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Abstract. Melioidosis, infection caused by Burkholderia pseudomallei, is characterized by robust innate immune
responses. We have previously reported associations of TLR7 single nucleotide missense variant rs76600635 with mor-
tality and of TLR5 nonsense variant rs5744168 with both bacteremia and mortality in single-center studies of patients
with melioidosis in northeastern Thailand. The objective of this study was to externally validate the associations of
rs76600635 and rs5744168 with bacteremia and mortality in a large multicenter cohort of melioidosis patients. We geno-
typed rs76600635 and rs5744168 in 1,338 melioidosis patients enrolled in a prospective parent cohort study conducted
at nine hospitals in northeastern Thailand. The genotype frequencies of rs76600635 did not differ by bacteremia status
(P = 0.27) or 28-day mortality (P = 0.84). The genotype frequencies of rs5744168 did not differ by either bacteremia
status (P = 0.46) or 28-day mortality (P = 0.10). Assuming a dominant genetic model, there was no association of the
rs76600635 variant with bacteremia (adjusted odds ratio [OR], 0.75; 95% ClI, 0.54-1.04, P = 0.08) or 28-day mortality
(adjusted OR, 0.96; 95% ClI, 0.71-1.28, P = 0.77). There was no association of the rs5744168 variant with bacteremia
(adjusted OR, 1.24; 95% ClI, 0.76-2.03, P = 0.39) or 28-day mortality (adjusted OR, 1.22; 95% Cl, 0.83-1.79, P = 0.21).
There was also no association of either variant with 1-year mortality. We conclude that in a large multicenter cohort of
patients hospitalized with melioidosis in northeastern Thailand, neither TLR7 missense variant rs76600635 nor TLR5

nonsense variant rs5744168 is associated with bacteremia or mortality.

INTRODUCTION

Melioidosis is an infectious disease caused by Burkholderia
pseudomallei, a flagellated Gram-negative bacterium found in
tropical soil and water. This infection is of significant public
health importance in southeast Asia and Australia and increas-
ingly recognized as an emerging disease in other tropical
regions. Clinical presentations of melioidosis range from acute
sepsis to chronic and persistent infections, and the mortality
rate can exceed 40% in areas where the disease is endemic.’
Various factors are associated with the outcome of this dis-
ease, such as age, underlying diseases, and clinical features
of infection such as pneumonia or bacteremia.? However,
gaining further insights into risk factors for poor outcomes can
advance knowledge about key biological mechanisms of the
host response to melioidosis.

Studies of human genetic variation are powerful tools with
which to understand susceptibility to infection and to
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outcomes from infection. For example, genome-wide studies
have been applied to identify host genetic factors that affect
susceptibility to infectious diseases such as tuberculosis, lep-
rosy, enteric fever, and malaria.>® Recently, in Thai popula-
tions, polymorphisms in candidate innate immune genes,
such as those encoding NOD2, tumor necrosis factor alpha
(TNF-a), and Toll-like receptors (TLRs),”™ have been found to
be associated with susceptibility to melioidosis. Toll-like
receptors are a family of receptors in the innate immune sys-
tem that can recognize pathogen-associated molecular pat-
terns from microorganisms and induce host inflammatory
responses. Various TLRs have been shown to recognize com-
ponents of B. pseudomallei.’® TLR1 heterodimerizes with
TLR2 to mediate host responses to lipopeptides, peptidogly-
can, and other parts of bacterial cell walls.'’"'2 Common
genetic variation in TLR7 has been associated with a higher
risk of mortality in sepsis, more severe malaria, and Helicobac-
ter pylori infection.’®'" In earlier work, we have shown that
three common TLR71 variants (rs5743551, rs4833095, and
rs5743618) in Thais with melioidosis are not associated with
death."® However, we have reported that a novel coding vari-
ant in TLR1 (rs76600635) is associated with a severe pheno-
type of bacteremic melioidosis in a discovery set and with
mortality in a replication set of patients; this association with
mortality persisted in a validation set of patients when differ-
ences in study design influencing timing of subject recruitment
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were taken into account.’® These observations implicate
TLR1 inthe host response to melioidosis.

In addition, previous studies have suggested that TLR5, a
receptor for bacterial flagellin, may be important in directing
the host response to B. pseudomallei.’®>??> We have found
that the nonsense TLR5 variant rs5744168 and the nonsynon-
ymous TLR5 variant rs5744174 are associated with impaired
blood-derived inflammatory cytokine responses to flagel-
[in.2%2% We have also shown, in two separate studies, that
melioidosis patients carrying the TLR5 variant rs5744168 are
protected from organ failure and have improved survival.2%24
Patients with rs5744168 are also less likely to be bacteremic.?*
These studies suggest that TLR5 plays a significant role in
modulating host defenses during melioidosis.

A limitation to our earlier genetic association studies in
melioidosis, however, is that they have all been performed at a
single center. Validation in independent cohorts of melioidosis
patients is necessary to confirm the observed associations.
Therefore, in this study, we take advantage of a large prospec-
tive, multicenter observational study that recruited melioidosis
patients hospitalized in northeastern Thailand to test the asso-
ciations of TLR7 variant rs76600635 and TLR5 variant
rs5744168 with bacteremia and mortality in melioidosis.

MATERIALS AND METHODS

Study design and patients. The study cohort was com-
posed of melioidosis patients who were admitted to nine hos-
pitals in northeastern Thailand from July 2015 to December
2018 and enrolled in an observational study that has been
described previously.? Patients at least 15years of age with
microbiologically confirmed melioidosis met enroliment crite-
ria. Pregnancy, receipt of palliative care, or incarceration were
exclusion criteria. The diagnosis of melioidosis was deter-
mined by culture of an organism that was identified as B.
pseudomallei by standard methodologies and/or Vitek 2, a
positive latex agglutination test, or immunofluorescence
microscopy assay.?>2’ To reduce confounding by population
differences, for this study we analyzed patients who reported
their race as Asian.

Sample collection. Four milliliters of whole blood was col-
lected from enrolled patients into ethylenediaminetetraacetic
acid blood tubes (BD, Franklin Lakes, NJ). These samples
were centrifuged at 1,500 X g for 10 min, and packed cell
samples (containing buffy coat and red blood cells) were col-
lected and stored at —20°C or —80°C at the hospitals. The fro-
zen samples were transported on dry ice with a temperature
recorder to the laboratory in Bangkok for DNA extraction.

DNA extraction and genotyping. DNA was extracted
from 1 mL of packed cells using the QlAamp DNA blood midi
kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. DNA concentration and purity were determined
at by A260/280 and A260/230 ratios, respectively, using a
NanoDrop spectrophotometer (Thermo Fisher Scientific, Wal-
tham, MA) and examination by 0.8% agarose gel electropho-
resis. Genotyping of TLR17 variant rs76600635 (130A/G) and
TLR5 variant rs5744168 (1174C/T) was performed using a
TagMan single nucleotide polymorphism genotyping assay
(Applied Biosystems, Foster City, CA). The cycle conditions
were as follows: one cycle of 95°C for 30 seconds, followed by
40 cycles of 95°C for 15seconds and 65°C for 45 seconds.
Real-time polymerase chain reaction (PCR) was performed on

a CFX96 Touch™ real-time PCR detection system (Bio-Rad,
Hercules, CA). Variant calling was made automatically using
Bio-Rad CFX Manager™ v. 3.0 software. The amplification
curves were checked for each genotype manually for final
allele discrimination and also confirmed by DNA sequencing.

Exposures and outcomes. Exposures were defined as the
TLR1 rs76600635 and TLR5 rs5744168 variant genotypes.
Two primary outcomes were analyzed: bacteremia and mor-
tality 28 days after study enrollment. Bacteremia was defined
as a positive blood culture for B. pseudomallei among the sub-
set of patients who had blood cultures drawn. One secondary
outcome was also analyzed: mortality 1year after
study enroliment.

Power and statistical analysis. Power was estimated
using the “genpwr” package in R based on minor allele fre-
quencies (MAFs) and odds ratios (ORs) of effect observed in
our prior studies'®?24 and on the size and frequency of out-
comes in the present patient cohort. For TLR5 rs5744168,
with an expected MAF of 0.05 to 0.10, the power to detect
ORs of 0.2 to 0.5 for mortality and bacteremia (at rates of 25%
and 82%, respectively, in the present cohort) was 0.83 to 1.00,
with alpha set at 0.05 and assuming a dominant model. For
TLR1 rs76600635, with an expected MAF of 0.13 to 0.20, the
power to detect ORs of 1.5 to 4.0 for mortality was 0.81 to
1.00 and for bacteremia was 0.61 to 1.00, with alpha set at
0.05 and assuming a dominant model. Variants were tested
for departure from the Hardy-Weinberg equilibrium by use of
the exact test. Association of genotypes with bacteremia or
mortality was performed using the exact test. Crude and
adjusted logistic regression, assuming a dominant model (in
line with our past studies), was performed. The covariates
included were age, sex, comorbidities, site, referral status,
and time from admission to study enrollment.'®?324 Results
were expressed as ORs, with corresponding 95% CI. A P
value of <0.05 was defined as statistically significant. All sta-
tistical analyses were performed with Stata SE v. 17.0 (Stata
Corp, College Station, TX).

Ethics statement. Written informed consent was obtained
from all participants or their representatives. The study was
approved by the ethical committees of the Faculty of Tropical
Medicine, Mahidol University, Udon Thani Hospital, Khon
Kaen Hospital, Srinagarind Hospital, Nakhon Phanom Hospi-
tal, Mukdahan Hospital, Roi Et Hospital, Buriram Hospital,
Surin Hospital, and Sisaket Hospital. The University of Wash-
ington issued a statement of nonengagement in human sub-
jectresearch.

RESULTS

Of 1,345 patients enrolled in the parent study for whom the
28-day mortality outcome was known, DNA was not available
for six and one identified as non-Asian; therefore, a total of
1,338 melioidosis patients were analyzed. Of these, 335
(25.0%) died. Blood cultures were obtained for 1,254 of the
patients, and 1,032 (82.3%) were bacteremic with B. pseudo-
mallei. The characteristics of the study population are given in
Table 1. Of all patients, the median age was 55 years old (inter-
quartile range [IQR], 46-64). Most patients (966, 72.1%) were
male. The most common comorbidity was diabetes (941,
70.3%).

The MAFs of TLR1 rs76600635 and TLR5 rs5744168 in the
entire cohort were 0.15 and 0.06, respectively, similar to the
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TaBLE 1

Selected demographic and clinical characteristics of melioidosis patients studied

Bacteremia 28-Day Mortality

All Yes No Died Survived
Patient Characteristics (N =1,338) (n =1,032) (n = 222) (n = 335) (n = 1,003)
Age in years, median 55 55 56 57 54
(IQR) (46-64) (46-64) (47-65) (47-66) (46-63)
Male sex, n 966 742 169 253 712
(%) (72.1) (71.9) (76.1) (75.5) (71.0)
Diabetes, n 941 745 144 220 720
(%) (70.3) (72.2) (64.9) (65.7) (71.8)
Chronic kidney disease, n 228 184 31 72 156
(%) (17.0) (17.8) (14.0) (21.5) (15.6)
Chronic lung disease, n 163 114 42 58 104
(%) (12.2) (11.1) (18.9) (17.3) (10.4)
Heart disease, n 62 48 11 23 38
(%) (4.6) 4.7) (5.0 6.9) (3.8)
Chronic liver disease, n 47 42 5 23 24
(%) (8.5) 4.1) (2.3) 6.9) (2.4)

IQR = interquartile range.

MAFs we have previously reported in melioidosis patients in
northeast Thailand.'®?>24 For both variants, we determined
that there was no deviation from Hardy-Weinberg equilibrium
in the nonbacteremic patients or in the nonfatal cases (all
P >0.05). The genotype distributions of rs76600635 and
rs5744168 in melioidosis patients according to bacteremia
and mortality are shown in Table 2. There were no significant
differences in frequency of bacteremia or 28-day mortality by
genotype of either variant.

We next performed logistic regression of the association of
rs76600635 with bacteremia, assuming a dominant model
(Table 3), and did not find that the variant was associated with
bacteremia in an unadjusted model or after adjustment for
covariates including age, sex, comorbidities, site, referral
status, and time to enrollment (adjusted OR, 0.75; 95% CI,
0.54-1.04, P = 0.08). Similarly, there were no associations
between rs5744168 and bacteremia (adjusted OR, 1.24; 95%
Cl, 0.76-2.03, P = 0.39). There was no association between
either variant and 28-day mortality (rs76600635: adjusted OR,
0.96; 95% Cl, 0.71-1.28, P = 0.77; rs5744168: adjusted OR,
1.22;95% CI,0.83-1.79, P = 0.32).

A notable feature of our melioidosis cohort was that patients
were followed for 1 year after study enrollment. Conceivably,
carriers of variants in TLR1 or TLR5 may be at risk for delayed
complications. We therefore tested the association of each
variant with 1-year mortality in the 1,315 individuals for which
this outcome was known. Examining genotype distributions
(Table 4) or odds of death for variant carriers assuming a domi-
nant genetic model, we found no associations with 1-year
mortality (rs76600635: adjusted OR, 0.94; 95% ClI, 0.71-1.23,

P = 0.64; rs5744168: adjusted OR, 1.16; 95% Cl, 0.81-1.67,
P =0.42).

DISCUSSION

In this study, we evaluated two innate immune single nucle-
otide genetic variants that we have found to be associated
with bacteremia and/or death in melioidosis patients in single-
center studies.'®2324 However, in this larger analysis of a mul-
ticenter cohort of melioidosis patients, we did not replicate our
previous findings. These results underscore the importance of
external validation of genetic associations with clinical pheno-
types, something that was not possible until recently in large
cohorts of melioidosis patients.

The MAF of rs76600635, investigated by the 1000 Genomes
Project Phase 3 in Ensembil, varies from 0.04 to 0.13 among
five populations in East Asia, whereas this variant has not
been found in African, American, or European populations.
However, our past studies and the current investigation show
that the MAF is higher (~0.15) in northeastern Thai popula-
tions.'® rs76600635 represents a serine-to-proline amino acid
substitution at position 44 in the TLR7 gene on chromosome 4
and is predicted by PolyPhen-2 to be benign.2® In one func-
tional study, rs76600635 does not alter NF-kB activation.>®
However, the variant has been associated with thrombocyto-
penia in western Chinese patients who received antituberculo-
sis drugs.'®%°

rs5744168 results in the replacement of arginine at position
392 with a premature stop codon in the TLR5 gene on chromo-
some 1.53' This leads to impaired flagellin-dependent and

TABLE 2
Distribution of rs76600635 and rs5744168 genotypes among patients by bacteremia and 28-day mortality

Bacteremia (number [%)] of patients)

28-Day Mortality (number [%] of patients)

Genotype Yes No P-Value* Died Survived P-Value*
rs76600635
AA 766 (74.2) 154 (69.4) 0.27 247 (73.7) 722 (72.0) 0.84
AG 252 (24.4) 64 (28.8) 83 (24.8) 266 (26.5)
GG 14 (1.4) 4(1.8) 5 (1.5) 15 (1.5)
rs5744168
cc 905 (87.7) 199 (89.6) 0.46 290 (86.6) 888 (88.5) 0.10
cT 121 (11.7) 21 (9.5) 40 (11.9) 111 (11.1)
TT 6 (0.6) 2 (0.9) 5(1.5) 4 (0.4)

*P values were determined by the exact test.
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TaBLE 3
Odds of bacteremia or 28-day mortality for carriers of rs76600635 or rs5744168 variants, assuming a dominant genetic model

Unadjusted

Adjusted*

Parameter Variant OR 95% ClI P-Value OR 95% ClI P-Value

Bacteremia rs76600635 0.79 0.57-1.08 0.14 0.75 0.54-1.04 0.08
rs5744168 1.21 0.76-1.94 0.42 1.24 0.76-2.03 0.39

28-Day mortality rs76600635 0.92 0.69-1.21 0.54 0.96 0.71-1.28 0.77
rs5744168 1.20 0.83-1.73 0.34 1.22 0.83-1.79 0.32

OR = odds ratio.

*For adjusted model, age, sex, comorbidities, site, referral status, and time to enrollment were included as covariates.

flagellin-independent signaling.2®3'*2 The MAF of this variant
is 0.02 to 0.10 worldwide, and our previous and current studies
indicate that the MAF in northeastern Thai populations is 0.06
to 0.07.2%2* This variant has been associated with a number of
other infectious and noninfectious clinical phenotypes.®':3334

There are several possible explanations why the findings in
this report are discordant with our previous publications. First,
our original observations (although, for mortality, internally val-
idated at a single center) may simply have been due to chance.
Second, despite the larger size of the present cohort and
MAFs comparable to those of our earlier cohorts, the current
study may nonetheless lack sufficient power to detect true
associations. Third, there may be unmeasured confounders of
the association of genotype and clinical phenotype. In particu-
lar, there may be differential population stratification. Fourth,
differences in study design, such as timing of patient enroll-
ment, may contribute. Lastly, differences in clinical manage-
ment over time or at different hospitals may play a role.

The major strengths of this analysis are the large sample size
and the recruitment of melioidosis patients from multiple cen-
ters. In fact, this is the largest study of host genetic variation in
melioidosis undertaken to date. However, there are some lim-
itations to our study. We did not recruit patients who died early
after admission to hospital, as culture-proven melioidosis was
an enrollment requirement (although this approach was similar
to several of our previous studies). In addition, there was a
range of time from admission to enrollment. A number of
patients did not have blood cultures obtained and therefore
were excluded from the analyses of genotype and bacteremia.

In conclusion, TLR1 variant rs76600635 and TLR5 variant
rs5744168 are not associated with bacteremia or mortality in
melioidosis patients in a large, prospective, multicenter cohort
study in northeastern Thailand. These results do not support our
previous findings performed at a single center and highlight the
importance of external validation of the association of human
genetic variants with disease characteristics and outcomes.

TaBLE 4
Distribution of rs76600635 and rs5744168 genotypes among
patients by 1-year mortality

1-Year Mortality (number [%)] of patients)

Genotype Died Survived P-Value*
rs76600635
AA 332 (74.4) 618 (71.1) 0.41
AG 109 (24.4) 237 (27.3)
GG 5(1.1) 14 (1.6)
rs5744168
cC 387 (86.8) 770 (88.6) 0.29
CT 54 (12.1) 95 (10.9)
TT 5(1.1) 4 (0.5)

* P values were determined by the exact test.

Received June 8, 2023. Accepted for publication December 20,
2023.

Published online March 19, 2024.

Acknowledgments: We thank staff from the following institutions for
their assistance: the Department of Microbiology and Immunology
and the Mahidol-Oxford Tropical Medicine Research Unit, Faculty of
Tropical Medicine, Mahidol University; Center for Medical Genomics,
Faculty of Medicine, Ramathibidi Hospital; Department of Clinical
Immunology, Faculty of Associated Medical Science, Khon Kaen
University; Udon Thani Hospital; Khon Kaen Hospital; Srinagarind
Hospital; Nakhon Phanom Hospital; Mukdahan Hospital; Roi Et Hos-
pital; Buriram Hospital; Surin Hospital; and Sisaket Hospital.

Financial support: This work was supported by the National Institute
of Allergy and Infectious Diseases of the National Institutes of Health
(grant number U01AI115520). This research was funded in part by
the Wellcome Trust (grant number 220211).

Disclosure: The content is solely the responsibility of the authors and
does not necessarily represent the official views of the funders.

Authors’ contributions: T. E. West and N. Chantratita designed the
study; R. Phunpang, E. Thiansukhon, S. Chaisuksant, P. Chetchotisakd,
K. Tanwisaid, S. Chuananont, C. Morakot, N. Sangsa, W. Silakun, S.
Chayangsu, N. Buasi, and G. Lertmemongkolchai participated in the
parent cohort study; T. Yimthin, T. E. West, and N. Chantratita con-
ducted the experiments; R. Phunpang and T. Yimthin acquired data;
T. Yimthin, S. W. Wright, N. Chantratita, and T. E. West analyzed data;
N. Chantratita provided samples or reagents; T. Yimthin, S. W. Wright,
N. Chantratita, and T. E. West wrote the manuscript. All authors
reviewed the manuscript.

Authors’ addresses: Thatcha Yimthin, Institute of Veterinary Bacteri-
ology, Department of Infectious Diseases and Pathobiology, Vet-
suisse Faculty, University of Bern, Bern, Switzerland, and Graduate
School for Cellular and Biomedical Sciences (GCB), University of
Bern, Bern, Switzerland, E-mail: thatcha_yimt@hotmail.com and
thatcha.yimthin@unibe.ch. Rungnapa Phunpang, Department of
Microbiology and Immunology, Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand, E-mail: rungnapaandok@
gmail.com and rungnapa.phu@mahidol.ac.th. Shelton W. Wright,
Department of Pediatrics, University of Washington, Seattle,
Washington, E-mail: shelwi@uw.edu. Ekkachai Thiansukhon,
Department of Medicine, Udon Thani Hospital, Udon Thani,
Thailand, E-mail: ekkachai008@hotmail.com. Seksan Chaisuksant,
Department of Medicine, Khon Kaen Regional Hospital, Khon Kaen,
Thailand, E-mail: nui2nui@yahoo.com. Ploenchan Chetchotisakd,
Department of Medicine, Srinagarind Hospital, Khon Kaen
University, Khon Kaen, Thailand, E-mail: ploencha@kku.ac.th.
Kittisak Tanwisaid, Department of Medicine, Nakhon Phanom
Hospital, Nakhon Phanom, Thailand, E-mail: kittisak97@gmail.com.
Somchai Chuananont, Department of Medicine, Nakhon Phanom
Hospital, Nakhon Phanom, Thailand, E-mail: somchai.chua@gmail.
com. Chumpol Morakot, Department of Medicine, Mukdahan
Hospital, Mukdahan, Thailand, E-mail: chumpol032@hotmail.com.
Narongchai Sangsa, Department of Medicine, Roi Et Hospital, Roi Et,
Thailand, E-mail: sangsa.na@hotmail.com. Wirayut Silakun,
Department of Medicine, Buriram Hospital, Buriram, Thailand,
E-mail: sanmonellapong@gmail.com. Sunee Chayangsu,
Department of Medicine, Surin Hospital, Surin, Thailand, E-mail:
chayangsu.sunee@gmail.com. Noppol Buasi, Department of
Medicine, Sisaket Hospital, Sisaket, Thailand, E-mail: oatnoppol@


mailto:thatcha_yimt@hotmail.com
mailto:thatcha.yimthin@unibe.ch
mailto:rungnapaandok@gmail.com
mailto:rungnapaandok@gmail.com
mailto:rungnapa.phu@mahidol.ac.th
mailto:shelwi@uw.edu
mailto:ekkachai008@hotmail.com
mailto:nui2nui@yahoo.com
mailto:ploencha@kku.ac.th
mailto:kittisak97@gmail.com
mailto:somchai.chua@gmail.com
mailto:somchai.chua@gmail.com
mailto:chumpol032@hotmail.com
mailto:sangsa.na@hotmail.com
mailto:sanmonellapong@gmail.com
mailto:chayangsu.sunee@gmail.com
mailto:oatnoppol@gmail.com

TLR7 AND TLR5 CODING VARIANTS AND MORTALITY IN MELIOIDOSIS 5

gmail.com. Ganjana Lertmemongkolchai, Department of Medical
Technology, Faculty of Associated Medical Science, Chiang Mai
University, Chiang Mai, Thailand, and The Centre for Research and
Development of Medical Diagnostic Laboratories, Khon Kaen
University, Khon Kaen, Thailand, E-mail: ganja_le@kku.ac.th.
Narisara Chantratita, Department of Microbiology and Immunology,
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand,
and Mahidol-Oxford Tropical Medicine Research Unit, Faculty of
Tropical Medicine, Mahidol University, Bangkok, Thailand, E-mail:
narisara@tropmedres.ac. T. Eoin West, Departments of Medicine
and Global Health, University of Washington, Seattle, Washington,
E-mail: tewest@uw.edu.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits
unrestricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

REFERENCES

1. Limmathurotsakul D, et al., 2016. Predicted global distribution of
Burkholderia pseudomallei and burden of melioidosis. Nat
Microbiol 1: 15008.

2. Chantratita N, et al., 2023. Characteristics and one year outcomes
of melioidosis patients in northeastern Thailand: A prospective,
multicenter cohort study. Lancet Reg Health Southeast Asia 9:
100118.

3. Malaria Genomic Epidemiology Network, Band G, Rockett KA,
Spencer CC, Kwiatkowski DP, 2015. A novel locus of resis-
tance to severe malaria in a region of ancient balancing selec-
tion. Nature 526: 253-257.

4. Curtis J, et al., 2015. Susceptibility to tuberculosis is associated
with variants in the ASAP1 gene encoding a regulator of den-
dritic cell migration. Nat Genet 47: 523-527.

5. Liu H, et al., 2015. Discovery of six new susceptibility loci and
analysis of pleiotropic effects in leprosy. Nat Genet 47: 267-
271.

6. Dunstan SJ, et al., 2014. Variation at HLA-DRB1 is associated
with resistance to enteric fever. Nat Genet 46: 1333-1336.

7. Myers ND, et al., 2014. The role of NOD2 in murine and human
melioidosis. J Immunol 192: 300-307.

8. Nuntayanuwat S, Dharakul T, Chaowagul W, Songsivilai S,
1999. Polymorphism in the promoter region of tumor necrosis
factor-alpha gene is associated with severe meliodosis. Hum
Immunol 60: 979-983.

9. West TE, Chierakul W, Chantratita N, Limmathurotsakul D,
Wuthiekanun V, Emond MJ, Hawn TR, Peacock SJ, Skerrett
SJ, 2012. Toll-like receptor 4 region genetic variants are associ-
ated with susceptibility to melioidosis. Genes Immun 13: 38-46.

10. West TE, Hawn TR, Skerrett SJ, 2009. Toll-like receptor signal-
ing in airbore Burkholderia thailandensis infection. Infect
Immun 77: 5612-5622.

11. Kawai T, Akira S, 2010. The role of pattern-recognition receptors
in innate immunity: update on Toll-like receptors. Nat Immunol
11: 373-384.

12. West TE, Emnst RK, Jansson-Hutson MJ, Skerrett SJ, 2008. Acti-
vation of Toll-like receptors by Burkholderia pseudomallei.
BMC Immunol 9: 46.

13. Wurfel MM, et al., 2008. Toll-like receptor 1 polymorphisms
affect innate immune responses and outcomes in sepsis. Am
J Respir Crit Care Med 178: 710-720.

14. Hahn WO, Harju-Baker S, Erdman LK, Krudsood S, Kain KC,
Wurfel MM, Liles WC, 2016. A common TLR1 polymorphism is
associated with higher parasitaemia in a Southeast Asian popu-
lation with Plasmodium falciparum malaria. Malar J 15: 12.

15. Manning L, et al.,, 2016. A Toll-like receptor-1 variant and its
characteristic cellular phenotype is associated with severe
malaria in Papua New Guinean children. Genes Immun 17:
52-59.

16. Mayerle J, et al., 2013. Identification of genetic loci associated with
Helicobacter pylori serologic status. JAMA 309: 1912-1920.

17. Tongtawee T, Bartpho T, Kaewpitoon S, Kaewpitoon N, Dechsu-
khum C, Leeanansaksiri W, Loyd RA, Talabnin K, Matrakool L,

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Panpimanmas S, 2018. Genetic polymorphisms in TLR1, TLR2,
TLR4, and TLR10 of Helicobacter pylori-associated gastritis: A
prospective cross-sectional study in Thailand. Eur J Cancer
Prev 27: 118-123.

Chantratita N, Tandhavanant S, Myers ND, Chierakul W, Wuthie-
kanun V, Mahavanakul W, Limmathurotsakul D, Peacock SJ,
West TE, 2014. Common TLR1 genetic variation is not associ-
ated with death from melioidosis, a common cause of sepsis
in rural Thailand. PLoS One 9: e83285.

Wright SW, et al., 2019. Exonic sequencing identifies TLR1
genetic variation associated with mortality in Thais with melioi-
dosis. Emerg Microbes Infect 8: 282-290.

Chantratita N, Tandhavanant S, Myers ND, Chierakul W, Robert-
son JD, Mahavanakul W, Singhasivanon P, Emond MJ, Pea-
cock SJ, West TE, 2014. Screen of whole blood responses to
flagellin identifies TLR5 variation associated with outcome in
melioidosis. Genes Immun 15: 63-71.

Wiersinga WJ, Dessing MC, Kager PA, Cheng AC, Limmathurot-
sakul D, Day NP, Dondorp AM, van der Poll T, Peacock SJ,
2007. High-throughput mRNA profiling characterizes the
expression of inflammatory molecules in sepsis caused by
Burkholderia pseudomallei. Infect Immun 75: 3074-3079.

Smith KD, Andersen-Nissen E, Hayashi F, Strobe K, Bergman
MA, Barrett SL, Cookson BT, Aderem A, 2003. Toll-like recep-
tor 5 recognizes a conserved site on flagellin required for pro-
tofilament formation and bacterial motility. Nat Immunol 4:
1247-1253.

West TE, et al., 2013. Impaired TLR5 functionality is associated
with survival in melioidosis. J Immunol 190: 3373-3379.

Chaichana P, et al., 2017. A nonsense mutation in TLR5 is asso-
ciated with survival and reduced IL-10 and TNF-alpha levels in
human melioidosis. PLoS Negl Trop Dis 11: e0005587.

Duval BD, Elrod MG, Gee JE, Chantratita N, Tandhavanant S,
Limmathurotsakul D, Hoffmaster AR, 2014. Evaluation of a
latex agglutination assay for the identification of Burkholderia
pseudomallei and Burkholderia mallei. Am J Trop Med Hyg
90: 1043-1046.

Chantratita N, Tandhavanant S, Wongsuvan G, Wuthiekanun V,
Teerawattanasook N, Day NPJ, Limmathurotsakul D, Peacock
SJ, 2013. Rapid detection of Burkholderia pseudomallei in
blood cultures using a monoclonal antibody-based immuno-
fluorescent assay. Am J Trop Med Hyg 89: 971-972.

Dulsuk A, Paksanont S, Sangchankoom A, Ekchariyawat P,
Phunpang R, Jutrakul Y, Chantratita N, West TE, 2016. Valida-
tion of a monoclonal antibody-based immunofluorescent
assay to detect Burkholderia pseudomallei in blood cultures.
Trans R Soc Trop Med Hyg 110: 670-672.

Adzhubei 1A, Schmidt S, Peshkin L, Ramensky VE, Gerasimova
A, Bork P, Kondrashov AS, Sunyaev SR, 2010. A method and
server for predicting damaging missense mutations. Nat Meth-
ods 7: 248-249.

Ben-Ali M, Corre B, Manry J, Barreiro LB, Quach H, Boniotto M,
Pellegrini S, Quintana-Murci L, 2011. Functional characteriza-
tion of naturally occurring genetic variants in the human TLR1-
2-6 gene family. Hum Mutat 32: 643-652.

Peng W, et al, 2018. TLR1 polymorphisms are significantly
associated with the occurrence, presentation and drug-
adverse reactions of tuberculosis in Western Chinese adults.
Oncotarget 9: 1691-1704.

Hawn TR, et al., 2003. A common dominant TLR5 stop codon
polymorphism abolishes flagellin signaling and is associated
with susceptibility to legionnaires’ disease. J Exp Med 198:
1563-1572.

Dickey AK, et al., 2019. Flagellin-independent effects of a Toll-
like receptor 5 polymorphism in the inflammatory response to
Burkholderia pseudomallei. PLoS Negl Trop Dis 13: e0007354.

Blohmke CJ, et al., 2010. TLR5 as an anti-inflammatory target and
modifier gene in cystic fibrosis. J Immunol 185: 7731-7738.

Al-Daghri NM, Clerici M, Al-Attas O, Fomni D, Alokail MS,
Alkharfy KM, Sabico S, Mohammed AK, Cagliani R, Sironi M,
2013. A nonsense polymorphism (R392X) in TLR5 protects
from obesity but predisposes to diabetes. J Immunol 190:
3716-3720.


mailto:oatnoppol@gmail.com
mailto:ganja_le@kku.ac.th
mailto:narisara@tropmedres.ac
mailto:tewest@uw.edu
https://creativecommons.org/licenses/by/4.0/

	1

