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Targeted molecular diagnostic tests and accurate immuno-
assays have transformed the landscape of clinical virology, 
calling into question the usefulness of traditional viral cul-
ture. Here we present a case where viral culture, followed by 
metagenomic sequencing, was central to the diagnosis of an 
unexpected viral infection, with significant clinical and public 
health implications.
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Recent advances in molecular diagnostic technologies have 
revolutionized the detection of viral infections and spawned 
debates over the continued utility of viral culture in clinical mi-
crobiology [1, 2]. Viral culture is relatively slow, labor intense, 
and requires highly specialized expertise. Additionally, viruses 
with significant biosafety concerns, such as hemorrhagic fever 
viruses, orthopoxviruses, and the novel coronavirus (SARS-
CoV-2), may grow in routine viral culture [3, 4], which poses 
potential risk to laboratorians. As a result, many clinical la-
boratories have discontinued its use in favor of more rapid and 
sensitive nucleic acid amplification tests (NAATs). It should be 
noted, however, that the NAAT assays commonly used in clin-
ical practice are designed to detect only a limited number of 
the most common viruses and may be unable to detect genet-
ically diverse viral strains. Thus, culture retains important ad-
vantages over targeted molecular testing. Culture allows for the 
isolation of a wide variety of viruses, including potential new or 
emerging pathogens, not expected by clinicians as long as viral 

replication can be confirmed by detection of cytopathic effect 
(CPE) or viral antigens. Strain variability typically has less of an 
impact on virus replication in culture than it does for targeted 
gene- or protein-based assays. Additionally, culture provides 
information on virus viability and is useful for phenotypic anti-
viral susceptibility testing [2]. Maintaining culture capabilities, 
at least as a reference method, still has benefits for patient care. 
Here we present an example of how viral culture was essential 
in the diagnosis and subsequent management of an unexpected 
infectious disease.

CASE PRESENTATION

Associated Regional and University Pathologists, Inc. (ARUP 
Laboratories), received a skin swab specimen collected from a 
“buttock lesion” for viral culture, along with a request to “rule 
out hand, foot, and mouth disease.” The Supplementary Data 
contains additional details on the laboratory methods and re-
agents used in this case. For culture, an aliquot of the specimen 
transport media was inoculated onto primary rhesus monkey 
kidney (pRhMK) cells, as well as Buffalo green monkey kidney, 
human lung carcinoma (A549), and human embryonic lung fi-
broblast (MRC-5) cell lines. CPE resembling that produced by 
herpes simplex virus (HSV) was observed in the pRhMK and 
MRC-5 monolayers on day 4 of incubation. However, testing 
of MRC-5 cells for HSV-1 and HSV-2 antigens using commer-
cially available direct fluorescent antibody (DFA) reagents was 
negative.

To exclude the possibility of nonspecific cytotoxicity, super-
natant from all culture vials was filtered and the eluate passed 
to new cell lines. CPE was again observed only in the pRhMK 
and MRC-5 vials on day 4 postfiltration. Testing of MRC-5 
and pRhMK displaying CPE for enterovirus antigens (on day 
4 and day 5, respectively) using commercially available DFA 
reagent was negative. Two days later, repeat staining for enter-
ovirus, HSV-1, and HSV-2 using different commercially avail-
able DFA kits to rule out potential false-negative results was 
also negative. Staining for additional common viruses capable 
of causing skin lesions and growth in cell culture was also per-
formed. In addition to the above viruses, cells displaying CPE 
tested negative for varicella-zoster virus, cytomegalovirus, 
adenovirus, and rubeola virus antigens. Molluscum contagi-
osum virus, a poxvirus, has been reported to produce HSV-
like CPE in standard viral cell culture [5]. Therefore, given the 
negative routine culture workup, molluscum contagiosum was 
considered to be high on the virologic differential diagnosis. 
Because molluscum contagiosum infection has a common 
clinical presentation, laboratory confirmation is usually not 
pursued.
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At this point, the medical providers were contacted to dis-
cuss the case and obtain additional patient history. The patient 
was a 10-month-old female infant who presented to a hospital 
in another state for evaluation of fever and new skin lesions 
(Figure 1). On exam, the diaper area had 10 circular to irreg-
ularly shaped ulcers, 1–2.5 cm in size, with undermined bor-
ders, all painful to touch. The parents reported “blisters” that 
developed 4–5 days prior and ulcerated in the following days. 
Scattered red macules were noted in perioral and acral loca-
tions. Overall, the skin lesions were not consistent with mol-
luscum contagiosum.

The patient had received no medical care before this illness, 
and she was behind in her vaccines. She had not traveled. There 
were no animal exposures or recent changes in topical hygiene 
products. The patient’s mother had a history of moderate to se-
vere atopic dermatitis and reported a recent illness and flare of 

her skin disease. On exam, she had numerous circular collarettes 
of scale over her forearms and arms from a vesicular eruption 
that began the week prior but was resolving without interven-
tion. The patient’s father, an active duty military member, had a 
1-cm vesicular, crusted plaque above his right upper lip, which 
he attributed to a cold sore. Neither parent, nor other close con-
tacts, had received recent live-virus vaccinations.

ADDITIONAL DIAGNOSTIC TESTING

In an attempt to identify the unknown virus, metagenomic 
next-generation RNA and DNA sequencing (mNGS) and 
electron microscopy (EM) were performed using culture 
material inactivated in a biosafety cabinet. Briefly, RNA and 
DNA sequencing generated >1.2  ×  107 single-end 150-bp 
sequencing reads per library (IDbyDNA, Salt Lake City, UT, 
USA). Sequencing data analyzed with the v2 Explify Platform 

Figure 1.  Skin lesions. Ulcerative lesions in the buttock area ranging in size from 1 to 2.5 cm. Consent to use these images for publication was obtained from the patient’s 
family.
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(IDbyDNA) identified vaccinia virus. mNGS generated a full-
length viral genome with >4300-fold coverage (Figure  2). 
Vaccinia virus Acambis clone 2000 was the most similar 
virus strain matching the patient’s isolate in public databases 
(ACAM2000, GenBank accession number AY313847), con-
taining only a single nucleotide polymorphism (49676G>A, 
numbering from AY313847). This vaccinia virus strain is used 
in 1 of the current live virus smallpox vaccines available in 
the United States (Sanofi Pasteur Biologics, Cambridge, MA, 
USA). In addition, low levels of Bovine polyomavirus 1 (most 

similar to KU200259, 71.6% genome coverage) and Macacine 
betaherpesvirus 3 (Rhesus cytomegalovirus, most similar 
to KX689268, 22.7% genome coverage) were detected, most 
likely representing contamination of the bovine serum and 
primate cells used as part of viral culture [6].

Electron micrographs were performed as previously de-
scribed [7]. These images were also consistent with a poxvirus 
infection, as evidenced by the presence of a large (~350  × 
270 nm) brick-shaped virion (Figure 3). EM does not differen-
tiate members of the poxvirus family [8].

A

1k
100
10

0
RNA-seq

DNA-seq

2.8% Viral

92% Viral

0 20k 40k 60k 80k 100k

Vaccinia virus strain Acambis clone 2000 (AY313847)

126-Fold Mean Coverage (RNA)

4370-Fold Mean Coverage (DNA)

Vaccinia virus strain Acambis clone 2000 (AY313847)

120k 140k 160k 180k

Fo
ld

 C
ov

er
ag

e

1

1k
10k

100
10

0

0 20k 40k 60k 80k 100k 120k 140k 160k 180k

Fo
ld

 C
ov

er
ag

e

1

B

Figure 2.  Identification and characterization of vaccinia virus from tissue culture by shotgun metagenomic RNA and DNA sequencing. A, Shotgun RNA sequencing re-
vealed 2.8% of sequencing reads to be of viral origin (pie chart), resulting in a mean 126-fold coverage of the vaccinia virus genome. B, Ninety-two percent of shotgun DNA 
sequencing reads were of viral origin, producing >4000-fold mean coverage and allowing for construction of a high-quality viral consensus genome for the patient strain 
covering 199 077 nucleotides (99.92% of the reference genome). Vaccinia virus strain Acambis clone 2000, used in the second-generation smallpox vaccine (ACAM2000, 
GenBank accession number AY313847), was the most similar strain in public databases. Only a single nucleotide polymorphism (49676G>A, numbering from AY313847) rel-
ative to ACAM2000 was identified.
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Figure 3.  Transmission electron micrograph of MRC-5 cells infected with vaccinia virus. Representative images of vaccinia virus are shown at different magnifications 
(11 000×, 30 000×, and 67 000×). The large (~200 × 300 nm) brick-shaped virions with biconcave (dumbbell-shaped) electron-dense cores containing the viral genome are 
characteristic of poxviruses.
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DISCUSSION 

Routine smallpox vaccination of the American public ended in 
1972 after the disease was eradicated from the United States. 
However, the government has maintained a vaccination pro-
gram for selected health care workers, first responders, and 
military personnel out of concerns that the orthopoxvirus 
variola virus (smallpox) could be used as an agent of bioter-
rorism [9, 10]. Two smallpox vaccines are currently approved 
by the US Food and Drug Administration. Both contain live 
vaccinia virus, a closely related orthopoxvirus that provides 
cross-protection against variola and other orthopoxviruses. 
The newest product (JYNNEOS, Bavarian Nordic) is a live, 
nonreplicating virus vaccine [11]. The JYNNEOS vaccine was 
approved by the Food and Drug Administration in September 
of 2019, and therefore was not available at the time of this event. 
In contrast, ACAM2000 contains replication-competent virus 
that can be shed from the intradermal vaccination site for up to 
3 weeks, and this vaccine was in use during the time this patient 
developed infection [12–14].

Transmission of vaccinia to household-, sexual-, and sports-
related contacts of recent vaccinees has been reported [15–19]. 
Tertiary transmission from contacts of vaccinees, including to 
an infant, has also been previously described [20]. At the time 
of this report, the child’s parents had not undergone testing 
for vaccinia exposure, and a follow-up epidemiologic investi-
gation failed to identify another potential source of exposure. 
As neither parent had been recently vaccinated, we consider 
occult transmission from a recent vaccinee to the mother, and 
then from mother to child, to be the most likely etiology of the 
child’s skin lesions in this case. We postulate that the mother’s 
rash may have been a mild form of eczema vaccinatum, a rare 
complication of vaccination most commonly seen in vaccinees 
or their close contacts with a history of atopic dermatitis or 
eczema [21]. Given the distribution of the child’s lesions, we 
suspect that transmission occurred during diaper care and 
that the sores on the baby’s hands and mouth were a result of 
autoinoculation. As many military members in the father’s 
workplace receive ACAM2000 vaccine, it is theoretically pos-
sible that contact transmission resulted in unrecognized sec-
ondary vaccinia infection in the father, with or without tertiary 
infection in the mother, subsequently followed by infection in 
this infant. Secondary transmission to the child through fom-
ites in the household is also possible, although less likely based 
on the location of the lesions and given a lack of identifiable 
family contact with known recent vaccinees.

Fortunately, no additional cases of transmission events were 
identified, and the patient improved with supportive care. 
Vaccinia immune globulin and antivirals with antivaccinia ac-
tivity (eg, tecovirimat, cidofovir, and brincidofovir) were con-
sidered for treatment of the skin lesions [22] but ultimately 
were not administered. Although rare, spread to close contacts 

is considered a significant adverse event of vaccination that 
requires reporting to the Vaccine Adverse Events Reporting 
System (VAERS) [10, 23]. Serious cases should also be reported 
to the state health department and/or the Centers for Disease 
Control and Prevention (CDC), as was done in this case [23].

Clinical laboratories should be aware that vaccinia virus, as 
well as other poxviruses such as monkeypox and variola, are 
capable of growth in routine clinical cell culture. Diploid cells 
infected with vaccinia virus are described as having a character-
istic granular appearance, often with focal areas of degenerated 
cells and cytoplasmic bridges. This description, however, is rel-
atively nonspecific. In general, recognition of CPE not typical 
for common viruses should prompt clinical laboratorians to 
consider the potential presence of a poxvirus or other emerging 
pathogen that may require enhanced biocontainment measures. 
Vaccinia virus is a biosafety level 2 (BSL2) organism, which is 
the standard level of containment for clinical virology work. 
However, transmission to a laboratory worker manipulating live 
vaccinia virus has been reported [24]. The Advisory Committee 
on Immunization Practices (ACIP) recommends smallpox 
vaccination at least every 10 years for laboratory workers who 
handle cultures or animals infected with non–highly attenuated 
vaccinia or other orthopoxviruses [9], but this is not routine for 
the clinical virology workforce.

Laboratory confirmation of orthopoxvirus infection, in-
cluding vaccinia, is not commercially available. For cases where 
orthopoxviruses are suspected, viral culture should not be per-
formed and specimens should be referred to state or local health 
departments for testing via the Laboratory Response Network 
(LRN) or CDC [25]. In this case, however, vaccinia infection was 
not initially considered given the lack of clear exposure in the pa-
tients and CPE most closely resembling HSV in the clinical labora-
tory. Identification of the virus was ultimately accomplished using 
a combination of traditional and advanced diagnostic methods.

In summary, this case illustrates the utility of viral culture 
combined with the power of mNGS for identifying viruses to 
the strain level in specimens from patients with a disease of un-
known etiology. Although metagenomic sequencing could have 
theoretically been applied directly to the initial skin swab, its 
performance relative to conventional tests needs to be demon-
strated, and costs have limited broader adoption for upfront 
testing. As sequencing costs come down and bioinformatic 
tools for sequence analysis are simplified, the debate over the 
role of viral culture in clinical virology will likely need to be 
revisited yet again.

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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