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1. Introduction
Iron, one of the most abundant essential microelements, 
participates in metabolic processes critical to life and helps 
maintain dynamic equilibrium in vivo (1). Inside the body, 
iron is stored in a soluble, nontoxic form called ferritin 
(2); along with transferrin, ferritin is one of the major iron 
metabolism proteins. As the largest iron storage organ, the 
liver is vital in iron metabolism. The balance among iron, 
ferritin, and transferrin plays an important role in maintaining 
the iron stability of the internal environment. Numerous 
studies have shown that ferritin occurs as a soluble protein 
in plants and animals and is related to processes that can lead 
to disease, including oxidative stress, tissue and cell damage, 
and inflammatory response (3–5). Furthermore, ferritin is a 
biomarker used to diagnose a large number of illnesses (6). 
For example, it has been found that a low level of ferritin is 
associated with a good prognosis in breast cancer patients (7). 
Ferritin is composed of a variable array of heavy-chain (FHC) 
and light-chain (FLC) subunits, encoded by two distinct genes 
(8). Despite a high degree of amino acid homology, the FHC 
and FLC subunits have different functions: the FHC possesses 
ferroxidase activity and is involved in rapid iron uptake and 
release, while the FLC is devoid of enzymatic activity and 
contributes to long-term iron storage (9).

The ferritin, heavy polypeptide 1 (FTH1) gene is 
regulated by iron regulatory proteins, encoding a 21-kDa 

protein that catalyzes the conversion of Fe(II) into ferric 
Fe(III) and allows for the intracellular storage of inert 
Fe(III) (10). Thus, the major function of FTH1 is protecting 
the cell from oxidative damage (11). Recent data indicated 
that the FTH1 gene is also associated with several disease 
processes, such as inflammation, tumor progression, and 
so on (12,13).

In our previous study, we screened 70 differentially 
expressed genes related to the duck hepatitis virus (DHV) 
using the suppression subtractive hybridization (SSH) 
cDNA library of 3-day-old ducklings treated with DHV-1 
and we found that the FTH1 gene is crucial among them 
(14,15). However, little is known about the regulation 
mechanism and disease-resistance mechanism of duck 
FTH1. Thus, in this study, we cloned the duck FTH1 
and scanned its coding single nucleotide polymorphism 
(cSNP). Then we examined the FTH1 mRNA expression in 
livers and spleens challenged with DHV-1. The expressions 
of FTH1 and Mx1 were also analyzed after the eukaryotic 
expression vector was transfected into DF-1 to further 
study the function of FTH1 in antivirus activity.

2. Materials and methods
2.1. Ethics statement
All procedures involving the care and use of animals 
conformed to US National Institutes of Health guidelines 
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(NIH Pub. No. 85-23, revised in 1996) and were 
approved by the Laboratory-Animal Management and 
Experimental-Animal Ethics Committee of Yangzhou 
University.
2.2. Experimental animals, sample collection, cell line, 
and culture conditions
All the healthy Jinding ducks were obtained from the 
Chinese Waterfowl Germplasm Resource Pool (Taizhou, 
China). The tissue samples (liver) were collected after the 
healthy adult ducks were euthanized and dissected, then 
snap-frozen in liquid nitrogen and stored at –80 °C until 
total RNA extraction. In addition, 80 healthy Jinding 
ducklings of 3 days old were intramuscularly injected 
with either 0.4 mL of allantoic liquid containing DHV-
1 or saline (as a control). After injection, tissue samples 
(spleen and liver) were collected immediately when the 
classical clinical signs appeared in infected ducklings. The 
tissue samples were also snap-frozen in liquid nitrogen 
immediately after being collected and stored at –80 °C. 
DF-1 cells were purchased from the cell bank of the Chinese 
Academy of Science and cultured in complete growth 
medium: Dulbecco’s modified Eagle’s medium (DMEM, 
HyClone, Shanghai, China) and 10% heat-inactivated 
fetal bovine serum (FBS, Invitrogen, Carlsbad, CA, USA). 
The culture conditions were 38 °C in a humidified 5% CO2 
and 95% air incubator. If DF-1 cells are in good condition, 
they will be adherent with a fibroblast-like morphology.
2.3. Cloning, sequencing, and sequence analysis of duck 
FTH1
Total RNA was extracted from the tissue samples using the 
RNAiso plus reagent (TaKaRa, Dalian, China) according 
to the manufacturer’s instructions and the total RNA 
concentration was determined using a NanoDrop 1000 
spectrophotometer V3.7 (Thermo, Shanghai, China). 
First-strand cDNA was synthesized with 1 µg of total RNA 
as a template with the Prime Script First Strand cDNA 
Synthesis Kit (TaKaRa) according to the manufacturer’s 
instructions. Based on the published Anas platyrhynchos 
FTH1 coding sequence (CDS), one pair of primers (FTH1 
F and FTH1 R; Table) was designed to amplify the CDS 

of FTH1. The mRNA isolated from the liver was used as 
a template to synthesize the FTH1 cDNA. Polymerase 
chain reaction (PCR) was performed with the following 
cycling parameters: 94 °C for 5 min; 35 cycles of 94 °C 
for 40 s, 65 °C for 40 s, and 72 °C for 30 s; and a final 
extension of 72 °C for 10 min. PCR products were purified 
from the gel and cloned into the pMD19-T-simple vector 
(TaKaRa), then sequenced. The NCBI CDD program 
(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 
was used to predict the conserved domain of the amino 
acid sequences.
2.4. cSNP scanning for the duck FTH1 gene
RNA extraction and cDNA preparation were performed 
from another 10 ducks. Cloning of the FTH1 CDS 
was conducted as above, and SNPs were obtained by 
sequencing. The multiple sequence alignment was 
performed using MEGA 6.0.
2.5. Construction of eukaryotic expression vector and 
transient transfection
The FTH1 was cloned into the BamHI and EcoRI sites of 
the pEGFP-C1 vector (Invitrogen, Shanghai, China) to 
produce the plasmid named pEGFP-C1-FTH1. The day 
before transfection, DF-1 cells in good condition were 
digested with trypsin to obtain a single-cell suspension 
and then seeded at 1 × 105/well (24-well plate). The 
DF-1 cells (grown to 90% confluence) were transfected 
with 2 µL of Lipofectamine 2000 transfection reagent 
(Invitrogen, Shanghai, China) and 0.8 µg of plasmid 
DNA (with pEGFP-C1 used as a control) according to the 
manufacturer’s instructions. Six hours later, the complete 
growth medium was replaced.
2.6. Quantitative real-time PCR analysis (qRT-PCR)
The mRNA expression levels were measured via qRT-PCR 
using the Ultra SYBR Mixture with ROX (CW Biotech, 
Beijing, China). Real-time PCR as carried out on an 
Applied Biosystems 7500 Real-Time PCR System with 
the following program: incubated for 10 min at 95 °C, 
followed by 40 cycles of 15 s at 95 °C and 1 min at 60 
°C. The primers designed for real-time PCR are shown in 
the Table. Relative expression of mRNA was determined 

Table. Primers used for gene cloning and expression analysis.

Primer name Sequence (5´→3´) Note

FTH1F
FTH1R

CGGGATCCATGGCTACGCCTCTCTCCC
CGGAATTCTCAGCTCTCGTCACTGTGC

Coding sequence 
amplification

FTH1Y F
FTH1Y R

TACTTCCTGCACCAGTCCCA
CCAGTCATCACGATCCGGTT RT-qPCR

GAPDH-F
GAPDH-R

GCCATCAATGATCCCTTCAT
CCAACAGAACAGAGAATGGAAGAA RT-qPCR
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using the 2–ΔΔCt method. All cDNA samples were tested 
three times and the results were normalized to the levels 
of duck GAPDH expression.
2.7. Statistical analysis
Differences in relative gene expression between the DHV-
1-challenged group and the control group were analyzed 
using GraphPad Prism 5 (San Diego, CA, USA). Statistical 
analyses were performed with one-way ANOVA and 
Tukey’s tests (SPSS 22.0, IBM Corp., Armonk, NY, USA). 
P < 0.05 was considered statistically significant.

3. Results
3.1. Cloning and bioinformatics analysis of FTH1 
The CDS of FTH1 was synthesized from the total RNA 
of duck liver using RT-PCR. The sequence obtained 
was identical to that of the duck (Anas platyrhynchos) 
sequence in GenBank using DNASTAR software. The 
coding sequence was 546 bp in length and encoded 181 
amino acid residues.
The conserved domain of duck FTH1 deduced from the 
amino acid sequence was one member of the ferritin-
like domain, which contains ferritins and other ferritin-
like proteins such as members of the DPS family and 
bacterioferritins (Figure 1). It was the eukaryotic ferritin 
(Euk_Ferritin) domain that included seven ferroxidase 
diiron centers, four ferrihydrite nucleation centers, and 
three iron ion channels.
3.2. Variation analysis of duck FTH1 CDS
Multiple sequence alignment revealed that the coding 
sequence of the duck FTH1 gene was highly conserved, 
and only one variant (c.447T > C) was identified in ducks, 
which belonged to a synonymous mutation at the amino 
acid level (Figure 2). Sequence analysis further showed 
a point mutation (c.447T > C) beyond the three above 
domains.
3.3. Expression of FTH1 gene by qRT-PCR after DHV-1 
infection
To investigate the function of the FTH1 gene in antiviral 
innate immunity, we injected 3-day-old healthy ducklings 
with DHV-1. After injection, spleen and liver samples 
of the infection group and control group were collected 
(with three ducklings analyzed per group). The mRNA 
expression levels of FTH1 in different groups were 

measured by qRT-PCR (Figure 3). The results were similar 
in the spleen and liver; relative expression of FTH1 in the 
infection group was significantly lower than that in the 
control group (P < 0.05).
3.4. Expression of FTH1 and Mx1 genes by qRT-PCR 
after plasmid transfection
We performed a real-time PCR assay to investigate the 
change of FTH1 and Mx1 mRNA expression levels with 
FTH1 plasmid transfection (Figure 4). The results showed 
that FTH1 mRNA expression was very significantly higher 
than that of the control (P < 0.01), and the antiviral gene 
Mx1 increased significantly compared to the control (P < 
0.05).

4. Discussion
DHV is the causative agent of duck viral hepatitis, an acute, 
rapidly spreading, and fatal disease of young ducklings. 
Three serotypes of DHV (DHV types 1, 2, and 3) have been 
described, and no antigenic relationships have been found 
among them (16,17). DHV-1 has a worldwide distribution 
and can cause mortality higher than 80% in ducklings 
younger than 3 weeks, making it a threat to all duck-
growing farms (18,19). In order to study the molecular 
mechanism of DHV-1 injection, we previously used the 
SSH cDNA library of 3-day-old ducklings infected with 
DHV-1 to screen differentially expressed genes, and we 
found that the FTH1 gene is very crucial. This result was 
consistent with the research of Nair et al. (15).

In this study, we cloned the coding sequence of FTH1, 
which is 546 bp in length and encodes 181 amino acid 
residues. It matched completely with the FTH1 sequence 
of Anas platyrhynchos in GenBank. Based on conserved 
domains, we found that duck FTH1 was the eukaryotic 
ferritin containing seven ferroxidase diiron centers, 
four ferrihydrite nucleation centers, and three iron ion 
channels, similar to mammalian ferritin (12,20–24). Its 
coding sequence and the domains of the duck FTH1 gene 
were very conservative, which suggested that FTH1 might 
have a stable biological function.

We then examined the expression of FTH1 in the liver 
and spleen after DHV-1 infection to reveal the function 
of the duck FTH1 gene. The mRNA expression of FTH1 
decreased very significantly (P < 0.01) in the liver after 

Figure 1. The prediction of duck FTH1 conserved domain. “Ferritin” represents the ferritin-like domain, “Ferritin_like superfamily” 
represents the ferritin-like superfamily of diiron-containing four-helix-bundle proteins, “Euk_Ferritin” represents the eukaryotic 
ferritin, and the red triangle represents the residues involved in the conserved feature of eukaryotic ferritin.
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Figure 2. Alignment of the coding sequence of duck FTH1 among individuals. The asterisk indicates that the bases are identical among 
all individuals, while the arrows indicate not identical. The bottom line indicates the deduced amino acid sequence.

Figure 3. The mRNA relative expression of the duck FTH1 gene 
in livers and spleens was detected after infection with DHV-
1 compared to controls. *: P < 0.05, **: P < 0.01. The relative 
mRNA levels of individual FTH1 were normalized with respect 
to housekeeping gene GAPDH.

Figure 4. Relative expression of FTH1 and Mx1 were detected 
after transfection. *: P < 0.05, **: P < 0.01. “Treatment” is the 
recombinant plasmid group and “control” is the empty plasmid 
group. The relative mRNA levels of individual FTH1 and Mx1 
were normalized with respect to housekeeping gene GAPDH.



16

ZHANG et al. / Turk J Vet Anim Sci

infection, while the expression level was also reduced 
significantly (P < 0.05) in the spleen and we easily 
found that FTH1 mRNA expressions were similar in 
both organs. The results indicated that FTH1 expression 
was downregulated by DHV-1 infection. Research by 
Lee et al. (25) also suggested that FTH1 expression was 
downregulated in swine livers after infection with the 
hepatitis virus.

We also showed that the expression of the FTH1 
mRNA increased very significantly in DF-1 cells, and we 
demonstrated that FTH1 was overexpressed successfully 
by recombinant plasmid transfection. Furthermore, the 
expression of Mx1 was consistent with the FTH1, and 
therefore we concluded that overexpressed duck FTH1 
gene upregulated the expression of Mx1.

Mx acts as a marker gene of viral resistance, induced 
by type I interferon (IFN) to play a key role in the innate 
immune response to viral infection (26,27). Mx proteins 
have been shown to provide resistance to a wide range of 
both DNA and RNA viruses in vertebrates (28,29). In this 
study, the expression of Mx1 was significantly upregulated 

(P < 0.05) by transfection of the FTH1 plasmid. Therefore, 
our data indicate that FTH1 may play an important role in 
hepatic diseases, such as duck virus hepatitis.

In summary, duck FTH1 was cloned and one 
synonymous mutation (c.447T > C) of the CDS was 
identified in ducks, revealing that mRNA expression 
was significantly downregulated in the liver and spleen 
after DHV-1 infection. Moreover, overexpressed duck 
FTH1 could upregulate the expression of the antiviral 
marker gene Mx1. Our findings reveal that the CDS of the 
duck FTH1 gene is highly conserved and FTH1 plays an 
important role in antivirus activity.

Acknowledgments
This research was supported by the Earmarked Fund for 
Modern Agro-industry Technology Research System 
(CARS-43-3), the Natural Science Foundation of Jiangsu 
Province (BK20141275), and Scientific Innovation 
Research of College Graduates in Jiangsu Province 
(KYZZ15_0365).

References

1.  Pietrangelo A. The ferroportin disease. Blood Cells Mol Dis 
2004; 32: 131-138.

2.  Fernandez-Real JM, Ricart-Engel W, Arroyo E, Balanca R, 
Casamitjana-Abella R, Cabrero D, Fernandez-Castaner M, 
Soler J. Serum ferritin as a component of the insulin resistance 
syndrome. Diabetes Care 1998; 21: 62-68.

3.  Gozzelino R, Soares MP. coupling heme and iron metabolism 
via ferritin H chain. Antioxid Redox Sign 2014; 20: 1754-1769.

4.  Hofer H, Osterreicher C, Jessner W, Penz M, Steindl-Mundal 
P, Wrba F, Ferenci P. Hepatic iron concentration does not 
predict response to standard and pegylated-IFN/ribavirin 
therapy in patients with chronic hepatitis C. J Hepatol 2004; 
40: 1018-1022.

5.  Yamanishi H, Iyama S, Yamaguchi Y, Kanakura Y, Iwatani Y. 
Relation between iron content of serum ferritin and clinical 
status factors extracted by factor analysis in patients with 
hyperferritinemia. Clin Biochem 2002; 35: 523-529.

6.  Nielsen P, Engelhardt R, Dullmann J, Fischer R. Non-invasive 
liver iron quantification by SQUID-biosusceptometry and 
serum ferritin iron as new diagnostic parameters in hereditary 
hemochromatosis. Blood Cell Mol Dis 2002; 29: 451-458.

7.  Ricolleau G, Charbonnel C, Lode L, Loussouarn D, Joalland 
MP, Bogumil R, Jourdain S, Minvielle S, Campone M, Deporte-
Fety R et al. Surface-enhanced laser desorption/ionization 
time of flight mass spectrometry protein profiling identifies 
ubiquitin and ferritin light chain as prognostic biomarkers 
in node-negative breast cancer tumors. Proteomics 2006; 6: 
1963-1975.

8.  Costanzo F, Colombo M, Staempfli S, Santoro C, Marone 
M, Frank R, Delius H, Cortese R. Structure of gene and 
pseudogenes of human apoferritin H. Nucleic Acids Res 1986; 
14: 721-736.

9.  Levi S, Luzzago A, Cesareni G, Cozzi A, Franceschinelli F, 
Albertini A, Arosio P. Mechanism of ferritin iron uptake: 
activity of the H-chain and deletion mapping of the ferro-
oxidase site. A study of iron uptake and ferro-oxidase activity 
of human liver, recombinant H-chain ferritins, and of two 
H-chain deletion mutants. J Biol Chem 1988; 263: 18086-
18092.

10.  Harrison PM, Arosio P. The ferritins: molecular properties, 
iron storage function and cellular regulation. BBA-
Bioenergetics 1996; 1275: 161-203.

11.  Storr HL, Kind B, Parfitt DA, Chapple JP, Lorenz M, Koehler 
K, Huebner A, Clark AJL. Deficiency of ferritin heavy-chain 
nuclear import in triple A syndrome implies nuclear oxidative 
damage as the primary disease mechanism. Mol Endocrinol 
2009; 23: 2086-2094.

12.  Coffman LG, Parsonage D, D’Agostino R Jr, Torti FM, Torti SV. 
Regulatory effects of ferritin on angiogenesis. P Natl Acad Sci 
USA 2009; 106: 570-575.

13.  Li R, Luo C, Mines M, Zhang J, Fan GH. Chemokine CXCL12 
induces binding of ferritin heavy chain to the chemokine 
receptor CXCR4, alters CXCR4 signaling, and induces 
phosphorylation and nuclear translocation of ferritin heavy 
chain. J Biol Chem 2006; 281:37616-37627.

http://dx.doi.org/10.1016/j.bcmd.2003.08.003
http://dx.doi.org/10.1016/j.bcmd.2003.08.003
http://dx.doi.org/10.2337/diacare.21.1.62
http://dx.doi.org/10.2337/diacare.21.1.62
http://dx.doi.org/10.2337/diacare.21.1.62
http://dx.doi.org/10.2337/diacare.21.1.62
http://dx.doi.org/10.1089/ars.2013.5666
http://dx.doi.org/10.1089/ars.2013.5666
http://dx.doi.org/10.1016/j.jhep.2004.02.030
http://dx.doi.org/10.1016/j.jhep.2004.02.030
http://dx.doi.org/10.1016/j.jhep.2004.02.030
http://dx.doi.org/10.1016/j.jhep.2004.02.030
http://dx.doi.org/10.1016/j.jhep.2004.02.030
http://dx.doi.org/10.1016/S0009-9120(02)00380-6
http://dx.doi.org/10.1016/S0009-9120(02)00380-6
http://dx.doi.org/10.1016/S0009-9120(02)00380-6
http://dx.doi.org/10.1016/S0009-9120(02)00380-6
http://dx.doi.org/10.1006/bcmd.2002.0583
http://dx.doi.org/10.1006/bcmd.2002.0583
http://dx.doi.org/10.1006/bcmd.2002.0583
http://dx.doi.org/10.1006/bcmd.2002.0583
http://dx.doi.org/10.1002/pmic.200500283
http://dx.doi.org/10.1002/pmic.200500283
http://dx.doi.org/10.1002/pmic.200500283
http://dx.doi.org/10.1002/pmic.200500283
http://dx.doi.org/10.1002/pmic.200500283
http://dx.doi.org/10.1002/pmic.200500283
http://dx.doi.org/10.1002/pmic.200500283
http://dx.doi.org/10.1093/nar/14.2.721
http://dx.doi.org/10.1093/nar/14.2.721
http://dx.doi.org/10.1093/nar/14.2.721
http://dx.doi.org/10.1093/nar/14.2.721
http://dx.doi.org/10.1016/0005-2728(96)00022-9
http://dx.doi.org/10.1016/0005-2728(96)00022-9
http://dx.doi.org/10.1016/0005-2728(96)00022-9
http://dx.doi.org/10.1210/me.2009-0056
http://dx.doi.org/10.1210/me.2009-0056
http://dx.doi.org/10.1210/me.2009-0056
http://dx.doi.org/10.1210/me.2009-0056
http://dx.doi.org/10.1210/me.2009-0056
http://dx.doi.org/10.1073/pnas.0812010106
http://dx.doi.org/10.1073/pnas.0812010106
http://dx.doi.org/10.1073/pnas.0812010106
http://dx.doi.org/10.1074/jbc.M607266200
http://dx.doi.org/10.1074/jbc.M607266200
http://dx.doi.org/10.1074/jbc.M607266200
http://dx.doi.org/10.1074/jbc.M607266200
http://dx.doi.org/10.1074/jbc.M607266200


17

ZHANG et al. / Turk J Vet Anim Sci

14.  Li X, Xu Q, Zhang Y, Bi YL, Zhao RX, Chen CY, Duan XJ, Chen 
GH. Construction of a suppression subtractive hybridization 
cDNA library to screen differentially expressed genes from 
duck liver infected duck hepatitis virus. Acta Vet Zootechnica 
Sinica 2012; 43: 211-219.

15.  Nair S, Arathy DS, Issac A, Sreekumar E. Differential gene 
expression analysis of in vitro duck hepatitis B virus infected 
primary duck hepatocyte cultures. Virol J 2011; 8: 363-374. 

16.  Jiang Z, Applegate TJ, Lossie AC. Cloning, annotation and 
developmental expression of the chicken intestinal MUC2 
gene. PLoS One 2013; 8: e53781.

17.  Toth TE. Studies of an agent causing mortality among 
ducklings immune to duck virus hepatitis. Avian Dis 1969; 13: 
834-846.

18.  Jin X, Zhang W, Zhang W, Gu C, Cheng G, Hu X. Identification 
and molecular analysis of the highly pathogenic duck hepatitis 
virus type 1 in Hubei province of China. Res Vet Sci 2008; 85: 
595-598.

19.  Tseng CH, Knowles NJ, Tsai HJ. Molecular analysis of duck 
hepatitis virus type 1 indicates that it should be assigned to a 
new genus. Virus Res 2007; 123: 190-203.

20.  Arosio P, Ingrassia R, Cavadini P. Ferritins: a family of 
molecules for iron storage, antioxidation and more. BBA-Gen 
Subjects 2009; 1790: 589-599.

21.  Bou-Abdallah F. The iron redox and hydrolysis chemistry of 
the ferritins. BBA-Gen Subjects 2010; 1800: 719-731.

22.  Chasteen ND. Ferritin. Uptake, storage, and release of iron. 
Metal Ions Biol Syst 1998; 35: 479-514.

23.  Harrison PM, Arosio P. The ferritins: molecular properties, 
iron storage function and cellular regulation. BBA-
Bioenergetics 1996; 1275: 161-203.

24.  Theil EC. The ferritin family of iron storage proteins. Adv 
Enzymol Relat Areas Mol Biol 1990; 63: 421-449.

25.  Lee G, Han D, Song JY, Kim JH, Yoon S. Proteomic analysis 
of swine hepatitis E virus (sHEV)-infected livers reveals 
upregulation of apolipoprotein and downregulation of ferritin 
heavy chain. FEMS Immunol Med Mic 2011; 61: 359-363.

26.  Dillon D, Runstadler J. Mx gene diversity and influenza 
association among five wild dabbling duck species (Anas spp.) 
in Alaska. Infect Genet Evol 2010; 10: 1085-1093.

27.  Samuel CE. Antiviral actions of interferons. Clin Microbiol 
Rev 2001; 14: 778-809.

28.  Fernandez-Trujillo MA, Garcia-Rosado E, Alonso MC, Castro 
D, Alvarez MC, Bejar J. Mx1, Mx2 and Mx3 proteins from 
the gilthead seabream (Sparus aurata) show in vitro antiviral 
activity against RNA and DNA viruses. Mol Immunol 2013; 
56: 630-636.

29.  Haller O, Kochs G, Weber F. Interferon, Mx, and viral 
countermeasures. Cytokine Growth F R 2007; 18: 425-433.

http://dx.doi.org/10.1371/journal.pone.0053781
http://dx.doi.org/10.1371/journal.pone.0053781
http://dx.doi.org/10.1371/journal.pone.0053781
http://dx.doi.org/10.1016/j.rvsc.2008.01.001
http://dx.doi.org/10.1016/j.rvsc.2008.01.001
http://dx.doi.org/10.1016/j.rvsc.2008.01.001
http://dx.doi.org/10.1016/j.rvsc.2008.01.001
http://dx.doi.org/10.1016/j.virusres.2006.09.007
http://dx.doi.org/10.1016/j.virusres.2006.09.007
http://dx.doi.org/10.1016/j.virusres.2006.09.007
http://dx.doi.org/10.1016/j.bbagen.2008.09.004
http://dx.doi.org/10.1016/j.bbagen.2008.09.004
http://dx.doi.org/10.1016/j.bbagen.2008.09.004
http://dx.doi.org/10.1016/j.bbagen.2010.03.021
http://dx.doi.org/10.1016/j.bbagen.2010.03.021
http://dx.doi.org/10.1016/0005-2728(96)00022-9
http://dx.doi.org/10.1016/0005-2728(96)00022-9
http://dx.doi.org/10.1016/0005-2728(96)00022-9
http://dx.doi.org/10.1111/j.1574-695X.2010.00770.x
http://dx.doi.org/10.1111/j.1574-695X.2010.00770.x
http://dx.doi.org/10.1111/j.1574-695X.2010.00770.x
http://dx.doi.org/10.1111/j.1574-695X.2010.00770.x
http://dx.doi.org/10.1016/j.meegid.2010.07.004
http://dx.doi.org/10.1016/j.meegid.2010.07.004
http://dx.doi.org/10.1016/j.meegid.2010.07.004
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1016/j.molimm.2013.06.018
http://dx.doi.org/10.1016/j.molimm.2013.06.018
http://dx.doi.org/10.1016/j.molimm.2013.06.018
http://dx.doi.org/10.1016/j.molimm.2013.06.018
http://dx.doi.org/10.1016/j.molimm.2013.06.018
http://dx.doi.org/10.1016/j.cytogfr.2007.06.001
http://dx.doi.org/10.1016/j.cytogfr.2007.06.001

