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Supplementary Figure S1. Decomposition of monthly time series from years 2000 to 2015. Invasive 

nontyphoid Salmonella (iNTS) (A), typhoid (B), rainfall (C), and temperature (D) time series data 

from Blantyre, Malawi are decomposed into remainder, monthly seasonal, and trend components 

separately. 

  



 

Supplementary Figure S2. Seasonal-unadjusted versus seasonal-adjusted monthly time series. 

Invasive nontyphoid (iNTS) (A), typhoid (B), rainfall (C), and temperature (D)  time series data from 

Blantyre, Malawi over a period of 16 years. 

  



 

Supplementary Figure S3. Seasonal-adjusted annual cycle of Salmonella incidence rates and climate. 

Dynamics of invasive nontyphoid Salmonella incidence (iNTS) (A), rainfall (B) temperature (C) over 

11 years (between years 2000 and 2010), and typhoid cases (D), rainfall (E) and temperature (F) over 

5 years (between years 2011 and 2015) following monthly seasonal-adjustment using time series data 

from Blantyre, Malawi.  

  



Model !(#) %(&') %(&() iNTSR iNTST iNTS TyphoidR TyphoidT Typhoid 

# df df df Q-AIC Q-AIC Q-AIC Q-AIC Q-AIC Q-AIC 
1 3 3 3 570.7089 580.4330 567.9318* 212.1887 222.8303 210.6648* 

2 4 3 3 574.2819 585.1239 578.3531 217.4634 212.1270 217.8383 

3 5 3 3 580.2446 589.3765 587.3423 222.4061 216.4683 228.4523 

4 3 4 3 574.4757 580.4330 572.1161 204.9102* 222.8303 214.0661 

5 4 4 3 579.8267 585.1239 584.5922 212.4587 212.1270 224.8071 

6 5 4 3 587.5728 589.3765 595.1572 216.0560 216.4683 236.6332 

7 3 5 3 573.9352 580.4330 568.5534 209.8391 222.8303 217.8914 

8 4 5 3 580.8374 585.1239 583.1928 216.7759 212.1270 230.4198 

9 5 5 3 590.4370 589.3765 594.1826 222.3633 216.4683 245.0488 

10 3 3 4 570.7089 585.5078 570.8126 212.1887 226.2686 212.3317 

11 4 3 4 574.2819 588.9740 582.0334 217.4634 219.7139 223.4347 

12 5 3 4 580.2446 587.7656 591.6384 222.4061 224.9809 236.3496 

13 3 4 4 574.4757 585.5078 573.3518 204.9102 226.2686 217.9361 

14 4 4 4 579.8267 588.9740 587.5944 212.4587 219.7139 231.2642 

15 5 4 4 587.5728 587.7656 600.0265 216.0560 224.9809 245.6914 

16 3 5 4 587.5728 585.5078 573.7475 209.8391 226.2686 221.1059 

17 4 5 4 580.8374 588.9740 590.1806 216.7759 219.7139 237.9325 

18 5 5 4 590.4370 587.7656 602.4179 222.3633 224.9809 253.1268 

19 3 3 5 570.7089 584.5078 571.3729 212.1887 218.5320 217.8403 

20 4 3 5 574.2819 592.4074 582.8894 217.4634 213.9474 231.1740 

21 5 3 5 580.2446 590.6842 594.6393 222.4061 222.1824 245.2023 

22 3 4 5 574.4757 584.5078 575.8213 204.9102 218.5320 223.3430 

23 4 4 5 579.8267 592.4074 590.1457 212.4587 213.9474 238.9668 

24 5 4 5 587.5728 590.6842 603.8391 216.0560 222.1824 254.4714 

25 3 5 5 573.9352 584.5078 578.8830 209.8391 218.5320 227.2069 

26 4 5 5 580.8374 592.4074 595.8418 216.7759 213.9474 245.8361 

27 5 5 5 590.4370 590.6842 610.4309 222.3633 222.1824 260.6858 

 

Supplementary Table S1. Natural cubic spline functions for monthly rainfall %(&'), monthly 

temperature %(&() and monthly lag !(#). Individual degrees of freedom (df) associated with cross-

basis matrix in the exposure-lag space, and values for the Quasi-Akaike Information Criterion (Q-

AIC) for the alternative models for the association between invasive nontyphoid disease and rainfall 

(iNTSR) or temperature (iNTST) or both (iNTS) from year 2000 to 2010, and for the association 

between typhoid and rainfall (TyphoidR) or temperature (TyphoidT) or both (Typhoid) from year  

 



 

Supplementary Figure S4. Model validation checks. Deviance residuals overtime, partial 

autocorrelation (partial ACF), autocorrelation (ACF) and model predictions respectively, estimated 

by; adjusted model (additional residuals at lag 1) of bi-dimensional association between rainfall-lag 

and temperature-lag and invasive nontyphoid Salmonella (iNTS) (A,B,C,D), adjusted model 

(additional residuals at lag 4) of bi-dimensional association between rainfall-lag and typhoid 

(E,F,G,H), and original model of bi-dimensional association between temperature-lag and rainfall-lag 

and typhoid (I,J,K,L). 

 



 

Supplementary Figure S5. Sensitivity analysis. The effects on invasive nontyphoid Salmonella (iNTS) of mean 9 mm/month (mm/M) rainfall relative to 0 mm 

and mean 19 °C/month (°C /M) temperature relative to 23 °C along the lags, varied by increasing degrees of freedom (df) in the lag space from (df=4; model 

2; A,B) to (df=5; model 3; C,D), in the rainfall space from (df=4; model 4; E,F) to (df=5; model 7; G,H), and in the temperature space from (df=4; model 10; 

I,J) to (df=5; model 19; K,L). 

 



 

Supplementary Figure S6. Sensitivity analysis. The effects on typhoid of mean 9 mm/month (mm/M) rainfall relative to 0 mm and mean 19 °C/month (°C/M) 

temperature relative to 23 °C along the lags, varied by increasing the degree of freedom (df) in the lag space from (df=4; model 2; A,B) to (df=5; model 3; 

C,D), in the rainfall space from (df=4; model 4; E,F) to (df=5; model 7; G,H), and in the temperature space from (df=4; model 10; I,J) to (df=5; model 19; 

K,L). 

  



 

Supplementary Figure S7. Weekly versus monthly seasonal-unadjusted incidence of invasive Salmonella diseases. Weekly and monthly incidence of invasive 

nontyphoid Salmonella over 11 years (A and B) and typhoid over 5 years (C and D), respectively. 

  



 

Supplementary Figure S8. Weekly seasonal-unadjusted annual cycle of Salmonella incidence rates and climate. Weekly dynamics of invasive nontyphoid 

Salmonella incidence (iNTS) (A), rainfall (B) temperature (C) over 11 years (between years 2000 and 2010), and typhoid cases (D), rainfall (E) and 

temperature (F) over 5 years (between years 2011 and 2015) using time series data from Blantyre, Malawi. 

  



 

Supplementary Table S2. Natural cubic spline functions for weekly rainfall ("#1. &"), weekly 

temperature ("#2. &") and weekly lag ()*+. &"). Individual degrees of freedom (df) associated with 

cross-basis matrix in the exposure-lag space, and values for the Quasi-Akaike Information Criterion 

(QAIC) for the alternative models for the association between invasive nontyphoid disease and 

rainfall (QAIC.ntsR) or temperature (QAIC.ntsT) or both (QAIC.nts) from year 2000 to 2010, and for 

the association between typhoid and rainfall (QAIC.typR) or temperature (QAIC.typT) or both 

(QAIC.typ) from year 2011-2015 in Blantyre, Malawi. 

  



 

Supplementary Figure S9. Relative risk of invasive Salmonella diseases given rainfall and 

temperature exposures, and weekly lags. Contour plots of rainfall-lag-invasive nontyphoid 

Salmonella (iNTS) risk (A), temperature-lag-invasive nontyphoid Salmonella (iNTS) risk 

(B), rainfall-lag-typhoid risk (C), temperature-lag-typhoid risk (D). 


