SUPPLEMENTARY MATERIAL
Appendix 1: Bias of VE estimates
Using the basic rules of probability it is easy to show 
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where, for an event F, we define [image: image6.png]


 .
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 and equation (2) can be written as
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We now express ORA and ORB in terms of the model’s parameters. For ORA, we first write for v = 0, 1:
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Because of assumption (b) of the model (in the ‘Methods’ Section) , the variables T and M are independent given E and V, therefore:
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which implies 
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Similarly, it can be shown that
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Substituting the values of [image: image20.png]RR,(C4 = 1),RRy(C4 = 0)



 into (1), one can obtain an expression for ORA in terms of the parameters. The bias of [image: image22.png]
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, where 
[image: image25.wmf]0

1

/

g

g

=

T

RR

.

A similar approach can be used to derive expressions for the bias of [image: image27.png]


 from equation (2’). The numerator of ORB is the same as that for ORA. For the denominator: 
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Appendix 2: Results from comparisons of influenza vaccinated and unvaccinated participants in randomized clinical trials
We identified 14 comparisons from randomized clinical trials, where each comparison involves a group of vaccinated individuals and a group of unvaccinated individuals (controls who received a placebo) in a single influenza season. Results and estimates of the probabilities of influenza and non-influenza ARI by vaccination status are presented in Table A.1.

Table A.1. Comparisons of recipients of an influenza vaccine and a placebo in five randomized clinical trials for estimating influenza VE

	Compa-
rison
	Reference
	Population
	Season
	Vaccine
	N
	# ARI
	#Cases^
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	1
	Edwards et al [1]
	  Nashville 

1-65 yrs old
	1986/87
	cold-adapted
	872
	89
	6
	0.095
	0.007

	
	
	
	
	placebo
	878
	92
	28
	0.073
	0.032

	2
	as above
	as above
	as above
	inactivated
	878
	75
	6
	0.079
	0.007

	
	
	
	
	placebo
	878
	92
	28
	0.073
	0.032

	3
	as above
	as above
	1987/88
	cold-adapted
	1029
	103
	12
	0.088
	0.012

	
	
	
	
	placebo
	1064
	125
	29
	0.090
	0.027

	4
	as above
	as above
	as above
	inactivated
	1060
	122
	9
	0.107
	0.008

	
	
	
	
	placebo
	1064
	125
	29
	0.090
	0.027

	5
	as above
	as above
	1988/89
	cold-adapted
	1114
	95
	3
	0.083
	0.003

	
	
	
	
	placebo
	1125
	119
	32
	0.077
	0.028

	6
	as above
	as above
	as above
	inactivated
	1126
	89
	8
	0.072
	0.007

	
	
	
	
	placebo
	1125
	119
	32
	0.077
	0.028

	7
	as above
	as above
	1989/90
	cold-adapted
	999
	78
	8
	0.070
	0.008

	
	
	
	
	placebo
	1016
	93
	18
	0.074
	0.018

	8
	as above
	as above
	as above
	inactivated
	1016
	75
	4
	0.070
	0.004

	
	
	
	
	placebo
	1016
	93
	18
	0.074
	0.018

	9
	Beran et al. [2]
	Czech Rep.
	2005/06
	TIV
	4011
	254
	28
	0.056
	0.007

	
	
	18-64 yrs old
	
	Placebo
	2003
	120
	18
	0.051
	0.009

	10
	Frey et al. [3]
	U.S, Finland, Poland
	2007/08
	CCIV
	3776
	189
	42
	0.039
	0.011

	
	
	18-49 yrs old
	
	Placebo
	3843
	353
	140
	0.055
	0.036

	11
	as above
	as above
	as above
	TIV
	3638
	243
	49
	0.053
	0.013

	
	
	
	
	Placebo
	3843
	353
	140
	0.055
	0.036

	12
	Jackson et al [4] 
	U.S.

18-49 yrs old
	2005/06
	TIV
	1703
	181
	19
	0.095
	0.011

	
	
	
	
	Placebo
	1725
	233
	38
	0.113
	0.022

	13
	as above
	as above
	2006/07
	TIV
	2011
	181
	11
	0.085
	0.005

	
	
	
	
	Placebo
	2043
	194
	22
	0.084
	0.011

	14
	Madhi et al [5]
	Johannesbrg

HIV infected

18-55 yrs old
	2008
	TIV
	255
	51
	3
	0.188
	0.012

	
	
	
	
	Placebo
	251
	57
	12
	0.179
	0.048


^ Cases of symptomatic influenza
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 = Estimated probability of non-influenza ARI
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 = Estimated probability of influenza ARI

Appendix 3: Standard errors of VE estimates – general expressions

In the test-negative study design (TND), we observe the quantities ([image: image38.png]A NA NA NA



) as follows:
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  is the number of persons who were tested for influenza viruses (M=1), i.e. the total sample size for the TND study. The number of persons who are vaccinated and were tested is [image: image50.png]A
£



. Among those who were vaccinated and tested, the number of cases is [image: image52.png]NA
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, etc. 
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Then, 
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The estimator of VE from the TND study is:
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The standard error of the natural log of the odds ratio is [6]:
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The standard error of [image: image78.png]VE,



 can be estimated using delta method:
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The probabilities ([image: image82.png]pd pi pd)



 can be written in terms of the model’s parameters:
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where

[image: image87.png]2
PM=1T=1V =1) :ZP(T:lIE: eV=1DP(M=1E=¢V=1PE=e|lV =1)
=

=1,611B1 + 1262171




[image: image88.png]PM=1,T =1V =0) _ 116100 + 7202070
PM=1|V=0) 810B0 + 82070

pgy =p(Ca=1V=0M=1)=




In the case-control study design (CCD), the observed quantities ([image: image90.png]2, ,NE,NE ,NE



) are as follows:
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 is the number of cases and [image: image102.png]NB
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 is the number of controls. The number of cases who are vaccinated is [image: image104.png]NE
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Then, 
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The estimator of VE from the CCD study is:
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The standard error of the natural log of the odds ratio is:
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The standard error of [image: image123.png]VEg



 can be estimated using delta method:
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The probabilities ([image: image127.png]B pB
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 can be written in terms of the model’s parameters:
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where
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Appendix 4:  Standard errors of VE estimates – numerical results.

Tables A.2 – A.4 present the standard errors of the VE estimates from TND studies (VEA) and CCD studies (VEB).  Tables’ entries are the average standard errors over 14 comparisons of vaccinated and unvaccinated RCT participants (see Table A.1). The tables’ rows correspond to the percent of vaccinees in the population (α).  

Table A.2: Average standard errors of VE estimates corresponding to the assumptions in Table 3 in the main manuscript. 

	 
	ρδ = 0.67
	 
	ρδ = 1.0
	 
	ρδ = 1.5

	α
	VEA
	VEB
	 
	VEA
	VEB
	 
	VEA
	VEB

	0.2
	0.10
	0.05
	
	0.09
	0.07
	
	0.08
	0.09

	0.3
	0.08
	0.04
	
	0.07
	0.06
	
	0.07
	0.08

	0.4
	0.07
	0.04
	
	0.07
	0.05
	
	0.06
	0.07

	0.5
	0.07
	0.03
	
	0.06
	0.05
	
	0.06
	0.07

	0.6
	0.06
	0.03
	
	0.06
	0.05
	
	0.06
	0.07

	0.7
	0.06
	0.03
	
	0.06
	0.05
	
	0.07
	0.07

	0.8
	0.06
	0.03
	 
	0.07
	0.05
	 
	0.07
	0.08


Table A.3: Average standard errors of VE estimates corresponding to the assumptions  in Table 4 in the main manuscript. 

	 
	θδ = 0.67
	 
	θδ = 1.0
	 
	θδ = 1.5

	α
	VEA
	VEB
	 
	VEA
	VEB
	 
	VEA
	VEB

	0.2
	0.06
	0.07
	
	0.08
	0.09
	
	0.10
	0.13

	0.3
	0.05
	0.06
	
	0.07
	0.08
	
	0.09
	0.11

	0.4
	0.05
	0.05
	
	0.06
	0.07
	
	0.08
	0.10

	0.5
	0.04
	0.05
	
	0.06
	0.07
	
	0.08
	0.10

	0.6
	0.04
	0.05
	
	0.06
	0.07
	
	0.09
	0.10

	0.7
	0.05
	0.05
	
	0.07
	0.07
	
	0.09
	0.11

	0.8
	0.05
	0.05
	 
	0.07
	0.08
	 
	0.11
	0.12


Table A.4: Average standard errors of VE estimates corresponding to the assumptions in Table 5 in the main manuscript.

	 
	ρβ = 0.5
	 
	ρβ = 1.0
	 
	 ρβ = 2.0

	α
	VEA
	VEB
	 
	VEA
	VEB
	 
	VEA
	VEB

	0.2
	0.15
	0.09
	
	0.08
	0.09
	
	0.04
	0.10

	0.3
	0.13
	0.07
	
	0.07
	0.08
	
	0.04
	0.09

	0.4
	0.12
	0.07
	
	0.06
	0.07
	
	0.04
	0.08

	0.5
	0.11
	0.06
	
	0.06
	0.07
	
	0.04
	0.07

	0.6
	0.11
	0.06
	
	0.06
	0.07
	
	0.04
	0.07

	0.7
	0.11
	0.07
	
	0.07
	0.07
	
	0.04
	0.08

	0.8
	0.12
	0.08
	 
	0.07
	0.08
	 
	0.05
	0.08
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