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Figure S1. Dose-response profiles of the relationships between SARS-CoV-2 doses (PFU mL-1) and cycle threshold (Ct) values for (A) Alpha, (B) Beta, (C) Gamma, (D) Delta, and (E) Omicron variants.
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Figure S2. Threshold of infectivity estimations of five VOC based on cumulative distribution functions (CDFs) of 10% decremental proportion of cycle threshold (Ct) compared to 0.1 PFU/mL extracted from ED10 estimates for (A) Alpha, (B) Beta, (C) Gamma, (D) Delta, and (E) Omicron variants.
Table S1 Estimates of basic reproduction numbers (R0s) of SARS-CoV-2 in different countries 

	Country
	R0 estimate
	Reference

	Belgium
	3.6 (2.9−4.6) a
	Ke et al1

	France
	4.4 (3.6−5.4) a
	Ke et al1

	Germany
	4.7 (3.8−5.8) a
	Ke et al1

	Italy
	4.6 (3.7−5.8) a
	Ke et al1

	Netherlands
	3.5 (3.0−4.2) a
	Ke et al1

	Spain
	6.4 (5.2−8.0) a
	Ke et al1

	Switzerland
	3.5 (2.8−4.3) a
	Ke et al1

	United Kingdom
	3.9 (3.3−4.6) a
	Ke et al1

	United States
	5.9 (4.7−7.5) a
	Ke et al1

	Ghana 
	5.91 (5.22−6.81) b
	Iyaniwura et al2

	South Africa
	7.02 (6.43−7.76) b
	Iyaniwura et al2

	Madagascar
	4.97 (4.22−6.01) b
	Iyaniwura et al2

	Mauritius
	9.66 (8.15−11.75) b
	Iyaniwura et al2

	China
	3.68 (3.20−4.22) a 
	Yu et al3

	China (Wuhan)
	4.47 (3.10−6.44) a
	Yu et al3

	India
	1.64 (1.20−2.21) a
	Yu et al3

	Australia
	2.07 (1.79–2.37) a
	Spouge4

	Brazil
	4.34 (1.55−9.91) a
	Yue et al4

	Canada
	2.74 (2.51–2.98) a
	Spouge5

	Russia
	2.17 (1.32−3.41) a
	Yue et al4

	Taiwan
	1.88 (0.34–6.24) a
	Akhmetzhanov et al6, Chen et al7, Rahman et al8

	Peru
	4.12 (1.63−8.75) a
	Yue et al4

	Egypt
	2.64 (0.79–6.76) a
	Radwan9

	Colombia
	4.42 (1.67−9.68) a
	Yue et al4

	Turkey
	5.99 (1.72−15.34) a
	Yue et al4


a Median ± 95% confidence interval.
b Median ± 90% confidence interval.
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Table S2 Estimates of basic reproduction numbers (R0s) of the five variants of concern (VOC)

	
	Alpha
(B.1.1.7)b
	Beta
(B.1.351)c
	Gamma
(P.1)c
	Delta (B.1.617.2)b
	Omicron (B.1.1.529)d

	Basic reproduction number a
	4.56 (2.68−6.43)
	3.45 (2.51−4.65)
	4.8 (4.74−4.86)
	5.94 (5.19−6.68)
	9.5
 (5.5−24)


a Mean (95% confidence interval).
b Du et al10
c de Souza et al11
d Liu and Rocklöv12

































Table S3 Experimental data of relationships between cycle threshold Ct value (mean ± standard deviations (SD)) and plague-forming unit (PFU) 

	
	1×104
[PFU/mL]
	1×103
[PFU/mL]
	1×102
[PFU/mL]
	1×101
[PFU/mL]
	1×100
[PFU/mL]
	1×10-1
[PFU/mL]

	Alpha
	13.9 ± 1.3
	17.3 ± 1.4
	21.0 ± 1.6
	24.5 ± 1.7
	27.9 ± 1.6
	31.2 ± 1.8

	Beta
	13.4 ± 1.2
	17.2 ± 1.4
	20.4 ± 1.3
	23.9 ± 1.3
	27.3 ± 1.3
	30.7 ± 1.3

	Gamma
	13.2 ± 1.5
	17.0 ± 1.0
	20.5 ± 1.3
	24.0 ± 1.1
	27.7 ± 1.6
	31.5 ± 1.7

	Delta
	12.2 ± 0.9
	15.5 ± 1.1
	19.4 ± 1.3
	22.9 ± 1.4
	26.5 ± 1.4
	29.6 ± 1.5

	Omicron
	13.5 ± 1.4
	17.2 ± 1.7
	20.8 ± 1.7
	24.0 ± 1.5
	27.0 ± 1.8
	29.8 ± 1.7


1. Notes: Adapted from Kogoj R, Korva M, Knap N, et al. Comparative evaluation of six SARS-CoV-2 real-time RT-PCR diagnostic approaches shows substantial genomic variant-dependent intra- and inter-test variability, poor interchangeability of cycle threshold and complementary turn-around times. Pathogens. 2022;11(4):462.13 

































Table S4 Epidemiological parameter estimates of SARS-CoV-2 

	Location of respiratory tract
	Incubation period (days)
	Latent period (days)
	Mean duration of viral shedding (days)
	Asymptomatic infectious proportion (θ)

	Upper
	6.9a 
(95% CI: 6.3 – 7.5)
	5.5a 
(95% CI: 5.1 – 5.9)
	17.0 
(95% CI: 15.5 – 18.6)b
	LN(0.08, 1.31)c
(95% CI: 0.04 – 0.13)

	Lower
	
	
	14.6
(95% CI: 9.3 – 20.0)b
	LN(0.09, 1.41)c
(95% CI: 0.04 – 0.18)



a Adopted from Xin et al14 with mean (95% confidence interval (CI)).
b Adopted from Cevik et al15 with mean (95% CI).
c LN(gm, gsd) = Lognormal(geometric mean, geometric standard deviation).
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Table S5 Potential control measure combinations used in control measure model(C1: Social distancing, C2: Social distancing + masking, C3: Social distancing + masking + hand washing, C4: Vaccination + social distancing, C5: Vaccination + social distancing + masking, and C6: Vaccination + social distancing + masking + hand washing)

	Control measure combinations
	Coverage of intervention (%)

	
	Social distancing (ε2) c,d,e
	Masking
(ε3) f,g,h
	Hand washing
(ε4) i,j,k

	Without pandemic vaccination 
	C1
	72 (51−100) l
	–
	–

	
	C2
	72 (51−100)
	61 (50−67) 
	–

	
	C3
	72 (51−100)
	61 (50−67)
	40 (36−47) 

	With pandemic vaccination (ε1) a,b
83 (60−95) 
	C4
	72 (51−100)
	–
	–

	
	C5
	72 (51−100)
	61 (50−67)
	–

	
	C6
	72 (51−100)
	61 (50−67)
	40 (36−47)


a Polack et al16
b Kim et al17
c Bielecki et al18
d Glogowsky et al19
e Sun et al20
f Dato et al21
g Andrejko et al22
h Riley et al23
i Beale et al24
j Ran et al25
k Xie et al26
l Mean (min−max).















[bookmark: _Hlk150007841]Table S6 Fitted coefficients (mean ± SE) of three-parameter Hill model describing decremental proportion of Ct compared to 0.1 PFU mL-1 of SARS-CoV-2 variants

	Hill-based parameters
	Alpha (B.1.1.7)
	Beta
(B.1.351)
	Gamma
(P.1)
	Delta (B.1.617.2)
	Omicron (B.1.1.529)

	Emax
	0.60 ± 0.12
	0.60 ± 0.11
	0.61 ± 0.12
	0.60 ± 0.11
	0.55 ± 0.11

	ED50 
[bookmark: _Hlk150008485](PFU mL-1)
	274.90 ± 243.77
	189.00 ± 154.24
	193.90 ± 167.89
	183.20 ± 144.73
	272.65 ± 241.12

	ED10 
(PFU mL-1)
	0.017 ± 0.027
	0.011 ± 0.012
	0.019 ± 0.023
	0.007 ± 0.009
	0.007 ± 0.012

	n
	1.00 ± 0.64
	1.00 ± 0.65
	1.00 ± 0.69
	1.01 ± 0.65
	1.00 ± 0.63

	r2
	0.64
	0.68
	0.65
	0.73
	0.69

	p-value
	*
	**
	**
	**
	**


*p < 0.05, **p < 0.01.


[bookmark: _Hlk159409371]Table S7 Fitted coefficients (Mean ± SE) of the three-parameter Weibull threshold model to data points adopted from the cumulative distribution functions (CDFs) of 10% decremental proportion of Ct compared to 0.1 PFU mL-1 

	Fitted coefficient
	Variants of concern (VOC)

	
	Alpha (B.1.1.7)
	Beta
(B.1.351)
	Gamma
(P.1)
	Delta (B.1.617.2)
	Omicron (B.1.1.529)

	α
	0.013 ± 0.001***
	0.009 ± 0.0004**
	0.016 ± 0.0009**
	0.006 ± 0.0004**
	0.005 ± 0.0004**

	β
	0.780 ± 0.058**
	0.945 ± 0.056**
	0.898 ± 0.073**
	0.879 ± 0.074**
	0.754 ± 0.063**

	[bookmark: _Hlk159413188][bookmark: _Hlk150009277]γ (PFU mL-1)
	0.001 ± 9.534×10-5**
	0.001 ± 0.0001**
	0.002 ± 0.0002*
	0.001 ± 7.074×10-5**
	0.0003 ± 3.758×10-5**

	r2
	0.99
	0.99
	0.99
	0.99
	0.99

	p value
	***
	***
	***
	***
	***


*p < 0.05, ** p < 0.01, *** p < 0.001.
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工作表1

				PFU/mL		log(PFU/mL)		mean		sd		mean+sd		mean-sd

		Alpha		10000		4		13.9		1.3		15.2		12.6		0.5393939394		0.5714285714

				1000		3		17.3		1.4		18.7		15.9		0.4333333333		0.4591836735

				100		2		21		1.6		22.6		19.4		0.3151515152		0.3401360544

				10		1		24.5		1.7		26.2		22.8		0.2060606061		0.2244897959																1.7663793103		1.2440499524		2.3165909225

				1		0		27.9		1.6		29.5		26.3		0.1060606061		0.1054421769																0.01712461		0.0570098696		0.0048240198

				0.1		-1		31.2		1.8		33		29.4		0		0																0.0272809499

		Beta		10000		4		13.4		1.2		14.6		12.2		0.54375		0.5850340136

				1000		3		17.2		1.4		18.6		15.8		0.41875		0.462585034

				100		2		20.4		1.3		21.7		19.1		0.321875		0.3503401361

				10		1		23.9		1.3		25.2		22.6		0.2125		0.231292517

				1		0		27.3		1.3		28.6		26		0.10625		0.1156462585

				0.1		-1		30.7		1.3		32		29.4		0		0

		Gamma		10000		4		13.2		1.5		14.7		11.7		0.5572289157		0.6073825503

				1000		3		17		1		18		16		0.4578313253		0.4630872483

				100		2		20.5		1.3		21.8		19.2		0.343373494		0.355704698

				10		1		24		1.1		25.1		22.9		0.2439759036		0.2315436242

				1		0		27.7		1.6		29.3		26.1		0.1174698795		0.1241610738																1.9475720811		1.5643788667		2.3322841989

				0.1		-1		31.5		1.7		33.2		29.8		0		0																0.0112830865		0.0272659814		0.0046528152

		Delta		10000		4		12.2		0.9		13.1		11.3		0.578778135		0.5978647687																0.0116244621

				1000		3		15.5		1.1		16.6		14.4		0.4662379421		0.487544484

				100		2		19.4		1.3		20.7		18.1		0.3344051447		0.3558718861

				10		1		22.9		1.4		24.3		21.5		0.2186495177		0.2348754448

				1		0		26.5		1.4		27.9		25.1		0.1028938907		0.1067615658

				0.1		-1		29.6		1.5		31.1		28.1		0		0

		Omicron		10000		4		13.5		1.4		14.9		12.1		0.526984127		0.5693950178

				1000		3		17.2		1.7		18.9		15.5		0.4		0.4483985765

				100		2		20.8		1.7		22.5		19.1		0.2857142857		0.3202846975

				10		1		24		1.5		25.5		22.5		0.1904761905		0.1992882562

				1		0		27		1.8		28.8		25.2		0.0857142857		0.103202847

				0.1		-1		29.8		1.7		31.5		28.1		0		0

						1.7172440381		1.2839679413		2.1686205055						2.1793345803		1.7162151034		2.6737545031								2.1656441718		1.6208367365		2.7259434403

						0.0191759091		0.0520034383		0.006782339						0.0066170653		0.0192213947		0.0021195589								0.0068289798		0.0239421564		0.0018795616

						0.0233673386										0.0088653771												0.0115766694
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工作表1

				PFU/mL		log(PFU/mL)		mean		sd		mean+sd		mean-sd

		Alpha		10000		4		13.9		1.3		15.2		12.6		0.5393939394		0.5714285714

				1000		3		17.3		1.4		18.7		15.9		0.4333333333		0.4591836735

				100		2		21		1.6		22.6		19.4		0.3151515152		0.3401360544

				10		1		24.5		1.7		26.2		22.8		0.2060606061		0.2244897959																1.7663793103		1.2440499524		2.3165909225

				1		0		27.9		1.6		29.5		26.3		0.1060606061		0.1054421769																0.01712461		0.0570098696		0.0048240198

				0.1		-1		31.2		1.8		33		29.4		0		0																0.0272809499

		Beta		10000		4		13.4		1.2		14.6		12.2		0.54375		0.5850340136

				1000		3		17.2		1.4		18.6		15.8		0.41875		0.462585034

				100		2		20.4		1.3		21.7		19.1		0.321875		0.3503401361

				10		1		23.9		1.3		25.2		22.6		0.2125		0.231292517

				1		0		27.3		1.3		28.6		26		0.10625		0.1156462585

				0.1		-1		30.7		1.3		32		29.4		0		0

		Gamma		10000		4		13.2		1.5		14.7		11.7		0.5572289157		0.6073825503

				1000		3		17		1		18		16		0.4578313253		0.4630872483

				100		2		20.5		1.3		21.8		19.2		0.343373494		0.355704698

				10		1		24		1.1		25.1		22.9		0.2439759036		0.2315436242

				1		0		27.7		1.6		29.3		26.1		0.1174698795		0.1241610738																1.9475720811		1.5643788667		2.3322841989

				0.1		-1		31.5		1.7		33.2		29.8		0		0																0.0112830865		0.0272659814		0.0046528152

		Delta		10000		4		12.2		0.9		13.1		11.3		0.578778135		0.5978647687																0.0116244621

				1000		3		15.5		1.1		16.6		14.4		0.4662379421		0.487544484

				100		2		19.4		1.3		20.7		18.1		0.3344051447		0.3558718861

				10		1		22.9		1.4		24.3		21.5		0.2186495177		0.2348754448

				1		0		26.5		1.4		27.9		25.1		0.1028938907		0.1067615658

				0.1		-1		29.6		1.5		31.1		28.1		0		0

		Omicron		10000		4		13.5		1.4		14.9		12.1		0.526984127		0.5693950178

				1000		3		17.2		1.7		18.9		15.5		0.4		0.4483985765

				100		2		20.8		1.7		22.5		19.1		0.2857142857		0.3202846975

				10		1		24		1.5		25.5		22.5		0.1904761905		0.1992882562

				1		0		27		1.8		28.8		25.2		0.0857142857		0.103202847

				0.1		-1		29.8		1.7		31.5		28.1		0		0

						1.7172440381		1.2839679413		2.1686205055						2.1793345803		1.7162151034		2.6737545031								2.1656441718		1.6208367365		2.7259434403

						0.0191759091		0.0520034383		0.006782339						0.0066170653		0.0192213947		0.0021195589								0.0068289798		0.0239421564		0.0018795616

						0.0233673386										0.0088653771												0.0115766694
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工作表1

				PFU/mL		log(PFU/mL)		mean		sd		mean+sd		mean-sd

		Alpha		10000		4		13.9		1.3		15.2		12.6		0.5393939394		0.5714285714

				1000		3		17.3		1.4		18.7		15.9		0.4333333333		0.4591836735

				100		2		21		1.6		22.6		19.4		0.3151515152		0.3401360544

				10		1		24.5		1.7		26.2		22.8		0.2060606061		0.2244897959																1.7663793103		1.2440499524		2.3165909225

				1		0		27.9		1.6		29.5		26.3		0.1060606061		0.1054421769																0.01712461		0.0570098696		0.0048240198

				0.1		-1		31.2		1.8		33		29.4		0		0																0.0272809499

		Beta		10000		4		13.4		1.2		14.6		12.2		0.54375		0.5850340136

				1000		3		17.2		1.4		18.6		15.8		0.41875		0.462585034

				100		2		20.4		1.3		21.7		19.1		0.321875		0.3503401361

				10		1		23.9		1.3		25.2		22.6		0.2125		0.231292517

				1		0		27.3		1.3		28.6		26		0.10625		0.1156462585

				0.1		-1		30.7		1.3		32		29.4		0		0

		Gamma		10000		4		13.2		1.5		14.7		11.7		0.5572289157		0.6073825503

				1000		3		17		1		18		16		0.4578313253		0.4630872483

				100		2		20.5		1.3		21.8		19.2		0.343373494		0.355704698

				10		1		24		1.1		25.1		22.9		0.2439759036		0.2315436242

				1		0		27.7		1.6		29.3		26.1		0.1174698795		0.1241610738																1.9475720811		1.5643788667		2.3322841989

				0.1		-1		31.5		1.7		33.2		29.8		0		0																0.0112830865		0.0272659814		0.0046528152

		Delta		10000		4		12.2		0.9		13.1		11.3		0.578778135		0.5978647687																0.0116244621

				1000		3		15.5		1.1		16.6		14.4		0.4662379421		0.487544484

				100		2		19.4		1.3		20.7		18.1		0.3344051447		0.3558718861

				10		1		22.9		1.4		24.3		21.5		0.2186495177		0.2348754448

				1		0		26.5		1.4		27.9		25.1		0.1028938907		0.1067615658

				0.1		-1		29.6		1.5		31.1		28.1		0		0

		Omicron		10000		4		13.5		1.4		14.9		12.1		0.526984127		0.5693950178

				1000		3		17.2		1.7		18.9		15.5		0.4		0.4483985765

				100		2		20.8		1.7		22.5		19.1		0.2857142857		0.3202846975

				10		1		24		1.5		25.5		22.5		0.1904761905		0.1992882562

				1		0		27		1.8		28.8		25.2		0.0857142857		0.103202847

				0.1		-1		29.8		1.7		31.5		28.1		0		0

						1.7172440381		1.2839679413		2.1686205055						2.1793345803		1.7162151034		2.6737545031								2.1656441718		1.6208367365		2.7259434403

						0.0191759091		0.0520034383		0.006782339						0.0066170653		0.0192213947		0.0021195589								0.0068289798		0.0239421564		0.0018795616

						0.0233673386										0.0088653771												0.0115766694
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