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A case of severe pneumonia with viremia caused by adenovirus B7
identified by off-label use of a multiplex PCR system
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Severe infection with human adenovirus (HAdV) is uncommon in adults, and the lack of reliable point-of-
care testing makes the diagnosis challenging. A 39-year-old immunocompetent Indian man developed
severe pneumonia, and his condition became life-threatening despite antimicrobial therapy. While
sputum and blood cultures remained negative, a multiplex PCR respiratory panel (Filmarray Respiratory
Panel), which is only approved for use with nasopharyngeal samples, detected HAdV in the serum and
tracheal aspirates on day 5. We therefore initiated ganciclovir, steroids, and intravenous immunoglobu-
lin. The patient’s respiratory condition improved significantly, and he eventually recovered without
complications. We later confirmed that conventional PCR of serum detected HAdV-B7. Our case
illustrated that a respiratory panel using multiplex PCR successfully detected HAdV in unapproved

Ganciclovir samples. Such off-label analyses may support the early diagnosis of infections caused by pathogens that
are difficult to identify by routine microbiological examination.

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction nasopharyngeal samples are approved for use with this system,

Human adenovirus (HAdV) generally causes mild disease [1,2];
however, HAdV pneumonia has gained attention due to outbreaks
and its severe presentation [1,2]. The diagnosis of HAdV pneumo-
nia is challenging due to the absence of specific clinical
manifestations [1,3,4]. Cultures and conventional PCR are the
standard diagnostic procedures, but both require hours to days to
yield results [1,4] and are available only in centralized laboratories.

Point-of-care multiplexed PCR systems have enabled the rapid
and accurate identification of pathogens, supporting the diagnosis
of respiratory, gastrointestinal, and central nervous system
infections [5]. The Filmarray Respiratory Panel (bioMérieux, NC,
USA) can detect a number of common respiratory pathogens (eight
viruses [adenovirus, coronavirus, human metapneumovirus, hu-
man rhinovirus, enterovirus, influenza virus, parainfluenza virus]
and three bacterial species [Bordetella pertussis, Chlamydophila
pneumoniae, Mycoplasma pneumoniae]), and previous reports have
demonstrated its excellent diagnostic capabilities [5,6]. Only
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however, and there is no concrete evidence regarding the
diagnostic utility of off-label analyses with samples from other
body sites [7].

Here, we present a case of severe HAdV pneumonia complicated
with systemic infection wherein off-label analysis of serum and
tracheal aspirate samples using the Filmarray Respiratory Panel led
to early diagnosis.

Case report

A 39-year-old immunocompetent Indian man living in Japan
was referred to our hospital in April 2019 for a 5-day history of
initial fever, vomiting, and generalized pain, followed by diarrhea.
The patient traveled to India for 3 days to visit his relatives and
returned to Japan 10 days before his admission. His preexisting
conditions included untreated hypertension and obesity with a
body mass index of 27.3 kg/m?.

On initial evaluation, he was febrile but his hemodynamic and
respiratory functions were stable: body temperature, 39.7°C;
blood pressure, 168/105 mmHg; heart rate, 120 bpm with sinus
rhythm; respiratory rate, 24/minute; and oxygen saturation, 95 %
(ambient air). Physical examination revealed ocular conjunctival
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Fig. 1. Chest X-ray images obtained on day 1 (a) and day 5 (b).
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A lung consolidation is predominantly left-sided on admission (a), and is bilateral on day 5 (b).

hyperemia and bilateral holo-inspiratory crackles on chest
auscultation. Blood tests showed elevated levels of the following:
C-reactive protein, 10.12 mg/dL; aspartate transaminase, 63 [U/L;
alanine transaminase, 71 IU/L; and lactate dehydrogenase, 509 IU/
L. A chest X-ray showed a left lung-dominant consolidation (Fig. 1-
a). After two sets of blood and sputum cultures were collected, he
was hospitalized and received antimicrobial treatment with
ceftriaxone due to the possibility of bacterial pneumonia.

On the day after admission (day 2), his dyspnea worsened and
supplemental oxygen therapy was required. We added azithro-
mycin and levofloxacin, and subsequently switched ceftriaxone to
meropenem. His respiratory status further declined that evening,
and we initiated mechanical ventilation. Computed tomography on
the same day showed ground-glass opacities in segments 6, 9, and
10 of the left lower pulmonary region (Fig. 2).

Despite the patient’s rapidly worsening respiratory status, his
sputum and blood cultures remained negative. His sputum also
tested negative for loop-mediated isothermal amplification
(LAMP) for Legionella spp. To identify the causative pathogens,
we used the Filmarray Respiratory Panel version 1.7 to perform
molecular examinations of serum and tracheal aspirate samples on
day 5. The manufacturer’s instructions were followed for all
procedures except sample preparation. Specifically, the patient’s
serum was examined directly, while the tracheal aspirate was

Fig. 2. Computed tomography performed on day 2.
Computed tomography examination shows ground-glass opacities in segments 6, 9,
and 10 of the left lower lung.

diluted in Universal Transport Medium (Copan Diagnostics, CA,
USA) due to its viscosity. After that, 300 uL of each sample was
loaded into a test kit. Both examinations showed positive results
for adenovirus, which led to a tentative diagnosis of pneumonia
and viremia caused by adenovirus. Since the manufacturer only
supports the use of nasopharyngeal samples for the Filmarray
Respiratory Panel, we sent a residual serum sample to a centralized
laboratory (LSI, Tokyo, Japan) to validate our results. Eight days
later, a qualitative PCR examination performed as previously
described [8] identified adenovirus-B type 7 in the sample.

The patient did not respond to antimicrobial treatment and
experienced further respiratory deterioration. On day 5, a chest X-
ray demonstrated a bilateral infiltrative shadow (Fig. 1-b) and the
patient was diagnosed with acute respiratory distress syndrome.
We started combination therapy with ganciclovir, steroids, and
intravenous immunoglobulin (IVIG) in addition to antimicrobials.
His respiratory status subsequently improved, and the ganciclovir
was discontinued in 7 days. Despite the negative sputum culture,
we continued to administer antimicrobials for 14 days due to the
potential of bacterial coinfection. A significant improvement in the
patient’s respiratory condition allowed for the withdrawal of
mechanical ventilation on day 13. However, flaccid quadriplegia
and oculomotor impairment became apparent after extubation.
Brain magnetic resonance imaging (MRI) revealed high-signal
areas in the bilateral cortex on diffusion imaging. The physical
findings and brain MRI results suggested a demyelinating disease
of the central nervous system that was most compatible with acute
disseminated encephalomyelitis (ADEM) induced by adenovirus
infection [9]. We initiated pulse steroid and IVIG therapy, and the
patient’s palsy gradually improved. He was transferred to another
hospital on day 78 for further rehabilitation. By the time of his
follow-up visit on day 128, his motor disability had completely
resolved without any complications, and he had successfully
returned to work.

Discussion

HAdV, a DNA virus, causes upper and lower respiratory tract
infections, gastroenteritis, and keratoconjunctivitis [1]. The most
severe infections occur predominantly in children, the elderly, and
immunocompromised patients [1,2,4]. HAdV pneumonia is
considered uncommon in adults, and has been identified in 1.6
% of patients with community-acquired pneumonia (CAP) [10].
However, outbreaks among healthy adults have been reported in
recent years, especially in cramped conditions such as military and
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healthcare settings [1,2,11]. A previous study reported that the
typical clinical characteristics of HAdV pneumonia are high fever,
dyspnea, and chest discomfort [11]. Although these signs and
symptoms were present in our case, thus far no manifestations
specific for HAdV involvement in CAP have been identified [3]. The
type of HAdV is associated with the site and severity of infection
[1,2], and types 1, 2, 3, 4, 7, 14, 21, and 55 likely cause pneumonia
[1,18]. Several studies have suggested that type B7, which was
identified in this case, tends to cause severe pneumonia [2], and
this type could explain the severity of disease in our patient. A
study in the United States showed that compared with non-B7
patients, those with B7 were more frequently hospitalized (69 % vs.
84 %, respectively) and admitted to an intensive care unit (18 % vs.
39 %, respectively) [2]. The most common HAdV types worldwide
were shown to be 1, 2, and 3, with 7 being more common in South
Korea, Taiwan, and the United States [1]. In Japan, type 2 was most
common (32 %) among lower respiratory infections, followed by 1
(19 %) and 3 (13 %), and type 7 only accounted for 0.4 % [12]. Severe
or fatal infections caused by type B7 have rarely been reported in
Japan and India; therefore, the travel history of the patient in this
case did not provide insight regarding the location of HAdV
contraction [12,13].

HAdV infection is commonly diagnosed by enzyme immuno-
assays, immunofluorescence assays, and PCR [14]. Enzyme immuno-
assays and immunofluorescence assays provide rapid results but
have low sensitivity [14]. Cell culture has high specificity but the
results are not available for several days, and it has now been
superseded by PCR[14].Recently, several multiplex PCR devices have
been developed and used for point-of-care testing. These assays
utilize multiple probes to detect one or more pathogens simulta-
neously and thereby reduce labor and cost [4,5]. The Filmarray
Respiratory Panel demonstrated a sensitivity of 91 % for detecting
HAdV [6]. However, HAdV isolated from the upper respiratory tract
may not be the causative pathogen [15]; therefore, in cases of non-
superficial infections the virus should be identified in samples from
normally sterile body sites. In the current case, the Filmarray
Respiratory Panel showed positive results for serum and tracheal
aspirate samples, neither of which are approved by the manufacturer
for this analysis. However, these off-label analyses led to our
diagnosis of HAdV pneumonia and viremia, and we validated the
serum sample results by conventional PCR. There have been limited
data regarding off-label analyses using Filmarray. A previous study
showed that the Blood Culture Identification Panel identified
causative pathogens with sufficient sensitivity using the following
sources: cerebrospinal fluid, ascites, synovial fluid, pleural effusion,
respiratory samples,and abscesses[16]. Other studies suggested that
the Respiratory Panel could identify pathogens in specimens from
the lower respiratory tract [7]. Our case is the first in which the
Respiratory Panel was successfully used for off-label analysis to
identify HAdV both in serum and tracheal aspirates. Because of their
simplicity, quick turnaround time, high diagnostic performance, and
ability to detect multiple pathogens, off-label analyses with
multiplex PCR may enable the early diagnosis of invasive viral
infection, as shown in this case, and improve patient outcomes [7].
Still, we consider it necessary to conduct additional validation
studies of these off-label tests.

Although HAdV pneumonia is generally self-limited, cidofovir
has been considered the first-choice treatment for severe cases.
Cidofovir has more potent in vitro activity against HAdV than other
agents [1] and is effective for all serotypes [17]. In human subjects,
cidofovir improved the survival rate in patients who had
undergone allogeneic hematopoietic stem cell transplantation
(HSCT) and accelerated viral clearance [17]. However, cidofovir is
not available in Japan, and considering the life-threatening
condition of our patient, we administered ganciclovir as an
alternative [4]. Ganciclovir is mainly used for the treatment or
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prophylaxis of cytomegalovirus infection and is not approved for
HAdV. It exhibits moderate anti-HAdV activity in vitro, and its tri-
phosphorylated form inhibits HAdV DNA polymerase [18].
Evidence regarding ganciclovir treatment in vivo is scarce. A case
report described the successful use of ganciclovir and IVIG in a
cardiac transplant patient with severe HAdV pneumonia [19]. In
addition, a few retrospective studies demonstrated the potential
prophylactic benefit of ganciclovir in HSCT patients [20]. While
ganciclovir treatment might have contributed to the improved
respiratory condition in our patient, further research is necessary
to prove its efficacy.

The limitations of this case are as follows. First, we did not
measure the viral load of HAdV. Since it may correlate with the
severity of infection [4], a high titer may have been responsible for
our patient’s unfavorable clinical course. Second, while ADEM was
the most likely diagnosis in this case, the diagnostic criteria for
ADEM in adults have yet to be established, and there are other
possible causes for our patient’s flaccid quadriplegia and oculo-
motor impairment [9].

In conclusion, this is the first reported case in which a multiplex
PCR respiratory panel detected HAdV in serum and tracheal
aspirates and supported the early diagnosis of HAdV pneumonia
with systemic infection. Multiplex PCR using non-approved
samples, in addition to careful observation and physical examina-
tion, may be helpful because severe systemic infection of HAdV is
rarely suspected in healthy adults.
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