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It has recently been reported that all but one of the 102 known serotypes of the genus Rhinovirus segregate
into two genetic clusters (C. Savolainen, S. Blomqvist, M. N. Mulders, and T. Hovi, J. Gen. Virol. 83:333–340,
2002). The only exception is human rhinovirus 87 (HRV87). Here we demonstrate that HRV87 is genetically
and antigenically highly similar to enterovirus 68 (EV68) and is related to EV70, the other member of human
enterovirus group D. The partial nucleotide sequences of the 5� untranslated region, capsid regions VP4/VP2
and VP1, and the 3D RNA polymerase gene of the HRV87 prototype strain F02-3607 Corn showed 97.3, 97.8,
95.2, and 95.9% identity to the corresponding regions of EV68 prototype strain Fermon. The amino acid
identities were 100 and 98.1% for the products of the two capsid regions and 97.9% for 3D RNA polymerase.
Antigenic cross-reaction between HRV87 and EV68 was indicated by microneutralization with monotypic
antisera. Phylogenetic analysis showed definite clustering of HRV87 and EV68 with EV70 for all sequences
examined. Both HRV87 and EV68 were shown to be acid sensitive by two different assays, while EV70 was acid
resistant, which is typical of enteroviruses. The cytopathic effect induced by HRV87 or EV68 was inhibited by
monoclonal antibodies to the decay-accelerating factor known to be the receptor of EV70. We conclude that
HRV87 and EV68 are strains of the same picornavirus serotype presenting features of both rhinoviruses and
enteroviruses.

The family Picornaviridae contains two large and important
genera of common human pathogens, Enterovirus and Rhino-
virus. In structural and genetic properties, these two genera are
very much alike. However, rhinoviruses, which multiply mainly
in the nasal epithelium, differ from enteroviruses, infectious
agents of the alimentary tract, by their sensitivity to acid and by
their growth at a lower optimal temperature. The genus En-
terovirus contains 64 serotypes pathogenic to humans, which
have been distinguished by the neutralizing antibodies against
them (17). There may still be uncharacterized serotypes, as
some clinical enterovirus isolates are not typeable by existing
antisera and show genetic segregation indicative of an inde-
pendent serotype (22). Nucleotide analysis of the RNA ge-
nomes of different human enterovirus (HEV) serotypes has
provided new insight into the classification of enteroviruses
(23), resulting in the division of these viruses into four main
genetic clusters, designated HEV species A to D. Poliovirus
serotypes 1 to 3 are genetically related to HEV-C but are
classified as a species of their own (15). The genus Rhinovirus
contains 102 serotypes, which are numbered from 1 to 100 (8,
11, 12). Serotype 1 contains two subtypes, 1A and 1B. More
recently, a strain referred to as the Hanks strain has been
proposed to represent a new serotype (2). We have generated
partial capsid sequences of all human rhinovirus (HRV) pro-
totypes, and with the exception of HRV87, all prototypes seg-
regated into two previously established genetic clusters,
HRV-A and HRV-B. HRV87 was found to cluster together

with a representative of HEV-D, enterovirus 70 (EV70) (26).
Through further analysis, we found that HRV87 showed strik-
ing nucleotide identity with the partial sequence (obtained
from GenBank) of the other member of HEV-D, EV68. This
prompted further investigations on the relationship of HRV87
to the viruses of the HEV-D cluster. In this study, we examined
(i) the nucleotide sequences of the 5� untranslated regions
(UTRs), two separate capsid regions, and the 3D RNA poly-
merase genes of HRV87 and two lines of EV68; (ii) the anti-
genic characteristics of both HRV87 and EV68; (iii) their acid
sensitivities; and (iv) their receptor usage in HeLa cells.

MATERIALS AND METHODS

Cell lines, viruses, and antisera. Prototype viruses HRV87 F02-3607 Corn,
EV68 Fermon (lines VR-561 and VR-1076), and EV70 J670/71 were obtained
from the American Type Culture Collection (ATCC; Manassas, Va.). The
HRV87 prototype was also kindly provided by Janssen Pharmaceuticals, Beerse,
Belgium. Rhinovirus prototypes HRV1B and HRV14 were obtained from the
National Institute for Public Health and the Environment, Bilthoven, The Neth-
erlands. HRV1B, HRV14, and HRV87 were passaged twice in the Ohio strain of
HeLa cells, kindly provided by Eurico Arruda (University of Virginia, Char-
lottesville), before being used in subsequent experiments. EV68 line VR-561 was
passaged first in the human rhabdomyosarcoma cell line (RD), which was pro-
vided by Mark A. Pallansch (Centers for Disease Control and Prevention, At-
lanta, Ga.), and then once in HeLa Ohio cells. EV68 line VR-1076 was propa-
gated twice in RD cells, and EV70 was propagated once in HeLa Ohio cells
before being used as described below. Antisera to HRV87 (VR-1197AS/GP) and
EV68 (VR-1076AS/HO) were purchased from ATCC.

RT-PCR and sequencing. One hundred microliters of infected cell culture was
freeze-thawed three times, clarified by centrifugation at 235 � g for 10 min, and
used in RNA extraction with an RNeasy total RNA kit (Qiagen GmbH, Hilden,
Germany). RNA was eluted in 30 �l of RNase-free water and stored at �70°C.
For reverse transcription (RT)-PCR of the 5� UTR, two different primer sets
were used: ncr1 (1) with HRV primer 1 (3) and HRV primer 2 (3) with 9565 (25).
RT-PCR of the VP4/VP2 region was carried out as described previously (25),
and RT-PCR of the 5� end of the VP1 region was carried out with the primers
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187, 188, 189, and 222 (21). Part of the 3D polymerase gene was amplified with
the primers 3D� and 3D� (24). The PCR products were visualized under UV
light after electrophoresis on a 2% agarose gel, purified with a QIAquick gel
extraction kit (Qiagen), and used in cycle sequencing (ABI Prism BigDye ter-
minator cycle sequencing ready reaction kit; Applied Biosystems, Espoo, Fin-
land) in an ABI 310 automated sequencer (Applied Biosystems). Sequences were
analyzed with the Sequencing Analysis, version 3.1, and Sequence Navigator,
version 1, programs (Applied Biosystems). Multiple sequence alignments were
done with ClustalX (version 1.64b), and distance matrices were calculated using
DNAdist or PROTdist (PHYLIP, version 3.572c). The neighbor-joining option
and maximum-likelihood model of nucleotide substitution in the Neighbor pro-
gram (PHYLIP) were used in the drawing of the dendrograms, and NJplot was
used in the visualization of the phylogenetic trees.

Antigenic characterization of the viruses. Serotyping with monotypic neutral-
izing sera was carried out by use of a standard method (4). Briefly, antisera at
dilutions of 1:200 and 1:400 and several dilutions of viruses were mixed. After 1 h
of incubation at �37°C, the virus-antiserum mixture was inoculated into HeLa
Ohio [for HRV1B, HRV14, HRV87, EV68 (VR-561), and EV70] or RD (for
EV68 VR-1076) cells in microwell plates and incubated at �33°C. The results
were assessed by microscopy at day 5. Neutralization was seen as the absence of
cytopathic effect (CPE) in wells with the virus-antiserum mixture and the pres-
ence of CPE in wells with virus. Neutralization indices were determined for two
specific antisera, a pool of human sera, and two individual sera from adult
volunteers. At first, HRV87, EV68 (VR-561), and EV68 (VR-1076) were at a
dilution of 1:10. Antisera to HRV87 and EV68 and the human serum pool were
at dilutions of 1:20, and the two individual sera were at dilutions of 1:10. Equal
volumes of virus and serum dilutions were mixed and incubated for 1 h at �37°C
for neutralization, and the titers of remaining infectious viruses were determined
in microwell cultures of RD cells at �33°C. The neutralization indices of the sera
were calculated as the logarithm of the ratio of the titer of the virus without sera
to that of the virus with the test sera.

Prevalence of specific antibodies. The prevalence of neutralizing antibodies to
HRV87 and EV68 (VR-1076) in the pool of human sera and in the sera of seven
adult volunteers was assayed in RD cells by use of a standard microneutralization
method (4). The twofold dilution series of the sera was used. The results were
read at day 6, after the cells were stained with crystal violet. The last dilution
completely inhibiting the viral CPE was regarded as the end point titer of the
serum.

Acid lability. The acid sensitivities of the prototype strains were tested by a
standard protocol (4). Briefly, an equal volume of buffer A, 0.1 M citric acid
buffer, pH 4, or buffer B, 0.1 M phosphate buffer, pH 7, was added to a
virus-infected cell culture supernatant. The mixtures were incubated for 1 h at
�37°C and then neutralized by 0.5 M phosphate buffer, pH 7.2. The infectivities
of the acid-treated and untreated viruses were assayed by titration in HeLa Ohio
or RD cells at �33°C. The virus was considered acid sensitive if the titer of the
acid-treated aliquot was at least 100 times lower than that of the neutral one. The
acid sensitivities were also assessed according to the method of Schieble et al.
(27). The 10-fold dilution series of the viruses was prepared in Eagle’s minimum
essential medium (MEM) without bicarbonate (final pH 3.5) and in MEM
adjusted to pH 7.3. The diluted viruses were incubated for 3 h at room temper-
ature and neutralized with 0.1 M Tris buffer, and the infectivities were assayed as
described above.

Cell protection assay. We assayed the cell protective ability of an antibody to
decay-accelerating factor (DAF) SCR-3 in HRV87 and EV68 infections. The
SCR-3 epitope of DAF is involved in the receptor activity for EV70 in HeLa cells
(13). First, confluent monolayers of HeLa Ohio cells in 96-well plates were
preincubated with 30 �l of monoclonal antibody to DAF SCR-3 (IH-4; kindly
provided by D. Lublin) in basal MEM with 2% fetal calf serum. After 2 h of
incubation at �33°C, the cells were challenged with 10 to 100 50% tissue culture
infective doses of HRV87 or EV68. Virus adsorption onto the cells was facili-
tated by centrifugation at 700 � g for 2 h at �33°C. The appearance of CPE was
monitored at regular intervals by light microscopy. Finally, when CPE was evi-
dent in cultures of infected controls, all wells were stained with crystal violet.

Nucleotide sequence accession numbers. The GenBank accession numbers for
the HRV87 and EV68 sequences derived from this work are AY062273 to
AY062283.

RESULTS

Sequencing and phylogenetic analysis. Four genomic re-
gions of HRV87 prototype strain F02-3607 Corn and two sub-
lines of EV68 prototype Fermon (VR-561 and VR-1076) were

analyzed by RT-PCR and amplicon sequencing. For compari-
son, the sequence of EV70 was obtained from GenBank (ac-
cession no. NC_001430). The lengths of the reliable nucleotide
sequences, which were used in subsequent phylogenetic anal-
ysis, were 598 nucleotides (nt) for the 5� UTR beginning from
nt 106 (according to the numbering of EV70); 408 nt for the
beginning of the polyprotein-coding region, including 207 nt
for the VP4 region and 201 nt for the VP2 region; 324 nt for
VP1 region (nt 2512 to 2835); and 435 nt for the 3D RNA
polymerase gene (nt 6682 to 7068). The nucleotide identities of
the two sublines of EV68 Fermon ranged from 99.7 to 100%
for the four genomic segments analyzed. The VP4/VP2 region
of EV68 (VR-1076) was 100% identical to the previously pub-
lished 211-nt segment of EV68 (GenBank accession no.
E68RNAPA) (24). The VP1 region of EV68 (VR-1076) had
99.7% identity to the previously published sequence with Gen-
Bank accession no. AF081348 (20). The four segments of
EV68 were also 99.7 to 99.8% identical to the complete ge-
nome sequence of EV68 (M. S. Oberste [Centers for Disease
Control and Prevention], personal communication).

The nucleotide sequence identities between HRV87 and
EV68 were 97% for the 5� UTR, 97.8% for the VP4/VP2
region, 95.2% for the VP1 region, and 95.9% for the 3D RNA
polymerase gene. The identities at the deduced amino acid
level were 100% for VP4/VP2, 98.1% for VP1, and 97.9% for
3D RNA polymerase. The amino acid alignments of VP1 and
3D RNA polymerase are shown in Fig. 1. The similarities
between HRV87 and EV70 were 74.3% for the 5� UTR, 71.6%
for the VP4/VP2 region, 41.8% for the VP1 region, and 69.6%
for the 3D RNA polymerase gene at the nucleotide level and
91.4% for VP4/VP2, 54.4% for VP1, and 85.6% for 3D RNA
polymerase at the amino acid level. The nucleotide sequence
of the 5� UTR of HRV87 was 100% identical to the sequence
found in GenBank under accession no. AF108187. The data
presented above are derived from an HRV87 strain obtained
from ATCC. We initially sequenced the VP4/VP2 region of a
strain from another source; that sequence was identical to the
sequence of the strain discussed here (data not shown). Rep-
resentative sequences of all known HEV and HRV genetic
groups were chosen from GenBank and used for phylogenetic
analysis of the four genomic fragments (Fig. 2A to D). HRV87
definitely clustered into the HEV-D group with EV68 and
EV70 with regard to the two capsid regions and the 3D region,
whereas for the 5� UTR, HRV87 and the two sublines of EV68
showed a cluster of their own.

Biological comparisons between proposed HEV-D strains.
Typing of the viruses by specific antisera was carried out by use
of a standard method. HRV87 was neutralized by validated
antisera raised against HRV87 and EV68, while EV68 was
neutralized only by the antiserum to EV68. No effect on
HRV1B-, HRV14-, or EV70-induced CPE was seen with any
of the antisera. The observed one-way cross-reactivity was con-
firmed by determination of the neutralization indices for the
antisera. The antiserum to HRV87 reduced the titers of the
two EV68 strains only marginally, while the EV68 antiserum
very effectively neutralized all three tested viruses. Interest-
ingly, human sera used in the assay revealed antigenic differ-
ences between the two EV68 strains as well (Table 1).

Infections caused by HRV87 and/or EV68 appeared to be
relatively common, as an unselected pool of human sera had a
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relatively high titer of neutralizing antibodies. Furthermore,
the seven individual sera tested contained neutralizing anti-
bodies to HRV87 and the end point titers were very similar to
those of antibodies against EV68 (Table 2).

HRV87 and the two sublines of EV68 Fermon were sensi-
tive to a 1-h acid treatment at �37°C. The acid-treated and
untreated aliquots of the viruses were assayed in both HeLa
Ohio and RD cells. After acid treatment, the titers of the 50%
cell culture infectious doses of HRV87, EV68 (VR-561), and
EV68 (VR-1076) were 102.5, 102, and 104 times lower in HeLa
Ohio and 104.5, 103.5, and 104 times lower in RD cells, respec-
tively. The acid sensitivity test was repeated for selected viruses
by the protocol described by Schieble et al. (27). After a 3-h
acid treatment at room temperature, the titers of HRV 87 and
EV68 (VR-1076) were 102.5 and 102 times lower, respectively,
in HeLa Ohio cells and 102 and 102.5 times lower, respectively,
in RD cells. EV70 was even resistant to a 4-h acid treatment.

We studied whether the DAF-specific monoclonal antibody
is capable of blocking infection caused by HRV87. The
HRV87-induced CPE was clearly inhibited in HeLa Ohio cells
pretreated with monoclonal antibody to the SCR-3 epitope of
DAF. Practically similar results were obtained with EV68 and
EV70 (data not shown).

DISCUSSION

In this work, we have demonstrated the close genetic simi-
larity in four genomic regions between HRV87 and EV68,
which is classified in the HEV-D species together with EV70
(15). It has been shown recently that the nucleotide sequence

encoding VP1 correlates well with enterovirus serotype (20).
Our VP1 gene sequences did not cover the entire VP1 region,
but compared with the intraserotypic divergence limits of 25%
for the nucleotide sequence and 12% for the amino acid se-
quence, the observed identities of 95.2 and 98.1%, respectively,
are clearly indicative of the same serotype. EV70 is of a dif-
ferent serotype but is a member of the same genetic cluster.
Antigenic characterization of the strains confirmed this con-
clusion. The one-way antigenic cross-reactivity between
HRV87 and EV68 is typical of the prototype strain-prime
strain relationship previously described for both enteroviruses
(17) and rhinoviruses (5). Analysis of individual human sera
suggested antigenic differences between strains now proposed
to belong to a single serotype. However, this kind of variability
of response is not new and has been described, for instance, for
poliovirus type 3 (10).

The clustering of HRV87 and EV68 with EV70 was evident
for the coding regions as well for the 5� UTR. The apparent
divergence between the first two viruses and EV70 in the 5�
UTR was definitely greater than the corresponding intersero-
typic differences in the HEV-B species. The divergence of
HRV87 from other HRVs with regard to the 5� UTR has been
described previously (1).

The initial characterization of the EV68 Fermon strain
showed that it was resistant to low pH, so it was classified as an
enterovirus (27). However, according to the data presented
here, the titer of the acid-treated virus aliquot was somewhat
lower than that of the untreated virus. We performed the acid
sensitivity test by use of a standard method (4) and also re-

FIG. 1. ClustalX (version 1.64b) multiple sequence alignment of a 108-amino-acid region of VP1 (A) and a 145-amino-acid region of 3D RNA
polymerase (B) from prototype strains of HRV87, EV68 (lines VR-561 and VR-1076), and EV70. Amino acids identical in all four sequences are
marked by asterisks, and amino acid differences between HRV87 and EV68 are indicated by shading.
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FIG. 2. Neighbor-joining tree showing phylogenetic clustering of representative serotypes of HRVs and enteroviruses. (A) 5� UTR; (B) VP4/
VP2 region; (C) VP1 region; (D) 3D RNA polymerase region. The accession numbers of the previously published sequences are as follows:
NC_001435, HRV1B; X02316, HRV2; NC_001490, HRV14; NC_001752, HRV16; A10937, HRV89; NC_002347, coxsackie A virus 9 (CAV9);
NC_001612, CAV16; NC_001428, CAV21; D90457, CAV24; NC_00081, coxsackie B virus 2 (CBV2); NC_001342, CBV5; NC_002601, echovirus
5 (ECHO5); NC_001430, EV70; NC_001769, EV71; NC_002684, EV73; and V01150, poliovirus 1/Sabin (PV1).

VOL. 40, 2002 CHARACTERIZATION OF HUMAN RHINOVIRUS 87 4221



peated the test by the protocol used by Schieble et al. (27). The
acid sensitivities of HRV87 and EV68 were obvious in both
tests, but the differences between the titers of the acid-treated
and untreated viruses were greater when the current standard
method was used.

Originally, EV68 strain Fermon was recovered from a throat
swab of a 10-month-old female with pneumonia. Despite a
careful search for rhinovirus and enterovirus isolation data, no
references were found in the literature to the isolation of either
EV68 or HRV87 from clinical specimens after their first ap-
pearance and characterization. Serotyping of rhinovirus iso-
lates is laborious and has been carried out in only a few studies
(6, 14, 16, 18). However, the typing of enteroviruses has been
widespread and has resulted in lengthy reports of clinical en-
terovirus findings. Even so, no isolation of EV68 has previously
been reported (7, 19, 28). In this study, neutralizing antibodies
to these virus strains were found in all tested sera. Although
the number of sera was small, these results indicate that infec-
tions caused by these viruses are not uncommon. The absence
of clinical isolates of HRV87 or EV68 in the literature may be
due to the acid-sensitive nature of these viruses and the infre-
quent serotyping of acid-sensitive viruses in routine virus di-
agnostics.

Approximately 90% of rhinovirus serotypes bind to intercel-
lular adhesion molecule 1, while all but one of the remaining
serotypes use the low-density lipoprotein receptor (9, 29). The
attachment of HRV87 to the cell surface is known to require
sialic acid (29), which has also been reported for EV70 (30).
Our present results suggest that the receptor might be the

DAF and might thus be shared by EV70 and several echovirus
serotypes (13).

In conclusion, we have shown in this study that HRV87 and
EV68 are genetically and antigenically highly similar and that
they also share homology with EV70. Therefore, we propose
that this virus pair, HRV87 and EV68, should be reclassified as
a single HEV-D serotype. Our results also demonstrate a con-
flict between the classical and modern phylogenetic classifica-
tion criteria. HRV87/EV68 and EV70 definitely belong to the
same genetic cluster and appear to share receptor specificity in
HeLa cells. However, according to acid sensitivity assays,
HRV87 and EV68 should be classified as rhinoviruses whereas
EV70 is a typical enterovirus. The dividing line between these
two genera is even more blurred than previously thought.
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