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Abstract

The 2009 H1N1 influenza pandemic, which involved a more
pathogenic virus than seasonal influenza viruses, rapidly
spread around the world and caused many deaths in hu-
mans. The members of the interferon-induced transmem-
brane (IFITM) protein family prevent viral replication and are
crucial for defending the host cell against influenza A virus
(IAV). Several studies suggest that the CC genotype at the
single nucleotide polymorphism (SNP) rs12252 of IFITM3
confers a genetic predisposition to pandemic influenza A in
Europeans and Han Chinese, although one study in a British
cohort failed to show an association. In order to examine
whether an SNP of the IFITM3 gene is correlated with the dis-
ease severity of pandemic IAV (H1N1) infection in a Korean
population, we investigated the genotype and allele fre-
quencies of this polymorphism in 300 healthy Koreans by
automatic direct sequencing and compared the disease se-
verity based on epidemiological studies of the HIN1 virus
reported in several countries. The frequencies of the CC gen-

otype and the C allele in the IFITM3 polymorphism were
higher in the Korean population than in the European popu-
lations, but not in Chinese and Japanese populations. The
prevalence of severe cases of the pandemic 2009 IAV infec-
tion in Koreans was similar to that in Europeans (p = 0.106).
In addition, the prevalence of deaths among all positive cas-
es with pandemic 2009 IAV infection in Koreans was signifi-
cantly lower than that in Europeans. These results suggest
that the IFITM3 genotype may not be a determinant of dis-

ease severity of IAV infection. ©2017S. Karger AG, Basel

Introduction

Pandemic 2009 influenza A infections were responsi-
ble for severe respiratory diseases, leading to more severe
infections and complications than seasonal influenza [1,
2]. Viral infection mechanisms include several compli-
cated steps. Among these, membrane fusion is an impor-
tant step for enveloped viruses to enter the host cell and
initiate infection. Against viral infection, host cells pro-
duce interferon (IFN)-induced transmembrane (IFITM)
proteins, resulting in the stimulation of type I and IT IEN
[3]. IFITM proteins control viral membrane hemifusion
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[4]. These proteins are intrinsic antiviral defense sub-
stances that restrict a wide range of highly pathogenic vi-
ruses, including influenza A viruses (IAVs), Ebola virus,
Marburg virus, severe acute respiratory syndrome coro-
navirus, dengue virus, and West Nile virus [5, 6].

The IFITM proteins are a family that typically consists
of IFITM 1, 2, and 3. Among these, IFITM3 is well known
for preventing the cytosolic entry of viruses in host cells
[6, 7]. In recent studies, the single nucleotide polymor-
phism (SNP) rs12252-C allele of IFITM3 has been shown
to shorten IFITM3, leading to decreased inhibition of vi-
rus replication in vitro [8]. In addition, IFITM3 is associ-
ated with the severity of acute influenza in mice and con-
trols influenza virus mortality [8]. Several studies suggest
that the CC genotype at the rs12252 SNP contributes to
severe clinical outcomes in patients with HIN1 IAV in-
fection. Previous SNP studies in Europeans and Han Chi-
nese indicated a relationship between this polymorphism
and susceptibility to IAV infection [8, 9]. However, Mills
etal. [10] could not find an association between this SNP
and the susceptibility to severe IAV infection in a British
cohort.

The purpose of this study was to investigate the geno-
type and allele frequencies of the rs12252 polymorphism
of IFITM3 in 300 normal Koreans and to determine the
association between this SNP and the disease severity in
pandemic 2009 IAV infection through comparative anal-
ysis with previous epidemiological studies carried out in
several populations, including Koreans.

Genomic DNA from healthy Korean subjects was ob-
tained from the National Biobank of Korea at the Centers
for Disease Control and Prevention. Exclusion criteria
were diabetes, high blood pressure, gastritis, gastric ulcer,
myocardial infarction, thyroid disease, congestive heart
failure, coronary artery disease, hypothyroidism, asthma,
chronic lung disease, peripheral vascular disease, kidney
disease, hepatitis, tuberculosis, cerebrovascular disease,
head trauma, urinary tract infection, arthritis, and cancer.
The study was approved by the Ethical Committee of the
Chonbuk National University and in accordance with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Polymerase chain reaction
(PCR) was performed with sense (5'-CCGCCGCTG-
GTCTTCGCTGGA-3') and antisense (5'-CAGGGGTT-
CATGAAGAGGGT-3') primers. These primers were de-
signed to amplify the 236-bp IFITM3 gene product. The
PCR mixture consisted of 25 pmol of each primer, 1x Taq
buffer, 200 pM of each ANTP mixture, and 2.5 U of Tagq
DNA polymerase (Promega, USA). The amplification
was carried out using an initial denaturation step at 95°C

70 Intervirology 2017;60:69-74
DOI: 10.1159/000479087

for 3 min, followed by 40 cycles of denaturation at 95°C
for 30 s, annealing at 63°C for 45 s and at 72°C for 1 min.
Finally, an extension at 72°C for 10 min followed using
an S-1000 Thermal Cycler (Bio-Rad Laboratories, USA).
All PCR products were resolved on 1.2% agarose gel con-
taining ethidium bromide. PCR products of 236 bp were
prepared using a QIAquick® gel extraction kit (QIA-
GEN). Automatic DNA sequencing of the PCR products
purified from 300 normal Koreans was directly per-
formed at Macrogen Inc. (Seoul, Republic of Korea) using
an ABI 3730 capillary sequencer (Applied Biosystems,
USA).

Eligible studies were identified by searching web-
based databases. The applied search terms were “pan-
demic 2009 influenza A,” “H1N1,” “severe,” “death,” and
“surveillance.” Relevant studies were evaluated according
to the following criteria: (1) surveillance was performed
in European and East Asian populations; (2) the cases
were classified as nonsevere cases and severe cases (inten-
sive care unit [ICU] admission and death); and (3) the
language was restricted to English.

Statistical analyses were performed using SAS version
9.3 (SAS Institute Inc., USA). The differences in genotype
and allele frequencies of the IFITM3 gene and the rate of
severe cases and deaths with pandemic 2009 IAV infec-
tion were compared using x* or Fisher exact tests. Odds
ratios with 95% confidence intervals and p values were
calculated using the codominant model within the SAS
9.3 software. The Hardy-Weinberg equilibrium (HWE)
was calculated using a simple HWE calculator (http://
www.tufts.edu/~mcoourt01/lab_protocols.htm).  The
statistical power was calculated using a statistical power
calculator (http://www.dssresearch.com/toolkit/spcalc/
power_p2.asp).

To investigate genotype frequencies of the rs12252
SNP of IFITM3 in Koreans, we examined DNA samples
from 300 normal Koreans through direct DNA sequenc-
ing. The mean age of healthy Koreans was 58.31 years,
and 50% were male. Among the 300 normal controls,
62 (30.7%) were homozygous for C; 55 (18.3%) were ho-
mozygous for T; and 153 (51.0%) were heterozygous at
IFITM3.

To determine how the distribution of this SNP in nor-
mal Koreans differs from other populations, we com-
pared our results with data reported in various countries.
Interestingly, the genotype and allele frequencies of
IFITM3 SNP were significantly different between Kore-
ans and northern Europeans (Table 1). In addition, the
genotype frequency of CC homozygotes was markedly
higher in normal Koreans than in Europeans (odds ratio
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Table 1. Genotype distribution of IFITM3 polymorphisms in several populations

Populations Total, Genotype frequency, 1 (%) p Allele frequency, n (%) p Ref.
a b
n /T T/C cC value T C value
CEU/FIN/GBR/IBI/TSI (Europe) 360  335(93.0) 24 (6.7) 1(0.3) <0.001 694 (96.4) 26 (3.6) <0.001 8
UK 89  87(978) 2(22)  0(0) <0.001 176(98.9)  2(1.1)  <0.001 9
Northern Europe 87 80 (91.9) 7(8.1) 0(0) <0.001 167 (96.0) 7 (4.0) <0.001 9
YRI (Africa) 59 49 (83.0) 9(15.3) 1(L.7)  <0.001 107 (90.7) 11(9.3) <0.001 8
Japan 89 15(16.9) 35(39.3) 39(43.8) 0.051 65(36.5) 113(63.5) 0.073 9
China 197 49(24.9) 98(49.7) 50(25.4) 0.145 196(49.7) 198 (50.3) 0.061 9
Korea 300 55(18.3) 153(51.0) 92(30.7) - 263 (43.8) 337(562) - This
study

ay2 test comparing genotype frequencies between Koreans and other populations.
bx? test comparing allele frequencies between Koreans and other populations.

Table 2. Numbers of patients admitted to the intensive care unit (ICU) with 2009 pandemic influenza A (HIN1) in Korean and Euro-

pean countries

Populations All HINI1-positive ~ Nonsevere Severe cases (ICU p Ref.
cases cases, 1 (%) admission), 7 (%) value®
Korea 709 634 (89.42) 75 (10.58) - 17
Europe 3,912 3,572 (91.31) 340 (8.69) 0.106
The Netherlands 2,181 1,962 (89.96) 219 (10.04) 0.681 18
Spain 585 510 (87.18) 75 (12.82) 0.210 16
Italy 1,146 1,100 (95.99) 46 (4.01) <0.001 19

axz test comparing nonsevere and severe cases between Koreans and other populations.

36.3,95% confidence interval 22.3-59.3, p < 0.001). How-
ever, there were no significant differences in the genotype
and allele frequencies of this polymorphism among
Northeast Asian populations.

As a significant difference in the genotype and allele
frequencies of the IFITM3 SNP was observed between
Koreans and Europeans, we compared disease severity in
patients with pandemic 2009 TAV infection based on the
published literature describing the clinical characteristics
of patients with this viral infection. The rate of ICU ad-
missions was not significantly different between the Ko-
rean and these 3 European populations (p = 0.106). In the
Italian population, the rate of ICU admissions was sig-
nificantly lower than in the Korean population (p <0.001)
(Table 2). The rate of deaths among all positive cases with
pandemic 2009 IAV infection was significantly lower in
Koreans than Europeans (p < 0.001) (Table 3).

The IFITM family proteins are antiviral, cell-intrinsic
restriction factors for a wide range of highly pathogenic

IFITM3 SNP in Koreans

human viruses [5]. Among these proteins, IFITM3 was
first identified as a putative IAV restriction factor in 2009
[6, 11]. Brass et al. [6] noted IFITM3 as a candidate IAV
restriction factor because IFITM3 is related to IFN. Eight
distinct siRNAs targeting IFITM3 were shown to increase
IAV infection, and depletion of IFITM3 significantly
reduces the antiviral effect of either IFN-y or -a. In ad-
dition, these authors detected that overexpression of
IFITM3 restricts the early replication of IAV. However,
their study was limited to in vitro results.

Everitt et al. [8] performed a functional analysis of the
IFITM3 gene using a knockout mouse model. Mice lack-
ing IFITM3 showed acute pneumonia when inoculated
with a normally low-pathogenicity murine-adapted
H3N2 IAV. In addition, these authors found that hospi-
talized individuals exhibited a high frequency of the mi-
nor IFITM3 allele, rs12252-C. The genotype (p < 0.01)
and allele frequencies (p < 0.01) of this SNP were statisti-
cally associated with hospitalization of patients with pan-
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Table 3. Numbers of deaths with 2009 pandemic influenza A
(H1IN1) in East Asians and Europeans

Popu- All positive Deaths, Ref.
lations cases with n (%) value?

influenza A

(HIN1)
Korea 750,000 252 (0.034) - 20
China 127,614 799 (0.626) <0.001 21
Japan 20,660,000 198 (0.001) <0.001 22
UK 29,194 436 (1.494) <0.001 23
Spain 10,162 344 (3.385) <0.001 23

2% test comparing deaths between Koreans and other popula-
tions.

demic 2009 IAV infection. Furthermore, functional as-
says indicated that the CC genotype of the IFITM3 gene
has increased influenza virus infection in vitro [8]. Their
findings triggered further research of IFITM3 rs12252,
which is associated with HIN1IAV in many different hu-
man ethnic groups.

The distribution of the rs12252-C allele in Han Chi-
nese is much more widespread than in Caucasians. It has
been reported that the distribution of the CC genotype is
69 and 25% in Chinese patients with severe pandemic
IAV infection and mild infection, respectively. Further-
more, this genotype was found to be associated with a
sixfold increased risk of severe infection compared with
the CT and TT genotypes [9]. However, Mills et al. [10]
performed genotyping of rs12252 in patients with HIN1
influenza infection and severe pneumonia, and conclud-
ed that a correlation existed between rs12252 CC homo-
zygotes and susceptibility to mild influenza, but they
could not ascertain the correlation between CC homozy-
gotes and severe influenza reported in previous studies.

However, a meta-analysis including 3 of the above-
mentioned studies and 1 study of H7N9 showed that,
compared with the T allele, the C allele of the IFITM3
rs12252 polymorphism was related to an approximately
70% increased risk of influenza. In addition, Caucasians
with the CC homozygous genotype of this SNP exhibited
higher vulnerability to influenza than those with the CT
and TT genotypes. Although the TC or CC genotypes of
the IFITM3 rs12252 polymorphism in Northern Europe-
ans do not significantly differ from those observed in Eu-
ropeans, the numbers of ICU-admitted patients were dif-
ferent between the Netherlands and Italy (Table 2). This
difference may be due to the ethnic background or medi-
cal conditions of patients. Furthermore, Asians showed
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a significant correlation between the rs12252 SNP of the
IFITM3 gene and vulnerability to influenza, as detected
in alleles, and dominant and recessive models. However,
for individuals with mild infection, no significant asso-
ciation was observed. These findings suggested that the
rs12252T>C SNP is significantly correlated with an in-
creased risk of severe influenza but not with the likeli-
hood of early influenza infection [12]. The discrepancy
between the results of Mills et al. [10] and meta-analysis
data may be due to differences in sample sizes, statistical
power, and ethnic groups.

We report that the genotype and allele frequencies of
the IFITM3 rs12252 polymorphism in a healthy Korean
population do not significantly differ from those previ-
ously observed for the Japanese (p = 0.051) and the Chi-
nese population (p = 0.145). However, the genotype fre-
quencies are significantly different from those reported in
Europeans (p < 0.001), the CEU (Utah Residents with
Northern and Western European ancestry)/FIN (Finnish
in Finland)/GBR (British in England and Scotland)/IBI
(Iberian population in Spain)/TSI (Toscani in Italia), UK
(p <0.001), northern European (p < 0.001), and YRI (Yo-
ruba in Ibadan, Nigera) (p < 0.001) populations (Table 1).
In addition, the genotype frequency for rs12252 SNP in
our data is significantly different from that in the study
by Seo et al. [13]. This result may be due to differences in
the genotyping method used. In the paper by Seo et al.
[13], genotyping of this SNP was performed by restriction
fragment length polymorphism (RFLP) analysis. How-
ever, we carried out direct DNA sequencing analysis. In
the previous study, direct DNA sequencing was more ac-
curate and feasible in detecting SNPs than RFLP [14]. In
addition, we performed HWE tests for the data of 2
groups. The p value score (p = 0.536) of our data was high-
er than that of their group (p = 0.142). These results sug-
gest that the genotyping results of our group are more
reliable than those of Seo et al. [13]. We searched the lit-
erature in PubMed for data on hospitalized influenza A
patients (nonsevere and severe cases, including cases of
death) and performed a statistical analysis. Our data show
that death rates of patients with IAV infection are signif-
icantly different in the Korean population (0.034%) com-
pared with those of the Japanese (0.001%) and the Chi-
nese (0.626%) population. Unexpectedly, the prevalence
of deaths following 2009 pandemic IAV infection was
much lower in Korean, Japanese, and Chinese popula-
tions than in Europeans (British and Spanish; p < 0.001)
(Table 3). This result suggests the possibility that a geno-
type of the IFITM3 rs12252 polymorphism is not a func-
tional SNP regarding the disease severity of IAV infec-
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tion. Another possibility is presumably the underlying
medical conditions of patients with HIN1 influenza in-
fection. It is possible that the rate of death was influenced
by other risk factors including vaccination, antiviral ad-
ministration, time to hospital admission, and high-risk
medical conditions such as diabetes mellitus, preexisting
heart disease, immunosuppression, and lung disease [15,
16]. In addition, the mean age of 709 Korean cases posi-
tive for IAV infection was 50.69 years. Of them, 280
(39.5%) patients were male and 429 (60.5%) were female.
The differences in the mean age and gender distribution
were found between healthy Koreans and confirmed pos-
itive cases. We cannot exclude a selection bias between
both groups. Finally, since the percentage of deaths in
East Asians is inversely proportional to cases positive for
IAV (H1N1) infection, the difference in confirmed cases
may influence the rate of deaths. In the current study,
there are some limitations regarding the information on
patient conditions. Thus, in the future, we will investigate
the correlation between disease severity and IFITM3
rs12252 polymorphism in Korean patients with severe
and mild IAV infections to confirm previous studies. Be-
cause the functional study of the IFITM3 rs12252 SNP has
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