J Acute Dis 2020; 9(1): 1-13 1

3 n\)!xmu\, L

¥ EMERGING
SOURCES
CITATION

Journal of Acute Disease

Systematic Review and Meta—analysis

doi: 10.4103/2221-6189.276076

jadweb.org

Global study of viral myocarditis: A systematic review and meta—analysis

Masoud Dadashi"*, Taher Azimi**, Ebrahim Faghihloo5

' Department of Microbiology. School of Medicine, Alborz University of Medical Sciences, Karaj, Iran

2 . . . . . . .
Non Communicable Diseases Research Center, Alborz University of Medical Sciences, Karaj, Iran

*Department of Pathobiology, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

*Students Scientific Research Center, Tehran University of Medical Sciences, Tehran, Iran

*Department of Microbiology, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran

ABSTRACT

Objective: To investigate the prevalence of viral myocarditis
worldwide.

Methods: We conducted a systematic search for the prevalence
of the most common viruses in myocarditis and 75 studies were
included for statistical analysis of the prevalence of adenovirus,
hepatitis C virus, cytomegalovirus, Ebola virus, human herpesvirus
6, influenza virus, parvovirus, and non-polio enteroviruses.
Results: The highest prevalence was related to B19 (25.0%)
and non-polio enteroviruses (18%). The prevalence of human
herpesvirus 6, cytomegalovirus, and Ebola virus was12.8%, 5.5%,
and 3.1%, respectively. Hepatitis C virus accounted for 6.1% of the
disease, the adenoviruses contributed to 5.2% of viral myocarditis.
The lowest incidence was related to the influenza virus with 2.0%.
Conclusions: Treatment of myocarditis is still problematic and
may depend on the etiologic diagnosis. So it is important to know
the commonly occurring viral factors in myocarditis and timely
diagnosis and treatment are also imperative.

KEYWORDS: Virus; Myocarditis; Meta-analysis; B19; Non-polio

enteroviruses

1. Introduction

Myocarditis is a multi-factorial disease of the myocardium with
a large number of risk factors that are particularly attributed to
multiple infectious and non-infectious agents[1.2]. Globally, the
occurrence of myocarditis is around 1.5 million cases annually, and
the incidence of myocarditis was 10 to 20 per 100 000 worldwidel3].
Moreover, it is the main reason for the severe heart failure among
all age groups, especially children and adults aged <40 years[4].
The clinical symptoms of myocarditis are variable, including

asymptomatic courses, chest pain, congestive heart failure, syncope,

cardiogenic shock, cardiac arrest and even sudden death, and other
severe illness with the necessity of intensive care therapyl[2,5.6].
According to the immunohistological evaluation of endomyocardial
biopsies, clinicopathological and clinical criteria, the diagnosis
and classification of myocarditis have been conducted[7-9]. Several
autoimmune disorders such as Wegener’s granulomatosis, systemic
lupus erythematosus, and giant cell arteritis belong to non-
infectious causes of myocarditis[5,10]. However, among infectious
causes, viral infections are the main reasons for inflammatory
dilated cardiomyopathy and myocarditis. In the different parts of
the world, especially in Europe and North America, myocarditis
is caused predominantly by viral infections[1.4.11]. Moreover, it is
predicted that 35% to 50% of dilated cardiomyopathy has been
caused by viral myocarditis (VMC)(1.2,11]. The finding of several
studies indicated that molecular pathological analyses, such as
polymerase chain reaction and in sizu hybridization, as well as
serological analyses, could be applied for fast and comprehensive
identification of viral myocardial infection[1.6,12,13]. Generally, the
occurrence and prevalence of VMC is principally based on 3 types
of evidence: (1) Detection rate of VMC at immunohistological
evaluation of endomyocardial biopsies as the gold standard

method; (2) High prevalence of myocarditis disease during the
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period of virus infection outbreaks; (3) Percentage of VMC out
of all infection diseases in a definite province and a particular
population[2]. Viral infections include adenovirus, enteroviruses,
particularly coxsackievirus B, as well as parvovirus (B19) and
human herpesvirus 6 (HHV-6) are related to VMCI4.11]. Previously
published studies revealed that viral nucleic acids in the myocardium
in patients with myocarditis were high[14,15], while information from
distinct studies regarding the interaction between different viral
family and myocarditis is not entirely consistent. For this purpose,
we focused on the relationship of viral infection and myocarditis
and we conducted a systematic review and meta-analysis with no

language restriction.

2. Materials and methods
2.1. Literature search

We conducted a systematic search for the prevalence of the most
common viruses in myocarditis including adenovirus, hepatitis C
virus (HCV), herpesviruses including cytomegalovirus (CMV),
Ebola virus (EBV), and human herpes virus (HHV) 6, influenza
virus, B19 and non-polio enteroviruses based on scientific keywords
“Myocarditis” or “Heart disease” and “Viral infection” or “Viral
myocarditis” and their synonyms by using three main electronic
databases of Medline (via PubMed), Embase, and Web of Science
from October 1973 to September 2017. The search was limited to the
original articles published in English that indicated the prevalence
or incidence of mentioned viruses in different parts of the world.
We also searched the bibliographies for any retrieved articles for

additional references.

2.2. Inclusion and exclusion criteria

All of the original papers presenting cross-sectional studies
on the prevalence of the most common viruses were evaluated
perspicuously. The selected studies were analyzed based on titles,
abstracts, and full texts. The entire recorded studies included in
our analysis based on the following criteria: (1) Original articles
that provided sufficient data; (2) With standard methods, including
serology methods, immunohistochemistry assay, and molecular
methods to detect adenovirus, HCV, CMV, EBC, HHV6, Influenza
virus, B19, and non-polio enteroviruses. The exclusion criteria were:
(1) Articles studying non-human samples; (2) Case reports; (3)
reviews (4) Abstracts reported in conferences; (5) Duplicate articles

for the same investigation.

2.3. Data extraction and definitions

The author’s first name, the date for the investigation, year of
publication, country/continent, number of the most common viruses
in myocarditis, detection method and the source of isolates were

extracted from included studies. Deliberately, the information on the

prevalence of adenovirus, HCV, CMV, EBC, HHV6, influenza virus,
B19, and non-polio enteroviruses was extracted; concurrently, two
people recorded the data from all articles independently without any
bias.

2.4. Quality assessment

All reviewed studies were assessed based on the quality assessment
checklist (designed by the Joanna Briggs Institute), and only high-
quality investigations were evaluated in the final analysis in this

study based on mentioned including criteria.

2.5. Meta—analysis

The analysis was performed using STATA (version 14.0) software.
The data were pooled using the fixed-effects model[16] and the
random-effects model(17]. Statistical heterogeneity was assessed
using Cochran () and F° statistical methods[18].

3. Results
3.1. Characteristics of included studies

In total, we identified a total of 2 152 articles in the mentioned
databases search. Based on the title and abstract evaluation, after
the secondary screening, 1 992 articles were excluded. Upon a full-
text review, 84 out of 160 studies were excluded. Ultimately 75
studies were included for statistical analysis of the prevalence of
adenovirus, HCV, CMV, EBC, HHV6, influenza virus, B19, and
non-polio enteroviruses respectively, based on the inclusion and
exclusion criteria (Supplementary Figure 1). These 75 articles that
indicated the prevalence of the most common viruses is shown
in Table 1. The majority of studies were from Germany (n=22),
USA (n=14), Italy (n=10), Japan (n= 6), and England (n=5),
respectively[19-83].

3.2. The prevalence of adenovirus, HCV, CMV, EBC, HHV6,
influenza virus, B19, and non-polio enteroviruses

Eloquently, the pooled prevalence of adenovirus, HCV, CMV,
EBV, HHV6, influenza virus, B19 and non-polio enteroviruses
were 5.2% (95% CI: 3.3-7.0) among 1 355 patients, 6.1% (95%
CI: 1.8-10.4) among 413 patients, 5.5% (95% CI: 3.3-7.7) among
1 648 patients, and 3.1% (95% CI: 1.7-4.6) among 1 952 patients,
12.8% (95% CI: 8.8-16.7) among 3 003 isolate, 2.0% (95% CI:
0.5-3.4) among 891 patients, 25.0% (95% CI: 20.0-29.0) among
3 840 patients and 18 % (95% CI: 4.7-11.1) among 599 patients
respectively (Figure 1-8).
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Table 1. Studies used in the meta-analysis.

First author

Time of study Country n Type (Number of viruses) Male/female Type of sample Detection method
Bowles[19] 2003 USA 624 EBV (3), B19 (142), enterovirus (85), - Cardiac samples PCR
parvovirus (6), CMV (18), influenza A
(5), HSV (5), RSV (1)
Fujioka[20] 2000 Japan 26  Enterovirus (9) 20/6 Myocardial specimens PCR
Griin[21] 2012 Germany 203 EBV (2),B19 (113), HHV6 (49) 140/63 Endomyocardial biopsy Nested-PCR
Nielsen[22] 2016 Denmark 150  Picorena viridae (1) 106/44 Formalin-fixed paraffin embed-ded cardiac tissue Real-time PCR
specimens
Boudjellil[23] 2016 France 18  BI19(1),CMV (2), HSV (2), RSV (1) 15/3 Sera and stools PCR
Kiihl[24] 2014 Germany 1656 HHV6 (273) - Cardiac biopsies Nested PCR, electron microscopy, and immuno-
histochemistry
Ukimura[25] 2010 Japan 15 Influenza A (10) 9/6 Myocardial biopsy or autopsy Probe-based RT-PCR
Li[26] 2000 England 19  Enterovirus (15) 12/7 Explanted or postmortem myocardial samples RT-PCR, immunohistochemistry assay
Kiihl[27] 2005 Germany 245 EBV (5), adenovirus (4), B19 (126), 178/67 Ventricular septum and blood sample Nested PCR, serological analysis (remcomBlot
enterovirus (23), CMV (2), HHV6 (53) Parvovirus-B19-IgG)
Schowengerdt[28] 1997 USA 360 Parvovirus (3) - Right ventricular autopsy samples PCR
Gaaloul[29] 2014 Tunisia 51  Enterovirus (9), enterovirus (2) 89/13 Blood, pericardial fluid samples RT PCR, immunohistochemistry assay, cell culture,
immunofluorescence assay
Simpson[30] 2016 USA 21 Adenovirus (1), B19 (2), enterovirus (4), 10/11 Blood samples PCR
HHV6 (2)
Pauschinger(31] 1999 Germany 94 Adenovirus (12), enterovirus (12) 65/29 Myocardial Biopsy Nested PCR
Schmidt[32] 1973 USA 92  Coxsackie B (23) 145/114  Sera samples Immunodiffusion tests
Gagliardi[33] 2016 Italy 23 EBV (2),B19 (10) - Serum sample, biopsy sample PCR
Mahfoud[1] 2011 Germany 124 EBV (7), adenovirus (3), B19 (33), 82/42 Biopsy, formalin fixed block, haematoxylin and eosin Nested (RT-) PCR, immunohistochemistry
enterovirus (5), HHV6 (10) stained tissue
Nicholson([34] 1995 England 6  Enterovirus (5) 4/2 Endomyocardial biopsy RT-PCR, in situ hybridisation
Mahrholdt[4] 2006 Germany 87 EBYV (1), coxsackie B (1), B19 (49), 63/24 Autopsy PCR
HHV6 (16)
Griffin[35] 1995 USA 58  Adenovirus (18), enterovirus (12), CMV - Autopsies PCR
(2), HSV (2)
Andréoletti[36] 2007 France 50  Enterovirus (20) 40/10 Blood, urine, and tracheal aspirate cultures RT-PCR, immunohistochemistry assay
Bratincsak[37] 2010 USA 80 Influenza A (4) - Myocardial biopsy Non
Mabhrholdt[9] 2004 Germany 32 B19(12), HHV6 (6) 26/6 Myocardial biopsy RT-PCR
Klein(38] 2004 Germany 31 BI19 4) - Biopsy specimens Histology and immunohistology, PCR
Kiihl[39] 2005 Germany 172 Adenovirus (14), B19 (63), enterovirus 82/90 Frozen blood samples Nested PCR
(56), HHV6 (18)
Matsumori[40] 2006 Japan 102 HCV (6) - Endomyocardial biopsies PCR
Schonian([41] 1995 Germany 162  CMV (27) 117/78 Myocardial biopsies PCR, in—situ hybridization
Vallbracht[42] 2004 Germany 124 EBYV (3), adenovirus (8), B19 (46), 55/69 Blood samples PCR
enterovirus (17), HHV6 (17)
Bachelier[43] 2017 Germany 54 EBV (1),B19 (23), HHV6 (3) 31/23 Blood samples, endomyocardial biopsies PCR
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Table 1. Studies used in the meta-analysis (Continued).

First author Time of study Country n Type (Number of viruses) Male/female Type of sample Detection method

Calabrese[5] 2004 Italy 38 EBV (4), adenovirus (2), enterovirus (7), CNV 27/11 endomyocardial biopsy Immunohistochemistry, nested-PCR
(1), influenza A (2), HCV (3)

Zhang|[72] 2004 England 10 Enterovirus (7) - Formalin-fixed, paraffin-embedded endomyocardial Immunohistochemistry, RT-PCR

biopsy explanted or autopsy tissue samples
Ali[73] 2003 Egypt 160  Enterovirus (16) 115/45  Serum samples Cell culture, neutralization assay, PCR
Satoh[74] 2003 Japan 44 Enterovirus (21) 29/15 Endomyocardial biopsy Real-time reverse transcriptase—-PCR, immuno-
histochemical analysis

Calabrese[6] 2002 Italy 28 HSV (1), VZV (1), EBV (1), adenovirus (5), 12/16 Endomyocardial biopsy Immunohistochemistry, RT-PCR
enterovirus (3), influenza A (1), mumps (2)

Angelini[12] 2002 Italy 23 HSV (3), adenovirus (1), enterovirus (3), - Endomyocardial biopsy Immunohistochemistry, PCR
influenza A (1), mumps (1)

Wielkopolska[75] 2002 Poland 96  Enterovirus (58) - Serum sample ELISA, Complement fixation reaction

Matsumori[76] 2000 Japan 14 HCV 4) - Endomyocardial biopsy PCR

Zhang[77] 2000 China 9  Enterovirus (6) - Myocardial tissue sample Immunohistochemical procedures, Western

blotting, immunofluorescence

Bowles[78] 1999 USA 24 Adenovirus (6), CMV (7), picorena (1) - Formalin-fixed right ventricular myocardium PCR

Akhtar[79] 1999 USA 8 Enterovirus (4), CMV (2) - Endomyocardial biopsy and tracheal aspirate PCR

Grumbach(80] 1999 Germany 15 Enterovirus (4) - Endomyocardial biopsy PCR

Petitjean[81] 1992 France 10 Enterovirus (1) - Endomyocardial biopsy PCR

Mariani[82] 1996 Italy 7  Enterovirus (2) 3/4 Endomyocardial biopsy PCR

Pauschinger{83] 1999 Germany 45 Enterovirus (18) 27/18 Endomyocarditis biopsies RT-PCR
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A
Study ID ES (95% CI) % (Weights)
Bowles (2003) = 0.23 (0.19, 0.26) 7.68
Simpson (2016) T—=" 0.10(-0.03,0.22)  5.06
Gagliardi (2016) — 0.43 (0.23, 0.64) 3.18
Mahfoud (2011) —— 0.27 (0.19, 0.34) 6.53
Mahfoud (2004) - 0.38 (0.21, 0.54) 3.93
Klein (2004) — _ 0.13 (0.01, 0.25) 5.28
Kiihl (2005) | —— 0.37(0.29, 0.44) 6.71
Vallbracht (2004) P —.— 0.37 (0.29, 0.46) 6.31
Bachelier (2017) ; —— 0.43 (0.29, 0.56) 4.87
Nielsen (2014) - 0.29(0.21, 0.38) 6.33
Pankuweit (2003) —=— 0.14 (0.07,0.21) 6.79
Biiltmann (2005) ———— 0.19 (-0.00,0.38)  3.41
Ozdemir (2018) — 0.13(-0.10,0.35)  2.73
Pawlak (2016) —i—— 0.29 (0.18, 0.39) 5.66
Mavrogeni (2013) =SS 0.48 (0.28, 0.68) 3.31
Mavrogeni (2011) — 0.16 (0.06, 0.26) 5.79
Lindner (2009) 0.25(-0.05,0.55)  1.85
Amabile (2006) = ' 0.18 (-0.05,0.41)  2.75
Kyts (2005) —=— . 0.10 (0.01, 0.19) 6.06
Chimentin (2004) —— 0.14 (0.03, 0.24) 5.79
Overall [-square=75.1%, P=0.00 < 0.25 (0.20,0.29) 100.00
Note: Weights are from random effects analyjis ;
B -0.676 0 0.676
: Funnel plot with pseudo 95% confidence limits o: 1/se(b) —: Fitted values
i M 16.24021
0.05 A '. .l .
m N , .
Ny \
: S
20.1 * . ]
.. — 21
) 0
0.15 : &
02 0 02 04 0.6 0 1/se(b) 59.5812
E
Figure 1. Forest plot (A), funnel plot (B) and Galbraith (C) of the meta-analysis on prevalence of B19 in patients with myocarditis.
A
Study ID ES (95% CI) % (Weights)
o | .- 024 (0.18,030)  6.64
u ( ) - 0.16 (0.15,0.18)  7.66
Kuhl (2005) P 022(0.16,027) 687
Slmpson (2016) e 0.10 (_003’ 022) 437
LR U ) - 008 (0.03,0.13)  6.98
Mahrholdt (2006) = 0.18 (0.10,0.27)  5.86
Mz_ahrholdt (2004) —t—i— 0.19 (0.05,0.32)  4.08
Kiihl (2005) = 0.10 (0.06,0.15)  7.05
Vallbrapht (2004) - 0.14 (0.08, 0.20) 6.58
Bachelier (2017) .- 0.06 (-0.01,0.12)  6.57
Biiltmann (2005) |+ 0.13(-0.04,0.29) 3.38
Comar (2009) P 044(0.19,0.68)  1.98
Pawlak (2016) —-r 0.09 (0.02,0.15)  6.41
Jeserich (2013) ™= ! 0.02 (-0.02,0.05) 7.33
Escher (2008) T 0.03 (-0.03,0.09)  6.65
Yilmaz (2008) | —— 0.27 (0.16,0.39)  4.61
Kyto (2005) = 0.03 (-0.02,0.07)  6.97
Overall (/-square=88.0%, P=0.00) : 0.13(0.09, 0.17)  100.00
Note: Weights are from random effects analypis |
B 0.681 0 0.681
0 Funnel plot with pseudo 95% confidence limits o: 1/se(b) ——: Fitted values
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Figure 2. Forest plot (A), funnel plot (B) and Galbraith (C) of the meta-analysis on prevalence of human herpes virus 6 in patients with myocarditis.
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A
Study ID ES (95% CI) % (Weights)
Bowles (2003) - 0.01 (0.00,0.02)  62.73
Bratincsdk (2010) ———— 0.05 (0.00,0.10)  8.47
Frustaci (2003) R 0.02 (-0.02,0.07)  8.64
Frustaci (2013) —— 0.07 (-0.02,0.17)  2.32
Topkara (2006) . > 0.09 (-0.08,0.26) 075
English (2004) —_— 0.02 (-0.02,0.07)  8.64
Calabrese (2004) B . 0.05(-0.02,0.12)  4.09
Calabrese (2002) S 0.04 (-0.03,0.10)  4.35
Overall [-square=13.3%, P=0.326 @ 0.02 (0.00, 0.03)  100.00
Note: Weights are from random effects analysis :
B -0.261 0 —0.2I61
Funnel plot with pseudo 95% confidence limits o: 1/se(b) ——: Fitted values
0 ry 4.96865!
0.021
2 0041 AN 2 . :
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Figure 3. Forest plot (A), funnel plot (B) and Galbraith (C) of the meta-analysis on prevalence of influenza in patients with myocarditis.

Figure 4. Forest plot (A), funnel plot (B) and Galbraith (C) of the meta-analysis on prevalence of hepatitis C virus in patients with myocarditis.

A
Study ID ES (95% CI) % (Weights)
Matsumori (2006) __.._ 0.06 (0.01,0.10)  23.28
Frustaci (2003) - 0.07 (-0.01,0.15)  15.23
Caforio (2007) I 0.01 (-:0.00,0.03)  30.11
Chimenti (2004) e 0.09 (0.01, 0.18) 14.24
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Figure 5. Forest plot (A), funnel plot (B) and Galbraith (C) of the meta-analysis on prevalence of non-polio enteroviruses in patients with myocarditis.
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Figure 6. Forest plot (A), funnel plot (B) and Galbraith (C) of the meta-analysis on prevalence of cytomegalovirus in patients with myocarditis.
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Figure 7. Forest plot (A), funnel plot (B) and Galbraith (C) of the meta-analysis on prevalence of Ebola virus in patients with myocarditis.
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4. Discussion

VMC includes inflammatory cardiomyopathy caused by viruses,
which is one of the common diseases of heart disease. The disease
is on the rise and is now becoming a common cardiovascular
disease after coronary heart disease. It can occur in all age groups,
from infants to the elderly, but mainly in children and adults under
the age of 40[84]1.

The clinical course of VMC manifests itself with various
cardiac symptoms including breathing difficulty, fatigue, exercise
intolerance, chest pain, severe heart failure and arrhythmia
and maybe non-symptom[85]. It sometimes mimics myocardial
infarction. Sixty percent of patients presented arthralgia, fever,
sweating, respiratory or gastrointestinal symptoms 1-2 weeks
before diseasel86].

Since the 1970s, the incidence of VMC has been continuing to
grow in China, Japan, and other countries, and a large amount of
clinical information has been reported. However, its pathogenesis
is still unclear. Considering the rapid development of molecular
biology in recent years, great progress has been made in this
field. Almost, all human virus infections can involve the heart.
It has been found that more than 30 kinds of viruses can cause
myocarditis.

Since the incidence of myocarditis is high in the 21st century,
understanding the epidemiological characteristics of the viral
causes of the disease is important[84].

The prevalence of adenovirus, HCV, CMV, EBV, HHV6,
influenza virus, B19, and non-polio enteroviruses are calculated
using 75 studies based on the inclusion and exclusion criteria. This
meta-analysis shows that the highest prevalence is related to B19
and non-polio enteroviruses prevalence were 25.0% (95% CI: 20.0-
29.0) and 18% (95% CI: 4.7-11.1) respectively. The prevalence of
viruses belonging to the herpes virus family includes HHV6, CMV,
EBV (12.8%, 95% CI: 8.8-16.7; 5.5%, 95% CI: 3.3-7.7; and 3.1%,
95% CI: 1.7-4.6, respectively).

HCYV accounted for 6.1% (95% CI: 1.8-10.4) of the disease,
while the adenoviruses leded to 5.2% (95% CI: 3.3-7.0) VMC. The
lowest incidence was related to influenza virus with 2.0% (95% CI-
0.5-3.4).

Several studies have found that some viruses are the main
cause of myocarditis. For example, most researchers believe that
enteroviruses are the most common cause of VMC. Whereas Kiihl
et al. reported that the parvovirus B19 genome could be in about
51.4% of VMC cases[87]. However, Griffin et al. found that VMC
patients were mostly infected with adenovirus[8s].

The result of this meta-analysis shows that B19 is the most
common cause of VMC and non-polio enteroviruses are the
second.

In conclusion, whereas effective commercial medications
are available for some viruses that cause myocarditis such as
ganciclovir for CMV and oseltamivir for influenza, a rapid and
correct diagnosis could lead to the prevention of further disorders
and the treatment of this infections.

There were some limitations in this study that should be
discussed. First, as with any systematic review and meta-analysis,
the existence of publication bias must be taken into account.
Second, heterogeneity was observed among the evaluated articles.
Although the random-effects model allows for heterogeneity, there
may still be differences of opinion regarding the composition of

the studies.
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