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Single-nucleotide polymorphisms in Toll-like receptor
(TLR)-2, TLR4 and heat shock protein 70 genes and
susceptibility to scrub typhus

Jeshina Janardhanan1, Sherry Joseph Martin1, Elisabeth Astrup2,3, R Veeramanikandan4, Pål Aukrust2,3,5,
Ooriapadickal C Abraham1 and George M Varghese1

Scrub typhus is a highly prevalent bacterial infection in India and South Asia that is caused by Orientia tsutsugamushi. The

innate immune response to infections is modulated by Toll-like receptors (TLRs) and heat shock proteins (HSPs). This study

was done to assess the prevalence and possible association of TLR and HSP polymorphisms in scrub typhus. TLR4 Asp299Gly,

TLR4 Thr399Ile, TLR2 Arg753Gln and HSP70-2 A1267G are single-nucleotide polymorphisms (SNPs) that may modulate their

activities, and these SNPs were assessed in 137 scrub typhus patients and 134 controls by PCR restriction fragment length

polymorphism. We found that the two TLR4 mutations, TLR4 D299G and TLR4T399I, were present in 19.5% and 22% of the

study population, respectively, and was in significant linkage disequilibrium with a D’ of 0.8. The TLR2 mutation was found to

be rare, whereas the HSP A4G mutation was very common (77.5%). Compared with the controls, the prevalence of

heterozygous genotype of the TLR4D299G SNP, but not any of the other SNPs, was significantly higher among scrub typhus

patients. Further studies using a larger sample size and more candidate genes may better enable in determining the role of

these associations in susceptibility and severity of scrub typhus.
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INTRODUCTION

Scrub typhus is a life-threatening zoonotic bacterial infection
prevalent in the Asia-Pacific region.1 The causative organism,
Orientia tsutsugamushi is a Gram-negative, obligate intracellular
bacterium that infects both nonphagocytic (for example, fibroblasts
and endothelial cells) and phagocytic (for example, monocytes/
macrophages, polymorphonuclear neutrophils and dendritic cells)
cells, and like in other rickettsial diseases, the bacterial infection
causes acute vasculitis.2 Macrophages, dendritic cells and neutrophils
sense the invading pathogens by the pathogen recognition receptors
to activate innate immune response and to promote and orchestrate
adaptive immune responses.3 Toll-like receptors (TLRs) are the most
important membrane-associated pathogen recognition receptors that
recognize pathogen-associated molecular patterns at the cell surface
(TLR2, TLR4 and TLR5) or in the intracellular endosomal
compartment (TLR3 and TLR7–9).4 There are several reports on
the role of TLR2 and TLR4 in the immune response in rickettsial
infection,5,6 but because of the absence of peptidoglycan and
lipopolysaccharide (LPS) in its cell wall, the role of TLR2 and TLR4
in the initial interaction between O. tsutsugamushi and innate

immune system has been questioned.7,8 However, these issues are
far from clear, and it is not inconceivable that these TLRs are involved
in the immune response during O. tsutsugamushi infection, either
directly by interacting with structures other than LPS and
peptidoglycans in the microbe or indirectly by being activated by,
for example, heat shock protein-70 (HSP70) that is released during
infection.9

Single-nucleotide polymorphisms (SNPs) have been found in
TLR2, TLR4 and HSP70 genes that lead to variation in immune
response, and alter susceptibility to various infectious and inflamma-
tory diseases.10,11 The most studied SNPs for TLRs are the two
nonsynonymous, commonly cosegregating mutations, Asp299Gly and
Thr399Ile, in TLR4 that alter the ligand binding domain, and the SNP
Arg753Glu in TLR2 that causes variation in its function.12,13

A synonymous polymorphism A1267G in HSP70–2 has been shown
to cause reduced production of HSP70 in response to stress.14

Although there are some studies on the associations between these
SNPs and the susceptibility to various infections caused by Gram-
negative bacteria as well as Mycobacteria,15,16 the prevalence of these
mutations and their association with susceptibility among scrub
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typhus patients have not been studied. Therefore, this study was
designed to examine the prevalence of these mutations among
patients with scrub typhus in South India and their possible
association with susceptibility.

MATERIALS AND METHODS
This study was conducted at a 2700-bed medical college hospital in South

India. Patients above 15 years of age with scrub typhus confirmed by

immunoglobulin M enzyme-linked immunosorbent assay and/or PCR for

56 kDa antigen gene of O. tsutsugamushi on the eschar were included as

cases. Similar numbers of age and sex-matched, healthy subjects from the

same locality of residence who were screened negative for scrub typhus

were recruited as controls. Both the patients and controls were natives of

Vellore district in Tamil Nadu and belonged to the Tamil-speaking

Dravidian ethnic group. The study was approved by the institutional

review board and ethics committee. Blood samples from patients and

controls were collected after informed and written consent obtained from

each participant.

Serological confirmation
Scrub typhus immunoglobulin M enzyme-linked immunosorbent assay was

performed on serum samples using the Scrub Typhus Detect (InBios

International, Seattle, WA, USA) as per the manufacturer’s instructions. An

optical density of 40.5 was considered positive.

PCR analysis for confirmation of O. tsutsugamushi
Eschar samples were used for PCR analyses. Bacterial DNA, extracted using a

QIAamp DNA mini kit (Qiagen, Hilden, Germany) according to the

manufacturer’s instructions, was used as the template for the PCR. A standard

PCR targeting the 56 kDa protein was carried out as reported previously17 with

1.5mM MgCl2, 50mM KCl, 10mM Tris-HCl (pH 8.3), 200mM each of dATP,

dGTP, dCTP and dTTP, 0.2mM of primers and 1U of Taq DNA polymerase

(Thermo Scientific, Waltham, MA, USA) in a final volume of 50ml. The PCR
products were electrophoresed in 1.5% agarose gel and the gel containing DNA

fragments was stained with 0.5mgml�1 of ethidium bromide and visualized by

ultraviolet transillumination (Bio-Rad, Hercules, CA, USA).

PCR analyses of restriction fragment length polymorphism (RFLP)
Genomic DNA was isolated from the blood buffy coat by using the

commercially available DNA extraction kit (QIAamp from Qiagen). The

nonsynonymous SNPs TLR4D299G, TLR4T399I and TLR2R753Q and the

synonymous SNP HSP70-2 A1267G were identified using PCR-based RFLP

methods. The PCR and RFLP parameters used for the study have been

described previously. All the amplifications were carried out in a final volume

of 25ml that included 5ml of genomic DNA, 1� PCR Buffer, 20 pmol of

primer (10 pmol for TLR4D299G), 1.25U of Taq polymerase and 0.2mM

dNTP mixture. In the TLR4 gene, the A-to-G mutation in position 896

corresponding to TLR4Asp299Gly SNP introduces a restriction site for the

enzyme NcoI (New England Biolabs, Beverly, MA, USA) and the C-to-T

mutation at position 1196 corresponding to the TLR4Thr399Ile SNP

introduces a restriction site for HinfI, which were used for the RFLP

analysis.18,19 The TLR2Arg753Gln and HSP70-2 polymorphisms were

analyzed utilizing the PstI restriction sites introduced at position 2251 of

TLR2 gene because of G-to-A mutation and at position 1267 of HSP70–2 gene

as a result of A-to-G change.14,15 All the restriction digestions were carried out

at 37 1C overnight, followed by agarose gel electrophoresis and interpretation

as described earlier. The primers and restriction enzymes used in the study and

the resulting fragment sizes obtained are given in Table 1. The genotyping

results were confirmed by sequencing representative samples for each

genotype. Sequencing reactions were done using the Big Dye Terminator

Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA).

Statistical analysis
Statistical analysis was done using R statistical software (www.r-project.org)

and the complete genetic analysis was done using ‘SNP assoc’.20 Continuous

data were analyzed using mean and s.d. and a P-value of o0.05 was

considered significant. The allele and genotype frequencies were determined

for each of the SNPs by direct scoring and counting. The risk associated

with the SNPs was determined by calculating the odds ratio at 95%

confidence intervals. Hardy–Weinberg equilibrium (HWE) calculations

were done to compare the observed genotype frequencies with the expected

frequencies. P-value and w2 values were estimated to see that the SNPs were

within HWE.

RESULTS

The study population included 145 males (53.5%) and 126
females (46.4%) with a mean age of 41±13 years. Among these,
137 were scrub typhus cases and 134 healthy controls. There was a
significant correlation found between the presence of the
TLR4Asp299Gly polymorphism in scrub typhus cases compared
with controls (P¼ 0.02), whereas no associations were evident
with other polymorphisms (Table 2). The overall prevalence of
TLR4 D299G, TLR4T399I, TLR2R753Q and HSP-70-2 mutations
(heterozygous and homozygous mutant genotypes) in our study
was 19.5% (52/271), 22% (59/271), 1.1% (3/368) and 77.5% (203/
262), respectively. The genotype and allele frequencies for all the
four polymorphisms among cases and controls are shown in
Table 2. The frequency of the TLR2R753Q mutation was low and
the HSP A4G mutation was very common, with no differences
between cases and controls. None of the polymorphisms showed
any association with the outcome of the scrub typhus patients.
The TLR4D299G and TLR4T399I were found to lie within HWE

(P40.05) in both cases as well as controls. HWE analysis could not
be performed for the TLR2 Arg753Gln control subset because of lack

Table 1 Primer sequences used in the study

Gene Sequence PCR product RE Restriction fragments Reference

56kDa PCR 50-AATTGCTAGTGCAATGTCTG-30

50-GGCATTATAGTAGGCTGAG-30.

410 bp — — 17

TLR4 D299G 50-AGCATACTTAGACTACTACCTCCATG-30

50-GAGAGATTTGAGTTTCAATGTGGG-30
188 bp NcoI 168þ20 18,19

TLR4 T399I 50GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA-30

50-ACCTGAAGACTGGAGAGTGAGTTAAATGCT-30
406 bp HinfI 380þ26 19

TLR2 R753Q 50-GAGTGGTGCAAGTATGAACTGGA-30

50-TCCCAACTAGACAAAGACTGGTCT-30
260 bp PstI 141þ119 15

HSP70-2 A1267G 50-CATCGACTTCTACACGTCCA-30

50-CAAAGTCCTTGAGTCCCAAC-30
1117bp PstI 936þ181 14

Abbreviations: HSP, heat shock protein; RE, restriction enzyme; TLR, Toll-like receptor.
The underline base in TLR4T399I forward primer indicates nucleotide altered to create a HinfI restriction site.
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of presence of mutant allele in any control subjects, and the results for
the HSP70-2 A1267G cases and controls were not in the HWE
(Table 3).
Among the subjects who were heterozygous for TLR4 Asp299Gly,

58% were also found to be heterozygous for TLR4 Thr399Ile, whereas
among the wild-type carriers, 86.9% were also wild type for TLR4
Thr399Ile. Of the three homozygous mutants detected in
TLR4Asp299Gly, one was homozygous mutant for TLR4 Thr399Ile
as well. A significant linkage disequilibrium between TLR4D299G and
TLR4 T399I SNP was observed in our population with the linkage
disequilibrium values of D¼ 0.073, D0 ¼ 0.82, r2¼ 0.762, w2¼ 305.4
and Po0.0001, suggesting cosegregation. The haplotype analysis
showed that none of the haplotypes had significant association with
scrub typhus. Although the haplotype G–C seemed to be associated
with scrub typhus with an odds ratio of 2.27 at an a-level of 0.1,
with the current sample size, a statistical significance was not observed
(95% confidence interval 0.94–5.46; Table 4). None of the
other polymorphisms showed any significant correlations with
each other.

DISCUSSION

In this study from South India, we found that the two TLR4
mutations, TLR4 D299G and TLR4T399I, were present in 19.5%
and 22% of the subjects, respectively, with significant linkage
disequilibrium, whereas the TLR2 mutation was found to be very
rare and not found among the control population. In contrast to the
TLR2 mutation, the HSP A4G mutation was very common (77.5%).
Compared with the controls, the prevalence of heterozygous genotype
of the TLR4D299G SNP, but not any of the other SNPs, was
significantly higher among scrub typhus patients.
The overall prevalence of TLR4D299G polymorphism in our study

population is similar to other reports from India,16,20 and more than
that found in Western populations where the incidence is reported to
be B6 to 14%.21 This polymorphism has been reported to cause LPS
hyporesponsiveness, potentially by its ability to impair dimerization
of TLR4 and one of its adaptor proteins, MD2, which is of
importance for signal transduction.22,23 This TLR4 mutation has
been linked with susceptibility to infections with Gram-negative
bacteria and respiratory syncytial virus, as well as reduced risk of
noninfectious inflammatory diseases like atherosclerosis or
rheumatoid arthritis.11,22 In India, one study found an association
between the severity and bacterial load of pulmonary tuberculosis
patients and the TLR4 Asp299Gly mutation, whereas this could not
be confirmed in another study.16,20 In the present study, we, to the
best of our knowledge, for the first time report an association between
the TLR4D299G polymorphism and the presence of scrub typhus
infection. Although the cell wall of O. tsutsugamushi does not contain
LPS, one could hypothesize that the hyporesponsive TLR4 mutant, at
least through indirect mechanisms, could contribute to an attenuated
immune response against the invading microbe, thereby facilitating
infection with O. tsutsugamushi.

Table 2 Comparison of genotypes among cases and controls

Gene Genotype Case (%) Control (%) P-value Odds ratio (95% CI)

TLR4 D299G AA 103 (75) 116 (86.5) 0.028 1

AG 33 (24) 16 (11.9) 2.3 (1.21–4.46)

GG 1 (1) 2 (1.4) 0.56 (0.05–6.3)

Major allele A 239 (87) 248 (93) 0.05 1.8 (1.02–3.28)

Minor allele G 35 (13) 20 (7)

TLR4 T399I CC 108 (78.8) 101 (77) 0.86 1

CT 28 (20.4) 28 (21.3) 0.94 (0.52–1.69)

TT 1 (0.7) 2 (1.5) 0.47 (0.04–5.24)

Major allele C 244 (89) 230 (88) 0.09 1.71 (0.96–3.14)

Minor allele T 30 (11) 32 (12)

TLR2 R753Q GG 134 (97.8) 134 (100) 0.25 —

GA 3 (2.1) 0 (0)

AA 0 (0) 0 (0)

Major allele G 271 (99) 268 (100) 0.25 —

Minor allele A 3 (1) 0 (0)

HSP70–2

A1267G AA 31 (22.7) 28 (22.2) 1 1

AG 83 (61.0) 77 (61.1) 0.97 (0.54–1.77)

GG 22 (16.1) 21 (16.6) 0.95 (0.43–2.08)

Major allele A 145 (53) 113 (53) 0.97 1.02 (0.72–1.44)

Minor allele G 127 (47) 119 (47)

Abbreviations: CI, confidence interval; HSP, heat shock protein; TLR, Toll-like receptor.

Table 3 Observed and expected frequencies of genotypes in the study population

Observed Expected HWE

Gene Study groups W H M W H M P-value X2

TLR4 D299G Cases 103 (75) 33 (24) 1 (0.7) 103 (75.3) 31 (22.7) 3 (1.7) 0.47 1.041

Controls 116 (86.5) 16 (11.9) 2 (1.4) 116 (85.5) 18 (13.6) 1 (0.5) 0.16 2.56

TLR4 T399I Cases 108 (78.8) 28 (20.4) 1 (0.7) 108 (79.2) 27 (19.4) 2 (1.2) 0.16 0.24

Controls 101 (77.0) 28 (21.3) 2 (1.5) 101 (76.9) 28 (21.3) 2 (1.4) 1 0.016

TLR2 R753Q Cases 134 (97.8) 3 (2.1) 0 134 (97.8) 3 (2.1) 0 1 0.014

Controls 134 (100) 0 0 — — — NA —

HSP70–2 A1267G Cases 31 (22.7) 83 (61.0) 22 (16.1) 38 (28.4) 68 (49.7) 30 (21.7) 0.008 6.93

Controls 28 (22.2) 77 (61.1) 21 (16.6) 35 (27.8) 63(49.8) 28 (22.3) 0.013 6.43

Abbreviations: H, heterozygous; HSP, heat shock protein; HWE, Hardy–Weinberg equilibrium; M, mutant; NA, not applicable; TLR, Toll-like receptor; W, wild type.

Table 4 Haplotype analysis of TLR4 gene polymorphisms in cases

and controls

Haplotypes Frequency

Locus 1

(TLR4D299G)

Locus 2

(TLR4T399I) Total Cases Controls

Odds

ratio 95% CI P-value

A C 0.837 0.82 0.85 Reference haplotype

A T 0.061 0.047 0.074 0.65 0.31–1.38 0.265

G C 0.047 0.065 0.028 2.27 0.94–5.46 0.067

G T 0.054 0.062 0.046 1.41 0.65–3.06 0.381

Abbreviations: CI, confidence interval; TLR4, Toll-like receptor-4.
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A D’ value of 0.8 obtained in our study suggests strong linkage
disequilibrium between the TLR4D299G and TLR4Thr399Ile
mutation, which is in accordance with a previous report from India.16

The overall prevalence of TLR4Thr399Ile mutation, and in particular
the A4G mutation in the HSP70–2 gene, was high in our
population. Although a study on tuberculosis patients reported a
significant association between the presence of wild-type genotype
and high bacillary loads compared with the TLR4Thr399Ile muta-
tion,16 and a protective effect of the A4G mutation in the HSP70–2
gene in relation to septic shock has been suggested,10,14 we could not
find any association between these mutations and the presence of
scrub typhus infection. A significant deviation from HWE was
observed in HSP70-2 A1267G polymorphism in both cases and
controls. Although the exact reason for this deviation is not clear, we
found no possibility of genotyping errors to explain this trend. There
was a higher frequency of HSP 70-2 heterozygotes in both cases and
controls in our study, which is similar to earlier reports10,14 and a
significant deviation from HWE for this SNP was reported earlier in a
particular Mexican population as well as in black, white and Hispanic
females.24,25

A major limitation of this study is the small sample size of both
cases and controls. Further studies looking at a larger study
population are required to draw any conclusive correlations
between these polymorphisms and susceptibility to scrub typhus.
In particular, the low prevalence of TLR2 R753Q mutation in this
small sample size makes any conclusion in relation to this mutation
impossible.

CONCLUSION

The present study looked into the possible association of SNPs in three
candidate genes in relation to innate immune response with suscept-
ibility to infection with O. tsutsugamushi. A significant correlation was
found between the presence of heterozygous TLR4 Asp299Gly and the
incidence of scrub typhus. However, larger sample sizes need to be
examined to draw positive conclusions of association or dissociation.
In relation to our findings on the LPS-hyporesponsive TLR4 mutant,
forthcoming studies should evaluate the role of TLR4 activation in the
immune response during O. tsutsugamushi infection. Nonetheless,
this is a first of its kind study in India on scrub typhus and could
provide a new step in deciphering the role of host gene polymorph-
isms in modulation of immune responses during O. tsutsugamushi
infection.
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