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A, B, and C Rhinoviruses: New Knowledge from an
Impressive Consortium
A Step Forward for Rhinovirus Vaccine Efforts or a Step Back?

Rhinovirus (RV) infections cause asymptomatic infections,
wheezing, and nonwheezing lower respiratory tract infections in
young children (1) and the majority of acute attacks of asthma (2)
and chronic obstructive pulmonary disease (3), resulting in
substantial morbidity and deaths. There are 157 numbered RVs,
which are divided into A, B, and C species based on sequence
homology (4). One hundred RV-As and RV-Bs have been
serotyped, and most do not crossneutralize (5). Studies with RV-Cs
have been prevented by difficulties growing these viruses, but given

the sequence divergence between A/B and C strains, it is unlikely
the 51 numbered C strains will crossneutralize. The need for .150
strains in RV vaccines has hampered vaccine development.
However, if certain RVs were more common causes of severe
disease, could vaccine efforts be focused on these RVs to help move
vaccine development forward?

RV-Bs are less likely to cause severe illness in children than RV-A
or RV-C (1). However, data on RV-A/Cs and severe respiratory
illnesses are not consistent, as studies in children have reported
more RV-Cs than RV-As (6), whereas studies in adults reported
more RV-As than RV-Cs (7).

In this issue of the Journal, Choi and colleagues (pp. 822–830)
have made significant progress in understanding the importance of
different RV species and strains in respiratory illnesses in children
(8). They analyzed nasal and plasma samples from birth to age 18
in the COAST (Childhood Origins of ASThma) study, which
studied 289 children from Madison, Wisconsin, at birth, 210 of
whom were followed to age 18. They partially sequenced .8,000
RV-positive samples from asymptomatic and illness visits to
compare RV-A and RV-C frequencies at ages 0–3, 4–8, 9–13, and
14–18 and found that RV-A and RV-C were similarly common
at ages 0–3, but thereafter, RV-A was approximately twice as
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common as RV-C (P, 0.001). The authors hypothesized that this
change in frequency might result from differences in neutralizing
antibody (nAb) responses with age, as nAbs protect against
reinfection with RVs. nAbs to RV-C had not previously been
analyzed because infection of permissive cells with RV-Cs in vitro
does not result in visible cytopathic effect (CPE), so there was no
suitable system to assay infectivity and its neutralization by
observing CPE.

The authors therefore developed a novel RV-C neutralization
assay using RV-C2, RV-C15, and RV-C41, which were clinical
isolates they had cloned and produced as live viruses by reverse
genetics. These RV-Cs were preincubated with serial dilutions of
plasma and inoculated onto HeLa-E8 cells, which are permissive to
RV-C replication (9). Viral replication was measured by qPCR and
inhibitory concentration 50% (IC50) nAb titers calculated.

The same qPCR-based assay was used to measure IC50 nAb
titers to RV-A16, which were then compared with standard
neutralization titers against RV-A16, measured by CPE
visualization using traditional methods to generate tissue culture
infective dose 50% (TCID50) titers. IC50 and TCID50 nAb titers
correlated very well (rs = 0.83, P= 0.006), thus validating this novel
and very useful tool for studying RV-Cs.

The authors then analyzed nAbs to RV-A7, RV-A16, RV-A36,
and the three RV-Cs in plasma from 20 COAST study participants,
measured at 2, 10, and 16 years. At age 2, only 5% of samples had
nAbs to any of the three RV-As, whereas 27% had nAbs to the three
RV-Cs. The corresponding figures for age 10 were 25% and 70%, and
for age 16, they were 18% and 78% (P, 0.001 at each age). Thus,
nAbs to these RV-Cs were much more common and much more
durable to age 16 than nAbs to the three RV-As.

The low frequencies of nAbs against the RV-As may have been
skewed by very low frequencies of titers against RV-A7 at all ages
tested, as these were present in only 5% at ages 2 and 10 and 10% at
age 16, suggesting this strain was possibly unrepresentative because
it was clearly much less prevalent in the Wisconsin area during
recruitment to COAST than RV-A16 and RV-A36, which each had
titer frequencies of 35% at age 10. The frequency of 35% at age 10 for
RV-A16 is consistent with the experience thatz50% of adults have
detectable nAbs against RV-A16.

The low frequencies of nAbs against the RV-As may also have
been skewed by unexpectedly low frequencies of titers against
RV-A16 at age 16, as these were only 10%, considerably lower than
at age 10 and against RV-A36 at age 16 (both 35%). Thus, more
representative frequencies for RV-A strains would likely bez35% at
age 10 and z35% or higher at age 16. Nonetheless, such figures are
still considerably lower than those against the RV-Cs at the same
ages (70% and 78%). The number of RVs tested was low (3 RV-As
and 3 RV-Cs) and the number of samples was low (20 at each age).
More data will be needed to confirm these findings and to extend
them into greater numbers of RVs and children and into
adulthood, but the authors’ conclusions that RV-Cs become less
common with age because of development of higher titers of
durable nAbs is interesting and provides a logical explanation for
the prevalence data in childhood and adulthood (6, 7).

A further interesting finding was the detection of 94% of known
RV-As in the COAST study analysis, indicating there has been very
little change in circulating RV-A strains over z50–60 years (the
RV-As were characterized and numbered in the late 1960s to early
1980s) (5). They also detected 98% of known RV-Cs, but this is less

surprising, as the RV-Cs were characterized in the last 10–15 years
and to a large degree in samples from the COAST study (10).
Further analyses of RV-Cs in future years and in different study
populations will be needed to inform on turnover of RV-C strains
over time.

The authors then collected 17,664 samples from 14 cohorts
studying children from birth to 18 years in the United States,
Finland, and Australia; 10,185 samples were positive for RV, 6,643
from sick visits and 3,542 from asymptomatic visits, allowing for the
investigation of frequencies in sickness and in health. There were
slightly more positives during sick visits for RV-Cs (72.4%) than
RV-As (66%), whereas only 37.8% of RV-Bs were at sick visits. Thus,
at least in children, RV-Bs were strikingly less pathogenic than either
A or C, and RV-Bs were detected more frequently on asymptomatic
than on symptomatic visits.

The authors detected 178 RV types, identifying 21more RV strains
circulating than previously identified (157) (4). They also showed
certain strains (RV-A12, 78, and 101 and RV-C02 and 11) were more
commonly detected consistently over the 12-year time span of sample
collection. However, the most frequently detected type (RV-A78) was
only detected in 2.7% of samples, so no single RV strain accounted for
more than a very small percentage of RV infections.

Consistent with the COAST findings, RV-Cs were more
common than RV-As until 4–5 years old, but thereafter, RV-A
infections became progressively more common, outnumbering
RV-C by z2:1 from age z15.

Consistent with previous reports, RV-Cs were more likely
associated with wheeze, and the CDHR3 rs6967330 asthma
risk allele significantly increased the risk of RV-C illness, both
relationships being independent of age.

I congratulate the authors for performing these extensive
and detailed investigations and for significantly extending our
understanding of RV species in childhood. I hope their work will
stimulate further similar work in different age groups and with
greater numbers of virus strains to increase our understanding even
further.

The authors hope their work may assist vaccine development
strategies for RV-C strains for use in early life. However, by 1) showing
that RV-A strains outnumber RV-C strains by 2:1 after age 15, and
thus that RV-A vaccines are desperately needed in addition to RV-C
vaccines, and 2) identifying that 21 more RV strains than previously
known were actively circulating (as were almost all the previously
known strains), thus requiring any pan-RV vaccine to cover 178
strains rather than 157 strains, they may have made the job of actually
developing effective RV vaccines that little bit harder! n
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A Potential New Treatment Option for Asthma in the Setting of Obesity
or Insulin Resistance?

The epidemic of obesity now affects z42% of U.S. adults, whereas
metabolic syndrome affects approximately 37% of adults in the
country, including over 60% of obese individuals (1–3). Both
disorders can contribute to increased asthma risk and morbidity (4,
5). “Obesity-related asthma,” a heterogeneous asthma phenotype,
results from various contributing factors and mechanisms, such as
insulin resistance and metabolic dysregulation (6). Although
there is ongoing research and debate on whether obesity leads to
asthma or vice versa (or whether both result from a shared,
earlier causal process), the pressing reality is that many obese
patients with asthma have a more severe disease that does not
fully respond to the usual treatments. Weight loss—whether
medically or surgically induced—can lead to improved asthma
outcomes, especially if metabolic dysregulation resolves (7, 8).
However, weight loss is difficult to achieve and even more
challenging to sustain, and therefore identifying better therapeutic
options for patients with obese asthma constitutes a critical
research need.

In this issue of the Journal, Foer and colleagues (pp. 831–840)
tackle this need by evaluating the association between glucagon-like
peptide-1 receptor agonists (GLP1-RAs) and asthma outcomes (9).
Using data from 4,373 patients with type 2 diabetes (T2D) and
asthma, they compared asthma exacerbation rates between patients
starting GLP1-RAs and those initiating other medications as part of

T2D treatment escalation. After adjusting for propensity scores and
other covariates, they report that patients starting GLP1-RA
therapy have lower asthma exacerbation rates than those initiating
sulfonylureas, insulin, SGLT2 inhibitors, or DPP4 inhibitors
over a 6-month period. The findings were robust to adjustment
for changes in body mass index and HbA1c, suggesting the
associations are independent of improvements in weight or
glycemic control. Even more importantly, the estimated effect sizes
were larger when the analysis was restricted to patients with
moderate and severe asthma, and the associations remained
significant despite the fact that the sample was markedly smaller.
They also report that GLP1-RAs are associated with fewer
healthcare encounters for asthma symptoms, although those
findings were somewhat less robust in the sensitivity analyses. The
study has several important strengths, including the use of detailed
clinical data extracted from the electronic record database of a large
academic healthcare organization, which allowed the authors to
adjust for important covariates at different time points. The large
database allowed for the exclusion of numerous comorbidities and
conditions that may confound or mimic the diagnosis of asthma,
and the authors also took care in adjusting for a propensity score
calculated based on the probability of initiating GLP1-RA versus
other T2D medications.

The report builds on existing preclinical evidence of a potential
role of GLP1 signaling in asthma. GLP1 receptors are expressed in
airway epithelium and airway smooth muscle. In murine models of
asthma, liraglutide reduces IL-33 release and mucus secretion in
response to allergen challenges as well IL-4 and IL-13 production by
group 2 innate lymphoid cells (10). In ex vivo human airways, GLP1
receptor activation modulates airway hyperreactivity (AHR), and
treatment with GLP1-RA exendin-4 prevents AHR in response to
both histamine and high glucose concentrations (11). GLP1-RAs

This article is open access and distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives License 4.0
(http://creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage
and reprints, please contact Diane Gern (dgern@thoracic.org).

Supported by grant HL149693 from the NIH/NHLBI.

Originally Published in Press as DOI: 10.1164/rccm.202010-4017ED on
November 19, 2020

EDITORIALS

788 American Journal of Respiratory and Critical Care Medicine Volume 203 Number 7 | April 1 2021

http://crossmark.crossref.org/dialog/?doi=10.1164/rccm.202010-4017ED&domain=pdf
https://doi.org/10.1164/rccm.202004-0993OC
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
http://dx.doi.org/10.1164/rccm.202010-4017ED

	Click to see any corrections or updates, and to confirm this is the authentic version of record: 
	2: 
	3: 



