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Metagenomic analysis identified
co-infection with human rhinovirus C and
bocavirus 1 in an adult suffering from
severe pneumonia

Dear Editor,

Human rhinovirus (HRV) and bocavirus (HBoV) are two of
the most common respiratory viruses associated with acute
respiratory tract infections among children.1,2 Recent articles
in this journal have highlighted the role of bocavirus and
rhinovirus in potentially severe pneumonia in adults and
younger children.3,4 However co-infection with both viruses
was very rare among adults. A previous study reported a
16-month child who was infected by HBoV1 and also showed
presence of HRV, developed severe pneumonia.5 Here we
reported co-infection with HBoV1 and HRV-C in an adult
woman with acute respiratory distress syndrome (ARDS).

A 26-year-old woman caught a cold on Jan. 28, 2017, and
developed symptoms of recurrent fever, cough, chills, expec-
toration, slight hemoptysis, muscle and joint pain in the
following days (Fig. 1A). She felt chest tightness and short-
ness of breath on February 1, and visited Guangzhou Eighth
People’s Hospital for further examination and treatment on
February 3 since her condition continuously worsened with
cyanotic lips and pararthria.

The patient had fever of 39.3 °C, heart rate of 144 beats/
min, respiratory rate of 38 breaths/min, blood pressure of
112/66 mmHg, and pulse oxygen saturation (SpO2) of 85%.
Laboratory evaluation showed white blood cell count
2.2–3.77 × 109/L(normal, 3.5–9.5 × 109/L), lymphocyte
0.61 × 109/L (normal, 1.1–3.2 × 109/L), platelet count (PLT)
72 × 109/L (normal, 100–350 × 109/L), C-reactive protein
89.5 mg/L (normal, <8.0 mg/L), hemoglobin (HB) 108 g/L
(normal, 110–150 g/L), oxygenation index (OI) 105 mmHg
(normal, 400–500 mmHg), CD3 T cell 197/mm3 (normal,
500–1500/mm3), CD4Tcell 197/mm3 (normal, 300–1200/mm3),
and CD8 T cell 121/mm3 (normal, 238–874/mm3)
(Supplementary Table S1). Auscultation of the lungs revealed
extensive moist rales and computed tomographic (CT) scan
showed bilateral diffuse infiltration (Fig. 1A). She was diag-
nosedwith severe pneumoniawith ARDS, and admitted imme-
diately to the ICU with high flow oxygen to maintain the
SPO2 at approximately 90% on February 3. During this period,
she showed polypnea, dysphoria, frequent cough and slight
hemoptysis. Abundant hemorrhagic secretions were observed
through bronchofiberscope. She was treated with antiviral
and antibiotic therapies in combination with ulinastatin
(Fig. 1A).

Antiviral drug peramivir was used in the first three days,
followed by oseltamivir in another three days. Antibiotics
(imipenem, cilastatin and moxifloxacin) were given for 10
days. Her body temperature returned normal on the fourth
day and CT showed significant improvement in the patient’s
condition. She was switched to sequential non-invasive ven-
tilation from February 10 to 12, and then transferred to
general ward and treated with low-flow oxygen and predni-
sone. The patient was discharged from the hospital on Feb-
ruary 17 and showed a sustained recovery in two subsequent
visits on February 28 and March 15.

Throat swabs and sera were collected during her hospi-
talization. Blood and respiratory secretions were negative
for bacteria, and fungi in cultures, and G-test and GM-test,
respectively. HIV, HBV, influenza viruses, SARS-CoV, MERS-
CoV and other coronaviruses were negative by ELISA and/or
(RT-)PCR assays. Pulmonary secretions from the first day of
hospitalization were further analyzed using metagenomic
sequencing as described previously.6 Of 64,024,857 total reads,
2166 (0.0034%) were of viral origin. Two respiratory viruses,
HRV (1309 reads, 60.4%) and HBoV (197 reads, 9.1%) were
found with high percentages (Fig. 1B). The presence of HRV
and HBoV were confirmed by specific (RT-)qPCR assays, and
HBoV1 RNA was also detected at all sample points. HRV-C
and HBoV1 were determined by phylogenetic analyses of
HRV VP4/VP2 and HBoV VP1/VP2 fragments, respectively
(Fig. 1C). Specific IgM and IgG responses against HBoV1 and
HRV-C were further investigated by ELISA (Feiya BioTech,
China). The serum IgG and IgM levels of the patient showed
2.2 to 4.7 fold increases for HRV-C and 5.1 to 2.6 fold increases
for HBoV1 from February 4 to February 15, respectively
(Fig. 1D). Above results indicated an acute co-infection with
HBoV1 and HRV-C in the patient. We further characterized
the dynamics of both viruses using (RT-)qPCR assays (Fig. 1E).
After 2 days of treatment, the viral load of HRV-C and HBoV1
among swabs showed a rapid decrease from 1.3 × 104 copy/ml
to below the detection limit, and from 1.2 × 106 copy/ml to
2.7 × 104 copy/ml, respectively. Then, HRV-C viral load
remained undetectable among swabs and sera, while HBoV1
viral load started a slowdown from 2.7 × 104 copy/ml to
1.2 × 103 copy/ml during whole treatment, indicating a per-
sistent infection of HBoV1.5 Accompanied by the antiviral
treatment, the patient progressively recovered and bilat-
eral lung opacity improved rapidly, indicating that the treat-
ment was effective. It was difficult to determine which virus
was mainly responsible for the case. But the recovery of the
patient from the rapid elimination of HRV-C and a persistent
presence of HBoV1 among swabs and sera suggested that
HRV-C may be the principal causative agent for the severe
pneumonia. HRV was often associated as severe respiratory
illness in children and adults.7–9 As there are still questions
about the role of HBoV as a single causative agent, it is
possible that the simultaneous HBoV1 infections worsen the
illness caused by preceding HRV-C infection.

In this case, metagenomic sequencing showed a robust
power to detect the causative agents of severe illness when
the routine and traditional methods (e.g. culture, ELISA,
PCR, etc.) failed. After excluding bacterica, fungi, andmajor
pneumonia-causing viruses (i.e. SARS-CoV, MERS-CoV, and
H7N9), we applied metagenomic sequencing to obtain the
DNA and RNA sequences present in the sample, and deter-
mined the potential pathogens by similarity search with the
sequence database covering all known viruses. The candi-
date viruses were further confirmed by specific (RT-)qPCR
assays, phylogentic analysis, as well as seroconversion of IgM
and IgG responses. Using this pipeline, HRV-C and HBoV1
were identified as the causative agents of this index patient
with ARDS.

In conclusion, our study reports a life-threatening pneu-
monia case caused by co-infection with HRV-C and HBoV1,
and raises a question whether HRV-C-related severe pneu-
monia is often associated with co-infection of other respira-
tory viruses such as bocavirus.
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Figure 1 Timeline of the patient’s clinical course and evidence supporting the co-infection with HRV-C and HBoV1. A, Timeline of
the patient’s clinical course and outcome. B, Viral reads distribution. Viral reads were classified by aligning again the NCBI viral
sequence database with blast-n and blast-x. C, Maximum-likelihood phylogenetic trees were generated by MEGA6 based on partial
VP1/VP2 sequences (~550 bp) of Bocavirus (left) and partial VP4/VP2 sequences (~530 bp) of Rhinovirus (right). D, Antibody responses
to HBoV1 and HRV-C at two time-points. Results are shown as absorbance values at 450 nm, cutoff 0.15. Difference between different
groups was determined by the Student’s t-test. ** P < 0.01. E, Viral load dynamic of HBoV1 and HRV-C in swabs and serums collected
in different time-points.
A high-resolution version of this slide for use with the Virtual Microscope is available as eSlide: VM04609.
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