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Association of mannose-binding lectin polymorphisms and HBV

outcome in a South Indian population
G. J. Fletcher,‡ M. Gnanamony,* P. Samuel,† A. M. Ismail,* R. Kannangai,* D. Daniel,**
C. E. Eapen‡ & P. Abraham*
Summary

Mannose binding lectin (MBL) is an important innate
immune system pattern recognition molecule. The MBL
gene polymorphisms are reported to play a crucial role
in outcome of hepatitis B virus (HBV) infection. In this
study, we ascertained the association of MBL genotypes
with HBV outcome in a South Indian population. The
MBL gene polymorphisms at codons 52, 54 and 57 of
exon I, and promoter polymorphisms at )221 were
typed by polymerase chain reaction-sequence specific
primer in spontaneously recovered and in chronic HBV
group. The allele frequency of codon 52 ‘C’ was
significantly higher in chronic HBV group than in the
recovered group (98.5% vs. 93.6%; P = 0.003) and
codon 52 ‘T’ was significantly higher in recovered group
than in the chronic group (6.4% vs. 1.5%; P = 0.003).
In multivariate analysis, after adjusting for age, sex and
state of origin, codon 52 ‘CC’ and ‘CT’ genotypes were
significantly associated with chronicity and recovery
respectively [odds ratio (OR), 0.25; 95% confidence
interval (CI), 0.08–0.80, P = 0.02] in co-dominant
analyzing models. This was re-affirmed in analysis
performed exclusively on Tamil Nadu subjects (OR,
0.23; 95% CI, 0.06–0.93, P = 0.039). The frequency of
low ⁄ none haplotype (XY ⁄ O) was significantly higher in
recovered group than in chronic group (15.6% vs 7.5%)
and associated with spontaneous recovery (OR, 2.28;
95% CI, 1.04–4.99, P = 0.035). Our results provide
preliminary evidence that inheritance of codon 52
genotypes and XY ⁄ O haplotype associated with low
MBL level substantially determine the outcome of HBV
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infection in a sympatrically isolated South Indian
population.
Introduction

Hepatitis B virus (HBV) infection is a serious public
health problem with more than 400 million people
infected worldwide (Maddrey, 2000; Lok et al.,
2001). India harbours the second largest global pool
of chronic HBV infection (Datta, 2008). The variabil-
ity in outcome, diverse endemicity and failure of vac-
cine response are challenging aspects of HBV disease.
Recently twin studies, familial clustering and ethnic
differences revealed a strong genetic predisposition for
HBV susceptibility and outcome (He et al., 2006).
This led to the recognition of a wide array of candi-
date genes involved in HBV pathogenesis and out-
comes (Hill, 2001). Blumberg was the first to show
the genetic evidence of the autosomal recessive inheri-
tance of HBV persistence (Blumberg et al., 1969).

The mbl2 gene is located on chromosome 10 at
position 10q11.2-q21 and consists of four exons
(Sastry et al., 1989). Exon-1 encodes the signal pep-
tide, the N-terminal cysteine-rich region and a first
part of collagenous domain containing glycine-rich
region (Taylor et al., 1989; Neth et al., 2000). MBL
is a member of collectin family of proteins. It binds
through multiple lectin domains to diverse sugar moie-
ties expressed in bacteria, viruses and parasites, result-
ing in opsonisation and activation of the classical
complement pathway (Haurum et al., 1993; Kelly
et al., 2000; Neth et al., 2000; Townsend et al.,
2001). Three polymorphisms at codon 52 (Arg fi
Cys, allele D, codon 54 (Gly fi Asp, allele B) and
codon 57 (Gly fi Glu, allele C) are well studied
(Garred, 2008). These polymorphisms are known to
determine MBL stability, avidity for ligands and abil-
ity to activate complement resulting in compromise in
functions and serum concentration (Naito et al.,
1999; Larsen et al., 2004). In addition, three regula-
tory polymorphisms at positions )550, )221 and +4
in promoter and 5¢-untranslated region (5¢-UTR) deter-
mine the MBL levels in circulation (Madsen et al.,
1995). MBL polymorphisms have been shown to be
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associated with different aspects of HBV disease like
acquisition, persistence and progression (Song le et al.,
2003; Chong et al., 2005; Thio et al., 2005). The
paucity of genetic studies in South Indian population
and functional implications of MBL on HBV outcome
led us investigate the association of these polymor-
phisms with HBV outcome.
Materials and methods

Subjects and study design

In this study, subjects were recruited for a period of
1 year and 8 months (August 2005–April 2007) from
four south Indian states (Tamil Nadu, Andhra Pra-
desh, Kerala and Karnataka) who visited Christian
Medical College and Hospital (CMCH), a tertiary
care teaching hospital, Vellore, India. Majority of the
subjects were of Dravidian descent from the states of
Tamil Nadu and Andhra Pradesh. Subjects with evi-
dence of cross-cultural ⁄ ethnic marriage for three gen-
erations on verbal questionnaire were excluded.
Based on serological and molecular profiles, subjects
were stratified into those with chronic HBV infection
and those who had spontaneous recovery from HBV
infection. Samples that showed evidence of HIV, hep-
atitis C virus (HCV) co-infections were excluded
from the study. Subjects were recruited after written
informed consent. Institutional Review Board
approval was obtained before the commencement of
the study.
Spontaneously recovered group

Blood samples were collected from first three south
Indian blood donors for that day for 5 days (Mon-
day–Friday) a week. The spontaneously recovered
individuals were voluntary ⁄ replacement blood donors
in John Scudder Memorial blood bank of this hospi-
tal, who had cleared their preliminary physical exami-
nation, infectious and non-infectious disease
screening. Blood donors in this group were anti-hepa-
titis B core antigen (total core) positive, hepatitis B
surface antigen (HBsAg) negative, anti-hepatitis B sur-
face antibody (anti-HBs) positive and HBV DNA neg-
ative.
Chronic HBV group

Chronic HBV patients were referred from Depart-
ments of Gastroenterology and Hepatology of CMCH.
Blood samples were collected in an EDTA containing
tubes in the Department of Clinical Virology. Subjects
were HBsAg positive for >1 year duration, total core
positive, anti-HBs negative and HBV DNA
positive ⁄ negative. Patients with alcoholic liver disease,
autoimmune hepatitis, primary biliary cirrhosis, Wil-
son’s disease, malaria and haematological malignan-
cies were excluded from the study.
ª 2010 Blackwe
Serology

The serological screening of HBV was performed for
the following markers: HBsAg (ETI-MAK-4 HBsAg
enzyme immunoassay kit; Diasorin, S.P.A., Saluggia,
Italy), total core (ETI-AB-COREK plus, Total Anti-
HBc enzyme immunoassay kit; Diasorin) and anti-HBs
(BIO-RAD MONOLISA ANTI-HBs 3.0 3�; Bio-Rad,
Hercules, CA, USA) to stratify the subjects into two
groups. Besides, antibody screening for HIV (GEN-
SCREEN PLUS HIV Ag – Ab 3�; Bio-Rad) and HCV
(ORTHO HCV 3.0 ELISA; Ortho-Clinical Diagnostics
Inc., Raritan, NJ, USA) were also performed to rule
out co-infection.
Detection of HBV DNA

Plasma DNA was extracted using QIAamp DNA
Blood Mini Kit (Qiagen GmbH, Hilden, Germany)
and HBV DNA was quantitated using real-time PCR
(artus� HBV RG PCR Kit; Hilden, Germany).
Analysis of MBL gene polymorphisms

Genomic DNA was extracted from buffy coat by salt-
ing-out procedure (Miller et al., 1988). The MBL2
gene polymorphisms (codon 52, 54, 57 and promoter
)221) were identified by polymerase chain reaction-
sequence specific primer method as described earlier
(Steffensen et al., 2000). The primer sequences for
profiling structural and promoter variants are given in
Table 1. Two separate reaction mixes were prepared
with common forward primer in both tubes and allele-
specific primer in each tube to identify homozygous
and heterozygous alleles for each single nucleotide
polymorphisms. Human growth hormone gene and
third intron of DRB1 gene were amplified as internal
controls for structural and promoter variants, respec-
tively. The reactions were carried out in a final volume
of 25 lL containing 100 ng of genomic DNA,
20 pmol of common forward primer and allele-specific
reverse primers in a hot-start mastermix (Qiagen
GmbH, Hilden, Germany). Amplification was per-
formed by the following thermal cycling conditions for
codon 52, 54 and 57: 95�C for 10 min, followed by
30 cycles of denaturation at 94�C for 20 s, annealing
at 62�C for 20 s and extension at 72�C for 30 s, and
final extension at 72�C for 5 min. The following
cycling conditions were used for identification of pro-
moter polymorphism: 95�C for 10 min, followed by
30 cycles of denaturation at 94�C for 30 s, annealing
at 59�C for 20 s and extension at 72�C for 45 s, and
final extension at 72�C for 5 min.

Amplification were performed in a Perkin Elmer
thermo cycler (GeneAmp 2400, Roche Diagnostic
systems, Norwalk CT, USA). For all polymorphic
sites, negative control (PCR grade water) and genotype
controls were included in each genotyping set to rule
out contamination and validation of results. All PCR
ll Publishing Ltd, International Journal of Immunogenetics 37, 177–184



Table 1. Oligonucleotide primer sequences for MBL genotyping by PCR-SSP

Specificity (nt position) Sequence Product size in bp

Exon I (codons 52, 54 and 57)

common forward primer

5¢-CTGCACCCAGATTGTAGGACAGAG-3¢

Exon I

Codon 52 (+223) D (mutant)

5¢-TCTCCCTTGGTGCCATCACA-3¢ 268

Exon I

Codon 52 (+223) non D (wild)

5¢-TCTCCCTTGGTGCCATCACG-3¢ 268

Exon I

Codon 54 (+230) B (mutant)

5¢-CCCCCTTTTCTCCCTTGGTGT-3¢ 278

Exon I

Codon 54 (+230) non B (wild)

5¢-CCCCCTTTTCTCCCTTGGTGC-3¢ 278

Exon I

Codon 57 (+239) C (mutant)

5¢-ACGTACCTGGTTCCCCCTTTTCTT-3¢ 290

Exon I

Codon 57 (+239) non C (wild)

5¢-ACGTACCTGGTTCCCCCTTTTCTC-3¢ 290

Exon I control (HGH) Forward: 5¢-TGCCTTCCCAACCAT TCCCTT A-3¢
Reverse: 5¢-CCACTCACGGATTTCTGTTGTGTTTC-3¢

431

Promoter )221 Y and X

common forward primer

5¢-CCTGCCAGAAAGTAGAGAGG-3¢

Promoter

Y ()221) (wild)

5¢-CTGGAAGACTATAAACATGCTTTC C-3¢ 443

Promoter

X ()221) (mutant)

5¢-GGAAGACTATAA ACATGCTTT CG-3¢ 440

Promoter control primer (Intron of DRB1) Forward: 5¢-TGCCAAGTGGAGCACCCA-3¢
Reverse: 5¢-GCATCTTGCTCTGTGCAGAT-3¢

796

HGH, human growth hormone; MBL, mannose-binding lectin; nt, nucleotide; PCR-SSP, polymerase chain reaction-sequence specific primer.
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products were separated on 2% agarose gels (Sigma,
St. Louis, MO, USA), stained with ethidium bromide
(0.5 lg ⁄ mL), and visualized by ultraviolet radiation
using gel documentation system (Bio-Rad). The
genotypes were identified by the presence of internal
control band and by the presence or absence of allele
specific band after electrophoresis.
Statistical analysis

All statistical analyses were performed using SPSS 11.0
for Windows. The significant differences in age, gender
and state of origin between the groups were assessed
using either v2-test or Student’s t-test, as appropriate.
The homozygous wild-type is considered as a reference
genotype for comparison of genotypes. The allelic and
genotypic distributions were represented as simple fre-
quencies and compared between groups using v2-test
(univariate analysis). Hardy–Weinberg equilibrium
deviation was analysed using v2-test and the v2 value
>3.84 were considered as significant. Multivariate
logistic regression analyses were performed to analyse
the association between the outcome of HBV infection
with MBL genotypes and haplotypes after adjusting
for age, gender and state of origin. The association of
MBL genotypes and haplotypes with HBV outcome
was analysed in co-dominant, dominant and recessive
analyzing models using STATA 10 (STATACORP,
College Station, TX, USA). MBL haplotypes were
described based on known structural (codon 52, 54
and 57) and promoter ()221 Y ⁄ X) polymorphisms.
Based on their effects in relation to MBL level, they
ª 2010 Blackwell Publishing Ltd, International Journal of Immunogenetics 3
are designated as high (YA ⁄ YA), intermediate (YA ⁄ XA
& XA ⁄ XA) and low ⁄ none (YY ⁄ O and XY ⁄ O) (Chong
et al., 2005). The low ⁄ none haplotype (XY ⁄ O) is fur-
ther divided into three types based on heterozygosities
at each structural and promoter )221(X ⁄ Y) sites. The
association of haplotypes with HBV outcome was
analysed using STATA 10 (STATACORP). Lewontin’s
D¢ and r2 were calculated as measures of linkage
disequilibrium.
Results

Characteristics of subjects

For this immunogenetics study, South Indian study
subjects were recruited from states of Tamil Nadu,
Andhra Pradesh, Kerala and Karnataka. In spontane-
ously cleared group, 115 (76.7%) were from Tamil
Nadu, 32 (21.3%) from Andhra Pradesh, 2 (1.3%)
from Kerala and 1 (0.7%) from Karnataka. In
chronic HBV group, 103 (75.2%) were from Tamil
Nadu, 33 (24.1%) from Andhra Pradesh and 1
(0.7%) from Kerala. There was no significant differ-
ence in state of origin between two groups
(P = 0.70). There was a significant difference in
median age between chronic HBV group (36.9 ±
13.4) and spontaneously recovered group (33.2 ±
9.1) (P < 0.001). The gender ratio (female:male) was
significantly different between chronic HBV group
36:101 and spontaneously cleared group 4: 146
(P < 0.001). Among 137 chronic HBV subjects, 74
(54%) were treatment naı̈ve and 63 (46%) were
7, 177–184
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treatment experienced. Of the treatment naı̈ve, 43
were HBV DNA positive with the median viral load
of 226 IU ⁄ mL.
MBL polymorphism and HBV outcome

The frequency of codon 52 alleles ‘C’ was significantly
higher in chronic HBV group than in the recovered
group (98.5% vs. 93.6%; P = 0.003), whereas codon
52 ‘T’ was significantly higher in recovered group than
in the chronic group (6.4% vs. 1.5%; P = 0.003) as
shown in Table 2. None of the alleles showed devia-
tion from Hardy–Weinberg equilibrium in our popula-
tion.

In univariate analysis, the distribution of MBL geno-
type frequencies in all subjects (Tamil Nadu, Andhra
Pradesh, Kerala and Karnataka) and in Tamil Nadu
subjects were significantly different between the spon-
taneously recovered and chronic HBV group
(P = 0.003) and (P = 0.007), respectively as shown in
Tables 3 and 4.

Multivariate logistic regression analysis of all sub-
jects after controlling for age, gender and state of ori-
gin showed that the distribution of MBL codon 52
‘CC’ genotype was significantly higher in the chronic
HBV group than in the recovered group (97.0% vs.
87.2%), whereas ‘CT’ genotype was significantly
higher in the spontaneously recovered group than in
the chronic HBV group (12.8% vs. 3.0%) in the
co-dominant analyzing model [odds ratio (OR), 0.25;
95% confidence interval (CI), 0.08–0.80; P = 0.02;
Tables 3 and 4]. This finding was re-affirmed in multi-
variate logistic regression analysis performed exclu-
sively on Tamil Nadu subjects (OR, 0.23; 95% CI,
0.06–0.93; P = 0.039) in co-dominant analyzing mod-
Table 2. Association of MBL alleles with HBV outcome in all South

Indian subjects

MBL allele

HBV outcome

P-value

Hardy–

Weinberg

deviation v2

Cleared

N = 150

Chronic

N = 137

Codon 52 (n) 148a 134a

C 277 (93.6%) 264 (98.5%) 0.003 0.696

T 19 (6.4%) 4 (1.50%)

Codon 54 (n) 148a 133a

G 238 (80.4%) 218 (82.0%) 0.639 2.99

A 58 (19.6%) 48 (18.0%)

Codon 57 (n) 148a 133a

G 292 (98.6%) 259 (97.4%) 0.274 0.028

A 4 (1.4) 7 (2.6%)

)221 (n) 147a 133a

G 213 (72.4%) 203 (76.3%) 0.295 0.121

C 81 (27.6%) 63 (23.7%)

For Hardy–Weinberg equilibrium deviation, v2 value of >3.84 was

considered as significant.
aNumber of samples typed in each polymorphic sites.

HBV, hepatitis B virus; MBL, mannose-binding lectin.
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els as shown in Table 4. The distribution of the geno-
type frequencies of promoter )221, codon 54 and 57
was not associated with HBV outcome in alternative
analyzing models as shown in Tables 3 and 4. The
median HBV DNA viral load of treatment naı̈ve indi-
viduals was not significantly different among MBL
genotypes.

The frequency of low ⁄ none MBL level haplotype
(XY ⁄ O) was significantly higher in recovered group
than in chronic HBV group (15.6% vs 7.5%) (OR,
2.28; 95% CI, 1.04–4.99, P = 0.035). There was no
association between high and intermediate MBL level
haplotypes with HBV outcome (Table 5). Linkage dis-
equilibrium was not observed among promoter )221,
codon 52, 54 and 57 of MBL polymorphic loci (r2

value ranges from 0.00 to 0.08) (Table 6).
Discussion

In this study, we found that mbl2 codon 52 ‘T’ allele
correlating with low MBL levels are associated with
recovery from HBV infection and mbl2 codon 52 ‘C’
allele linked to high MBL levels are associated with
chronicity. Studies have shown that frequency of MBL
structural variants varies with population and ethnicity
worldwide (Brown et al., 2007). The occurrence of D
allele has been shown in Caucasians, East-Africans,
Asians and Chinese, but absent in Vietnamese and Jap-
anese subjects (Garred et al., 2006). Although the
occurrence of D allele is less frequent than the other
two variants (B and C), it has been shown to be
restricted to Caucasian and Northeast African popula-
tions with the frequency of 0.06–0.08 (Garred, 2008).
A study on Caucasians and Asians had shown the
association between D allele and HBV persistence in
Caucasians (Thomas et al., 1996). Our study under-
scored the importance of D allele with HBV recovery.
However, the absence of ‘TT’ genotype in South
Indian population requires validation by a multi-cen-
tric study with large sample size.

Mannose-binding lectin binds glycoproteins with ter-
minal mannose residues and facilitates uptake by
phagocytic cells (Malhotra et al., 1993). The middle
envelope protein of HBV has an aspargine residue at
position 4 which is glycosylated and mannose termi-
nated (Kann & Gerlich, 1998). Hence, MBL-mediated
opsonization of HBV particles is possible. Our study
showed recovery of HBV infection is associated with
MBL codon 52 variants (allele and genotype) and hap-
lotype (XY ⁄ O) which encode low serum MBL levels.
We speculate that higher frequency of codon 52 vari-
ants in cleared individuals reflects the linkage disequi-
librium of other unidentified genes of MBL locus
linked with protective effect of HBV disease. The poly-
morphism at codon 52 of MBL leads to cysteine for
arginine substitution resulting in replacement of axial
glycines by dicarboxylic acids which has less effect on
MBL levels than the other two polymorphisms at
ll Publishing Ltd, International Journal of Immunogenetics 37, 177–184



Table 3. Association of MBL gene genotype with HBV outcome in all South Indian subjects

MBL genotype

HBV outcome Univariate analysis Multivariate analysis and analyzing models

Cleared

N = 150

Chronic

N = 137 P-value

Codominant

OR (95% CI)

P-value

Dominant

OR (95% CI)

P-value

Recessive

OR (95% CI)

P-value

Codon 52 (n) 148a 134a

CC 129 (87.2%) 130 (97.0%) 0.003 0.25 (0.08–0.80)

0.02

– –

TC 19 (12.8%) 4 (3.0%)

TT 0 0

Codon 54 (n) 148a 133a

GG 99 (66.9%) 90 (67.7%) 0.66 0.95 (0.61–1.48)

0.833

0.97 (0.57–1.67)

0.921

0.81 (0.24–2.68)

0.729AG 40 (27.0%) 38 (28.6%)

AA 9 (6.1%) 5 (3.8%)

Codon 57 (n) 148a 133a

GG 144 (97.3%) 126 (94.7%) 0.27 1.99 (0.52–7.67)

0.314

– –

AG 4 (2.7) 7 (5.3%)

AA 0 0

)221 (n) 147a 133a

GG 78 (53.1%) 76 (57.1%) 0.44 0.79 (0.52–1.20)

0.273

0.78 (0.47–1.31)

0.351

0.62 (0.21–1.82)

0.388GC 57 (38.8%) 51 (38.3%)

CC 12 (8.2%) 6 (4.5%)

Multivariate logistic regression models were used for calculating the OR (95% CI) and corresponding p values controlling for age (continuous),

gender and state of origin as covariates. When a co-dominant (additive) effect was assumed W ⁄ W, W ⁄ V and V ⁄ V were coded as 0, 1 and 2,

respectively. When dominant effect was assumed W ⁄ W was coded as 0 and W ⁄ V and V ⁄ V combined and coded as 1. When recessive effect

was assumed W ⁄ W and W ⁄ V were combined and coded as 0 and V ⁄ V coded as 1.
aNumber of samples typed in each polymorphic sites.

CI, confidence interval; HBV, hepatitis B virus; MBL, mannose-binding lectin; OR, odds ratio; V, variant type; W, wild-type.

Table 4. Association of MBL genotypes with HBV outcome in Tamil Nadu subjects after adjusting for age and gender

MBL genotype

HBV outcome Univariate analysis Multivariate analysis and analyzing models

Cleared

N = 115

Chronic

N = 103 P-value

Codominant

OR (95% CI)

P-value

Dominant

OR (95% CI)

P-value

Recessive

OR (95% CI)

P-value

Codon 52 (n) 113a 100a

CC 98 (86.7%) 97 (97.0%) 0.007 0.23 (0.06–0.93)

0.039

– –

TC 15 (13.3%) 3 (3.0%)

TT 0 0

Codon 54 (n) 113a 99a

GG 76 (67.3%) 67 (67.7%) 0.61 0.89 (0.54–1.49)

0.678

0.92 (0.48–1.73)

0.786

0.70 (0.18–2.71)

0.609AG 29 (25.7%) 28 (28.3%)

AA 8 (7.1%) 4 (4.1%)

Codon 57 (n) 113a 99a

GG 110 (97.4%) 95 (95.9%) 0.57 1.36 (0.23–8.01)

0.733

– –

AG 3 (2.7) 4 (4.1%)

AA 0 0

)221 (n) 112a 99a

GG 66 (58.9%) 55 (55.6%) 0.59 0.98 (0.59–1.59)

0.92

0.98 (0.53–1.79)

0.952

0.92 (0.25–3.31)

0.896GC 39 (34.8%) 40 (40.4%)

CC 7 (6.3%) 4 (4.1%)

Multivariate logistic regression models were used for calculating the OR (95% CI) and corresponding p values controlling for age (continuous),

gender and state of origin as covariates. When a codominant (additive) effect was assumed W ⁄ W, W ⁄ V and V ⁄ V were coded as 0, 1 and 2,

respectively. When dominant effect was assumed W ⁄ W was coded as 0 and W ⁄ V and V ⁄ V combined and coded as 1. When recessive effect

was assumed W ⁄ W and W ⁄ V were combined and coded as 0 and V ⁄ V coded as 1.
aNumber of samples typed in each polymorphic sites.

CI, confidence interval; HBV, hepatitis B virus; MBL, mannose-binding lectin; OR, odds ratio; V, variant type; W, wild-type.
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codons 54 and 57 (Madsen et al., 1994, 1995). We
speculate that minimal quantitative and functional
MBL effects of codon 52 variants and functional
redundancy of diverse opsonins limit the possibility of
ª 2010 Blackwell Publishing Ltd, International Journal of Immunogenetics 3
direct functional implications in HBV outcome. How-
ever, studies have shown that interaction of MBL can
increase the secretion of cytokines IL-10, IL-1 receptor
antagonist, monocyte chemoattractant protein-1, and
7, 177–184



Table 5. Proportion of individuals with genotypes yielding high, intermediate and low MBL levels among cleared and chronic HBV group

MBL levela Haplotypesa

Subjects with heterozygous polymorphisms in )221

promoter (X ⁄ Y) and in codons 52,54 and 57 (W ⁄ V)

HBV outcome

OR (95% CI)

P-value

Cleared (n = 23) vs. Chronic (n = 10)

Codon

52 TC 54 AG 57 AG

Cleared

(n = 147)

Chronic

(n = 133)

High YA ⁄ YA – – – 33 (22.6%) 34 (25.6%)

Intermediate YA ⁄ XA – – – 34 (23.3%) 41 (30.8%) 1.17 (0.60–2.26)

0.64

XA ⁄ XA – – – 12 (8.2%) 6 (4.5%) 0.49 (0.16–1.44)

0.19

Low ⁄ none YY ⁄ O – – – 45 (30.8%) 42 (31.5%) 0.90 (0.48–1.71)

0.76

XY ⁄ O 8 (31.8%) vs. 1

(11.1%)

14 (63.6%) vs.

8 (77.7%)

1 (4.5%) vs.

1 (11.1%)

23 (15.1%) 10 (7.5%) 2.28 (1.04–4.49)

0.035

aThe haplotypes are classified into three groups based on serum MBL levels proposed by previous studies (Chong et al., 2005).

CI, confidence interval; HBV, hepatitis B virus; MBL, mannose-binding lectin; OR, odds ratio; V, variant type; W, wild-type.

Table 6. Linkage disequilibrium coefficients (ŒD¢Œ) among MBL

SNPs

ŒD ¢Œ

r2

MBL SNPs )221 Codon 52 Codon 54 Codon 57

)221 – – – –

Codon 52 0.01 – – –

Codon 54 0.08 0.01 – –

Codon 57 0.01 0.00 0.00 –

MBL, mannose-binding lectin; SNPs, single nucleotide

polymorphisms; r2, product moment correlation coefficient which

indicates measure of linkage disequilibrium.
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IL-6 resulting in suppression of LPS induced proin-
flammatory cytokines (Fraser et al., 2006). These
cytokines may lead to Th2 polarization and HBV per-
sistence. Since polymorphism at codon 52 conferred
protection against chronicity in our population, the
plausibility of selection of the MBL deficient alleles
and haplotypes (XY ⁄ O) in infectious diseases cannot
be ignored.

In many populations, the occurrence of mbl2 gene B
allele (codon 54) and X allele ()221) were always
associated with some aspects of HBV disease (Brown
et al., 2007). Although our population had high fre-
quency of B allele (18.0% and 19.6%) compared with
the other two structural variants, it had no association
with HBV outcome (Table 2). Similar to our findings,
a Korean study showed that polymorphism at codon
54 of MBL gene was neither associated with clearance
of HBV infection nor with HBV disease progression in
chronic HBV infection (Cheong et al., 2005). A Ger-
man study showed a lack of association between
codons 52 and 54 of MBL gene polymorphisms and
HBV outcome (Hohler et al., 1998). In addition, a
study in Gambia with a large sample size failed to
provide any link between MBL deficiency and HBV
ª 2010 Blackwe
persistence (Bellamy et al., 1998). These variable asso-
ciations may be due to ethnic complexity of study
populations, differences in the distribution of polymor-
phisms among different ethnic groups, variation in
ratio of MBL haplotypes and study design with small
sample size.

The frequency of promoter X allele was high
(23.7% and 27.6%) compared with all structural vari-
ants; however, it was not associated with HBV out-
come (Table 2). In addition, our population also had
homozygous mutant genotypes at codon 54 (AA) and
at promoter )221 (CC) which were not associated
with HBV outcome (Tables 3 and 4). Apart from
mbl2 codon 52 alleles and genotypes, multivariate
analysis revealed that low ⁄ none haplotype (XY ⁄ O) is
significantly associated with recovery from HBV infec-
tion. These observations validate our findings that del-
eterious structural and promoter variants associated
with low MBL level confer protection against chronic
HBV infection at the haplotype level.

Quantitation of MBL levels in these subjects would
have been useful to establish the relationship between
MBL genotypes ⁄ haplotypes with HBV outcome. Never-
theless, MBL being an acute phase reactant, measure-
ment of serum MBL at the time of recruitment in a
cross-sectional study design would not be representative
of levels when persistence or recovery was determined.
In addition, assessment of MBL levels in subjects
with current chronic hepatitis B infection would be a
potential confounder. Hence, estimation of MBL was
not performed in our study subjects.

Many studies have shown the association between
MBL low level genotypes ⁄ haplotypes with high infec-
tious diseases susceptibilities (Turner, 2003; Worthley
et al., 2005). However, recently these associations are
increasingly challenged at the populational level. Glob-
ally, mbl2 variants encoding low MBL levels have
ll Publishing Ltd, International Journal of Immunogenetics 37, 177–184
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been found at high frequency (Garred et al., 2006).
This may be due to the positive selection of MBL
variants conferring relative benefits to the survival of
the host. Thus, deleterious MBL variants are main-
tained because of heterosis in a population akin to a
classical sickle cell trait (HbS allele) in Sub-Saharan
Africa. The analysis of the mbl2 gene showed high
degree of heterozygosity (total p = 18.3 · 10()4)) indi-
cating selection. Our study suggested that deleterious
mbl2 alleles (allele D) confer protection against HBV
disease in South Indian population. This observation
warrants further studies to assess whether these MBL
variants are positively selected and expanded due to
advantage of heterozygosity.

Like our study, the following studies have re-
affirmed the selection of deleterious mbl2 variants and
their potential advantages at the population level. A
study in the Benin population reported the enrichment
and potential selection advantage of mbl2 variant
(p.G57E) heterozygotes in adults than in newborns
(Dossou-Yovo et al., 2007). A study in American
HIV+ cohort revealed that heterozygosity for mbl2
variants are associated with certain disease-retarding
effects (Catano et al., 2008). A Caucasian longitudinal
study also showed a lack of association between MBL
deficiency with risk of infectious susceptibilities, mor-
bidity and mortality (Dahl et al., 2004). The B allele
(codon 54) associated with low MBL level has been
shown to confer protection against Mycobacterium
tuberculosis meningitis (Hoal-Van Helden et al.,
1999). In addition, high level of MBL have been
shown in patients with Leishmania braziliensis and
lepromatous ⁄ or borderline lepromatous leprosy (Gar-
red et al., 1994; Santos et al., 2001). These evidences
underscore the global importance of selection of the
deleterious mbl2 variants and their impact in diverse
infectious diseases.

A South Indian study showed that mbl2 diplotype
(YA ⁄ YA) associated with high MBL levels increase the
propensity of HIV-infected patients to tuberculosis,
medium MBL expression diplotypes with protection
against tuberculosis and low MBL genotype (O ⁄ O)
with susceptibility to tuberculosis in HIV uninfected
individuals (Alagarasu et al., 2007). Similarly, our
study also revealed that codon 52 wild-type allele is
associated with chronic HBV infection and mutant
allele (D allele) and low ⁄ none haplotype (XY ⁄ O) with
recovery. These complex quantitative MBL functions
in diverse infectious diseases may determine the allele
and haplotype selection in a population. Hence, we
suggest that endemic diseases like HIV, tuberculosis
and hepatitis (HBV) may be a driving force in select-
ing the MBL deficient alleles to confer protection in
South Indian population.

In conclusion, this is a first Indian study to provide
preliminary evidence that inheritance of mbl2 codon
52 (T allele and TC genotype) and XY ⁄ O haplotype
linked to low MBL levels may confer protection
against HBV disease. The codon 52 (C allele and CC
ª 2010 Blackwell Publishing Ltd, International Journal of Immunogenetics 3
genotype) associated with normal MBL level and func-
tions have a predisposing effect in the development of
chronic HBV infection in a sympatrically isolated
South Indian population. These findings should be val-
idated further by a longitudinal multi-centric study of
large sample size.
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