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We report the case of a young woman with CMV infection, high level of creatine 
kinase and myopathy. Electromyography showed a myopathic pattern. Muscle bi-
opsy showed a marked increase of NADH enzymatic activity in the central area of 
almost all type I fibres, few degenerative and necrotic fibres and scattered mono-
nuclear cell infiltrates. Ultrastructural analysis showed a marked disarrangement 
of sarcomeric structure and large inclusions of thin filaments in some fibres, while 
immunohistochemistry evidenced alteration in desmin, actin and αB-crystallin 
protein signals. PCR for CMV detection on muscle sections was negative. His-
tological, immunological and ultrastructural evaluations were compatible with a 
necrotic inflammatory myopathy. The correlations between CMV liver infection 
and the myopathic pattern are discussed. This case underscores the need to con-
sider CMV infection in the differential diagnosis of myopathy with undetermined 
aetiology, quickly providing directions for a targeted muscle pharmacological in-
tervention. 
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Introduction 
Viral infections have been frequently reported in association with de-

velopment of secondary myopathies characterized by different forms of 
muscle involvement that can vary from mild to severe inflammatory my-
opathy. Literature reported evidences of nemaline myopathy and myositis 
after human immunodeficiency infection (HIV) 1, myositis after infection 
by hepatitis B and C 2, Epstein-Barr virus 3, herpes simplex virus 4 and, 
less frequently, cytomegalovirus (CMV) 5. Few cases of severe rhabdomy-
olysis in association with CMV infection 6,7, and a case of polymyositis 
associated with primary CMV infection were reported 5. 

Herein, we describe the case of a young woman with hepatitis by pri-
mary CMV infection, muscle weakness, myalgia, oedema and increased 
serum creatine kinase (CK) levels associated with severe and marked 
structural alterations in skeletal muscle, whose symptoms improved after 
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immunomodulatory treatment (intravenous immunoglob-
ulin followed by steroid).

Materials and methods
Case history

A 29-year-old female, with a medical history of as-
ymptomatic SARS-CoV-2 infection (September 2020) 
and Raynaud’s syndrome, was hospitalized in February 
2021 because of a CMV hepatitis associated with asym-
metrical upper limb muscle weakness. She reported a 
three-week history of asthenia, myalgia, local swelling, 
marked oedema in the upper limbs and low-grade fever 
without any dyspnoea or dysphagia. Needle electromyog-
raphy (EMG) showed myopathic pattern in the proximal 
and distal muscles of the four limbs with abundant signs 
of denervation in the active phase. During hospitalization, 
haematological analyses showed a progressive macro-
cytic anemia (up to a Hb 8.8 g/dL, MCV 99.7), reduced 
blood cell count (leukocyte 3.200/μL, platelets 162.000/
μL), and high levels of D-dimer, most likely attributable 
to a systemic inflammatory state. No myoglobinuria was 
detected.

Laboratory examinations showed an increase in CK 
(3371  U/L, n.v.  =  26-192) and lactate dehydrogenase 
(LDH = 536 U/L, n.v. = 125-250) levels and a deranged 
liver function (ALT = 220 U/L and AST = 549 U/L). Re-
nal function was normal. A full body CT-scan indicated a 
slightly enlarged spleen.

The serological viral panel for CMV, EBV, HCV, HIV 
showed positivity for CMV (anti-CMV IgG 80.00 U/mL, 
IgM 53.70  U/mL). RT-PCR investigation for CMV in 
skeletal muscle was negative. The screening for autoan-
tibodies (ASMA, AMA, ANA, ANCA, ENA, anti CCP, 
anti ds-DNA, anti-beta2 glycoprotein and rheumatoid 
factor) was negative and so was the screening for autoim-
mune myositis (antibodies anti-PL-7, PL-12, SRP, Mi-2, 
EJ, MDA-5, TIF-g, SAE1, SAE2, NXP-2). There were no 
skin lesions suggesting dermatomyositis. 

The patient was treated with intravenous immuno-
globulins 0.4 mg/kg for 5 days and with steroid therapy 
(methylprednisolone 500 mg intravenous for 5 days fol-
lowed by oral prednisone 50 mg daily) with progressive 
improvement of asthenia and normalization of CK levels 
(58 U/L). 

At the follow-up two months after discharge, the pa-
tient reported an almost complete recovery, with normal 
walking also possible on toes and heels. Haematological 
analyses were within normal range except for platelets 
(141.000/μL). A control EMG three months after dismissal 
showed regression of spontaneous activity in both proxi-
mal and distal muscles of four limbs, only modest myopa-
thic signs being evident in the right ileopsoas muscle. 

Muscle biopsy 

Skeletal muscle biopsy from left quadriceps was per-
formed at the Neurologia-Stroke Unit of Lecco Hospital 
and sent to our Neuromuscular and Rare Disease Unit for 
histological, immunohistochemical and electron micros-
copy evaluations. 

Muscle sections from patients without any detect-
able muscle diseases were used as normal controls while 
muscle sections from three patients with diagnosed in-
flammatory myopathy served as pathological controls (all 
patients had signed written informed consent when they 
had undergone muscle biopsy).

Tissue specimen was frozen in isopentane-cooled 
liquid nitrogen and processed according to standard tech-
niques, as previously described 8. For histological analy-
sis, 8 µm-thick cryosections were picked and processed 
for routine staining with Haematoxylin and Eosin (H&E), 
Modified Gomori Trichrome (MGT), myosin ATPase (pH 
9.4-4.6-4.3), cytochrome c oxidase (COX), succinate de-
hydrogenase (SDH), phosphatase acid (PA), NADH, Oil 
Red O, Periodic Acid Schiff (PAS) and Congo Red.

Electron microscopy

For ultrastructural examination, a small part of mus-
cle sample was fixed in 2.5% glutaraldehyde (pH  7.4), 
post fixed in 2% osmium tetroxide and then, after dehy-
dration in a graded series of ethanol, embedded in Epon’s 
resin. Finally, ultrathin sections were stained with lead ci-
trate and uranyl acetate and examined with Zeiss EM109 
transmission electron microscope. 

Immunofluorescence

Immunohistochemical staining was performed for 
evaluation of inflammatory component using the fol-
lowing mouse monoclonal antibodies: anti-HLA-ABC 
Antigen/RPE (1:10), anti-MAC (1:50), anti-CD4 (1:50), 
anti-CD8 (1:10) and anti-CD68 (1:50), all from Da-
ko Agilent (Santa Clara, CA, USA). Mouse monoclo-
nal anti-cytomegalovirus antibody (not diluted, clone 
CCH2+DDG9; Dako) was used to detect the presence of 
virus in muscle sections.

For muscle structural evaluation the following anti-
bodies were tested: actin (1:500 rabbit polyclonal; Ther-
moFisher, Rockford, IL, USA), myotilin (1:10 mouse 
monoclonal; Novocastra Laboratories, Newcastle upon 
Tyne, UK), desmin (1:100 mouse monoclonal; Chemi-
con, Millipore, Billerica, MA, USA), αB-crystallin 
(1:100 rabbit polyclonal; Chemicon). Slides were then 
incubated with the appropriate secondary antibody con-
jugated to Alexa 488 or Alexa 568 (1:200, Invitrogen Life 
Technologies, Carlsbad, CA, USA). 
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Results
Light microscopy

The outstanding feature of muscle biopsy was the 
strong increase of NADH enzymatic activity in the cen-
tral area of almost all type  I fibres while subsarcolem-
mal areas of reduced enzymatic activity were appreciat-

ed in rare type I fibres (Fig. 1D). H&E and MGT stains 
showed a few degenerative and necrotic fibres and scat-
tered mononuclear infiltration (Figs. 1A-B). No centro-
nucleated fibres were observed. Fibres were normal in 
shape with a physiological variability in size. Endomysial 
and perimysial connective tissue was normal. Rare split-
ting fibres were also observed. ATP-ase staining showed 

Figure 1. Light microscopy observations. H&E (A) and MGT (B) show few degenerative and necrotic fibres and nor-
mal connective tissue (magnification 400 x). Acid phosphate reaction (C) is positive in necrotic fibres and at interstitial 
level (magnification 200 x). NADH (D) signal is increased in type I fibres, COX (E) and COX-SDH (F) reactions show 
COX signal reduction in some scattered fibres with normal SDH activity (magnification 400 x). Immunohistochemistry 
shows CD68 (macrophage) positivity (G), HLA positivity at membrane level and in the cytoplasm of necrotic fibres (H) 
and MAC positivity in capillaries (I). Laminin-α2 (green) was used for membrane counterstaining (magnification 400 x).
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a normal distribution of type I and type II fibres. Diffuse 
and moderate increase in acid phosphatase activity in 
necrotic fibres and in the interstitial tissue were detected 
(Fig. 1C). COX activity was reduced in scattered fibres 
with normal SDH (Figs. 1E-F). No changes in glycogen 
and lipid content were observed.

Electron microscopy

Ultrastructural examination showed alteration of 
sarcomeric structure in several muscle fibres. In partic-
ular, we observed three main types of structural chang-
es. In a fair number of fibres, we found thin filamentous 
inclusions, localized either in the sarcoplasm or at sub-
sarcolemmal level (Figs. 2B, and E). Also, we detected 
focal areas of myofibrillar disorganization in the centre 
of otherwise normal muscle fibres (Figs. 2A, C and F). 
Lastly, as shown in figure 2D, in some areas we observed 
a disruption of the Z-bands with longitudinal stream-
ing of Z-band material along the sarcomere. Additional 
observations include a slight increase in lipid droplets 
(Fig. 2D) and rare lipofuscines (Fig. 2E). Nuclei showed 
a normal aspect with the exception of those located in the 
necrotic fibres.

Immunofluorescence

Infiltrating cells were predominantly CD68-positive 

(Fig. 1G), while rare positivity was observed for CD4 and 
CD8. Anti-MAC stained some capillaries and anti-HLA 
showed positivity at the sarcolemma of nearly all muscle 
fibres and in the cytoplasm of necrotic fibres. Sarcoplas-
mic HLA-positivity was occasionally observed in some 
non-necrotic fibres (Figs.  1H-I). No positivity was ob-
served in muscle biopsy tissue from controls. 

In addition, several other alterations in fluorescent 
signals were detected compared to control muscles. In 
particular, anti-desmin staining showed a discontinuous 
signal at membrane level as well as a diffuse cytoplasmic 
signal mostly localized in the central area of several fi-
bres. This positivity was different from the vacuolar stain-
ing observed in diagnosed inflammatory myopathies. In 
control muscles desmin staining was localized only at 
membrane level (Fig. 3). 

Anti-actin staining showed areas of strong positiv-
ity in a discrete number of fibres, mainly localized at 
subsarcolemmal level. No alterations were detectable 
in both control muscles and in inflammatory myopathy 
specimens (Fig. 3).

With αB-crystallin staining, many fibres showed a 
diffuse strong positivity in aggregate-like structures, in 
some other fibres, however, the staining was localized ei-
ther in subsarcolemmal areas, or extended to the almost 
totality of the cytoplasm. This pattern is totally different 
from what we see in inflammatory myopathies (Fig. 3).

Figure 2. Ultrastructural observation. Central areas of myofibrillar disorganization (A, C, F). Inclusion of thin filaments 
in the sarcoplasm and in the subsarcolemmal region (B, E). Disruption of the Z-bands with longitudinal streaming of 
Z-band material, and a slight increase in lipid droplets (D). Scale bar: 2270 nm (A-D), 1420 nm (E, F).
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Conclusions
We report the case of a young woman, hospitalized 

because of a CMV hepatitis and muscle weakness, dis-
charged with a diagnosis of autoimmune myositis. Rou-
tine muscle histology was suggestive of a primary nec-
rotizing inflammatory myopathy with peculiar central 
areas of increased NADH activity in type I fibres. Fur-
ther investigation by ultrastructural analysis showed, in 
several fibres, large inclusions of thin filaments, focal 

areas of myofibrillar disorganization and disruption of 
the Z-bands with longitudinal streaming of Z-band ma-
terial along the sarcomere. Immunofluorescence showed 
marked alterations in desmin, actin and αB-crystallin ex-
pression and localization in several fibres.

These findings are quite unique for a primary myosi-
tis and, to our knowledge, no cases of similar “secondary 
myopathies” have ever been associated with CMV hepa-
titis. A previous single case of muscle weakness, diffuse 
myalgia with rhabdomyolysis and acute respiratory pa-

Figure 3. Desmin, actin and αB-crystallin staining in our patient, in diagnosed inflammatory myopathy and in control 
muscle. Nuclei were detected with DAPI. Magnification 400 x.
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ralysis probably associated with CMV infection was re-
ported 7.

Although the presence of viral particles has not been 
confirmed in skeletal muscle by real-time PCR or im-
munohistochemistry, and the mechanism through which 
the virus could affect skeletal muscle is still unknown, 
we can hypothesize that the CMV infection has caused 
the observed alterations in skeletal muscle as an indirect 
host-derived effect. Indeed, besides the direct viral liv-
er infection, indirect effects probably mediated by the 
immunological response can cause detrimental conse-
quences including skeletal muscle alterations 9. However, 
a possible direct viral muscle infection cannot be com-
pletely excluded. Indeed, viral count could have remained 
below threshold detection level due to methodological 
limits and/or very low (latent) viral activity when PCR 
was performed. Ultrastructural changes have been report-
ed in different types of CMV-infected cells as direct ef-
fects: in human bone marrow fibroblasts, mitochondrial 
enlargement, production of dense bodies and cytoplasmic 
accumulation were observed 10. During in vitro CMV in-
fection, a rapid and progressive alteration of actin, micro-
filaments and cytoskeleton was observed in both human 
embryo and lung fibroblasts 11, however what happens in 
cells and tissues not directly invaded by the virus is still 
poorly understood.

The clear improvement of the electromyographic pat-
tern following the acute phase, confirms the non-primary 
nature of the myopathy.

To summarize, several issues – clinical presentation, 
serological and neurophysiological evidence, skeletal 
muscle findings and progressive improvement of clinical 
and instrumental parameters after therapy –  favour the 
hypothesis of an autoimmune/inflammatory myopathy. 
We could not demonstrate the presence of viral particles 
in skeletal muscle, but, as explained, an indirect host-de-
rived effect is likely implicated, not to mention concom-
itance between liver infection and onset of myopathic 
symptoms. 

The study of this case has an important implication 
for the medical internist approach towards primary CMV 
viral infection; indeed, the presence of symptoms induced 
by viral hepatitis could cause underestimation of severe 
effects on other tissues/organs including skeletal muscle.

Also, our report underscores the need to consider 
CMV infection in the differential diagnosis of myopathy 
with undetermined aetiology, providing directions for a 
targeted muscle pharmacological intervention. 
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