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Abstract

TORCH (Toxoplasmosis, Rubella, Cytomega-
lovirus, Herpes Simplex Virus and Syphilis)
infections are a major cause of intrauterine and
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perinatal infections with associated morbidity
and mortality. Neonatal Herpes Simplex Virus
infection caused by an enveloped, double-
stranded DNA virus of the Herpesviridae fam-
ily is devastating and fatal. Herpes Viruses are
not hepatotropic but may rarely cause hepati-
tis. Most cases of HSV hepatitis rapidly prog-
ress to fulminant hepatic failure and often
fatal before the diagnosis or transplantation.
Nowadays, despite the availability of antiviral
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treatment (acyclovir), the outcome remains
poor because of late identification of hepatic
Herpes Simplex Virus (HSV) infection. We
report a male neonate suspected with a meta-
bolic/mitochondrial disease and multi-organ
involvement but who developed a fulminant
hepatic failure and disseminated coagulopathy
secondary to HSV type 1 (HSV-1) infection.
The postmortem diagnosis was performed
demonstrating HSV-1 in liver tissue by trans-
mission electron microscopy and by retrospec-
tive detection of HSV specific antigens by
immunohistochemistry.

Keywords

Electron microscopy - Hepatitis - Herpes
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1 Introduction

In the first 28 days-of-live intrauterine and perinatal
infections are the major causes of neonatal death
(Lehtonen et al. 2017). Neonatal Herpes Simplex
Virus (HSV) infection is uncommon, deadly and
caused by an enveloped virus of the Herpesviridae
family (Basinger et al. 2019; Curry et al. 2006;
Goldsmith 2014; Laue 2010; Motorna et al. 2018;
Newcomb et al. 2017; Ramgopal et al. 2020;
Roingeard 2008; Roingeard et al. 2019). HSV
type 1 (HSV-1) causes 25-30% of the neonatal
herpetic infections and leads to devastating diseases
with potential poor outcomes. Infants acquire
viruses during intrauterine, peripartum or postpar-
tum periods, from a parent or caregivers. Neonates
with HSV disease are classified in three groups:
skin-eye-mouth, central nervous system (CNS),
and disseminated disease. This classification is clin-
ically relevant because it is predictive of neurodeve-
lopmental outcome and mortality of the disease.
Herpes Viruses, unlike Hepatitis Viruses, are not
hepatotropic but may cause hepatitis, even if rarely
(Noor et al. 2018). Most cases of HSV hepatitis
rapidly progress to fulminant hepatic failure which
can be fatal before both diagnosis and transplanta-
tion. Nowdays, although the pathogenesis of HSV
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hepatitis is not fully understood, it has high mortal-
ity rate and severe complications (Basinger et al.
2019; Noor et al. 2018; Then et al. 2019; Tosone
et al. 2018). Clinical suspicion for neonatal
HSV infection warrants immediate initiation of
appropriate antiviral therapy with specific agents
that dramatically improve clinical outcomes
with manageable toxicity. For babies with
disseminated and CNS disease, death is usually
due to severe coagulopathy and extensive hepatic/
pulmonary involvement despite the availability of
therapy (McPherson 2020). This makes the early
identification of HSV infection essential in improv-
ing outcomes and potentially preventing mortality
(Then et al. 2019). We report a male neonate
suspected with a metabolic/mitochondrial disease
and multi-organ involvement who developed a
fulminant hepatic failure and disseminated
coagulopathy secondary to HSV-1 infection. The
diagnosis was made postmortem demonstrating
HSV in liver tissue by transmission electron micros-
copy (TEM) and detecting retrospectively HSV-1
specific antigens by immunohistochemistry (IHC).

2 Case Presentation

A male patient was born at term from dystocic
delivery with the aid of vacuum extractor. Maternal
pregnancy was normal with negative maternal
serology (Cytomegalovirus, Toxoplasma gondii,
HIV, Treponema pallidum, Rubella Virus, Hepati-
tis C Virus) and vagino-rectal swab (Streptococcus
Agalactiae). He presented transient newborn respi-
ratory distress responsive to nasal Continuous Pos-
itive Airway Pressure (nCPAP), a mild jaundice
and a normal neonatal screening (Table 1) with
negative Guthrie test, so he was discharged. On
the third day of life, he was hospitalized at the
Neonatology Unit (NU) of the birth point, due to
hyperbilirubinemia (no laboratory data) and
treated, until resolution, with phototherapy for
28 h. He was discharged on the fourth day of life
in stable conditions and breastfed.

On the tenth day of life he was readmitted to
hospital because of irritability, axial hypotonia,
cyanosis and focal seizure activity and exposed to
abroad-spectrum antibiotic therapy. In a few hours,
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Table 1 Neonatal screening tests routinely done in the Neonatology and Neonatal Intensive Care Unit in S. Anna

Hospital, Ferrara, Italy

Test

Phenylketonuria

Hyperphenylalaninemia

Deficient biosynthesis of the biopterin cofactor
Deficient regeneration of the biopterin cofactor
Tyrosinemia type I and II

Maple syrup urine disease

Homocystinuria

Citrullinemia

Arginase deficiency

Argininosuccinate lyase deficiency

Carnitine transporter deficiency

Carnitine palmitoyltransferase I deficiency
Carnitine palmitoyltransferase II deficiency
Carnitine- acylcarnitine translocase

Very long chain acyl CoA dehydrogenase deficiency

Long chain 3 hydroxy acylCoA dehydrogenase and mitochondrial trifunctional protein deficiencies

Mediun chain acyl Coa dehydrogenase deficiency

Short chain 3 hydroxy acylCoA dehydrogenase deficiency

Glutaric aciduria type I

Glutaric aciduria type II

Isovaleric aciduria

Betaketothiolase deficiency

Propionic aciduria

Methylmalonic aciduria

Methylmalonic aciduria with Homocystinuria
3Hydroxy 3 methyl glutaric aciduria

2 Methylbutirril CoA dehydrogenase deficiency
Multiple carboxilase deficiency

Galactosemia

Biotinidase deficiency

Congenital adrenal hyperplasia

Congenital hypothyroidism

Cystic fibrosis

his clinical conditions dramatically worsened with
impaired respiratory and cardiac function and
oliguria. Laboratory tests showed: metabolic aci-
dosis, coagulopathy, hyperammonemia, hypertran-
saminasemia, ketotic hypoglycemia (Table 2). The
patient was transferred at our Pediatric Intensive
Care Unit (PICU) where he arrived in profoundly
serious conditions (Table 2); the PEdiatric Logistic
Organ Dysfunction (PELOD) score was critical
equal to 22.7. Supportive care was immediately
started with metabolic correction measures,
mechanical ventilation, inotrope (VIS first
24 h = 60), peritoneal dialysis after insertion of

Result

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Tenckhoff catheter and blood products transfusion.
Plasma amino acidogram showed a generalized
elevation of all amino acids and plasma
acylcarnitines determination showed minimal ele-
vation of C2-C4-C8-C10. Hepatotropic virus
(Epstein Barr Virus, Parvovirus, Cytomegalovirus)
serology was negative. However, all treatments
proved ineffective and the patient died 48 h after
admission. Muscle and skin biopsies and DNA
sample were taken in perimortem, with informed
consent from parents, as usual in children with
metabolic disease with not defined etiology.
Autopsy was then performed.
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Table 2 Laboratory data from the tenth to the twelfth day of life of the patient

Age of life

10th day 10th day
Exam (NU, Ferrara) (PICU, Bologna) 11th day 12th day
AST (<60 U/L) - 7,662 4,647 -
ALT (<45 U/L) 2,714 1,254 729 -
PT (<1.20 s) Sample does not coagulate Sample coagulated 5.90 Hemolysis
A PTT (0.82-1.25 s) Sample does not coagulate Sample coagulated 7.8 Hemolysis
pH - 7.15 7.14 6.91
LACTATE (0.5-1.4 mmol/L) - >15 >15 >15
BE (48 mmol/L) - —19.2 —13.8 —24.3
AMMONIA (<53 pmoli/L) 621 335 248 -
PCR (<0.50 mg/dl) 0.29 0.39 0.19 —
GLUCOSE (45-126 mg/dl) <10 (ketons in urine) - - -

ALT alanine aminotransferase, AST aspartate aminotransferase, PT prothrombin time, APTT partial thromboplastin time

activated, BE base excess, PCR C-reactive protein

2.1 Muscle Biopsy

Muscle biopsy performed 1 day after hospitaliza-
tion was snap-frozen in liquid nitrogen-chilled
isopentane. Cryostat-cut sections were routinely
stained for routine histology and histoenzimology
and small fragments of muscle biopsy were fixed
and embedded in araldite for analysis under TEM,
as previously described (Cenacchi et al. 2013).
Histological and histochemical stainings showed
myopathic, aspecific findings such as fiber size
variability, rare hypertrophic eosinophilic fibers,
and slightly increased staining in the reaction for
lysosomal acid phosphatase. Ultrastructural study
showed few alterations of the myofibrillar com-
ponent with disarray and mild increase of lipids
with no marked evidence of mitochondria
alterations. The histological and ultrastructural
findings didn’t confirm a diagnosis of mitochon-
drial or metabolic disease.

2.2 Autopsy

On autopsy, gross examination revealed multi
organ failure with anasarca, pulmonary edema,
bilateral cortical kidney ischemia, bilateral adre-
nal sub-atrophy and diffuse liver damage
evidenced by small white areas in a red back-
ground, suggestive of necrosis caused by infec-
tion and/or shock. The cause of hepatic damage

was not obvious at the time, but it was thought to
be the initial cause of a sequence of damaging
events. As routinely done, a thorough sampling of
the internal organs was performed for histological
study. Liver samples were submitted also to ultra-
structural analysis (UA) because of the clinical
suspicion of mitochondrial or metabolic disease
and pathological suspicion of infectious disease.
Moreover, hemorrhagic subcutaneous suffusions
were suspicious for hepatic insufficiency and/or
intravascular coagulopathy. Small gastric ulcers
associated with hemorrhagic punctuations of the
mucosa and mild splenomegaly were also
described. Brain examination was not performed
for ethical reasons.

Liver and Adrenal Gland
Histology Analysis

2.3

Autoptic liver and adrenal gland biopsies were
formalin fixed, paraffin embedded and stained
with HE which showed a severe necrotizing hep-
atitis with confluent hemorrhagic necrosis with
few areas of coagulation necrosis (Fig. la, b).
Hepatic hemorrhagic necrosis is also a conse-
quence of the shock associated with disseminated
intravascular  coagulopathy. Adrenal gland
showed small areas of coagulation necrosis
(Fig. 1c, d), that might have contributed to
organ failure shock.
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Fig. 1 Liver and adrenal gland autoptic samples, histology analysis. HE shows several areas of coagulation necrosis
(arrows) in liver (a, b) and adrenal gland (¢, d); magnification 2x (a, ¢) and 20x (b, d)

24 Liver Ultrastructural Analysis

As previously described small liver fragments
were processed for UA, which showed
hepatocytes with intracytoplasmic large lipid
vacuoles (Fig. 2a) and irregularly shaped nuclei,
despite  artefactual post-mortem  alterations
(Cenacchi et al. 2013). Moreover, nucleoplasm
and cytoplasm featured many roundish or polygo-
nal nucleocapsid particles, 70-80 nm in diameter
with an electron dense core (Fig. 2b). These
particles were also found near the nuclear mem-
brane frequently empty (defective particles)
(Fig. 2c¢). In the intercellular areas some viral
nucleocapsids were seen showing an envelope
with an overall diameter of about 200 nm (Fig. 2d).

2.5 Liver and Adrenal Gland

Immunohistochemical Analysis

After the result of UA, IHC was performed using a
cocktail of anti-HSV antibodies composed by a
rabbit anti-HSV-1 and a mouse anti-HSV-2; this
cocktail reacts with both HSV-1 and HSV-2 spe-
cific antigens and it recognizes all the major
glycoproteins in the viral envelope and at least
one core protein (PDRMOO1I, Diagnostic
Biosystem). Using different secondary antibodies,
respectively anti-rabbit and anti-mouse separately
on different slides, we were able to identify nuclei
and some cytoplasmic areas positive for HSV-1
and negative for HSV-2 both in liver (Fig. 2e) and
adrenal gland (Fig. 2f). The overall histological
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Fig.2 Liver and adrenal samples, ultrastructural and IHC
analysis. (a) Remnants hepatocytes with cytoplasmic lipid
vacuoles (asterisks). (b) Nucleocapsidic particles with
electrondense core are visible in the nuclei and cytoplasm
(arrows). (c) Some empty defective particles are found
alongside the nuclear membrane (arrows). (d) In the
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intercellular space, some virions are visible with an enve-
lope of intermediate electrondensity, giving an overall
diameter of 200 nm. Numerous HSV-1 positive nuclei in
hepatic (e, arrow) and adrenal (f, arrow) tissues and few
cytoplasmic areas (asterisks) by IHC analysis. Magnifica-
tion 5,400x (a), 25,000x (b, ¢), 64,000x (d), 40X (e, f)



Ultrastructural and Immunohistochemical Diagnosis of a. ..

findings suggest an hematogenous dissemination
of the HSV infection.

3 Discussion

Neonatal herpetic infections should be considered
in the differential diagnosis of each acutely
unwell neonate. Moreover, disseminated HSV
infection should always be considered as a possi-
bility, especially in neonates with CNS, hepatic,
pulmonary or multiorgan disease processes. Early
diagnosis is imperative when evaluating neonatal
HSYV infection to prevent further disease progres-
sion, neurological complications and even death.
Even though treatment (acyclovir) is readily
available, most cases have a poor prognosis due
to late therapeutical initiation because of an infec-
tion misdiagnosis (Abuhasna et al. 2012). The
differential diagnoses to consider in disseminated
disease patients include other viral causes and
metabolic/mitochondrial diseases. HSV infection
might be suspected even though its presentation is
frequently non-specific, difficult to be distin-
guished from bacterial sepsis and the maternal
infection can be asymptomatic. Diagnostic tools
include cultures of vesicular lesions and ‘surface
swabs’, HSV serology, HSV DNA by PCR and
liver biopsy histological examination. The latter
remains the gold standard for diagnosing HSV
hepatitis even if there is an increased associated
risk of bleeding in patients with acute liver fail-
ure, sometimes reduced by a transjugular
approach instead of a percutaneous one (Noor
et al. 2018; Then et al. 2019). In the literature,
this very rare diagnosis is frequently made
through post-mortem biopsy, confirming that
HSV hepatitis is usually characterized by a non-
specific presentation, making timely diagnosis
difficult and fatally delaying the following treat-
ment. In our case, we have considered but
excluded neonatal sepsis due to repeatedly nega-
tive C-reactive protein (Table 2) and supposed
a potential mitochondrial/metabolic disease
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because of the early onset of symptoms, elevated
ammonia and lactate as well as metabolic acidosis
and ketotic hypoglycemia found already from
onset. Histological and ultrastructural findings of
the muscle biopsy did not confirm this hypothe-
sis. We tried to investigate primary hepatic
diseases, also infective ones (Epstein Barr, Parvo-
virus, Cytomegalovirus) but they were all nega-
tive. The extremely serious conditions of the child
made difficult even recovering blood samples on
which perform further analysis and the research
of HSV DNA, which was possible only on DNA
isolated from Guthrie test, was negative as well,
excluding a peripartum maternal infection. We
managed to carry out the plasma amino acidogram,
which showed nonspecific findings, probably
influenced by severe hemolysis, and the determi-
nation of plasma acylcarntins which did not justify
the overall clinical picture. These no specific
results couldn’t guide appropriate genetic tests.
The UA of the liver biopsy suspected the presence
of enveloped viral particles compatible with Her-
pes Virus. Herpes and Cytomegalovirus share a
similar ultrastructural morphology and the differ-
ential diagnosis has been done by IHC analysis. In
addition, in the histology findings of the liver
biopsy were absent cytomegaly and enlarged
nuclei with the “Owl’s eye” inclusions, typical of
a Cytomegalovirus infection. IHC on liver sections
identified HSV-1 as the causative agent,
confirming the ultrastructural suspicion and revers-
ing the initial metabolic hypothesis, which would
have been negative for the parental perspective of
future sons. In conclusion, we would like to aid
clinicians to early identify of HSV hepatitis to
rapidly initiate treatment. The antiviral therapy
prevent mortality even if we cannot forget that
liver transplantation may be the only option for
neonates with fulminant or acyclovir resistant
HSV hepatitis (Noor et al. 2018; Shahani 2016;
Then et al. 2019; Vincenzi et al. 2017). Moreover,
we would like to highlight the key role of the
UA in viral infection diagnosis also in autoptic
samples.



100

Declarations

Funding No funds, grants, or other support was received.

Author Contributions Conceptualization, G.C., N.C.M.
S., D.M.C,, V.P. and R.C;; clinical and laboratory data, D.
M.C., LB., E.R. and F.C.; muscle biopsy and TEM analy-
sis, G.C., V.P. and R.C.; autopsy, histology and THC
analysis, N.M.C.S. and F.L.; writing—original draft prep-
aration, V.P., NM.C.S., R.C., DM.C,, ER. and G.C;
writing—review and editing, G.C., V.P., R.C. and N.M.
C.S.; visualization, V.P. and G.C. All authors have read
and agreed to the published version of the manuscript.

Conflicts of Interest/Competing Interests The authors
have no relevant financial or non-financial interests to
disclose.

Ethics Approval Written informed consent for muscle
and skin biopsies and autopsy were obtained from the
patient’s parents.

Availability of Data and Material Data sharing not
applicable to this article as no datasets were generated or
analyzed during the current study.

Code Availability Not applicable.

References

Abuhasna S, Shihab Z, Al Niyadi S, Tatari H, Al Jundi A,
Atwa K (2012) Neonatal herpes simplex fulminant
hepatitis successfully treated with acyclovir. J Clin
Neonatol 1(2):87. https://doi.org/10.4103/2249-4847.
96761

Basinger JM, Fiester SE, Fulcher JW (2019) Mortality
from neonatal herpes simplex viremia causing severe
hepatitis. Forensic Sci Med Pathol 15(4):663—-666.
https://doi.org/10.1007/s12024-019-00147-w

Cenacchi G, Peterle E, Fanin M, Papa V, Salaroli R, Angelini
C (2013) Ultrastructural changes in LGMDIF. Neuropa-
thology 33(3). https://doi.org/10.1111/neup.12003

Curry A, Appleton H, Dowsett B (2006) Application of
transmission electron microscopy to the clinical study
of viral and bacterial infections: present and future.
Micron 37(2):91-106. https://doi.org/10.1016/j.
micron.2005.10.001

Goldsmith CS (2014) Morphologic differentiation of
viruses beyond the family level. Viruses 6
(12):4902-4913. https://doi.org/10.3390/v6124902

V. Papa et al.

Laue M (2010) Electron microscopy of viruses. In
Methods in cell biology (vol 96, issue C). Elsevier.
doi:https://doi.org/10.1016/S0091-679X(10)96001-9

Lehtonen L, Gimeno A, Parra-Llorca A, Vento M (2017)
Early neonatal death: a challenge worldwide. Semin
Fetal Neonatal Med 22(3):153-160. https://doi.org/10.
1016/j.siny.2017.02.006

McPherson CC (2020) Neonatal herpes simplex virus: the
long road to improved outcomes. Neonatal Netw 39
(2):92-98. https://doi.org/10.1891/0730-0832.39.2.92

Motorna NV, Kbvitnitskaya-Ryzhova TY, Rybalko SL,
Starosyla DB, Kaminsky RF, Savosko SI, Sokurenko
LM, Chaikovsky YB (2018) Experimental study of the
liver ultrastructure in the presence of infection with
herpes simplex virus 1. Wiadomosci Lekarskie
(Warsaw, Poland: 1960) 71(7):1235-1241

Newcomb WW, Fontana J, Winkler DC, Cheng N,
Bernard Heymann J, Stevena AC (2017) The primary
enveloped virion of herpes simplex virus 1: its role in
nuclear egress. MBio 8(3):1-14. https://doi.org/10.
1128/mBi0.00825-17

Noor A, Panwala A, Forouhar F, Wu GY (2018) Hepatitis
caused by herpes viruses: a review. J Dig Dis 19
(8):446-455. https://doi.org/10.1111/1751-2980.12640

Ramgopal S, Wilson PM, Florin TA (2020) Diagnosis and
management of neonatal herpes simplex infection in
the emergency department. Pediatr Emerg Care 36
(4):196-204. https://doi.org/10.1097/PEC.
0000000000002077

Roingeard P (2008) Viral detection by electron micros-
copy: past, present and future. Biol Cell 100
(8):491-501. https://doi.org/10.1042/bc20070173

Roingeard P, Raynal PI, Eymieux S, Blanchard E (2019)
Virus detection by transmission electron microscopy:
still useful for diagnosis and a plus for biosafety. Rev
Med Virol 29(1):1-9. https://doi.org/10.1002/rmv.2019

Shahani L (2016) Fulminant hepatic failure secondary to
acyclovir-resistant herpes simplex virus. BMJ Case
Rep 2016. https://doi.org/10.1136/bcr-2016-216322

Then EO, Gayam V, Are VS, Sunkara T, Gaduputi V
(2019) Herpes simplex virus hepatitis: a brief review
of an oft-overlooked pathology. Cureus 11(3). https://
doi.org/10.7759/cureus.4313

Tosone G, Simeone D, Spera AM, Viceconte G, Bianco V,
Orlando R (2018) Epidemiology and pathogenesis of
fulminant viral hepatitis in pregnant women. Minerva
Ginecol 70(4):480-486. https://doi.org/10.23736/
S0026-4784.17.04107-7

Vincenzi R, Fonseca EA, Roda KMO, Porta G, Candido
HL, Benavides MR, Leite KRM, Afonso RC, Turine-
Neto P, Ribeiro CMF, Chapchap P, Seda-Neto J (2017)
Living donor liver transplantation for neonatal fulmi-
nant hepatitis due to herpes simplex virus infection.
Pediatr Transplant 21(7):1-4. https://doi.org/10.1111/
petr.13021


https://doi.org/10.4103/2249-4847.96761
https://doi.org/10.4103/2249-4847.96761
https://doi.org/10.1007/s12024-019-00147-w
https://doi.org/10.1111/neup.12003
https://doi.org/10.1016/j.micron.2005.10.001
https://doi.org/10.1016/j.micron.2005.10.001
https://doi.org/10.3390/v6124902
https://doi.org/10.1016/S0091-679X(10)96001-9
https://doi.org/10.1016/j.siny.2017.02.006
https://doi.org/10.1016/j.siny.2017.02.006
https://doi.org/10.1891/0730-0832.39.2.92
https://doi.org/10.1128/mBio.00825-17
https://doi.org/10.1128/mBio.00825-17
https://doi.org/10.1111/1751-2980.12640
https://doi.org/10.1097/PEC.0000000000002077
https://doi.org/10.1097/PEC.0000000000002077
https://doi.org/10.1042/bc20070173
https://doi.org/10.1002/rmv.2019
https://doi.org/10.1136/bcr-2016-216322
https://doi.org/10.7759/cureus.4313
https://doi.org/10.7759/cureus.4313
https://doi.org/10.23736/S0026-4784.17.04107-7
https://doi.org/10.23736/S0026-4784.17.04107-7
https://doi.org/10.1111/petr.13021
https://doi.org/10.1111/petr.13021

	Ultrastructural and Immunohistochemical Diagnosis of a Neonatal Herpes Simplex Virus Infection Presenting as Fulminant Hepatit...
	1 Introduction
	2 Case Presentation
	2.1 Muscle Biopsy
	2.2 Autopsy
	2.3 Liver and Adrenal Gland Histology Analysis
	2.4 Liver Ultrastructural Analysis
	2.5 Liver and Adrenal Gland Immunohistochemical Analysis

	3 Discussion
	References


