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ABSTRACT.	 Many	studies	suggest	significant	genetic	variation	in	the	resistance	of	cattle	and	humans	to	infection	with	Mycobacterium bovis 
(M. bovis),	the	causative	agent	of	zoonotic	tuberculosis.	TNF-α	promotes	inflammation	and	induces	apoptosis	in	response	to	mycobacterial	
infection.	The	aim	of	the	present	study	was	to	investigate	the	influence	of	single	nucleotide	polymorphisms	of	the	TNF-α gene on bovine 
tuberculosis (bTB) susceptibility. We genotyped the TNF-α	gene	in	74	bTB-infected	Holstein	cows	and	90	healthy	control	animals.	The	
influence	in	the	exon	3	region	of	TNF-α	polymorphisms	on	bTB	susceptibility	was	subsequently	investigated	by	association	analysis.	Our	
finding	demonstrated	that	the	g.27534932A>C	polymorphism	of	the	TNF-α	is	associated	with	bTB	in	Holstein	cattle.	The	susceptibility	
of	cattle	with	 the	g.27534932A>C	genotype	compared	with	 the	CC	genotype	was	4.11-fold	(95%	CI,	1.27–13.36;	P=0.02) higher. The 
g.27534932A>C	polymorphism	located	in	exon	3	of	the	TNF-α	gene,	and	the	functional	consequence	was	missense.	The	deduced	amino	
acid	sequence	for	the	protein	product	revealed	an	arginine	to	serine	conversion	at	position	159,	which	may	affect	initiation	of	protein	syn-
thesis and disrupt normal TNF-α	function	that	protects	animals	against	mycobacterial	infection.	A	significant	association	was	observed	with	
the	A	allele	as	a	risk	factor	for	bTB	susceptibility	(OR,	3.84;	95%	CI,	1.21–12.17;	P=0.02).	In	conclusion,	this	is	the	first	report	showing	
that	the	g.27534932A>C	polymorphism	may	contribute	to	TNF-α-mediated bTB susceptibility.
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Bovine tuberculosis (bTB) is caused by the intracellular 
pathogen Mycobacterium bovis (M. bovis), a facultative in-
tracellular parasite of macrophages. This zoonotic infection 
has	a	significant	economic	impact	and	serious	implications	
for human health, especially in developing countries [2, 6, 
13,	 16,	 19].	 The	worldwide	 prevalence	 of	 bTB	 remains	 a	
significant	economic	burden,	with	annual	losses	of	approxi-
mately	3	billion	US	dollars	[2].	Most	bTB	control	programs	
rely on the intradermal tuberculin skin test (TST) to iden-
tify	 infected	cattle,	which	are	 then	culled	 [13].	 In	Taiwan,	
a national bTB eradication program comprising an annual 
TST, restriction of animal movement and slaughter of reac-
tor	animals	has	been	implemented	since	1947.	Despite	these	
efforts, tuberculosis is still present in animals and humans, 
and the proportion of TST-positive cattle has increased from 
0.13%	in	2008	to	0.2%	in	2014	[11].	The	failure	of	the	pres-
ent measures to eradicate bTB necessitates the consideration 
of additional or complementary control measures.

The pathogenic state of bacterial infection and the prob-
ability	of	 reactivation	depend	on	 the	balance	between	host	
immunity	 and	 the	 influence	 of	 exogenous	 factors.	 During	
latent tuberculosis infection, Mycobacterium	 bacteria	 exist	

in a dormant state, and through certain promoting factors, 
such as malnutrition and air pollution, they may later convert 
from	the	latent	form	into	actively	growing	bacilli	[7].	Host	
genetic factors have an important role in the progression of 
the	disease.	However,	a	dynamic	relationship	was	proposed	
between	the	quiescent	and	active	state	having	bidirectional	
shifts, depending on the load and virulence of the host’s im-
mune	 conditions	 [4].	 Previous	 studies	 suggest	 that	 certain	
host genetic variants contribute to tuberculosis susceptibility 
[2,	3,	6,	9].	Candidate	genes	including	tumor	necrosis	factor	
α (TNF-α), solute carrier family 11 member 1 (SLC11A1), 
inducible	nitric	oxide	synthase	(iNOS), vitamin D receptor 
(VDR), toll-like receptors (TLRs) and human leukocyte an-
tigen (HLA-DRB1 and HLA-DQB1) have been investigated 
for	possible	associations	between	genetic	variants	and	tuber-
culosis	susceptibility	[5,	16,	20,	25,	26,	28,	38].
The	balance	between	 the	Th1 and Th2	cytokines	 reflects	

the outcome of naïve T cell activation and assists in eluci-
dation	of	the	immune	protection	profile	of	the	host	against	
Mycobacterium bacteria. Certain cytokine gene polymor-
phisms	also	correlate	with	 their	 in vitro cytokine secretion 
[15].	TNF-α	is	one	of	the	most	important	pro-inflammatory	
and pro-immune cytokines, playing a key role in initiation, 
regulation	 and	 perpetuation	 of	 the	 inflammatory	 response.	
TNF-α	is	also	required	for	induction	of	apoptosis	in	response	
to	mycobacterial	infection	[1,	23,	40].	Many	single	nucleo-
tide	polymorphisms	(SNPs)	have	been	identified	within	the	
promoter of the TNF-α	gene.	Variants	in	the	TNF-α	promoter	
at	 positions	 −238G/A	 (rs361525),	 −308G/A	 (rs1800629),	
−857C/T	 (rs1799724)	 and	 −863A/C	 (rs1800630)	 have	
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been	examined	 for	 their	associations	with	 susceptibility	or	
resistance	 to	 tuberculosis	 [1,	5,	26,	28].	The	rs361525	and	
rs1800629	polymorphisms	were	found	to	be	associated	with	
pulmonary tuberculosis in Colombian and Iranian popula-
tions.	The	associations	between	TB	and	the	rs1799724	and	
rs180063	polymorphisms	have	also	been	documented	in	the	
Chinese	Han	population	[33].	The	most	 important	of	 these	
SNPs,	rs1800629,	is	associated	with	variable	levels	of	pro-
inflammatory	cytokines	and	 the	pathogenesis	of	 tuberculo-
sis.	 However,	 little	 information	 is	 available	 regarding	 the	
associations	between	bTB	susceptibility	and	gene	mutations.	
Thus,	 we	 aimed	 to	 identify	 possible	 associations	 between	
TNF-α polymorphisms and the risk of bTB in Holstein cattle.

MATERIALS	AND	METHODS

Animals of study:	 Our	 cohort	 comprised	 164	 Holstein	
cattle	in	Taiwan	(age	range:	0.7–5.0	years),	74	of	which	were	
mandatorily	sent	to	be	culled	between	January	2011	and	Oc-
tober	of	2015	after	a	positive	TST,	in	line	with	regulations	
in	Taiwan.	The	 remaining	90	 control	 animals,	which	were	
frequency-matched	 to	 the	 bTB	population	 in	 terms	 of	 age	
and	gender,	were	selected	from	a	herd	without	a	recent	his-
tory	of	tuberculosis	and	were	TST	negative.	All	procedures	
described	in	this	study	were	reviewed	and	approved	by	the	
National	Taiwan	University	 Institutional	Animal	Care	 and	
Use	Committee.	Subjects	with	an	M. bovis-positive lymph 
node	were	confirmed	bTB	by	culture.	Associations	between	
genetic	 polymorphisms	 and	 bTB	 were	 examined	 using	 a	
case–control	study.

Preparation of bovine genomic DNA:	 For	 extracting	
DNA,	5–10	ml	of	peripheral	blood	was	collected	from	each	
subject,	 stored	 at	 −20°C	 and	 taken	 to	 the	 laboratory	 on	
dry	 ice.	DNA	from	the	blood	samples	was	extracted	using	
DNeasy	 Blood	 &	 Tissue	 Kit	 (Qiagen,	 Germantown,	MD,	
U.S.A.), according to the manufacturer’s instructions. The 
concentration	and	purity	of	the	extracted	DNA	was	verified	
optically using an ND-1000 spectrophotometer (NanoDrop 
Technology, Wilmington, DL, U.S.A.).

Genotyping by polymerase chain reaction:	 Polymerase	
chain	 reaction	 (PCR)	 and	 direct	 sequencing	 analysis	were	
used	to	detect	polymorphisms.	Samples	for	PCR	were	pre-
pared in a volume of 30 µl, consisting of 20 µl of diethyl 
pyrocarbonate-treated	water,	3	µl of 10× PCR buffer, 0.5 µl 
of each primer (10 µM), 2 µl	of	10	mM	deoxynucleotide	tri-
phosphate	(dNTP;	Viogene	BioTek	Corp.,	New	Taipei	City,	

Taiwan),	0.5	µl of 2 units/µl	Taq	DNA	polymerase	(Viogene	
BioTek Corp.) and 4 µl	of	the	extracted	DNA.	The	forward,	
5′-CCT	GCT	GAC	GGG	TTT	ACC	T-3′,	and	reverse,	5′-ATG	
GCA	GAC	AGG	ATG	TTG	ACC-3′,	primers	were	used	for	
amplifying a TNF-α	fragment	as	described	previously	[40].	
The	 reaction	was	 initiated	by	heating	 the	mixture	 to	94°C	
for	5	min,	followed	by	35	cycles	at	94°C	for	50	sec,	55°C	
for	1	min	and	72°C	for	1	min,	after	which	the	reaction	was	
concluded	with	 a	final	 extension	 step	 at	 72°C	 for	 10	min.	
The	 PCR	 products	 were	 analyzed	 using	 3%	 agarose	 gel	
electrophoresis. Based on a predicted size of 142 base pairs, 
products	 were	 then	 sequenced	 using	 a	 BigDye	 terminator	
cycle	sequencing	kit	in	an	Applied	Biosystems	3730	×l	DNA	
Analyzer (Applied Biosystems, Waltham, MA, U.S.A.), us-
ing the abovementioned PCR primers.

Statistical methods:	 The	 chi-square	 test	 was	 used	 to	
examine	 the	 association	 between	 genetic	 polymorphisms	
and susceptibility to infection in animals. If the theoretical 
value	for	a	cell	was	<5	in	the	chi-square	test,	Fisher’s	exact	
test	was	 applied.	The	 analyses	were	 performed	 for	 all	 the	
polymorphisms of the gene assessed in this study. For each 
polymorphism,	allelic	analyses	were	performed	to	determine	
if animals had a homozygous or heterozygous genotype. To 
explore	 possible	 association	 between	 allele	 or	 genotype	
frequencies	and	infection	status	of	cows,	 the	heterogeneity	
of	odds	ratios	(ORs)	for	susceptibility	to	bTB	infection	was	
assessed.	 ORs	 and	 95%	 confidence	 intervals	 (CIs)	 were	
calculated in order to estimate risk of disease in animals. 
Statistical	significance	was	set	at	5%	(P<0.05).

RESULTS

Polymorphisms in exon 3 of the bovine TNF-α gene:	The	
SNPs	 including	 rs453652706,	 rs383890418,	 rs432068289	
and	g.27534932A>C	were	identified	in	exon	3	of	the	bovine	
TNF-α	gene.	Only	one	genotype,	GA,	of	the	453652706	poly-
morphism	was	found	in	both	bTB-positive	and	control	cattle.	
For	this	reason,	we	did	not	include	the	rs453652706	SNP	in	
the	results.	Two	genotypes,	CC	and	CT,	of	the	rs383890418	
polymorphism	were	found	in	both	bTB-positive	and	control	
cattle.	 Two	 genotypes,	 AA	 and	 AT,	 of	 the	 rs432068289	
polymorphism	 were	 also	 found.	 For	 the	 g.27534932A>C	
polymorphism,	 two	 genotypes,	 CC	 and	 CA,	 were	 identi-
fied.	The	influence	of	genetic	variants	on	bTB	susceptibility	
is presented in Tables 1 and 2.	Of	 the	 bTB	group	 (n=74),	
83.78%	 (n=62)	 had	 the	 homozygous	 CC	 genotype	 at	 the	

Table	1.	 Influence	of	genetic	variants	on	bovine	 tuberculosis	 susceptibility	 in	Holstein	 cattle.	The	 single-nucleotide	polymor-
phisms	(SNPs)	are	located	in	exon	3	of	the	bovine	TNF-α gene

SNP rs-number Chromosome 
positiona) Genotype Gene model 

functiona)
mRNA  

positiona) Allele changea) Protein  
positiona) Residue changea)

rs453652706 23:27535013 GA missense 587 CTT/TTTb) 132 L	[Leu]/F	[Phe]
rs383890418 23:27534972 CC, CT cds-synon 628 GGC/GGT 145 G	[Gly]/G	[Gly]
rs432068289 23:27534962 AA, AT missense 638 ACC/TCC 149 T	[Thr]/S	[Ser]
g.27534932A>C 23:27534932 CC, CA missense 668 CGC/AGC 159 R	[Arg]/S	[Ser]

a)	Source:	National	Center	for	Biotechnology	Information	(NCBI),	the	Single	Nucleotide	Polymorphism	database	(http://www.ncbi.
nlm.nih.gov/snp). b) SNP to mRNA is reverse strand.
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polymorphism,	 and	 16.22%	 (n=12)	 had	 the	 heterozygous	
CA	 genotype	 at	 the	 polymorphism.	 Of	 the	 control	 group	
(n=90),	95.51%	(n=85)	had	the	CC	genotype	at	the	SNP,	and	
4.49%	(n=4)	had	the	CA	genotype	at	the	SNP	(Table	2);	the	
frequencies	 of	 the	 high-producing	A	 allele	 revealed	 that	 it	
was	 overrepresented	 in	 the	 bTB	group	 compared	with	 the	
control	group	(8.11%	versus	2.25%)	(Table	3).

Effects of the polymorphisms on bTB risk:	The	polymor-
phism	g.27534932A>C	of	the	TNF-α	gene	was	significantly	
associated	with	bTB	in	Holstein	cattle.	The	susceptibility	of	
cattle	with	the	g.27534932A>C	genotype	compared	with	the	
CC	genotype	was	4.11-fold	(95%	CI,	1.27–13.36;	P=0.02) 
higher.	Furthermore,	the	A	allele	was	a	risk	factor	for	bTB	
susceptibility	(OR,	3.84;	95%	CI,	1.21–12.17;	P=0.02). The 
results	demonstrated	the	effect	of	g.27534932A>C	polymor-
phisms of the TNF-α gene on bTB susceptibility in Holstein 
cattle.	The	 rs383890418	SNP	produced	 two	 different	 con-
formation	patterns	(CC	and	CT),	and	the	CT	genotype	was	
overrepresented	in	the	bTB	group	(32.43%)	compared	with	
the	control	group	(24.44%).	The	CT	genotype	frequency	of	
the	rs383890418	variant	was	not	significantly	higher	in	bTB	
cattle	than	in	healthy	controls	(OR,	1.48;	95%	CI,	0.75–2.94;	
P=0.30).	There	was	no	 significant	association	between	 the	
rs432068289	 polymorphism	 and	 bTB	 resistance	 (P=0.22). 
The	AT	 genotypes	 had	 a	 lower	 relative	 risk	 of	 bTB	 (OR,	
0.23;	95%	CI,	0.03–2.04)	as	compared	with	 the	AA	geno-
type. The genotype and allelic distributions of infected and 
control animals are presented in Tables 2 and 3.

DISCUSSION

This	 study	 identified	 the	 g.27534932A>C	 (conservative	
single nucleotide adenine to cytosine substitution at codon 
159,	resulting	in	a	change	to	serine	from	arginine)	polymor-
phism of the TNF-α	gene	associated	with	bTB	in	Holstein	
cattle	in	Taiwan	and	genetic	variations	similar	to	some	found	
in	African	 zebus	 (3′UTR	microsatellite	 polymorphisms	 of	
the SLC11A1	gene),	Chinese	Holstein	cattle	(G1596A	SNP	
of the TLR1 gene) and African buffalo (SNP41 and SNP137 
polymorphisms of the SLC7A13 and DMBT1 gene) associ-
ated	with	susceptibility	to	bTB	[20,	32,	35].
Recent	 findings	 have	 demonstrated	 significant	 heritable	

differences in the susceptibility of Holstein cattle to bTB, 
supporting the importance of genetic polymorphisms in abil-
ity to control the incidence and severity of bTB outbreaks 
in	animal	herds	[8,	12].	A	previous	study	reported	 that	 the	
G1596A	SNP	 in	 the	TLR1	gene	 is	associated	with	 suscep-
tibility to bTB in Holstein cattle (Bos taurus). The reason 
for this association might be the conversion of isoleucine 
to	valine,	which	may	hinder	the	recognition	of	mycobacte-
rial	pathogen-associated	molecular	patterns	 [31].	A	similar	
relationship	 between	 SNP41	 and	 SNP137	 polymorphisms	
in the African buffalo (Syncerus caffer) and bTB has been 
explored.	SNP41	occurs	in	the	SLC7A13 gene, and the func-
tional	 consequence	 is	missense,	 from	 isoleucine	 to	 valine,	
which	may	impact	the	light	chain	of	heteromeric	amino	acid	
transporters. SNP137 is located in the coding region of the 
DMBT1	 gene.	 The	 functional	 consequence	 of	 SNP137	 is	

Table	2.	 Frequency	distribution	of	genotypes	of	the	TNF-α gene in the Mycobacterium bovis infected and non-infected 
Holstein cattle

SNPa) Genotype
Genotype	frequency Odds	ratio	 

(95%	confidence	interval) P-value
Infected	cattle	(No.	/%) Non-infected	cattle	(No.	/%)

rs383890418 CC 50 (67.57) 68	(75.56) 1
0.30CT 24 (32.43) 22 (24.44) 1.48	(0.75–2.94)

rs432068289 AA 73	(98.65) 85	(94.44) 1
0.22AT 1 (1.35) 5 (5.56) 0.23	(0.03–2.04)

g.27534932A	>C CC 62	(83.78) 85	(95.51) 1
0.02b)

CA 12 (16.22) 4	(4.49) 4.11	(1.27–13.36)

a)Single nucleotide polymorphism. b) P<0.05.

Table	3.	 Frequency	distribution	of	 the	 alleles	of	 the	TNF-α gene in the Mycobacterium bovis infected and non-infected 
Holstein cattle

SNPa) Genotype
Allele	frequency Odds	ratio	 

(95%	confidence	interval) P-value
Infected	cattle	(No.	/%) Non-infected	cattle	(No.	/%)

rs383890418 C 124	(83.78) 158	(87.78) 1
0.63T 24 (16.22) 22 (12.22) 1.39	(0.74–2.60)

rs432068289 A 147	(99.32) 175	(97.22) 1
0.23T 1	(0.68) 5	(2.78) 0.24	(0.03–2.06)

g.27534932A	>C C 136	(91.89) 174	(97.75) 1
0.02b)

A 12	(8.11) 4 (2.25) 3.84	(1.21–12.17)

a) Single nucleotide polymorphism. b) P<0.05.
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missense,	from	histidine	to	arginine,	which	may	impact	the	
pattern	recognition	receptors	[27].	A	Chadian	study	showed	
that	 3′UTR	microsatellite	 polymorphisms	 of	 the	SLC11A1 
gene	were	associated	with	susceptibility	to	bTB	in	African	
zebu (Bos indicus)	[20].	Naturally	resistant	animals	had	the	
highest	 phagocytosis	 index	 and	 showed	 greater	 microbial	
control	after	exposure	to	M. bovis stimuli, producing stron-
ger	pro-inflammatory	responses	compared	with	susceptible	
animals	[10].	TNF-α is essential for the formation of protec-
tive	 tuberculosis	 granulomas	 and	 regulates	 the	 expression	
of other cytokines that contribute to a protective immune 
response	 and	 exert	 antimicrobicidal	 action	 [1,	 28,	 40].	 In	
seeking to understand the reasons for natural variation in 
resistance,	 high	 expression	 of	 the	 TNF-α gene in bovine 
macrophages	in	response	to	challenge	with	M. bovis appears 
to support a functional association for the TNF-α	gene	with	
enhanced	 protection	 against	mycobacteria	 [27,	 40].	 In	 bo-
vines, the TNF-α	gene	contains	4	exons	and	3	 introns	and	
is	 located	on	chromosome	23q22	 [24].	 In	 the	past	decade,	
several	 studies	 have	 investigated	 the	 relationship	 between	
polymorphisms in the TNF-α gene and susceptibility to 
clinical mastitis, immune function and bovine leukemia vi-
rus	infection	[8,	21,	22,	30,	37,	39],	but	little	is	known	about	
the role of the TNF-α gene in bTB.
Regarding	 the	 current	 understanding	 of	 how	 polymor-

phisms	can	lead	to	functional	consequences,	previous	stud-
ies have reported that the polymorphisms in human TNF-α 
have revealed the importance of this protein in human 
defense	against	tuberculosis.	The	rs361525,	rs1800629	and	
rs1800630	SNPs	in	the	TNF-α	gene	have	been	examined	for	
their	associations	with	susceptibility	or	resistance	to	tuber-
culosis	[5,	33,	34,	36].	It	has	been	observed	that	the	rs361525	
and	rs1800629	SNPs	are	the	most	important	in	human	tuber-
culosis	 susceptibility,	as	 they	might	 influence	 transcription	
of the TNF-α	 gene	 [29].	Regarding	 the	 rs1800629	SNP	 (a	
guanine to adenine nucleotide change), allele A (the minor 
allele) reportedly increases the rate of gene transcription and 
has	 been	 associated	with	 increased	 inflammatory	 response	
[31].	The	cytokines	 thus	released	 in	a	paracrine	manner	 in	
serum may also provide an indirect measure of cytokine 
function.	The	AG	genotype	of	 the	rs1800629	SNP	showed	
high	levels	of	the	TNF-α	protein	in	serum	in	active	pulmo-
nary	tuberculosis	patients	when	compared	with	healthy	con-
trols.	The	association	between	the	SNPs	and	their	cytokine	
production indicate the functional importance of cytokines 
in	gene	expression	[18].	The	rs1800630	SNP	(an	adenine	to	
cytosine	 nucleotide	 change)	 appears	 to	 be	 associated	with	
an increase in the lung function tests considering a ratio of 
forced	 expiratory	 volume	 in	 1	 second/forced	 vital	 capac-
ity	 (FEV1/FVC)	was	 identified	[31].	Possible	evolutionary	
selection pressure appears to affect TNF-α	gene	expression	
rather	 than	protein	structure,	a	common	finding	among	the	
tuberculosis	 susceptibility	genes,	as	 regulation	of	gene	ex-
pression may be a prevalent selection mechanism in evolu-
tion. Evaluation of the cytokines and any of their inherent 
polymorphisms might provide a useful diagnostic tool in 
evaluating immune regulation and progression of the disease 
[18].	Hence,	we	hypothesized	 that	any	variation	 in	exon	3	

of the bovine TNF-α	gene	that	results	in	a	protein	sequence	
change	may	influence	the	relative	levels	of	normal	and	alter-
natively	TNF-α	products.	To	date,	there	are	only	limited	data	
on	polymorphisms	in	exon	3	of	the	bovine	TNF-α gene and 
bTB susceptibility or resistance.
We	sought	to	determine	if	there	were	associations	between	

bTB	 susceptibility	 and	 4	 SNPs	 in	 exon	 3	 (rs453652706,	
rs383890418,	 rs432068289	 and	 g.27534932A>C)	 of	 the	
TNF-α	 gene.	 For	 the	 g.27534932A>C	 polymorphism,	 two	
genotypes,	CC	and	CA,	were	found.	We	observed	a	statis-
tically	 significant	 difference	 in	 the	 g.27534932A>C	 SNP	
genotype of bTB-infected and noninfected cattle (P=0.02), 
with	those	carrying	the	CA	genotype	having	a	greater	rela-
tive	risk	of	acquiring	bTB	than	those	with	the	CC	genotype	
(OR,	 4.11;	 95%	CI,	 1.27–13.36).	 In	 the	 present	 study,	we	
also observed that the rates of occurrence of bTB in animals 
with	the	CA	genotype	in	the	infected	groups	(16.22%)	were	
higher	compared	with	in	the	other	groups	(4.49%).	These	re-
sults indicate that the CA genotyp is more likely susceptible 
to	bTB.	Furthermore,	the	risk	of	bTB	was	3.84-fold	higher	
for	 individuals	 carrying	 the	 A	 allele	 of	 g.27534932A>C	
SNP	than	those	carrying	the	C	allele	(95%	CI,	1.21–12.17;	
P=0.02).	Multiple	studies	have	revealed	that	SNPs	in	exons	
of the TNF-α	 gene	 affect	 the	mRNA	expression	of	TNF-α 
and	immune	function	in	dairy	cows,	and	allele	A	of	the	gene	
encoding TNF-α,	whose	role	is	to	activate	the	immune	sys-
tem	during	infection,	proved	to	be	very	beneficial–it	is	linked	
to	 higher	 immunity	 against	 infection	 compared	 with	 the	
other	allele	in	this	locus	[21,	30,	37].	The	g.27534932A	>C	
SNP belongs to the non-synonymous SNPs (nsSNPs), also 
called	missense	variants,	which	 are	particularly	 important,	
as they result in changes in the translated amino acid residue 
sequence.	nsSNPs	may	affect	protein	function	by	reducing	
protein solubility or by destabilizing the protein structure, 
and they may affect gene regulation by altering transcription 
and	 translation	 [12].	The	deduced	amino	acid	 sequence	of	
the	g.27534932A>C	SNP	had	one	arginine	 (Arg)	 to	serine	
(Ser)	 conversion	 at	 position	 159	 (codon	 change	 to	 AGC	
from	CGC),	which	may	hinder	the	initiation	and	regulation	
of	 the	 inflammatory	 response	 against	mycobacterial	 infec-
tion. It has been found that TNF-α enhancer polymorphism 
influences	the	serum	level	of	TNF-α	in	tuberculosis	and	thus	
affects the susceptibility to diseases. The presence of DNA 
sequence	variation	 in	 the	TNF-α	 gene	 causes	modification	
of transcriptional regulation and thus is responsible for the 
association	 with	 susceptibility/resistance	 to	 tuberculosis	
[29].	Dabhi	et al.	suggested	that	rs4645843	(proline	to	leu-
cine	 conversion	 at	 position	 84)	 and	 rs1800620	 (alanine	 to	
threonine	conversion	at	position	94)	variants	of	TNF-α could 
directly or indirectly destabilize the amino acid interactions 
and	 hydrogen	 bond	 networks,	 thus	 explaining	 the	 func-
tional	deviations	of	protein	to	some	extent.	Protein	structural	
analysis	 with	 the	 above	 variants	 was	 performed	 by	 using	
I-Mutant and MUSTER (MUlti-Sources ThreadER) servers 
to check their molecular dynamics and energy minimization 
calculations.	They	were	found	to	have	decreased	the	stability	
of the protein structure. This may be due to a mutant residue 
that	 is	 bigger	 than	 the	wild	 type	 and	 cannot	 fit	within	 the	
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available	 space.	 The	 two	 identified	 TNF-α variants could 
disrupt	 regulation	 of	 the	 inflammatory	 signaling	 cascade	
and	thus	may	participate	in	inflammatory	diseases	[12].	The	
production of TNF-α is regulated at the transcriptional and 
translational	level	[17].	It	is	postulated	that	mutations	in	the	
cytokine	genes	may	influence	the	level	of	cytokine	produc-
tion and thus the elicited dysregulated immune response 
[14].	Hence,	the	g.27534932A>C	(Arg159Ser)	variants	con-
stitute	a	unique	resource	of	genetic	markers	 that	may	con-
siderably	 increase	 the	power	of	 screening	 for	mutations	 in	
the TNF-α	gene	in	bTB	epidemiological	studies.	However,	
the	exact	mechanism	underlying	this	increased	risk	remains	
to	be	elucidated.	Indeed,	there	are	different	levels	at	which	
increased	 susceptibility	 and	 resistance	 may	 be	 explained,	
such as resistance to infection or to disease progression. 
For	 other	 polymorphisms	 (rs453652706,	 rs383890418	 and	
rs432068289),	 we	 found	 no	 significant	 associations	 with	
susceptibility to bTB infection.

In conclusion, the present study revealed that genetic 
variations in TNF-α	 exon	 3	 (g.27534932A>C	 SNP,	 Arg-
159Ser)	may	contribute	to	the	occurrence	and	development	
of bTB, strengthening the hypothesis that polymorphisms of 
the TNF-α	gene	are	associated	with	risk	of	bTB	in	Holstein	
cattle.	To	the	best	of	our	knowledge,	 this	 is	 the	first	report	
regarding the impact of polymorphisms in TNF-α on bTB 
susceptibility	in	cows.	Gene	function	and	association	stud-
ies	of	a	larger	population	are	still	necessary	to	confirm	these	
findings	and	to	investigate	the	biological	mechanism	under-
lying TNF-α-mediated bTB susceptibility.

ACKNOWLEDGMENTS. The authors thank the individu-
als (Chian-Ren Jeng, Dah-Jiun Fu, Hsiu-Luan Chang, Meng-
Chieh	 Hsu,	 Ming-Chang	 Lee	 and	 Shyh-Shyan	 Liu)	 who	
helped to collect the samples. We also thank the researchers 
(Albert Taiching Liao, Chia-Lan Wang, Chung-Hsi Chou, 
Fan	Lee,	Yang-Chi	Chiea	Fan	and	Yu-Chun	Liu)	who	pro-
vided	technical	help.	This	research	was	supported	by	a	grant	
from	the	Centers	for	Disease	Control,	Taiwan,	Republic	of	
China.

REFERENCES

	 1.	 Abhimanyu,	M.,	Mangangcha,	I.	R.,	Jha,	P.,	Arora,	K.,	Mukerji,	
M., Banavaliker, J. N., Brahmachari, V., Bose M., Indian Ge-
nome Variation Consortium 2011. Differential serum cytokine 
levels	are	associated	with	cytokine	gene	polymorphisms	in	north	
Indians	with	active	pulmonary	tuberculosis.	Infect. Genet. Evol. 
11:	1015–1022.	[Medline]  [CrossRef]

	 2.	 Allen,	A.	R.,	Minozzi,	G.,	Glass,	E.	J.,	Skuce,	R.	A.,	McDowell,	
S. W. J., Woolliams, J. A. and Bishop, S. C. 2010. Bovine tuber-
culosis:	the	genetic	basis	of	host	susceptibility.	Proc. Biol. Sci. 
277:	2737–2745.	[Medline]  [CrossRef]

 3. Ameni, G., Aseffa, A., Engers, H., Young, D., Gordon, S., He-
winson,	G.	and	Vordermeier,	M.	2007.	High	prevalence	and	in-
creased severity of pathology of bovine tuberculosis in Holsteins 
compared	to	zebu	breeds	under	field	cattle	husbandry	in	central	
Ethiopia. Clin. Vaccine Immunol. 14:	 1356–1361.	 [Medline]  
[CrossRef]

 4. Barry, C. E. 3rd., Boshoff, H. I., Dartois, V., Dick, T., Ehrt, S., 

Flynn, J., Schnappinger, D., Wilkinson, R. J. and Young, D. 
2009.	The	spectrum	of	 latent	 tuberculosis:	 rethinking	 the	biol-
ogy and intervention strategies. Nat. Rev. Microbiol. 7:	845–855.	
[Medline]

 5. Ben-Selma, W., Harizi, H. and Boukadida, J. 2011. Association 
of TNF-α and IL-10	 polymorphisms	 with	 tuberculosis	 in	 Tu-
nisian populations. Microbes Infect. 13:	 837–843.	 [Medline]  
[CrossRef]

 6. Bermingham, M. L., More, S. J., Good, M., Cromie, A. R., Hig-
gins,	I.	M.,	Brotherstone,	S.	and	Berry,	D.	P.	2009.	Genetics	of	
tuberculosis in Irish Holstein-Friesian dairy herds. J. Dairy Sci. 
92:	3447–3456.	[Medline]  [CrossRef]

	 7.	 Biketov,	S.,	Potapov,	V.,	Ganina,	E.,	Downing,	K.,	Kana,	B.	D.	
and Kaprelyants, A. 2007. The role of resuscitation promoting 
factors in pathogenesis and reactivation of Mycobacterium tu-
berculosis during intra-peritoneal infection in mice. BMC Infect. 
Dis. 7:	146		[CrossRef]. [Medline]

	 8.	 Bojarojć-Nosowicz,	 B.,	 Kaczmarczyk,	 E.,	 Stachura,	 A.	 and	
Kotkiewicz,	M.	2011.	Polymorphism	in	the	promoter	region	of	
the tumor necrosis factor-alpha gene in cattle herds naturally 
infected	and	uninfected	with	the	bovine	leukemia	virus.	Pol. J. 
Vet. Sci. 14:	671–673.	[Medline]

	 9.	 Brotherstone,	 S.,	White,	 I.	 M.	 S.,	 Coffey,	 M.,	 Downs,	 S.	 H.,	
Mitchell, A. P., Clifton-Hadley, R. S., More, S. J., Good, M. 
and Woolliams, J. A. 2010. Evidence of genetic resistance of 
cattle	to	infection	with	Mycobacterium bovis. J. Dairy Sci. 93:	
1234–1242.	[Medline]  [CrossRef]

	10.	 Castillo-Velázquez,	 U.,	 Gomez-Flores,	 R.,	 Tamez-Guerra,	 R.,	
Tamez-Guerra, P. and Rodríguez-Padilla, C. 2013. Differential 
responses of macrophages from bovines naturally resistant or 
susceptible to Mycobacterium bovis after classical and alterna-
tive activation. Vet. Immunol. Immunopathol. 154:	8–16.	[Med-
line]  [CrossRef]

11. Chang, S.S. 2015. Statics yearbook of animal and plant health 
inspection	and	quarantine,	Republic	of	China.

 12. Dabhi, B. and Mistry, K. N. 2014. In silico analysis of single 
nucleotide polymorphism (SNP) in human TNF-α gene. Meta 
Gene 2:	586–595.	[Medline]  [CrossRef]

 13. Estrada-Chávez, C., Pereira-Suárez, A. L., Meraz, M. A., Ar-
riaga, C., García-Carrancá, A., Sánchez-Rodriguez, C. and Man-
cilla,	R.	2001.	High-level	expression	of	NRAMP1	in	peripheral	
blood cells and tuberculous granulomas from Mycobacterium 
bovis-infected bovines. Infect. Immun. 69:	 7165–7168.	 [Med-
line]  [CrossRef]

 14. Franceschi, D. S., Mazini, P. S., Rudnick, C. C., Sell, A. M., 
Tsuneto,	L.	T.,	Ribas,	M.	L.,	Peixoto,	P.	R.	and	Visentainer,	 J.	
E.	2009.	Influence	of	TNF and IL10 gene polymorphisms in the 
immunopathogenesis of leprosy in the south of Brazil. Int. J. 
Infect. Dis. 13:	493–498.	[Medline]  [CrossRef]

	15.	 Hoffmann,	S.	C.,	Stanley,	E.	M.,	Cox,	E.	D.,	DiMercurio,	B.	S.,	
Koziol, D. E., Harlan, D. M., Kirk, A. D. and Blair, P. J. 2002. 
Ethnicity	greatly	influences	cytokine	gene	polymorphism	distri-
bution. Am. J. Transplant. 2:	560–567.	[Medline]  [CrossRef]

 16. Jamieson, S. E., Miller, E. N., Black, G. F., Peacock, C. S., 
Cordell,	H.	J.,	Howson,	J.	M.,	Shaw,	M.	A.,	Burgner,	D.,	Xu,	W.,	
Lins-Lainson,	Z.,	Shaw,	J.	J.,	Ramos,	F.,	Silveira,	F.	and	Black-
well,	J.	M.	2004.	Evidence	for	a	cluster	of	genes	on	chromosome	
17q11-q21	controlling	susceptibility	to	tuberculosis	and	leprosy	
in Brazilians. Genes Immun. 5:	46–57.	[Medline]  [CrossRef]

	17.	 Jepson,	 A.,	 Fowler,	 A.,	 Banya,	 W.,	 Singh,	 M.,	 Bennett,	 S.,	
Whittle,	H.	and	Hill,	A.	V.	2001.	Genetic	regulation	of	acquired	
immune responses to antigens of Mycobacterium tuberculosis:	
a	study	of	twins	in	West	Africa.	Infect. Immun. 69:	3989–3994.	

http://www.ncbi.nlm.nih.gov/pubmed/21463712?dopt=Abstract
http://dx.doi.org/10.1016/j.meegid.2011.03.017
http://www.ncbi.nlm.nih.gov/pubmed/20519223?dopt=Abstract
http://dx.doi.org/10.1098/rspb.2010.0830
http://www.ncbi.nlm.nih.gov/pubmed/17761523?dopt=Abstract
http://dx.doi.org/10.1128/CVI.00205-07
http://www.ncbi.nlm.nih.gov/pubmed/19855401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21609779?dopt=Abstract
http://dx.doi.org/10.1016/j.micinf.2011.04.009
http://www.ncbi.nlm.nih.gov/pubmed/19528623?dopt=Abstract
http://dx.doi.org/10.3168/jds.2008-1848
http://dx.doi.org/10.1186/1471-2334-7-146
http://www.ncbi.nlm.nih.gov/pubmed/18086300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22439343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20172243?dopt=Abstract
http://dx.doi.org/10.3168/jds.2009-2609
http://www.ncbi.nlm.nih.gov/pubmed/23707003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23707003?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2013.04.010
http://www.ncbi.nlm.nih.gov/pubmed/25606441?dopt=Abstract
http://dx.doi.org/10.1016/j.mgene.2014.07.005
http://www.ncbi.nlm.nih.gov/pubmed/11598095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11598095?dopt=Abstract
http://dx.doi.org/10.1128/IAI.69.11.7165-7168.2001
http://www.ncbi.nlm.nih.gov/pubmed/19058987?dopt=Abstract
http://dx.doi.org/10.1016/j.ijid.2008.08.019
http://www.ncbi.nlm.nih.gov/pubmed/12118901?dopt=Abstract
http://dx.doi.org/10.1034/j.1600-6143.2002.20611.x
http://www.ncbi.nlm.nih.gov/pubmed/14735149?dopt=Abstract
http://dx.doi.org/10.1038/sj.gene.6364029


Y. CHENG, C. HUANG AND H. TSAI732

[Medline]  [CrossRef]
	18.	 Joshi,	L.,	Ponnana,	M.,	Sivangala,	R.,	Chelluri,	L.	K.,	Nallari,	

P., Penmetsa, S., Valluri, V. and Gaddam, S. 2015. Evaluation 
of	TNF-α,	IL-10	and	IL-6	cytokine	production	and	their	correla-
tion	with	 genotype	 variants	 amongst	 tuberculosis	 patients	 and	
their household contacts. PLoS ONE 10:	 e0137727.	 [Medline]  
[CrossRef]

	19.	 Jou,	R.,	Huang,	W.	L.	and	Chiang,	C.	Y.	2008.	Human	tuberculo-
sis caused by Mycobacterium bovis,	Taiwan.	Emerg. Infect. Dis. 
14:	515–517.	[Medline]  [CrossRef]

 20. Kadarmideen, H. N., Ali, A. A., Thomson, P. C., Müller, B. and 
Zinsstag, J. 2011. Polymorphisms of the SLC11A1 gene and 
resistance to bovine tuberculosis in African Zebu cattle. Anim. 
Genet. 42:	656–658.	[Medline]  [CrossRef]

	21.	 Kawasaki,	Y.,	Aoki,	Y.,	Magata,	F.,	Miyamoto,	A.,	Kawashima,	
C.,	Hojo,	T.,	Okuda,	K.,	Shirasuna,	K.	and	Shimizu,	T.	2014.	The	
effect of single nucleotide polymorphisms in the tumor necrosis 
factor-α	gene	on	reproductive	performance	and	immune	function	
in dairy cattle. J. Reprod. Dev. 60:	173–178.	[Medline]  [Cross-
Ref]

	22.	 Konnai,	S.,	Usui,	T.,	Ikeda,	M.,	Kohara,	J.,	Hirata,	T.,	Okada,	K.,	
Ohashi,	K.	and	Onuma,	M.	2006.	Tumor	necrosis	 factor-alpha	
genetic polymorphism may contribute to progression of bovine 
leukemia virus-infection. Microbes Infect. 8:	2163–2171.	[Med-
line]  [CrossRef]

	23.	 Lee,	 J.,	 Hartman,	 M.	 and	 Kornfeld,	 H.	 2009.	 Macrophage	
apoptosis in tuberculosis. Yonsei Med. J. 50:	 1–11.	 [Medline]  
[CrossRef]

 24. Lester, D. H., Russell, G. C., Barendse, W. and Williams, J. 
L.	1996.	The	use	of	denaturing	gradient	gel	electrophoresis	 in	
mapping	the	bovine	tumor	necrosis	factor	α	gene	locus.	Mamm. 
Genome 7:	250–252.	[Medline]  [CrossRef]

	25.	 Liu,	W.,	Cao,	W.	C.,	Zhang,	C.	Y.,	Tian,	L.,	Wu,	X.	M.,	Habbema,	
J.	D.,	Zhao,	Q.	M.,	Zhang,	P.	H.,	Xin,	Z.	T.,	Li,	C.	Z.	and	Yang,	
H. 2004. VDR and NRAMP1 gene polymorphisms in susceptibil-
ity to pulmonary tuberculosis among the Chinese Han popula-
tion:	a	case-control	study.	Int. J. Tuberc. Lung Dis. 8:	428–434.	
[Medline]

	26.	 Ma,	M.	J.,	Xie,	L.	P.,	Wu,	S.	C.,	Tang,	F.,	Li,	H.,	Zhang,	Z.	S.,	
Yang, H., Chen, S. L., Liu, N., Liu, W. and Cao, W. C. 2010. Toll-
like	receptors,	tumor	necrosis	factor-α,	and	interleukin-10	gene	
polymorphisms in risk of pulmonary tuberculosis and disease 
severity. Hum. Immunol. 71:	1005–1010.	[Medline]  [CrossRef]

 27. Magee, D. A., Taraktsoglou, M., Killick, K. E., Nalpas, N. C., 
Browne,	J.	A.,	Park,	S.	D.	E.,	Conlon,	K.	M.,	Lynn,	D.	J.,	Ho-
kamp, K., Gordon, S. V., Gormley, E. and MacHugh, D. E. 2012. 
Global	gene	expression	and	systems	biology	analysis	of	bovine	
monocyte-derived macrophages in response to in vitro challenge 
with	Mycobacterium bovis. PLoS ONE 7:	 e32034.	 [Medline]  
[CrossRef]

	28.	 Merza,	 M.,	 Farnia,	 P.,	 Anoosheh,	 S.,	 Varahram,	 M.,	 Kazam-
pour,	M.,	Pajand,	O.,	Saeif,	S.,	Mirsaeidi,	M.,	Masjedi,	M.	R.,	
Velayati,	A.	A.	and	Hoffner,	S.	2009.	The	NRAMPI, VDR and 
TNF-alpha	gene	polymorphisms	in	Iranian	tuberculosis	patients:	
the study on host susceptibility. Braz. J. Infect. Dis. 13:	252–256.	
[Medline]  [CrossRef]

	29.	 Qidwai,	 T.	 and	 Khan,	 F.	 2011.	 Tumour	 necrosis	 factor	 gene	

polymorphism and disease prevalence. Scand. J. Immunol. 74:	
522–547.	[Medline]  [CrossRef]

	30.	 Ranjan,	 S.,	 Bhushan,	 B.,	 Panigrahi,	 M.,	 Kumar,	A.,	 Deb,	 R.,	
Kumar,	 P.	 and	 Sharma,	 D.	 2015.	Association	 and	 expression	
analysis of single nucleotide polymorphisms of partial tumor ne-
crosis	factor	alpha	gene	with	mastitis	in	crossbred	cattle.	Anim. 
Biotechnol. 26:	98–104.	[Medline]  [CrossRef]

 31. Reséndiz-Hernández, J. M., Sansores, R. H., Hernández-Zenteno, 
R.	J.,	Vargas-Alarcón,	G.,	Colín-Barenque,	L.,	Velázquez-Uncal,	
M., Camarena, A., Ramírez-Venegas, A. and Falfán-Valencia, 
R.	2015.	Identification	of	genetic	variants	in	the	TNF promoter 
associated	 with	 COPD	 secondary	 to	 tobacco	 smoking	 and	 its	
severity. Int. J. Chron. Obstruct. Pulmon. Dis. 10:	1241–1251.	
[Medline]

	32.	 le	 Roex,	N.,	 Koets,	A.	 P.,	 van	Helden,	 P.	D.	 and	Hoal,	 E.	G.	
2013.	Gene	polymorphisms	 in	African	buffalo	associated	with	
susceptibility to bovine tuberculosis infection. PLoS ONE 8:	
e64494.	[Medline]  [CrossRef]

	33.	 Selvaraj,	P.,	Sriram,	U.,	Mathan	Kurian,	S.,	Reetha,	A.M.	 and	
Narayanan,	P.R.	2001.	Tumour	necrosis	factor	alpha	(−238	and	
−308)	and	beta	gene	polymorphisms	in	pulmonary	tuberculosis:	
haplotype	analysis	with	HLA-A, B and DR genes. Tuberculosis 
81 (5e6) 335e341.

	34.	 Skoog,	T.,	van’t	Hooft,	F.	M.,	Kallin,	B.,	Jovinge,	S.,	Boquist,	
S.,	Nilsson,	J.,	Eriksson,	P.	and	Hamsten,	A.	1999.	A	common	
functional	polymorphism	(C—>A	substitution	at	position	-863)	
in the promoter region of the tumour necrosis factor-alpha (TNF-
alpha)	gene	associated	with	reduced	circulating	levels	of	TNF-
alpha. Hum. Mol. Genet. 8:	1443–1449.	[Medline]  [CrossRef]

 35. Sun, L., Song, Y., Riaz, H., Yang, H., Hua, G., Guo, A. and Yang, 
L.	2012.	Polymorphisms	in	toll-like	receptor	1	and	9	genes	and	
their	 association	 with	 tuberculosis	 susceptibility	 in	 Chinese	
Holstein cattle. Vet. Immunol. Immunopathol. 147:	 195–201.	
[Medline]  [CrossRef]

 36. van Heel, D. A., Udalova, I. A., De Silva, A. P., McGovern, D. 
P., Kinouchi, Y., Hull, J., Lench, N. J., Cardon, L. R., Carey, A. 
H.,	Jewell,	D.	P.	and	Kwiatkowski,	D.	2002.	Inflammatory	bowel	
disease	is	associated	with	a	TNF polymorphism that affects an 
interaction	 between	 the	 OCT1	 and	 NF(-kappa)B	 transcription	
factors. Hum. Mol. Genet. 11:	1281–1289.	[Medline]  [CrossRef]

	37.	 Wojdak-Maksymiec,	K.,	Szyda,	J.	and	Strabel,	T.	2013.	Parity-
dependent	association	between	TNF-α and LTF gene polymor-
phisms and clinical mastitis in dairy cattle. BMC Vet. Res. 9:	114.	
[Medline]  [CrossRef]

	38.	 Wu,	F.,	Zhang,	W.,	Zhang,	L.,	Wu,	J.,	Li,	C.,	Meng,	X.,	Wang,	
X.,	He,	P.	and	Zhang,	J.	2013.	NRAMP1, VDR, HLA-DRB1, and 
HLA-DQB1 gene polymorphisms in susceptibility to tuberculo-
sis	among	the	Chinese	Kazakh	population:	a	case-control	study.	
Biomed. Res. Int. 2013:	484535		[CrossRef]  [Medline]

	39.	 Xu,	A.	J.,	Liu,	X.	L.,	Guo,	J.	Z.	and	Xia,	Z.	2010.	[Polymorphism	
of bovine TNF-a	gene	and	its	association	with	mastitis	in	Chi-
nese	Holstein	cows].	Yi Chuan 32:	929–934.	[Medline]

	40.	 Xu,	G.,	Li,	Y.,	Yang,	J.,	Zhou,	X.,	Yin,	X.,	Liu,	M.	and	Zhao,	D.	
2007. Effect of recombinant Mce4A protein of Mycobacterium 
bovis	 on	 expression	 of	 TNF-alpha,	 iNOS,	 IL-6,	 and	 IL-12	 in	
bovine alveolar macrophages. Mol. Cell. Biochem. 302:	 1–7.	
[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/11349068?dopt=Abstract
http://dx.doi.org/10.1128/IAI.69.6.3989-3994.2001
http://www.ncbi.nlm.nih.gov/pubmed/26359865?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0137727
http://www.ncbi.nlm.nih.gov/pubmed/18325281?dopt=Abstract
http://dx.doi.org/10.3201/eid1403.070058
http://www.ncbi.nlm.nih.gov/pubmed/22035008?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2052.2011.02203.x
http://www.ncbi.nlm.nih.gov/pubmed/24562592?dopt=Abstract
http://dx.doi.org/10.1262/jrd.2013-140
http://dx.doi.org/10.1262/jrd.2013-140
http://www.ncbi.nlm.nih.gov/pubmed/16839795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16839795?dopt=Abstract
http://dx.doi.org/10.1016/j.micinf.2006.04.017
http://www.ncbi.nlm.nih.gov/pubmed/19259342?dopt=Abstract
http://dx.doi.org/10.3349/ymj.2009.50.1.1
http://www.ncbi.nlm.nih.gov/pubmed/8833263?dopt=Abstract
http://dx.doi.org/10.1007/s003359900281
http://www.ncbi.nlm.nih.gov/pubmed/15141734?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20650298?dopt=Abstract
http://dx.doi.org/10.1016/j.humimm.2010.07.009
http://www.ncbi.nlm.nih.gov/pubmed/22384131?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0032034
http://www.ncbi.nlm.nih.gov/pubmed/20231985?dopt=Abstract
http://dx.doi.org/10.1590/S1413-86702009000400002
http://www.ncbi.nlm.nih.gov/pubmed/21790707?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-3083.2011.02602.x
http://www.ncbi.nlm.nih.gov/pubmed/25380461?dopt=Abstract
http://dx.doi.org/10.1080/10495398.2014.929582
http://www.ncbi.nlm.nih.gov/pubmed/26170653?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23691232?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0064494
http://www.ncbi.nlm.nih.gov/pubmed/10400991?dopt=Abstract
http://dx.doi.org/10.1093/hmg/8.8.1443
http://www.ncbi.nlm.nih.gov/pubmed/22572235?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2012.04.016
http://www.ncbi.nlm.nih.gov/pubmed/12019209?dopt=Abstract
http://dx.doi.org/10.1093/hmg/11.11.1281
http://www.ncbi.nlm.nih.gov/pubmed/23758855?dopt=Abstract
http://dx.doi.org/10.1186/1746-6148-9-114
http://dx.doi.org/10.1155/2013/484535
http://www.ncbi.nlm.nih.gov/pubmed/24024195?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20870614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17530193?dopt=Abstract
http://dx.doi.org/10.1007/s11010-006-9395-0

