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Recent years have seen the identification of a number of emerging and

reemerging viruses infecting humans. The recognition of these pathogens

likely stems from an increased awareness of the problem of emerging

viruses, increased surveillance for such pathogens and the availability of

new technologies for virus detection. The emerging virus umbrella includes

new viruses not previously described, viruses which had been previously

described but not known as human pathogens and viruses known as human

pathogens but which are now recognized as having an increasing impact on

human health. In this issue, recent examples from each category are

reviewed. Among the novel human viruses are the novel Middle East

Respiratory Syndrome coronavirus (MERS-CoV) and newly emerged phle-

boviruses. As an example of a previously recognized virus that has only

recently been recognized as a serious human pathogen, we include H7N9

influenza A viruses. Among the previously described human pathogens

exhibiting an increased impact of human health, we describe hepatitis E

virus (HEV), human enterovirus 71 (EV71) and the New World arenavirus

Machupo virus.

Almost 10 years after the SARS epidemic, which infected more than 8000

patients and has caused more than 750 deaths, the emergence of MERS-

CoV in the Middle East in 2012 has already affected countries in Asia,

Europe and Africa and has infected more than 180 patients and led to more

than 70 deaths [1,2]. MERS-CoV is a novel betacoronavirus closely related to

previously reported Tylonycteris bat coronavirus HKU4 and Pipistrellus bat

coronavirus HKU5 discovered in lesser bamboo bats and Japanese pipis-

trelles respectively [3,4]. In addition to severe respiratory tract infections,

many patients infected with MERS-CoV also suffered from renal failure.

Recently, neutralizing antibodies against MERS-CoV were detected in

serum samples and MERS-CoV RNA was detected in nasal swabs in

dromedaries in the Middle East [5,6]. Fortunately, human-to-human trans-

mission of MERS-CoV is still uncommon. In this issue, Raj et al. reviewed

the virology, genomics and epidemiology of MERS-CoV infections.

The bunyaviruses are enveloped, three segmented negative-sense RNA

viruses [7]. The family contains more members than any other RNA virus

family and includes viruses that infect vertebrates, invertebrates and plants.

Within the bunyavirus family is the genus Phlebovirus. Among the 70

phleboviruses are important pathogens of agricultural and human pathogens

[8]. Of these arthropod-transmitted viruses, Rift Valley fever virus is the best

known because of its ability to cause disease in ruminants and to cause

sometimes fatal infection in humans [9]. In recent years, novel phlebo-

viruses have been recognized. Among these are two tick-transmitted viruses,

severe fever with thrombocytopenia syndrome virus and Heartland virus,

that cause severe hemorrhagic illness in humans [10,11]. The potential for

severe infections and their emerging nature makes these viruses significant
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new pathogens. In their review, Elliott and Brennan

provide an overview of these viruses, describing their

identification, the manifestations of human infections and

their molecular biology. The information summarized

will provide the basis upon which effective control

measures can be based.

Globally, HEV is the most common cause of acute viral

hepatitis in humans. The disease is generally self-limiting

but high mortality rates are observed in pregnant women

and young infants. Chronic HEV infection is also a

problem in immunocompromised patients, such as solid

organ transplant recipients and HIV patients [12,13].

Traditionally, HEV infection has been transmitted

mainly through fecally contaminated water, with most

large outbreaks occurring in developing countries such as

China and India [14]. Among the four known HEV

genotypes, genotypes 1 and 2 are restricted to humans,

whereas genotypes 3 and 4 are able to infect humans, pigs

and other mammals. Recently, a large community-based

surveillance for disease burden due to HEV was per-

formed in a rural community in eastern China where the

zoonotic genotype 4 HEV predominated. This was fol-

lowed by two parallel studies that analyzed the efficacy of

vaccine against HEV infection. In this issue, Huang et al.
reviewed the data from this effort as they pertain to

natural history of HEV and highlighted features.

EV71, which belongs to the family Picornaviridae, is a

non-enveloped, positive-sense RNA virus that causes

hand-foot-and-mouth disease (HFMD). In addition,

EV71 infections can lead to severe neurological disease

and death in infants and young children. EV71 outbreaks

have been recognized at many sites across the globe. The

emerging nature of EV71 has been highlighted by exten-

sive epidemiological studies in China which highlight

EV71 as a substantial cause of disease and death in

young children [15]. Significant recent progress has been

made on EV71 biology and vaccine development. The

crystal structure of EV71 has been solved as has the

structure of EV71 in complex with a capsid binding

inhibitor [16,17]. The structure has also been used to

develop more potent capsid-binding inhibitors [18]. The

mechanistic basis by which EV71 neutralization occurs

has also been recently described [19], and vaccines have

been shown to be effective in clinical trials [20,21]. In

their review, Huang and Shih highlight progress made

toward the identification of EV71 entry receptors, discuss

new understanding of host factors that influence viral

translation and virus-encoded determinants of replication

efficiency. Because evaluating pathogenesis as well as

drug and vaccine efficacy requires in vivo testing, the

authors then discuss animal models of EV71 infection and

developments in antiviral and vaccine approaches.

Machupo virus is the causative agent of Bolivian hemor-

rhagic fever [22,23]. The arenavirus family, of which
Current Opinion in Virology 2014, 5:v–vii 
Machupo virus is a member, is comprised of enveloped

viruses with two-segmented RNA genomes and is

divided into Old World and New World viruses [24].

Zoonotic pathogens, most arenaviruses infect rodent

hosts. Their geographic distribution is therefore deter-

mined, in part, by the distribution of their host species

[25]. Infections of humans likely occur via the respiratory

route or through direct contact with infectious material

[24]. First identified in 1959, no cases of BHF were

reported from 1976 to 1993. However, recent years have

seen a re-emergence of Machupo virus-related infections

and illness [26]. Paessler and colleagues review the

history of Machupo virus, its reservoir host Calomys cal-
losus, the manifestations of infection and the limited

treatment options available for infected individuals.

Given the limited understanding of Machupo virus patho-

genesis and the need to test vaccine and antivirals, the

authors discuss in depth the status of animal models.

In February 2013 an H7N9 subtype avian influenza virus

emerged as a pathogen causing severe infections and

deaths in people in China [27]. While a variety of avian

influenza viruses have been documented to infect humans,

most such infections have been relatively mild [28].

Severe, life-threatening human infections seemed to be

restricted to those caused by H5N1 viruses and, in one case

an H7N7 virus, that were highly pathogenic in poultry [29–
31]. Distinguishing the recent H7N9 viruses was the fact

that these viruses exhibit low pathogenicity in poultry but

still cause severe human disease. That H7N9 infections

continue to occur in humans poses an obvious and immedi-

ate public health issue. These infections also raise concerns

that H7N9 avian viruses could reassort their gene segments

with circulating human strains and become more transmis-

sible between humans, or that these viruses could acquire

enhanced human-to-human transmission without reassort-

ment. Either scenario raises concerns that new pandemic

strains, for which there is little to no pre-existing immunity

in the human population, could arise. In their review, Dr.

George Gao and colleagues discuss the epidemiology,

clinical presentation, immunology and molecular biology

of these viruses, and they summarize the status of antivirals

and vaccine development for these worrisome pathogens.

Acknowledgements
This work was supported by NIH grants AI059536, AI109664 and AI109945
to CFB; Consultancy Service for Enhancing Laboratory Surveillance of
Emerging Infectious Disease for the HKSAR Department of Health; and
Strategic Research Theme Fund, The University of Hong Kong to PCYW.

References

1. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD,
Fouchier RA: Isolation of a novel coronavirus from a man with
pneumonia in Saudi Arabia. N Engl J Med 2012, 367:1814-1820.

2. de Groot RJ, Baker SC, Baric RS, Brown CS, Drosten C,
Enjuanes L, Fouchier RA, Galiano M, Gorbalenya AE, Memish ZA
et al.: Middle East respiratory syndrome coronavirus (MERS-
CoV): announcement of the Coronavirus Study Group. J Virol
2013, 87:7790-7792.
www.sciencedirect.com

http://dx.doi.org/10.1016/j.coviro.2014.01.011
http://dx.doi.org/10.1016/j.coviro.2013.10.003
http://dx.doi.org/10.1016/j.coviro.2014.03.007
http://dx.doi.org/10.1016/j.coviro.2014.02.007
http://dx.doi.org/10.1016/j.coviro.2014.03.001
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0005
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0005
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0005
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0010
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0010
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0010
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0010
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0010


Editorial overview: Emerging viruses Basler and Woo vii
3. Woo PC, Lau SK, Li KS, Poon RW, Wong BH, Tsoi HW, Yip BC,
Huang Y, Chan KH, Yuen KY: Molecular diversity of
coronaviruses in bats. Virology 2006, 351:180-187.

4. Woo PC, Wang M, Lau SK, Xu H, Poon RW, Guo R, Wong BH,
Gao K, Tsoi HW, Huang Y et al.: Comparative analysis of twelve
genomes of three novel group 2c and group 2d coronaviruses
reveals unique group and subgroup features. J Virol 2007,
81:1574-1585.

5. Reusken CB, Haagmans BL, Muller MA, Gutierrez C, Godeke GJ,
Meyer B, Muth D, Raj VS, Smits-De Vries L, Corman VM et al.:
Middle East respiratory syndrome coronavirus neutralising
serum antibodies in dromedary camels: a comparative
serological study. Lancet Infect Dis 2013, 13:859-866.

6. Haagmans BL, Al Dhahiry SH, Reusken CB, Raj VS, Galiano M,
Myers R, Godeke GJ, Jonges M, Farag E, Diab A et al.: Middle
East respiratory syndrome coronavirus in dromedary camels:
an outbreak investigation. Lancet Infect Dis 2013, 14:140-145.

7. Elliott RM, Schmaljohn CS: Bunyaviridae. In Fields Virology, edn
6. Edited by Knipe DM, Howley PM.et al.: Philadelphia: Lippincott
Williams & Wilkins; 2013.

8. Plyusnin A, Beaty BJ, Elliott RM, Goldbach R, Kormelink R,
Lundkvist A, Schmaljohn CS, Tesh RB: Bunyaviridae. In Virus
Taxonomy: Ninth Report of the International Committee on
Taxonomy of Viruses. Edited by King AMQ, Adams MJ, Carstens
EB, LE J. Waltham, Massachusetts: Elsevier Academic Press;
2012:725-741.

9. Ikegami T: Molecular biology and genetic diversity of Rift Valley
fever virus. Antiviral Res 2012, 95:293-310.

10. Yu XJ, Liang MF, Zhang SY, Liu Y, Li JD, Sun YL, Zhang L,
Zhang QF, Popov VL, Li C et al.: Fever with thrombocytopenia
associated with a novel bunyavirus in China. N Engl J Med
2011, 364:1523-1530.

11. McMullan LK, Folk SM, Kelly AJ, MacNeil A, Goldsmith CS,
Metcalfe MG, Batten BC, Albarino CG, Zaki SR, Rollin PE et al.: A
new phlebovirus associated with severe febrile illness in
Missouri. N Engl J Med 2012, 367:834-841.

12. Feldt T, Sarfo FS, Zoufaly A, Phillips RO, Burchard G, van Lunzen J,
Jochum J, Chadwick D, Awasom C, Claussen L et al.: Hepatitis E
virus infections in HIV-infected patients in Ghana and
Cameroon. J Clin Virol 2013, 58:18-23.

13. Pas SD, de Man RA, Mulders C, Balk AH, van Hal PT, Weimar W,
Koopmans MP, Osterhaus AD, van der Eijk AA: Hepatitis E virus
infection among solid organ transplant recipients, the
Netherlands. Emerg Infect Dis 2012, 18:869-872.

14. Zhu Y, Si F, Cao D, Yu X, Yu R, Dong S, Huang F, Zhang Y, Li Z:
Molecular epidemiology of hepatitis E virus infections in
Shanghai, China. Virology 2011, 8:541.

15. Xing W, Liao Q, Viboud Cc, Zhang J, Sun J, Wu JT, Chang Z, Liu F,
Fang VJ, Zheng Y et al.: Hand, foot, and mouth disease in China,
2008–2012: an epidemiological study. Lancet Infect Dis 2014
http://dx.doi.org/10.1016/S1473-3099(13)70342-6. [Early Online
Publication, 31 January 2014].

16. Plevka P, Perera R, Cardosa J, Kuhn RJ, Rossmann MG: Crystal
structure of human enterovirus 71. Science 2012, 336:1274.
www.sciencedirect.com 
17. Plevka P, Perera R, Yap ML, Cardosa J, Kuhn RJ, Rossmann MG:
Structure of human enterovirus 71 in complex with a capsid-
binding inhibitor. Proc Natl Acad Sci U S A 2013, 110:5463-5470.

18. De Colibus L, Wang X, Spyrou JA, Kelly J, Ren J, Grimes J,
Puerstinger G, Stonehouse N, Walter TS, Hu Z et al.: More-
powerful virus inhibitors from structure-based analysis of
HEV71 capsid-binding molecules. Nat Struct Mol Biol 2014,
21:282-288.

19. Plevka P, Lim PY, Perera R, Cardosa J, Suksatu A, Kuhn RJ,
Rossmann MG: Neutralizing antibodies can initiate genome
release from human enterovirus 71. Proc Natl Acad Sci U S A
2014, 111:2134-2140.

20. Li R, Liu L, Mo Z, Wang X, Xia J, Liang Z, Zhang Y, Li Y, Mao Q,
Wang J et al.: An inactivated enterovirus 71 vaccine in healthy
children. N Engl J Med 2014, 370:829-837.

21. Zhu FC, Meng FY, Li JX, Li XL, Mao QY, Tao H, Zhang YT, Yao X,
Chu K, Chen QH et al.: Efficacy, safety, and immunology of an
inactivated alum-adjuvant enterovirus 71 vaccine in children in
China: a multicentre, randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet 2013, 381:2024-2030.

22. Webb PA: Properties of Machupo virus. Am J Trop Med Hyg
1965, 14:799-802.

23. Johnson KM, Kuns ML, Mackenzie RB, Webb PA, Yunker CE:
Isolation of Machupo virus from wild rodent Calomys callosus.
Am J Trop Med Hyg 1966, 15:103-106.

24. Buchmeier MJ, de la Torre JC, Peters CJ: Arenaviridae: the
viruses and their replication. In Fields Virology. Edited by Knipe
DM, Howley PM.et al.: Philadelphia: Lippincott Williams & Wilkins;
2007.

25. Salazar-Bravo J, Dragoo JW, Bowen MD, Peters CJ, Ksiazek TG,
Yates TL: Natural nidality in Bolivian hemorrhagic fever and the
systematics of the reservoir species. Infect Genet Evol 2002,
1:191-199.

26. Aguilar PV, Camargo W, Vargas J, Guevara C, Roca Y, Felices V,
Laguna-Torres VA, Tesh R, Ksiazek TG, Kochel TJ: Reemergence
of Bolivian hemorrhagic fever, 2007–2008. Emerg Infect Dis
2009, 15:1526-1528.

27. Gao R, Cao B, Hu Y, Feng Z, Wang D, Hu W, Chen J, Jie Z, Qiu H,
Xu K et al.: Human infection with a novel avian-origin influenza
A (H7N9) virus. N Engl J Med 2013, 368:1888-1890.

28. Beare AS, Webster RG: Replication of avian influenza viruses in
humans. Arch Virol 1991, 119:37-42.

29. Fouchier RA, Schneeberger PM, Rozendaal FW, Broekman JM,
Kemink SA, Munster V, Kuiken T, Rimmelzwaan GF, Schutten M,
Van Doornum GJ et al.: Avian influenza A virus (H7N7)
associated with human conjunctivitis and a fatal case of acute
respiratory distress syndrome. Proc Natl Acad Sci U S A 2004,
101:1356-1360.

30. Claas EC, de Jong JC, van Beek R, Rimmelzwaan GF,
Osterhaus AD: Human influenza virus A/HongKong/156/97
(H5N1) infection. Vaccine 1998, 16:977-978.

31. Gambotto A, Barratt-Boyes SM, de Jong MD, Neumann G,
Kawaoka Y: Human infection with highly pathogenic H5N1
influenza virus. Lancet 2008, 371:1464-1470.
Current Opinion in Virology 2014, 5:v–vii

http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0015
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0015
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0015
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0020
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0020
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0020
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0020
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0020
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0025
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0025
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0025
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0025
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0025
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0030
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0030
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0030
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0030
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0035
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0035
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0035
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0040
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0040
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0040
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0040
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0040
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0040
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0040
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0045
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0045
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0050
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0050
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0050
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0050
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0055
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0055
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0055
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0055
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0060
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0060
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0060
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0060
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0065
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0065
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0065
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0065
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0070
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0070
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0070
http://dx.doi.org/10.1016/S1473-3099(13)70342-6
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0080
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0080
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0085
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0085
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0085
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0090
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0090
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0090
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0090
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0090
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0095
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0095
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0095
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0095
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0100
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0100
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0100
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0105
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0105
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0105
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0105
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0105
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0110
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0110
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0115
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0115
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0115
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0120
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0120
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0120
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0120
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0125
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0125
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0125
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0125
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0130
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0130
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0130
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0130
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0135
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0135
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0135
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0140
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0140
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0145
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0145
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0145
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0145
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0145
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0145
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0150
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0150
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0150
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0155
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0155
http://refhub.elsevier.com/S1879-6257(14)00062-5/sbref0155

