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Fig A. Schematic representation of the household deterministic model. Household population were further divided into three household types, nuclear family type 1 (left), nuclear family type 2 (middle), and extended family type (right).

Household sub-model
We solved a large set of Ordinary Differential Equations (ODE) of Household sub-model. Let  be the number of people in each household type h, at age group, g, at time, t. We solved each type of household as follows:
Nuclear family type 1 (Husband and wife or single (aged 15-59 years old) without baby (aged  1) or children (aged 2-14))
Rate of change in Husband and wife or single (adult) without children  , was calculated as a balance between the total number of adult  and household transition rate of adult ( and they can die at any time calculated from the adult mortality rate dra [1]:
                            		(Equation 1)

Nuclear family type 2 (Husband and wife (aged 15-59) with baby (aged  1) or children (aged 2-14)) 
Rate of change in the number of adults )  in this household was calculated as a balance between the total number of adults ) and household transition rate of adult (  and they can die at any time calculated from the adult mortality rate dra. Rate of change in baby population  were calculated from the total number of babies ) and household transition rate of baby ( and baby mortality rate drb. Finally, rate of change in the number of children  were then calculated from the total number of children ) and household transition rate of children ( and the child mortality rate drc, respectively [1].  
   
    
          		     (Equation 2)

Extended families type 3 (Three-generation family ((Husband and wife (aged 15-59) with baby (aged  1), children (2-14), and grandparents (aged  60)))
Rate of change in the number of adults )  in this household were calculated from the total number of adults ) and household transition rate of adult (  and they can die at any time calculated from the adult mortality rate dra. Rate of change in baby population  were calculated from the total number of babies ) and household transition rate of baby ( and baby mortality rate drb. Rate of change in the number of children  were calculated from the total number of children ) and household transition rate of children ( and the child mortality rate drc. Finally, rate of change in the number of elderly population  were then calculated from the total number of elderly population ) and household transition rate of elderly population ( and the elderly mortality rate  dre , respectively [1].   
   
    
    
 		     (Equation 3)
All the parameters included in the model was shown in table 1;
[bookmark: _Toc470254066][bookmark: _GoBack]Table A Parameter table for RSV transmission dynamic model
	Parameter
	Symbol
	Value
(95% Credible Interval)
	Source/
Reference

	Population parameters

	Mortality rate ( by age group (per capita per day) in 2005
	 



	49.312
2.38
9.46
140.14
	Census data
[2]

	Mortality rate ( by age group (per capita per day) in 2009
	 



	29.52
9.43
11.01
132.12
	Census data
[2]

	Mortality rate ( by age group (per capita per day) in 2011
	 



	24.21
7.57
9.45
122.45
	Census data
[2]

	Household transition rate ( of adult in household type 1 (per capita per day)
	 
In 2005  
In 2009
In 2011
	
35.1 (32.3 – 37.8)
51.8 (42.0 – 60.4)
80.3 (66.8 – 93.8)
	Estimated

	Household transition rate ( of adult in household type 2 (per capita per day)
	
In 2005 
In 2009
In 2011
	
30.7 (30.2 – 31.4)
0.03 (0.001 – 0.15)
0.07 (0.001 – 0.39)
	Estimated

	Household transition rate ( of baby in household type 2 (per capita per day)
	 
In 2005 
In 2009
In 2011
	
15.7 (10.6 – 19.3)
0.77 (0.01 – 2.97)
2.8 (0.1 – 11.9)
	Estimated

	Household transition rate  of children in household type 2 (per capita per day)
	
In 2005 
In 2009
In 2011
	
0.004 (0.001 – 0.02)
0.0072 (0.001 – 0.03)
0.029 (0.001 – 0.19)
	Estimated

	Household transition rate  of adult in household type 3 (per capita per day)
	
In 2005 
In 2009
In 2011
	
34.1 (32.83 – 35.5)
65.6 (58.4 – 71.7)
61.2 (50.3 – 79.3)
	Estimated

	Household transition rate  of baby in household type 3 (per capita per day)
	
In 2005 
In 2009
In 2011
	
26.2 (25.0 – 36.4)
90.9 (47.2 – 94.9)
55.4 (8.55 – 59.9)
	Estimated

	Household transition rate  of children in household type 3 (per capita per day)
	
In 2005 
In 2009
In 2011
	
0.08 (0.01 - 0.29)
45.4 (39.9 – 52.2)
20.9 (8.0 – 39.8)
	Estimated

	Household transition rate  of elderly people in household type 3 (per capita per day)
	
In 2005 
In 2009
In 2011
	
234.4 (232.5 – 237.8)
212.7 (201.8 – 221.5)
260.5 (237.6 – 278.2)
	Estimated

	Contact parameters

	Diary contact inside household per person among each age group in 2009
	,
,
,

	0.156
0.611
2.572
0.405
	Diary-based survey
[3]

	Diary contact outside household per person among each age group in 2009
	,
,
,

	0.037
0.601
1.208
0.126
	Diary-based survey
[3]

	
Transmission parameters

	Infectivity within nuclear family type 1
	
	0.069 (0.004 - 0.279)
	Estimated

	Infectivity within nuclear family type 2
	
	0.115 (0.110 - 0.118)
	Estimated

	Infectivity within extended family
	
	0.135 (0.128 – 0.137)
	Estimated

	Infectivity in community
	
	0.128 (0.011 – 0.338)
	Estimated

	Rate of recovery from A, URTI per capita per day
	,
 
	0.25
	[4, 5]

	Rate of recovery from LRTI, SLRTI per capita per day
	, 

	0.11
	[4, 5]

	Immunity parameters

	
Immunity factor reducing the susceptibility of previously exposed individuals in 
	
	0.54
	[6]

	Rate of waning of short-term immunity of recovered individuals per year
	
	0.49
	[7-9]

	Factor reducing infectiousness of:   SLRTI, LRTI, URTI, A
	,
 ,
,

	0.20 (0.17-0.22)
0.45 (0.43-0.48)
0.72 (0.7-0.74)
1 (Fixed)
	[10]

	Seasonal parameters

	Amplitude
	
	0.358 (0.344-0.366)
	Estimated

	Phase angle
	
	158.5 (155.7-161.7)
	Estimated

	Pointiness of the curve
	
	1
	[10]



RSV transmission dynamic sub-model
Thailand age-specific contact rates
The matrix of contact patterns (the “mixing matrix”) was empirically derived from a diary-based survey in 2009 [3]. In this study, we evaluated the average number of physical contacts inside and outside household that individuals in age group i (baby, children, adult, elderly) make with individuals in age group j (baby, children, adult, elderly) per day, then corrected for the age group specific proportion of population who participated in the survey i.e. sampling weights, this is then denoted by . Then we accounted for the different transmissibility based on the household types i.e.  , where  is a fixed fraction which measured the disease specific infectivity of household type h.  were estimated by the model fitting.



Seasonal forcing 
The contact rate by age groups (baby, children, adult, elderly), g, at household type, h, denoted as , was then used in the models to estimate the force of infection, that is, per susceptible rate of infection. In the absence of a definitive knowledge of the drivers of RSV seasonal patterns, seasonality is modeled using a simple cosinusoidal function. The force of infection by age groups (baby, children, adult, elderly), g, at household type, h is expressed as:


(Equation 6)

where  represents the contact matrix (the transmission coefficient between susceptible and infected people inside and outside household),  is the total number of infected people inside and outside household at time t, , is the relative infectiousness inside and outside household of infected individuals in different infected classes k (k = asymptomatic (A), upper respiratory tract infection (URTI), lower respiratory tract infection (LRTI), severe lower respiratory tract infection (SLRTI) and hospitalization (H). Immunity factor reducing the susceptibility of previously exposed individuals in , . The seasonal parameters defining the relative amplitude, , and the timing of the peak in transmission, , are unknown and are determined by fitting the model to hospitalization data (see detail in Supporting information file 2).
Disease stages and severity 
The distribution of disease in those infected was assumed to be dependent upon the prior immune status. The distribution follows the decision tree shown in Fig B, such that disease of increasing severity is always a subset of the preceding disease severity group. 

[image: ]
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Fig B. Decision tree [10] for distribution of disease states following infection. Solid lines represent the nested compartments within each other sequentially and the dashed line represents a proportion of severe LRTI who are hospitalized.

In the model, the host population is stratified into six epidemiological compartments shown in Fig 1 in the main text: primary susceptible (S0), infected but asymptomatic (A), infected and symptomatic categorized as upper respiratory tract infections (URTI), lower respiratory tract infections (LRTI), severe lower respiratory tract infections (SLRTI), or hospitalized (H), and, finally, secondary susceptible (S1), that is, those still susceptible to infection, but who have partial immunity. The proportions of individuals entering each class upon infection are dependent on immune status whose roles was to reduce the susceptibility to subsequent infections as well as the probability of getting the severe forms i.e. LRTI and SLRTI for example. The diagram shows the flow of individuals through the epidemiological compartments. The infection classes i.e. SLRTI, LRTI, URTI, and A are nested within each other sequentially (see Fig B and decision state section above.) This excludes H which is not a separate infection class but a proportion of the SLRTI class. The model includes age group-dependent processes, such as the force of infection and age-group parameters. Thus, all the state variables are stratified by both age group and time such that  represents the density of the primary susceptible of adult (aged 15-59) a at time t and so forth. The rates, with respect to both time and age group, at which individuals flow from one epidemiological state to another are described a system of ordinary differential equations.
RSV model equations for each age group g in each household type h are as follow:







where    


Rate of change in the incidence cases was analyzed a balance of lower respiratory tract infections (LRTI), and severe lower respiratory tract infections (SLRTI) as following:


Rate of change in hospitalization cases was analyzed a balance of hospitalized lower respiratory tract infections (LRTI), and severe lower respiratory tract infections (SLRTI) as following:


The assumptions for this model were explained as following: First, there is an absence of any fully resistant to infection state. Instead, individuals move directly into the secondary susceptible class S1 after their infection. In this class, people are less likely to get infected and if they are infected, they are less likely to get severe infection. Second, immunity can wane and secondary susceptible individuals in S1 could return to completely naive susceptible (S0) i.e. if an individual remains unchallenged for a certain length of time, they can return to S0. For simplicity, tertiary and subsequent infections were all classified as being secondary infections.
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