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Enterovirus RNA has been found previously in
specimens of muscle biopsy from patients with
idiopathic dilated cardiomyopathy, chronic in-
flammatory muscle diseases, and fibromyalgia
or chronic fatigue syndrome (fibromyalgia/chronic
fatigue syndrome). These results suggest that
skeletal muscle may host enteroviral persistent
infection. To test this hypothesis,we investigated
by reverse transcription-polymerase chain reac-
tion (RT-PCR) assay the presence of enterovirus
in skeletal muscle of patients with chronic in-
flammatory muscle diseases or fibromyalgia/
chronic fatigue syndrome, and also of healthy
subjects. Three of 15 (20%) patients with chronic
inflammatory muscle diseases, 4 of 30 (13%)
patients with fibromyalgia/chronic fatigue syn-
drome, and none of 29 healthy subjects was
found positive. The presence of VP-1 enteroviral
capsid proteinwas assessed by an immunostain-
ing technique using the 5-D8/1 monoclonal anti-
body; no biopsy muscle from any patient or
healthy subject was foundpositive. The presence
of viral RNA in some muscle biopsies from
patients exhibiting muscle disease, together
with the absence of VP-1 protein, is in favor of a
persistent infection involving defective viral
replication. J. Med. Virol. 71:540–547, 2003.
� 2003 Wiley-Liss, Inc.
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INTRODUCTION

Infection in humans by Enterovirus, although often
asymptomatic, is responsible for a wide range of acute
diseases. In addition, these agents are possibly involved
in the genesis of chronic enterovirus pathologies, in-
cluding chronic myocardial diseases, postpoliomyelitis
syndrome, and even juvenile-onset (type 1) diabetes

mellitus [Frisk,2001].Themechanismsbywhichentero-
virus induce a chronic infection are still poorly under-
stood. The tropism of enteroviruses for cardiomyocytes
is well established both in mice and in humans, and
these viruses were shown to persist in the heart from
patients with chronic myocarditis or dilated cardiomyo-
pathy [Rabausch-Starz et al., 1994; Andréoletti et al.,
1997; Kandolf et al., 1999]. Skeletal muscle can also be
infected persistently by enterovirus, as evidenced in
murine models [Tam et al., 1991, 1994]. In man, chronic
inflammatory muscle disease, i.e., polymyositis and
dermatomyositis, are linked to autoimmune disorders
[Miller, 1994] and enterovirus have been proposed
among the triggering agents [Rosenberg et al., 1989;
Yousef et al., 1990; Dalakas, 1995]. In addition, mice
infected with Coxsackievirus B1 (CV-B1) may present a
chronic myositis that is very similar to human poly-
myositis [Ytterberg et al., 1988]. In addition, the role
of enterovirus in the pathogenesis of chronic fatigue
syndrome and fibromyalgia, noninflammatory muscu-
lar syndromes with dominant fatigue, and pain symp-
toms, respectively [McCluskey and Riley, 1992;
Buchwald, 1996], has been largely disputed [Yousef
et al., 1988; Abbey and Garfinkel, 1991; Bowles et al.,
1993; Lindh et al., 1996]. The detection over a long
period of time of enterovirus structural protein VP-1 in
the serum [Yousef et al., 1988] or enterovirus RNA in
muscle biopsy specimens [Archard et al., 1988] of
patients with chronic fatigue syndrome provides evi-
dence of a persistent enterovirus infection, at least in
some of these patients. The study by Gow et al. [1994],
which investigated a large number of muscle biopsies
from patients with either chronic fatigue syndrome or
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neuromuscular disorders, demonstrated the presence
of enteroviral RNA by RT-PCR in 26.4% and 19.8% of
samples, respectively. In light of these data, it can be
assessed that enteroviruses can persist in pathologic
muscle. However, the involvement of these agents in
chronic inflammatory muscle diseases remains unclear.
Furthermore, no data are available regarding the pre-
sence of enteroviral RNA in muscle of healthy subjects.

In this study, we investigated the presence of enter-
ovirus by RT-PCR and immunohistochemistry in muscle
biopsies taken from three populations of subjects:
patients suffering from chronic inflammatory muscle
diseases, patients suffering from fibromyalgia or chronic
fatigue syndrome, and healthy subjects. No evidence
of enterovirus infection was found in the latter group.
In contrast, the presence of viral RNA in some muscle
biopsies from patients exhibiting muscle disease,
together with the absence of VP-1 protein, were in favor of
a persistent infection involving defective viral replication.

MATERIALS AND METHODS

Patients and Controls

Muscle biopsies were selected retrospectively from
a bank of frozen specimens. Seventeen patients were
female and 28 were male. The median age at time of
biopsy was 48.5 years (range, 29–82). They were divided
in two groups. The first group consisted of 15 patients
presenting a chronic inflammatory muscle diseases
diagnosed according to acknowledged clinical and
histological criteria [Engel et al., 1994], and including
cases of polymyositis (7), dermatomyositis (6), granulo-
matous myositis (1), and inclusions body myositis (1)
(group A). The second group consisted of 30 patients
suffering from myalgia and/or chronic fatigue diagnosed
as fibromyalgia (22) and chronic fatigue syndrome (8),
respectively, according to defined clinical criteria
[Buchwald, 1996], and whose muscle biopsy exhibited
neither histological nor immunohistochemical lesions
(group B).

A third group (group C) included 29 healthy volun-
teers as controls; all of them but one were male.
The median age at time of biopsy was 30.9 years
(range, 20–84).

Muscle Biopsy

The muscle biopsy was carried out in the vastus
lateralis or deltoid muscle, using a Weil-Blakesley

alligator forceps, as previously described [Féasson
et al., 1997]. For the two groups of patients, biopsies
were taken as part of routine diagnosis investigations.
Healthy volunteers were fully informed of the proce-
dures before giving written consent; the protocol had
been approved by the Comité Consultatif de Protection
des Personnes dans la Recherche Biomédicale 1-1
Rhône Alpes Loire, in accordance with the declaration
of Helsinki. The specimens were kept frozen in liquid
nitrogen until required. The mean time of sample
storage was 3 years (range, 0.5–8).

Histological Analysis

The tests were carried out on 10-mm-thick frozen
transversal sections. For diagnosis, histological pre-
parations included hematoxylin-eosin-safran (HES)
and Gomori’s trichrome. NADH-tetrazolium reductase,
myosin ATPase, cytochrome C oxidase, and succinode-
hydrogenase were used when histological inflammatory
lesions were present. Immunohistochemical prepara-
tions were carried out using anti-CD4, anti-CD8, anti-
CD68, and anti-C5b9 antibodies. The biopsies from
patients of groups B and C were selected on the absence
of inflammatory, myopathic, metabolic, and neurogenic
lesions.

RNA Extraction

RNA was extracted from pooled sections of each biopsy
sample following the guanidinium thiocyanate-phenol-
chloroform procedure [Chomczynski and Sacchi, 1987]
with Tri-Reagent1 (Sigma-Aldrich, Saint-Quentin,
France). The resulting pellets were dried, dissolved in
diethylpolycarbonate-treated water combined with 15 U
of RNase inhibitor (Stratagene Europe, Netherlands)
and stored at �808C. RNA extracted from 150 ml of
cell-free culture supernatant containing about 102–
103 TCID50 of Coxsackievirus A9, Coxsackievirus B2, or
Echovirus 30 was used as positive controls. For each
RNA extraction assay, 150 ml of water was used as
negative control.

RT-PCR

In this study, 100–200 ng of total RNA was used for
reverse transcription (RT). RNA was copied into cDNA
under a volume of 20 ml containing 1� reaction buffer
(Stratagene), 0.2 mM of dNTP, 10 pmol of negative sense
primer RNC2 (Eurogentec, Angers, France) (Table I),

TABLE I. Primers and Probes Used in the Study

Designation Sequence Application Reference

RNC2 50-CACCGGATGGCC-30 EV reverse transcription Rotbart, 1990
NC1 50-CTCCGGCCCCTGAATGCG-30 EV PCR, sense primer Rotbart, 1990
E2 50-ATTGTCACCATAAGCAGCCA-30 EV PCR, antisense primer Rotbart, 1990
S08 50-AAACACGGACACCCAAAGTA-30 Detection of EV PCR products Rotbart, 1990
GAPDH1 50-TGAAGGTCGGAGTCAACGGATTTGGT-30 GAPDH PCR, sense primer Ercolani et al., 1988
GAPDH2 50-CATGTGGGCCATGAGGTCCACCAC-30 GAPDH PCR, antisense primer Ercolani et al., 1988

EV, enterovirus; PCR, polymerase chain reaction.
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10 U of RNase inhibitor (Stratagene) and 25 U of MMLV
reverse transcriptase (Stratagene). After a 45-minute
incubation at 378C, the reaction mixture was heated to
958C for 5 min, and then cooled at 48C for immediate use.
Two ml of the cDNA was added to 48 ml of PCR reaction
mixture containing 1X PCR buffer (Gibco-BRL, Life
Technologies, Cergy Pontoise, France), 3 mM of MgCl2,
0.2 mM of dNTP, 20 pmol of positive sense primer NC1,
20 pmol of negative sense primer E2 (Eurogentec)
(Table I) and 5 U of Taq polymerase (Gibco-BRL). PCR
amplification was carried out in a 9600 Perkin-Elmer
thermal cycler as follows: 948C for 5 min; 40 cycles at
948C for 15 sec, 608C for 15 sec and 728C for 15 sec; then
728C for 5 min. The integrity of each RNA sample was
tested by amplification of the GAPDH mRNA using
primers GAPDH1 and GAPDH2 (Eurogentec) (Table I)
and an one-step RT-PCR method carried out in a single
tube using a mixture of recombinant Taq DNA poly-
merase and SuperScript II H-RT1 (Gibco BRL) as
follows: 528C for 15 min; 958C for 5 min, 40 cycles in-
cluding 15 sec at 948C, 15 sec at 608C and 15 sec at 728C;
then 728C for 5 min.

PCR Detection Systems

For each GAPDH RT-PCR product, 10 ml was loaded
on a 1% agarose gel (TEBU, Le Perray-en-Yvelines,
France) in 1� TEA buffer, stained with ethidium
bromide (0.4 mg/ml), and visualized on an ultraviolet
(UV) transilluminator. The detection of enterovirus
products of RT-PCR amplification was carried out by
hybridization assay on microtiter plates according to
the manufacturer’s protocol (HybridowellTM universal,
Argene Biosoft, Varilhes, France). Briefly, after sample
denaturation, DNA was directly coated on a microtiter
plate and hybridized with a hybridization buffer
containing the biotinylated oligonucleotide probe S08
(100 ng/ml) (Eurogentec) (Table I). The hybrids were
detected by using a streptavidin-peroxidase conjugate
and a tetramethylbenzidine substrate. The result
was considered positive if the OD450 value was �0.2, it
was confirmed positive if at least two of three determi-
nations were found positive. For the PCR techniques,
two independent persons (FAD and WB) carried out the
same experiments in parallel.

Immunohistochemistry

The immunohistochemical staining used for the detec-
tion of VP-1 antigen [Yousef et al., 1987; Samuelson
et al., 1995] was carried out using a polymer/peroxidase
conjugate applied on the frozen tissue sections accord-
ing to a method adapted from Li et al. [2000]. The
enterovirus group-specific monoclonal antibody (MAb)
5-D8/1 (DAKO, Trappes, France) directed toward
the VP-1 capsid protein and diluted 1:50 (2 mg/ml) in
Tris-bovine serum albumin (BSA), was applied together
to the EnVisionTM/HRP detection system (DAKO). An
anti-adenovirus group-specific MAb (Argene-Biosoft)
diluted 1:250 (2 mg/ml) was used as negative control.
Paraffin-embedded heart muscle tissue sections from

patients with enterovirus-associated dilated cardi-
omyopathy (as demonstrated by both RT-PCR and
detection of VP-1) were used as positive controls.

Statistical Analysis

The Fisher exact test was used for comparing qualita-
tive variables. Means were compared by using variance
analysis and Student’s t-test. Statistical significance
was reached for a P-value of <0.05.

RESULTS

In preliminary experiments, different amounts of
muscle biopsy were tested using the GAPDH primers
to determine the sensitivity of the extraction step. At
least 10 sections of each biopsy (corresponding to a total
amount of 0.5–1 mg of skeletal muscle) were necessary
to amplify successfully a 983-bp fragment corresponding
to the GAPDH mRNA (Fig. 1).

To determine the sensitivity of the single-step RT-
PCR technique described above, this assay (using
primers NC1 and E2, Table I) combined to hybridization
was compared to the RT-nested PCR technique followed
by a gel electrophoresis described by Kämmerer et al.
[1994] on serial dilutions of CV-B2. As both tests exhi-
bited the same sensitivity of �10�2 TCID50 (data not
shown), the former was chosen in further experiments
to avoid contamination known to occur with techniques
using nested amplification.

In a further set of experiments, we evaluated the
influence of the muscle tissue on the sensitivity of the
PCR assay by comparing the amplification of different
amounts of CV-B2 diluted, respectively, in water and
in a pool of 10 sections from a control muscle biopsy.
As illustrated in Figure 2, a tremendous decrease in
sensitivity was observed in spiked biopsies as compared
with the water control from one log10 on gel electrophor-
esis to 2 log10 after hybridization of PCR products.

Fig. 1. Amplification of a 983-bp fragment of the GAPDH gene by
one-step reverse transcription-polymerase chain reaction (RT-PCR)
from skeletal muscle of patients with dermatomyositis (lane 3),
fibromylagia (lane 4), polymyositis (lane 5), and of a healthy subject
(lane 6). mRNA of peripheral blood mononuclear cells from another
healthy subject was used as positive control (lane 1). Lane 2, water
negative control; M, size marker.
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As a result of the previous experiments, 10 sections of
each sample were pooled and analyzed for the presence
of enterovirus by RT-PCR using NC1 and E2 as primers
and the S08 probe for hybridization. The results of the
RT-PCR experiments carried out on muscle biopsies
from the three groups of subjects are presented in
Table II. The mean age of patients differed significantly
among the three groups; group A being the oldest and
group C the youngest (Table II). Of 74 tested specimens,
enterovirus RNA was detected in 3 (20%) of 15 patients
with inflammatory muscle diseases, in 4 (13.3%) of 30
patients with fibromyalgia/chronic fatigue syndrome
and in none of 29 healthy volunteers. As a whole, no
statistically significant difference was noted among
the three groups. However, when each group of patients
was compared with the group of healthy subjects, a
significant difference was noted for group A (P¼0.03)
and a trend to significance for group B (P¼0.06). In
addition, although the PCR test used in this assay was
not quantitative, the signals expressed as OD450nm

values observed among the three positive patients of
group A were higher than those found in the four
positive patients of group B (Table III).

The EnVisionTM detection system using 5-D8/1 MAb
wasusedtodetect theenterovirusgroup-specific antigen
located on the VP-1 capsid protein. Biopsies of cardiac
muscle from a patient with dilated cardiomyopathy
(Fig. 3E) and from a patient without heart disease
(Fig. 3F) were used as positive and negative controls,
respectively. Using an anti-adenovirus MAb instead
of 5-D8/1 MAb, the specificity of the reaction on the
positive control was checked (data not shown). As a

result of these experiments, the VP-1 antigen was
detected in none of the 45 muscle biopsies of the study,
whatever enterovirus RNA was present or not.

DISCUSSION

The main goal of this study was to investigate the
presence of stigmata of enterovirus infection in muscu-
lar biopsies in patients suffering from chronic inflam-
matory muscle diseases or fibromyalgia/chronic fatigue
syndrome as compared with healthy subjects. Conse-
quently, RT-PCR and immunohistochemistry tests were
carried out on tissue sections of skeletal muscle from
these three groups. In contrast with previous studies
listed in Table IV, we used a control group consisting of
subjects in excellent health condition that had partici-
pated in a research project that included muscle biopsy.

From a technical point of view, the main difficulty
encountered in this study was the small quantity of
specimen available for RT-PCR, since only 10 frozen
tissue transversal sections (&0.5–1 mg) were used in
each case to homogenize the sample size. The quality of
the extraction process was controlled by the detection
of the GAPDH gene found positive for all specimens.
Performing all the extraction and amplification experi-
ments by two independent workers, and testing the
positive results at least twice, the reproducibility of the
molecular detection was assessed. In addition, to avoid
false-positive amplification, a sensitive hybridization
PCR assay was preferred to nested-PCR. However,
muscle tissue impaired the sensitivity of the assay as
compared to water control (Fig. 2), possibly in relation

Fig. 2. Sensitivity analysis of the reverse transcription-polymerase chain reaction (RT-PCR) technique
used in the study for detecting enteroviral RNA, after electrophoresis on a 3% agarose gel (A) or
hybridization assay (B). Lanes 1–5, 10-fold serial dilutions of CV-B2 (from 10 to 10�3 TCID50) in water.
Lanes 10 –50, same dilutions of CV-B2 in a pool of 10 sections from a control muscle biopsy. M, size marker;
BC, control biopsy without virus; WC, water control.

TABLE II. Detection of Enteroviral RNA by RT-PCR in Skeletal Muscle Biopsies From Three Groups of Subjects

Group Condition No. of subjects
Age�SD in years

(range)a % of males
No. (%) of positive

samples P

A Chronic inflammatory
muscle diseases

15 57.0� 17.1 (32–82) 53 3 (20) 0.03b

B Fibromyalgia/CFS 30 43.7� 11.1 (29–77) 66 4 (13.3) 0.06b

C Healthy subjects 29 30.9� 16.6 (20–84) 96 0 —

RT-PCR, reverse transcription-polymerase chain reaction; CFS, chronic fatigue syndrome.
aP< 0.001 among the three groups by variance analysis (P< 0.001 between groups 1 and 3 and between groups 2 and 3, and P<0.01 between
groups 1 and 2 by Student’s t-test).
bBy Fisher’s exact test, as compared with the group of healthy subjects.
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with the presence of inhibitory agents present inskeletal
muscle. All these technical difficulties contributed to the
heterogeneity of the results reported in the literature
(Table IV). They also explain the unsuccessful attempt
of nucleotide sequencing of the PCR products generated
in this study (data not shown), which would have per-
mitted to identify the enterovirus serotype(s) detected
by PCR.

As shown by comparative analysis of different studies
dealing with the detection of enteroviral RNA in muscle
(Table IV), one of the more original features of this study
was the inclusion of specimens from healthy subjects
with excellent muscular condition, since most of them
were young and involved in training programs. Because
of the few control subjects tested and the small size of
muscle specimen analyzed, the absence of detection of
positive samples cannot exclude definitely the persis-
tence of enteroviral RNA in skeletal muscles of healthy
subjects. However, these results are not in accordance,
at least for young healthy subjects, with the hypothesis
of Arbustini et al. [1997] (Table IV) that skeletal muscle
might act as a reservoir of enterovirus persistence. Ex-
perimental results frommousemodels illustrate that the
muscle tropism of enterovirus is highly variable accord-
ing to the virus serotype. For instance, Coxsackie virus
A9 was shown to exhibit a strong tropism for mouse
muscle [Harvala et al., 2002], whereas Coxsackie virus
B3 had a major heart tropism but a weak muscle
tropism, despite the histological similarities between
these tissues [Reetoo et al., 2000; Harvala et al., 2002].
Together with the results of Gow and Behan [1991],
whose control subjects consisted of patients undergoing
surgery for a nonmuscular disease (Table IV), our data
suggest that normal muscle is not a good candidate for
enterovirus persistence in healthy subjects. An alter-
native interpretation could be that the accumulation
of enterovirus RNA in muscle is linked to the age of
patients; actually, the mean age of our control group was
significantly lower than that of both groups of patients
(Table II).

Another point stressed by this study is the confirma-
tion of a high prevalence of specimens detected positive
for enterovirus RNA in the groups of patients with

TABLE III. Patients Found Positive for the Presence of
Enteroviral RNA in Skeletal Muscle Using RT-PCR Test

Patient age
(years)/sex Groupa/disease

RT-PCR signal
at OD450

b

25/F A/Dermatomyositis 1.07� 0.04
58/F A/Granulomatous myositis 1.12� 0.08
53/M A/Polymyositis 0.78� 0.17
33/M B/Fibromyalgia 0.31� 0.10
31/F B/Fibromyalgia 0.42� 0.06
26/F B/CFS 0.34� 0.15
39/M B/Fibromyalgia 0.27� 0.05

RT-PCR, reverse transcription-polymerase chain reaction; CFS,
chronic fatigue syndrome; OD, optical density.
aThe patient’s groups are defined in the Materials and Methods section.
bThe positivity threshold was 0.2 at OD450. Mean�SD of three
independent experiments.

Fig. 3. Immunohistochemical detection of the enterovirus genus-
specific VP-1 protein in skeletal (A–D) and heart (E,F) muscle sections
using the EnVisionTM system (DAKO) from patients with polymyositis
(A), dermatomyositis (B), fibromyalgia (C), or dilated cardiomyopathy
(E), and from healthy subjects (D,F). Localization of the VP-1 protein
corresponds to the black inclusions present in the cytoplasm of the
myocytes of the positive control (E). All the other samples were tested
negative. �200.
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muscular disorders: patients with chronic inflammatory
muscle diseases exhibited the higher prevalence and
the higher PCR signals (Table III), as compared with
fibromyalgia/chronic fatigue syndrome patients,
although the difference was not statistically significant
and the PCR test used only qualitative. Conversely,

Fig. 3. (Continued )
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despite the small size of the effective, a significant dif-
ference was noticed in patients with chronic inflamma-
tory muscle diseases versus healthy subjects and a trend
to significance in fibromyalgia/chronic fatigue syn-
drome patients versus controls (Table II). These results
confirm the observation made by several other investi-
gators [Rosenberg et al., 1989; Yousef et al., 1990;
Bowles et al., 1993] about the link between chronic
inflammatory muscle diseases and chronic enterovirus
infection. However, the high prevalence of enterovirus
RNA in skeletal muscles from patients with fibromyal-
gia/chronic fatigue syndrome [Gow and Behan, 1991;
Bowles et al., 1993; Gow et al., 1994; this study] or with
neuromuscular disorders [Gow et al., 1994] suggests
that the presence of enterovirus RNA in muscle is not
specific to chronic inflammatory muscle diseases.

Using a sensitive immunohistochemical technique
developed in our laboratory and having shown positive
results in cardiac muscle specimens from patients with
dilated cardiomyopathy [Li et al., 2000], the VP-1
protein was not detected in skeletal muscle specimens
of any subjects from the three groups. In skeletal muscle,
the nondetection of the VP-1 protein suggests a defec-
tive viral replication, as evidenced by previous results
obtained both in chronic fatigue syndrome patients
[Cunningham et al., 1990, 1991] and in a murine model
of chronic inflammatory myopathy [Tam and Messner,
1999] about the persistence of viral RNA under double
stranded conformation and the presence of plus and
minus strands at nearly equivalent levels.

The results of this study confirm previous data on
the persistence of enterovirus RNA in skeletal muscle
of patients with chronic inflammatory muscle diseases
and, at a less extent, with fibromyalgia/chronic fatigue
syndrome. The absence of detection of VP-1 protein in
positiveRNA samplesreinforces theconcept thatentero-
virus RNA is in a nonreplicative state in muscle of
patients with chronic muscular disability. In addition,
the absence of enterovirus RNA in samples from healthy
subjects is not in favor of a role of skeletal muscle as a
reservoir for enterovirus persistence.
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