
Page 1/17

Diversity of human rhinovirus species among
children with severe or mild acute lower respiratory
infection in Beijing, China, during 2016–2019
Dongmei Chen 

Capital Institute of Pediatrics
Ruoxi Zhang 

National Institute of Securities Markets
Yuan Qian 

Capital Institute of Pediatrics
Yu Sun 

Capital Institute of Pediatrics
Runan Zhu 

Capital Institute of Pediatrics
Fang Wang 

Capital Institute of Pediatrics
Yaxin Ding 

Capital Institute of Pediatrics
Yutong Zhou 

Capital Institute of Pediatrics
Qi Guo 

Capital Institute of Pediatrics
Dong Qu 

A�lated Children's Hospital of Capital Institute of Pediatrics
Ling Cao 

A�lated Children's Hospital of Capital Institute of Pediatrics
Linqing Zhao  (  linqingz525@163.com )

Capital Institute of Pediatrics https://orcid.org/0000-0002-5622-1959

Research article

Keywords: Pediatric patients, acute lower respiratory infection, human rhinovirus, species, diversity

Posted Date: November 1st, 2019

DOI: https://doi.org/10.21203/rs.2.16727/v1

https://doi.org/10.21203/rs.2.16727/v1
mailto:linqingz525@163.com
https://orcid.org/0000-0002-5622-1959
https://doi.org/10.21203/rs.2.16727/v1


Page 2/17

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://creativecommons.org/licenses/by/4.0/


Page 3/17

Abstract
Background Human rhinovirus (HRV) infections were con�rmed in severe acute lower respiratory
infections (ALRI) . Methods To evaluate the diversity and circulation pattern of HRVs species, specimens
were collected from pediatric patients with ALRI during Dec 2016 to Feb 2019 and screened by RVP FAST
Assay. Specimens positive for HRVs/ Enteroviruses (EVs) were then tested for HRVs and EVs by PCR.
Then the capsid protein gene of HRVs was ampli�ed and sequenced for species identi�cation, and
clinical data of HRV infections were analyzed. The chi-square (χ 2 ) test and rank sum test was used for
statistical analysis using SPSS Statistics 22.0 version. In order to test and evaluate the relationship
between patients positive for different HRV species and the outcome of Intensive Care Unit (ICU) (ICU
group) or Department of Respiratory admission (Respiratory group), a logistic model was constructed
using multiple logistic regression analysis. Results Among 1835 specimens tested, 363 (19.8%) were
positive for EVs/HRVs, and 314 (86.5%, 314/363) were positive for HRVs, including 177 (56.4%, 177/314)
HRV A, 29 (9.2%, 29/314) HRV B, and 108 (34.4%, 108/314) HRV C. Using HRV C as the control species,
HRV A was a dangerous factor for severe clinical outcome (OR=1.983, 95% CI=1.091-3.605) ( p =0.025).
Patients positive for HRVs from ICU group were signi�cantly younger than those from Respiratory group
(0.39 years: 1.80 years, p =0.000) and age was con�rmed as a protective factor for severe ALRI. In August
and September, HRV A and B are the dominant species, then HRV C in October and December. Among 96
types con�rmed in the study, the predominant types usually showed in no consecutive years. Conclusions
HRVs were important viral pathogens for ALRI in children. HRV A and C are more popular. Compared to
HRV C, HRV A were associated more powerful with severe ALRI. The risk of severe ALRI by HRVs
infections is decreased with the increasing of age.

Introduction
Human rhinovirus (HRV), �rst identi�ed in 1956, had been noted as a major pathogen of common cold for
over 50 years(1). With the development of molecular techniques for detecting HRVs in a variety of clinical
specimens and the discovery of the genetically distinct HRV C species viruses, HRVs infections were
con�rmed not only in common colds, but also in otitis, sinusitis, severe lower respiratory infections,
especially infantile bronchiolitis, childhood pneumonia, and acute exacerbations of chronic respiratory
diseases, such as asthma (2, 3).

Based on the nucleotide sequence homology, HRVs can be divided into three genetically distinct species:
HRV A, HRV B and HRV C (4-6). It has been shown in a number of studies that HRV A and HRV C were
associated with more severe outcome in the pediatric population (7-12). Other results supported that HRV
C, which may be one of the key factors in the association of HRVs with asthma (13), may cause more
severe illness, and is more frequently associated with wheezing episodes, asthma exacerbations, and
lower respiratory tract infections than HRV A and HRV B (8, 14-16). However, data on the relationship
between HRV species and severity of disease and the circulation patterns of HRVs still need to be
accumulated.
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There are approximately 169 serotypes or genotypes for the highly genetically and antigenically diverse
of HRVs, which compound the di�culties for pan-HRV detection in a universal nucleotide test. Therefore,
the 5´ untranslated region (5’ UTR) of HRVs genome containing several highly conserved regions is the
common target for primer design (4, 17, 18). For they share greater than 70% amino acid identity in the
P1, 2C, and 3CD regions with other members of the Enterovirus genus, HRVs, with small, non-enveloped,
positive-stranded RNAs, were assigned to the Enterovirus genus within the Picornaviridae family.
However, sequences in the capsid protein coding region are more variable, which helps to distinguish
genotypes (5).

To evaluate the diversity of HRVs species among children with severe or mild lower acute respiratory
infection in Beijing and to reveal the circulation patterns of HRVs, clinical specimens for respiratory virus
screening were collected from pediatric patients during Dec 2016 to Feb 2019 for pan-HRV detection in a
universal nucleotide test in the study, and then the capsid protein gene of HRVs was sequenced for
species identi�cation and clinical data were analyzed.

Materials And Methods
Clinical specimens

 In the retrospective study, nasopharyngeal aspirates (NPA) were obtained for respiratory virus screening
from patients aged < 16 years who visited the Children’s Hospital a�liated with the Capital Institute of
Pediatrics (CIP) (Beijing, China) and were diagnosed with acute lower respiratory infections (ALRIs),
including bronchitis, bronchiolitis, and pneumonia, between November 2016 to February 2019. The
diagnosis of ALRI in this study was according to the Zhu Futang Textbook of Pediatrics (7th Edition) (19).

Specimens were immediately stored at 4°C and sent to the laboratory within 12 hours. Upon arrival at the
laboratory, each of the clinical specimens was handled in a Class II bio-safety cabinet (BSC II) and
processed immediately in 2.5 ml of viral transport medium (VTM) (Yocon Biotechnology Co., Ltd, Beijing,
China) and centrifuged at 500 × g for 10 min to obtain the supernatant for respiratory virus screening.

The study was approved by the Ethics Committee of the Capital Institute of Pediatrics.

RVP FAST assay

Total nucleic acid (DNA and RNA) was extracted from 200 µL of each collected specimen using the
QIAamp MinElute Virus Spin Kit (Qiagen GmbH, Germany) according to the manufacturer’s instructions.
MS-2 bacteriophage was used as an internal control. Extracts were then tested for in�uenza A virus (Flu
A) (with additional subtyping for H1, H3, and H5) and Flu B, respiratory syncytial virus (RSV) A and RSV B,
parain�uenza virus 1–4 (PIV1–4), human adenovirus (HAdV), human metapneumovirus (HMPV),
coronaviruses 229E, NL63, OC43, and HKU1, enterovirus (EVs)/HRVs, and human bocavirus (HBoV) using
the RVP FAST assay (Luminex Molecular Diagnostics Inc., Toronto, Canada) according to the
manufacturer’s instructions in a 96-well plate format. The plate was then analyzed using a Luminex 200
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(Luminex Corporation, USA). And the data were analyzed with the TDAS RVP Fast of xTAG Data Analysis
Software (Luminex Molecular Diagnostics Inc., Canada). A mean fluorescence intensity (MFI) value
above the threshold level for a particular target indicated a positive result for that target.

Identi�cation and genotyping of HRVs or EVs by RT-PCR and sequence analysis  

For EVs/HRVs-positive clinical specimens, semi-nested revere-transcription PCR (RT-PCR) was performed
for HRV-con�rmation, and the ampli�ed products of the second semi-nested PCR for a 539bp nucleotides
fragment within the VP4/VP2 region were sequenced [13]. For HRVs-negative specimens, another RT-PCR
was subsequently performed for EVs screening, and the ampli�ed products were then sequenced (20).

PCR products were sequenced by Sino Geno Max Co., Ltd., Beijing, China. The obtained sequences were
veri�ed by using NCBI BLAST (http://blast.ncbi.nlm.nih.gov/). Phylogenetic analyses conducted with the
MEGA version 6.0 software were used to identify the HRV or EV species, as well as to construct the
phylogenetic trees using the neighbor-joining method and maximum composite likelihood model with
bootstrap values estimated with 1000 bootstrap replications, assessing the reliability of individual nodes
in each phylogenetic tree (21).

Clinical data collection

The medical records of pediatric patients with con�rmed HRV species were reviewed. The following
clinical data were extracted: age, gender, length of stay in hospital, the departments discharged from
hospital, date of sample collection, clinical diagnosis, hospitalization status, and laboratory values. 

Statistical analysis

The age of rhinovirus-positive patients were described using the median and interquartile range. The chi-
square (χ2) test and rank sum test was used for statistical analysis using SPSS Statistics 22.0 version
(IBM, NY, USA). The p values were considered signi�cant under the 0.05 level. In order to test and evaluate
the relationship between patients positive for different HRV species and the outcome of Intensive Care
Unit (ICU) (ICU group) or Department of Respiratory admission (Respiratory group), a logistic model was
constructed using multiple logistic regression analysis.

Results
General results of respiratory virus screening using RVP FAST assay  

   During Nov 2016 to Feb 2019, 2090 respiratory specimens were collected for respiratory virus screening
using RVP FAST assay. For there were more specimens belonging to one patient in one time
hospitalization, we only kept the �rst or the EVs/HRVs positive one. Then 1835 specimens were left for
statistical analysis. Among these specimens, there were 402 (21.9%, 402/1835) for RSV, including 300 for
RSV A and 114 for RSV B; 363 (19.8%, 363/1835) positive for EVs/HRVs; 196 (10.7%, 196/1835) for PIVs,
including 27 for PIV1, 8 for PIV2, 136 for PIV3, and 30 for PIV4; 173 (9.4%, 173/1835) for HBoV; 154

http://blast.ncbi.nlm.nih.gov/
http://www.baidu.com/link?url=PKjbGcwNwLNsn_F75vTpHzbV2AgY5tA8qhoOROxZKpaZU1egSLX_IkcVnYscvay7T3Q4FWhCsXNBfS05gpImmWWxY1113uRa83PpesXvmYK
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(8.4%, 154/1835) for ADV; 140 (7.6%, 140/1835) for Flu, including 121 for Flu A (H1 91, H3 24), and 23
for Flu B; 80 (4.4%, 80/1835) for HMPV; 60 for Coronavirus (3.3%, 60/1835) , including 29 for NL63, 6 for
HKU1, 5 for 229E, and 21 for OC43.

Identi�cation and genotyping of HRVs or EVs

For HRVs and EVs cannot be distinguished from each other in RVP FAST assay, RT-PCR and sequence
analysis were used. Among 363 specimens positive for EVs/HRVs, 314 (86.5%, 314/363) were
determined as HRVs positive, including 177 (56.4%, 177/314) positive for HRV A, 29 (9.2%, 29/314) for
HRV B, and 108 (34.4%, 108/314) for HRV C, 19 (5.2%, 19/363) were determined as EVs positive, and 30
were undetermined for low ampli�cation products (Fig 1).

The epidemiology of HRVs

The monthly distribution of HRVs positive specimens during Nov 2016 to Feb 2019 was shown in Fig 2.
HRV infections were shown all year round. More HRVs were detected through all Autumn months
followed by that in Winter months. In August and September, HRV A and B are the dominant species, then
HRV C became the dominant species in October and December.

By MEGA version 6.0 software, the phylogenetic tree shown in Fig 3 was constructed to identify the sero-
or geno-types of HRV positive specimens. Among 177 specimens positive for HRV A, 53 types were
con�rmed, including 15 positive for A49, 12 for A24, 10 for A12, and 9 for A101; Among 29 specimens
positive for HRV B, 11 types were con�rmed, including 8 for B79; Among 108 specimens positive for HRV
C, 32 types were con�rmed, including 14 for C2, 8 for C5, and 6 for C15.

In Fig 4, no obvious circulation pattern was shown for each sero- or geno- type, therefore, more data
should be accumulated to evaluate the epidemiology characters of HRV sero- or geno- types. For the 96
HRV types detected in the study, only 29 types were detected in consecutive years. The most prevalent
strain of HRV A, A49 was found only between March 2017 and October 2017, which was followed by A24
more detected in the Autumn of 2018. The most prevalent strain of HRV B, B79 was detected in the winter
of 2018. The most prevalent type of HRV C, C2 was detected more often in the late of 2018.

Clinical characters of different HRV species in severe or mild acute lower respiratory tract infection

As shown in Table 1, there were 925 patients discharged from Intensive Care Unit (ICU) with severe ALRI
(ICU group) and 508 patients discharged from the Department of Respiratory with mild ALRI (Respiratory
group) compared to those from ICU. The HRVs positive rates are similar and HRV A and HRV C are the
major pathogens in two groups. However, the positive rates of HRVs species were signi�cant different
between the two groups (p=0.011), which may be explained by more HRV A in ICU group (63.0%: 45.2%,
p=0.006), and more HRV B (15.1%:6.5%, p=0.028) in Respiratory group. However, no signi�cant difference
was shown on HRV C (39.8%: 30.5%, p=0.136) between the two groups. Compared to patients positive for
HRVs from Respiratory group, patients who were positive for HRVs from ICU group were signi�cantly
younger (0.39 years: 1.80 years, p=0.000).
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In the ICU group, about 44.8% (n=69) were viral co-infection, with HBoV (n=27) as the major virus
followed by PIV (n=19) and RSV (n=18). In the Respiratory group, about 45.2% (n=42) were viral co-
infection, with RSV as the most common viral pathogen (n=12) followed by PIV (n=11) and ADV (n=9).
No signi�cant difference was shown in the whole viral co-infection (p=0.957) and viral co-infection in
different HRV species (p=0.239) between ICU group and the Respiratory group.

Then a logistic model was constructed to test and verify the variables associated with severe ALRI (Table
2). By using HRV C infection as the reference group among HRV species when gender, age and co-
infections were considered as factors, there is a signi�cant difference as the odds of HRV A related to
severe ALRI was OR=1.983 (95%CI=1.091-3.605) (p=0.025), while no signi�cant difference was shown
(OR=0.707, 95%CI=0.260-1.920) (p=0.496) when the odds of HRV B related to severe ALRI was evaluated.
In the logistic model, gender was excluded from variables associated with severe ALRI (OR=0.710, 95%
CI=0.389-1.295, p=0.264), and age (OR=0.703, 95% CI=0.607-0.813, p=0.000) was con�rmed as a
protective factor (OR<1, the upper limit of 95% CI<1) for severe ALRI.

When the correlation of HRV sero- or geno- types with severe or mild ALRI was evaluated (Fig 5), 39 HRV
types were shown in both groups. In ICU groups, HRV A24 followed by A49, HRV B79 followed by B6, and
HRV C2 were the most popular serotypes of different species, while HRV A49 followed by A18, HRV B14,
B79 and B92, and HRV C5 followed by C2 were the most popular serotypes of different species in
Respiratory group. However, as a result of restrictions on the numbers of specimens belonging to each
sero- or geno-type, no skewing towards one type in either group was observed.

Discussion
Determined by RVP FAST Assay in the study, EVs/HRVs were the second viral agent (19.8%, 363/1835)
following RSV (21.9%, 402/1835) in ALRI during Nov 2016 to Feb 2019 in Beijing, and PIVs were the third
one (10.7%, 196/1835), HBoV, the fourth one (9.4%, 173/1835), ADV, the �fth one (8.4%, 154/1835), Flu,
the sixth one (7.6%, 140/1835), HMPV, the seventh one (4.4%, 80/1835), Coronavirus, the eighth one
(3.3%, 60/1835). Zhao et al. has reported that viral infection was shown to be the most prevalent
etiological agent among children with severe acute respiratory infection (SARIs) in either the Beijing or the
Shanghai area, and RSV (52.9%) and EVs/HRVs (34.7%) were the most frequently detected respiratory
virus in Beijing (22), which suggested that we should pay more attention to RSV and EVs/HRVs infection
in children. In the study we described the epidemiology and clinical characters of HRV infections and
analyzed the relationship between HRV species or sero-/geno-types and severity of clinical illness in
young children to verify the variables associated with severe ALRI.

Among specimens positive for EVs/HRVs, only 5.2% (19/363) were EVs positive, and nearly 90% (86.5%,
314/363) were HRVs positive, which revealed that HRVs infection were weight highly over EVs infection in
ALRI. We have reported in 2013 that HRVs are one of important pathogens for children with acute
respiratory infection (ARI), especially ALRI in Beijing (23). In the study, HRV A (56.4%, 177/314) was the
predominant species in the study population, followed closely by HRV C (34.4%, 108/314), then HRV B
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(9.2%, 29/314), and the positive rates of each HRV species were signi�cantly different between the two
groups: ICU group with severe ALRI and Respiratory group with mild ALRI (p=0.011<0.05), which may be
supported by more HRV A in ICU group (63.0%: 45.2%, p=0.006), and more HRV B (15.1%: 6.5%, p=0.028)
in Respiratory group. In Shanghai, China, HRV A (14.0%) was the predominant species, followed by HRV C
(5.6%), then HRV B (2.1%) in SARIs, too. However, their results showed no signi�cant difference in clinical
symptoms according to HRV species (14). In the study, when gender, age and co-infection were all
considered and using HRV C as the control species, HRV A was a dangerous factor to cause severe
clinical outcome (OR=1.983>1 ,95% CI=1.091-3.605, the lower limit of 95% CI>1) (p=0.025), and HRV B
has no relationship with severity of clinical outcome. Therefore, infection of HRV A was weight higher
than that of HRV C in causing severe ALRI. Patients who were positive for HRVs from ICU group were
signi�cantly younger than those from Respiratory group (0.39 years: 1.80 years, p=0.000), and age
(OR=0.703, 95% CI=0.607-0.813, p=0.000) was con�rmed as a protective factor (OR<1, the upper limit of
95% CI<1) for severe ALRI, which implied that the risk of severe ALRI by HRVs infections is decreased with
the increasing of age. In three Sub-Saharan African countries, those with pneumonia and HRV C were
older (12.1 vs. 9.4 months, P=0.033) and more likely to present with wheeze (35% vs. 25%, P=0.031)
compared to HRV A cases (13). Therefore, age is an important variable associated with severe ALRI when
HRVs infections were evaluated. It has been demonstrated that cellular receptor for the majority of HRV A
and B (major group) is intercellular adhesion molecule 1 (ICAM-1), for a minority of isolates (minor group,
~10 HRV A), low-density lipoprotein receptor (LDLR) family members (24), for HRV C, the cadherin-related
family member 3 (CDHR3) suggested (25). These considerable diversities of genetic, immunogenic, and
receptor use properties might account for the differences in clinical presentation of different HRV species
infection (26).

Lau et al. reviewed that the seasonal circulation of HRVs varied geographically, which usually peaked in
fall or winter in most temperate or subtropical countries(7). In Taiwan, HRV infections were predominant
during fall and winter seasons (27). In the study, more HRVs were detected in Autumn months followed
by that in Winter months. HRV A and B are the dominant species in August and September, while HRV C
became the dominant species in October and December.

Among approximately 169 sero- or geno-types of HRVs reported, 98 were con�rmed in the study, including
53 types of HRV A, 11 types of HRV B, 34 types of HRV C. In HRV A, A49 was the dominant type, in HRV B,
B79, in HRV C, C2. However, HRV A24, B79, and C2 were the most popular serotypes of different species,
respectively, in ICU groups, while HRV A49, B14, and C5 were the most popular serotypes of different
species, respectively, in Respiratory group. In the research work, although no obvious circulation pattern
was shown for each sero- or geno- type, most prevalent strains were not detected in consecutive years, for
example, A49 was found only between March 2017 and October 2017, B79 was detected in the winter of
2018, and C2 was detected more often in the late of 2018. We did not observe some skewing towards one
type in children with severe illness. In Shanghai, 77 sero- or geno- types were detected including 43 for
HRV A, 10 for HRV B, and 24 for HRV C, among which A78, A12, A89, B70, C2, C6, and C24 predominated
during 2013-2015 (14). More data should be accumulated to reveal the epidemiology characters of each
sero- or geno- type.
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There are some limitations in the study. Co-bacterial infection was not evaluated, which maybe a variable
associated with the severity of ALRI in HRVs infections. We collected specimens only in two years, and
more data should be accumulated to provide more powerful information supporting the circulation
patterns of HRVs concluded in the study.

In conclusion, HRVs outweigh EVs and were second only to RSV as the important viral pathogens for
ALRI in children in Beijing during 2016 to 2019. HRV A and C are more popular than HRV B in two groups
with mild or sever ALRI. By using HRV C as the reference species, HRV A were associated more powerful
with severe ALRI, and age was a variable when association of HRV species infection with the severity of
disease was evaluated. The predominant sero- or geno-types were different in two groups with mild or
sever ALRI, and usually showed in no consecutive years.
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Tables

 Table 1. General characters of HRV detection in two groups: ICU group and Respiratory group

Groups No. tested,

M (IQR)

No. positive for

HRVs (%), M (IQR)

No. positive for HRV

A (%)*, M (IQR)

No. positive for HRV

B (%)*, M (IQR)

No. positive for HRV

C (%)*, M (IQR)

No. with viral co-

infection (%)

ICU 925, 0.20

(0.11-0.76)

154 (16.6), 0.39 (

0.15-1.05)

97 (63.0), 0.34 (0.15-

0.96)

10 (6.5), 0.33 (0.21-

1.92)

47 (30.5), 0.64 (0.18-

1.09)

69 (44.8)

Respiratory 508, 2.62

(1.00-5.34)

93 (18.3), 1.80 (0.84-

3.82)

42 (45.2), 1.50 (0.79-

3.80)

14 (15.1), 2.36 (1.05-

7.11)

37 (39.8), 1.84 (0.86-

3.74)

42 (45.2)

M: Median age in year; (IQR: interquartile range; *Percent of No. positive for HRVs in the same group 

Table 2. The data in the logistic model constructed to test and verify the variables associated with severe ALRI

  OR Estimate 95% CI p

HRV A 1.983 1.091-3.605 0.025

HRV B 0.707 0.260-1.920 0.496

HRV C Reference - 0.025

Male gender 0.710 0.389-1.295 0.264

Age 0.703 0.607-0.813 0.000

Co-infection 0.918 0.522-1.616 0.768
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Figures

Figure 1

Scheme for specimens’ selection
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Figure 2

The monthly distribution of HRVs during Nov 2016 to Feb 2019
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Figure 3

The phylogenetic tree constructed by MEGA version 6.0 software to identify the sero- or geno- types of
HRV positive specimens
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Figure 4

Scheme of the monthly distribution of HRV different sero- or geno- types
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Figure 5

Distribution of sero- or geno-types of different HRV species in two groups: ICU group, Respiratory group


