
CHAPTER 37 

Picornaviridae: Rhinoviruses-Common 
Cold Viruses 

WIDAD AL-NAKIB and DAVID A. J. TYRRELL 

Disease: Common cold. 
Etiologic Agents: Rhinoviruses (over 115 serotypes). 
Source: Infected individuals excreting virus in nasal secretions; airborne transmission over 

short distances; enter via nasal epithelium or conjunctiva; transmission via contami
nated fingers and fomites also possible. 

Clinical Manifestations: Rhinorrhea, nasal obstruction, some element of pharyngitis and 
cough; usually acute; subclinical infections occur. 

Pathology: Rhinitis probably due mainly to direct cytocidal effect of virus replication in the 
nasal epithelium; edema and cellular infiltration occur; there is narrowing of the nasal 
cavities with excessive mucus secretion. 

Laboratory Diagnosis: Virus isolation in cell or organ culture; seroconversion or four-fold 
or greater increases in neutralizing antibody; direct virus detection with cDNA probes 
is being clinically evaluated. 

Epidemiology: Worldwide distribution with two main seasonal peaks, spring and early 
autumn; infection is most common in early life and generally decreases with increase 
in age. 

Treatment: No specific treatment is yet available. 
Prevention: No vaccine available, but intranasal interferon prophylaxis may be used in 

some circumstances. 

Introduction 

The term "cold" has generally been taken to mean a 
short mild illness in which the main symptoms in
volve the upper respiratory tract and in which nasal 
symptoms predominate. Colds have been recognized 
as a specific medical entity as early as 400 Be, and 
although it was suspected to be contagious, it was 
not until 1914 that Kruse provided experimental evi
dence for the infectious nature of colds by inoculat
ing cell-free nasal material from persons with symp
toms of colds into volunteers who later developed 
colds. However, evidence that colds are caused by a 
virus and not bacteria came from experiments by 
Dochez et al. (1930), who inoculated volunteers with 
bacteria-free filtrates from individuals with symp
toms of colds (for details of historic events, see 
Gwaltney, 1982; Tyrrell, 1965). 

Rhinoviruses were first cultured in vitro in 1953 in 
explants of human embryonic lungs (Andrewes et 
aI., 1953). However, it was not until some years later 
that this work could be repeated when virus was 
shown to produce cytopathic effect in human em
bryo kidney cells (Tyrrell et aI., 1960, 1962). In the 
meantime, two groups in the United States reported 
the isolation in monkey kidney cultures of a virus 
involved in upper respiratory illness, and this was 
subsequently designated rhinovirus lA (Pelon et aI., 
1957; Price, 1956). Since then, other rhinovirus
sensitive cells have been found, and many rhino
viruses have been isolated, and in general all have 
been found to cause "common colds." 

It is now clear that rhinoviruses are responsible 
for the majority of acute upper respiratory illnesses 
collectively known as the common cold. Cor
onavirus and to a much lesser extent adenoviruses, E. H. Lennette et al., Laboratory Diagnosis of Infectious Diseases Principles and Practice
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parainfluenza, enteroviruses, and respiratory syncy
tial viruses may also cause common colds and con
tribute to the total load of disease (Fig. 1). It has been 
estimated that acute respiratory illness accounts for 
over half of all acute disabling conditions in the 
United States and that one-third to one-half of all 
acute respiratory illnesses are caused by rhino
viruses (Couch, 1984). Furthermore, it has been esti
mated that common colds occur at rates of 2 to 5 per 
person per year (Couch, 1984; Fox et aI., 1975, 
1985). Common colds are estimated to cost billions 
of dollars each year in terms of lost working days, 
cold remedies, and analgesics (Couch, 1984). Despite 
their enormous impact on both morbidity and eco
nomic loss, there has been little progress in finding 
methods of control. However, over the past 2 years 
or so there have been some very important advances 
in rhinovirus research. Thus the genome of two hu
man rhinoviruses has been cloned and sequenced 
(Callahan et aI., 1985; Skern et aI., 1985; Stanway et 
al., 1984), the major antigenic sites of one rhinovirus 
have been mapped using monoclonal antibodies 
(Sherry et aI., 1986), and details of the fine structure 
of one, the same rhinovirus, human rhinovirus 14 
(HRV-14) have been elucidated by X-ray crystallog
raphy techniques (Rossmann et aI., 1985). Further
more, a number of new procedures have recently 
been developed for the detection of rhinovirus nu
cleic acid (AI-Nakib et aI., 1986), antigens (Dearden 
and AI-Nakib, 1987), and antibodies (Barclay and Al
Nakib, 1987). Although these procedures are still at 
the experimental stage, their future impact on the 
rapid diagnosis of rhinoviruses will be very impor
tant and hence very relevant to the subject of this 
book. In this chapter we shall omit further reference 
to other viruses that cause common colds which are 
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dealt with elsewhere and concentrate on reviewing 
our present knowledge of rhinoviruses. 

The Viruses 

List of Viruses 

On the basis of serum neutralization, over 115 differ
ent serotypes of human rhinoviruses have been iden
tified (Cooper et aI., 1978; Kapikian et aI., 1971; 
Melnick, 1980) (Table 1). Although most of the hu
man rhinoviruses are antigenically distinct, cross
relationships between them have been detected 
(Cooney et aI., 1975). Indeed, Cooney et aI., (1982) 
produced potent rabbit antisera to 90 of the classified 
rhinovirus serotypes and by systematic neutraliza
tion tests detected significant numbers of cross
reactions. Using heterotypic antibody reaction in 
both rabbit and guinea pig antirhinovirus sera, they 
defined 16 groups of rhinoviruses (Table 2). 

Physiochemical Properties and Morphology 

Rhinoviruses share with other members of the family 
picornaviridae a number of physical and biochemical 
characteristics. They are small RNA viruses, 28 to 34 
nm in diameter with a relative molecular mass (Mr) 
of approximately 8.5 x 106, of which RNA accounts 
for some 30% by weight. The capsid has an icosahe
dral symmetry and is made up of 60 copies of each of 
four virus-coded structural proteins (VPl, VP2, VP3, 
and VP4) and encloses a single-stranded RNA 
genome of molecular weight of approximately 2.6 x 
106 (Brown et aI., 1970; Cooper et aI., 1978; 
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FIG. I. Proportion of viruses and strepto
cocci isolated from patients with common 
colds (from Tyrrell et aI., 1979, with permis
sion). 
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TABLE I. List of human rhinoviruses 

Rhinovirus Prototype Rhinovirus Prototype 
number strain number strain 

IA Echo-28 58 21-CV 20 
IB B632 59 611-CV 35 
2 HGP 60 2268-CV 37 
3 FEB 61 6669-CV 39 
4 16/60 62 1963M-CV 40 
5 Norman 63 6360-CV 41 
6 Thompson 64 6258-CV 44 
7 68-CV 11 65 425-CV 47 
8 MRH-CV 12 66 1983 CV 48 
9 211-CV 13 67 1857-CV 51 

10 204-CV 14 68 F02-2317-Wood 
11 l-CV 15 69 F02-2513-Mitchinson 
12 181-CV 16 70 F02-2547 -Treganza 
13 353 71 SF365 
14 1059 72 K2207 
15 1734 73 107E 
16 11757 74 328A 
17 33342 75 328F 
18 5986-CV 17 76 HOOO62 
19 6072-CV 18 77 130-63 
20 15-CV 19 78 2030-65 
21 47-CV 21 79 101-1 
22 127-CV 22 80 277G 
23 5124-CV 24 81 483F2 
24 5146-CV 25 82 03647 
25 5426-CV 26 83 Baylor 7 
26 5660-CV 27 84 432D 
27 5870-CV 28 85 50-525-CV-54 
28 6101-CV 29 86 121564-Johnson 
29 5582-CV 30 87 F02-3607-Com 
30 I06F 88 CVD-OI-0165-Dambrauskas 
31 140F 89 41467-Gallo 
32 363 
33 1200 From Hamparian, 1979, with permission. 
34 137-3 
35 164A 
36 342H 
37 151-1 Medappa et al., 1971; Stott and Killington, 1972). 
38 CH79 The RNA is of positive polarity and has been shown 
39 209 to be polyadenylated at the 3' end and is covalently 40 1794 
41 56110 linked to a small virus-encoded protein, VPg, at the 

42 56822 5' terminus (Gauntt, 1980; Nair and Owens, 1974). In 

43 58750 addition, rhinoviruses like other members of the pi-
44 71560 cornaviridae family are ether-resistant. However, 
45 Baylor 1 they differ from other picornaviruses in that they are 
46 Baylor 2 acid-labile, having a relatively high bouyant density, 
47 Baylor 3 and grow optimally at temperatures ranging from 33 
48 1505 to 35°C (Gwaltney, 1982). 
49 8213 Based on recent X-ray crystallography studies, it 
50 A2 No. 58 

has been suggested that the 25-A deep "canyons" 51 FOI-4081 
52 FOI-3772 found on each icosahedral face of HR V -14 are the 

53 FOl-3928 sites for cell receptor binding (Rossmann et al., 1985). 

54 FOI-3774 U sing competition binding assays between pairs of 
55 WIS 315E serotypes, Abraham and Colonno (1984) have been 
56 CH82 able to show that rhinoviruses can be grouped in two 
57 CH47 receptor groups depending on their binding to the 
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TABLE 2. Antigenic grouping of rhinoviruses into 16 
groups based on their cross-relationship as revealed by 
cross-neutralization using both rabbit and guinea pig 
anti-rhinovirus seraa 

Prototype 
Group of group Rhinovirus types includedb 

I IA IB 
II 2 49 

III 3 (79), 6, 14 
IV 9 32,67 
V 11 15, 40, 74, 76 

VI 12 78 
VII 13 41 

VIII 22 61 
IX 29 5, 17, (19, 21, 30), 42, (43), 44, 70 
X 36 50, (18), 58, 89 

XI 38 60 
XII 39 54 

XIII (48) (55) 
XIV (56) (57) 
XV (59) (63), (85) 

XVI 66 77 

a From Cooney et al. (1972), with permission. 
b Boldface indicates a reciprocal cross-reaction with the 
group prototype. Parentheses indicate heterotypic antibody 
seen only in reference guinea pig anti-rhinovirus sera. 

cellular receptors for virus attachment. Thus, the 
large majority of rhino viruses studied, 20 (84%) of24 
(HRV-3, 5, 9,11,12,14,15,17,22,32,36,39,41,51, 
58,59,60,66,67,89) appear to share the same recep
tor (in He La cells), while the remaining four (16%) 
(HRV-IA, 2, 44, 49) share another receptor, and 
these are distinct from those used by other pi
cornaviruses. Although this study was confined to 
only 24 serotypes, the authors have chosen these 
viruses at random and therefore concluded that a 
wider selection of unstudied rhinoviruses was un
likely to alter the pattern of this relationship (Abra
ham and Colonno, 1984). Indeed, in a later study the 
same workers reported that a mouse monoclonal an
tibody was isolated that had the precise specificity 
predicted by the competition binding study and this 
antibody protected HeLa cells from infection by 78 
of 88 human rhinovirus serotypes (Colonno et aI., 
1986). 

Replication 

The initial step in the replication of rhino viruses is 
the attachment of virus particles to the host cell via 
receptors. Picornaviruses are very specific with re
gard to the cells they infect, and this specificity is to a 
large extent determined by the type of receptor 
present on the host cell surface. It has been esti-

mated that there are about 104 receptor sites per cell 
on HeLa and WI-38 cells for rhinovirus serotypes 2 
and 14 (Butterworth et aI., 1976; Lonberg-Holm and 
Korant, 1972; Macnaughton, 1982) and greater than 
106 for human rhinovirus lA and 18 on another line of 
human fibroblasts (Macnaughton, 1982; Medrano 
and Green, 1973). As mentioned earlier, human 
rhinoviruses can be divided into two receptor 
groups; the majority share one receptor, but a minor
ity attach to a different receptor on a human cell line 
(Abraham and Colonno, 1984; Colonno et aI.,1986). 
The binding of rhinoviruses to the receptor is en
hanced by the presence of a high concentration of 
MgCh and is temperature-dependent; the rate of at
tachment increases with increase in temperature 
from 7 to 37°C (Butterworth et aI., 1976; Mac
naughton, 1982). It has been suggested that more 
than one receptor is required for proper virus attach
ment and that the increase in temperature assists in 
the movement of the receptor subunits in the mem
brane lipids to achieve proper orientation for virus 
attachment (Butterworth et aI., 1976). Following 
binding to the host cell receptors, rhinoviruses un
dergo conformational changes to what are termed A 
particles. In this process they lose one of the viral 
capsid proteins, namely VP4, and thus although they 
still contain RNA, they have lost their infectivity to a 
great extent. This "eclipsed" stage of the virus mul
tiplicative cycle is particularly temperature-depen
dent, more so than the attachment of the virus to the 
host cell, and may represent the first stage of virus 
uncoating. Then follows the formation of B particles 
(empty capsids), which have lost their viral RNA. It 
has been estimated for HRV-2 that the process of 
viral penetration takes some 40 to 60 min. Following 
uncoating of rhinoviruses, the infecting virion RNA 
(plus strand) is first translated to produce an RNA
dependent RNA polymerase(s), which is required to 
replicate the genomic RNA (plus strand) to produce 
complementary virus RNA (minus strands) and later 
for the minus strands to replicate to produce progeny 
plus strands, which will ultimately become incorpo
rated into progeny virus particles. Thus as in the 
replication of other picornavirus RNA, both the par
ent plus strand and later the minus RNA strands act 
as templates for the synthesis of their respective 
complementary strands (Butterworth et aI., 1976; 
Macnaughton, 1982). 

Rhinovirus proteins, like those of other pi
cornaviruses, arise by proteolytic cleavage of a poly
protein. Thus the entire genome is first translated, 
translation being initiated at a point at or near the 5' 
end of the genome. The polyprotein is usually 
cleaved during translation. Initially, the polyprotein 
is cleaved into three species (VPO, VPl, and VP3), 
and later VPO undergoes further cleavage to form 
VP2 and VP4; this last cleavage step is thought to 
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occur only after the RNA is secured inside the imma
ture capsid (Macnaughton, 1982). Details of the 
probable cleavage sites in relation to the nucleotide 
sequence of the genome have recently been pub
lished (Stanway et al., 1984). It is thought that cleav
age allows some new contacts to occur between the 
various polypeptides in order that the particle be
come locked together (Baltimore, 1985). Maturation 
of virus has been shown by electron microscopy to 
occur in the cytoplasm ofthe infected cells some 16 
to 18 h after infection following which particles may 
be seen in the form of hexagonal or rectangular crys
tals (Butterworth et al., 1976; Macnaughton, 1982). 
High concentrations of magnesium ions are thought 
to enhance the crystallization of rhinovirus particles 
(Blough et al., 1969). 

Antigenic Composition and Genetics 

As mentioned above, over 115 different serotypes of 
human rhinoviruses have so far been identified by 
neutralization (Melnick, 1980). However, recently, 
the antigenic sites on the human rhinovirus 14 capsid 
have been mapped using mutants of HRV-14 se
lected for resistance to individual neutralizing anti
bodies (Sherry and Rueckert, 1985; Sherry et al., 
1986). These studies have now been integrated with 
X-ray crystallography studies (Rossmann et aI., 
1985). This indicates that there are four major immu
nogenic neutralization sites (Rossmann et al., 1985; 
Sherry et al., 1986). The three-dimensional structure 
data show that these are localized into four distinct 
areas on the surface of the viral capsid (Nim-IA, 
Nim-IB, Nim-II, and Nim-III) and that the residues 
all face outward toward the viral exterior (Rossmann 
et al., 1985). Nim-IA and IB are located on VPl, and 
Nim-II and III are located on VP2 and VP3, respec
tively (Rossmann et al., 1985). It is interesting to 
note that despite the 6O-fold equivalence of each po
tential binding site on the virus, it is suggested that as 
few as four neutralizing antibody molecules would be 
required to confer "neutralization" of the virus par
ticle. This binding of antibody with virus often 
results in conformational changes in the virus struc
ture (Rossmann et al., 1985). 

Recently published sequence data on the HRV-14 
and 2 genomes (Callahan et al., 1985; Skern et aI., 
1985; Stanway et aI., 1984) indicate that the human 
rhinovirus genome is a single strand of RNA of posi
tive polarity comprising some 7,200 nucleotides. The 
first 624 nucleotides from the 5' end of the genome do 
not appear to code for any amino acid. This noncod
ing region is followed by a long open reading frame of 
some 6,537 nUcleotides (6,450 for HRV-2; Skern et 
al., 1985), which comprises some 90% ofthe genome 
and terminates in another noncoding region, this 

time a 3' end of 47 nucleotides. The viral RNA is 
covalently linked to a small virus-encoded protein, 
VPG, at the 5' end and is polyadenylated at the 3' 
end. Details of the genomic structure of rhinoviruses 
and its relation to the published poliovirus genomes 
have been well reviewed elsewhere (Callahan et 
al.,1985; Skern, 1985; Stanway et al., 1984). 

Effect of Physical and Chemical Agents 

HEAT 

Rhinoviruses are inactivated on heating with appar
ent first-order kinetics. They are relatively stable at 
temperatures ranging from 24 to 37°C. Calculation of 
the activation energy and tests for the presence of 
infectious RNA indicate that the lower temperatures 
inactivate these viruses by damaging the viral RNA 
rather than the viral capsid proteins (Dimmock, 
1967; Gauntt and Griffith, 1974; Jackson and Mul
doon, 1973; Killington et al., 1977). Exposure to tem
peratures such as 50 or 56°C inactivates viruses rap
idly by damage to peptides. When rhinoviruses like 
polioviruses are inactivated, C-type (empty shell) vi
rus particles are produced, and these have a wider 
serological reactivities than the native or D-type par
ticles. The presence of 1 M MgCl2 appears to stabi
lize some but not all rhinoviruses when exposed to 
temperatures of 50°C for 1 h. In contrast, en
teroviruses are completely stabilized when exposed 
to heat in the presence of 1 M MgCl2 (Dimmock and 
Tyrrell, 1962, 1964; Ketler et aI., 1962). 

ULTRAVIOLET IRRADIATION 

The half-life of rhinoviruses when exposed to stan
dard UV irradiation ranged from 3 to 5 sec, and no 
infectious particles could be detected after 90 sec of 
exposure (Hamparian, 1979). 

pH 

Unlike other picornaviruses, rhinoviruses are rapidly 
inactivated at pH values of below 6, particularly at 
below pH 3, although there are significant differ
ences in the sensitivity of different rhinoviruses to 
exposure to pH values between 5.0 and 6.0 (But
terworth et al., 1976; Hughes et al., 1973). This prop
erty of inactivation at low pH remains the simplest 
criterion to distinguish the rhinoviruses from the en
teroviruses. 

LIPID SOLVENTS AND DETERGENTS 

Rhinoviruses, like other picornaviruses, are resistant 
to treatment with lipid solvents such as ether, etha
nol, fluorocarbon, or chloroform (Jackson and Mul
doon, 1973; Stott and Killington, 1972). Further-



728 w. Al-Nakib and D. A. J. Tyrrell 

more, detergents such nonidet P40, sodium dodecyl 
sulfate (SDS), or sodium deoxycholate do not appear 
to have any effect on the virus, although there are 
some data that suggest that SDS can inactivate a 
human bovine rhinovirus (Ide and Darbyshire, 1972). 

PROTEOL YTIC ENZYMES 

Trypsin and other proteolytic enzymes can affect the 
infectivity of some rhinoviruses while others do not 
appear to be affected (Ide and Darbyshire, 1972; 
Kisch et al., 1964). 

VIRUCIDAL SUBSTANCES 

Recently a number of substances have been shown 
to have virucidal activity and hence inactivate 
rhinoviruses. These include 2% glutaric acid 
(Hayden et al., 1984) and a combination of citric 
acid, malic acid, and sodium lauryl sulfate (Dick et 
al., 1986; Hayden et aI., 1985b). The application of 
these substances in the interruption of rhinovirus 
transmission will be reviewed in more detail later, 
when control of rhinovirus infection is discussed. 

OTHER AGENTS 

Rhinoviruses have been shown to be inactivated by a 
number of other chemical agents such as hydrogen 
peroxide (Mentel and Schmidt, 1974; Mentel et aI., 
1977), iodine (Carter et al., 1980), and 2 M urea, 
which produces empty or C-type particles (Lonberg
Holm and Yin, 1973). 

Pathogenesis, Pathophysiology, 
and Pathology 

The primary site of rhinovirus infection is thought to 
be the nasal epithelial cells. Viruses attach to specific 
receptors in the nasal epithelial cells and begin to 
initiate infection. Within 24 h, virus in small quanti
ties can be recovered from nasal washings of volun
teers challenged with a rhinovirus. The virus concen
tration then rises to reach a peak between the second 
and third day and then gradually declines to unde
tectable levels by the fourth to fifth day after infec
tion. Figure 2 shows the typical course of virus shed
ding in a volunteer infected with HRV-9. 

The incubation period of a rhinovirus infection is 
approximately 2 to 3 days, and peak virus excretion 
often corresponds with the acute phase of rhinitis. 
During the acute phase of illness, most of the nasal 
epithelial cells become infected, as shown by biopsy 
studies (Douglas, 1970). Virus is thought to spread 
directly from cell to cell until most of the nasal epi
thelium becomes infected. The mechanism of rhinitis 
is still unknown but is thought to be due to direct 
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FIG. 2. Typical course of virus excretion by a volunteer 
infected with human rhinovirus 9 (HRV-9). 

cytocidal effect of virus multiplication on the nasal 
epithelial cells. During the acute phase of rhinitis, 
there is marked edema with infiltration of neutro
phils, lymphocytes, plasma cells, and eosinophils. 
The nasal cavities become narrowed with excessive 
secretory activity. 

Our understanding of the pathophysiology follow
ing acute rhinovirus infection is still very limited, but 
recent work, including some of our own volunteer 
studies, indicates that a significantly prolonged nasal 
mucociliary clearances, reduced ciliary beat fre
quency, and loss of large areas of ciliated epithelium 
occur in volunteers infected with rhinovirus and who 
are symptomatic (Carson et al., 1985; Pedersen et 
al., 1983; Sakakura et al., 1973; Wilson et al., 1987). 
Scanning electron microscopy of bovine tracheal or
gan cultures infected with a bovine rhinovirus also 
showed extrusion of large numbers of ciliated cells 
from the epithelium (Reed and Boyde, 1972). 

Although rhinovirus infections are usually con
fined to the upper respiratory tract, particularly the 
nasal mucosa, there are reports of lower respira
tory tract infection, particularly the association 
of rhinovirus infections with the exacerbation of 
chronic bronchitis and asthma in children (Cherry et 
al.,1967; Craighead et al., 1969; Gregg, 1983; Horn et 
al., 1979; Minor et al., 1974, 1976; Wulff et aI., 1969). 
However, the definite role of rhinoviruses in lower 
respiratory tract infection is still unclear, and further 
direct evidence of virus multiplication in the lower 
respiratory tract is required, since recovery of virus 
from sputum does not in itself indicate unequivocally 
that virus actually multiplies in the lower respiratory 
tract, but on occasions more virus has been found in 
sputum than in nasal specimens. 
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Immunology 

The study of the local and serum immune response to 
rhinovirus infection and protection against reinfec
tion has so far been limited mainly to the measure
ment of neutralizing antibodies. As yet, the role of 
the local and circulating cell-mediated immunologi
cal responses in limiting a rhinovirus infection and/or 
providing resistance to virus challenge has not been 
clearly defined. However, a very recent study 
showed that circulating lymphocytes, particularly 
the T4+ population, are important in the progression 
of rhinovirus infection and severity of symptoms of 
the common cold. Thus, following challenge, signifi
cant decreases in the lymphocyte population were 
observed among infected persons, and this was asso
ciated with increase in the severity of symptoms. In 
addition, persons who had the greatest decrease in 
total lymphocyte count also shed virus more fre
quently (Levandowski et al., 1986). It was suggested 
that selective removal of T lymphocytes from the 
peripheral blood to the nasopharyngeal site of 
rhinovirus infection together with the release of neu
trophils from the marginated pool or hematopoietic 
tissues may have taken place in response to the in
flammatory process. Alternatively, rhinovirus infec
tion may have inhibited the proliferation or increased 
the destruction of lymphocytes (Levandowski et al., 
1986). However, further studies are required to eluci
date the role of the local and circulating cell-medi
ated immune responses in limiting and/or preventing 
a rhinovirus infection. 

Despite two decades of study, the role of serum 
and local antibodies in influencing the course of a 
rhinovirus infection and protecting against reinfec
tion is still not very clear (for review see Gwaltney, 
1982). However, it appears that resistance to chal
lenge with a rhinovirus is generally associated with 
the presence of high levels of secretory antibody, 
most probablY of the IgA class and/or of serum
neutralizing antibodies (for review see Dick and 
Chesney, 1981). Nevertheless, volunteers with high 
prechallenge serum-neutralizing antibodies of up to 
1 : 256 have been infected when a relatively high 
challenge dose of a rhinovirus has been given (Cate 
et al., 1966). In addition, we have found that a high 
proportion of our volunteers who are challenged with 
smaller doses of virus, even though they have serum
neutralizing antibody titers of> 1 : 8, actually do get 
infected whereas others with no prechallenge serum
neutralizing antibodies to the infecting virus may re
sist infection. Thus, the presence of serum-neutraliz
ing antibodies does not always correlate with 
protection against reinfection. 

In order that we can obtain a better understanding 
of the local and serum immunoglobulin response fol
lowing infection, we have recently developed an en-

zyme-linked-immunosorbent assay (ELISA) and ap
plied this in the study of the immune response. The 
data we have so far obtained, although preliminary, 
indicate that resistance to infection is associated with 
the presence of rhinovirus-specific IgG and IgA in 
the serum and specific IgA in nasopharyngeal secre
tions (Barclay and Al-Nakib, 1987; Barclay et al., 
unpublished data). However, further detailed studies 
are required to elucidate in depth the role of the im
mune response in the protection against reinfec
tion by both the homologous and heterologous 
rhinoviruses, and these are now in progress in our 
laboratory . 

Clinical Features 

Mode of Transmission 

The peak excretion of rhinoviruses corresponds with 
the acute phase of the illness which is within 2 or 3 
days after infection. Thereafter, virus excretion rap
idly declines, although in some volunteer experi
ments it has been found that it may persist for as long 
as 2 weeks after infection but at very low levels 
(Douglas et aI., 1966). The virus has been found to be 
present in particularly high concentrations in the na
sal mucus secretions rather than in pharyngeal secre
tions or saliva (Gwaltney, 1982; Hendley et al., 
1973). In studies of natural infections, a high rate of 
transmission was more likely to occur after long ex
posure, whereas after short exposures (15 min to 3 
days), the transmission rates were low or variable 
(D'Alessio et al., 1984; Fox et al., 1975; Gwaltney, 
1982). Furthermore, close contact (e.g., among mar
ried couples) and crowding appear to increase trans
mission of rhinoviruses (D'Alessio et al., 1976; 
Holmes et al., 1976). Nevertheless, low transmission 
rates have been observed in settings such as nursery 
schools (Beem, 1969), offices (Gwaltney et al., 1968), 
and even families (Dick and Chesney, 1981). 

Several workers have failed to obtain evidence for 
airborne transmission (Couch et al., 1970; Gwaltney 
et al., 1978), although a recent report suggested that 
rhinoviruses may indeed also be transmitted by aero
sol (Dick et al., 1986). Rather, it was mainly due to 
contact of contaminated fingers with the conjunctiva 
and the nares (Couch et al., 1970; Gwaltney et al., 
1978). In recent volunteer experiments, it was found 
that the saliva, lips, and even the external nares of 
infected volunteers contained very small concentra
tions of virus, and it was therefore concluded that 
only a modest rate of transmission could be achieved 
by kissing (D' Alessio et al., 1984). It thus appears 
that the infected mucus secretions contaminating 
hands, fingers, and fomites and then the direct inoc-
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ulation of virus through the conjunctiva and I or nasal 
epithelium are the most important route of transmis
sion. There is some evidence that only small concen
tration of virus would be required to initiate an 
infection in an individual provided that the virus suc
cessfully reaches the appropriate portal of entry 
(Gwaltney, 1982; Tyrrell et aI., 1962). 

Clinical Course 

The common cold is characterized by rhinorrhea, na
sal obstruction, some element of pharyngitis, and 
cough. Fever and systemic reaction are infrequent. 
The length of the illness is normally 7 days, with a 
peak of symptoms and signs between the second and 
third days. The acute phase of rhinitis usually corre
sponds with peak virus excretion. In most individ
uals, symptoms subside by the eighth day, although 
in some patients symptoms may persist for 2 weeks 
or even as long as 1 month (Douglas, 1970; 
Gwaltney, 1982). As mentioned earlier there is some 
evidence that rhinoviruses may be inv~lved in lower
respiratory-tract complications and may precipitate 
asthmatic attacks and exacerbate chronic bronchitis 
especially among children (Gregg, 1983; Hilleman e~ 
aI., 1963; Horn and Gregg, 1973; Horn et aI., 1979; 
Minor et aI., 1974, 1976; Stott et aI., 1968). 

Diagnosis 

Specimen Collection 

The most appropriate specimen for the isolation of 
rhinoviruses is that of nasopharyngeal washings. It is 
our experience and that of others that both nasal and 
pharyngeal swabs are less satisfactory than naso
pharyngeal washings. If, however, nasopharyngeal 
washings cannot be obtained for any reason, it is 
recommended that nasal swabs be taken rather than 
pharyngeal swabs. However, it is important to em
phasize that specimens must be collected as soon as 
possible after patients present with symptoms, since 
the peak of virus excretion is reached during the first 
2 to 3 days after onset of symptoms and then declines 
considerably. Like other virological specimens, 
those for rhinovirus isolations must be transported to 
the laboratory as soon as possible, preferably on ice 
and using a virus transport medium (see below). At 
the laboratory, specimens should be inoculated di
rectly into the appropriate cell culture system. How
ever, should this not be possible, they can be stored 
at - 70°C in transport medium. 

Nasal washing procedure. The patient is asked to sit 
with his or her head tilted slightly backward while 
approximately 1 ml of sterile phosphate-buffered sa-

line (PBS) is instilled into one of the nostrils. The 
patient is asked to lean forward, and the washing 
then drips from the nostril into a sterile petri dish 
aided if necessary by a gentle nose blow. The sam~ 
procedure is then repeated in the other nostril until 
each nostril has been washed with approximately 5 
ml of PBS. The washings are collected into a sterile 
container bottle, and an equal volume of sterile nutri
ent broth (5 m!) is added. Penicillin (1,000 Vim!), 
streptomycin (1,000 ILg/m!), and amphotericin 
(10 ILg/m!) should also be normally included in the 
transport medium to prevent bacterial and fungal 
growth. We also normally include phenol red (in a 
final concentration of 0.001%) in the PBS nasal wash 
to monitor any acidity which may affect the rate of 
rhinovirus isolation. 

Virus Isolation and Identification 

Rhinoviruses in clinical specimens are best isolated 
using a sensitive cell culture system. A number of 
cell cultures are susceptible to human rhinovirus 
multiplication. These include human embryonic kid
ney cells (HEK); human embryonic lung fibroblasts 
(HEL); especially known virus-sensitive strains such 
as WI-26, WI-38, and MRC-5; and some continuous 
cell lines such as Ohio He La cells. Although many 
laboratories use fibroblast cells for the isolation of 
rhinoviruses, we routinely use Ohio HeLa cell lines 
for this purpose. Our initial evaluation of this cell line 
suggested that it is sensitive to a large number of 
human rhinovirus serotypes, provides a good repli
cative medium for rhinoviruses with good yield, pro
duces consistent results, and is easy to handle for 
routine purposes. Following initial inoculation of 
Ohio He La cells with rhino viruses (for details see 
below), cytopathic effects (CPE) begin to form as a 
single "focus" or sometimes mUltiple "foci' in the 
monolayer, some as early as 24 to 48 h but generally 
by the 4th day of incubation. In the majority of cases 
this CPE begins to spread in the infected monolaye; 
over the next 2 to 3 days, producing more character
istic foci until 50 to 75% of the cell layer is affected, 
and generally by the 8th day after inoculation all 
the cells are rounded and many are detached. The 
amount of cell damage also depends on the 
rhinovirus serotype and its concentration in the origi
nal clinical specimen; sometimes only one focus or 
two foci of infection are seen, and these do not seem 
to spread to other areas of the cell layer. We nor
mally do not go beyond 8 days of observation, since 
cells (including uninfected cells) generally begin to 
age, round up, and become difficult to distinguish 
from a genuine CPE. Furthermore, if there is only 
one focus or few foci of CPE, these can easily be 
overlooked or in some instances overgrown by unin
fected cells. The CPE produced by rhinoviruses is 
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indistinguishable from that produced by other pi
cornaviruses and is generally characterized by 
rounding of cells. 

The CPE produced by rhinoviruses in fibroblasts 
is often much clearer to read than that seen in HeLa 
cells, since cell rounding in fibroblasts is more easily 
recognized. For the same reason, CPE is often de
tected earlier in fibroblasts than in He La cells (i.e., 
within 24 to 48 h) (for review of rhinovirus isolation 
in HEK or HEL cells, see Hamparian, 1979). 

Recently Geist and Hayden (1985) compared the 
sensitivity of two strains of fibroblasts-a strain of 
MRC-5 human embryonic lung fibroblast cells, and 
the Cooney strain of human fetal tonsil cells-for the 
isolation of rhinoviruses from clinical specimens. 
Ninety-seven percent of specimens were positive 
when isolated in the Cooney fetal tonsil cells com
pared to only 74% when isolation was attempted in 
MRC-5 cells. Furthermore, rhinovirus replication in 
the fetal tonsil cells reduced the mean time to cyto
pathic effect development. It was therefore sug
gested that fetal tonsil cells are superior to MRC-5 
for the isolation of rhinoviruses (Geist and Hayden, 
1985). 

ISOLATION OF RHINOVIRUSES IN HEK AND 

HEL CELLS 

Cells are seeded at a concentration of 2.5 x 105 

cells/ml using tubes (in a final volume of 1 mlltube), 
three tubes per specimen in growth medium (10% 
calf serum plus 0.5% lactalbumin hydrolysate in 
Hanks balanced salt solution (BSS) containing 0.03% 
sodium bicarbonate, penicillin (100 V/m!), strepto
mycin (100 p.g/m!), and mycostatin (20 V /m!); alter
natively, minimal essential medium (MEM) in BSS is 
used with 10% fetal bovine serum, 0.035% sodium 
bicarbonate, and glutamine, with appropriate antibi
otics of choice. Tubes are shaken and incubated at 
37°C in a stationary position. When the cell layer in 
each tube has reached confluence, usually within 
48 h, the growth medium is removed, and the clinical 
specimen (0.2 ml) is inoculated into each of three 
tubes. Maintenance medium, which is similar in 
composition to the growth medium except that the 
concentration of calf serum or fetal bovine serum is 
reduced to 2 to 5%, is added to a final volume of 1 ml 
per tube (i.e., 0.8 m!). Tubes are incubated at 33°C on 
a roller drum (with the pH maintained at about 7) for 
24 h in the first instance when cells are examined 
under the microscope for cell cytotoxicity and rein
cubated and then examined for the appearance of 
rhinovirus-specific CPE on the 4th day and given a 
final reading on the 8th day after inoculation. Tubes 
can, of course, be examined at more frequent inter
vals if desired. With fibroblasts it is generally possi
ble to maintain the cultures for periods of 2 weeks or 
more. However, once the cytopathic effect is obvi-

ous or has ceased to progress, it is advisable to har
vest the tubes in order to prevent the loss of virus by 
inactivation, which can take place if incubation is 
continued too long. Specimens that show little or no 
CPE may be passaged again. This will enable the 
virus when present in low concentration or ill 
adapted to grow in cell culture to replicate further; 
this may reduce the number of "false" negative 
specimens. Furthermore, further passage(s) are 
needed to give an ill-adapted virus opportunity to 
improve its yield so that it can be further character
ized and identified. 

ISOLATION OF RHINOVIRUSES IN 

OHIO HELA CELLS 

Cells are seeded at a concentration of 2 x 105 cells/ 
ml using tubes (in a final volume of 1 mlltube), three 
tubes per specimen in growth medium (10% newborn 
calf serum in Eagle's basal medium, with 0.088% so
dium bicarbonate, penicillin (100 units/m!), strepto
mycin (100 p.g/m!), and gentamycin (50 p.g/m!), pH 
maintained around 7). Tubes are shaken and incu
bated at 37°C in a stationary position. When the cell 
layer in each tube has reached confluence, usually 
within 48 h, the growth medium is removed, and the 
clinical specimen (0.2 m!) is inoculated into each of 
three tubes. Maintenance medium (2% of heat-in act i
vated fetal calf serum in Eagle's basal medium, 
0.088% sodium bicarbonate, gentamycin (50 p.g/m!), 
tryptose phosphate broth (0.13%), magnesium chlo
ride (30 mM), amphotericin B (2.5 p.g/m!) , and 
neomycin (1 ILg/ml) is added to a final volume of 1 ml 
per tube (i.e/, 0.8 m!). Tubes are incubated at 33°C on 
a roller drum (with the pH maintained at about 7) for 
24 h in tb,e first instance at which time the cells are 
examined under the microscope for cell cytotoxicity 
and-reincubated and examined for the appearance of 
specific rhinovirus CPE by the 4th day and given a 
final reading on the 8th day after inoculation. We do 
not normally read tubes further than the 8th day, 
since, as was mentioned earlier, the general state of 
the HeLa cells tends to deteriorate with time, and 
general rounding of cells begins to be observed. As 
with fibroblast cultures, specimens showing little or 
no CPE are repassaged in fresh Ohio HeLa cells in 
order to exclude false-negative specimens and to im
prove the growth characteristics if necessary. This is 
also important in order that the isolated virus can be 
further characterized and identified. 

ISOLATION OF RHINOVIRUSES IN 

ORGAN CULTURES 

Human embryonic nasal epithelium (HENE) or tra
cheal (HET) cultures are often useful in the isolation 
and study of rhinoviruses, especially those that are 
still not well adapted for growth in tissue cultures. 
Furthermore, they are also useful in the evaluation of 
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antirhinovirus compounds that have already been 
found to be active in tissue cultures but are to be 
evaluated further prior to human volunteer experi
ments, especially since both HENE and HET pro
vide a system very close to that of the human nasal 
epithelium in vivo. 

The procedure for preparation of organ culture 
and virus propagation in this system as used in our 
laboratory is as follows. Embryonic nasal epithelium 
and trachea are dissected under sterile conditions. 
Small pieces (- 1 cm2) of nasal epithelium with the 
underlying cartilage of septum or turbinate are cut 
very carefully, and each piece is placed in a tube in 
1 ml maintenance medium (MEM), supplemented with 
0.2% bovine plasma albumin (BPA), 100 U/ml peni
cillin, and 100 ~g/ml streptomycin. Similarly, small 
rings of the trachea are carefully cut, and one or two 
rings of HET are placed in a tube with 1 ml MEM as 
described earlier for HENE. Tubes are incubated at 
33°C in a roller drum and examined under the micro
scope daily for ciliary activity. After 24 to 48 h, the 
cilia in the tracheal cultures should be beating regu
larly, and the medium in both types of organ cultures 
should become acidic, indicating that the cultures are 
viable. The medium is then removed, and virus (0.1 
ml) is added with fresh MEM (0.9 ml) to give a final 
volume of 1 ml per tube. Tubes are incubated at 33°C 
in a roller drum and examined daily for ciliary activ
ity and change of pH. Organ cultures are normally 
kept for 5 to 7 days, and medium is harvested every 2 
or 3 days. Harvests are pooled and either passaged 
further in organ cultures and/or in tissue cultures, or 
the virus is identified as described later. Ifrhinovirus 
is growing well, ciliary activity in the tracheal cul
tures ceases after 5 to 7 days. 

IDENTIFICATION OF RHINOVIRUSES 

It is important that virus isolates from patients with 
signs and symptoms of the common cold be identi
fied as rhinovirus. There are a number of stages in 
the identification of a rhinovirus. These are as fol
lows: 

1. Recognition of a characteristic CPE. Rhino
viruses produce a CPE in HEL and HEK fibro
blasts and in He La cells that is characterized by 
rounding of cells very similar to that seen follow
ing the multiplication of other picornaviruses such 
as polio-, coxsackie-, and echoviruses. However, 
this can usually be readily distinguished from the 
rounding produced by viruses such as herpes sim
plex and adenoviruses. 

2. Demonstration of resistance to lipid solvents. 
Rhinoviruses, like other picornaviruses, are not 
sensitive to lipid solvents such as chloroform or 
ether. Mix 1 ml of isolate with 0.1 ml of chloro
form, and shake vigorously for 10 min then centri-

fuge at 1,000 g for 5 min. Collect the aqueous 
phase, and titrate in an appropriate cell culture 
the chloroform-treated specimen in parallel with 
one that has not been treated, and look for loss of 
infectivity. Other viruses that are not sensitive to 
chloroform treatment, such as a picornavirus, and 
viruses that are sensitive to treatment, such as a 
herpes simplex, can be included as controls. 
Rhinovirus and picornavirus titers should not be 
affected by chloroform treatment; the titer should 
not be reduced by more than 110glO dilution. Her
pes simplex virus, on the other hand, is enveloped 
and hence is totally inactivated and normally fails 
to grow at the highest concentration tested. 

3. Test for temperature sensitivity. Rhinoviruses, 
unlike other picornaviruses, grow poorly at 37°C 
or higher temperatures and grow best at 33°C. 
Therefore, they are temperature-sensitive relative 
to the other picornaviruses. Dilutions of virus can 
be inoculated into tube cultures and incubated at 
33 or 37°C and examined daily. CPE will occur 
earlier and to higher titer at 33°C than at 37°C. 

4. Test for pH stability. Rhinoviruses, unlike other 
picornaviruses such as polio-, coxsackie-, and 
echoviruses, are sensitive to 10w~pH treatment, 
such as pH 3. Expose 0.2 ml of isolate to 1.8 ml of 
sterile HEPES buffer at pH 3 and another one at 
pH 7 for 1 h at 4°C. Then adjust the pH of the 
samples to 7 with N/IO NaoH, and titrate both 
samples in Ohio HeLa cells. Include a known 
rhinovirus as a positive control and an enterovirus 
such as coxsackie A21 as a negative control. If the 
isolate is a rhinovirus, it should be inactivated 
by treatment at low pH; hence the titer should 
be reduced by at least 210glO dilutions. Similarly, 
the control rhinovirus should also not grow un
der these conditions, whereas the control pi
cornavirus should not be affected by acid treat
ment. 

The above procedures, if conducted, should be suffi
cient to provide the investigator with evidence that 
the specimen contains a rhinovirus. 

However, specialized laboratories with access to 
specific antisera to the various rhinovirus serotypes 
may embark on a more extensive investigation-that 
of identification by serological typing of the virus by 
neutralization. However, this may involve the re
passage of the isolate a number of times to improve 
virus titer followed by an extensive cross-neutraliza
tion assay to identify the virus using intersecting or 
combinatorial pools of guinea pig, rabbit, or goat hy
perimmune sera. However, a simple procedure for 
typing, as used in our laboratory, is as follows. 

Using tissue culture microtiter plate, mix in dupli
cate 50 ~l of undiluted, 1: 10 dilution and 1 : 100 dilu
tion of virus with an equal volume (50 ~l) of an 
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appropriate dilution of an antirhinovirus serum 
(depending on the neutralizing antibody titer of that 
serum; for an unknown isolate, some 10 to 20 inter
secting or combinatorial sera pools may be required 
for the investigation). Shake the plates, and incubate 
at room temperature for 1 h. Virus and serum dilu
tion are prepared in maintenance medium. Add 100 
JLI of Ohio HeLa cell suspension at 3.0 x lOs cells/ml 
to each well of a microtiter plate. Include a control 
titration of the unknown virus in maintenance me
dium, no antiserum, antiserum controls with no vi
rus, and cell controls with no virus or antiserum only 
MEM. Incubate in a box containing 5% CO2 at 33°C 
for 4 days. Examine the wells that contained virus 
and antisera under the microscope for inhibition of 
viral CPE, and compare with control wells. A speci
men is typed if it had at least 10 TCIDso of virus and 
was neutralized when preincubated with 20 units of 
an antiserum known to be free of heterologous cross
reactivity. The isolate should show CPE when pre in
cubated with the other neutralizing antisera or when 
incubated with MEM only. The typing should be 
confirmed by a repeated test with 10 to 20 units of 
monospecific serum. 

It is possible that, in the near future, rhinovirus 
isolates will be identified more rapidly by either 
ELISA or cDNA probes as described in the later 
sections, especially if these become more widely 
available. 

Direct Antigen Detection 

Because of the great number of rhinovirus serotypes, 
it has been difficult to develop serological assays for 
the direct detection of rhinovirus antigens. It would 
require a large number of monovalent sera to be able 
to detect different viruses. Furthermore, early at
tempts to detect rhinoviruses in nasopharyngeal 
smears by the indirect immunofluorescence assay 
provided only poor correlation with virus isolation 
(Dreizin et al., 1971, 1975). However, studies on 
cross-immunization of rabbits with different sero
types have demonstrated some broader antigenic re
lationships (Cooney et al., 1975). Furthermore, 
Cooney et al. (1982) prepared potent antisera in rab
bits to the 90 classified rhinoviruses and were able to 
show significant numbers of cross-relationships 
among rhinoviruses and thus were able to group 
rhinoviruses on the basis of heterotypic antibody in 
both rabbit and guinea pig antirhinovirus sera into 16 
groups. Indeed, we, too, have recently found using 
an ELISA system that there is considerable serologi
cal cross-reactivity between rhinoviruses (Dearden 
and AI-Nakib, 1987). This together with the fact that 
different rhinoviruses may share a C-type cross-reac
tivity following treatment with 2 M urea or low pH, it 

primary antibOdy 
rabbit AntiHRV - capture 

solid phase 

FIG. 3. Principle of the B-A ELISA system for rhinovirus 
antigen detection (B = biotin; BSA = bovine serum al
bumin; ONPG = orthonitrophenyl-{3-galactoside; HRV = 
human rhinovirus). 

is conceivable that it would be possible to produce 
sera with much broader seroreactivity than those 
now available, or alternatively, a selected panel of 
antisera known to react with a number .of serotypes 
could be pooled or combined and then be utilized in a 
serological assay such as ELISA that will detect 
rhinovirus antigens directly. Such a procedure is 
likely, if shown to have a reasonable level of sensitiv
ity, to be rapid, simple, and widely available. Fur
thermore, it will allow a specific diagnosis of 
rhinoviruses to be achieved within a few hours. This 
will be a prerequisite in the future should anti
rhinovirus chemotherapy become available and is in
dicated in persons who are compromised and in 
whom a rhinovirus infection may present with com
plications. Indeed, the majority of synthetic anti
rhinovirus compounds have very specific activity not 
only against rhinoviruses but, in the majority of 
cases, against specific serotypes. This therefore fur
ther emphasizes the importance of rapid diagnosis of 
rhinoviruses. 

We have recently developed a capture biotin-avi
din ELISA (B-A ELISA) system for rhinovirus anti
gen detection using a biotin-labeled serological probe 
to detect the captured virus and a streptavidin-f3-ga
lactosidase preformed complex to detect the biotin
labeled antibody probe reacted with the captured vi
rus. The principle of this system is illustrated 
diagramatically in Fig. 3. However, an interesting 
feature of this B-A ELISA system is that the captur-
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FIG. 4. B-A ELISA for rhinovirus detection. A titration of 
HRV-EL by ELISA relative to control uninfected tissue 
culture fluids (cutoff value taken as 1.5 x mean optical 
density readings obtained with control uninfected tissue 
culture fluids). 

ing antibody and the biotin-labeled detecting anti
body' are the same. Therefore, this obviates any 
cross-reactivity between reagents in the system, a 
problem often seen in most ELISA systems. Fur
thermore, our second layer the streptavidin-J3-galac
tosidase complex (Amersham) react via biotin-strep
tavidin bridges. The binding between biotin and 
streptavidin is extremely strong (binding constant 
1015). In addition, although endogenous J3-galactosi
dases exist in human tissue, these have different 
characteristics and are not active under the condi
tions employed for assaying J3-galactosidase from E. 
coli used in the ELISA system. Hence, the cumula
tive effect of these factors is that the B-A ELISA for 
rhinovirus has an extremely low background. This 
low background or "noise" therefore allows the de
tection of small quantities of viral antigen or "sig
nal." Figure 4 shows a typical rhinovirus antigen 
titration by this B-A ELISA and that concentrations 
as low as 1()2.3TCID50/ml of rhinovirus can be de
tected. Furthermore, we found this system to pro
vide extremely reproducible results. 

Initially we used human rhinovirus EL, HRV-EL 
(an untyped virus), as a model. We then developed 
another B-A ELISA for HRV-2 on the same princi
ple. Interestingly, we found that when we investi
gated a total of 57 human rhinoviruses in each sys
tem, the HRV-EL antiserum detected 34 of 57 
(59.6%) rhinoviruses and the HRV-2 system detected 
32 of 57 (56%). These two serological probes to
gether detected 47 of 57 (82.5%) of the rhinoviruses 

investigated, whereas control respiratory viruses 
such as influenza A and B, coronavirus 229E, and 
parainfluenza viruses did not react at all in either 
system. These preliminary data therefore suggest 
that an ELISA system to detect a large number of 
rhinoviruses is quite possible and may provide a 
rapid (24 to 48 h) and sensitive assay for rhinovirus 
antigen detection. Clinical evaluation is under way at 
the moment in our laboratory. Details of these 
ELISAs and data obtained with them will be pub
lished in due course (Dearden and Al-Nakib, 1987). 

Direct Viral Nucleic Acid Detection 

As an alternative or complementary procedure to the 
rapid detection of rhinovirus antigens, we have re
cently developed a cDNA: RNA hybridization sys
tem to detect viral RNA. Details of this system are in 
Al-Nakib et al. (1986). 

Basically an M13 template comprising the first 800 
nucleotides from the 5' end noncoding region of hu
man rhinovirus 14 has been constructed (AI-Nakib et 
al., 1987a), and this was used to generate a cDNA 
probe (Fig. 5). This 32P-Iabeled probe was then used 
to detect rhinovirus RNA. Viral RNA was extracted 
using a phenol! chloroform mixture following sodium 
dodecyl sulfate and proteinase K treatment. Some 
interesting data have emerged that may have impor
tant implications in the diagnosis of rhinoviruses. 
For example, the probe from the 5' end of the HRV-
14 genome cross-hybridized with 54 of 56 (96.4%) of 
the human rhinoviruses investigated (AI-Nakib et al., 
1986). However, there was a considerable variation 
in the strength of the hybridization signal obtained 
depending presumably on the amount of homology 
between these viruses in the region of the genome 
represented by the probe (Fig. 6). In reconstruction 
experiments we have been able to detect a 
102.8TCIDso/ml of virus in nasal washings (Al-Nakib 
et aI., 1986). The sensitivity of the system might be 
further enhanced by including probes from more 
than one region of the genome. For the detection of 
many serotypes of rhinoviruses we could include a 
mixture of probes prepared from a careful selection 
of viruses and/or decrease the stringency of hybrid
ization-for example, reduce the concentration of 
formamide in the hybridization mixture from 40 to 
20%. The present test can be completed within 48 h if 
probes of high specific activity are used, and there
fore it is more rapid than virus isolation. We are now 
investigating this system in depth, evaluating a num
ber of rhinovirus probes both singly and in combina
tion and also the condition most suitable for the rapid 
extraction of viral RNA. We hope to evaluate this 
procedure clinically using nasal washing material 
from volunteers who were excreting virus. However, 
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FIG. 5. Generation op2P-labeled eDNA rhinovirus probe from an M13 template using primer extension method (from 
AI-Nakib et aI., 1987a, with permission). 

J 

- --

'" - - - - - - -
~, .. a. • 3 • 4 • 4& 

- - - - - - - --

~ • ~ • 6G' A u 61 ... " .. '10 

FIG. 6. Detection of human rhinoviruses by eDNA: RNA hybridization using 32P-Iabeled probes from the 5' end ofHRV-14 
genome (from AI-Nakib et aI., 1986, with permission). 
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we feel that if this system is likely to have a wide 
application, these probes will need to be labeled with 
nonradioactive reagents such as biotin. Neverthe
less, we feel that the direct detection of rhinovirus 
RNA is now possible, that it represents a new ap
proach to the rapid diagnosis of rhinoviruses, and 
that with further modification it will have a much 
wider application. 

Antibody Assays 

NEUTRALIZATION ASSAYS 

The standard assay for the measurement of antibod
ies to rhinoviruses is neutralization. A variety of vi
rus neutralization assays have been described, such 
as tube neutralization, plaque reduction test, and mi
croneutralization. We routinely use microneutraliza
tion procedures, since these provide a simple, practi
cable system suited to routine measurements. The 
system is also sensitive and reproducible. The proce
dure we employ is as follows. 

The plan of the microneutralization test is pre
sented in Fig. 7. To each well of the microtiter plate 
50 ILl of HeLa maintenance medium with 5% fetal 
calf serum is added except for the cell control wells 
to which 100 ILl of He La maintenance medium is 
added. Fifty microliters of heat-inactivated acute and 
convalescent phase serum is added to each of the 
first two wells, and another to the last two wells (se
rum controls). Doubling dilutions of the serum from 
1 : 2 to 1 : 128 are then made in the plate using a multi
channel pipette. Fifty microliters of virus at the ap
propriate required concentration is added to all the 
wells except the serum and cell controls. Plates are 
shaken using a micro shaker and incubated in the 
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presence of 5% CO2 (using a plastic box) for I h at 
room temperature. One hundred microliters of 
freshly stripped Ohio HeLa cells at a concentration 
of 3 x lOS cells/ml in 5% fetal calf serum and mainte
nance medium is added to each of the wells in the 
plate. Plates are then incubated at 33°C for approxi
mately 5 days in 5% CO2 and examined microscopi
cally for inhibition of CPE. The titer of the serum is 
taken as the highest dilution that completely inhib
ited the production of CPE by the virus. 

RAPID MICRONEUTRALIZATION ASSAY 

This is basically similar to that described above ex
cept that a ZOO-fold higher concentration of virus is 
added to each well. The result of this assay is nor
mally obtained by 50 h. 

HEMAGGLUTINATION INHIBITION AND 
COMPLEMENT FIXATION ASSAYS 

Other procedures used in the measurement of 
rhinovirus antibody such as complement fixation 
(CF) and hemagglutination inhibition (HAl) tests 
have been described. In the limited number of stud
ies conducted on the relationships between HAl anti
body and infection, a good correlation was obtained 
between the presence of these antibodies in the se
rum and protection against reinfection. Furthermore, 
HAl antibodies correlated well with the presence of 
neutralizing antibody, and rises in antibody were 
specific for the infecting virus. However, hemag
glutination is a property shared by only some 
rhinoviruses. 

In contrast, CF antibody responses showed poor 
correlation with neutralizing antibody responses and 
had a much broader C-type reactivity. Infection by 
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FIG. 7. Plan of a microneutraliza
tion test for rhinovirus antibody 
measurement using a microtiter 
plate (SIC = serum control, no vi
rus; VIC = virus control, no se
rum; CIC = cell control, no serum 
or virus; Pre A or B = preinfec
tion serum from patient A or B; 
Post A or B = postinfection se
rum from patient A or B). 
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one virus elicited a CF antibody response that cross
reacted with other rhinoviruses, and hence it was 
clear that the CF test will not be practical for serolog
ical diagnosis of rhinovirus (for review see Hampar
ian, 1979). 

ELISA 

We have recently developed a capture ELISA sys
tem to measure class-specific immunoglobulins both 
in the serum and in nasopharyngeal secretions. Fig
ure 8 shows the principle of the ELISA system for 
rhinovirus antibody measurement. Preliminary 
results suggest that the amount of virus-specific IgA 
in the serum correlates more accurately with neutral
izing antibody than does IgG. Thus, sera from in
fected volunteers who showed rises in neutralizing 
antibody also showed rises in serum rhinovirus-spe
cific IgA. However, further experience with this new 
assay is required, and in due time a full and detailed 
clinical evaluation of this new ELISA will be con
ducted. However, these preliminary results are en
couraging, especially since such an ELISA system is 
simple and rapid. Preliminary results also indicate 
that it is extremely sensitive-for example, detecting 
immunoglobulin responses by assay of unconcen
trated nasal washing. Details of these preliminary 
findings have recently been published (Barclay and 
Al-Nakib, 1987). 

Interpretation of Laboratory Data 

As is the case with most other virological diagnosis, 
the isolation of a rhinovirus from a person with 
symptoms and signs of the common cold clearly indi
cates a positive diagnosis of a rhinovirus infection. 
However, it is essential that the virus be confirmed 
as a rhinovirus as described in the previous section 
including, if possible, typing of isolates. Seroconver
sion or fourfold or greater rises in neutralizing anti
body in paired sera also indicates a recent infection 
with a rhinovirus. However, it would not be possible 
to detect a rise in neutralizing antibody in a patient 
unless a virus had been isolated from the patient or a 
close associate such as a member of the family. Blind 
screening with even a proportion of all the known 
serotypes is just wasteful and impractical. Because 
of this, an ELISA system with a broader rhinovirus 
serological reactivity may be able to overcome this 
problem and detect rises in antibody (i.e., probably 
of the IgA class) to most serotypes. Like virus isola
tion, the direct detection of viral antigens or viral 
RNA (when this becomes possible in the future) in 
nasopharyngeal secretions from patients with symp
toms and signs of the common cold will also indicate 
a recent infection with a rhinovirus. 

The presence of high levels of an antibody in the 

BSA block 

~tihuman antibody 
~ / alkaline phosphatase conjugate 

second antibody 
human serum or nasal wash 
antibody to HRV 

primary antibody 
rabbit anti - HRV - capture 

solid phase 

FIG. 8. Principle of the ELISA system for rhinovirus anti
body detection (BSA = bovine serum albumin; HRV = 
human rhinovirus). 

serum specific to a particular rhinovirus serotype 
(e .g., by neutralization) generally indicates protec
tion against illness and possibly to reinfection by that 
serotype. However, data obtained from a number of 
studies indicate that although the majority of 
rhinovirus infections are symptomatic, the ratio of 
apparent to inapparent infections is about 3 : 1 (Dick 
and Chesney, 1981; Gwaltney, 1982), and in volun
teers at this unit the ratio is almost 1 : 1. 

Epidemiology and Natural History 

Since over 115 different serotypes of rhinovirus have 
so far been identified and infection with one serotype 
does not confer immunity to another, rhinovirus in
fections are very common. It is estimated from stud
ies in the United States that on average the incidence 
of rhinovirus infection is about 0.5 per person per 
year (Gwaltney, 1982). True rates of infection are 
probably much higher, since current procedures for 
the detection of rhinovirus infection are not optimal 
for sensitivity and are not widely available, so a true 
estimate of the rate of infection cannot be obtained. 
However, it has been shown that 2 to 5 episodes of 
common colds in a person per year is not unusual 
(Couch, 1984). Infection is most common in early 
life, and incidence declines with increase in age prob
ably because of the higher frequency of antibody 
among adults who have experienced infection by a 
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larger number of rhino viruses. Indeed, studies on the 
distribution of neutralizing antibodies among differ
ent age groups in the United States indicate that sera 
from children aged 2 to 4 years neutralized about 
10% of the rhinovirus investigated (a total of 56 
rhinoviruses, rhinovirus lA-55) whereas sera from 
adults 30 to 40 years of age neutralized just over half 
of the rhinoviruses investigated (Dick and Chesney, 
1981; Gwaltney, 1982). However, it is expected that 
measures of antibody prevalence by more sensitive 
assays such as ELISA will reveal a much higher pro
portion of individuals with antibody to rhinoviruses. 

Rhinovirus infection is distributed worldwide 
(Taylor-Robinson, 1965), and data from the United 
States suggest two main seasonal peaks-one major 
peak during late summer and early autumn (August 
to October), and a second peak in spring (April or 
May) (Dick and Chesney, 1981; Gwaltney, 1982). In 
the tropics, the peak of rhinovirus infection appears 
to correspond with the rainy season (Monto and 
Johnson, 1968). The school, nurseries, families, and 
confined groups such as the military provide the ma
jor sites for the spread of rhinoviruses in any com
munity. It has long been accepted that a nu'mber 
of serotypes can circulate simultaneously within 
a community. However, whether new serotypes 
emerge frequently owing to mutation, recombina
tion, or simple antigenic drift is still not clear; the 
answer to that question would require specific stud
ies using some of the newly developed technologies 
such as Tl-oligonucleotide mapping or partial ge
nomic sequencing. 

Control and Prevention 

It has been clear from the early days of rhinovirus 
research that control of rhinovirus infection by vac
cination is unlikely to prove successful in view of the 
great number of rhinoviruses and the fact that natu
rally acquired infection with one or several 
rhinoviruses does not appear to confer immunity and 
resistance to reinfection by other serotypes. Never
theless, early attempts to induce local and systemic 
immunity using inactivated monovalent or decava
lent vaccines (Andrewes et aI., 1965; Douglas and 
Couch, 1972; Hamory et aI, 1975), or live-attenuated 
vaccines (Draper et aI., 1969) have not been satisfac
tory. Therefore, attention has since focused on pre
vention or control by chemotherapy. Although many 
antirhinovirus compounds have been synthesized 
and although those recently studied show very high 
specific activity in vitro (minimal inhibitory concen
trations in the region of 0.003 ILg/ml) (AI-Nakib and 
Tyrrell, 1987), none of the earlier compounds have 
been successful when evaluated clinically. Thus, 
Enviroxime [2-amino-l-(isopropyl sulfonyl)-6-benz
imidazolephenylketoneoximel. when given intra-

nasally and orally, reduced both virus shedding 
and clinical illness by 33% relative to placebo 
(Phillpotts et aI., 1981); however, when given intra
nasally, it had no effect (Hayden and Gwaltney, 
1982; Levandowski et aI., 1982). Other compounds 
such as 4' ,6-dichloroflavan, when given orally 
(Phillpotts et aI., 1983a) or intranasally (AI-Nakib et 
aI., 1987b), gave a reduction in illness of only 28% 
and 15%, respectively. Furthermore, two other anti
rhinovirus compounds-a chalcone, Ro-09-0415 
given orally (Phillpotts et aI., 1984a), and a new 
synthetic compound, 2-[(1,5,10, 1O-a-tetrahydro-3H
thiazolo[3,4b ]isoquinolin-3 ylindene )-amino ]-4-thia
zoleacetic acid (S) designated 44-081 R.P. (Zerial et 
aI., 1985) given intranasally-gave a reduction in 
illness of 17% and 0%, respectively. Therefore, to 
date none of the antirhinovirus compounds evaluated 
in vivo have had any significant effect. The reason 
for this is still unclear despite the fact that most re
gimes were designed to deliver sufficient anti
rhinovirus activity. 

In contrast, various prophylactic trials with differ
ent interferons have shown considerable reduction in 
illness relative to placebo. For example, a partially 
purified human leukocyte interferon, [IFN-a (Ie)], 
when given prophylactically (total dose of 14MU) 
reduced illness by 80% (Merigan et aI., 1973), 
whereas purified IFN-a (Ie) and interferon alpha-2 
(rIFN-alfa-2b) (total dose of 90 MU) gave a 100% 
reduction in illness relative to placebo (Scott et aI., 
1982a,b). Other interferons have also been success
ful in preventing experimental common colds. Thus, 
recent studies by Sarno et aI., (1983) showed that 
a recombinant leukocyte A interferon, rIFN-aA 
(rIFN-alfa-2a), when given at a total dose of 40 MU, 
reduced illness by 89% relative to placebo. Interest
ingly Hayden and Gwaltney (1983) showed that these 
differences in the percentage rate of reduction of rate 
of illness depended not so much on the total inter
feron dose given as on the schedule of medication. 
Thus, rIFN-alfa-2b, when given at a dosage of 4 x 
11.4 MU per day for 4 days (a total dose of 118.2 
MU), gave 100% reduction in illness, whereas the 
same interferon, when given as a single dose of 42.8 
MU for 5 days (a total of 212 MU), resulted in only 
75% reduction in illness. The significance of dosage 
schedule and timing have also been well documented 
by Phillpotts et aI., (1983b). 

Lymphoblastoid interferon (lFN-alfa-N I) (Phill
potts et aI., 1984b) and a recombinant interferon 
beta and (rIFN-{3) (Higgins et aI., 1986) also pro
duced a significant reduction in the rate of rhino
virus illness 100% and 66%, respectively. Prophy
laxis with most interferons also reduced the rate 
of virus shedding, and with some, the frequency of 
seroconversion or antibody rises. Field studies in the 
United States and Australia indicate that alpha-2 in
terferon (IFN-alfa-2b) could significantly prevent 
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rhinovirus infection in the family setting when 5 MU 
was applied daily for 7 days by contacts who started 
medication within 48 h of the onset of a cold in a 
family member (Douglas et ai., 1986; Hayden et ai., 
1986). These promising data on the effects of inter
ferons in vivo are therefore in contrast with data 
obtained with synthetic antirhinovirus compounds. 
Nevertheless, the use of interferon as a prophylactic 
agent is still very limited, since prolonged adminis
tration results in local inflammation, manifested by 
blood-stained secretions and nasal mucosal abnor
malities (Hayden et ai., 1985a). As yet, none of the 
antirhinovirus agents so far available have had any 
significant therapeutic effect. 

An interesting new concept is the interruption of 
rhinovirus transmission from an infected person ex
creting virus to a susceptible contact with virucidal 
agents. It has been postulated that since rhinovirus is 
commonly recovered from the hands of persons with 
symptomatic colds and virus transmission may occur 
by nasal and/or conjunctival inoculation, transmis
sion may be interrupted by using virucidal agents in 
the form of lotions or in handkerchiefs. Recent stud
ies by Hayden et ai., (1984) indicated that hand lotion 
containing 2% glutaric acid was significantly more 
effective than placebo in inactivating rhinovirus se
rotype 2, although glutaric acid was not effective 
against all rhinovirus serotypes. They later showed 
that paper tissues treated with a combination of citric 
acid, malic acid, and sodium lauryl sulfate signifi
cantly reduced contamination of the hands of the 
user and reduced experimental rhinovirus infection 
rates when compared to controls who used no tis
sues. Surprisingly, however, these workers found 
that placebo nasal tissues were also effective in 
blocking viral transmission and raised the question of 
whether virucidal treatment of tissues is actually re
quired for interrupting virus transmission (Hayden et 
ai., 1985b,c). More recently, Dick et ai. (1986) de
scribed the successful use of paper handkerchiefs im
pregnated with 9.1% citric acid, 4.5% malic acid, and 
1.8% sodium lauryl sulfate in interrupting rhinovirus 
transmission among participants of a poker game 
some of whom had rhinovirus colds and were shed
ding virus. In these experiments, none of the recipi
ents of the virucidal tissues caught colds, whereas 42 
to 75% of the recipients of cotton handkerchiefs 
without virucide did. Field studies are in progress at 
the moment, and it remains to be seen whether this 
approach to the interruption of colds would also 
prove effective in a natural setting. 

Although the above review does suggest some en
couraging trends regarding prevention of rhinovirus 
infection with interferons and also possibly the inter
ruption of rhinovirus spread from infected individ
uals to close susceptible contacts, we still do not 
have the ideal prophylactic agent and certainly no 
treatment for the common cold. Control by vaccina-

tion may yet be possible, although a useful vaccine 
must still be a long way off. Recent advances in our 
understanding of the viral genome and details of the 
virus structure including the mapping of the major 
antigenic sites will be combined in the near future 
with a better understanding of the immune response 
to rhinovirus infection. It is conceivable that this will 
lead to progress in developing a vaccine perhaps 
based on synthetic peptides mimicking selected anti
genic sites. 

Addendum 

While this chapter was going to press, some signifi
cant advances were reported. 

There was international agreement to define and 
number additional serotypes, bringing the total to 
100 (Hamparian et ai., 1987). The major receptor for 
rhino viruses was isolated in a high state of purity 
(Tomassini and Colonno, 1986). There was further 
progress in defining the relative importance of the 
airborne and contact routes of infections in an exper
imental setting in which finger and fomite transmis
sions were prevented mechanically, transmission 
continued at the same rate (Dick et ai., 1987), while 
the use of virucidal tissues in a family setting had no 
significant effect on rates of spread of colds (Farr et 
ai., 1988). 

Synthetic oligonucleotide probes have now been 
made, which hybridize well with virtually all 
rhinoviruses tested and are being evaluated for clini
cal diagnosis (Bruce et ai., 1988). Evaluation in a 
group of volunteers shows that the ELISA test is 
highly sensitive and specific in detecting rhinovirus 
infection in such volunteers (AI-Nakib et al., unpub
lished data). 
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