen,
was associated with a significant reduction in
CRP values, with no differences for the other
considered parameters.

The circadian regulation of the immune sys-
tem response works to achieve time-dependent
success against different pathogens in a rhyth-
mic fashion™'®". In fact, immune cells of both
the innate and adaptive components of the im-
mune system possess molecular clock to man-
age their circadian rhythmic processes', such
as lymphocyte migration through lymph nodes
and lymph in mice”. For example, BMALI the
heterodimeric transcription factor has been
shown? to be a regulator of innate immunity,
since BMALI-deficient cells had increased sus-
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ceptibility to infection by RNA viruses, e.g., re-
spiratory syncytial virus and parainfluenza virus
type 3. On the other hand, a circadian clock effect
also exists for viral infection. Wild-type mice,
kept in a controlled temperature and lighting
environment (12/12-hour light/dark), and infected
with murine herpesvirus at different times of
the day, were evaluated for levels and spread of
infection?'. Interestingly, viral replication was in-
creased tenfold in mice infected at the beginning
of their resting phase (morning), compared to
that found in mice infected during their activity
phase (night). Again, the importance of BMALI
was crucial, since BMALI-deficient mice showed
levels of virus replication independent of the time
of day of viral infection?. This to confirm other
studies?? with BMALI knockout mice, showing
that correct integrity of the molecular clockwork
is important for the immune response towards
viral infections. SARS-CoV-2, a single-strand-
ed RNA-enveloped virus, targets cells through
the viral structural spike (S) protein that binds
to the angiotensin-converting enzyme 2 (ACE2)
receptor. Following receptor binding, virus entry
into the cell depends on subsequent S protein
priming by a host type 2 transmembrane ser-
ine protease (TMPRSS2), favors internalization
by the endocytic pathway®*?*. Once inside the
cell, viral polyproteins are translated and encode
for the replicase-transcriptase complex, which is
cleaved into the final products by viral proteases.
The virus, then, synthesizes mRNA and genomic
RNA via its RNA-dependent RNA polymerase,
and structural proteins are synthesized leading to
completion of assembly and release of viral par-
ticles?2¢. The COVID-19 pandemic represents a
novel task for scientists, and China has provided
the largest amount of research data dealing with
COVID-19 infection?’, but it has to be stressed
that there is no evidence from randomized clin-
ical trials (RCTs) that any potential therapy im-
proves outcomes in patients with either suspected
or confirmed COVID-19 thus far*.

For the available antiviral drugs, lopinavir/
ritonavir, a US Food and Drug Administration
(FDA) approved oral combination agent for treat-
ing HIV, demonstrated in vitro activity against
other novel coronaviruses via inhibition of 3-chy-
motrypsin-like protease”®. An open-label ran-
domized controlled trial, comparing the efficacy
of lopinavir/ritonavir vs. standard care in patients
hospitalized with severe COVID-19, did not find
significant differences in either time to clinical
improvement or 28-day mortality rates®. An-
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other Chinese study’ evaluated 47 patients with
COVID-19 infection, in two subgroups according
to whether they had been treated with adjuvant
therapy plus lopinavir/ritonavir or not, during
hospitalization. The changes in body tempera-
ture, routine blood tests and blood biochemistry
between the two groups were observed and com-
pared. Both groups achieved good therapeutic
effects with body temperature, but the treated
group showed reduced routine blood indexes,
including abnormal proportions of white blood
cells, lymphocytes and C-reactive protein, com-
pared with those of the control group®. Darunavir
has no human clinical data available, but in vitro
cell models demonstrated activity against SARS-
CoV-2, and a randomized controlled trial in asso-
ciation with of cobicistat is underway in China,
Oseltamivir, a neuraminidase inhibitor approved
for the treatment of influenza, has no documented
in vitro activity against SARS-CoV-2, and has no
role in the management of COVID-19 once influ-
enza has been excluded”®. Umifenovir is a more
promising antiviral agent with a unique mech-
anism of action targeting the S protein/ACE2
interaction and inhibiting membrane fusion of the
viral envelope®, it is currently approved in Rus-
sia and China for the treatment and prophylaxis
of influenza, and limited clinical experience for
COVID-19 has been described in China®.

Limitations

We are aware of several limitations to this
study. First, this was a retrospective study, based
on nonrandomized consecutive patients. On the
other hand, with the lack of any previous studies
testing the hypothesis of a morning vs. evening
administration of antiviral drugs, the time of ther-
apy initiation depended on the time of admission.
Second, there was a limited number of patients.
However, other recent researches to evaluate the
therapeutic effects and the possible advantages of
the treatment with antiviral combinations were
also conducted on limited samples. Third, under
a strict chronobiologic point of view, hospitaliza-
tion is per se a potential desynchronizing factor
for circadian rhythms, secondary to forced time
of light and meals. However, this limitation is
common to investigation hospitalized patients.

Conclusions

A growing body of evidence®-® is accumulat-
ing on the potential advantages of a temporized

approach to different diseases, so-called chro-
notherapy, aimed at obtaining better results or at
least reduced side effects. Based on the theoretical
premises of a circadian variation in either the im-
mune response or viral activity, this retrospective
study first provided the observation of a possible
different morning vs. evening response to antiviral
therapy in COVID-19 patients, at least regarding
the inflammatory marker CRP. Interestingly, the
finding of a statistically significant reduction in
CRP values in the morning treatment group is
even stronger, considering that this group ac-
counted for only less than one-third of the total
sample. Although, while no definite conclusions
can be drawn from this small-sized study, in our
opinion these preliminary findings could reveal
the possibility of testing the hypothesis on larger
and multicenter samples of patients, and obtaining
potentially useful insights for the future.
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Appendix

List of Collaborators

OUTcome and COMorbidity Evaluation of INTernal MEDi-
cine COVIDI19 (OUTCOME-INTMED-COV19) Study Col-
laborators. Team Clinica Medica (Head: Roberto Manfred-
ini) & Medicina Interna Universitaria (Head: Giovanni Zu-
liani): Benedetta Boari, Gloria Brombo, Eleonora Capatti,
Andrea Cutini, Edoardo Dalla Nora, Andrea D’Amuri, Glo-
ria Ferrocci, Francesca Di Vece, Laura Fornasari, Chris-
tian Molino, Elisa Misurati, Michele Polastri, Tommaso Ro-
magnoli, Giovanni Battista Vigna, Alessandro Bella, Stefa-
nia Bonazzi, Beatrice Bonsi, Paola Chessa, Angela Colan-
giulo, Daniele Deplano, Valeria Fortunato, Enrico Giorgi-
ni, Patrizia Guasti, Gaetano Lo Coco, Mariarosaria Lo-
preiato, Francesco Luciani, Chiara Mancino, Lisa Marabi-
ni, Sara Morrone, Chiara Pazzaglini, Dario Pedrini, Chi-
ara Pistolesi, Ugo Politti, Federica Riste, Rossella Roversi,
Alessandro Scopa, Chiara Marina Semprini, Daniela Tor-
tola, Grazia Vestita, Alessandra Violi. Team Medicina In-
terna Ospedaliera 2 (Head: Roberto De Giorgio): Tomma-
so Bachechi, Paolo Baldin, Antonella Cianci, Rossella Col-
onna, Roberto De Fazio, Lorenzo Di Candio, Ilaria Fiorica,
Pierluigi Gaudenzi, Caterina Ghirardi, Lisa Giusto, Pierlui-
gi Morandi, Claudia Parisi, Franco Ricci, Elena Satta, Fran-
cesco Strocchi, Federica Tordo Caprioli.

References

1) ZHao N, Znou ZL, Wu L, Zran XD, Han SB, HAan
SB, Bao HJ, SHu Y, SHu XG. An update on the sta-
tus of COVID-19: a comprehensive review. Eur
Rev Med Pharmacol Sci 2020; 24: 4597-4606.

2) ZHuaNG X, RAmBHATLA SB, LAl AG, McKeaTing JA. In-
terplay between circadian clock and viral infec-
tion. J Mol Med (Berl) 2017; 95: 1283-1289.

3) MANFREDINI R, BoARI B, SALmI R, MALAGONI AM, MANFRED-
ini F. Circadian rhythm effects on cardiovascular and
other stress-related events. In: George Fink, (Ed-
itor-in-Chief) Encyclopedia of Stress, 2nd Edition,
vol. 1, pp. 500-505, Oxford: Academic Press, 2007.

4) Duntap JC. Molecular bases for circadian clocks.
Cell 1999; 96: 271-290.

5) GrimaLDl B, Sassone-Corsi P. Circadian rhythms:
metabolic clockwork. Nature 2007; 447: 386-387.

6) Mazzoccoul G, VINCIGUERRA M, CARBONE A, RELOGIO A.
The circadian clock, the immune system, and vi-
ral infections: the intricate relationship between
biological time and host-virus interaction. Patho-
gens 2020 ;9: E83.

7) Swver AC, ArRioNA A, WaLKErR WE, Fikric E. The cir-
cadian clock controls toll-like receptor 9-mediat-
ed innate and adaptive immunity. Immunity 2012;
36: 251-261.

8) Long JE, DravsoN MT, Tavior AE, ToELLNER KM, Lorp
JM, PHiuies AC. Morning vaccination enhances anti-
body response over afternoon vaccination: a clus-
ter-randomised trial. Vaccine 2016; 34: 2679-2685.

9) Kirey T. Influenza vaccination in the morning im-
proves response. Lancet Respir Med 2016; 4:
435.

8224

10) De Gioral A, MaLLozzI MENEGATTI A, FABBIAN F, PORTA-
Luppl F, Manrrepint R. Circadian rhythms and med-
ical diseases: does it matter when drugs are tak-
en? Eur J Intern Med 2013; 24: 698-706.

11) ManrrepiNi R, Fasaian F. A pill at bedtime, and your
heart is fine? Bedtime hypertension chronothera-
py: an opportune and advantageous inexpensive
treatment strategy. Sleep Med Rev 2017; 33: 1-3.

12) ButtGererm N, SmoLen SS, Coogan AN, CajocHEn C.
Clocking in: chronobiology in rheumatoid arthritis.
Nat Rev Rheumatol 2015; 11: 349-356.

13) Levi F, ScHiBLer U. Circadian rhythms: mechanisms
and therapeutic implications. Annu Rev Pharma-
col Toxicol 2007; 47: 593-628.

14) Grimabi B. Lysosomotropic REV-ERB antago-
nism: a metabolic connection between circadian
rhythm and autophagy may tell cancer cells “it’s
time to die”. Mol Cell Oncol 2015; 2: €965626.

15) Kaur G, PHiuirs CL, WonG K, McLacHLAN AJ, SAINI
B. Timing of administration: for commonly-pre-
scribed medicine in Australia. Pharmaceutics
2016; 8: pii E13.

16) ScHeiervaNN C, Kunisaki Y, FReneTte PS. Circadian
control of the immune system. Nat Rev Immunol
2013; 13: 190-198.

17) Ncuven KD, Fentress KD, Qu Y, Yun K, Cox JS,
CHawLa A. Circadian gene bmall regulates diurnal
oscillations of ly6c¢c(hi) inflammatory monocytes.
Science 2013; 341: 1483-1488.

18) Pick R, HE W, CHeN CS, ScHeiermAanN C. Time-of-day-
dependent trafficking and function of leukocyte
subsets. Trends Immunol 2019; 40: 524-537.

19) Druzp D, Marveeva O, INce L, Harrison U, He W,
ScHmAL C, Herzer H, Tsang AH, Kawakami N, LELIAvs-
kI A, UHL O, Yao L, SANDER LE, CHEN CS, Kraus K, DE
JuaN A, HERGENHAN SM, EHLERS M, KoLeTzko B, Haas
R, SotBacH W, Oster H, ScHeiermanN C. Lymphocyte
circadian clocks control lymph node trafficking
and adaptive immune responses. Immunity 2017;
46: 120-132.

20) Masunpar T, DHAR J, PaTeL S, KonDraTOV R, BARIK S.
Circadian transcription factor bmal1 regulates in-
nate immunity against select RNA viruses. Innate
Immun 2017; 23: 147-154.

21) Ebpaar RS, StANGHERLIN A, Nagy AD, Nicot MP, Er-
statHiou S, O’NEeiL JS, Reppby AB. Cell autonomous
regulation of herpes and influenza virus infection
by the circadian clock. Proc Natl Acad Sci USA
2016; 113: 10085-10090.

22) SunpAr IK, Aumap T, Yao H, Hwang JW, GErLOFF J,
LAwReNCE BP, Setuix MT, Ranman I. Influenza A vi-
rus-dependent remodeling of pulmonary clock
function in a mouse model of COPD. Sci Rep
2015; 4: 9927.

23) HorrmaNN M, KLEINE-WEBER H, ScHROEDER S, KRru-
GER N, HERRIER T, ERICHSEN S, ScHIERGENS TS, HERRI-
ER G, Wu NH, NitscHE A, MULLER MA, DRrosTteN C,
PoHLmaNN S. SARS-CoV-2 cell entry depends on
ACE2 and TMPRSS2 and is blocked by a clin-
ically proven protease inhibitor. Cell 2020; 181:
271-280.



Chronotherapy and SARS-CoV-2

24)

25)

26)

27)

28)

29)

30)

YanGg N, SHEN HM. Targeting the endocytic path-
way and autophagy process as a novel therapeu-
tic strategy in COVID-19. Int J Biol Sci 2020; 16:
1724-1731.

CHEN Y, Liu Q, Guo D. Emerging coronaviruses:
genome structure, replication, and pathogenesis.
J Med Virol 2020; 92: 418-423.

SHEREEN MA, KHAN S, Kazmi A, BAsHIR N, SipbioUE
R. COVID-19 infection: origin, transmission, and
characteristics of human coronaviruses. J Adv
Res 2020; 24: 91-98.

Lou J, Tian SJ, Niv SM, Kang XQ, LiaN HX, ZHANG
LX, ZnAanG JJ. Coronavirus disease 2019: a biblio-
metric analysis and review. Eur Rev Med Phar-
macol Sci 2020; 24: 3411-3421.

SANDERS JM, MoNoGuE ML, JobLowskl TZ, CuTreLL JB.
Pharmacologic treatments for Coronavirus dis-
ease 2019 (COVID-19): a review. JAMA 2020. doi:
10.1001/jama.2020.6019.

CHu CM, CHenGg VCC, Hung IFN, Wong MML, CHAN
KH, CHaNn KS, Kao RYT, Poon LLM, Wonc CLP,
GuaN Y, Peris JSM, Yuen KY; HKU/UCH SARS Stupy
Grour. Role of lopinavir/ritonavir in the treatment
of SARS: initial virological and clinical findings.
Thorax 2004; 59: 252-256.

Cao B, WANG Y, WEN D, Liu W, WANG J, FAN G, RuAN
L, Song B, CalY, Wer M, Li X, XA J, CHEN N, XIANG
J, YuT, Bar T, XiE X, ZHANG L, Li C, YUAN Y, CHEN H,
LiH, Huang H, Tu S, Gong F, Liu Y, Wer Y, Dona C,
ZHou F, Gu X, Xu J, Liu Z, ZHANG Y, LI H, SHANG L,
WanaG K, Li K, Znou X, Dong X, Qu Z, Lu S, Hu X,
RuaN S, Luo S, Wu J, Pencg L, CHENG F, Pan L, Zou
J, Ja C, WaNG J, Liu X, WaNG S, Wu X, GE Q, HEe
J, ZuaN H, Quu F, Guo L, Huanag C, Jaki T, HAYDEN
FG, Horsy PW, ZrnanG D, WanaG C. A trial of lopina-

31)

32)

33)

34)

35)

36)

37)

38)

vir-ritonavir in adults hospitalized with severe
COVID-19. N Engl J Med 2020; 382: 1787-1799.

Ye XT, Luo YL, Xia SC, Sun QF, DinG JG, ZHou J,
CHEN W, WaNG XF, ZHANG WW, Du WJ, Ruan ZW,
Hong L. Clinical efficacy of lopinavir/ritonavir in
the treatment of Coronavirus disease 2019. Eur
Rev Med Pharmacol Sci 2020; 24: 3390-3396.

Kabam RU, WiLson IA. Structural basis of influenza
virus fusion inhibition by the antiviral drug Arbidol.
Proc Natl Acad Sci U S A. 2017; 114: 206-214.

Soares AC, Fonseca DA. Cardiovascular diseases:
a therapeutic perspective around the clock. Drug
Discov Today 2020; S1359-6446(20)30155-0.

HiLe RJW, INNominaTO PF, Levi F, Battesta A. Opti-
mizing circadian drug infusion schedules towards
personalized cancer chronotherapy. PLoS Com-
put Biol 2020; 16: e1007218.

RuBeN MD, SmitH DF, FitzcgerALD GA, HOGENESH J.
Dosing time matters. Science 2019; 365: 547-
549.

CeperroTH  CR, ALBRecHT U, Bass J, BrowN SA,
DyHRFJELD-JOHNSEN J, GAcHON F, GrReeN CB, HASTINGS
MH, HeLrricH-FosTer C, HoGENESH JB, Levi F, LoubonN
A, LunpkvisT GB, MEeEr JH, RosHBAsH M, TAKAHASHI
JS, Young M, Canton B. Medicine in the fourth di-
mension. Cell Metab 2019; 30: 238-250.

CHowpHurY D, WaNG C, Lu AP, ZHu HL. Under-
standing quantitative circadian regulations are
crucial towards advancing chronotherapy. Cells
2019; 8: pii: E883.

SuLly G, ManooaiaN ENC, Taus PR, Panpa S. Train-
ing the circadian clock, clocking the drugs, and
drugging the clock to prevent, manage, and treat
chronic diseases. Trends Pharmacol Sci 2018;
39: 812-827.

8225



