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Abstract
Toll like receptors (TLRs) are pattern recognition molecules involved in cellular recognition ofMycobacterium avium subspecies
paratuberculosis (MAP), the infectious agent causing Paratuberculosis (PTB), a notified disease of domestic and wild ruminants.
The present study was undertaken to investigate the presence of single nucleotide polymorphisms (SNPs) in TLR2 and TLR4
gene and to evaluate association of these SNPs with occurrence of PTB in Indian cattle. A total of 213 cattle, were subjected to
multiple diagnostic tests viz. Johnin PPD, ELISA test (Indigenous and Parachek kit method), fecal microscopy and fecal culture
for detection of MAP infection. Based on screening results 51 animals each were assigned to case and control population. Two
SNPs viz. rs55617172, rs41830058 in TLR2 gene and two SNPs viz. rs8193046, rs8193060 in TLR4 gene and were genotyped
by PCR-RFLPmethod. All SNPs were found to be polymorphic except rs41830058 in the case-control population. Both SNPs in
TLR4 gene but none in TLR2 genes were significantly associated with the occurrence of PTB in our population. The genotypes in
SNP rs8193046 and SNP rs8193060 were significantly (P < 0.01) different in case-control population. These findings suggest
that SNPs rs8193046 and rs8193060 are likely a potential marker against MAP infection and a selection programme eliminating
AG genotype for rs8193046 and CT genotype for rs8193060 might be beneficial in conferring resistance to MAP infection in
Indian cattle population.
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Introduction

Paratuberculosis (PTB) or Johne’s disease (JD), is a chronic
disease of domestic and wild ruminants, caused by
Mycobacterium avium subspecies paratuberculosis (MAP)
(Chaubey et al. 2016; Sun et al. 2015). It causes granuloma-
tous gastroenteritis, profuse diarrhea, reduced reproductive
efficiency, emaciation and wasting as clinical disease

progresses (Fecteau 2018; McKenna et al. 2006), leading to
early death of an animal (Pieper et al. 2015). MAP is faculta-
tive intracellular pathogen residing in macrophages and shed
sporadically and progressively by subclinically and clinically
diseased animals respectively, thus contributing to environ-
mental contamination (Schukken et al. 2015; Kralik et al.
2014; Pillars et al. 2009). Susceptible animals, typically young
calves, become infected by ingesting contaminated colostrum,
milk, or feces (Sweeney et al. 2012) and then enter a lengthy
subclinical period lasting up to 10 years (Sweeney 2011;
Magombedze et al. 2013).

PTB is prevalent worldwide causing significant loss to
dairy industry due to reduced milk production, decreased fer-
tility, early culling and higher management costs (Smith et al.
2017; Sergeant et al. 2008). This dreaded disease is responsi-
ble for annual economic losses of approximately US$ 250
million to the US dairy industry (Wadhwa et al. 2012). MAP
infection has also been associated with multiple diseases in
humans like: Crohn’s disease (Agrawal et al. 2014), Blau
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syndrome (Dow and Ellingson 2010), type 1 diabetes (Cossu
et al. 2011a), Hashimoto thyroiditis (Masala et al. 2014) and
multiple sclerosis (Cossu et al. 2011b). Crohn’s disease is a
chronic, painful, diarrhoeal inflammatory disease of the intes-
tinal tract in humans that resembles PTB in ruminants. Thus,
MAP also poses a serious threat to public health apart from
compromising animal health and welfare.

The sensitivity of available detection methods of MAP is
low (Nielsen and Toft 2008) and there is limited knowledge on
the host factors controlling immune responses to MAP. Also
the lack of effective vaccines and differentiation of infected
and vaccinated animals (DIVA) based diagnostics (Bastida
and Juste 2011) leads to an underestimation of prevalence
and to an BIceberg effect^ whereby the true prevalence in
infected herds is greater than the apparent prevalence
(Magombedze et al. 2013). As a result, most infected animals,
especially thosein the early infection stage and sub-clinically
infected animals remain undetected. These factors are supple-
mented by lack of knowledge concerning genetic factors that
control susceptibility or resistance to infection. In this scenar-
io, appropriate control measures for MAP infection to prevent
the incidence and prevalence of PTB in cattle is required.
Genetic selection for resistant animals is one of the proven
strategies to control livestock diseases (Bishop and
Woolliams 2014). In order to identify resistant or susceptible
animals, the best approach can be defining simple genetic
markers that are associated with or linked to the complex
genes controlling disease resistance. Additive genetic variance
exists in cattle for MAP and heritability estimates for MAP
infection ranges from 0.09 to 0.18 (Gonda et al. 2006).
Incidence of PTB has genetic variability associated with it,
and thus it is possible to identify genomic regions associated
with resistance or susceptibility to MAP. The importance of
this area has been taken seriously and several workers have
identified polymorphism in different candidate genes viz.
SLC11A1, NOD2, SP110, TLR2, SP110, CLEC7A, CD209
and TLR4 genes and quantitative trait loci (QTL) associated
with susceptibility or resistance to PTB (Kumar et al. 2019;
Kumar et al. 2017; Sadana et al. 2015; Pant et al. 2014;
Vazquez et al. 2014; Yadav et al. 2014; Ruiz-Larranaga et al.
2010) in different resource population, but there is dearth of
study in Indian cattle population.

Toll like receptors (TLRs) are germ line encoded pattern
recognition receptors that bind pathogen associated molecular
patterns (PAMPs) and are intrinsically involved in triggering
both the innate and adaptive immune response mechanisms
(Bharati et al. 2017). It evolved as the immediate host defense
in response to foreign antigens (Cristofaro and Opal 2006) and
is found in all animal species. Although most mammalian
species share up to 13 TLR genes, only 10 mammalian TLR
(TLR1–TLR10) are expressed in the bovine species (McGuire
et al. 2006; Menzies and Ingham 2006), which identify mo-
lecular patterns from all major classes of pathogens (Oshiumi

et al. 2003; Tabeta et al. 2004). TLR2 and TLR4 are involved
in the early recognition of MAP (Quesniaux et al. 2004;
Buwitt-Beckmann et al. 2006). They are expressed onmicrog-
lia, schwann cells, monocytes, macrophages, dendritic cells
(DCs), polymorphonuclear leukocytes (PMNs or PMLs), B
cells and T cells in cattle (Werling et al. 2004, 2006). TLR1-
TLR2 heteromers and TLR4 recognize mycobacterial PAMPs
by activated macrophages and dendritic cells (Chang et al.
2006; Roura-Mir et al. 2005; Uehori et al. 2005). The critical
function of these genes in the immunity against mycobacteri-
um suggests a potential involvement of these genes in the
variation in bovine PTB susceptibility. Hence, detection of
polymorphisms in TLR2 and TLR4 genes would play a key
role in the resistance toMAP infection. The central hypothesis
of this study is that, the different arrangements of particular
alleles in the TLR2 and TLR4 genes would predominate in a
case population as compared to control, suggesting a role in
susceptibility to infection. The aim of the present study was to
find SNPs in TLR2 and TLR4 genes and to associate these
SNPs with high and low susceptibility to bovine PTB disease
in Indian cattle population.

Materials and methods

Animals and sampling

A total of 213 cattle from 3 different farms located in western
Uttar Pradesh area (65.73% IVRI farm in Bareilly, 19.25%
Agarwal Milkey and PG Farm in Bareilly and 15.02%
Raghura Dairy, Kashipur) were screened to develop a case-
control resource population. Out of 213 animals, 41 each of
Sahiwal and Tharparkar, 32 were Holstein Friesian and rest 99
animals were crossbred. Animals were housed under similar
environmental conditions and were unvaccinated for PTB. For
the purpose of this study, only adult cattle were chosen be-
cause they had higher chance of being exposed to MAP than
those for younger animals (Ruiz-Larrañaga et al. 2017). All
the samples necessary for the screening of PTB viz. blood and
fecal samples were collected from each animal aseptically.

Diagnostic tests for screening MAP infection

The resource population was screened using a panel of diag-
nostic tests viz. Johnin PPD test, fecal microscopy, fecal cul-
ture and ELISA (Indigenous and PARACHEK®) test against
MAP infection.

Johnin PPD test The single intra-dermal Johnin test for de-
layed type hypersensitivity reaction was carried out by the
intra-dermal inoculation of 0.1 ml of Johnin PPD on the side
of the middle third of the neck. The thickness of skin was
measured with vernier calipers before and 72 h after
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inoculation. Increase in skin thickness of over 4 mm (Fig. 1)
was considered as indicative of presence of delayed-type hy-
persensitivity (Roupie et al. 2018). Along with Johnin PPD,
tuberculin intradermal test and Mycobacterium avium PPD
test was also done to rule out cross reaction with
Mycobacterium bovis andMycobacterium avium infection re-
spectively (Kumar et al. 2019).

Microscopic examination of fecal smears About 4–5 g of
feacal samples from 213 animals were collected per-rectally
in a sterile container from each animal using sterile glove. All
these samples were transported to laboratory in ice and stored
at −20 °C till further use. Ziehl–Neelsen stained smears of
faeces were examined microscopically for presence of acid
fast bacilli of MAP (Singh et al. 2013). Slides displaying pink
coloured short rods (0.5–1.5 μm), distinguishable to MAP
(Fig. 2) were considered as positive for MAP infection.

Cultural examination of fecal samples Fecal culture examina-
tion was also performed in the experimental population which
is considered as the gold standard ante-mortem test, and it
demonstrates viable bacteria. (Kalis et al. 2002; Whitlock
et al. 2000). Herrold’s Egg Yolk medium (HEY medium)
was used for culture of MAP and was prepared as per the
method of Merkal et al. (1982) with some modifications.
Inoculated slants were observed for growth of acid fast MAP
after 20 weeks of culture (Fig. 3). They were only confirmed
to be acid fast using the microscopic examination of Ziehl-
Neelsen stained smears, and that this is a limitation to the
study. (Fig. 4).

Detection of MAP-specific antibodies by ELISA ELISA for the
detection of MAP infection was done by commercial
ELISA kit (PARACHEK®, Prionics) and indigenous
Elisa kit (Singh et al. 2008). Putative cross-reacting anti-
bodies in uninfected animals to other mycobacteria were
removed by absorption of serum with M. phlei. Positive
and negative sera were included as controls. The absor-
bance of each sample was recorded at 450 nm by ELISA
reader and by using these optical density (OD) values, S/P
ratios were calculated as per the formula.

S=P ratio of sample¼
OD value of sampleð Þ− OD value of negative controlð Þ

OD value of positive controlð Þ− OD value of negative controlð Þ

The result was interpreted to provide the infection status of
the animal. Samples having S/P ratio more than 0.4 was clas-
sified as positive, below 0.1 as negative and value between 0.1
and 0.4 as suspected for MAP infection (Collins 2002).

Based on the screening, 51 animals which were negative in
all the tests were designated as control population while 51
animals which were positive in at least two tests were desig-
nated as susceptible or case population.

Phenotypic classification of animals

All the 213 animals included in the present investigation were
given a score by considering the health and physical condition
of animals visualized in four scales called physical body con-
dition score (PBCS). The coding for PBCS was done accord-
ing to Edmonson et al. (1989) as following:

4+: healthy animals with no apparent signs of disease.
3+: healthy animals with no apparent signs of disease but
somewhat weaker than 4 + .
2+: weak and emaciated animals.

Fig. 1 Positive Johnin test
(delayed-type hypersensitivity) in
cattle after 72 h of inoculation. a
Johnin PPD positive; b Johnin
PPD negative

Fig. 2 Smear (Ziehl–Neelsen stained) showing acid fast bacilli of MAP
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1+: animals with obvious clinical signs of disease like
diarrhea and emaciation.

Blood collection for serum and DNA isolation

About 3 ml of venous blood was collected from the jugular
vein of the animal into a sterile 15 ml polypropylene centri-
fuge tube containing EDTA (1.8 mg/ml of blood) under sterile
condition for DNA isolation and 3 ml of venous blood from
213 animals was collected in a BD vacutainer under sterile
condition from jugular vein of animal without anticoagulant
for separation of serum. The samples were kept at −20 °C till
the isolation of DNA. Genomic DNA for all experimental
cattle was isolated by Phenol: Chloroform extraction method
as described by Sambrook and Russel (2001) with minor
modifications. The concentration and purity of DNAwas de-
termined by Nanodrop 1000 spectrophotometer. The DNA
samples showed the OD260:OD280 ratio between 1.7 and 1.9,

which were considered as good quality and used for further
analysis.

SNP selection and genotyping

Two single nucleotide polymorphisms (SNPs) in TLR2 gene
viz. rs55617172, rs41830058 and two SNPs in TLR4 gene viz.
rs8193046, rs8193060 were selected from the National Center
for Biotechnology Information SNP database (NCBI dbSNP)
and suitable primers were designed using online software
primer3 and NCBI primer designing software. All the SNPs
were found in the exonic region except the SNP rs8193046
which was in the intronic region (Table 1). Primers were de-
signed to amplify a 245–495 bp fragment which includes the
targeted SNP. Identification of a restriction enzyme (RE)
allowing allele discrimination by in-silico analysis was done
by the program designated NEBcutter V2, which has an op-
tion for viewing fragments of an in-silico digest (Vincze et al.
2003).

Genotyping of SNPs in the product was done by PCR-
RFLP technique. PCR amplification was carried out using
thermo cycler (Bio-Rad, USA) in a reaction mixture of
25 μl, comprised of 1.0 μl of forward primer, 1 μl of reverse
primer, 2.5 μl of Taq, 0.5 μl of dNTPs mix, 2.0 μl of MgCl2,
0.2 μl of Taq DNA polymerase, 2 μl of DNA template and
15.8 μl of Nuclease Free Water. The optimization of appro-
priate annealing temperature with respect to each primer was
determined by gradient PCR. The PCR conditions involved
initial denaturation at 95 °C for 5 min, followed by 35 cycles
with denaturation at 95 °C for 30 s, annealing temperature
ranged from 56.2 °C to 64.5 °C for 45 s, extension at 72 °C
for 45 s followed by a final extension at 72 °C for 10 min.

The restriction enzyme (RE) digestion of PCR product was
carried out in 0.2 ml tubes with a total reaction mixture of
23 μl by overnight incubation at a temperature, specified by
enzymemanufacturer. The digested products were then kept at
−20 °C until further study. The amplified and RE digested
PCR products were electrophoresed in 3.5% agarose gel for
2 h at 90 V. About 20 μl of digested product mixed with 4 μl
of 6× loading dye were loaded into each well along with
100 bp DNA ladder in a separate lane. After completion of
gel electrophoresis the digested product were visualized by
UV transilluminator and documented to detect the genotype
of each sample. Region covered by each primer, primer se-
quence, annealing temperature and amplicon size for each
primer and information of RE, fragments obtained after diges-
tion and genotyping by RE digestion is shown in Table 2.

Statistical analysis

The effect of nongenetic factors and SNPs in TLR2 and TLR4
genes on the occurrence of PTB disease was analysed by PRO
CLOGISTIC procedure of SAS 9.3 software. The univariable

Fig. 3 Colonies of MAP on Herrold’s Egg Yolk medium after 20 weeks
of culture

Fig. 4 Ziehl–Neelsen stained smears of MAP colony showing acid fast
bacilli
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analysis was performed for categorical variables with a a Chi-
square (χ2) test on the distribution of allele and genotype
frequencies between case population (PTB affected) and con-
trol population. The differences between case and control
were assessed by odds ratio (OR) with 95% confidence inter-
vals 9CIs). The relative risk of incidence among the genotypes
was analyzed using a logistic regression model:

log p= 1−pð Þ½ � ¼ α þ β1Ht þ β2Ho þ γZ

Where: log [p/(1 − p)] = Probability of the binomial re-
sponse phenotype; α, β1, β2 and γ = Regression coefficients
associated with population, heterozygotes and error respec-
tively. This model compared heterozygous (Ht) and homozy-
gous (Ho) genotypes and estimated one/two OR, one for Ht

and the other for Ho.
The binomial response phenotype (dependent variable)

was coded based on the positive (coded as ‘1’) or negative
(coded as ‘0’) test for MAP infection. The non-genetic
factors like age (2 level), physical body condition score
(2 level) and breed (2 level) were fitted. The PROC
ALLELE procedure of SAS 9.3 was used for testing of
Hardy-Weinberg equilibrium (HWE), estimation of poly-
morphism information content (PIC), linkage disequilibri-
um (LD) and heterozygosity of SNPs markers were used
in the present investigation.

Results and discussion

PTB is a disease of global economic and potential zoonotic
concern (Pinedo et al. 2013). Host genetic variation has been
known to influence resistance or susceptibility to infection
following exposure to MAP (Casanova and Abel 2002).
Bovine macrophages are the primary target cells in which
MAP is able to survive and replicate, hence it is possible that,
TLR2 and TLR4 function is critically important in PTB infec-
tion (Weiss et al. 2008). It has been found that mutations in
TLR2 and TLR4 gene causes inefficient recognition of MAP
and failure in the subsequent innate and adaptive immune
responses which increase risk of mycobacterial infections
(Henckaerts et al. 2007; Thuong et al. 2007) and Crohn’s
disease (Hong et al. 2007; Lakatos et al. 2005) in humans.
Currently, a few studies are involved in exploring association
of host-candidate genes with susceptibility to MAP infection
in Indian cattle population. The ultimate aim was to find a
single SNP or a panel of SNPs that could act as a genetic
marker and could be utilized in selection of PTB resistant
cattle at early stage.

Out of 213 animals screened for MAP infection, we could
obtain only 51 animals in case population, since the incidence
rate of PTB in cattle is 39.3% in western Uttar Pradesh (Singh
et al. 2014) from where our resource population belongs. A
panel of diagnostic tests were used for screening MAP

Table 2 Region covered by each primer, SNP database identification number, primer sequence, annealing temperature (AT), amplicon size of each
primer, Restriction enzyme (RE) used for each SNP and different fragment sizes expected from each amplicon after RE digestion

Gene SNP ID Sequence(5′ to 3′) AT
(°C)

Amplicon
size

RE 1st
Homozygous

Heterozygous 2nd
Homozygous

TLR4 rs8193046 F: TCTTTGCTCGTCCCAGTAGC
R: AAGTGAATGAAAAGGAGACC

TCA

56.5 384 AciI 384 (AA) 384, 297, 87(AG) 297, 87(GG)

TLR4 rs8193060 F: CAGAAACCTCCGCTACCTTG
ATA

R: TTGACCCACTGCAGGAAACT

59.1 447 AluI 447(TT) 447,318,129(CT) 318, 129(CC)

TLR2 rs55617172 F: TTAAACTCCATCCCCTCTGG
R: TAAAGGGACCTGAACCAGG

56.3 245 EcoRV 245 (CC) 245, 182, 63(CA) 182, 63 (AA)

TLR2 rs41830058 F: GTGAGCAGGAGCAACAGGAA
R: GCTGAACTTATCCAGCACAA

GG

61.4 495 CviAII 495(GG) 495,388,107(AG) 388,107(AA)

Table 1 Selected SNP in the bovine TLR2 and TLR4 genes

Gene SNP Location AA change Protein domain Gene bank accession no.

TLR2 c.1707 T > C Exon 2 H569H LRR rs41830058 (Koets et al. 2010)

TLR2 c.189 C >A Exon 2 E63D LRR rs55617172 (Sadana et al. 2015)

TLR4 c.94–24A >G Intron 1–2 _ _ rs8193046 (Ruiz-Larrañaga et al. 2011)

TLR4 c.1656C > T Exon3 S552S LRR rs8193060 (Ruiz-Larrañaga et al. 2011)
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infection status and only those animals which showed positive
results for two ormore than two diagnostic tests were included
in case population to rule out any possibility of false positives.
However, only those animals were included in control which
showed negative results for all the five diagnostic tests to rule
out false negative results in the control population. Hence, our
resource population got limited to 102 animals (51 cases and
51 controls). Unfortunately, this is one significant limitation to
this study. However, it is well accepted that preliminary asso-
ciation studies can be carried out in small population, provided
there is true case and control population. Association study of
different SNPs with bovine brucellosis with resource popula-
tion of 83 cattle (38 cases and 45 controls) has been conducted
by Prakash et al. (2014). We also studied the effect of non
genetic factors like PBCS, age and breed on occurrence of
PTB in our resource population. PBCS was significantly
(p < 0.01) different among case animals from control animals.
The ODDs for animals with poor physical conditions at 95%
CI were significantly different from healthy animals which
depicts that animals with poor physical conditions were at a
higher risk of infection than animals with good physical con-
ditions. Further, we found that although we had diversified
breeds and admixed individuals but the effect of breed was
not significant (p > 0.05) on the occurrence of PTB disease.
The indigenous breeds were compared with exotic and cross
bred animals and p value for occurrence of disease between
different breed was non-significant. Our results are in agree-
ment with the findings of Sadana et al. (2015) who also re-
ported non-significant effect of breed on the -incidence of
bovine PTB. Age also failed to distinguish significantly
(p > 0.05) the affected animals from healthy animals in our
resource population.

The SNP rs41830058 in TLR2 gene was found to be mono-
morphic having only GG genotype in case-control population
and hence was excluded from association analysis. While the
SNP rs55617172 in TLR2 gene was polymorphic having three
genotypes viz. AA, AC and CC. These genotypes failed to

show significant association between case and control popu-
lation. The logistic regression analysis revealed that for SNP
rs55617172, the animals with AA (OR 0.41) genotypes were
at lower risk for occurrence of disease than animals with AC
(OR 1.09) and CC (OR 1) genotype which is also reflected by
odds of allele A (OR 0.71) versus C (OR 1). Although not
significantly different, the allele A confers relative resistance
toward PTB at this locus of the gene. The odds of CC and AC
are almost equal, indicating the possible dominant effect of C
allele with no heterozygote advantage. Sadana et al. (2015)
found similar result with SNP rs55617172, as the probability
for getting infection in animals with A allele was half as com-
pared to C allele and the odds of susceptibility for AA geno-
type were only 0.17 as compared to CC genotype (OR 1). The
allele and genotype frequency distribution and OR of case and
control animals for TLR2 genes are given in Tables 3 and 4
respectively. The PIC, average heterozygosity and HWE of
each locus are shown in Table 5.

Bovine TLR2 gene located at the proximal end of BTA17
contains 2 exons and encodes 784 amino acids (White et al.
2003). There are reports that correspond to the association of
TLR2with PTB in cattle (Sadana et al. 2015; Koets et al. 2010;
Mucha et al. 2009), however in the present study, no associa-
tions were identified between SNPs in TLR2 gene with MAP
infections in our resource population. A study by Koets et al.
(2010) revealed the significant association of TLR2–1903 T/C
SNP with occurrence of PTB in cattle, where CC and CT
genotypes were at 1.7 times greater risk than TT genotype
for getting MAP infection. The synonymous SNP
c.1707 T > C (H569H) in TLR2 gene has been found to be
associated with MAP infection in a Dutch Holstein-Friesian
population. These conflicting results may be an outcome of
the small number of individuals used in this study, due to
breed differences or differences in the linkage phase between
the SNPs and the actual causative SNPs and due to the use of
different panel of diagnostic tests for establishment of case-
control population. Previous workers (Sadana et al. 2015;

Table 3 Genotype frequency
distribution and odds ratio of case
and control animals

Gene SNP Genotype Genotype frequency p Value Odds ratio (95% CI)

Case N (%) Control N (%)

TLR 4 rs8193046 AA 14 (27.45) 26 (50.98) 0.0005** 2.69 (0.52–14.04)

AG 35 (68.63) 15 (29.41) 11.67 (2.276–59.78)

GG 2 (3.92) 10 (19.61) 1.00

TLR 4 rs8193060 CC 14 (27.45) 23 (45.10) 0.0086** 0.89 (0.34–2.35)

CT 24 (47.06) 9 (17.65) 3.90 (1.376–11.04)

TT 13 (25.49) 19 (37.25) 1.00

TLR 2 rs55617172 AA 5 (9.8) 11 (21.57) 0.27 0.41 (0.122–0.398)

AC 24 (47.06) 20 (39.22) 1.09 (0.467–2.547)

CC 22 (43.14) 20 (39.22) 1.00

**Significant at 1% level
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Koets et al. 2010) had used single or a couple of diagnostic test
while in our study we used a panel of diagnostic tests, so they
might have a biased case-control population, which explains
for the difference in results. Most JD control programmes use
ELISA to detect potentially infected animals (Lavers et al.
2014) because individual fecal culture is expensive and
time-consuming. Another reason for using ELISAs is that
the extent of shedding correlates well with the ELISA titres
(Dargatz et al. 2001). However, it was reported by Pant et al.
(2014) that ELISA test for MAP specific antibodies lacks the
desired sensitivity and thus can introduce false negatives in
resource population; hence we performed a panel of diagnos-
tic tests viz. Johnin PPD test, ELISA test, fecal microscopy
and fecal culture test against MAP so that our screening for
resource population are unbiased. We have ensured that for
declaring true negative, animals must have negative results for
all five tests and thus there is a rare possibility of inclusion of
false negatives in control population and false positives in case
population.

Both SNPs in TLR4 gene rs8193046 and rs8193060 had
showed polymorphic pattern in our case-control population
and were significantly associated with occurrence of PTB in
cattle. The logistic regression analysis revealed that for both
SNPs genotype frequency differ significantly (p < 0.01) be-
tween case and control population. In SNP rs8193046, three
genotypes AA, AG and GG were observed at this locus with
frequencies in case and control population were 27.45,
68.63and 3.92 and 50.98, 29.41and 19.61 respectively. The
odds of AA and AG genotypes verses GG genotype were 2.69
and 11.67 respectively i.e. probability for getting infection in
animals with AA and AG genotype was 2.69 and 11.67 times
more as compared to GG genotype. Here we encountered an
interesting finding that, animals with AG genotype i.e. hetero-
zygote were more abundant in case than control. Despite the

odds of A allele being lower than G allele, the odds of AG
were 11.67 times than the odds of GG genotype. It is a possi-
ble example of heterozygous disadvantage as the odds of AC
were greater than both of the homozygotes. A case of over-
dominance toward susceptibility side can also be possible
reason.

In SNP rs8193060 three genotypes CC, CT and TT were
observed at this locus with odds of CC and CTcompared with
TT were 0.89 and 3.9 respectively i.e. probability for getting
infection in animals with CT genotype was 3.9 times more as
compared to TT genotype and 4.3 times more as compared to
CC. The animals with CT genotype i.e. heterozygote were
more abundant in case than control. Despite the odds of C
allele being lower than T allele, the ODDs of CT were 3.9
times than the odds of TT genotype. It is also a possible ex-
ample of heterozygous disadvantage as the odds of CT were
greater than both of the homozygotes and a case of overdom-
inance toward susceptibility side.

The PIC ranged from 35.55% for rs8193046 to 37.42% for
rs8193060 in TLR4 gene revealing a moderate polymorphism
at these SNPs. Heterozygosity have moderate estimate with
32.35% for rs8193060 to 49.02% for rs8193046 in TLR4
gene. The allele and genotype frequency distribution and
OR of case and control animals for TLR4 genes are given in
Table 3 and Table 4 respectively. The PIC, average heterozy-
gosity and HWE of each locus are shown in Table 5. The
genotypic profile of SNP rs8193046 and rs8193060 is
depicted in Figs. 5 and 6 respectively.

Bovine TLR4 gene located at the proximal end of BTA8
contains 3 exons and encodes 841 amino acids. In a
multibreed Bos taurus population, SNPs in the TLR4 gene
were found to be associated with MAP infection (Mucha
et al. 2009), but Pinedo et al. (2009) were unable to confirm
the significant association between SNPs in TLR4 gene and

Table 5 PIC, Heterozygosity,
Allelic Diversity andHWE for the
loci

Locus N Alleles PIC Heterozygosity Allelic Diversity HWE (χ2-probability)

rs8193046 102 2 0.3555 0.4902 0.4623 0.667

rs8193060 102 2 0.3744 0.3235 0.4988 0.0002

rs55617172 102 2 0.3582 0.4314 0.4675 0.523

Table 4 Allele frequency
distribution and Odds ratio of case
and control animals

Gene SNP Genotype Genotype frequency p Value Odds ratio (95% CI)

Case N(%) Control N(%)

TLR4 rs8193046 A 63 (61.76) 67 (65.69) 0.56 0.84 (0.48–1.50)

G 39 (38.24) 35 (34.31) 1.00

TLR4 rs8193060 C 52 (50.98) 55 (53.92) 0.67 0.89 (0.51–1.54)

T 50 (49.02) 47 (46.08) 1.00

TLR2 rs55617172 A 34 (33.33) 42 (41.18) 0.25 0.71 (0.40–1.26)

C 68 (66.67) 60 (58.82) 1.00
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PTB infection in multibreed sample composed of Bos taurus
and crossbred of Bos taurus and Bos indicus breeds. The
significant association between TLR4 gene and MAP
infection as found in our study was also observed by Mucha
et al. (2009) and Ruiz-Larrañaga et al. (2011) in Holstein-
Friesian cattle. However, the SNPs they reported significant
were different from our SNPs. In humans, genetic polymor-
phisms in the TLR4 gene have been associated with differ-
ences in LPS responsiveness (Poltorak et al. 1998; Schwartz
2002), sensitivity to mycobacterial antigens (Bulut et al. 2005)
and are associated with increased risk of Crohn’s disease
(Hong et al. 2007; Lakatos et al. 2005). Our results are in
agreement with earlier reports by Sharma et al. (2015), where
a strong association was found between different allelic vari-
ants in TLR4 gene and occurrence of PTB in Canadian
Holsteins. They revealed a strong association between c.-
226G > C, and c.2021C > T SNPs and PTB disease. Taken
together, this study provides evidence of likelihood of SNPs
rs8193046 and rs8193060 loci in TLR4 gene in determining
host susceptibility to MAP infection.

Conclusion

This is the first report on the association study of TLR4 gene
with the occurrence of PTB disease in India. SNPs rs8193046
and rs8193060 loci would be valuable for genotyping the
animals for selection against PTB infection in cattle. Also,
further analyses through extended sampling in larger

population and comprehensive studies can offer more reliable
explanations of association of examined SNPs related to re-
sistance to PTB.
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