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Association between Mannose-Binding Lectin Gene
Polymorphisms and Susceptibility to Severe Acute
Respiratory Syndrome Coronavirus Infection
Hongxing Zhang,1,2,3 Gangqiao Zhou,1,2 Lianteng Zhi,1,2 Hao Yang,1,2 Yun Zhai,1,2 Xiaojia Dong,2 Xiumei Zhang,2
Xue Gao,1 Yunping Zhu,1 and Fuchu He1,2,4
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Background. Genetic determinants of susceptibility to severe acute respiratory syndrome coronavirus (SARSCoV) infection remain unknown. We assessed whether mannose-binding lectin (MBL) gene polymorphisms were
associated with susceptibility to SARS-CoV infection or disease severity in an ethnically homogeneous population
born in northern China.
Methods. The frequencies of 1 mutation in codon 54 and 3 promoter polymorphisms at nt ⫺550, ⫺221,
and 4 were ascertained in 352 patients with SARS and 392 control subjects, by means of polymerase chain reaction
direct sequencing.
Results. Of 352 patients with SARS and 392 control subjects, 120 (34.4%) and 91 (23.2%) were carriers of
the codon 54 variant, respectively (odds ratio [OR], 1.73 [95% confidence interval {CI}, 1.25–2.39]; P p .00086).
A total of 123 (36.0%) of 352 patients with SARS and 100 (25.5%) of 392 control subjects had haplotype pairs
associated with medium or low expression of MBL (OR, 1.67 [95% CI, 1.21–2.29]; P p .00187). The populationattributable fraction of patients with SARS that was associated with having the codon 54 variant was 20.1% (95%
CI, 7.9%–32.3%).
Conclusions. MBL gene polymorphisms were significantly associated with susceptibility to SARS-CoV infection;
this might be explained by the reduced expression of functional MBL secondary to having the codon 54 variant.
Severe acute respiratory syndrome (SARS) is a newly identified human infectious disease that is caused by
a novel coronavirus (CoV), SARS-CoV [1–3]. By late
July 2003, 18000 cases of SARS and 1700 SARS-related
deaths were reported from 125 countries worldwide.
Its rapid transmission, high infectivity, unpredictable
clinical progression, and high mortality make SARS a
potential global threat [3], but the pathogenesis of SARS
is still not fully understood. Mapping the genetic var-
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iants that account for disease risk can identify disease
pathways in complex disorders. Thus, a hope to resolve
the etiology of SARS has prompted a search for genetic
variants in candidate susceptibility genes. Individual
susceptibility to SARS-CoV infection seems to be variable. For example, subjects seropositive for SARS-CoV
may develop SARS or have only mildly symptomatic
infections [4]. Like that of other major infectious diseases [5, 6], the development of SARS may also be the
result of a complex interaction between the microbe,
host genetic factors, and the environment. Early reports
have shown that higher age, diabetes mellitus, and heart
disease are risk factors for the development of SARS
[7, 8], but the extent to which genetic factors might
influence susceptibility to SARS-CoV infection remains
unknown.
Variation in host immunity has long been regarded
as an important factor in determining susceptibility to
infectious diseases. Indeed, recent case-control studies
have suggested an association between the development
of SARS and HLA-B*4601, HLA-B*0703, and HLAMBL Polymorphisms and SARS • JID 2005:192 (15 October) • 1355
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tions of functional MBL have been shown to be associated in
both children and adults with an increased risk of developing
infections [19, 27–29]. The aim of the present study was to
assess whether the variant MBL alleles, which cause defects in
the activation of the innate immune system, are associated with
susceptibility to SARS-CoV infection or disease severity.
PATIENTS, MATERIALS, AND METHODS
Case patients and control subjects. In total, 352 case patients
who were serologically confirmed as having SARS and whose
conditions fulfilled the World Health Organization case definition of SARS were recruited from the hospitalization wards
at Xiaotangshan Hospital (Beijing, China) between May and
July 2003 [30]. The clinical profiles and backgrounds of all
subjects were extracted from medical records. Of the 352 case
patients, 52 (patient group 1 [P1]) had comorbid conditions
(including diabetes mellitus, hypertension, heart diseases, tuberculosis, asthma, and malignancy), which have been shown
to be risk factors for the development of SARS [7, 8]. Of the
300 case patients without comorbid conditions, 20 were patients with severe SARS (patient group 2 [P2]), who were identified by their admissions to intensive care units or deaths, and
the remaining 280 were patients with mildly symptomatic SARS
(patient group 3 [P3]). By checking the medical records or by
interviewing the case patients or their guardians, we determined
that all case patients were genetically unrelated adults born in
northern China. For the 352 patients, the male/female ratio was
1.2, and the mean age was 34.9 years (range, 15–77 years). A
total of 392 age-, sex-, and ethnicity-matched healthy genetically
unrelated adults born in northern China were recruited as control
subjects; the male/female ratio was 1.5, and the mean age was
32.7 years (range, 17–68 years). Written, informed consent was
obtained from all the participants or their guardians, and the
study was performed with the approval of the Ethical Committee
of the Chinese Human Genome Center. Genomic DNA was extracted from 5-mL peripheral blood samples using standard phenol-chloroform protocols. DNA samples were diluted to a concentration of 10 ng/mL and were distributed in 96-well plates.
Validation of MBL variants. Two pairs of primer sets covering the genomic sequence of exon 1 and the promoter region
of the MBL gene, which spans ∼1.1 kb (from nt ⫺730 to 375;
GenBank accession no. AF080508.1), were designed on the basis
of size and overlap of polymerase chain reaction (PCR) amplicons. The screening panel included DNA from 174 individuals randomly selected, without regard to disease status, from
the total study population of 744 individuals. The primers for
the target regions were designed using the Web-based software
Primer3 (available at: http://www-genome.wi.mit.edu/). DNA
samples from the 174 individuals were amplified and purified.
Then the PCR products were sequenced using an ABI PRISM
Dye Terminator Sequencing Kit with Amplitaq DNA polymer-
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DRB1*0301 [9, 10]. Although the adaptive immune response
is a highly effective defense mechanism against SARS-CoV, a
potential weakness is the time delay between the recognition
of a new pathogen and the production of sufficient antibodies to provide protection. Specific antibodies can be detected
⭓10 days after the onset of symptoms (mean time, 20 days)
[2]. Thus, other factors, in addition to antibodies, are likely to
determine the differences in susceptibility during this vulnerable period. In addition to the adaptive immune response, there
exists an innate immune response that involves a series of soluble and membrane-bound proteins that bind and facilitate the
killing and clearance of invading microbes [11, 12]. This innate
immune response is present from birth and provides the first
line of defense for the human body. The variability in the response to SARS-CoV suggests that the innate immune response
might be involved in an individual’s susceptibility to SARS-CoV
infection during the period before the production of specific
antibodies.
Mannose-binding lectin (MBL) is a serum protein belonging
to the family of collectin and plays a critical role in the innate
immune response [13–15]. MBL is an acute-phase reactant of
hepatic origin that can bind through multiple lectin domains
to repeating mannose and N-acetylglucosamine sugar motifs
that are characteristically displayed at high densities on bacterial and fungal cells and on viruses and protozoa but not on
mammalian cells [16, 17]. After binding to a pathogen, MBL
initiates at least 2 protective functions that are well defined.
First, through the lectin pathway, MBL can mediate the activation of the complement system without the participation of
antibodies; second, MBL can promote opsonophagocytosis by
collectin receptors directly [18–20]. Experiments in vitro and
in vivo have shown that an MBL deficiency is likely to have a
major effect on innate immune activation and appears to predispose individuals to serious infection [21, 22].
The amounts of MBL in human plasma are genetically determined. Three polymorphisms, encoding for structurally variant proteins, have been identified in codons 52, 54, and 57
(denoted as variants D, B, and C, respectively; the wild type is
denoted as A) in the MBL gene. Individuals with any heterozygous variant have only ∼10% of the MBL plasma concentrations that those with the wild type have, and those with
homozygous or compound heterozygous variants have almost
undetectable MBL plasma concentrations [23, 24]. In addition,
polymorphisms at nt ⫺550, ⫺221, and 4 (referred to as the
H/L, Y/X, and P/Q variants, respectively) in the promoter region, which are reported to control MBL plasma concentrations of structurally normal proteins, have also been described
[25, 26]. Moreover, the combination of structural polymorphisms and promoter polymorphisms in this gene results in
well-described MBL expression groups (high, medium, and
low) [25, 26]. Variant alleles causing low plasma concentra-

RESULTS
Resequencing of the ∼1.1-kb genomic region in the MBL gene
in 174 individuals revealed 12 polymorphisms (table 1). Consistent with the findings of studies published elsewhere [24,
32], the codon 52 and 57 mutations were not detected in our
study population of individuals born in northern China. The
frequencies of the variant alleles H/L, Y/X, and P/Q measured
here—that is, 0.445, 0.141, and 0.144, respectively—are very
similar to those reported in other Chinese subpopulations

Table 1. Positions and frequencies of polymorphisms screened
from the mannose-binding lectin (MBL) gene.

Polymorphism
⫺596CrT
⫺550GrC (H/L)
⫺435GrA
⫺427ArC
⫺349ArG
⫺336ArG
⫺329 to ⫺324 I/D
⫺221GrC (Y/X)
⫺70CrT
4CrT (P/Q)
223CrT (A/D, codon 52)
230GrA (A/B, codon 54)
239GrA (A/C, codon 57)
366GrA

Position(s)

Minor-allele
frequency

Region

50
96
211
219
297
310
317–322
425
576
649
868
875
884
1011

0.0057
0.445
0.0316
0.144
0.144
0.144
0.144
0.141
0.144
0.144
0
0.135
0
0.144

Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
5 UTR
Exon1
Exon1
Exon1
Intron1

a

NOTE. The polymorphisms G⫺550C, G⫺221C, C4T, C223T, G230A, and
G239A are also denoted as variants H/L, Y/X, P/Q, A/D, A/B, and A/C, respectively. I/D, 6-bp insertion or deletion at nt ⫺329 to ⫺324; UTR, untranslated
region.
a

The positions of the polymorphisms are relative to the initial site of transcription of the MBL gene (GenBank accession no. AF080508.1).

[24, 32]. Seven polymorphisms (i.e., ⫺427ArC, ⫺349ArG,
⫺336ArG, 6-bp insertion or deletion at nt ⫺329 to ⫺324,
⫺70CrT, P/Q, and 366GrA) were in absolute LD in the
study population (D  p 1 and r 2 p 1), suggesting that any 1
of them can represent the other 6 polymorphisms as a marker,
and, in the present study, P/Q was chosen for its influence
on functional MBL serum concentration [25, 26]. We therefore selected the variants H/L, Y/X, P/Q, and A/B as markers
for use in the subsequent genotyping analysis.
Table 2 indicates that the genotype distributions of the 4
mutations in any patient category or in control subjects were
in Hardy-Weinberg equilibrium. On the basis of unconditional
logistic regression analysis with adjustments for age and sex, a
statistically significant association was observed between susceptibility to SARS-CoV infection and having the codon 54
variant. Subjects that were homozygous or heterozygous for the
variant B allele (i.e., the B/B or the A/B genotype) had an increased susceptibility to SARS-CoV infection, compared with
those homozygous for the wild-type A allele (P1, P2, and P3 vs.
control subjects, OR, 1.73 [95% CI, 1.25–2.39]; P p .00086)
(table 2). After stratification by comorbid conditions, the association was pronounced only in patients without comorbid
conditions (P2 and P3 vs. control subjects, OR, 1.84 [95% CI,
1.32–2.57]; P p .00031) (table 2). The association remained
significant even after correction for multiple comparisons. The
nt ⫺221 promoter variant showed only a marginally significant association with susceptibility to SARS-CoV infection, but
this type of association was not observed after correction for
multiple testing. Neither variant H/L nor variant P/Q was found
MBL Polymorphisms and SARS • JID 2005:192 (15 October) • 1357

Downloaded from http://jid.oxfordjournals.org/ at Simon Fraser University on May 30, 2015

ase (ABI) and loaded onto an ABI 3730 sequencer. Polymorphism candidates were identified by the PolyPhred program
(available at: http://droog.mbt.washington.edu/PolyPhred.html)
and were inspected by 2 observers. Polymorphism positions
and individual genotypes were confirmed by reamplifying and
resequencing the polymorphism sites from the opposite strand.
The primers are available on request.
Genotyping. The promoter polymorphisms at nt ⫺550,
⫺221, and 4 (i.e., the H/L, Y/X, and P/Q variants, respectively)
and the structural polymorphism at nt 230 (i.e., the codon 54
A/B variant) were selected for genotyping by use of PCR direct
sequencing in the case-control population. The primers for PCR
and sequencing and the reaction parameters were identical with
those used for the polymorphism validation procedure mentioned above. Genotyping of all 744 samples was performed in
a blinded manner so that the case or control status was unknown.
The accuracy of genotyping data for each polymorphism was
validated by masking, choosing at random, and resequencing
15% of the samples from case patients and control subjects.
Statistical analysis. The haplotypes of the MBL genes from
the samples were assigned by the PHASE program [31]. PHASE
is an implementation of the Stephens-Donnelly method of
haplotype reconstruction, which uses a Bayesian approach that
incorporates a priori expectations of haplotypic structure from
population genetic and coalescent theory. The pairwise linkage
disequilibrium (LD) calculation (Lewontin’s D  and r 2) was
performed using Arlequin software (available at: http://
lgb.unige.ch/arlequin/).
Genotype and allele frequencies for each polymorphism were
determined by gene counting. The significance of deviations from
the Hardy-Weinberg equilibrium was tested using the randompermutation procedure implemented in Arlequin. Unconditional logistic regression analysis was performed to evaluate whether
there was an association between specific MBL alleles and susceptibility to SARS-CoV infection or disease severity after adjustment for age and sex, and the P values, odds ratios (ORs),
and 95% confidence intervals (CIs) were calculated. In view of
the multiple comparisons in the case-control study, the correction factor n(m ⫺ 1) (in which there are n loci with m alleles
each) was applied to correct the significance level. These analyses were performed using SPSS software (version 9.0; SPSS).

b

P3

2 (4.1)

Q/Q

1 (5.0)

4 (20.0)
5 (1.8)

56 (20.0)

5 (26.3)

87 (31.8)
15 (5.5)

26 (6.6)

74 (18.9)

292 (74.5)

6 (1.5)

85 (21.7)

301 (76.8)

5 (1.3)

99 (25.3)

288 (73.5)

9 (2.3)

103 (26.3)

280 (71.4)

88 (22.4)

P2 and P3

.036

.62

.00086

.00187

0.92 (0.66–1.28) 0.68 (0.31–1.51) 0.96 (0.68–1.35) 0.49 (0.14–1.75)

1.73 (1.25–2.39) 1.21 (0.59–2.48) 1.84 (1.32–2.57) 0.72 (0.27–1.96)

1.67 (1.21–2.29) 1.20 (0.60–2.39) 1.75 (1.26–2.43) 0.72 (0.26–1.98)

subjects

0.70 (0.50–0.98) 0.64 (0.30–1.35) 1.42 (0.99–2.01) 1.16 (0.40–3.40)

P2 vs. P3

vs. control

P1, P2, and P3

.68

subjects

vs. control

0.93 (0.67–1.30) 0.56 (0.28–1.09) 0.98 (0.69–1.39) 1.31 (0.42–4.10)

subjects

P1 vs. control

a

P2 and P3

.61

.60

.35

.24

.09

subjects

.00079

.00031

.80

.056

.92

subjects

P1 vs. control vs. control

P

.53

.52

.27

.78

.64

P2 vs. P3

The no. of samples that were genotyped varies, because of genotyping failure. P1, patients with SARS with comorbid conditions; P2, patients with severe SARS; P3, patients with mildly symptomatic

1 (5.3)

98 (25.0)
206 (52.6)

subjects

vs. control

(n p 392)

P1, P2, and P3

Control
subjects, %

a

OR (95% CI)

The values are for the comparison between the homozygous wild-type genotype and the homozygous and heterozygous variant genotype, for each polymorphism, and for the comparison of the haplotype
pairs associated with high MBL expression with those associated with medium and low MBL expression.
b
H/L, Y/X, and P/Q are functional promoter polymorphisms at nt ⫺550, ⫺221, and 4, respectively. A is wild-type codon 54 and B is the codon 54 variant. High–MBL expression haplotype pairs are HYA/HYA,
HYA/LYA, HYA/LXA, LYA/LYA, and LYA/LXA; medium–MBL expression haplotype pairs are LXA/LXA, HYA/LYB, and LYA/LYB; and low–MBL expression haplotype pairs are LXA/LYB and LYB/LYB.

a

NOTE.
SARS.

5 (10.2)

10 (20.4)

Medium

Low

34 (69.4) 13 (68.4) 172 (62.8)

5 (1.8)

High

Haplotype pair MBL expression

1 (5.0)

96 (34.3)

2 (4.1)

B/B

5 (25.0)

11 (22.4)

A/B

2 (0.7)

72 (25.7)

36 (73.5) 14 (70.0) 179 (63.9)

0 (0.0)

3 (15.0)

A/A

Codon 54, haplotype pair

9 (18.4)
0 (0.0)

P/Q

P/P

64 (22.9)

40 (81.6) 17 (85.0) 206 (73.6)

9 (18.4)

X/X

nt 4, haplotype pair

5 (25.0)

38 (77.6) 15 (75.0) 219 (78.2)

11 (22.4)

Y/X

Y/Y

nt ⫺221, haplotype pair

L/L

20 (40.8) 11 (55.0) 146 (52.1)

70 (25.0)

18 (36.7)

H/L

4 (20.0)

(n p 52) (n p 20) (n p 280)

P2

H/H

nt ⫺550, haplotype pair

Polymorphism

P1

Patients with SARS, no. (%)

Table 2. The distribution of mannose-binding lectin (MBL) genotype and haplotype pairs associated with various levels of MBL expression in patients with severe acute
respiratory syndrome (SARS) and control subjects.
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DISCUSSION
This study has shown that, in a population of individuals born
in northern China, having the codon 54 variant in the MBL
gene is significantly associated with susceptibility to SARS-CoV
infection but not with disease severity. To our knowledge, this
is the first report of an association between the MBL gene and
susceptibility to SARS-CoV infection. This indicates that the
MBL gene may play a role in the pathogenesis of this disease.
Nongenetic factors can confound the contribution of genetic
factors to the development of disease. Indeed, early reports have
shown that some nongenetic factors, such as comorbid conditions, are risk factors for the development of SARS [7, 8].
However, after stratification by comorbid conditions, the significant association between having the codon 54 variant and
susceptibility to SARS-CoV infection was pronounced only in
patients without comorbid conditions, which indicates that these
MBL polymorphisms exerted an independent effect on the risk
of developing SARS.
The MBL gene encodes a homotrimeric molecule with a carbohydrate recognition domain and a collagenous tail [33]. Formation of a triple helix in the collagenous tail is impaired by the
variant B allele, and this impaired helix formation disrupts polymerization and leads to enzymatic degradation and functional
deficiency of MBL [24]. The nt ⫺221 promoter variant X allele

has a smaller but detectable effect on serum concentrations of
functional MBL, and its interplay with structural mutations results in a more substantial decrease in the expression of MBL
[25]. The individuals bearing medium- or low-expression haplotype pairs had an increased risk of developing SARS (table 2),
which suggests that MBL deficiency possibly plays a role in susceptibility to SARS-CoV infection.
Our observed genetic associations are plausible from a biological perspective, although the mechanism by which MBL deficiency is associated with increased susceptibility to SARS-CoV
infection requires investigation. Various studies have shown that
MBL binds to clinically relevant pathogens, including HIV-1 and
influenza virus [16, 17]. Recently, it has been reported that, in
chickens, MBL can take part in the neutralization of infectious
bronchitis virus (IBV), a member of the CoV family, before
the humoral antibody response takes over [34]. The S protein
of SARS-CoV, which plays an important role in infection, is
also glycosylated with high mannose or hybrid oligosaccharides
[35–37]. Thus, it is very likely that MBL can bind to the S
protein of SARS-CoV and exert its role as an antivirus, although
additional studies are needed to clarify this possibility.
MBL can act directly as an opsonin, by binding to carbohydrates on pathogens and then interacting with MBL receptors
on phagocytic cells. Additionally, it can also trigger the opsonic
activity of complement that might lead to the deposition of
C3b or iC3b on targets and stimulate phagocytic uptake via
complement receptors [18–20]. One speculative interpretation of our results is that low serum concentrations of functional MBL caused by the variant B allele might result in reduced opsonization and favor the survival of SARS-CoV.
In reviewing the results of the present study, however, one
must keep a potential limit in mind. We selected the control
subjects from the general population and not from those who
spontaneously recovered from SARS-CoV infection (i.e., those
who were exposed to SARS-CoV but did not develop SARS,
who are very difficult to identify at present). This results in a
type II error (a false-negative error). Because the unexposed
individuals in the general population remain at risk for the
development of SARS, the inclusion of such a control group
limits the ability to obtain positive results when comparing
contributions of polymorphisms in control subjects with those
in case patients. Thus, from this point of view, it seems unlikely that the association between having the codon 54 variant and susceptibility to SARS-CoV infection is a false-positive
error (i.e., it is unlikely that there was a type I error).
Several association studies have shown that, in both children
and adults, the MBL gene is related to the susceptibility to
various specific infections [19, 27–29]. Most of the results,
however, could not be replicated in subsequent studies in other populations because of multiple factors, such as small sample size, marginal statistical significance, genotyping complexMBL Polymorphisms and SARS • JID 2005:192 (15 October) • 1359
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to be significantly associated with susceptibility to SARS-CoV
infection.
The combination of structural mutations and promoter polymorphisms in the MBL gene results in well-described MBL expression groups (high, medium, and low) [25]. We assigned
all case patients and control subjects to groups on the basis of
having haplotypes associated with high, medium, or low MBL
expression, to assess whether haplotype pairs associated with
various levels of MBL expression were associated with susceptibility to SARS-CoV infection. In 352 case patients, 219 (64.0%)
were in the high–MBL expression group, 102 (29.8%) were in
the medium–MBL expression group, and 21 (6.1%) were in
the low–MBL expression group. In 392 control subjects, this
distribution was 292 (74.5%), 74 (18.9%), and 26 (6.6%) control subjects, respectively (OR, 1.67 [95% CI, 1.21–2.29]; P
p .00187, with adjustment for age and sex) (table 2). Similarly, the association remained significant only in patients without comorbid conditions (P2 and P3 vs. control subjects, OR,
1.75 [95% CI, 1.26–2.43]; P p .00079) (table 2).
The frequency distribution of the alleles and genotypes of
the 4 polymorphisms among 20 patients with severe SARS (P2)
and the remaining 280 case patients (P3) was also analyzed, but
there was no significant difference. The distribution of haplotype pairs associated with various levels of MBL expression
did not show any association with the severity of SARS when
age and sex were accounted for (table 2).
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Chinese individuals studied here, thereby suggesting that other genes are likely to modify the susceptibility to such an infection. When many susceptibility genes are identified and
gene-gene interactions among polymorphisms in these genes
are taken into account, the prediction of the susceptibility to
SARS-CoV infection may become more accurate.
In summary, our results reveal, for the first time, an association, between MBL mutations and increased susceptibility to
SARS-CoV infection and provide support for the importance
of MBL in the pathogenesis of SARS. The knowledge of genetic
factors contributing to the pathogenesis of SARS as presented
here could lead to improvements in treatment and prevention
of this disease.
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ity, or ethnic heterogeneity in the study groups. Although the
highly significant association between MBL deficiency and increased susceptibility to SARS-CoV infection derives from a biologically based a priori hypothesis, our initial finding should be
independently verified in other subpopulations of ethnic Chinese
origin (e.g., Guangdong, Taiwanese, or Hong Kong Chinese) or
in those of different ancestry, such as whites.
In the present study, we did not observe an association between MBL polymorphisms and SARS disease severity. This result may be due to the limited number of patients with severe
SARS in the present study; it certainly warrants confirmation
in future studies.
The observation that MBL mutations are associated with
increased susceptibility to SARS-CoV infection may have implications for transmission precautions and clinical practices
for this disease. First, individuals who harbor the susceptibility genotype in the MBL gene are at high risk for developing SARS. The usefulness of general screenings to detect MBL
mutations and MBL deficiency in a defense against future
SARS outbreaks should be determined. Second, vaccines
against SARS are expected to exert a greater influence in the
future control of SARS. Our results may help in the selection
of candidates for vaccination and in the confirmation of effective vaccines for high-risk groups. Third, replacement MBL
therapy has been used in patients with repeated infections, and
a possible beneficial effect was seen [38]. The usefulness of this
intervention in SARS might merit assessment. Finally, and perhaps most importantly, this study helps to explain why, in most
settings, the attack rate for SARS is much lower than that for
most respiratory viruses. In fact, in the present study, the frequencies of the genotype and haplotype pairs conferring protection from SARS-CoV infection were very high. For example,
the frequencies of the codon 54 A/A genotype and high–MBL
expression haplotype pairs reached 76.8% and 74.5%, respectively (table 2).
If being homozygous or heterozygous for the codon 54 variant (i.e., having the B/B or A/B genotype) is regarded as a risk
factor for the development of SARS, then the population-attributable fraction associated with this genetic risk factor—the
parameter that combines the strength of the epidemiological influence (relative risk) and the frequency of the genotype (population exposure rate)—can be estimated by the formula AF
p f (RR⫺1)/[1 + f (RR⫺1)], where AF is the population-attributable fraction, f is the population exposure rate, and RR is
the relative risk [39]. The AF calculated by the RR (OR, 1.73
[95% CI, 1.25–2.39]) (table 2) combined with the frequency
of the A/B and B/B genotypes (34.4%) (table 2) indicates that
20.1% (95% CI, 7.9%–32.3%) of the increase in the risk of
developing SARS can be attributed to the variant B allele. If
this association is real, then the variant B allele is associated
with a relatively low fraction of SARS-CoV infection in the
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