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Abstract: We have previously addressed the question of whether the attenuating mutations of domain V of the Poliovirus
IRES were speciﬁc for a given genomic context or whether they could be extrapolated to a genomic related virus, the
Coxsackievirus B3 (CVB3). Accordingly, we have described that Sabin3-like mutation (U473 →C) introduced in the CVB3
genome led to a defective mutant with a serious reduction in translation eﬃciency. In this study, we assessed the protection
provided by the Sabin3-like mutant against CVB3 infection. For this purpose, we analyzed, in vivo, the Sabin3-like phenotype
in Swiss mice inoculated with CVB3 and CVB4 E2 prototype strains either by oral or intraperitoneal (i.p) routes and
explored the capacity of this mutant to act as a vaccine vector after the challenge. The Sabin3-like RNA was detected
by semi-nested PCR in diﬀerent organs: heart, pancreas and intestine at 10 days post-inoculation with both oral and i.p
routes. Additionally, we did not observe any histological alterations in heart and intestine tissues. RNA was detected in the
diﬀerent organs of all mice immunized with the Sabin3-like strain and challenged with either CVB3 or CVB4 E2 by oral
route at 7 days post-challenge. In contrast, no histological alteration of heart or pancreas tissues was observed after challenge
with both wild-strains. Interestingly, the detection of viral RNA in heart, pancreas and intestine of mice immunized by
i.p route was negative at 7 days post-challenge with CVB3 and CVB4 E2, and mice were protected from myocarditis and
pancreatitis.
Key words: Coxsackievirus B3; immunization; challenge; mice; vaccine.
Abbreviations: CVB, Coxsackievirus B; FCS, fetal calf serum; i.p, intraperitoneal; IRES, internal ribosome entry site;
MEM, Eagle’s minimal essential medium; NTR, non-translated region; ORF, open reading frame; PBS, phosphate buﬀered
saline; PV, Poliovirus; TCID, tissue culture infectious dose.

Introduction
The Coxsackievirus group B (CVB), which includes six
serotypes (CVB1-CVB6), belongs to the family Picornaviridae and the genus Enterovirus, comprising coxsackieviruses A and B, echoviruses, and polioviruses.
Among these, Coxsackievirus B3 (CVB3) is an important human pathogen that induces acute and chronic viral myocarditis in children and young adults. About 5–
50% of myocarditis and its end stage, dilated cardiomyopathy, are attributable to CVB3 infection (Kawai
1999; Maisch et al. 2002). In addition to heart disease,
CVBs occasionally cause chronic inﬂammatory diseases
of the pancreas (insulin-dependent type 1 diabetes mellitus, idiopathic chronic pancreatitis) and central nervous system (Huber & Ramsingh 2004).
The CVB3 genome comprises a positive-stranded

RNA that is 7,400 nucleotides long; the single open
reading frame (ORF) encodes a 2,200 amino acid long
polyprotein that is processed during translation by two
viral proteases. The ORF is ﬂanked by 5’ and 3’ nontranslated regions (NTRs), which encode no proteins,
but are highly conserved structured RNA sequences
that are important for virus replication and translation (Jackson & Kaminski 1995; Bhattacharyya & Das
2005).
Although CVB3 induces severe human diseases,
there is currently no vaccine or therapeutic reagent in
clinical use. The ﬁrst study to develop a CVB-speciﬁc
vaccine produced a temperature-sensitive mutant virus
(Godney et al. 1988). Since that time, several types
of candidate vaccine against CVB3 have been developed. A subunit vaccine containing the capsid protein
(Fohlman et al. 1990) and several DNA vaccines (Henke
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et al. 2001; Kim et al. 2005, 2009) have shown protective eﬀects after lethal dose challenge. Several attenuated virus variants have also been developed to protect
against CVB3-induced diseases (Landau et al. 1990;
Knowlton et al. 1996; Zhang et al. 1997).
The eﬃcacy of live vaccines against enterovirus infection is demonstrated by the widespread use of attenuated Sabin polio vaccine (Sabin 1985). After oral
administration, the vaccine strains are propagated by
enteric infection in vaccines and spread in the community by the natural route of faecal-oral infection. Most
of the mouse studies carried out so far used the intraperitoneal (i.p) route of immunization and infection.
In addition, it was reported that oral vaccination is safe
and easily administered, making it particularly suitable
for protecting against infectious agents intruding bodies via the mucosal surface (Mason et al. 2002), such as
pathogens that cause enteric, respiratory transmitted
disease (Kong et al. 2001).
Albert Sabin (1995) obtained attenuated strains of
each poliovirus (PV) serotype, which were unable to
productively infect and destroy neuronal cells. Among
the various mutations existing between the virulent PV
strains and their attenuated counterparts, several play
a direct role in PV neurovirulence and were qualiﬁed
as attenuating mutations (Malnou et al. 2002). Interestingly, in the vaccine strain of each PV serotype, an
attenuating mutation was found in the 5’ NTR, at a
position very near to each other within stem-loop V of
the internal ribosome entry site (IRES; nucleotides 472,
480, and 481, respectively, for PV Sabin 3, 1, and 2).
Experimental data led to the conclusion that the Sabin
3 mutation was the major attenuating mutation, and
was suﬃcient to induce the principal characteristics of
attenuation (La Monica & Racaniello 1989; Svitkin et
al. 1990).
In view of the high morbidity of newborns infected with coxsackieviruses B3 as well as the fact that
these viruses are involved in several cases of viral myocarditis in patients of all ages, an attenuated vaccine
would be of signiﬁcant health beneﬁt. Accordingly, Ben
M’hadheb-Gharbi et al. (2006, 2007) constructed equivalent attenuating mutations into the genomic context
of CVB3 strains and reported that the Sabin3-like mutation (U473 →C) led to a serious impairment of the
translation eﬃciency (Souii et al. 2013), a reduction of
the virus titer and a destabilization of the secondary
structure of the IRES. They also demonstrated that
the inoculation, by oral route, of Swiss mice within the
Sabin3-like strain did not show any histological alterations in heart tissue when compared to hearts of mice
infected with the wild-CVB3 strain (Souii et al. 2013).
Herein, and on the basis of these previous published data, we aimed to investigate whether the CVB3
Sabin3-like mutant could induce a protective immunity
against virulent CVB3 and CVB4 E2 prototype strains
in Swiss mice by both oral and i.p routes. A systematic
comparison is presented between the oral and i.p immunization detecting mutant and wild-type RNAs by
PCR in heart, pancreas, and intestine tissues. In paral-
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lel, a histopathological study was carried out in order
to assess the eﬀect of the Sabin3-like infection on the
histology of heart, pancreas and intestine tissues. Interestingly, this mutant was able to protect mice after challenge with virulent CVB3 and CVB4 E2 strains by both
oral and i.p. routes. Additionally, we have noticed that
the Sabin3-like strain did not provide full protection
after the challenge with CVB4 E2 by i.p route. Nevertheless, this eﬀect was relatively reduced compared to
the one observed after challenge within the wild-strain.
Material and methods
Viruses
The CVB3 Nancy prototype strain, the CVB4 E2 diabetogenic strain, isolated in 1979 from the pancreas of a child
who died from diabetic ketoacidosis (Yoon et al. 1979) and
the CVB3 Sabin3-like strain used as a “vaccine candidate”,
obtained by direct mutagenesis (Ben M’hadheb-Gharbi et
al. 2006), were propaged in Vero cells (African green monkey
kidney cells) in Eagle’s minimal essential medium (MEM)
supplemented with 10% heat-inactivated fetal calf serum
(FCS) (Sigma), 1% L-glutamine, 50 µg/mL streptomycin, 50
UI/mL penicillin (Bio Whittaker), 1% nonessential amino
acids (Gibco BRL) and 0.05% Fongizone (Amphotericin B,
Apothecon). Supernatants were collected 3 days after inoculation, clariﬁed at 2,000 × g for 10 min, divided into
aliquots and stored at −80 ◦C. Virus titers in stocks were
determined in Vero cells by limiting dilution assays for 50%
tissue culture infectious doses (TCID50 ) according to Reed
& Muench (1938) protocol.
Murine infection models
Swiss Albinos female mice (3–4 weeks old) obtained from
Pasteur Institute (Tunisia), were divided into six groups.
Three groups were orally inoculated, with, respectively,
1.26 × 106 TCID50 /mL CVB3 Nancy, 1 × 107 TCID50 /mL
CVB4 E2 and 1.11 × 106 TCID50 /mL CVB3 Sabin3-like.
In parallel, a negative control (uninfected) group was inoculated with phosphate buﬀered saline (PBS). For the i.p
infection, mice were divided similarly as described above for
oral route and received the same viral doses.
Mice were treated according to general ethic rules and
maintained under speciﬁc pathogen-free conditions with unlimited access to food and water. All animals were sacriﬁced
10 days after inoculation. Portions of heart, pancreas, and
intestine tissues were removed, rinsed with PBS, snap-frozen
in liquid nitrogen and stored at −80 ◦C for PCR analysis or
ﬁxed in 10% formaldehyde for histological studies.
Immunization with the attenuated virus and challenge
Five-week old female Swiss Albinos mice were distributed
randomly into four groups of 4 mice each. Groups 1 and 2
were immunized by a single oral or i.p inoculation with the
attenuated Sabin3-like strain (1.11 × 106 TCID50 /mL) at
days 0 and challenged by either oral and i.p inoculation at
days 16, with, respectively, CVB3 (1.26 × 106 TCID50 /mL)
and CVB4 E2 (1 × 107 TCID50 /mL) prototype strains.
Control native mice were inoculated with PBS (uninfected
controls). All animals were sacriﬁced 8 days after the challenge. Portions of heart, pancreas, and intestine tissues were
removed, rinsed with PBS, snap-frozen in liquid nitrogen
and stored at −80 ◦C for PCR analysis or ﬁxed in 10%
formaldehyde for histological investigations.
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Fig. 1. Detection of enteroviral RNA from mice myocardium,
pancreas and intestine by semi-nested PCR. Total RNA was extracted from samples collected from mice immunized orally with
Sabin3-like 16 days before challenge with the wild type and sacriﬁced 7 days after the challenge by oral route. Lanes 1, 2 and 3:
heart, pancreas and intestine, respectively, after challenge with
CVB3 Nancy. Lanes 5, 6 and 7: heart, pancreas and intestine, respectively, after challenge with CVB4 E2. Lane M: 100 bp DNA
ladder (Invitrogen). Lane PC: positive control (CVB3 Nancy reference strain). Lanes NC (h) and NC (p) correspond, respectively,
to normal heart and normal pancreas controls. The semi-nested
PCR products were visualized by ethidium bromide staining after
electrophoresis on 2% agarose gel.

Fig. 2. Detection of enteroviral RNA in mice myocardium, pancreas and intestines by semi-nested PCR. Total RNA was extracted from mice organs immunized by i.p route with Sabin3like 16 days before challenge with the wild strain and sacriﬁced
8 days after the challenge. Lanes 1, 2 and 3: hearts, pancreas
and intestine, respectively, of normal control mice. Lanes 4, 5
and 6: heart, pancreas and intestine, respectively, after challenge
with CVB3 Nancy. Lanes 7, 8 and 9: heart, pancreas and intestine, respectively, after challenge with CVB4 E2. Lane M: 100
bp DNA ladder (Invitrogen). Lane PC: positive control (CVB3
Nancy reference strain). Semi-nested PCR products were visualized by ethidium bromide staining after electrophoresis in 2%
agarose gel.

Viral RNA detection
Viral RNA extraction. Total RNA was extracted from heart,
pancreas and intestine of infected and uninfected mice using the acid guanidinium thiocyanate phenol-chloroform
method (Chomczynski & Sacchi 1987). After ethanol precipitation, RNA was re-suspended in diethyl pyrocarbonate
treated sterile water. Sterile PBS solution served as a negative control for the reaction.
Reverse transcription (RT). cDNA was synthesized in
50 µL volume containing 2 µg RNA, 10 mM Tris-HCl (pH
8.3), 75 mM KCl, 2.5 mM MgCl2 , 1 mM dNTP (Promega),
10 mM DiThioThreitol (DTT), 40 pmol antisense primer
007 (5’-ATTGTCACCATAAGCAGCCA3-3’), 1U RNase
inhibitor (Amersham), 50 U Moloney Murine Leukemia
Virus Reverse Transcriptase (MMLV-RT) (Promega). The
reaction was carried out at 42 ◦C for 30 min followed by a
denaturation step during 5 min at 99 ◦C.
PCR amplification. PCR assay was performed using
primers 006 (5’-TCCTCCGGCCCCTGAATGCG-3’) and
007 (5’-ATTGTCACCATAAGCAGCCA-3’) generating a
154 bp fragment. The ampliﬁcation reaction was performed
in a volume of 50 µL containing 100 ng cDNA, 25 mM TrisHCl (pH 8), 50 mM KCl, 4 mM MgCl2 , 200 µM dNTP,
40 pmoles from each primer and 1U Taq DNA polymerase
(Promega). Distilled water was included as a negative control. RNA extracted from Vero cells infected with CVB3
Nancy was reverse-transcribed, ampliﬁed according to the
procedure already described above, and served as a positive control. Ampliﬁcation was initiated by a denaturation
step during 2 min at 95 ◦C followed by 30 cycles of 1 min
denaturation at 95 ◦C, 1 min annealing at 42 ◦C and 1 min
extension at 72 ◦C. Steps were followed by a ﬁnal extension
(10 min at 72 ◦C). All PCR products were electrophoresed
on an agarose gel.
Semi-nested PCR. Ampliﬁcation products showing
negative results following the ﬁrst ampliﬁcation using
primers (006/007) were used as a DNA template for a second
ampliﬁcation (semi-nested PCR) similar to the previous one
except that the forward primer 006 was replaced by an external one called 005 (5’-CCAGCACTTCTGTTTCCCCGG3’). This oligonucleotide is located within the 5’ NTR, generating a 414 bp DNA fragment. Brieﬂy, 40 ng of cDNA

were added to 50 µL PCR mixture containing 40 µM of each
primers (005/007), 25 mM Tris HCl (pH 8), 50 mM KCl,
4 mM MgCl2 , 200 µM dNTP and 1U of Taq DNA polymerase (Promega). Samples were denaturated for 2 min at
95 ◦C. Then, 30 cycles of denaturation for 1 min at 94 ◦C, annealing for 1 min at 45 ◦C, and extension for 1 min at 72 ◦C
were performed. A ﬁnal extension step for 7 min at 72 ◦C was
also carried out. Semi-nested PCR products were analyzed
by electrophoresis on an agarose gel containing 0.5 mg/mL
ethidium bromide (Sigma) and visualized using the Gel Doc
2000 system (Bio-Rad).
Histology
Serial 3–5 µm thick sections of formalin-ﬁxed and paraﬃnembedded samples of heart, pancreas, and intestine tissues
were stained with hematoxylin and eosin in a standard way
and examined by light microscopy for the presence of inﬂammatory lesions, cellular inﬁltration, necrosis and muscle
damage.

Results
Detection of viral RNA after immunization and challenge
CVB3 Nancy and CVB4 E2 RNAs were detected by
semi-nested PCR in heart, intestine and pancreas tissues collected 10 days after the infection by oral and i.p
routes within wild-CVB3 and wild-CVB4 E2 strains.
The Sabin3-like RNA was detected in all organs collected 10 days post-inoculation with the attenuated
CVB3 strain by oral and i.p routes (data not shown).
At 7 days post-challenge, RNA was detected in different organs of mice immunized with theSabin3-like
strain, and challenged with either CVB3 or CVB4 E2
by oral route (Fig. 1). In contrast, for all mice immunized by i.p route, RNA was not detected in any of
the studied organs (Fig. 2). These results could be explicated by the fact that the viral RNA was no longer
present in all organs 7 days after the challenge.
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Fig. 3. Histology of the heart and pancreas of Swiss mice at day 10 after oral infection with mutant Sabin3-like or wild-type CVB3
and CVB4E2 viruses. Heart, pancreas and intestine were stained with hematoxylin and eosin. Shown are heart (a), pancreas (b) and
intestine (c) from a control uninfected mouse, heart (d), pancreas (e) and intestine (f) from a mouse inoculated with CVB3Sabin3-like,
heart (g) and pancreas (h) from a mouse inoculated with wild-type CVB3 and heart (i) and pancreas (j) from a mouse inoculated
with CVB4 E2. Black arrow indicates inﬂammation area.

Mice immunization with the attenuated Sabin3-like
strain
During all experiments, none of the Swiss Albinos mice
inoculated with either virulent CVB3 Nancy or CVB4
E2 or the attenuated Sabin3-like strain died after oral
or i.p infection. Hearts of mice inoculated with Sabin3-

like by oral and i.p routes (Figs 3d, 4d) appeared normal, and were indistinguishable from the hearts of uninfected control mice (Figs 3a, 4a). However, a variable
and a limited amount of pancreatic inﬂammatory disease was observed in some mice 10 days after Sabin3-like
inoculation by i.p route (Fig. 4e). There was not any
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Fig. 4. Histology of the heart, pancreas and intestine of Swiss mice at day 10 after intraperitoneal infection with mutant Sabin3-like
or wild-type CVB3 and CVB4 E2 strains. Heart, pancreas and intestine were stained with hematoxylin and eosin. Shown are heart
(a), pancreas (b) and intestine (c) from a control uninfected mouse, heart (d), pancreas (e) and intestine (f) from a mouse inoculated
with CVB3Sabin3-like, heart (g) and pancreas (h) from a mouse inoculated with wild-type CVB3 and heart (i) and pancreas (j) from
a mouse inoculated with CVB4 E2. Black arrow indicates inﬂammation area.

evidence of pancreatic damage in mice inoculated by
oral route (Fig. 3e), indistinguishable in pancreas from
uninfected control mice (Fig. 3b).
In a marked contrast, both virulent CVB3 and

CVB4 E2 strains induced inﬂammatory lesions with an
extension inﬁltration areas and a necrosis in the heart
muscle at 10 days post-infection by oral (Figs 3g–3i)
and i.p (Figs 4g–4i) routes as well as a widespread inUnauthenticated
Download Date | 10/14/19 2:59 AM

118

N. Jrad-Battikh et al.

Fig. 5. Immunization of mice with CVB3 Sabin3-like by oral route. Mice were inoculated by oral route with non-supplemented medium
(a, b) or CVB3 Sabin3-like (c, d, e, f). Mice were challenged 16 days later with either CVB3 Nancy (c, d) or CVB4E2 (e, f). Ten
days after challenge, mice were sacriﬁced; hearts and pancreas were ﬁxed in formalin, sectioned, and stained with hematoxylin and
eosin. Shown are heart (a) (necrotic myoﬁbres surrounded by inﬂammatory inﬁltrate) and pancreas (b) (mild to moderate pancreatitis
with disseminating inﬁltrate) from a mouse inoculated with cardiovirulent virus CVB3 Nancy; and heart (c) and pancreas (d) from
a mouse protected by previous immunization with CVB3 Sabin3-like and challenged with CVB3 Nancy. Heart (e) and pancreas (f)
from a mouse protected by previous immunization with CVB3 Sabin3-like and challenged with CVB4 E2 are also shown. Black arrow
indicates an inﬂammation area.

ﬂammation in the acinar pancreatic tissue (Figs 3h–3j;
Figs 4h–4j). The histological aspect of the intestine did
not reveal any inﬂammation after both oral and i.p inoculations with CVB3 Sabin3-like strain (Figs 3f–4f).
Protection of mice after challenge
In the present study, we assessed whether the CVB3
Sabin3-like strain could induce a protective immunity
against virulent CVB3 and CVB4 E2 infections. For
this purpose, female Swiss Albinos mice were inoculated at day 0 with the attenuated Sabin3-like strain via

either oral or i.p routes, and then challenged 16 days
after, with, respectively, CVB3 Nancy and CVB4 E2
prototype strains. Control uninfected and unprotected
mice were challenged at the same time. At 10 days postchallenge, the histology of heart, pancreas and intestine
tissues was examined by light microscopy.
Control mice inoculated with PBS presented a normal histological aspect of the heart, pancreas and intestine. In contrast, control mice that had been challenged 16 days after inoculation with PBS with the
CVB3 wild-strain showed a damage in heart and panUnauthenticated
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Fig. 6. Immunization of mice with CVB3 Sabin3-like by intraperitoneal route. Mice were inoculated by i.p route with non-supplemented
medium (a, b) or CVB3Sabin3-like (c, d, e, f). Mice were challenged 16 days later with either CVB3 Nancy (c, d) or CVB4 E2 (e, f).
Ten days after challenge, mice were sacriﬁced; hearts and pancreas were ﬁxed in formalin, sectioned, and stained with hematoxylin
and eosin. Shown are heart (a) and pancreas (b) from a mouse inoculated with cardiovirulent virus CVB3 Nancy. Heart (c) and
pancreas (d) from a mouse protected by previous immunization with CVB3 Sabin3-like and challenged with CVB3 Nancy. Heart (e)
and pancreas (f) from a mouse protected by previous immunization with CVB3Sabin3-like and challenged with CVB4 E2 are also
shown. Black arrow indicates an inﬂammation area.

creas tissues (Figs 5a,b). Interestingly, mice challenged
with CVB3 Nancy 10 days after inoculation by oral
(Figs 5c,d) and i.p (Figs 6c,d) routes with the Sabin3like strain did not show any histological alteration in
hearts, pancreas and intestines. However, a little interstitial lymphocyte inﬁltration conﬁned to the exocrine
pancreas was observed in one mouse of three after challenge by oral route within virulent CVB3 Nancy. This
ﬁnding was conﬁrmed by PCR data.
Mice challenged with CVB4 E2, 10 days after inoculation by oral (Figs 5e,f) and i.p (Figs 6e,f) routes with

CVB3 Sabin3-like did not show any inﬂammation or ﬁbrosis pattern in heart, pancreas and intestine tissues.
Although histology did not reveal any abnormalities after challenge by oral route, PCR results were positive
for all organs. Nevertheless, one mouse immunized with
the attenuated Sabin3-like strain, developed pancreatitis after challenge by i.p route with CVB4 E2.
Discussion
Coxsackievirus B3 is a principle etiologic agent in acute
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and fulminant myocarditis (Tam 2006). Despite the
well-characterized molecular structure of CVB3 (Bailey & Tapprich 2007) and well-demonstrated vaccination strategies in animal models (Henke et al. 2008), no
eﬃcient preventive vaccine against CVB3 is currently
available. Herein, there is an obvious need to develop
new and improved vaccines. In respect that CVB3 enters the host through the gastrointestinal tract; an ideal
vaccine should be able to raise eﬃcient protection at
mucus surfaces to minimize initial infection and early
viral dissemination.
Ben M’hadheb-Gharbi and collaborators (2006,
2007) have previously demonstrated that the Sabin3like mutation introduced into the CVB3 genome affected the biological properties of the virus. In fact,
this construct has shown a reduced replication in HeLa
cell cultures and an impaired in vitro translation eﬃciency in standard rabbit reticulocyte lysates. They also
reported that at 10 days post-inoculation with Sabin3like, infected mice were protected from myocarditis.
In the present study, we demonstrate that the
Sabin3-like strain did not induce any histological alterations in heart, pancreas and intestine tissues of infected mice; except some minor pancreatic inﬂammation in some mice at 10 days post-inoculation by i.p
route. Importantly, this should not be surprising since
our ﬁndings are in a perfect correlation with the data
published by Slifka et al. (2001) and Lim et al. (2005)
who reported that mice immunized with recombinant
wild-type CVB3 suﬀered severe pancreatitis.
Inoculation of mice with the Sabin3-like strain by
both oral and i.p routes protected mice from myocarditis. However, CVB3Sabin3-like RNA was detected in
all mice organs collected 10 days post-infection by both
oral and i.p routes. These results are also in agreement with the previously published data by Zhang et al.
(1997), Chapman et al. (2000) and Dunn et al. (2000).
Chapman et al. (2000) demonstrated that hearts of
mice sacriﬁced at 5 days p.i., a time near the peak of
cardiac virus titer, titers of both the chimeric (CPV/49)
and the parental CVB3 strain were similar, averaging
2 × 105 TCID50 units of virus/g of heart tissue. Therefore, the RNA of the mutant strain (CPV/49) was no
detected in heart and pancreas on days 28 p.i.
Similarly to many reports that enteroviral RNA
persists in the heart of patients with myocarditis when
no infectious virus can be detected, studies on animal
models of CVB infection demonstrate that virus may
persist in myocardium beyond the initial inﬂammatory
phase (Klingel et al. 1992; Leparc et al. 1993; Ouyang
et al. 1995). Consequently, the use of attenuated CVB3
as a live vaccine results in persistent infection, as genomic RNA of the cardiovirulent wild-type CVB3 was
detected in the myocardium and pancreas of mice up
to 30 or 60 days after infection (Ouyang et al. 1995).
In the present work, we showed that the viral
Sabin3-like RNA was detected by semi-nested PCR 10
days after inoculation by oral and i.p routes in all studied organs, but there was not any evidence of diseases
(myocarditis and pancreatitis). Thus, it would be in-
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teresting to analyze the persistence of the attenuated
RNA in heart and pancreas at 20 or 28 days postimmunization.
The mutant Sabin3-like construct proved to be protective when tested in mice. In fact, a single inoculation of the mutant Sabin3-like by i.p route protected
all mice challenged 16 days later with a virulent CVB3
and CVB4 E2 which induced, respectively, myocarditis
and pancreatitis in the unprotected control mice. Heart
and pancreatic damages due to viral CVB3 and CVB4
replication have been demonstrated to be clearly evident at 10 days post-infection (Tracy et al. 1992; Tu
et al. 1995; Bopegamage et al. 2003, 2005; Jaidane et
al. 2006). However, one mouse immunized with the attenuated Sabin3-like strain, developed pancreatitis after challenge by i.p route with CVB4 E2. While the
Sabin3-like strain replicates in mice but with a lower
eﬃciency compared to the wild-CVB3 strain, it can induce either little or no myocarditis or pancreatitis of
susceptible mice. Therefore, it would be interesting to
see if the viral RNA can be detected at 20 days postchallenge in heart, pancreas and intestine.
In summary, the data presented here demonstrate
that the Sabin3-like strain rapidly induced a protective
immune response in the murine model and is suﬃciently
attenuated to act as an avirulent strain. Therefore, this
construct could act as a promising protective vaccine
against CVB3 and CVB4 E2 induced myocarditis and
pancreatitis. This attenuated strain was not totally protective after challenge with CVB4 E2, although this
eﬀect is relatively reduced compared to the wild-type
strain. Further investigations are needed to conﬁrm
these ﬁndings. Hence, the identiﬁcation of humoural
and cellular immune responses to the CVB3Sabin3-like
strain, in conjunction with the analysis of neutralizing
antibody induced by this strain is clearly a challenge in
the near future to increase our knowledge of the coxsackievirus B3 cardiovirulence and attenuation.
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