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ABSTRACT We reported nearly complete genomic sequences of 12 serotypes of human
rhinoviruses (HRVs) isolated from pediatric inpatients in Fukushima, Japan using an air-liquid
interface culture of human bronchial tracheal epithelial cells. We found that various sero-
types of HRV circulated locally and simultaneously from 2018 to 2021.

Human rhinoviruses (HRVs) belong to the family Picornaviridae and have a genome that
consists of approximately 7.2 kb of positive-sense single-stranded RNA. There are three

main species of HRVs (A, B, C) and more than 160 (sero)types (1, 2). Once the HRV types were
distinguished by serological assays. Currently, they are distinguished by genetic methods due
to the difficulty of virus propagation in cell cultures (3). The HRV genome comprises a 59
untranslated region that contains an internal ribosome entry site, a single open reading
frame, and a 39 untranslated region (4). HRVs are a major cause of pediatric pneumonia follow-
ing respiratory syncytial virus infection and sometimes cause severe acute respiratory infections
in children (5–8). HRVs have also been detected in coinfections with acute respiratory patho-
gens (7–9), and coinfection with coronaviruses has recently been reported to affect the
outcome of diseases by exacerbating or reducing virus infections (10, 11).

In this study, 12 HRVs were successfully isolated from specimens obtained from pediatric
patients with severe acute respiratory infections in Fukushima, Japan, and their nearly complete
genomic sequences were obtained (Table 1). Nasopharyngeal swabs were collected from 2018
to 2021, and those that were HRV positive by multiplex real-time PCR for respiratory viruses
(12–14) were used for virus isolation. The air-liquid interface culture of human bronchial/tra-
cheal epithelial cells (HBTEC-ALI) was prepared as described previously (15–17). At 7 or 11 days
after inoculation onto HBTEC-ALI culture with specimens, cells were washed with a culture
medium, and the presence of virus in cell wash was confirmed by real-time RT-PCR. The cell
wash showed that HRV positive was stored as virus stock. Nucleic acids were extracted
from virus stock using a QIAamp Viral RNA Mini kit (Qiagen, Hilden, Germany). Libraries for
next-generation sequencing were prepared using a NEBNext Ultra II RNA Library Prep Kit
for Illumina (New England Biolabs, Ipswich, MA, USA) following the manufacturer’s instruc-
tions. The indexed libraries were analyzed for 2� 150 cycles on a DNBSEQ-G400 sequencer
at Genewiz (South Plainfield, NJ, USA). Reads were trimmed and then de novo assembled
using the CLC Genomics Workbench (v21.0.4, Qiagen) with default settings. The assembled
sequences were analyzed on BLASTn (https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=
blastn&BLAST_SPEC=GeoBlast&PAGE_TYPE=BlastSearch) and the sequence that showed
the highest similarity was considered the HRV type of the assembled sequence. The coverage
was calculated by mapping of reads to the assembled sequence.

Editor Kenneth M. Stedman, Portland State
University

Copyright © 2022 Egawa et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Kazuya Shirato,
shirato@niid.go.jp.

The authors declare no conflict of interest.

Received 24 May 2022
Accepted 30 June 2022
Published 13 July 2022

August 2022 Volume 11 Issue 8 10.1128/mra.00529-22 1

GENOME SEQUENCES

https://orcid.org/0000-0002-8194-7727
https://orcid.org/0000-0002-3375-9799
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_SPEC=GeoBlast&PAGE_TYPE=BlastSearch
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_SPEC=GeoBlast&PAGE_TYPE=BlastSearch
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/mra.00529-22
https://crossmark.crossref.org/dialog/?doi=10.1128/mra.00529-22&domain=pdf&date_stamp=2022-7-13


TA
B
LE

1
D
et
ai
ls
of

th
e
12

hu
m
an

re
tr
ov

iru
se
s
(H
RV

s)
is
ol
at
ed

in
th
is
st
ud

y

N
am

e
A
cc
es
si
on

n
o.

Ru
n
d
at
a

ac
ce
ss
io
n

n
o.

To
ta
l

re
ad

s

To
ta
l

m
ap

p
ed

re
ad

A
ve

ra
g
e
of

co
ve

ra
g
e

Le
n
g
th

G
C
%

Sp
ec
ie
s

an
d
ty
p
e

N
o.

of
re
g
is
te
re
d

co
m
p
le
te

g
en

om
ic

se
q
ue

n
ce
sa

C
oi
n
fe
ct
io
n
b

C
p
va

lu
e
of

sp
ec
im

en
Fu

ku
sh
im

a_
H
26

0_
20

18
LC

69
94

14
D
RR

37
49

77
20

,9
55

,2
78

57
0,
48

1
10

,8
49

.9
4

7,
18

0
38

.0
5

A
78

40
PI
V3

,H
Bo

V
38

.1
3

Fu
ku

sh
im

a_
H
28

7_
20

18
LC

69
94

15
D
RR

37
49

78
12

,0
42

,2
28

34
8,
15

9
6,
92

5.
07

7,
18

5
37

.6
3

A
24

20
RS

VB
,P
IV
3,
H
Bo

V
37

.9
8

Fu
ku

sh
im

a_
H
50

4_
20

19
LC

69
94

16
D
RR

37
49

79
19

,2
52

,6
20

54
2,
83

4
10

,8
22

.2
1

7,
12

2
38

.9
2

A
54

4
A
D
V2

,h
M
PV

33
.8
7

Fu
ku

sh
im

a_
H
55

5_
20

19
LC

69
94

17
D
RR

37
49

80
23

,1
29

,9
96

60
8,
52

1
12

,2
30

.0
0

7,
15

0
38

.8
3

A
81

3
RS

VB
,A

D
V2

,A
D
V4

,h
M
PV

32
.8

Fu
ku

sh
im

a_
H
56

1_
20

19
LC

69
94

18
D
RR

37
49

81
12

,4
73

,1
36

83
0,
01

7
15

,7
18

.6
8

7,
15

0
38

.3
9

A
16

2
RS

VB
,P
IV
3,
A
D
V4

,H
Bo

V
31

.3
9

Fu
ku

sh
im

a_
H
58

1_
20

19
LC

69
94

19
D
RR

37
49

82
17

,5
32

,2
06

1,
93

8,
26

6
37

,4
27

.9
8

7,
18

9
39

.0
7

A
88

1
RS

VA
,P
IV
3,
A
D
V2

,H
Bo

V
34

.6
6

Fu
ku

sh
im

a_
H
68

1_
20

19
LC

69
94

20
D
RR

37
49

83
17

,3
66

,0
78

52
6,
93

8
10

,3
36

.4
2

7,
14

3
38

.8
3

A
58

7
25

.5
8

Fu
ku

sh
im

a_
H
R1

3_
20

20
LC

69
94

21
D
RR

37
49

84
9,
14

7,
65

8
47

4,
17

4
9,
39

6.
38

7,
14

6
37

.5
9

A
21

4
24

.2
1

Fu
ku

sh
im

a_
O
R4

-2
_2

02
0

LC
69

94
22

D
RR

37
49

85
18

,5
67

,1
26

1,
03

2,
27

2
20

,4
67

.8
3

7,
14

2
38

.4
6

A
60

4
24

.8
6

Fu
ku

sh
im

a_
O
R6

5_
20

20
LC

69
94

23
D
RR

37
49

86
13

,2
80

,8
00

99
,6
60

1,
99

4.
51

7,
09

4
39

.0
2

A
80

10
H
Bo

V
29

.5
7

Fu
ku

sh
im

a_
O
R2

74
_2

02
1

LC
69

94
24

D
RR

37
49

87
20

,9
55

,2
78

57
0,
48

1
10

,8
49

.9
4

7,
06

7
38

.0
5

A
1

20
7

RS
VA

,A
D
V2

,H
Bo

V
34

.9
5

Fu
ku

sh
im

a_
H
39

9_
20

18
LC

69
94

25
D
RR

37
49

88
15

,4
74

,9
68

6,
25

4
12

7.
50

7,
04

1
43

.1
5

C
3

36
RS

VB
27

.7
8

a
N
um

b
er

of
ne

ar
ly
co
m
p
le
te

H
RV

ge
no

m
ic
se
qu

en
ce
s
in

G
en

Ba
nk

ot
he

rt
ha

n
th
os
e
ob

ta
in
ed

in
th
is
st
ud

y.
b
C
oi
nf
ec
ti
on

w
as

de
te
rm

in
ed

b
y
m
ul
ti
p
le
x
re
al
-t
im

e
PC

R
as
sa
ys

fo
rr
es
p
ira

to
ry

vi
ru
se
s.
PI
V,
p
ar
ai
nfl

ue
nz
av
iru

s;
H
Bo

V,
hu

m
an

b
oc
av
iru

s;
RS

V,
re
sp
ira

to
ry

sy
nc

yt
ia
lv
iru

s;
A
D
V,
ad

en
ov

iru
s;
hM

PV
,h
um

an
m
et
ap

ne
um

ov
iru

s.

Announcement Microbiology Resource Announcements

August 2022 Volume 11 Issue 8 10.1128/mra.00529-22 2

https://www.ncbi.nlm.nih.gov/nuccore/LC699414
https://www.ncbi.nlm.nih.gov/sra/DRR374977
https://www.ncbi.nlm.nih.gov/nuccore/LC699415
https://www.ncbi.nlm.nih.gov/sra/DRR374978
https://www.ncbi.nlm.nih.gov/nuccore/LC699416
https://www.ncbi.nlm.nih.gov/sra/DRR374979
https://www.ncbi.nlm.nih.gov/nuccore/LC699417
https://www.ncbi.nlm.nih.gov/sra/DRR374980
https://www.ncbi.nlm.nih.gov/nuccore/LC699418
https://www.ncbi.nlm.nih.gov/sra/DRR374981
https://www.ncbi.nlm.nih.gov/nuccore/LC699419
https://www.ncbi.nlm.nih.gov/sra/?term=DRR374982
https://www.ncbi.nlm.nih.gov/nuccore/LC699420
https://www.ncbi.nlm.nih.gov/sra/DRR374983
https://www.ncbi.nlm.nih.gov/nuccore/LC699421
https://www.ncbi.nlm.nih.gov/sra/DRR374984
https://www.ncbi.nlm.nih.gov/nuccore/LC699422
https://www.ncbi.nlm.nih.gov/sra/DRR374985
https://www.ncbi.nlm.nih.gov/nuccore/LC699423
https://www.ncbi.nlm.nih.gov/sra/DRR374986
https://www.ncbi.nlm.nih.gov/nuccore/LC699424
https://www.ncbi.nlm.nih.gov/sra/DRR374987
https://www.ncbi.nlm.nih.gov/nuccore/LC699425
https://www.ncbi.nlm.nih.gov/sra/DRR374988
https://journals.asm.org/journal/mra
https://doi.org/10.1128/mra.00529-22


Among the 12 HRV isolates, three were mono-infections and nine were coinfections with
other viruses (Table 1). Using real-time RT-PCR tests to detect HRVs, the Cp values ranged
from 24.21 to 38.13. The Cp values in the coinfection samples were high. The type of each
isolate was different. Among them, the number of registered complete sequences was very
small for several types (Table 1). The 12 isolates and their genomic sequence information will
be helpful to study virus characteristics, such as serological responses, in rare types.

Data availability. The 12 nearly complete HRV genome sequences have been deposited
in GenBank under accession numbers LC699414, LC699415, LC699416, LC699417, LC699418,
LC699419, LC699420, LC699421, LC699422, LC699423, LC699424, and LC699425 (Table 1).
The raw reads have been deposited under BioProject number PRJDB13572. Each run data
set has been deposited in DDBJ under accession number DRR374977, DRR374978, DRR374979,
DRR374980, DRR374981, DRR374982, DRR374983, DRR374984, DRR374985, DRR374986,
DRR374987, and DRR374988.
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