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Genus Enterovirus of the family Picornaviridae includes 12
species of which 7 species are human pathogens. Enterovi-
ruses (EV) are transmitted via the fecal-oral route and
respiratory transmission may also occur. Infections by
EVs are common though majority of them remain asymp-
tomatic. The symptomatic infections are often character-
ized by a minor illness with fever, diarrhea, vomiting and
sometimes a rash.1,2 Symptoms of the minor febrile illness
are difficult to differentiate from the clinical features of
other viral upper and lower respiratory infections. Entero-
virus infections are also associated with serious conditions
such as paralytic poliomyelitis, flaccid paralysis, aseptic
meningitis, herpangia, hand-foot and mouth disease, acute
hemorrhagic conjunctivitis, exanthemas, myocarditis, and
fulminant diseases of the neonates.1,2 Chronic diseases
such as type 1 diabetes, chronic myocarditis and dilated
cardiomyopathy have been related to EV infections.1,3,4

The incubation period between infection and onset of
symptoms varies from 2–10 days. These viruses first
infect the intestinal mucosa or upper respiratory tract,
accompanied with a mild viremia and low viral loads. 1,5

The secondary spread is a result of the major viremia
and spread of virus to secondary organs including the
central nervous system and other tissues, causing severe
complications including myocarditis, pancreatitis, men-
ingitis, encephalitis.1,5 Virus is shed in the feces for 2–4
weeks but maximal virus shedding occurs before the
onset of symptoms. Incubation period is about 2-10 days.

Enteroviral infections and their consequences are influ-
enced by the host immune system, expression of the recep-
tors, tissue tropism, genetics (host and viral) and virulence
of the virus.1,6-10 Like all viral infections first the innate
immunity is induced1,11 followed by acquired or adaptive
immunity1,4,11,12 which is responsible for the clearance of
EVs. IgM antibodies are present for 7-10 days and followed

by the IgG. The neutralizing antibody response appears
approximately from the second week of infection and
reaches maximum at 5 weeks after infection and may exist
lifelong. The antibodies are mainly directed toward the
viral protein (VP1) antigen. Protection against a reinfec-
tion by the same serotype is often observed but is limited,
and the nature of the reinfection maybe mild and subclini-
cal.1,13,14 Infections with different serotypes and hetero-
typic antibody responses to EVs (e.g. infections by
different serotypes of coxsackieviruses) are common.13,14

Persistent infections have been associated with
chronic diseases however with controversial observations
and views.4,15,16 Prolonged infections might develop in
case of a defect in one of the antiviral mechanisms such
as in patients suffering from X-linked agammaglobulin-
emia, and result in a fatal outcome.1,11,12 Chronic infec-
tions may occur when the immune system partially loses
its balance. Prolonged presence of viral RNAs upon
intraperitoneal and oral routes of infection have been
observed in experimental mouse models.3,17-23

Innate immune system is triggered and further indu-
ces the antiviral response and also the adaptive immu-
nity. Initiation of the later (adaptive immunity) is related
to viral clearance. B cells control the virus specific anti-
body production which either inactivates the virus
directly via neutralization and opsonisation processes or
commence the destruction the infected cells.24 Neutraliz-
ing antibodies block viral proteins which bind to host
receptors for virus entry into the cells. The virus-anti-
body complex is recognized by the complement proteins
and the macrophages and neutrophils.24

The pattern recognition receptors on the cells allow the
components of the innate immune response to recognize
and respond to a broad range of viruses.25 Anti-enterovi-
rus neutralizing antibodies protect cells from infection,
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however, studies show that the non-neutralizing antibod-
ies form a complex with the virus and may bind to the cell
via the Fc-region-receptor of the antibody resulting in
virus internalization.26 Furthermore, virus attached to an
antibody directed toward another serotype may activate
the complement pathways. The C1q complement binds
to this complex which in turn is recognized via the C1q
receptor again allowing virus entry into the cell. IgG anti-
bodies, opposite to the protection they confer may pro-
mote the dissemination of the virus in the body, creating
an enhancement of the infection and intensifying the dis-
ease.27 Antibody-dependent enhancement (ADE) has
been reviewed very well by Sauter and Hober.28 Some
experimental mouse model studies suggest this phenome-
non. Few authors29,30 have shown that a heterologous
challenge of adult mice with CVB3 after an initial infec-
tion with CVB2, was crucial for enhanced pathology.
These results suggested cross-reactivity and enhanced
immunopathology, a phenomenon known as original
antigenic sin (OAS)31 or related to ADE as observed in
mice by different authors.29,32,33,34 Homologous challenge
with CVB4-E2 may cause enhanced pathology such as
hyperglycaemia,35 or as observed in pups of dams infected
during gravidity both hyperglycemia and pancreatitis.36

In the article of this issue of Virulence authors Elmas-
tour et al. 201637 show that antibodies in serum from
Swiss albino outbred mice inoculated intraperitoneally
with CVB4-E2 strain enhance the production of antiviral
mediators in vitro in spleen cells by incubating the sera
with the homologous virus. They tested this activity
from the supernatants of the treated spleen cultures on
L929 cells with encephalomyocarditis virus (EMCV)
belonging to the genus Cardiovirus of the family Picorna-
viridae, as the challenging virus. This enhancing effect
was dependent on the antibody dose only in the sera of
mice infected with CVB4-E2 and absent in controls. On
the contrary the serum of the CVB4-E2 infected mice (or
the IgG component) enhanced the CVB4-E2 infection of
the spleen cells in vitro. These finding are valuable as
they may partially account for the enhanced pathology
observed in the experimental mouse model studies. The
ADE should be taken into account in developing vacci-
nations and vaccination programmes.

Disclosure of potential conflicts of interest

No potential conflicts of interest declared

Funding

Norwegian financial mechanism, Mechanism EEA and Slovak
Government and the State Budget of the Slovak Republic
(SK0082), 647403 — D-FENS — ERC-2014-CoG, Horizon
2020.

References

[1] Pallansch MA, Roos RP Enteroviruses: polioviruses, cox-
sackieviruses, echoviruses, and newer enteroviruses. In:
Fields Virology Vol. 1, 5th edition. Knipe DM, Howley
PM, Griffin DE, Lamb RA, Martin MA, Roizman B,
Strauss SE. PA: Lippincott Williams and Wilkins Phila-
delphia; 2006; p. 839-93.

[2] Zaoutis T, Klein JD. Enterovirus infections. Ped Rev
1978; 19: 183-91; http://dx.doi.org/10.1542/pir.19-6-183

[3] Chapman NM, Kim KS. Persistent coxsackievirus infec-
tion: enterovirus persistence in chronic myocarditis and
dilated cardiomyopathy. Curr Top Microbiol Immunol
2008; 323:275-92; PMID:18357775

[4] Colbere-Garapin F, Pelletier I, Ouzilou L. Persistent
Infections by Picornaviruses. In Molecular biology of
Picornaviruses. Semler BL. and Wimmer E. Molecular
biology of picornaviruses. Washington, DC: ASM Press;
2002; p. 437-50.

[5] Pallansch MA, Oberste MS. Common infections and
uncommon disease: elusive associations of enterovi-
ruses and type 1 diabetes mellitus. In: The Infectious
etiology of chronic diseases: Defining the relationship,
enhancing the research, and mitigating the effects:
Workshop Summary. Institute of Medicine (US)
Forum on Microbial Threats. ed. Knobler SL, O’Con-
nor S, Lemon SM, Najafi M. Washington DC:
National Academies Press (US); 2004; p. 52-59. http://
www.ncbi.nlm.nih.gov/books/NBK83719/

[6] Dunn JJ, Bradrick SS, Chapman NM, Tracy SM, Romero
JR. The stem loop II within the 5’ nontranslated region of
clinical coxsackievirus B3 genomes determines cardiovir-
ulence phenotype in a murine model. J Infect Dis 2003;
187:1552-61; PMID:12721935; http://dx.doi.org/10.1086/
374877

[7] Kim KS, Tracy SM, Tapprich W, Bailey J, Lee CK, Kim K,
Barry WH, Chapman NM. 5’-Terminal deletions occur
in coxsackievirus B3 during replication in murine hearts
and cardiac myocyte cultures and correlate with encapsi-
dation of negative strand viral RNA. J Virol 2005;
79:7024-41; PMID:15890942; http://dx.doi.org/10.1128/
JVI.79.11.7024-7041.2005

[8] Sin J, Mangale V, Thienphrapa W, Gottlieb RA, Feuer R.
Recent progress in understanding coxsackievirus replica-
tion, dissemination, and pathogenesis. Virology 2015;
484:288-04; PMID:26142496; http://dx.doi.org/10.1016/j.
virol.2015.06.006

[9] Tracy S, Gauntt C. Group B Coxsackievirus virulence. In
Group B Coxsackieviruses, Current Topics in Microbiol-
ogy and Immunology Tracy S., Oberste MS, Drescher
KM (ed). Springer-Verlag Berlin Heidelberg 2008;
323:49-63.

[10] Yin H, Berg AK, Westman J, Hellerstrom C, Frisk G.
Complete nucleotide sequence of a Coxsackievirus B-4
strain capable of establishing persistent infection in
human pancreatic islet cells: effects on insulin release,
proinsulin synthesis, and cell morphology. J Med Virol
2002; 68:544-57; PMID:12376963; http://dx.doi.org/
10.1002/jmv.10236

[11] Chapman N, Tracy S, Gauntt C. Immunology of the Cox-
sackieviruses, In Molecular Biology of Picornavirus. Semler
B, 2002; p 391-403.Washington, DC:Wimmer EASMPress

496 S. BOPEGAMAGE

http://dx.doi.org/10.1542/pir.19-6-183
http://dx.doi.org/18357775
http://www.ncbi.nlm.nih.gov/books/NBK83719/
http://www.ncbi.nlm.nih.gov/books/NBK83719/
http://dx.doi.org/10.1086/374877
http://dx.doi.org/10.1086/374877
http://dx.doi.org/10.1128/JVI.79.11.7024-7041.2005
http://dx.doi.org/10.1128/JVI.79.11.7024-7041.2005
http://dx.doi.org/10.1016/j.virol.2015.06.006
http://dx.doi.org/10.1016/j.virol.2015.06.006
http://dx.doi.org/12376963
http://dx.doi.org/10.1002/jmv.10236


[12] Galama JMD. Enteroviral infections in the immunocom-
promised host. Rev Med Microbiol 1997; 8:33-40; http://
dx.doi.org/10.1097/00013542-199701000-00004

[13] Dotzauer A, Kraemer L. Innate and adaptive immune
responses against picornaviruses and their counterac-
tions: An overview. World J Virol 2012; 1:91-107;
PMID:24175214; http://dx.doi.org/10.5501/wjv.v1.i3.91

[14] Gauntt CJ. Roles of the humoral response in coxsackievi-
rus B-induced disease. Curr Top Microbiol Immunol
1997; 223:259-82; PMID:9294933

[15] MelchersWJ,Zoll J, vanKuppeveldF J, SwaninkCM,Galama
JMD.Thereisnoevidenceforpersistententerovirus infections
inchronicmedicalconditionsinhumans.RevMedVirol1994;
4:235-43;http://dx.doi.org/10.1002/rmv.1980040402

[16] Muir P, Archard LC. There is evidence for persistent
enterovirus infections in chronic medical conditions in
humans. Rev Med Virol 1994; 4:245-250

[17] Andreoletti L, Hober D, Becquart P, Belaich S, Copin MC,
Lambert V, Wattre P. Experimental CVB3-induced
chronic myocarditis in two murine strain: evidence if of
interrelationships between virus replication and myocardial
damage in persistent cardiac infection. J Med Virol 1997;
52:206-14; PMID:9179770; http://dx.doi.org/10.1002/(SICI)
1096-9071(199706)52:2%3c206::AID-JMV15%3e3.0.CO;2-I

[18] Bopegamage S, Kovacova J, Vargova A, Motusova J, Pet-
rovicova A, Benkovicova M, Gomolcak P, Bakkers J, van
Kuppeveld F, Melchers WJG, Galama JM. Coxsackie B
virus infection of mice: inoculation by the oral route pro-
tects the pancreas from damage, but not from infection. J
Gen Virol 2005; 86:3271-80; PMID:16298972; http://dx.
doi.org/10.1099/vir.0.81249-0

[19] Kandolf R, Klingel K, Zell R, Selinka H, Raab U,
Schneider-Brachert W, Bultmann B. Molecular pathogene-
sis of enterovirus-induced myocarditis: virus persistence
and chronic inflammation. Intervirology 1993; 35140-151

[20] Klingel K, Hohenadi C, Canu A, Albrecht M, Seemann M,
Mall G, Kandolf R. Ongoing enterovirus-induced myocar-
ditits is associated with persistent heart muscle infection:
quantitative analysis of virus replication, tissue damage,
and inflammation. Proc Natl Acad Sci 1992; 89:314-318;
PMID:1309611; http://dx.doi.org/10.1073/pnas.89.1.314

[21] Reetoo NK, Osman S, Illavia S, Cameron-Wilson C,
Banatvala J, Muir P. Quantitative analysis of viral RNA
kinetics in coxsackievirus B3-induced murine myocardi-
tis: biphasic pattern of clearance following acute infec-
tion, with persistence of residual viral RNA throughout
and beyond the inflammatory phase of disease. J Gen
Virol 2000; 81:2755-62; PMID:11038389; http://dx.doi.
org/10.1099/0022-1317-81-11-2755

[22] See DM, Tilles JG. Pathogenesis of virus-induced diabetes
in mice. J Infect Dis 1995; 171:1131-38; PMID:7751687;
http://dx.doi.org/10.1093/infdis/171.5.1131

[23] Tracy S, Drescher KM, Chapman N, Kim KS, Carson SD,
Pirruccello S, Lane PH, Romero JR, Leser JS. Toward test-
ing the hypothesis that group B coxsackieviruses (CVB)
trigger insulin-dependent diabetes: Inoculating nonobese
diabetic mice with CVB markedly lowers diabetes inci-
dence. J Virol 76; 2002:12097-111; PMID:12414951;
http://dx.doi.org/10.1128/JVI.76.23.12097-12111.2002

[24] Newton AH, Cardani A, Braciale TJ The host immune
response in respiratory virus infection:balancing virus

clearance and immunopathology. Semin Immunopathol.
In Immunopathol Lung Dis - Hussell T, Grabiec AM.
2016. http://dx.doi.org/10.1007/s00281-016-0558-0

[25] Thompson MR, Kaminski JJ, Kurt-Jones EA, Fitzgerald
KA. Pattern Recognition Receptors and the Innate
Immune Response to Viral Infection. Viruses 2011; 3:920-
940; PMID:21994762; http://dx.doi.org/10.3390/v3060920

[26] Hawkes AR. Enhancement of the infectivity of arbovirus
by specific antisera produced in domestic fowls. Aust J
Exp Biol Med Sci 1964; 42:465-82; PMID:14202187;
http://dx.doi.org/10.1038/icb.1964.44

[27] Cardosa MJ, Portfield JS, Gordon S. Complement recep-
tor mediates enhanced flavivirus replication in macro-
phages. J Exp Med 1983; 158:258-63; PMID:6864163;
http://dx.doi.org/10.1084/jem.158.1.258

[28] Sauter P, Hober D. Mechanisms and results of the anti-
body-dependent enhancement of viral infections and role
in the pathogenesis of coxsackievirus B-induced diseases.
Microbes Infect 2009; 11:443-51. PMID:19399964; http://
dx.doi.org/10.1016/j.micinf.2009.01.005

[29] Beck MA, Chapman NM, McManus BM, Mullican JC,
Tracy S. Secondary enterovirus infection in the murine
model of mycarditis. Am J Pathol 1990; 156: 669-81

[30] Yu JZ, Wilson JE, Wood SM, Kandolf R, Klingel K, Yang D,
McManus MD. Secondary heterotypic versus homotypic
infection by coxsackie B group viruses: impact on early and
late histopathological lesions and virus genome prominence.
Cardiovasc Pathol 1999; 8:93-102; PMID:10724506; http://
dx.doi.org/10.1016/S1054-8807(98)00025-8

[31] Morens DM, Burke DS, Halstead SB. The wages of original
antigenic sin. Emerging Infect Dis 2010; 16:1023-24;
PMID:20507764; http://dx.doi.org/10.3201/eid1606.100453

[32] Girn J, Kavoosi M, Chantler J. Enhancement of Coxsacie-
virus B3 infection by antibody to a different Coxsackievi-
rus strain. J Gen Virol 2002; 83:351-58; PMID:11807228;
http://dx.doi.org/10.1099/0022-1317-83-2-351

[33] Horwitz MS, Ilie A, Fine C, Rodriguez E, Sarvetnick N
Coxsackievirus-mediated hyperglycemia is enhanced by
reinfection and this occurs independent of T cells. Virol-
ogy 2003; 314:510-20; PMID:14554080; http://dx.doi.org/
10.1016/S0042-6822(03)00462-8

[34] Kishimoto C, Kurokawa M, Ochiai H Antibody-mediated
immune enhancement in Coxsackievirus B3 myocarditis.
J Mol Cell Cardiol 2002; 34:1227-38; PMID:12392896;
http://dx.doi.org/10.1006/jmcc.2002.2087

[35] Takada A, Kawaoka Y. Antibody-dependent enhance-
ment of viral infection: molecular mechanisms and in
vivo implications. Rev Med Virol 2003; 13:387-398;
PMID:14625886; http://dx.doi.org/10.1002/rmv.405

[36] Bopegamage S, Precechtelova J, Marosova L, Stipalova D,
Sojka M, Borsanyiova M, Gomolcak P, Berakova K, Galama
J. Outcome of challenge with coxsackievirus B4 in young
mice after maternal infection with the same virus during ges-
tation. FEMS Immunol and Med Microbiol 2012: 64:184-
190; http://dx.doi.org/10.1111/j.1574-695X.2011.00886.x

[37] Elmastour F, Ja€ıdane H, Aguech-oueslati L, Ben Kahla M,
Aouni M, Gharbi J, Sane F, Hober D. Immunoglobulin
G-dependent enhancement of the infection with Cox-
sackievirus B4 in a murine system. Virulence 2016; 7
(5):527-535; http://dx.doi.org/ 10.1080/21505594.2016.
1152442

VIRULENCE 497

http://dx.doi.org/10.1097/00013542-199701000-00004
http://dx.doi.org/10.5501/wjv.v1.i3.91
http://dx.doi.org/9294933
http://dx.doi.org/10.1002/rmv.1980040402
http://dx.doi.org/10.1002/(SICI)1096-9071(199706)52:2%3c206::AID-JMV15%3e3.0.CO;2-I
http://dx.doi.org/10.1002/(SICI)1096-9071(199706)52:2%3c206::AID-JMV15%3e3.0.CO;2-I
http://dx.doi.org/16298972
http://dx.doi.org/10.1099/vir.0.81249-0
http://dx.doi.org/10.1073/pnas.89.1.314
http://dx.doi.org/11038389
http://dx.doi.org/10.1099/0022-1317-81-11-2755
http://dx.doi.org/7751687
http://dx.doi.org/10.1093/infdis/171.5.1131
http://dx.doi.org/12414951
http://dx.doi.org/10.1128/JVI.76.23.12097-12111.2002
http://dx.doi.org/10.1007/s00281-016-0558-0
http://dx.doi.org/10.3390/v3060920
http://dx.doi.org/14202187
http://dx.doi.org/10.1038/icb.1964.44
http://dx.doi.org/6864163
http://dx.doi.org/10.1084/jem.158.1.258
http://dx.doi.org/19399964
http://dx.doi.org/10.1016/j.micinf.2009.01.005
http://dx.doi.org/10724506
http://dx.doi.org/10.1016/S1054-8807(98)00025-8
http://dx.doi.org/10.3201/eid1606.100453
http://dx.doi.org/11807228
http://dx.doi.org/10.1099/0022-1317-83-2-351
http://dx.doi.org/14554080
http://dx.doi.org/10.1016/S0042-6822(03)00462-8
http://dx.doi.org/12392896
http://dx.doi.org/10.1006/jmcc.2002.2087
http://dx.doi.org/10.1002/rmv.405
http://dx.doi.org/10.1111/j.1574-695X.2011.00886.x
http://dx.doi.org/10.1080/21505594.2016.<?A3B2 re 3j?>1152442
http://dx.doi.org/10.1080/21505594.2016.<?A3B2 re 3j?>1152442

	Disclosure of potential conflicts of interest
	Funding
	References

