
Identification of encephalomyocarditis virus using 
metagenomic NGS in a patient with acute febrile illness
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Clinical metagenomic next-genera-
tion sequencing (mNGS), the com-
prehensive analysis of microbial 
and host genetic material (DNA 
and RNA) in patient samples, is 
increasingly available in clinical 
laboratories.1 At present, for vari-
ous reasons including test complex-
ity, cost, and turnaround time, this 
technology is generally limited to 
difficult-to-diagnose conditions 
where conventional microbiological 
testing methods may not lead to a 
definitive diagnosis in selected pa-
tients, such as those with meningo-
encephalitis of unknown etiology.2 

Encephalomyocarditis virus 
(EMCV) is a group of closely re-
lated virus strains with a wide host 
range.3 First isolated by Helwig and 
Schmidt in 1945,4,5 EMCV infection 
is associated with sporadic cases 
and outbreaks of myocarditis and 
encephalitis in many non-human 

mammals. Disease transmission is 
poorly understood, and rodents, 
and more recently bats, are thought 
to be the natural reservoirs.6 A se-
rological survey in Peru showed 
the prevalence of human exposure 
to range from six percent to more 
than 17 percent.7 In this report, we 
describe the identification of EMCV 
from metagenomic analysis of 
urine from a patient with an acute 
febrile illness.

Case. A 56-year-old female Sin-
gaporean patient who had traveled 
to Madagascar from Sept. 29 to Oct. 
15, 2019 developed fever, nausea, 
and myalgia five days prior to her 
departure from Madagascar. There 
were no other associated symp-
toms, and physical examination 
was unremarkable. She had previ-
ously been on doxycycline prophy-
laxis for malaria.  

The fever abated on day seven of 
her illness, but the malaise persist-
ed, and a complete blood count 
performed was unremarkable. Of 
note, the platelet counts were within 
normal reference limits (285 × 109/L). 
A rapid dengue test performed on 
that day was positive for dengue 
IgM and negative for NS1 antigen 
and dengue IgG (Wells Bio CareUS 

Dengue Combo, South Korea). Ad-
ditional urine and blood samples 
also tested negative for dengue and 
Zika virus by reverse transcriptase-
polymerase chain reaction.8 

Due to the travel history, normal 
blood counts, and negative PCRs, 
the positive dengue IgM was 
deemed a likely false-positive re-
sult, and an unbiased mNGS assay 
was performed from the patient’s 
urine on day eight of illness. (Urine 
was chosen as the specimen type 
because one of the differentials was 
Zika virus infection, which is de-
tectable on urine PCR.) 

Total nucleic acids were purified 
from 400 µL of urine using the Qia-
gen EZ1 Advanced XL. To identify 
RNA viruses, randomly amplified 
cDNA was generated from RNA (in 
the total nucleic acid extract) via 
first-strand and second-strand 
cDNA synthesis, followed by am-
plification based on a previously 
described primer-extension pre-
amplification methodology.9 To 
identify DNA viruses, the DNA in 
the total nucleic acid extract was 
used for the library preparation. 
The Illumina Nextera XT DNA Li-
brary Prep Kit was used for both 
cDNA and DNA library prepara-
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tion according to the manufactur-
er’s instructions. Next-generation 
sequencing of the cDNA and DNA 
library was then performed using 
the Illumina MiSeq platform.

Paired-end reads were analyzed 
using SUVIA (Sensitive Unbiased 
Virus Identification Accelerated), a 
laboratory-developed bioinformat-
ics pipeline that involves quality-
trimmed reads mapped against a 
database of viral nucleotide and 
protein reference sequences from 
10,860 viruses. Of 934,322 reads 
that were generated from the se-
quencing, 544 (0.06 percent) 
mapped to the encephalomyocar-
ditis virus. Of note, there were no 
reads mapping to dengue virus or 
other known viruses. Subsequently, 

reads that mapped to EMCV were 
retrieved and remapped against the 
r e f e r e n c e  E M C V  s e q u e n c e 
(NC_001479.1) to create the genome 
coverage plot using the Circleator 
software, an open-source tool that 
generates circular visualization of 
genome-associated data.10 Notably, 
the reads mapped to different re-
gions within the EMCV genome 
with 86 percent coverage (Fig. 1), 
which lends greater confidence to 
the specificity of the result (i.e. that 
the result is not a false-positive re-
sult). Orthogonal confirmation of 
the presence of EMCV was per-
formed using specific primers de-
signed to target the 5’ untranslated 
region of the EMCV genome by 
RT-PCR,11 which yielded a positive 

result from the patient’s urine. Phy-
logenetic analysis revealed that, 
among 65 EMCV genomes, our 
patient’s sample was closest to iso-
lates sequenced from swine from 
Cyprus, Italy, and Belgium (Fig. 2, 
page 3). The percentage sequence 
difference between our patient’s 
sample and those from swine from 
Cyprus, Italy, and Belgium ranged 
from 18 to 19 percent.

The patient’s symptoms had 
largely resolved by the time the 
sequencing results were out, and as 
such the identification of EMCV as 
the cause of the acute febrile illness 
did not have any clinical impact.

Discussion. This report illus-
trates the potential of mNGS to 
resolve infections of uncertain etiol-
ogy where routine methods have 
been unsuccessful or suspect. In 
this case, the relatively normal 
platelet levels on day seven of ill-
ness with a negative dengue PCR 
result were highly suggestive that 
the dengue IgM result was likely a 
false-positive one. mNGS of the 
urine on day eight of illness re-
vealed the presence of EMCV 
reads, which was confirmed by 
PCR from the urine; this strongly 
suggests EMCV as the cause of the 
patient’s acute febrile illness. 

The literature concerning human 
EMCV infection is sparse. Based on 
a limited number of recent studies, 
the common clinical manifestations 
of human EMCV infection are fe-
ver, malaise, nausea, and head-
ache,3,7 consistent with our patient’s 
clinical presentation. Cardiac com-
plications are apparently rare, hav-
ing been described in only one pa-
tient.7 EMCV infection has previ-
ously been described in Singapore, 
though as fatal cases of myocarditis 
in orangutans in the Singapore 
Zoological Gardens, and not in 
humans.12 

With regard to the likely false-
positive dengue IgM results, the 
dengue rapid test uses lateral flow 
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Fig. 1. Genome coverage plot of the EMCV sequenced from the patient’s sample showing 86 percent 
coverage of the entire EMCV genome. Note that the viral genome (7,835 bp linear RNA) is depicted as 
circular in this figure as the plot was generated using the Circleator software, an open-source tool that 
generates circular visualization of genome-associated data. The sample was sequenced in duplicate. 
Each concentric circle represents a genome coverage plot of the virus. Percentage GC content, read 
coverage, and viral polyprotein are annotated in red, blue, and black, respectively.



immunochromatography, where 
anti-dengue IgM and/or IgG to 
dengue virus in the specimen re-
acts with antibodies mobilized on 
the test membrane. False-positive 
dengue IgM tests due to cross-re-
activity with other non-dengue 
pathogens have been reported.13 

mNGS allows for an unbiased 
diagnostic platform for the detec-
tion of pathogens, especially novel 
or infrequently encountered organ-
isms where traditional methods are 
unable to identify them, as this case 
highlights. Typically, where mNGS 
does lead to the detection of the 
causative pathogen, only a very 
small percentage of the total num-
ber of reads is attributable to the 
pathogen, as seen in our case and 
others.2 This is due in part to the 
vast majority of reads belonging to 
the human host genome.1 Impor-
tantly, the mNGS results need to be 
confirmed by an orthogonal clini-
cal-grade assay such as RT-PCR.1

Other known limitations of 
mNGS include the fact that se-
quencing only identifies genomes, 
which does not mean the organism 
detected is viable. Additionally, the 
sensitivity of the assay means 
“noise” will be detected in the form 
of contaminated genomic material 
from reagents or from the labora-
tory environment, which can po-
tentially lead to false-positive re-
sults.1 One mitigating strategy is to 
maintain a database of background 
microorganisms commonly detect-
ed in mNGS data and arising from 
normal flora or laboratory contami-
nation.1 In our case, such noise was 
not encountered to any appreciable 
degree.

To our knowledge, this is the 
first report of EMCV diagnosed 
through metagenomic analysis. The 
patient’s travel history, together 
with atypical blood tests for den-
gue infection despite a positive 
dengue IgM serology, led to the 
conclusion of a false-positive den-

gue serology result, especially once 
EMCV was identified in the urine. 
This case highlights the role of 
metagenomics in the clinical labo-
ratory for characterization of un-
known pathogens, especially in 
that of a returning traveler.� n
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Fig. 2. Bio Neighbor-Joining (BioNJ) phylogenetic analysis of 65 EMCV genomes. Our patient’s sample 
(red font) was closest to isolates sequenced from swine from Cyprus, Italy, and Belgium.
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Test yourself
Here are three questions taken from the 
case report. Answers are online now at 
www.amp.org/casereports and will be published 
next month in CAP TODAY.

1.	 Which genus among the family of Pi-
cornaviridae does the EMCV belong to?
a. �Aphthovirus.
b. �Avihepatovirus.
c. �Cardiovirus.
d. �Enterovirus.

2.	 The common clinical manifestations in 
human EMCV infection include all of the 
following except:
a. ��Fever.
b. ��Nausea.
c. ��Malaise.
d. ��Ascending paralysis.

3.	 Clinical metagenomics refers to the 
comprehensive analysis of:
a. ��Microbial and host genetic material (DNA and 

RNA) in patient samples.
b. ��Antibodies in patient samples.
c. ��Proteins in patient samples.
d. ��Metabolites in patient samples.


