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            Abstract
Enteric fever affects more than 25 million people annually and results from systemic infection with Salmonella enterica serovar Typhi or Paratyphi pathovars A, B or C1. We conducted a genome-wide association study of 432 individuals with blood cultureâ€“confirmed enteric fever and 2,011 controls from Vietnam. We observed strong association at rs7765379 (odds ratio (OR) for the minor allele = 0.18, P = 4.5 Ã— 10âˆ’10), a marker mapping to the HLA class II region, in proximity to HLA-DQB1 and HLA-DRB1. We replicated this association in 595 enteric fever cases and 386 controls from Nepal and also in a second independent collection of 151 cases and 668 controls from Vietnam. Imputation-based fine-mapping across the extended MHC region showed that the classical HLA-DRB1*04:05 allele (OR = 0.14, P = 2.60 Ã— 10âˆ’11) could entirely explain the association at rs7765379, thus implicating HLA-DRB1 as a major contributor to resistance against enteric fever, presumably through antigen presentation.
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                    Figure 1: Association results for enteric fever within the broad HLA region.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Quantile-quantile plot of the association P values obtained in the discovery sample collection. 
The two clear outlying SNPs indicated for follow-up assessment are rs6841458 and rs7765379.


Supplementary Figure 2 Principal-component analysis of the discovery sample collection comprising 432 patients with enteric fever and 2,011 controls from Vietnam.
Shown here are plots between the first and second principal components (top panel) and between the first and third principal components (bottom panel). Patients with enteric fever are labeled as cases in red. Controls are labeled in yellow.


Supplementary Figure 3 Principal-component analysis of the Vietnamese enteric fever cases and controls in the context of Asian populations, some of which are from the Asian 1000 Genomes Project.
CDX refers to Chinese Dai individuals from Xishuangbanna, China. CHB refers to Chinese Han in Beijing. CHD refers to Chinese in metropolitan Denver city. CHS refers to Southern Han Chinese. JPT refers to Japanese individuals. KHV refers to Vietnamese Kinh from Ho Chi Minh City. SIMES refers to Singaporean Malays, and SINDI refers to South Indians in Singapore. The upper panel shows all populations so analyzed, whereas the lower panel shows the ancestral matching of the enteric fever cases and controls with more clarity.


Supplementary Figure 4 Manhattan plot of the association P values obtained in the discovery sample collection.
The horizontal red line denotes P = 5 Ã— 10â€“8, the threshold for genome-wide significance, and the horizontal dotted blue line denotes P = 1 Ã— 10â€“6. SNPs surpassing genome-wide significance in the discovery collection are labeled.


Supplementary Figure 5 Manhattan plot of the association P values obtained in the discovery sample collection after genome-wide imputation using the 1000 Genomes Project Asian reference panel.

Supplementary Figure 6 Genotyping clouds for SNP rs7765379 across different batches.
Top, Illumina Human Exome BeadChip; bottom, Illumina 660W BeadChip. The genotypes for wild type, heterozygous carrier and homozygous minor allele are clearly distinguished.


Supplementary Figure 7 Genotyping clouds for SNP rs6841458 across different batches. 
Top, Salmonella cases, Illumina OmniExpress. Bottom, controls, Illumina 660W BeadChip. The genotypes for wild type, heterozygous carrier and homozygous minor allele are clearly distinguished.
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