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Coronavirus Disease 2019(COVID-19)

2 0 1 9 1 2

(World Health 

Organization, WHO) 2020 1

COVID-19 Severe Acute 

Respiratory Syndrome coronavirus 2(SARS-

CoV-2)

2025

SARS-CoV-2

2023 3 20

SARS-CoV-2

SARS-CoV-2

14%

5% 1

(Centers for Disease Control and 

Prevention, CDC)
2

SARS-CoV-2
1

SARS-CoV-2

SARS-CoV-2

(Critical status)

SARS-CoV-2

2 COVID-19

65
3

(Viral load)

(Viral replication)
4

(Direct antiviral therapies)

N i r m a t r e l v i r / R i t o n a v i r ( P a x l o v i d )

Molnupiravir Remdesivir Ensitrelvir
4

(Anti-inflammatory therapies)

(Corticosteroids) IL-6 JAK
4

SARS-CoV-2
(Clinical Evaluation)

2025
(SA

R
S-C

oV
-2)

       

2025 (SARS-
CoV-2)
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2025
(SA

R
S-C

oV
-2)

(1) SARS-CoV-2

(2) (3)

(4)

(5)

(6) (7)
4

SARS-CoV-2

  

  SARS-CoV-2

1. 65
2. BMI 30 12–17 BMI

95
3. 
4. 

1. 
2. 
3. 
4. 
5. 

6. 

7. 
8. 

1. HIV
2. 
3. 
4. 

1. 
2. 

1. 
2. 
3. 
4. 
5. 

SARS-CoV-2 

 SARS-CoV-2 
SpO

SARS-CoV-2
SpO  < 94%

SARS-CoV-2
(NIV)

SARS-CoV-2
(ECMO)

*SpO Peripheral Capillary Oxygen Saturation
NIV Noninvas ive  Vent i la tor

ECMO Extracorporeal  Membrane 
Oxygenation
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SARS-CoV-2
(Antiviral therapies)

114 5 15 COVID-19

Nirmatre lv i r  + 

Ritonavir(Paxlovid) Molnupiravir(Lagevrio)

Ensitrelvir(Xocova) Paxlovid 112

5

Lagevrio Xocova COVID-19

48 2
5,6

(Remdesivir)

Veklury SARS-CoV-2

(SARS-CoV-2)
7

Nirmatrelvir + Ritonavir 

(Paxlovid) Remdesivir

Molnupiravir

Ensitrelvir

2025
(SA

R
S-C

oV
-2)

 SARS-CoV-2

SARS-CoV-2

1

Nirmatrelvir/Ritonavir(Paxlovid)
Remdesivir (Veklury)

3

Molnupiravir (Lagevrio)
Ensitrelvir (Xocova)

Remdesivir (Veklury)2

Dexamethasone

Baricitinib Tocilizumab

1.  Remdesivir 
2. Remdesivir
3.  Nirmatrelvir/ritonavir  Remdesivir Ensitrelvir Molnupiravir
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2025
(SA

R
S-C

oV
-2)

  2025 SARS-CoV-2

SA
R

S-C
oV

-2 

( )

Nirmatrelvir 
+Ritonavir
 (Paxlovid)

(1) 
5

2 N i r m a t r e l v i r + 1
Ritonavir 2

5

Remdesivir (1) 
7 1 200 mg

2 100 mg
3-40kg

1 5 mg/kg
2 2.5 mg/kg

3 

 Paxlovid Remdesivir
Molnupiravir
(Lagevrio)

18
5

800mg 4 200mg
2

5 

Ensitrelvir*

(Xocova)
12

3
1 375mg 3 125mg 

2 5 1
125mg

5 

*Ensitrelvir

( 1 )

(2)

(PCR) (3)

(4)

SARS-CoV-2

( ) Remdesivir, RDV, 

Veklury

 

RNA

(RNA polymerase inhibitor)8

RNA (RNA-dependent RNA 

polymerase, RdRP)

RDV 2016

(Gilead Sciences)

RNA (Ebola virus)

SARS-CoV-1

(MERS-CoV) 8

COVID-19 RDV

2020 10 RDV
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(U.S.  Food and 

Drug Administration, FDA)

COVID-19 12

7

COVID-19

87%9 2022 1 FDA

( Emergency Use Authorization, EUA)

2022 4 RDV

FDA
10 2024 2

18 1.5 1.5

40

28

3 10

Remdesivir 2020 10

FDA 12

COVID-19 2022 1

FDA

2022 4 FDA

12

40 10

  

(SARS-CoV-2)

RDV

RDV ALT

10 ALT

RDV

30-120 10

2025
(SA

R
S-C

oV
-2)

  Remdesivir

SpO 5 * 1. 40
1 200 2

100
2. 28 3

1 5
/ 2

 IV  2.5 /
3. 

5 

7 3 

 > 28 3 

* 5
5 10
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SARS-

CoV-2 RDV

RDV 10

15 15 29

RDV 6.7% 11.4%

11.9% 15.2%8

SARS-CoV-2

RDV 1 200 mg

2 3 100 mg

RDV

87% 10

( ) Nirmatrelvir + Ritonavir, 

Paxlovid

 

Paxlovid Nirmatrelvir Ritonavir

Nirmatrelvir SARS-

CoV-2 (Main protease, Mpro)

Ritonavir HIV-1

CYP3A 11

Nirmatrelvir

 

Paxlovid 300 mg Nirmatrelvir

100 mg Ritonavir 5

60mL/min Paxlovid

 

Paxlovid Ritonavir

HIV CYP3A

CYP3A (Inducer)

2025
(SA

R
S-C

oV
-2)

  Paxlovid  

Nirmatrelvir 1 150mg, Ritonavir 1 100 mg

 1–5 
Nirmatrelvir 2 (300mg) +Ritonavir 1 (100 mg) 

 
<60 mL/min)

 1–5 
Nirmatrelvir 1 (150 mg) +Ritonavir 1 (100 mg) 

 
(eGFR <30 mL/min) 

 1 
Nirmatrelvir 2 (300 mg) +Ritonavir 1 (100 mg) 

 2–5 
Nirmatrelvir 1 (150 mg) +Ritonavir 1 (100 mg) 
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Nirmatrelvir 12

Paxlovid

(Delayed offset)

CYP3A
12

Amiodarone Propafenone

(Colchicine) HMG-

CoA ; Statin

Cyclosporine Tacrolimus

Carbamazepine Phenobarbital

P h e n y t o i n ( W a r f a r i n

Apixaban Rivaroxaban Dabigatran)

Voriconazole, Isavuconazole

Paxlovid

Paxlovid

12

 

P a x l o v i d S A R S -

C o V- 2 1 3

2 0 0 0

Nirmatrelvir 5

0.77% 389 3

7.01% 385

27 7

Paxlovid 89%

SARS-CoV-2

14

( ) Molnupiravir,   

Lagevrio™

 

Molnupiravir

(Ribonucleoside prodrug)

N- (N-hydroxycytidine, NHC)

SARS-CoV-2 15 Molnupiravir

NHC

(NHC-TP) NHC-TP RNA

(RNA polymerase) RNA

(Vira l 

l e tha l  mutagenes i s ) 16

Molnupiravir 2021 12
17 SARS-

CoV-2

2022 1
18

Molnupiravir

(Genotoxic effects)5

 

12 Lagevrio 800 4

200mg 5

Lagevrio

2025
(SA

R
S-C

oV
-2)
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5

 

Molnupiravir
5

 

Molnupiravir

Molnupiravir COVID-19

30%16

(meta-analysis)

SARS-CoV-2 Molnupiravir

2.4 95% CI 1.1 3.7
19

( ) Ensitrelvir, Xocova

 

Ensitrelvir (Shionogi)

COVID-19

Ensitrelvir SARS-CoV-2 3CL
6

  

Xocova 152.3  mg Ensi t re lv i r 

fumaric acid 125mg Ensitrelvir

12 1 3

375 mg Ensitrelvir 2 5

1 SARS-CoV-2 72

Xocova6

 

Ensitrelvir CYP3A

CYP3A
6

 

12 70 SARS-CoV-2

III Ensitrelvir 1 375 mg

2 5 125 mg)

5

1 P = 0.04

72
20

2025

1. Zunyou W, Jennifer M: Characteristics of 

and important lessons from the coronavirus 

disease 2019 (COVID-19) outbreak in China: 

summary of a report of 72 314 cases from 

2025
(SA

R
S-C

oV
-2)
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(Nirmatrelvir Tablets; Ritonavir Tablets), 

Co-packaged for Oral Use,2024 https://www.

fda.gov/media/155049/download.

13. K a r a  W C ,  P r e e t i  N M ,  R a j e s h  T G

COVID-19 therapeutics for nonhospitalized 

patients updates and future directions. 

JAMA 2023; 330(16): 1519-20.

14. Hammond J,  Leister-Tebbe H, Gardner 

A, et al. Oral nirmatrelvir for high-risk, 

nonhospitalized adults with Covid-19. New 

England Journal of Medicine. 2022; 386(15): 

1397-1408.

15. Wahl A, Gralinski LE, Johnson CE, et al: 

SARS-CoV-2 infection is effectively treated 

and prevented by EIDD-2801. Nature 2021; 

591(7850): 451-7.

16. J ayk  Berna l  A ,  Gomes  da  S i lva  MM, 

Musungaie DB, et al: Molnupiravir for oral 

2025
(SA

R
S-C

oV
-2)

2026 70 6       22
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(viti l igo)

T

JAK-STAT

1 1–2%
2

JAK

(FDA) JAK

JAK-STAT

(poliosis)

Wood’s lamp)

(hypopigmented disorders)

KOH

(pityriasis alba) (idiopathic 

guttate hypomelanosis)

(systemic sclerosis)

(hypomelanotic mycosis fungoides)

(leprosy)

( n o n -

segmental vitiligo, NSV)

  

 
(poliosis)
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(segmental vitiligo, SV)

6 2

(Mixed Vitiligo)

(Unclassified Vitiligo)

(1)

Koebner

(2) (trichrome lesions)

(3)

(4) (confetti-like 

depigmentation) 1–5mm

3,4

5

6,7

8

9

9

(Topical corticosteroids, TCS)

calcineurin inhibitors(TCI)

TCI

TCI 1% 
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pimecrolimus 0.1% tacrolimus

0.03% tacrolimus

TCI

TCI

JAK (ruxolitinib cream)

JAK ruxolitinib 1.5%

FDA EMA

24

(Facial Vitiligo Area and Severity Index, 

F-VASI50) 50% 10   

JAK 12

(

5% 10

11

2–3

(1)

(Narrowband-UVB)

(2) (Excimer light)

 UVB 
12
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( m i n i - p u l s e ) 2

betamethasone dexamethasone

3 6

Methotrexate

Cyclosporine Azathioprine Minocycline

JAK 13

NSV

SV

NSV
9

2 TCI
12

punch

13 70-

90%9

3–6

JAK
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(fractional 

excretion of sodium, FENa)

(fractional excretion of urea nitrogen, FEUN)

(acute kidney injury, AKI)

FENa<1% FEUN<35%

>1%

(acute tubular necrosis, ATN)

AKI

FENa/FEUN

 

FENa/FEUN

(acute kidney injury)

(fractional excretion of sodium)  

(fractional excretion of urea 

nitrogen, FEUN) (urine microscopy)  

(differential diagnosis)

(serum creatinine, Cr)

(acute kidney injury, AKI)

(prerenal azotemia)

(Acute Tubular Necrosis, ATN)1

2

1976 Espinel
3 (fractional 

excretion of sodium, FENa)

F E N a < 1 % > 1 %

ATN

(fractional excretion of urea nitrogen, FEUN)
4

FENa FEUN

FENa FEUN

FENa FEUN

FENa FENa=

/ 100%
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4

- -

(Renin-Angiotensin-Aldosterone System, 

RAAS)

FENa 1% 5

ATN

RAAS

FENa

1% 2% 3 FEUN

FENa

3

FENa

FENa

AKI
6 CJASN 2022

19 1,287

FENa<1% 15

FENa AKI

90% 82% 6

 

A .  

8 264 CKD

AKI FENa

9 5 % 9 1 % 6

Positive likelihood ratio(PLR) 10.6 negative 

likelihood ratio(NLR) 0.05

FENa 1% ATN

1% ATN
6

B. 

FENa

5 238 FENa

54%(95% CI 31–75%)

80%6 AKI

FENa ATN =46%

CKD 6

511 FENa 66%

FENa

FENa 6

FENa

FENa

FENa

6 FENa

CKD
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FEUN

FEUN FENa

Carvounis 2002

FEUN<35% AKI

FENa<1%
7 AKI

48% FENa <1%

89% FEUN<35%

FEUN FENa
7  

2024

FEUN FENa AKI
8

FEUN<35% FENa<1%

77% vs 89% 80% vs 

79% P >0.4 8

FEUN

FEUN

FENa FEUN ATN

(52% vs 92% P<0.001)

(82% vs 44% P<0.001) 8

FEUN FENa

FENa

ATN

ATN FEUN

ATN

FEUN

FENa

FEUN FENa
8

FENa

FEUN AKI

  FENa >1% AKI 6 

(95% CI)
 

(95% CI)

CKD/ 95% (82–99%) 91% (83–95%)

80% (69–87%) 54% (31–75%)

CKD 83% (64–93%) 66% (51–78%)

90% (81–95%) 82% (70–90%)

Abdelhafez M, Nayfeh T, Atieh A, et al: Diagnostic performance of fractional excretion of 
sodium for the differential diagnosis of acute kidney injury: a systematic review and meta-analysis. Clin J 
Am Soc Nephrol 2022; 17(6): 785-97.6 
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FENa FEUN
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