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Enteroviruses cause a wide spectrum of clinical disease. In
this study, we describe the case of a young man with orchitis
and aseptic meningitis who was diagnosed with enterovirus
infection. Using unbiased “metagenomic” massively parallel
sequencing, we assembled a near-complete viral genome, the
first use of this method for full-genome viral sequencing from
cerebrospinal fluid. We found that the genome belonged to
the subgroup echovirus 30, which is a common cause of asep-
tic meningitis but has not been previously reported to cause
orchitis.
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CASE

A previously healthy man in his 20s developed unilateral tes-
ticular pain and swelling. Four days later, he developed head-
ache and fever. He presented to our institution, where he was
febrile to 102.7°F with mild meningismus; testicular swelling
and tenderness had resolved. The combination of symptoms
raised concern for mumps in the setting of a local outbreak,
although parotitis was absent. Cerebrospinal fluid (CSF) anal-
ysis showed 17 total nucleated cells/uL (79% neutrophils, 12%
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monocytes, 9% lymphocytes), glucose of 65 mg/dL (serum
glucose of 109 mg/dL), and total protein of 31 mg/dL. He was
treated empirically with vancomycin, ceftriaxone, and acyclo-
vir. Cerebrospinal fluid enterovirus polymerase chain reaction
(PCR) was positive, antimicrobials were discontinued, and
the patient recovered fully. Mumps serology was positive for
immunoglobulin (Ig)G and negative for IgM, consistent with
his reported history of vaccination. A urine culture for mumps
performed by the Massachusetts Department of Health State
Laboratory was negative. Cerebrospinal fluid Gram stain and
culture were negative, as were CSF herpes simplex virus 1 and
2 PCR, Lyme PCR, and testing for syphilis via the Venereal
Disease Research Laboratory test. Given the relatively unu-
sual presentation of orchitis and meningitis, we performed
metagenomic sequencing to obtain additional genomic infor-
mation about the particular strain of enterovirus and to identify
any potential copathogens including mumps virus.

METHODS

We performed metagenomic sequencing and enterovirus genome
assembly using methods developed and validated by our group
[1,2]. Full methods are described in the Supplementary Appendix.

RESULTS

Unbiased metagenomic sequencing allows detection of any
potential pathogens in a sample. We performed metagenomic
analysis of all sequencing reads from this patients CSF and
identified enterovirus; no other pathogen, including mumps
virus, was found. We assembled a near-full-length enterovi-
rus genome (7212 base pair [bp], median depth of coverage
10x), which included the 5-untranslated region (UTR) and
near-complete coding region, but not the 3’ end (21 bp) of
the coding region or the 3’-UTR. By comparing this genome
to published enterovirus genomes, we found that this virus
belongs to echovirus subgroup 30 (Figure 1A), a member of the
highly diverse enterovirus B species group, which includes most
echoviruses, coxsackie B viruses, and coxsackie A9 virus [3].
Echovirus 30 has not previously been associated with orchi-
tis, but other enteroviruses have, including echovirus 6 [4] and
coxsackieviruses A9 and B [5, 6]. Therefore, we investigated
whether the virus we identified was a recombinant between
echovirus 30 and a subgroup that is more commonly associated
with orchitis, because recombination between enteroviruses
occurs frequently [3]. We first examined the VP1 gene, which
encodes a capsid protein that interacts with host cell receptors
and may therefore confer tropism for specific tissue such as
the testes. In phylogenetic analysis of the VP1 gene, our virus
again clustered with echovirus 30, rather than a subgroup more
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Figure 1.

Maximum likelihood phylogenetic trees of (A) full-length enterovirus genomes and (B) the VP1 gene. (A) The full-length genome sequence identified in this study

(“Patient USA 2016, labeled in red) clusters with sequences belonging to the echovirus 30 subgroup (labeled in light blue). For reference, 1 coxsackie B5 sequence is included
(labeled in light green). (B) The VP1 sequence identified in this study (Patient USA 2016, labeled in red) clusters with echovirus 30 sequences (labeled in light blue). Reference
VP1 sequences are included from 35 subtypes representing human enterovirus B species: coxsackie B5 (labeled in light green), other coxsackie B subgroups (labeled in dark
green), coxsackie A9 (labeled in purple), and other echovirus subgroups (labeled in dark blue). In both trees, branches are named with the enterovirus subtype and location and
date of sequence acquisition (clinical samples) or name of reference strain (viral isolates), as well as GenBank accession number. Trees were constructed with 1000 bootstrap
replicates, and nodes with at least 80% support are labeled with percent bootstrap support.

commonly associated with orchitis (Figure 1B). In the 4 kb at
the 3’ end of the genome, we observed similarity between our
genome and coxsackievirus B5 (Supplementary Figure 1A)
but did not observe specific evidence of recombination in this
region (Supplementary Text and Supplementary Figure 1B).

DISCUSSION

Echovirus 30 is one of the most common causes of aseptic
meningitis worldwide. Different lineages of echovirus 30 have
been linked to geotemporally distinct outbreaks [7-9]. This is
the first report of echovirus 30 infection associated with orchi-
tis, although it has been reported with other enteroviruses.
Relatively few infectious agents have been described to present

with both orchitis and meningitis (Table 1). Although it is inter-
esting to speculate that the strain we identified may possess
characteristics associated with testicular tropism, we were una-
ble to formally assess this possibility because the virus exam-
ined was from CSF and not testicular tissue. It is also possible,
although unlikely, that the patient experienced 2 distinct infec-
tions, first with mumps or another pathogen causing orchitis,
and subsequently with enterovirus causing meningitis.

CONCLUSIONS

Our results underscore the utility of metagenomic sequencing in
identifying pathogens in CSE an approach that has been used pre-
viously to identify viruses in CSF based on identification of viral
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Table 1. Infectious Causes of Orchitis in the Setting of Central Nervous
System (CNS) Infection

Pathogens Reported in Concurrent Pathogens Affecting Both Testes and
Orchitis and CNS Infection CNS but Not Reported Concurrently
Bacteria

Brucella species [16] Treponema pallidum

Escherichia coli (postprocedure) [17]
Mlycobacterium tuberculosis® [18, 19]
Nocardia species [20]

Viruses
Enterovirus Dengue virus
Lymphocytic choriomeningitis Epstein-Barr virus
virus [21]
Mumps virus [22] Herpes simplex virus
West Nile virus [23] Human immunodeficiency virus
Zika virus
Other
Toxoplasma gondii [24] Aspergillus species

Cryptococcus species
Schistosoma species

“Epididymitis and orchitis typically present.

reads and subgenomic contigs [10, 11]. Metagenomic sequenc-
ing has also been used to sequence viral genomes from brain tis-
sue [12, 13], sometimes requiring the use of additional methods
such as PCR amplification to obtain full genomes [14, 15]. Our
results extend these methods by demonstrating the first assem-
bly of a viral genome from CSF using metagenomic sequencing.
Therefore, metagenomic sequencing offers the opportunity to
aid not only in diagnosis but also in molecular epidemiology of
viruses causing central nervous system infection. Finally, this
case illustrates the importance of maintaining a broad differen-
tial diagnosis in the setting of a known viral outbreak, including
uncommon presentations of common infections.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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