
Journal of Clinical Virology 74 (2016) 78–81

Contents lists available at ScienceDirect

Journal  of  Clinical  Virology

jou rn al hom epage: www.elsev ier .com/ locate / j cv

Short  communication

Saffold  virus  infection  associated  with  human  myocarditis

Trine  Skov  Nielsena,∗,  Alex  Yde  Nielsenb,  Jytte  Bannerc,d, Jakob  Hansenc,
Ulrik Baandrupa,  Lars  Peter  Nielsenb

a Centre for Clinical Research, Vendsyssel Hospital/Department of Clinical Medicine, Bispensgade 37, 9800 Hjørring, Aalborg University, Denmark
b Department of Virology/Epidemiology Research, Statens Serum Institut, Artillerivej 5, 2300 Copenhagen S, Denmark
c Department of Forensic Medicine, Aarhus University, Brendstrupgaardsvej 100, 8200 Aarhus N, Denmark
d Department of Forensic Medicine, Copenhagen University, Frederik V’s Vej 11, 2100 Copenhagen Ø, Denmark

a  r  t  i  c  l e  i  n  f  o

Article history:
Received 3 July 2015
Received in revised form 9 November 2015
Accepted 25 November 2015

Keywords:
Human myocarditis
Virology
Saffold virus
PCR
Forensic medicine

a  b  s  t  r  a  c  t

Background:  Saffold  virus  was  described  in  2007  as  one  of  the  first  human  viruses  within  the  genus
cardioviruses.  Cardioviruses  may  cause  severe  infections  of  the  myocardium  in animals,  and  several
studies  have  associated  saffold  virus  with  human  disease.  As  a result,  saffold  virus  has  been  isolated  from
different  anatomical  compartments,  including  the myocardium,  but,  until  now,  it has  not  been  possible
to  demonstrate  the  accompanying  histopathological  signs  of  inflammation.
Objectives:  The  aim of  the study  was  to examine  if  saffold  virus  is  capable  of  causing  invasive  infection  in
the  human  myocardium.
Study design:  Using  real-time  PCR,  we retrospectively  examined  formalin-fixed  paraffin  embedded  cardiac
tissue specimens  from  150  deceased  individuals  diagnosed  with  myocarditis  at autopsy.  The  results  were
compared  with  histological  findings.
Results  and conclusions:  Saffold  virus was  detected  in the  myocardium,  lung tissue  and  blood  of one  child
and  was  accompanied  by histopathological  inflammation  in the  heart  and  lungs,  which  was  supportive  of
a viral  infection.  These  findings  suggest  that  cardioviruses  may  be associated  with  myocarditis  in  humans.

©  2015  Elsevier  B.V.  All  rights  reserved.

1. Background

Cardiovirus is a genus within the picornavirus family that
has been known for several decades. It consists of two  main
species: Cardiovirus A-B. Cardiovirus A contains two  serotypes of
Encephalomyocarditis virus (EMCV), which are well known causes
of myocarditis in animals. Human infections with EMCV were
recently diagnosed using isolation and serology, but no human case
of myocarditis due to EMCV has been identified [1]. The Cardiovirus
B species includes Theiler’s murine encephalomyelitis virus, which
is known to cause encephalitis and myocarditis [2], Thera virus,
Vilyuisk human encephalomyelitis virus and the recent described
human virus; Saffold virus (SAFV).

SAFV was discovered in 2007 when it was isolated from a stool
sample from a child with fever of unknown origin [3]. The virus
is distributed worldwide. SAFV has been isolated from respiratory
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specimens and stool samples from children with respiratory and
gastrointestinal symptoms [4,5] and, in a few studies, the virus has
been detected in the cerebrospinal fluid and the myocardium [6,7].
However, the detection of SAFV has not been associated with micro-
scopic evidence of inflammation in the affected organs. No larger
studies on the occurrence of SAFV in myocardial tissue specimens
from humans with myocarditis have been reported.

2. Objectives

Using real-time PCR, we examined a cohort of 150 deceased indi-
viduals diagnosed with myocarditis to investigate if SAFV is capable
of causing invasive infection in the human myocardium.

3. Study design

We  retrospectively examined formalin-fixed paraffin embed-
ded (FFPE) cardiac tissue specimens from 150 deceased individuals
diagnosed with myocarditis at autopsy (106 men  and 44 women;
median age 34.7 years, age range 3 weeks to 77 years; 13 cases
below the age of 5 years). The cases were selected from a database at
The Institute of Forensic Medicine, Aarhus University, Denmark and
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represented all autopsy cases diagnosed with myocarditis in the
period 1992–2010. Four myocardial tissue samples from each heart
were examined: one from the anterior wall of the left ventricle; one
from the posterior wall of the left ventricle, one from the interven-
tricular septum and one from the right ventricle. Three consecutive
sections fro each location were stained for Hematoxylin & Eosin,
CD3 and CD68.

Total nucleic acids were extracted from 20 �m tissue sections
using a previously described, customized protocol that utilizes the
automated Maxwell 16 system (Promega) in combination with pro-
teinase K digestion and incubation in a lysis buffer [8]. The presence
of RNA after extraction was confirmed in 91% of the myocarditis
cases by reverse-transcriptase PCR amplification of a 121 basepair
fragment of the mRNA transcript from the human LONP1 gene as
described previously [9]. All samples were tested for SAFV using
a reverse-transcriptase real-time PCR assay and a genotyping was
performed as previously described [7].

The laboratory workflow was performed according to usual
guidelines where all procedures for the extraction and PCR were
handled in different laboratories. Furthermore, all samples were
processed separately from each other and from all other materials
in order to reduce the risk of contamination. All assays included
positive and negative control reactions.

4. Results

SAFV was detected at low concentrations upon repeated mea-
surements (ct value = 39) in one of the 150 deceased individuals.
This patient was a 2-year, 7-month-old previously healthy boy who
died suddenly and unexpected after one day of slight fever. Using
direct VP2 genotyping analysis, we determined the identified SAFV
to be SAFV genotype 2. SAFV was also detectable in frozen blood
(ct-value 30) and respiratory secretion (ct-value 22) while the cere-
brospinal fluid was negative. As the present case was  a forensic
autopsy case routine examinations for other pathogens were per-
formed prior to this study in order to establish the cause of death.
Staphylococcus aureus,  Haemophilus influenzae and non-hemolytic
streptococci were isolated from lung tissue while enterovirus was
detected in respiratory secretion. The results are shown in Table 1.

Histological examination revealed acute inflammation in the
myocardium (Figs. 1 and 2) and in the lung tissue (Fig. 3) while
the other examined organs revealed no signs of inflammation or
other diseases. Due to the inflammatory alterations and the detec-
tion of enterovirus in the respiratory secretion, analysis for SAFV
and enteroviruses was also performed on FFPE lung tissue, which
despite repeated trials was negative for both viruses.

5. Discussion

Since the discovery of SAFV many efforts have been made to clar-
ify its possible pathogenicity in humans. In addition to the positive
findings in respiratory specimens and stool samples, SAFV has been
detected in the cerebrospinal fluid and the myocardium, indicating
an invasive potential [6,7]. In the first study, SAFV was found in the
cerebrospinal fluid of two children ≤4 years of age, one of which
died without preexisting symptoms. In this child, SAFV was also
detected in a myocardial biopsy. In the second study, 10 myocardial
biopsies were tested, and one was positive in a nested PCR assay,
but not in real-time PCR. However, no histopathological alteration
could be demonstrated in the myocardium of either of the two
cases. In our study, we  found SAFV in the respiratory secretion,
blood and myocardial tissue of a child and histological evidence of
inflammation in two related organs (heart and lungs). This com-
bination is novel and may  point to a role of SAFV in organ-related
diseases.

Fig. 1. Acute lymphocytic myocarditis. Histological section of the myocardium illus-
trating a small lymphocytic focus with associated degeneration of the myocytes
(arrow). Hematoxylin and Eosin × 200.

The histological alterations in the myocardium and lung tissue
primarily consisted of lymphocytes, which is suggestive of an infec-
tion of viral origin. The inflammatory changes in the myocardium
were less pronounced than the changes in the lungs. Myocardi-
tis is known to be a condition that causes both focal and diffuse
inflammation, and even a small lesion may have a significant clini-
cal impact [10]. The presence of viremia and the detection of SAFV in
respiratory secretion and myocardium combined with the absence
of other detectable pathogens in the myocardium, made SAFV plau-
sible as a causative agent of the inflammatory changes. The low
concentration of SAFV in the myocardium compared to blood and
respiratory secretion may  have been caused by the use of FFPE
myocardial tissue as there is a known decreased sensitivity of virus
detection in FFPE tissue. This may  also be a likely explanation for
the negative result of SAFV analysis on FFPE lung tissue. However,
a higher concentration of viral RNA in the myocardium compared
to lung tissue is also a possibility. The possibility of detecting RNA
targets in postmortem tissue samples depends on several param-
eters including postmortem interval, fixation time, pH in fixation
solution, and RNA extraction method [11]. In this study, we could
detect a control RNA target in more than 90% of the study samples
suggesting a reasonable RNA detection sensitivity and integrity in
our FFPE material. Other studies have established that FFPE tissue
material is usable for reverse-transcriptase PCR analysis of virus
and messenger RNA, although the analytical sensitivity is reduced
when compared to the use of matched frozen tissue material [12].

Three different types of bacteria were isolated from the lung
tissue. Although S. aureus and H. influenzae may  cause pneumonia,
the histological picture is not in agreement with a bacterial etiology.
Rather, the findings represent post-mortal growth of bacteria in the
airways, and the presence of non-hemolytic streptococci supports
this view.
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