
JOURNAL OF CLINICAL MICROBIOLOGY, Apr. 2009, p. 1278–1280 Vol. 47, No. 4
0095-1137/09/$08.00�0 doi:10.1128/JCM.02130-08

5� Noncoding Region Alone Does Not Unequivocally Determine Genetic Type of
Human Rhinovirus Strains

During the last couple of years there has been a delightful
increase in interest in genetic typing of human rhinoviruses.
This is to a large extent due to the discovery of a proposed
novel clade, human rhinovirus C (HRV-C). As a consequence,
new methods have been reported aiming at unequivocal dis-
tinction of traditional HRV prototype strains as well as the
newly found uncultivable HRV-C strains. We read with inter-
est the article by Kiang and coworkers (2) describing reverse
transcription-PCR-sequencing applications for genetic typing
of human rhinoviruses targeting the 5�noncoding region (5�
NCR). A similar approach with largely similar results was
published earlier (6). Relatively conserved areas within this
region enable broad-spectrum primer design for sensitive
methods. However, there are several issues to consider when
using the 5� NCR for genetic typing of HRV.

Current taxonomy and classification of picornaviruses are
based on capsid region coding sequences. On the basis of this
region, a group of previously characterized novel HRV strains
form one distinct clade (5, 7) (Fig. 1A), a fact that has also
been the basis of the proposal of the Picornavirus Study Group
to form a new species, HRV-C, within the Enterovirus genus
(4). However, in the article by Kiang et al., on the basis of the
partial 5� NCR sequences, the designated HRV-C strains clus-
tered within the HRV-A clade (2). In contrast, the strains
labeled HRV-C in this article formed a clade of their own. As
a consequence, because 5� NCR sequences do not segregate
the designated HRV-C from HRV-A (Fig. 1B), they should
not be used for typing of new strains. Nevertheless, this region
is quite suitable for selected topics of molecular epidemiology,
such as analysis of short-term transmission routes (1, 8) or
tentative prediction of genetic type as in human enteroviruses
(HEV) (9). The sequences nominated as HRV-C by Kiang et
al. (2) and by Lee et al. (6) form a new clade in the 5� NCR.
The exact taxonomic position of this clade should be deter-
mined according to the clustering of these strains in the capsid
region. Clearly, it is divergent from all known HRV and HEV
clades in the 5� NCR, but the decision on whether the strains
represent HRV-C or some other picornavirus group cannot be
made on the basis of the 5� NCR alone.

The area close to the beginning of the open reading frame in
the 5� NCR is known to be a recombination hot spot in HEV.
Although frequent recombination has not yet been shown for
HRV, the analysis of the complete genome sequence data of
all HRV prototype strains has not yet been published. Further-
more, the number of completely sequenced genomes of circu-
lating HRV strains has remained low and is too low to con-
clude that the evolution in the 5� NCR is always congruent with
that of the capsid. Therefore, we would see phylogenetic anal-
ysis of the 5� NCR of HRV as a welcome addition to HRV
research, but not a surrogate of capsid coding sequence-based
typing.
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Authors’ Reply

We appreciate the comments of Savolainen-Kopra et al.
concerning our recent publication highlighting a novel assay
for the analysis of human rhinoviruses (HRVs) based on the 5�
NCR (7). We agree that the capsid region coding sequences
play a key role in the current taxonomy and classification of
picornaviruses, including HRVs. The genotyping methodology
based on the VP4/VP2 region reported by Savolainen et al.
(16) remains useful in our laboratory as a means of typing
HRVs. We developed the assay for the 5� NCR and currently
use this assay not as a surrogate of capsid coding sequence-
based typing but as a supplemental tool to address the sensi-
tivity issues regarding capsid region-based genotyping. Our
motivation to develop a 5� NCR assay was largely due to our
interest in having a protocol to allow broad and sensitive de-
tection and typing of HRVs for molecular epidemiology and
surveillance. Detection and typing of HRVs can shed light on
the contribution of specific serotypes of HRVs to more severe
clinical outcomes associated with HRV infection, including
asthma exacerbation (6, 14, 15) and lower respiratory infec-
tions (3, 5), some of which have had fatal outcomes (4, 8, 12,
17). The discovery of novel strains that coincide with the novel
HRV A2/“C” strains (1, 10, 13) as well as a potential novel
genogroup of HRV (7, 11), which we will refer to in this article
as HRV “D” to distinguish it from the currently proposed
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FIG. 1. Phylogenetic trees in the VP4/VP2 capsid coding region (A) and in the 5� NCR (B) of different species of the enterovirus genus showing
different clustering of the species in the two regions. Trees were constructed with MEGA4 using the neighbor-joining method with Tamura-Nei
model and 1,000 bootstrap replicates.
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HRV “C”, was a fortuitous and exciting finding from the eval-
uation of our novel assay on field isolates.

In our laboratory, genotyping results are typically, when
possible, supported by data from multiple regions of the HRV
genome, which can include 5� NCR, VP4/VP2, and possibly
other regions, such as VP1. Therefore, unequivocal determi-
nation of the genetic type of HRV strains based solely on the
5� NCR of the HRV genome was not the goal of developing
this assay. In fact, in the absence of whole-genome sequence
analysis data of all prototype strains, it would not be prudent to
conclude that any one assay can unequivocally determine the
genetic type of HRV. At this stage, we cannot exclude the
importance of other nonstructural and noncoding regions in
the typing of existing and emerging strains of HRVs, especially
if they are detected by an assay that has greater sensitivity (7,
11). The analysis of 34 fully sequenced HRVs by Kistler et al.
(9) has demonstrated the importance of nonstructural genes
3C and 3D, in addition to capsid regions VP1, VP2, and VP3
as regions that contain islands of diverse sequences. The non-
structural genes, 2C and 3CD, are also indicated as species
demarcation criteria for rhinoviruses in the Eighth Report of
the International Committee on Taxonomy of Viruses (2).
Recombination drives diversification in many genera of picor-
naviruses, but this has not been found for rhinoviruses (9).
Analysis by Kistler et al. (9) has also revealed consistent phy-
logenies across the genome and only limited recombination in
HRVs. Within the 5� NCR there exist both highly conserved
sequences as well as variable sequences with 45% (11) to 63%
divergence (7), making this sensitive assay an ideal candidate
for typing strains that have eluded capsid gene amplification.
In contrast, the prediction of the genetic type of HEV cannot
be performed with the 5� NCR due to the frequent rate of
recombination within the HEV genome; therefore, we would
not expect the 5� NCR to be able to segregate HEV strains.
Although, the 5� NCR assay did not segregate the newly rec-
ognized HRV-“C” strains into a clade of its own, this does not
exclude its importance and utility in typing of novel strains of
HRV, including the putative HRV “D” strain. There may well
be instances where novel strains cannot be well segregated by
the capsid coding regions, and these will require the use of
noncoding regions and nonstructural genes for resolution.
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