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ABSTRACT
Background: Polymorphisms of CLEC4M have been
associated with predisposition for infection by the severe
acute respiratory syndrome coronavirus (SARS-CoV). DC-
SIGNR, a C-type lectin encoded by CLEC4M, is a receptor
for the virus. A variable number tandem repeat (VNTR)
polymorphism in its neck region was recently associated
with susceptibility to SARS infection. However, this
association was controversial and was not supported by
subsequent studies. Two explanations may account for
this discrepancy: (1) there may be an unknown
predisposition polymorphism located in the proximity
which is linked to the VNTR; or (2) it was a spurious
association due to unrecognised population structure in
the VNTR.
Methods: We performed a comprehensively genetic
association study on this C-type lectin gene cluster
(FCER2, CLEC4G, CD209, and CLEC4M) at 19p13.3 by a
tagging single nucleotide polymorphisms (SNPs)
approach.
Results: 23 tagSNPs were genotyped in 181 SARS
patients and 172 population controls. No significant
association with disease predisposition was detected.
Genetic variations in this cluster also did not predict
disease prognosis. However, we detected a population
stratification of the VNTR alleles in a sample of 1145 Han
Chinese collected from different parts of China.
Conclusion: The results indicated that the genetic
predisposition allele was not found in this lectin gene
cluster and population stratification might cause the
previous positive association.

Severe acute respiratory syndrome (SARS) is a
human infectious disease caused by a new corona-
virus, SARS-CoV. A major outbreak in China and
Asian countries occurred in 2003 and infected more
than 8000 people worldwide.1 2 A spectrum of the
disease severity among infected patients was found
ranging from a mild febrile illness to severe
respiratory distress requiring assisted ventilation.3 4

On average, 20–30% of SARS patients had a severe
disease who required admission to intensive care
and/or died of respiratory failure or other compli-
cations.4

The pronounced heterogeneity in disease out-
come suggested an underlying genetic predisposi-
tion factor that might determine susceptibility to
infection or disease progression/prognosis. Several
studies reported an association between host
genetic factors with the susceptibility to SARS.

For example, HLA-B*4601 and HLA-B*0703 alleles
have been associated with the susceptibility to
SARS5 6 but these alleles are rare and could not
account for predisposition in the majority of
patients. On the other hand, we and others studied
the polymorphisms in the angiotensin converting
enzyme-2 (ACE2), the major functional receptor
for SARS-CoV infection, but found no association
with the susceptibility and outcome of SARS-CoV
infection.7–9 Our previous studies also observed a
difference in the extent of chemokine response
among SARS patients, and patients with intense
IP-10 expression after infection were more likely to
suffer from adverse outcomes.10 11

Recently, Chan et al studied the VNTR poly-
morphism of the neck region of CLEC4M (also
known as L-SIGN/CD-209L).12 Heterozygotes of
the VNTR polymorphism were more susceptible to
SARS-CoV infection. CLEC4M is a highly plausible
susceptibility gene as it is a co-receptor for the
virus. In vitro functional study also showed a lower
binding affinity towards SAR-CoV in a cell line
expressing the neck region in a heterozygote
manner. We and another research group in China
cannot replicate this association and the trend of
association was reversed, though not significantly,
in a Beijing sample (that is, homozygotes were
more frequent in the infection group).13 14 There are
two potential explanations for this controversy.
First, the VNTR is not the genuine functional
polymorphism determining susceptibility to SARS
infection but is merely a marker indirectly linked
with another functional variant in a nearby locus.
Second, the association is a spurious one due to
unrecognised population stratification, and we
presented some data supporting a possible popula-
tion structure in this VNTR among Chinese in
Beijing and Hong Kong.13 However, it is uncertain
if other polymorphisms in this cluster of four C-
type lectin genes are associated with predisposition
for SARS infection. Therefore, we performed this
association study using tagging single nucleotide
polymorphisms (SNPs) to give a more comprehen-
sive analysis of genetic variations in this chromo-
some 19 region.

Dendritic cell specific intracellular adhesion
molecular-3 grabbing non-integrin (DC-SIGN,
encoded by CD209) is a prototype of C-type lectin
and express primarily on phagocytic cells, such as
dendritic cells and macrophages. DC-SIGNR (den-
dritic cell specific ICAM grabbing non-integrin
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related, encoded by CLEC4M) is a homologue of DC-SIGN. It is
also known as L-SIGN or CD-209L as it is preferentially
expressed by endothelial cells in liver and lymph nodes. They
share 77% amino acid and 73% nucleotide identity with
identical exon–intron organisation. Both of them can bind
pseudovirus expressing the SARS-CoV spike gene15 16 and DC-
SIGNR also facilitates viral entry. CLEC4G (liver and lymph
node sinusoidal endothelial cell C-type lectin) is co-expressed
with DC-SIGNR on sinusoidal endothelial cells in liver and
lymph nodes and can interact with surface protein of a number
of viruses including the spike protein of SARS-CoV.17 FCER2
(also known as CLEC4J) is another lectin gene with a high level
of homology to CLEC4G, which plays a key role in B cell
activation. All these four genes are mapped within a region of
81 kb on 19p13.3 and form a C-type lectin gene cluster. The C-
type lectins share a common structure of an attachment factor
which is formed by a C-terminal carbohydrate recognition
domain (CRD). It binds high mannose oligosaccharides or N-
linked glycosylated protein.18 The CRD is connected to a neck
region composed of repeat units and the number of repeats may
be variable in the population, which is represented by the
variable number tandem repeat (VNTR). The VNTR in the neck
region of CLEC4M is the only one showing a high degree of
polymorphism in the population among the four lectin genes.

In this study, we performed a comprehensive study of the
lectin cluster by using 23 tagging SNPs to investigate the
association between genetic polymorphisms in the C-type lectin
gene cluster and susceptibility to SARS-CoV infection and
clinical outcomes. In order to characterise further the popula-
tion structure of genetic polymorphism in this region, we
examined the population stratification of the VNTR poly-
morphism among 1145 healthy Han Chinese and 742 Chinese
ethnic minority samples collected from different parts of China.

PATIENTS AND METHODS

Patients
All patients (n = 181) had a confirmed diagnosis of SARS by at
least one of the following laboratory procedures—serological
conversion to SARS-CoV or a positive viral culture or a positive
SARS-CoV detection by reverse transcriptase-polymerase chain
reaction (RT-PCR)—and were recruited in 2003. Details of
disease course, results of biochemical and haematological
investigations, and co-morbidity (including history of diabetes,
chronic lung diseases, hypertension, cerebrovascular accident,
cancer, ischaemic heart disease, chronic renal failure and chronic
liver disease) were examined for association with clinical
outcome. All patients had been treated according to a standard
protocol as previously detailed elsewhere.19 20 Adverse disease
outcome was defined as either admission to the intensive care
unit (ICU) or death due to SARS-CoV infection. This study has
been approved by our institutional and hospital research ethics
committees.

Control groups
There are two control groups. The first one was an ethnically
matched healthy population control (n = 172) which was
recruited from local university students in Hong Kong to
represent the genetic variation among Southern Chinese in
Hong Kong. The second one was an expanded sample from our
previous effort to genotype the exon 4 VNTR of CLEC4M.
Altogether, there were 1145 Han Chinese samples collected,
including five new collections of urban community samples of
Han population from four provinces of China, including

Zhanjiang (n = 194) and Meizhou (n = 156) of Guangdong
province, Shandong (n = 268), Liaoning (n = 262) and Sichuan
(n = 265). Meanwhile, seven ethnic minority populations from
different regions were also analysed to examine the distribution
of this VNTR (total n = 742), including Miao (n = 74), Yao
(n = 128), Zhuang (n = 170), Dai (n = 117), Dongxiang (n = 48),
Uzbek (n = 57), and Uygur (n = 148). Informed consent was
obtained from all subjects.

Selection of tagSNPs and genotyping methods
Based on HapMap phase I and dbSNP/Perlegene data of Han
Chinese, we identified 23 tagging SNPs by haplotype based
algorithm to represent genetic variation in the four genes
FCER2, CLEC4G, CD209 and CLEC4M genes (primers shown in
supplemental table 1). Haploblock Finder program (http://cgi.
uc.edu/cgi-bin/kzhang/haploBlockFinder.cgi) was used to deter-
mine the structure of haploblock and then tag SNPs were
defined in each of the haploblocks (supplemental fig 1).21 Firstly,
the Haploblock Finder program defines the location of haplo-
blocks in the target region. Then it selects sufficient SNPs
within each of the haploblocks to define all or most of the
haplotypes found in the population. This method is different
from the pairwise LD based tagSNP selection using the pairwise
r2 in that it considers tagSNP along a consecutive series of SNPs
which essentially also considered the order and spatial relation-
ship between SNPs. All SNPs with minor allele frequencies of at
least 5% in Asians were used by the algorithm and we showed
that the haploblock based approach was appropriate for tagSNP
identification in expanded genetic loci containing multiple
genes.22

Genomic DNA was extracted from peripheral blood using
DNA extraction kit according to the manufacturer’s instruction
(Roche, USA). Genotyping was performed by PCR-restriction
fragment length polymorphism (PCR-RFLP) or mismatched
PCR-RFLP. PCR was performed in 25 ml reactions comprising
0.25 mM of each primer pair, 2 mM MgCl2, 0.6 U of Ampli Taq
Gold Polymerase (Applied Biosystems, Foster City, California,
USA) and PCR buffer (10 mM Tris–HCl, pH 8.3; 50 mM KCl).
Reaction cycle was started at 96uC for 15 min to activate the
polymerase and amplification was achieved by 35 cycles of 96uC
for 30 s, annealing temperatures for 45 s and 72uC for 45 s. The
final elongation step was 72uC for 7 min. For restriction enzyme
digestion, 7 ul of the PCR product was digested by 5 U of the
required enzyme overnight. The genotype call was made by
separating the DNA in a 4% agarose gel and stained with
ethidium bromide. To validate the genotyping results, 10% of
the samples were re-genotyped by either duplicated genotyping
experiments or direct DNA sequencing. Genotyping the VNTR
in exon 4 of the CLEC4M gene used the same protocol as
described previously.12

Statistical analysis
Statistical analysis of genotype distribution and allele frequen-
cies was performed by a x2 or Fisher exact test (SPSS for
windows 11.5). Hardy–Weinberg equilibrium (HWE) test for
VNTR in the patients and control populations was performed
by GENEPOP software (http://wbiomed.curtin.edu.au/gene-
pop/index.html). For SNPs, HWE was also determined by either
x2 or Fisher exact tests.

Univariate association between risk factors (categorical
variables) and adverse outcome in the patient groups was
performed by x2 or Fisher’s exact test. Conditional logistic
regression was used to identify independent predictors for
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adverse disease outcome and determine the adjusted odds ratio
and 95% confident intervals (CI) of these risk factors.

RESULTS

Demographic data
The demographic parameters of the SARS patients and control
group are listed in supplemental table 2. Among the 181
patients studied, 131 had an uneventful recovery while another
50 patients were classified as having an adverse outcome.
Patients with adverse outcomes included 27 patients who
recovered after admission to the ICU for mechanical ventilation,
and 23 who died as a result of SARS.

Genotypic and allelic frequencies of tagging SNPs
The genotype and allele frequencies of the 23 tagSNPs in
FCER2, CLEC4G, CD209 and CLEC4M genes are shown in
supplemental tables 3 and 4. The genotype frequencies of SARS
patients and control population did not deviate from the HWE
except for two SNPs (by both x2 and a Markov chain method in
GENEPOP) (p.0.05). Our results indicated that there was no
significant difference in the genotype distribution and allele
frequencies of the two groups for all 23 polymorphism sites
(supplemental tables 3 and 4, fig 1).

Among the SARS patients, we further compared the genotype
and allele frequencies of 23 tagSNPs between patients with
different outcomes by univariate analyses. There was also no
significant difference between the two groups (supplemental
tables 5 and 6). The other clinical risk factors associated with
adverse outcome were similar to those reported in previous
studies (supplemental table 2). In brief, older age, male sex, high
plasma lactate dehydrogenase (LDH) values and high white cell
counts were significant risk factors for adverse outcome.
Logistic regression was performed to define the independent
risk factors for adverse outcome and found that only age, sex
and LDH values were the independent risk factors. Furthermore,
it confirmed that none of the 23 tagSNPs were associated with
disease outcome after controlling for other risk factors.

Population structure of VNTR in CLEC4M among Chinese from
different geographic regions
Genotype frequencies and homozygote proportions of VNTR in
exon 4 of the CLEC4M gene of these patient and control groups
have been reported before.13 As described previously, VNTR was
not associated with predisposition for SARS infection but there
was a difference in allele frequencies between Northern Chinese
(Beijing) and Southern Chinese (Hong Kong).

The population structure of this VNTR in Han Chinese was
investigated in five new collections of urban Han community
samples (total n = 1145) from four additional provinces of
China. The homozygote proportion varied from the lowest
46.0% to the highest 54.5% (table 1, fig 2). Interestingly, the
two extreme homozygote frequencies were found in two
samples from the same Guangdong province (46.0% in Hong
Kong in the south of Guangdong province and 54.5% in
Meizhou of North Guangdong). This difference of homozygote
proportion fell just short of statistical significance (p = 0.06).
On the other hand, the difference in both genotype and allele
distributions are significant (p,0.05 by GENEPOP) between
pooled Guangdong (Zhanjiang and Hong Kong) Chinese and
Sichuan Chinese. Together with a generally higher homozygote
proportion due to a higher frequency of 7-repeat allele in
Northern and Southwest China, this suggested the presence of
population structure for this VNTR in CLEC4M gene in Han
Chinese. Among all our Han Chinese samples, the genotype
distributions followed HWE equilibrium except Shandong
(p = 0.042, calculated with POPGENE), which may be due to
a small sample size and a possible population admixture in this
important commercial province.

Population structure of VNTR in CLEC4M among minority
populations
In order to understand better the genetic background among the
early settlements and the extent of cultural isolation on allele
frequencies, seven ethnic minority populations from different
regions were also analysed for the allelic distribution of this
VNTR (total n = 742). At first glance, the homozygote
proportion varied from the lowest 41.2% in Zhuang to the
highest 64.8% in Miao, though both minorities reside in
southwest China (fig 3). As expected, the homozygote
proportion highly correlated with the frequencies of 7-repeats
(r2 = 0.87), which was the predominant allele across all samples.
Among the four minorities (Miao, Yao, Dai and Zhuang)
clustered within the three southwest provinces of China, Miao
and Yao had comparable and high levels of homozygosity at
64.8% and 59.4%, respectively. These are the highest levels of
homozygosity found in this study. Actually, Miao and Yao
share a common language lineage and previous phylogeographic
studies indicated that they were the descendents of northern
inhabitants. On the contrary, Dai and Zhuang, who were the
local southern residents and share a common southern language
lineage, had the lowest homozygosity at 42.0% and 41.2%. The
profiles of allelic distribution of Dai and Zhuang were similar to
other southeast Asian and Han in Zhanjiang and Hong Kong,
which suggested a low homozygosity in the ancient southern
settlements. Three northwest minorities (Uygur, Ozbek and
Dongxiang) were all located in the ‘‘Silk road’’ region where
there is a significant admixture with the European gene pool.23 24

Interestingly, they all had a similarly low level of homozygosity
(Uygur 44.6%, Ozbek 42.1% and Dongxiang 43.8%) (fig 3),
similar to what had been reported in Europeans.25

Figure 1 Association between 23 tagging single nucleotide
polymorphisms (SNPs) and susceptibility to severe acute respiratory
syndrome coronavirus (SARS-CoV). Plot of –log p values of SNP
association by x2 statistics along the C-type lectin family. A value above
1.30 represents a potential significant association at p,0.05. None of
the SNPs showed significant association.
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DISCUSSION
Our results showed that there was no association between
tagSNPs in the four genes of the C-type lectin gene cluster in
chromosome 19 (FCER2, CLEC4G, CD209, CLEC4M) and
susceptibility to SARS infection or its clinical outcome. We
used a tagSNP approach to provide a comprehensive coverage
of the genetic variations in this lectin gene cluster. In addition to
those SNPs we have genotyped, we should be able to detect
any association signal due to other functional SNPs that were
not directly genotyped in this project, through linkage
disequilibrium with one or more genotyped tagSNPs.
Therefore, our results indicated that there was no significant
association between genetic variations in this locus and SARS
infection.

In a previous study, Chan et al reported homozygotes of
CLEC4M exon 4 VNTR were protected from SARS-CoV
infection, as the homozygote proportion was 46.0% in SARS
patients and 56.0–58.7% in various control groups. But this
association was not replicated in two subsequent association
studies, one carried out in Hong Kong13 and another in Northern
China.14 The subsequent two replication reports found that the
homozygote proportions were similar in both patients and
control group.13 14 In fact, the presumably protective homo-
zygotes were more frequent in the patient groups collected in
Northern China,14 which was in contrast with the hypothesis of
Chan et al. Here, our results from tagging SNPs again confirmed
that there was no association between CLEC4M and its
neighbouring C type-lectin genes with susceptibility to SARS
infection.

A potential role of host genetic factors in the predisposi-
tion to SARS-CoV infection has been suggested by various
groups.5 6 10–12 26 27 More recently, Chan et al re-examined

additional non-synonymous coding SNPs of FCER2 and one
SNP in ICAM3.28 Their data were consistent with our findings in
that there was no association between the SNPs in FCER2 and
SARS. On the other hand, they reported an association between
an SNP in ICAM3 gene which was located more than 2.5 million
basepairs away from the C-type lectin gene cluster. Interestingly,
three out of five SNPs in FCER2 showed only a borderline HWE in
the control subjects (p values between 0.055 and 0.062), which
suggested the possibility of an unrecognised population structure
in the control group studied by Chan et al.12

When the data of VNTR of the CLEC4M gene were examined
in greater details, it was interesting to note that the difference
of results across the three Chinese studies was largely attributed
to the different homozygote proportions of VNTR among
control groups (46.0% in Tang et al and 51.5% in Zhi et al vs
56.0–58.7% in Chan et al), rather than difference among patient
groups. Our data strongly suggested that a previous unrecog-
nised population stratification, represented by a geographic
difference in genotype proportions and allele frequencies,
existed among Chinese from different geographic areas. Our
previous paper13 provided preliminary evidence of this genetic
structure of the CLEC4M gene by revealing differences in
genotype proportions between two control samples collected
from Hong Kong (Southern Chinese) and Beijing (Northern
Chinese). In this study, we expanded the samples of control to
over 1000 subjects and covered a wider geographic area of
China. Meanwhile, it supported our previous observation of
genetic structure and the homozygote proportions in controls
varied from 44.0–55.0% in the Chinese Han population. This
level of difference in the healthy population would lead to a
significant association if the sample sizes were more than 180 in
each group.

Table 1 Genotype distribution of encoding VNTR in exon 4 of CLEC4M gene in Chinese population samples collected from different parts of China

Southern China Northern China SW China

Zhanjiang, Guangdong
(n = 194)

Meizhou, Guangdong
(n = 156)

Hong Kong*
(n = 463)

Shandong{
(n = 268)

Liaoning
(n = 262)

Sichuan
(n = 265)

Genotypes1

4/7 0 0.0% 0 0.0% 1 0.2% 0 0.0% 0 0.0% 0 0.0%

5/5 4 2.1% 9 5.8% 17 3.7% 4 1.5% 10 3.8% 4 1.5%

5/6 3 1.5% 0 0.0% 8 1.7% 0 0.0% 2 0.8% 1 0.4%

5/7 44 22.7% 25 16.0% 94 20.3% 60 22.4% 54 20.6% 47 17.7%

5/9 8 4.1% 8 5.1% 20 4.3% 14 5.2% 10 3.8% 13 4.9%

6/6 1 0.5% 0 0.0% 0 0% 1 0.4% 0 0.0% 2 0.8%

6/7 15 7.8% 12 7.7% 46 10.0% 14 5.2% 10 3.8% 13 4.9%

6/9 2 1.0% 1 0.7% 5 1.1% 1 0.4% 6 2.3% 2 0.8%

7/7 78 40.2% 74 47.4% 189 40.8% 123 45.9% 111 42.4% 125 47.2%

7/8 1 0.5% 0 0.0% 0 0% 1 0.4% 0 0.0% 0 0.0%

7/9 31 16.0% 25 16.0% 75 16.2% 40 14.9% 49 18.7% 54 20.3%

8/9 0 0.0% 0 0.0% 1 0.2% 0 0.0% 0 0.0% 0 0.0%

9/9 7 3.6% 2 1.3% 7 1.5% 10 3.7% 10 3.8% 4 1.5%

Homozygotes{ 90 46.4% 85 54.5% 213 46.0% 138 51.5% 131 50.0% 135 50.9%

Heterozygotes 104 53.6% 71 45.5% 250 54.0% 130 48.5% 131 50.0% 130 49.1%

Alleles

5 63 16.2% 51 16.4% 156 16.9% 82 15.3% 86 16.4% 69 13.0%

6 22 5.7% 13 4.2% 59 6.4% 17 3.2% 18 3.5% 20 3.8%

7 247 63.7% 210 67.3% 594 64.2% 361 67.3% 335 63.9% 364 68.7%

8 1 0.2% 0 0.0% 1 0.1% 1 0.2% 0 0.0% 0 0.0%

9 55 14.2% 38 12.1% 115 12.4% 75 14.0% 85 16.2% 77 14.5%

*Data from Hong Kong population control is cited from Tang et al.13

{Genotypes deviated from Hardy–Weinberg equilibrium (p = 0.042).
{The difference of the homozygote proportion was marginally significant between Hong Kong and Meizhou (p = 0.06)
1There were significant differences in genotype and allele distributions between pooled Guangdong Zhanjiang/Hong Kong sample (n = 657) and Sichuan sample (n = 265).
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To gain more insight into the origin of this population
structure, we genotyped 2290 alleles of this VNTR among Han
Chinese sampled across different regions of China. Beside a
general decreasing trend of the homozygote frequency from
north to south (fig 2), a few localised areas in Southern China
also showed a higher homozygote frequencies than the rest of
Southern China such as in Guangdong (Meizhou) and Sichuan.

Guangdong province in Southern China received several waves
of northern immigrants in the past. Meizhou of Guangdong is a
city populated by northern immigrants (Hakka people) who
moved to Guangdong over the past 1000 years. We found that
the Meizhou samples had a high homozygosity (54.5%), which
was similar to other northern populations. The current
Meizhou population with a majority of Hakka people is the

Figure 3 VNTR allele frequency in
Chinese ethnic minorities. Homozygosity
and allelic frequencies of samples of
Chinese ethnic minorities collected from
different regions of China. The pie chart is
the homozygote proportion (grey) vs
heterozygote (black). The stacked bar
shows the allele distribution, the bottom
one representing 5-repeat and the top one
9-repeat.

Figure 2 VNTR allele frequency in Han
Chinese. Homozygosity and allelic
frequencies of samples of Han Chinese
collected from different region of China.
The pie chart is the homozygote
proportion (light grey) vs heterozygote
(dark grey). The stacked bar shows the
allele distribution, with 5-repeat allele at
the bottom and 9-repeat allele at the top.
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most well recorded Northern Han immigrants in Guangdong
and this sample revealed the huge effect of immigrants on
homozygosity of this VNTR. If we excluded the Meizhou
sample, it is apparent that the north–south differentiation of
homozygosity could be partially accounted for by a higher
frequency of 6-repeat allele among the Southern Han (,6% vs
,3%, p,0.05 after Bonferroni correction).

These results are consistent with the hypothesis that a higher
degree of admixture is present in Southern Han due to historical
migration events.29 When compared to published data, the
distribution of genotypes and alleles in the Zhanjiang sample
basically followed what had been reported in Hong Kong by
Tang et al.13 On the other hand, the homozygote proportions
reported in the three sets of controls by Chan et al were all
significantly higher than our Guangdong/Zhanjiang sample (by
x2: blood donor control: p = 0.05, outpatient control: p = 0.03,
health care worker control: p = 0.02). However, it was similar to
our Guangdong/Meizhou sample, which suggested that the
control samples of Chan et al might be biased towards Han of
northern origin and might well be a stratified sample.

Furthermore, our data from ethnic minorities demonstrated
that population stratification also exists among these ethnic
minorities, and different origin and cultural isolation are
important contributing factors toward allelic and homozygosity
differentiation. Although we do not rule out the role of selection
in this process, the contrasting difference of allelic distribution
among minorities living in close proximity in Southwest China
suggested that isolation played a major role in shaping the allelic
distribution. Meanwhile, the subpopulation structure can also
be affected by the other factors, like migration and admixture,
such as the northwest minorities and Southern Han in our
studies.

Population structure has also been shown in this VNTR
polymorphism across ethnic groups in a global perspective.
Barreiro et al25 investigated the population diversity of CLEC4M
VNTR in the Centre d’Etudes du Polymorphism Human panel
(CEPH), which included 1064 individuals from 52 worldwide
populations. Their data showed the allelic distributions and
therefore homozygote proportions were different across ethnic
groups. From their results, highest homozygosity (54.63%) was
found among the Native Americans while the lowest value was
in the Oceanian populations (28.21%), and the difference was
significant (p,0.05 by GENEPOP). Based on additional SNP
data, they concluded that a balancing selection sharpened the
variation in this VNTR in the non-African populations and

contributed to the high level of variability in CLEC4M when
compared to CD209.30

Finally, we concluded that VNTR of CLEC4M and other
genetic variations in the C-type lectin gene cluster of chromo-
some 19 did not predispose or affect the prognosis after SARS-
CoV infection in the Chinese population. This study suggests
that population stratification is an important factor which
should be taken into consideration in genetic association
studies.
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