


METHODS

Estimation of influenza- and RSV-associated mortality

[bookmark: _Ref374004056]Different modeling approaches have been used to estimate influenza associated mortality, including (i) peri- and summer-season rate-difference models [[endnoteRef:1],[endnoteRef:2]], (ii) Serfling cyclical regression models, which do not incorporate influenza viral surveillance data [[endnoteRef:3],[endnoteRef:4]], (iii) autoregressive integrated moving average (ARIMA) models, which do not incorporate influenza viral surveillance data [[endnoteRef:5],[endnoteRef:6]] and (iv) regression models (Poisson, Negative-Binomial or linear), which do incorporate influenza surveillance data [[endnoteRef:7],[endnoteRef:8],[endnoteRef:9]]. A study comparing the four methods found comparable estimates of influenza associated mortality over 31 influenza seasons in the United States except for estimates from the summer-season rate-difference model, which were consistently higher [[endnoteRef:10]]. Regression models that incorporate viral covariates have been suggested as the preferred method when at least 5 years of mortality and viral surveillance data are available and the mortality associated with multiple pathogens is estimated [10]. [1:  	Izurieta HS, Thompson WW, Kramarz P, et al. Influenza and the rates of hospitalization for respiratory diseases among infant and young children. N Engl J Med, 2000; 342:232-239.]  [2:  	O’Brien MA, Uyeki TM, Shay DK, et al. Incidence of outpatient visits and hospitalization related to influenza in infants and young children. Pediatrics, 2004; 113 (3 Pt 1):585-593.]  [3:  	Charu V, Chowell G, Palacio Mejia LS, et al. Mortality burden of the A/H1N1 pandemic in Mexico: a comparison of deaths and years of life lost to seasonal influenza. Clin Infect Dis, 2011; 53(10):985-993.]  [4:  	Cohen C, Simonsen L, Kang JW, et al. Elevated influenza-related excess mortality in South African elderly individuals, 1998-2005. Clin Infect Dis, 2010; 51(12):1362-9.]  [5:  	Choi K, Thacker SB. An evaluation of influenza mortality surveillance, 1962-1979 I. Time series forecast of expected pneumonia and influenza deaths. Am J Epidemiol, 1981; 113:215-226.]  [6:  	Stroup DF, Thacker SB, Herndon JL. Application of multiple time series analysis to the estimation of pneumonia and influenza mortality by age 1962-1983. Stat Med, 1988; 7:1045-1059.]  [7:  	Thompson WW, Shay DK, Weintraub E, et al. Mortality associated with influenza and respiratory syncytial virus in the United States. JAMA, 2003; 289(2): 179-186.]  [8:  	Luzhao F, Shay DK, Jiang Y, et al. Influenza-associated mortality in temperate and subtropical Chinese cities, 2003-2008. Bull World Health Organ, 2012; 90:279-288B.]  [9:  	Simonsen L, Spreeuwenberg P, Lustig R, et al. Global mortality estimates for the 2009 influenza pandemic from the GLaMOR project: a modeling study. PLoS Med, 2013; 10(11): e1001558. doi:10.1371/journal/pmed.1001558.]  [10:  	Thompson WW, Weintraub E, Dhankhar P, et al. Estimates of US influenza-associated deaths made using four different methods. Influenza an Other Respiratory Viruses, 2009; 3(1):37-49.] 


In our study, we fitted age-specific Poisson regression models (with an identity link) to monthly deaths. The identity link was selected because it is considered the most biologically plausible link to model the impact of pathogen circulation on mortality [[endnoteRef:11],[endnoteRef:12],[endnoteRef:13],[endnoteRef:14]]. Indeed, an identity link assumes additive (rather than multiplicative) effects of different pathogens on mortality. The full model (model 1) included covariates for time trends and seasonal variation as well as viral circulation as follows: [11:  	Gay NJ, Andrews NJ, Trotter CL, et al. Estimating deaths due to influenza and respiratory syncytial virus. JAMA, 2003; 289(19):2499; author reply 2500-2.]  [12:  	Simonsen L, Blackwelder WC, Reichert TA, et al. Estimating deaths due to influenza and respiratory syncytial virus. JAMA, 2003; 289(19):2499-500; author reply 2500-2.]  [13:  	Glezen WP, Couch RB. Estimating deaths due to influenza and respiratory syncytial virus. JAMA, 2003; 289(19):2500; author reply 2500-2.]  [14:  	Goldstein E, Viboud C, Charu V, et al. Improving the estimation of influenza-related mortality over a seasonal baseline. Epidemiology, 2012; 23(6):829-38.] 





		(1)

E(Yi) represents the age-specific number of deaths during a particular month i, β0 is the model constant, β1 to β4 are coefficients associated with time trends (linear to quartic polynomial terms) included to account for annual variation of number of deaths, β5 and β6 are coefficients associated with harmonic terms included to account for seasonal variations, β7 to β9 are coefficients associated with the proportion of specimens testing positive for respiratory viruses (seasonal influenza: A(H1N1), A(H3N2) and B; pandemic influenza: A(H1N1)pdm09; and RSV) and i is the error term. Model selection procedures included the assessment of model fit considering the inclusion of polynomial (1st to 6th degree) and harmonic terms. The final model (model 1) was that for which the Akaike value was minimized, that is, the model that provided best fit to the data whilst maintaining parsimony. We also considered b-spline instead of polynomial terms but polynomial terms provided the best fit to the South African data.

In South Africa, the diagnosis of AIDS is rarely coded on the death certificate [[endnoteRef:15]]. To assess changes in annual seasonal influenza excess mortality rates (as obtained from model 1) in relation to the HIV prevalence in the population and the HAART coverage among HIV-infected individuals over the years, we fitted separate multivariable Poisson regression models (model 2) for annual all-respiratory and P&I seasonal influenza-associated mortality rates by age group. The following model was used: [15:  	Nannan N, Dorrington R, Laubscher R, et al. Under-5 mortality statistics in South Africa: shedding some light on the trend and causes 1997-2007. Statistics South Africa, South African Medical Research Council, 2012: http://www.mrc.ac.za/bod/MortalityStatisticsSA.pdf. Accessed 21 Seprember 2012.] 



	(2)

E(Yi/Ni) represents the age-specific influenza-associated mortality rate during a particular year i, β0 is the model constant, β1 and β2 are coefficients associated with time trends (linear and quadratic) included to account for potential variations of health indicators not associated with HIV or HAART, β3 is the coefficient associated with dominant seasonal influenza type/subtype each year (A(H3N2), A(H1N1) and B; treated as categorical variable with A(H3N2)-dominant years as reference group), β4 is the coefficient associated with age- and year-specific HIV prevalence in the population, β5 is the coefficients associated with age- and year-specific HAART coverage among HIV-infected individuals and i is the error term. Similar models, with the exclusion of the dominant influenza types/subtypes covariate, were used for RSV-associated mortality rates. 
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