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The Common Cold 

ROLAND A. LEVANDOWSKI 

Introduction 

The common cold is one of several potential syn­
dromes related to infection ofthe cells of the respi­
ratory epithelium by any of a group of viruses. 
All of the viral respiratory syndromes are charac­
terized by nasopharyngeal inflammation as a host 
response, but the common cold is distinguished 
from other syndromes by the predominance of 
symptoms of nasal discharge and obstruction and 
by the lack of significant temperature elevation 
(71,73). Although other names such as acute co­
ryza or afebrile respiratory tract viral infection 
are synonomous with the term "common cold," 
the latter persists and reinforces the erroneous lay 
notion that chilling of the body by exposure to 
moisture or cold temperatures contributes to the 
initiation of the illness. During the 20th century 
it has become clear that exposure of a susceptible 
person to respiratory virus can induce a cold re­
gardless of the physical environment (3,38). The 
viruses associated with the common cold include 
the adenoviruses, the myxoviruses, and, most re­
cently identified, the coronaviruses, but the major­
ity of colds are associated with infection caused 
by one of the more than 100 serotypes of the rhino­
virus (42,59-62,76,77,105,107,117). In spite of an 
understanding of the viral etiology, control mea­
sures are problematic. The ubiquity of the ailment 
and the susceptibility of virtually the entire popula­
tion of the Earth to multiple respiratory viruses 
underscores the need for continued efforts in devel­
oping means and strategies for providing immuno­
prophylaxis, antiviral chemotherapy, and symp­
tomatic relief. 

Etiology 

The viral etiology of the common cold was sus­
pected for several decades before it was possible 
to define the causative agents. It was shown as 
early as 1914 that nasal secretions from a person 
with a common cold could transmit the illness 
to others by intranasal inoculation after filtration 
of the secretions to remove cellular and bacterial 
materials (83). However, the tissue culture tech­
niques needed to permit reliable in-vitro replica­
tion of the respiratory viruses were not available 
for several more decades (4,21-23,62,63). Subse­
quent refinements of methodology encouraged 
large-scale investigation of naturally acquired and 
laboratory-initiated volunteer viral respiratory 
tract infection in order to provide specific informa­
tion about the biology and epidemiology of the 
respiratory viruses. 

The viruses associated with the common cold 
belong to several taxonomic families wit~ diverse 
biophysical properties (Table 7. D. The respiratory 
viruses include both RNA and DNA viruses. Some 
are characterized by the presence of a naked pro­
tein capsid of icosahedral configuration to enclose 
the nucleic acid. Others include a complex lipid 
envelope around a pleomorphic helical nucleocap­
sid. The lipid envelope is derived from the mem­
brane structures of the host cell with virus-speci­
fied proteins embedded in the membrane bilayer 
during the replicative cycle of the virus. A lipid 
envelope confers susceptibility to inactivation by 
organic solvents such as ether, chloroform, and 
trichlorfluorane to which the unenveloped viruses 
are resistant. All of the respiratory viruses may 
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Table 7.1. Physical properties of viruses associated with the common cold. 

Virus family Representatives 

Picoma- Rhinoviruses lA, 18-89, cox-
sackie virus A 21, Echovirus 
11 

Corona- Coronaviruses 229E, OC39, 
OC43 

Orthomyxo- Influenza viruses A and B 
Paramyxo- Parainfluenza viruses 1-4, re-

spiratory syncyntial virus 
Adeno- Adenoviruses 1,2,3,4,7,21 

be inactivated by various physical protein denatur­
ing techniques such as exposure to formalin or 
glutaraldehyde or heating to temperatures of 50° 
to 100°C for minutes to hours. Neutralizing anti­
bodies produced as a response to specific viral sur­
face protein structures can also inactivate respira­
tory viruses and provide the host with protection 
from reinfection with the same virus. 

Initiation of infection occurs when a virus con­
tacts cell receptor structures. The chemical compo­
sition of the receptor(s) for the respiratory viruses 
on the ciliated epithelium is not yet known, but 
work is proceeding to that end. It is likely that 
several cell membrane structures serve the purpose 
for different viruses; however, unrelated viruses 
may share the same cellular receptor as defined 
by competitive binding assays (94). After penetra­
tion of the cell, virus replication begins at the ex­
pense of the host, and all resources are used to 
produce new progeny virus. The length of time 
required to complete a cycle of replication depends 
on the infecting virus but is on the order of several 
hours. The, rhinovirus replicates with maximal effi­
ciency at nasal temperature (33° to 34°C) and 
may be prevented from spread to other respiratory 
structures for that reason (29,142). All other respi­
ratory viruses can replicate effectively at nasal tem­
peratures, although maximal efficiency may occur 
at higher temperature (36° to 37°C). 

The rhinoviruses have received much attention 
as they are the cause of 35% to 50% of all of 
the common colds in adults and children. Rhinovi­
ruses were first isolated in the 1950s and named 
in the 1960s to recognize the fact that they appear 
to replicate only in the nasal passages (4,102, 
113,120,123,145). The first strains were identified 
in tissue cultures not by the production of cytopa­
thology but by the ability of the inoculated tissue 
cultures to reproduce infection when transferred 
to volunteers. Development of serologic techniques 

Size (nm) Genome Symmetry Envelope 

18-30 ssRNA Cubic No 

80-130 ssRNA Helical Yes 

80-120 ssRNA Helical Yes 
125-250 ssRNA Helical Yes 
300-350 

80-130 dsDNA Cubic No 

permitted a system of identification based on neu­
tralizing antibodies that makes clear that the po­
tential number of rhinovirus serotypes is unlimited 
and possibly driven by evolutionary pressures 
(24,25,43,106,133,139). Human rhinovirus strains 
have man as the only known resevoir and do not 
infect nonprimate animal species. Although non­
human primates can be infected with a human 
rhinovirus strain, the illness noted in man is not 
reproduced (28). 

Like other picomaviruses, the rhinovirus con­
sists of a single strand of RNA surrounded by 
an icosahedral protein capsid made of 60 identical 
subunits or capsomeres (129). Each capsomere in­
cludes one strand of the four structural polypep­
tides. Neutralization by antibody occurs by reac­
tion of immunoglobulins with specific sites on the 
exposed structural polypeptides (133). Rhinovi­
ruses, again like other picomaviruses, are not af­
fected by organic solvents because they are not 
enveloped (58). Acid inactivation of rhinoviruses 
differentiates them from the enteroviruses, which 
include three subspecies: coxsackieviruses, echovi­
ruses, and polioviruses (143). In addition, while 
enteroviruses can replicate at 33°C, they are in 
general better suited to maximal replication at 
37°C (98). Although most enteroviruses are associ­
ated with forms of systemic illness (pericarditis, 
aseptic meningitis, paralytic poliomyelitis) after 
enteric replication, some strains such as coxsackie­
virus A21 and echovirus 11 have a propensity pos­
sibly related to receptor affinity for the respiratory 
tract (94). Respiratory tract illness related to an 
enterovirus is clinically indistinguishable from rhi­
novirus infect!Cln. 

The coronaviruses were initially isolated during 
the 1960s from a person with a cold (144). The 
name of the virus is derived from its appearance 
by electron micrography, which shows the nucleo­
capsid of the virus to be surrounded by a crown-
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like array of club-shaped projections from the lipid 
membrane (1). Coronaviruses are single-stranded 
RNA viruses with an helical nucleocapsid configu­
ration. Several strains of the coronavirus have been 
isolated and appear to fall into two serogroups 
represented by the original prototype strain 229E 
and the OC43 strain (107). The 229E and related 
strains replicate well in monolayer tissue cultures, 
but some strains require tissue explant organ cul­
tures (human fetal trachea) on primary isolation 
attempts from clinical specimens. Coronaviruses 
probably account for 15% to 20% of common 
colds. 

Among the myxovirus group are the orthomyx­
oviruses represented by influenza viruses A and 
B, which were first isolated in the laboratory in 
the 1930s (135) and early 1950s (44), and the para­
myxoviruses represented by the parainfluenza vi­
ruses (19) and respiratory syncytial virus (109), 
which were initially recovered in the mid-1950s. 
These viruses are similar in symmetry and compo­
sition of the nucleocapsid. However, the envelopes 
of the viruses differ substantially in terms of com­
position and function of the virus-specified glyco­
proteins that are embedded in the envelope during 
viral maturation. The influenza viruses have two 
envelope glycoprotein spikes: the hemagglutinin 
(HA), which permits virus attachment to cellular 
receptor sites which contain sialic acid residues, 
and the neuraminidase (N), which cleaves sialic 
acid residues and may prevent clumping of 
progeny virus (135). The HA and N occur on a 
single glycoprotein spike in the case of parain­
fluenza viruses, which also have a second spike 
bearing the fusion (F) protein (20). The F protein 
has a role in -the penetration of the host cell and 
in inducing fusion of neighboring susceptible cells. 
The F protein is found in the absence of HA and 
N on respiratory syncytial virus, which has a dis­
tinct tendency to induce syncytium formation in 
tissue cultures by cellular fusion (89). Changes in 
the HA and N proteins of the influenza viruses 
occur continuously by point mutation and by ge­
netic recombination and result in minor (drift) and 
major (shift) changes in infectivity, since the modi­
fied proteins permit the virus to escape the immu­
nologic controls of the host species (9,69,130). 
Similar changes in the parainfluenza viruses and 
respiratory syncytial virus have not yet been recog­
nized. Although the influenza viruses are associ­
ated with febrile illness involving the lower respira­
tory tract, it has been noted that as many as 50% 
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of the persons during influenza epidemics may 
have symptoms more suggestive of the common 
cold (75). A common cold is more likely to result 
from influenza B virus infection than influenza 
A. Likewise, respiratory syncytial virus, which 
commonly produces severe lower tract disease in 
young children, may produce a cold when infecting 
adults or older children (62). 

The adenoviruses now include more than 40 
distinct serotypes that can be isolated from the 
respiratory and enteric tracts of humans (46). The 
first adenoviruses were recovered in the 1950s from 
tissue explants of adenoids and tonsils, hence the 
name (127). The adenoviruses are DNA viruses 
with naked icosahedral capsids that each include 
252 capsomeres. At the vertices of the icosahedron 
are groups of capsomeres (pentons) that carry an 
antigen shared by all adenovirus serotypes. Sero­
type-specific antigens are carried on the face 
groups of capsomeres (hexons). Like other double­
stranded DNA viruses, adenoviruses may produce 
latent infection by incorporation of the virus ge­
nome in that of the host cell. Although adenovi­
ruses cause a spectrum of illnesses including con­
junctivitis, pharyngoconjunctival fever, and 
diarrhea, certain serotypes most commonly affect 
the upper respiratory tract. Strains most likely to 
be isolated in industrial countries and endemic in 
populations include types 1, 2, 3, 4, 7, and 21 
(6). Frequently respiratory tract infection with an 
adenovirus presents as febrile pharyngitis, but a 
small percentage of infections is characterized by 
symptoms more suggestive of a cold. 

Epidemiology 

The common cold has a worldwide distribution 
in virtually all climates and'- populations (61, 
70,103,111,147). It is absent only from certain 
completely isolated groups of people such as those 
in antarctic or arctic colonies. However, introduc­
tion of a viral respiratory tract infection into those 
communities from an outside source results in a 
rapid spread among the immunologically suscepti­
ble individuals. In the general population, out­
breaks also occur with the introduction of viruses 
to which little herd immunity is present (49). 

Colds occur sporadically throughout the year, 
but certain seasons of the year are associated with 
increased numbers of infections for reasons that 
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are not yet entirely clear. It has been suggested 
that the annual fall increase in colds may be at­
tributed to the congregation and confinement of 
children in schools after the summer recesses 
(7,91,92). Other unknown factors may be more 
critical, since the respiratory viruses display other 
patterns of seasonality unrelated to social func­
tions. Rhinovirus infection is associated with two 
peaks of activity during the fall and spring with 
one or the other season predominating in different 
locations during different years (42). The parain­
fluenza viruses peak in activity during the late sum­
mer to fall months, and different serotypes pre­
dominate in alternate years in a continuing pattern 
(97). The influenza viruses and respiratory syncy­
tial virus are most important during the winter 
months (97,108). An illustration of the changing 
predominance of viruses may be seen in the types 
of viruses isolated from nasal washings from young 
adults with afebrile upper respiratory tract illness 
during sampling in winter and summer months 
at a university health service in Chicago during 
1983 (Table 7.2). During January and February, 
influenza A, respiratory syncytial virus, and ade­
noviruses were the only viruses recovered. How­
ever, when rhinoviruses appeared in early March, 
the other respiratory viruses quickly receded. 
Later in the year during the summer and fall 
months, essentially all of the isolates from persons 
with colds were rhinoviruses. Although herpes 
simplex virus was occasionally isolated in the ab­
sence of overt herpetic lesions as previously re­
ported (117), it is probable that herpes simplex 
is not responsible for the common cold, since latent 
herpes infection is common, and virus may be 
asymptomatically shed. In addition, herpes sim­
plex replicates so readily in most tissue cultures 
that its presence may obscure other agents. 

The relative proportions of the respiratory vi­
ruses isolated from persons with common colds 
vary by geographic location at any given time. 
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Outbreaks associated with a single type of respira­
tory virus are common. Where rhinoviruses pre­
dominate, several serotypes are usually found sim­
ultaneously (49,103,104,147). From year to year 
some serotypes remain in a given community while 
others are replaced by new serotypes. When new 
rhinovirus serotypes appear, they are usually 
higher numbered or untypeable (and probably 
new) serotypes (17). Coronaviruses are usually sec­
ond in frequency only to the rhinoviruses as the 
etiologic agent of colds, but their presence may 
be difficult to detect because of the requirement 
of some strains for organ culture to permit replica­
tion on primary isolation (107). 

The basic unit of infection for most of the popu­
lation appears to be the family (7,42,91,92). The 
index case is often a younger school-aged child 
who acquires infection and introduces the respira­
tory virus into the home by infecting other suscep­
tible family members. Other siblings are most fre­
quently afilicted, and mothers develop infections 
more frequently than fathers. The increased mater­
nal susceptibility may be explained by the greater 
contact mothers have with their children than fa­
thers. However, an increased susceptibility to in­
fection with a common cold virus has been noted 
for women about the midpoint of the menstrual 
cycle (37). Although the workplace can also permit 
transmission of colds, it is not as efficient, perhaps 
because of less direct personal contact (49). The 
average for colds in industrial countries is approxi­
mately one cold per person per year. Some individ­
uals experience several and others report none. 
The reason for some of the variability is undoubt­
edly related to the social factors listed above. The 
occurrence of asymptomatic and mildly sympto­
matic infections helps to obscure recognition of 
some respiratory virus transmission. Some persons 
are more readily symptomatic after viral challenge, 
particularly those with allergic rhinitis (37). How­
ever, exposure to cold or damp conditions results 

Table 7.2. Common cold isolates from young adults at a 
university health service, Chicago, 1983. 

Isolates Jan-Mar Aug-Oct Total 

Rhinovirus 7 (46%) 8 (89%) 15 (60%) 
Respiratory syncytial 

virus 4 (24%) 0 4 (16%) 
Influenza A 2 (12%) 0 2 (8%) 
Adenovirus 2 (12%) 0 2 (8%) 
Herpes simplex virus 1 (6%) 1 (11%) 2 (8%) 
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in no change in the pattern or severity of symptoms 
nor does susceptibility to infection increase, as 
demonstrated by several volunteer studies (3,38). 

The major determinant of susceptibility to viral 
respiratory tract infection is the immune status 
of the host, with emphasis on previous exposures 
(2,72,100,110). In the case of most respiratory vi­
ruses, secretory IgA can be found in the nasal 
secretions of immune individuals (14,125,126), and 
serum IgG antibodies can be demonstrated in the 
same persons (44). In volunteers challenged with 
a common cold virus, 75% to 80% of unselected 
persons become infected. A second exposure to 
the same virus produces infection in only 10% 
to 20% (72,73). However, the protection to infec­
tion conferred by the presence of antibody is only 
relative (65). The occurrence of a second viral re­
spiratory tract infection within 3 weeks (before 
protective antibody can develop) is unusual, possi­
bly because of nonspecific protection against sus­
ceptible viruses by local nasal production of inter­
feron (16,40,100). 

Clinical 

Common cold symptoms follow a familiar pattern 
that has been investigated with various respiratory 
viruses but most completely with the rhinovirus 
(3,13,15,32,34,37,38,71,73). Common cold symp­
toms begin within 24 to 72 hours of virus inocula­
tion. Sneezing, sore or scratchy throat, and head­
ache appear along with the characteristic nasal 
obstruction and nasal discharge as early indicators 
of a cold. The headache and sore throat usually 
begin to wane within a day or two while cough 
appears (with or without sputum production), and 
nasal obstruction and discharge worsen for several 
more days. Fever (temperature greater than 38°C) 
is uncommon with a simple cold, but many indi­
viduals experience a chilly sensation. True chills 
or rigors are distinctly unusual and suggest a pro­
cess other than a common cold. The symptoms 
persist for seven to ten days in most instances, 
but cough and sputum production may continue 
for several weeks in persons with underlying lung 
disease. Tracheobronchitis has been produced in 
otherwise healthy persons by experimental admin­
istration of an infected small particle aerosol (13). 

The nasal secretions change in character qualita­
tively and quantitatively throughout the duration 
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of a cold. Prior to infection, nasal secretions are 
scanty, mucoid, and clear in appearance. Some 
cellular debris is present and includes epithelial 
cell fragments, rare functioning ciliated cells, squa­
mous epithelial cells from the nasal vestibule, and 
a few granulocytes. At the onset of cold symptoms 
nasal secretions increase in quantity dramatically 
to as much as 15 g/d (34). The secretions are 
initially watery in consistency but rapidly assume 
a more mucopurulent appearance. An increase in 
cellular debris in the secretions accounts for the 
purulence, and all of the cells mentioned increase 
in number. Many of the leukocytes in the na­
sal secretions are lymphocytes morphologically, 
but polymorphonuclear leukocytes predominate. 
Functional, viable ciliated cells as well as dead 
and dying ciliated epithelial cells are shed, and 
some can be shown to be infected by immunologic 
staining (67,141). 

The common cold is mild and without seqelae 
in the overwhelming majority of instances, but 
complications may occur in a few individuals. Per­
sons with asthma or chronic bronchitis frequently 
experience an exacerbation of obstructive lung 
symptoms, with bronchoconstriction and in­
creased sputum production (45,101,138). Changes 
in small airways function and mucociliary clear­
ance mechanisms may appear during respiratory 
tract virus infection even in otherwise healthy per­
sons (8,45,47,87,95). Sinusitis and otitis media oc­
cur in association with some colds and may be 
caused by viral replication in the epithelium in 
some cases. In other instances bacterial coloniza­
tion and growth permitted by obstruction of the 
ostia into the nasopharynx may be responsible 
(57). However, colds do not change the bacterial 
flora of the nasal passages (71). 

Several scoring systems have been developed to 
judge the severity of common cold symptoms 
based on objective measurements made by experi­
enced observers and subjective responses of the 
infected persons (10,12,71,115). Objective criteria 
include weight of nasal secretions, number of paper 
handkerchieves required per day, and degree of 
nasal obstruction based on planimetry of conden­
sation of exhaled water vapor on a chilled surface. 
Some assessments such as the degree of turgidity 
or the degree of erythema of nasal mucosa are 
not reproducible and unreliable (71). Subjective 
scoring of the severity of symptoms by infected 
persons permits a reliable semiquantitative means 
of determining the relative severity of a cold (71). 
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It is clear from volunteer studies that some virus­
infected persons have symptoms so mild as to be 
no different from simultaneously examined unin­
fected controls. On the other hand 10% to 20% 
of those with symptoms have scores indicating a 
severe level of discomfort. 

The symptom pattern is itself tied to an extent 
to the quantity and duration of virus shedding 
(32). For example, shedding of rhinoviruses in vol­
unteer challenge studies is less in frequency, less 
in quantity, and relatively delayed in appearance 
in persons with fewer, less severe, and later-devel­
oping symptoms. The explanation for the differ­
ence in symptoms between persons is not clear, 
but selection of volunteers to ensure seronegativity 
and susceptibility to infection does not alter this 
feature. Additional factors determined by individ­
ual heredity and psychology may also influence 
the pattern and severity of symptoms. 

The presence of seroimmunity to a respiratory 
virus is generally indicative of resistance to infec­
tion by that virus (33,41). However, the protection 
is only relative. Following an initial respiratory 
tract infection with a given virus, antibody appears 
in increasing titer in serum and nasal secretions. 
In the absence of repeat exposure to the same or 
a closely related virus, antibody titers begin to 
wane and in some instances may be negligible after 
18 to 24 months (72). An increase in the circulating 
lymphocytes specific for the antigens of a respira­
tory virus (e.g., rhinovirus) may be found following 
infection, but may be shorter in duration than the 
antibody response as an indicator of preceding in­
fection (85). Subtle changes may occur in viral 
antigenic composition over time so that neutraliz­
ing antibodies become less effective at binding to 
later isolates (137,139). In addition, the protection 
conferred by antibody in the nasal secretions and 
serum is only relative, and large inocula of rhinovi­
ruses may permit excess free infectious virions to 
infect cells (65). In the case of coronaviruses, up 
to 80% of infections occur in persons with pre­
existing serum antibody (107). 

In order to reach the receptors for attachment 
to the cells of the respiratory epithelium, virions 
must have a mode of transmission. Direct inocula­
tion of contaminated secretions into the conjuncti­
val sac or nasal vestibule via the fingers or inhala­
tion of droplets of an infected aerosol through the 
nasal passages are the two routes available. The 
ability to produce infections by both routes has 
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been documented for most viruses, but transmis­
sion under natural conditions primarily occurs by 
one or the other route, depending on the type of 
virus. Evidence suggests that myxoviruses (like in­
fluenza viruses A and B) and coronaviruses are 
transferred mainly by the aerosol route (75,107). 
Others such as rhinoviruses and adenoviruses ap­
pear to be most effectively transmitted by self-ino­
culation with contaminated secretions (50,51,66). 
In the case of coxsackievirus A21 and other entero­
viruses, both routes may be common (98). Most 
viruses, if kept moist, can persist for hours on 
inanimate objects and surfaces, but rhinovirus in­
fection does not appear to be efficiently acquired 
by most such exposures (123). However, person­
to-person contact for as short as 10 seconds has 
been shown to transfer sufficient quantities of rhi­
noviruses from an infected donor to a susceptible 
recipient in as many as 75% ofthe donor-recipient 
pairs (51). Minimal quantities of rhinovirus are 
detectable in oral and enteric secretions, which 
may explain the apparent ineffectiveness of oral 
secretions at transferring rhinovirus infections 
(11,15,27,51). 

The exact sequence of events that results in 
symptoms when respiratory tract infection is es­
tablished remains speculative. Myxovirus infection 
may produce significant alterations in the struc­
tural integrity and functional ability of the ciliated 
respiratory epithelium (47,87). However, simple 
destruction of infected epithelial cells does not ap­
pear to account for the symptomatic response in 
the case of the rhinoviruses. Although rhinovirus­
infected epithelial cells can be easily identified with 
immunologic-staining procedures, negligible dam­
age to the ciliated epithelium has been found in 
nasal biopsy specimens and nasal polyp explant 
cultures after infection with a rhinovirus (34,56). 
This suggests that the host response pl~ys an im­
portant role in the process and'perhaps determines 
the apparent susceptibility of some individuals to 
more numerous or more severe viral respiratory 
tract infections. Cholinergically mediated reflexes 
have some part in the increase in nasal secretions 
during a cold, since treatment with an anticholi­
nergic agent, ipratropium, can reduce the quantity 
of nasal discharge (10). Although arachidonate 
metabolites have the potential for acting as media­
tors of inflammation, prostaglandins are not 
clearly implicated since aspirin and other cycloox­
ygenase pathway inhibitors do not significantly al-
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ter nasopharyngeal symptoms compared with no 
treatment (136; Levandowski, unpublished obser­
vation). 

Cellular mechanisms appear to contribute to the 
host response and the inflammatory events. Mono­
nuclear leukocytes increase in number in nasal tis­
sues early in the symptomatic phase of common 
colds (68). A transient but significant reduction 
in the number of circulating lymphocytes concur­
rent with an overall increase in the WBC count 
has been demonstrated for a number of respiratory 
viruses within the first 24 to 48 hours of symptoms 
(12,31). In the case of acute infection with a rhino­
virus, the reduction in lymphocytes is related to 
reduction of T lymphocytes, mainly of the helper 
population (88). A strong correlation between 
symptom severity and the magnitude of decrease 
in numbers of circulating T lymphocytes suggests 
that circulating lymphocytes become sequestered 
in infected nasal tissues and playa role in modulat­
ing the inflammatory response. Large numbers of 
viable leukocytes are exfoliated in nasal secretions 
within the first 48 hours of a symptomatic cold 
(Fig. 7.1). Cytologic preparations examined micro­
scopically demonstrate that some of the exfoliated 
leukocytes have the appearance of large granular 
lymphocytes, which are known to be natural killer 
cells (140). 
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Laboratory 

Identification of the etiologic agent of a common 
cold may be made by isolation of the infecting 
virus in tissue culture and/or by demonstrating 
a serologic response to the agent. A number of 
serologic tests have been developed to assist in 
identification, including assays for complement fix­
ing antibodies, hemagglutination inhibition anti­
bodies, neutralizing antibodies, and antibodies that 
can react in an enzyme-linked immunosorbent as­
say (ELISA). However, a single elevated antibody 
titer is insufficient to prove that a contemporary 
cold has been produced by an agent identified by 
antibody titer. It is necessary to document a four­
fold or greater rise between sera obtained during 
the acute phase of illness and sera collected 3 to 
6 weeks after the illness. Serologic testing as the 
sole means of identifying infectious agents is rela­
tively insensitive. In volunteer studies with rhino­
viruses when the challenge serotype virus is al­
ready known, only 50% to 75% of the volunteers 
infected have a rise in titer of neutralizing antibody 
with paired sera. In naturally occurring rhinovirus 
infection the task of identifying a serologic re­
sponse becomes monumental, since the only sero­
logic test readily available for rhinovirus detection 
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Figure 7.1. Flow cytometry of viable leukocytes in nasal secretions during the initial 48 hours of a common 
cold (panel A) compared with normal peripheral blood leukocytes (panel B). Forward light scatter relates to 
cell size; 90 degree light scatter relates to cell granularity. Leukocytes in peripheral blood have been labeled to 
demonstrate the light scatter pattern for lymphocytes (L), monocytes (M), and granulocytes (G). The majority 
of the leukocytes in the nasal secretions are lymphocytes with some increase in size and granularity. A few 
monocytes are also present. The cells with 90 degree light scatter similar to granulocytes (75-175 units) are 
probably chemotactically activated granulocytes that appear smaller on flow cytometry because of loss of spherical 
symmetry. 



96 

is neutralization, which is serotype specific. The 
task can be simplified if a viral isolate is obtained, 
since the isolate can be used as the substrate for 
antibody titrations. 

The rate of respiratory virus isolation in a labo­
ratory with experienced personnel is in the range 
of 50% of submitted specimens. Communication 
between the clinician and the laboratory can per­
mit emphasis on inoculation and observation of 
appropriate tissue cultures to detect the type of 
virus indicated by the circumstances. Sample col­
lection methods are important. Nasal secretions 
are the best source of virus-contaminated materi­
als. Throat secretions may yield a number of vi­
ruses, but nasal secretions are more appropriate 
for recovering a virus during a common cold be­
cause rhinoviruses do not appear in significant 
quantities in oropharyngeal secretions (11,27,51). 
Collection of the nasal secretions by direct aspira­
tion or cotton-tip applicator may be done for prac­
ticality in children, but nasal secretions obtained 
by washing with a buffered saline solution offer 
the best specimens for studies in adults. Collection 
of multiple daily samples can also increase the 
yield. Most persons tend to shed virus in the earlier 
days of maximal symptoms, and single samples 
obtained during that time are most likely to be 
positive during rhinovirus infection (Fig. 7.2). 
However, virus shedding associated with a com­
mon cold is variable in pattern and may be delayed 
in some persons. 

The na~opharyngeal secretions collected should 
be inoculated into several types of tissue cultures 
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simultaneously to maximize yield (42,53,79,90, 
97,128). Each type of respiratory virus replicates 
best in certain tissue cultures (Table 7.3). For ex­
ample, adenoviruses are maximally recovered in 
human embryonic kidney, whereas myxoviruses 
do best in primary monkey kidney cell lines. In 
addition, the recovery of individual viruses is maxi­
mized by inoculation of more than one type of 
tissue culture in which the specific virus replicates 
well. A reasonable battery of tissue culture types 
for the recovery of respiratory viruses would in­
clude a human diploid fibroblast cell line, HeLa 
or HEp2 cells, and a primary monkey kidney line, 
although additional tissue culture types would in­
crease the probability of isolating the various vi­
ruses. The rhinoviruses replicate best at 33° to 
34°C within a pH range of 6.8 to 7.2, and the 
viral cytopathic effect (CPE) is maximized by incu­
bation of inoculated tubes on roller drum appara­
tus at 12 revolutions per hour (142). The same 
conditions permit excellent recovery of the other 
respiratory viruses. Viral CPE appears in tissue 
cultures within a few days to 2 weeks after primary 
inoculation, depending on the titer and type of 
virus. Subsequent tissue culture passages may 
reach total CPE in one to three days, and a blind 
passage of cultures without CPE increases the 
overall yield by amplification of virus titer. 

The virus isolates are presumptively identified 
by the appearance of the initial CPE and the cell 
lines in which the virus has replicated. Rhinovi­
ruses produce foci of CPE in diploid fibroblasts 
characterized by cellular disintegration with round 
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Figure 7.2. Mean daily scores for six common 
cold symptoms including headache, sneezing, 
nasal obstruction, nasal discharge, sore throat, 
and cough (SS6) and the frequency of virus shed­
ding for the seven days following intranasal 
challenge of a group of volunteers with a rhino­
virus. The closed circles and bars indicate scores 
and virus shedding for persons with early, rela­
tively more severe symptoms. The open circles 
and bars indicate scores and virus shedding for 
persons with later, milder symptoms. Stars indi­
cate the symptom scores for challenged volun­
teers who were not infected. 
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Table 7.3. Tissue cultures for the isolation of respiratory viruses 
from clinical specimens. 

Virus HDF HeLa HEp2 HEK MK 

Rhinoviruses +++ +++ + + ++ 
Coxsackie, Echo +++ ++ + + +++ 
Coronaviruses ++ ++ 
Influenza +++ 
Parainfluenza + + ++ +++ 
Respiratory syncytial + ++ +++ + + 

virus 
Adenoviruses ++ ++ ++ +++ 

HDF = human diploid fibroblast, HEK = human embryonic kidney, Mk = primary 
monkey kidney. 

fragments of variable size (86). Adenoviruses in 
the same cells produce rounded cells attached to 
neighboring cells by strands of cytoplasm (128). 
Respiratory syncytial virus characteristically pro­
duces syncytia that are easily recognized in HEp2 
and HeLa cell lines (97). The influenza and parain­
fluenza viruses frequently produce little CPE on 
initial passage, but hemadsorption of inoculated 
cells with guinea pig RBCs will detect the presence 
of hemagglutinins embedded in the host cell mem­
brane (78). With initial suspicions, further testing 
can definitively identify the viruses. Rhinoviruses 
are differentiated from the enteroviruses by inacti­
vation at pH 3 to 5 for three hours (58). Coronavi­
ruses are inactivated both by acid and by ether. 
Complement-fixing antibodies that recognize 
group antigens are generally used to identify poten­
tial adenoviruses and myxoviruses. Serotyping of 
viruses may be done by neutralization or by hem­
agglutination inhibition with specific reference 
sera, depending on the virus. In the case of rhinovi­
ruses and enteroviruses the huge number of sero­
types recognized only by neutralization antibodies 
makes identification of individual virus strains te­
dious. For that purpose intersecting pools of sera 
may be used to narrow the spectrum of possibilities 
to a few serotypes that can be tested individually, 
and microtiter techniques can be used to reduce 
the quantity of antiserum expended for each test 
(79,106). 
, Other techniques have been investigated and 
need to be developed in order to permit viral diag­
nosis within hours rather than the days required 
by tissue cultures, which are currently the most 
sensitive techniques. Nasopharyngeal epithelial 
cells can be examined after staining with fluorscein 
or peroxidase conjugated antibody in an attempt 
to identify suspected viruses, including rhinovi-

ruses (if the serotype is suspected or known) and 
myxoviruses (93,141). Viral antigenic components 
can be identified via ELISA techniques in some 
instances (67). Influenza viruses are potentially de­
tected by the metabolism of fluorescent substrates 
by the enzymatic activity of viral neuraminidase 
in secretions (148). Methods incorporating radiola­
beled probes of complementary nucliec acids are 
also being investigated. 

Treatment and Prevention 

A single specific treatment for the common cold 
is not yet developed and may not be achievable. 
However, antiviral chemotherapy of respiratory 
viruses is in a stage of increasing potential. A num­
ber of chemical compounds that are potent inhib­
itors of rhinovirus replication have been identified 
but have been disappointing in limited clinical tri­
als because of failure to prevent or eradicate infec­
tion or to alleviate symptoms (74,84,115,116, 
122,124,149). If a cold occurs during an epidemic 
of influenza or during the wi~ter months when 
influenza A is circulating in the community, treat­
ment or prophylaxis with amantadine (or rimanta­
dine, a related compound) could be considered, 
particularly for patients who might suffer severe 
consequences including the elderly or patients with 
cardiopulmonary disorders (30). Although aman­
tadine is effective against all strains of influenza 
A, it has no effect against other myxoviruses. How­
ever, ribavirin is another antiviral agent that may 
be beneficial for the treatment of all types of myxo­
virus infection (18,54,80,96). When delivered as 
an aerosol it appears to speed recovery even in 
severe forms of illness such as tracheobronchitis 
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related to influenza A, influenza B, and respiratory 
syncytial viruses, and it could conceivably be used 
to treat milder illness expressed as a cold with 
an appropriate delivery system. 

Ascorbic acid (vitamin C) deserves mention be­
cause of the continued interest in it as a preventive 
or therapeutic agent for the common cold. The 
rationale for its use is that serum ascorbate levels 
decline during acute infections like the common 
cold. It has been postulated that an increased in­
take (1 to 10 gld) would increase the body's ability 
to resist the effects of infection and reduce the 
severity of symptoms. In spite of considerable en­
thusiasm, clinical trials have provided no evidence 
for a consistent benefit. Volunteer trials with rhino­
viruses have yielded no significant effect, no spe­
cific antiviral activity has been defined, and many 
other benefits claimed appear to be best explained 
as statistical artifacts (26,131). A major problem 
with ascorbic acid studies is difficulty in eliminat­
ing observer bias because participants are able to 
detect the characteristic flavor of ascorbic acid. 

A similar defect confronts a study of the effects 
of oral zinc gluconate on naturally acquired symp­
tomatic common colds (39). Although it indicated 
a reduction in symptom severity and duration 
among the zinc recipients, the study can not be 
considered to be truly blinded since the partici­
pants were able to identify the zinc-containing 
preparation because of a distinct metallic taste. 
The use of zinc is based on the principle that zinc 
ions interfere with functions of virus-specified pro­
teases in rhinovirus replication (82). However, the 
administration of zinc after the onset of symptoms 
has an unclear basis since several replication cycles 
are completed by that time and virus shedding 
has already peaked. Further study will be neces­
sary to document a definite benefit. 

Nonspecific measures are an imperfect form of 
treatment. Aspirin can relieve some of the systemic 
symptoms including malaise and chilliness but 
does nothing to prevent the nasal symptoms or 
to shorten the duration of symptoms overall. In 
a study of rhinovirus common colds, virus shed­
ding appeared to be prolonged by the administra­
tion of aspirin (136). Other nonspecific measures 
include the use of antihistamines and vasocon­
stricting nasal sprays. The antihistamines provide 
minimal relief from nasal discharge and sneezing, 
the effect is short-lived, and drowsiness may be 
the most prominent result. The vasoconstricting 
sprays are associated with a rebound effect that 
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often leads to a cycle of nasal congestion, necessi­
tating use of the medication long after the cold 
has resolved. Nasal washing with physiologic sa­
line is a simple procedure that relieves nasal ob­
struction by helping to remove tenacious se­
cretions. A combination of aspirin for the early 
systemic symptoms plus saline nasal washes to re­
move later mucopurulent nasal secretions can pro­
vide a reasonable and inexpensive remedy. If anti­
cholinergics prove safe and effective, these may 
also be useful for reducing early nasal discharge 
(10). 

Prevention of the common cold is most simply 
accomplished by observance of careful personal 
hygiene to avoid person-to-person spread of virus­
contaminated secretions. In this regard hand wash­
ing can be helpful. In the case of rhinovirus infec­
tion, inactivation of the virus in secretions carried 
by the fingers of infected persons may be achieved 
with paper handkerchieves soaked in mild iodine 
or acid secretions (52). 

The antiviral state that is induced by interferon 
in neighboring cells confers a nonspecific resistance 
on those cells to infection by many viruses, includ­
ing most of the respiratory viruses (16). Applica­
tions of leukocyte-derived interferon and inducers 
to promote local interferon production have been 
highly effective in reducing both infection rates 
and symptom severity in volunteers challenged 
with rhinoviruses (48,99,112,137). In addition, ge­
netic engineering has yielded an abundant supply 
of preformed interferon that appears to be as effec­
tive in clinical trials as other interferons (36,132). 
Thus, interferon as a prophylactic regimen for the 
common cold meets several important criteria: (a) 
it is effective, (b) it has a broad spectrum of activ­
ity, and (c) it can be readily available. There are, 
however, also some strategic problems. Although 
recent studies have shown the . .efficacy of recombi­
nant interferon given to household contacts with 
the first appearance of a cold in family members 
to reduce rhinovirus infections, the results with 
other viruses have not been as dynamic (134). Tim­
ing of administration may also be critical. Applica­
tion of interferon at too late a time after viral 
contact may reduce effectiveness, since natural in­
terferon may be induced in significant quantity 
by common cold viruses by the time symptoms 
begin (112,137). In addition, administration of the 
large amounts of recombinant interferon required 
to prevent infection results in symptoms mimick­
ing the cold, including nasal obstruction, dis-
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charge, and nosebleed in 10% to 20% of recipients 
(36,132). 

Chemoprophylaxis is at present limited to com­
pounds that are effective for influenza A viruses. 
Amantadine and rimantadine are both highly ef­
fective in reducing the risk of acquiring infection 
(30). Rimantadine appears to produce fewer ad­
verse effects that include central nervous system 
symptoms such as insomnia and euphoria. Aman­
tadine is usually given orally but may achieve 
higher local concentrations by the aerosolized 
route. Although amantadine has been shown to 
alter small airway functions in vivo after aerosol 
administration and to impair ciliary epithelial 
function in vitro (64,81), mucociliary clearance 
patterns do not appear to be altered by administra­
tion of the standard oral dose of medication in 
otherwise healthy adults (87). During the winter 
months of peak influenza A activity, amantadine 
could be considered for administration to those 
exposed to persons with a cold-like illness, since 
as many as 50% of influenza infections may have 
symptoms suggestive of a simple cold. 

Immunoprophylaxis has been much investigated 
but is little available for viral respiratory tract in­
fections at present. To be useful a vaccine must 
induce protective antibodies (secretory IgA) at the 
site of infection in the respiratory tract, with rea­
sonable duration of action and few adverse effects. 
The exceptions to availability are the vaccines for 
influenza viruses A and B (l08). Because of shift 
and drift in the influenza viruses, the vaccine must 
be administered yearly to ensure resistance to in­
fection by circulating viral strains. Two types of 
inactivated influenza vaccines are available: a 
whole virus vaccine and a split-virus vaccine. Both 
may be recommended for adults, but the latter, 
with fewer febrile reactions, is used mainly for 
children. Vaccines have been prepared for most 
of the other respiratory viruses. A live oral vaccine 
with attenuated strains of adenovirus serotypes 4 
and 7 has been effective in reducing infection in 
military recruits, but further development of the 
vaccine has not been pursued and no vaccine is 
available for use at present (118). Live attenuated 
vaccines are presently being developed for the 
myxoviruses including influenza viruses, parain­
fluenza viruses, and respiratory syncytial virus 
(119,145,146). These vaccines are administered by 
intranasal inoculation where the virus replicates 
but produces few symptoms because of diminished 
virulence. 
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Inactivated rhinovirus vaccines administered by 
intranasal or intramuscular routes have also been 
effective in reducing infection rate to homotypic 
viral serotypes (5,35,55,114,121). However, several 
problems remain to permit effective immunopro­
phylactic control of the common cold. Chief 
among these problems is the huge number of indi­
vidual serotypes. A trial with two decavalent rhi­
novirus vaccines demonstrated the feasibility of 
inducing immunity to several serotypes simulta­
neously (55). However, the immunogenicity of 
strains may be variable, and cross-reactive protec­
tion to heterotypic strains not included in the vac­
cine may be infrequent. As mentioned, protection 
via secretory antibody is relative and may be over­
whelmed (65). In addition, the duration ofprotec­
tion is not clearly defined but may be in the range 
of 1 to 2 years before protective effect wanes (72). 
Nevertheless, the ability to protect with vaccine 
is encouraging, and efforts to develop and imple­
ment vaccine strategies continue, with the hope 
of providing safe and effective regimens. 

References 

1. Almeida JD, Tyrrell DAJ: The morphology of 
three previously uncharacterized human respira­
tory viruses that grow in organ culture. J Gen Virol 
1967; 1:175-178. 

2. Anderson TO, Riff LJM, Jackson GG: Immuno­
electrophoresis of nasal secretions collected during 
a common cold: Observations which suggest a 
mechanism of seroimmunity in viral respiratory 
infections. J Immunol 1962; 89:691-697. 

3. Andrewes CH: Adventures among viruses. III. 
Puzzle of common cold. N Engl J Med 1950; 
242:235-240. 

4. Andrewes CH, Chaproniere DM, Gompels AEH, 
Pereira HG, Roden AT: PrQpagation of common 
cold virus in tissue cultures. Lancet 1953; 2:546-
547. 

5. Andrewes CH, Tyrrell DAJ, Stones HB, Beale AJ, 
Andrews RO, Edward DG, Goffe AP, Doggett JE, 
Homer RF, Crespi RS, Clements EMB: Prevention 
of colds by vaccination against a rhinovirus. Br 
Med J 1965; 1:1344-1349. 

6. Assad F, Cockburn WC: A seven-year study of 
WHO virus laboratory reports on respiratory vi­
ruses. Bull WHO 1974; 51:437-445. 

7. Badger GF, Dingle JH, Feller AE, Hodges RG, 
Jordan WS Jr, Rammelkamp CH Jr: A study of 
illness in a group of Cleveland families. Am J Hyg 
1953; 58:31-40,41-46,174-178. 



100 

8. Blair HT, Greenberg SB, Stevens PM, Bilunos PA, 
Couch RB: Effects of rhinovirus infection on pul­
monary function of healthy human volunteers. Am 
Rev Resp Dis 1976; 114:95-102. 

9. Blok J, Air GM: Block deletions in the neuramini­
dase genes from some influenza A viruses of the 
Nl subtype. Virology 1982; 118:229-234. 

10. Borum P, Olsen L, Winther B, Mygind N: Ipratro­
pium nasal spray: a new treatment for rhinorhea 
in the common cold. Am Rev Resp Dis 1981; 
123:418-420. 

11. Buckland FE, Tyrrell DAJ: Experiments on the 
spread of colds. I. Laboratory studies on the disper­
sal of nasal secretions. J Hyg (Camb) 1964; 62:365-
377. 

12. Cate TR, Couch RB, Johnson KM: Studies with 
rhinoviruses in volunteers, production of illness, 
effect of naturally acquired antibody, and demon­
stration of a protective effect not associated with 
serum antibody. J Clin Invest 1964; 43:56-67. 

13. Cate TR, Couch RB, Fleet WF, Griffith WR, 
Gerone PJ, Knight V: Production of tracheobron­
chitis in volunteers with rhinovirus in a small­
particle aerosol. Am J Epidemiol 1965; 81:95-105. 

14. Cate TR, Rossen RG, Douglas RG Jr, Butler WT, 
Couch RB: The role of nasal secretion and serum 
antibody in the rhinovirus common cold. Am J 
Epidemiol 1966; 84:352-363. 

15. Cate TR, Douglas RG Jr, Johnson KM, Couch 
RB, Knight V: Studies on the inability of rhinovirus 
to survive and replicate in the intestinal tract of 
volunteers. Proc Soc Exp BioI Med 1967; 124:1290-
1295. 

16. Cate TR, Douglas RG Jr, Couch RB: Interferon 
and resistance to upper respiratory virus illness. 
Proc Soc Exp BioI Med 1969; 131:631-636. 

17. Calhoun AM, Jordan WS Jr, Gwaltney JM Jr: Rhi­
novirus infections in an industrial population. V. 
Change in distribution of serotypes. Am J Epide­
miol 1974; 99:58-64. 

18. Chang T-W, Heel RC: Ribavirin and inosiplex: a 
review of their present status in viral diseases. 
Drugs 1981; 22:111-128. 

19. Chanock RM, Parrot RH, Cook K, Andrews BE, 
Bell JA, Reichelderfer T, Kapikian AZ, Mastrota 
FM, Huebner RJ: Newly recognized myxovirus 
from children with respiratory disease. N Engl J 
Med 1958; 258:207-215. 

20. Choppin PW, Scheid A: The role of viral glycopro­
teins in adsorption, penetration and pathogenicity 
of viruses. Rev Infect Dis 1980; 2:40-61. 

21. Conant RM, Hamparian VV: Rhinoviruses: Basis 
for a numbering system. I. HeLa cells for propaga­
tion and serologic procedures. J Immunol 1968; 
100:107-113. 

22. Conant RM, Hamparian VV: Rhinoviruses: Basis 
for a numbering system. II. Serologic characteriza-

Roland A. Levandowski 

tion of prototype strains. J Immunol 1968; 
100:114-119. 

23. Cooney MK, Hall CE, Fox JP: The Seattle virus 
watch. III. Evaluation of isolation methods and 
summary of infections detected by virus isolations. 
Am J Epidemiol 1972; 96:286-305. 

24. Cooney MK, Kenney GE, Tam R, Fox JP: Cross 
relationships among 37 rhinoviruses demonstrated 
by virus neutralization with potent monotypic rab­
bit antisera. Infect Immun 1973; 7:335-340. 

25. Cooney MK, Wise JA, Kenney GE, Fox JP: Broad 
antigenic relationships among rhinovirus serotypes 
revealed by cross-immunization of rabbits with dif­
ferent serotypes. J Immunol 1975; 114:635-639. 

26. Coulehan JL: Ascorbic acid and the common cold: 
Reviewing the evidence. Postgrad Med 1979; 
66:153-160. 

27. D'Alessio DJ, Peterson JA, Dick CR, Dick EC: 
Transmission of experimental rhinovirus colds in 
volunteer married couples. J Infect Dis 1976; 
133:28-36. 

28. Dick EC, Dick CR: Natural and experimental in­
fections of nonhuman primates with respiratory vi­
ruses. Lab Anim Sci 1974; 24:177-181. 

29. Dimmock NN, Tyrrell DAJ: Some physiocochemi­
cal properties of rhinoviruses. Br J Exp Pathol 
1964; 45:271-280. 

30. Dolin R, Reichman RC, Madore HP, Maynard 
R, Linton PN, Webber-Jones J: A controlled trial 
of amantadine and rimantadine in the prophylaxis 
of influenza A infection. N Engl J Med 1982; 
142:377-383. 

31. Douglas RG Jr, Alford RH, Cate TR, Couch RB: 
The leukocyte response during viral respiratory ill­
ness in man. Ann Intern Med 1966; 64:521-530. 

32. Douglas RG Jr, Cate TR, Gerone PJ, Couch RB: 
Quantitative rhinovirus shedding patterns in volun­
teers. Am Rev Resp Dis 1966; 94:159-167. 

33. Douglas RG Jr, Fleet WF, Cate TR, Couch RB: 
Antibody to rhinovirus in human sera. I. Standard­
ization of a neutralization test. Proc Soc Exp BioI 
Med 1968; 127:497-502. 

34. Douglas RG Jr: Pathogenesis of rhinovirus com­
mon cold in human volunteers. Ann Otol Rhinol 
Laryngol 1970; 79:563-571. 

35. Douglas RG Jr, Couch RB: Parenteral inactivated 
rhinovirus vaccine: Minimal protective effect. Proc 
Soc Exp BioI Med 1972; 133:899-902. 

36. Douglas RM, Albrecht JK, Miles HB, Moore BW, 
Read R, Worswick DA, Woodward AJ: Intranasal 
interferon alpha-2 prophylaxis of natural respira­
tory virus infection. J Infect Dis 1985; 151:731-
736. 

37. Dowling HF, Jackson GG, Inouye T: Transmission 
of the common cold in volunteers. II. The effect 
of certain host factors upon susceptibility. J Lab 
Clin Med 1957; 50:516-525. 



7. The Common Cold 

38. Dowling HF, Jackson GG, Spiesman IG, Inouye 
T: Transmission of the common cold to volunteers 
under controlled conditions. III. The effects of 
chilling of the subjects upon susceptibility. Am J 
Hyg 1958; 68:59-65. 

39. Eby GA, Davis DR, Halcomb WW: Reduction 
in duration of common colds by zinc gluconate 
lozenges in a double-blind study. Antimicrob Agents 
Chemother 1984; 25:20-24. 

40. Fleet WF, Couch RB, Cate TR, Knight V: Ho­
mologous and heterologous resistance to rhinovirus 
common cold. Am J Epidemiol 1965; 82:185-196. 

41. Fleet WF, Douglas RG Jr, Cate TR, Couch RB: 
Antibody to rhinovirus in human sera. II Hetero­
typic response. Proc Soc Exp BioI Med 1968; 
127:503-509. 

42. Fox JP, Cooney MK, Hall CE: The Seattle virus 
watch. V. Epidemiologic observations of rhinovirus 
infections, 1965-1969, in families with young chil­
dren. Am J Epidemiol 1975; 101:122-142. 

43. Fox JP: Is a rhinovirus vaccine possible? Am J 
Epidemiol 1976; 103:345-354. 

44. Francis T Jr: A new type of virus from epidemic 
influenza. Science 1940; 92:405. 

45. Fridy WW Jr, Ingram RH Jr, Hierholzer JC, Cole­
man MT: Airways function during mild viral respi­
ratory illnesses: The effect of rhinoviruses on ciga­
rette smokers. Ann Intern Med 1974; 80:150-155. 

46. Gary GW Jr, Hierholzer JC, Black RE: Character­
istics of noncultivable adenoviruses associated with 
diarrhea in infants: a new subgroup of human ade­
noviruses. J Clin Microbiol 1979; 10:96-110. 

47. Garrard CS, Levandowski RA, Gerrity TR, Yeates 
DB, Klein E: The effects of acute respiratory virus 
infection upon tracheal mucus transport. Arch En­
viron Health 1985; 40:322-325. 

48. Greenberg SB, Harmon MW, Couch RB, Johnson 
PE, Wilson SZ, Dasco CC, Bloom K, Quarles J: 
Prophylactic effect oflow doses of human leukocyte 
interferon against infection with rhinovirus. J In­
fect Dis 1982; 145:542-546. 

49. Gwaltney JM Jr, Hendley JO, Simon C, Jordan 
WS Jr: Rhinovirus infections in an industrial popu­
lation. III. Number and prevalence of serotypes. 
Am J Epidemiol 1968; 87:158-166. 

50. Gwaltney JM Jr, Hendley JO: Rhinovirus trans­
mission: One if by air, two if by hand. Am J Epide­
miol 1978; 107:357-361. 

51. Gwaltney JM Jr, Moskalski PB, Hendley JO: 
Hand-to-hand transmission of rhinovirus colds. 
Ann Intern Med 1978; 88:463-467. 

52. Gwaltney JM Jr, Moskalski PB, Hendley JO: Inter­
ruption of experimental rhinovirus transmission. 
J Infect Dis 1980; 142:811-815. 

53. Haff RF, Wohlsen B, Force EE, Stewart RC: 
Growth characteristics of two rhinovirus strains 

101 

in WI-26 and monkey kidney cells. J Bacteriol 
1966; 91:2339-2342. 

54. Hall CB, Walsh EE, Hruska JF, Betts RF, Hall 
WJ: Ribavirin treatment of experimental respira­
tory syncytial virus infection. JAMA 1983; 
249:2666-2670. 

55. Hamory BH, Hamparian VV, Conant RM, Gwalt­
ney JM Jr: Human responses in two decavalent 
rhinovirus vaccines. J Infect Dis 1975; 132:623-
629. 

56. Hamory BH, Hendley JO, Gwaltney JM Jr: Rhino­
virus growth in nasal polyp organ culture. Proc 
Soc Exp BioI Med 1977; 155:577-582. 

57. Hamory BH, Sande MA, Snydor A Jr, Seale DL, 
Gwaltney JM Jr: Etiology and antimicrobial ther­
apy of acute maxillary sinusitis. J Infect Dis 1979; 
139:197-202. 

58. Hamparian VV, Ketler A, Hilleman MR: Recovery 
of new viruses (coryzaviruses) from cases of com­
mon cold in human adults. Proc Soc Exp BioI Med 
1961; 158:444-453. 

59. Hamparian VV, Leagus MB, Hilleman MR: Addi­
tional rhinovirus serotypes. Proc Soc Exp BioI Med 
1964; 116:976-984. 

60. Hamparian VV: Rhinoviruses, in Lennette EH, 
Schmidt NJ (eds): Diagnostic Procedures for Viral, 
Rickettsial, and Chlamydial Infections, ed 5, Wash­
ington DC, American Public Health Association, 
1979. 

61. Hamre D, Connelly AP Jr, Procknow JJ: Virologic 
studies of acute respiratory disease in young adults. 
III. Some biologic and serologic characteristics of 
seventeen rhinovirus serotypes isolated October, 
1960 to June, 1961. J Lab Clin Med 1964; 64:450-
460. 

62. Hamre D, Connely AP Jr, Procknow JJ: Virologic 
studies of acute respiratory disease in young adults. 
IV. Virus isolations during four years of surveil­
lance. Am J Epidemiol 1966; 83:238-249. 

63. Hamre D: Rhinoviruses, JL Melnick (ed): in Mono­
graphs in Virology. vol I, Basel, S Karger, 1968. 

64. Hayden FG, Hall WJ, Douglas RG Jr,Speers DM: 
Amantadine aerosols in normal volunteers: phar­
macology and safety testing. Antimicrob Agents 
Chemother 1979; 16:6~50. 

65. Hendley JO, Edmondson WP Jr, Gwaltney JM 
Jr: Relation between naturally acquired immunity 
and infectivity of two rhinoviruses in volunteers. 
J Infect Dis 1972; 125:243-248. 

66. Hendley JO, Wenzel RP, Gwaltney JM Jr: Trans­
mission of rhinovirus colds by self-inoculation. N 
Engl J Med 1973; 288:1361-1364. 

67. Hendry RM, McIntosh K: Enzyme-linked immu­
nosorbent assay for detection of respiratory syncy­
tial virus infection: development and description. 
J Clin Microbiol 1982; 16:324-328. 



102 

68. Hilding A: The common cold. Arch Otolaryngol 
1930; 12:133-150. 

69. Hiti AL, Davis AR, Nayak DP: Complete seq,uence 
analysis shows that the hemagglutinin of the HO 
and H2 subtypes of human influenza virus are 
closely related. Virology 1981; 111:113-124. 

70. Holmes MJ, Reed SE, Stott EJ, Tyrrell DAJ: Stud­
ies of experimental rhinovirus type 2 infections in 
polar isolation and in England. J Hyg (Camb) 
1976; 76:379-393. 

71. Jackson GG, Dowling HF, Spiesman IG, Boand 
A V: Transmission of the common cold to volun­
teers under controlled conditions. I. The common 
cold as a clinical entity. Arch Intern Med 1958; 
101:267-278. 

72. Jackson GG, Dowling HF, Akers L W, Muldoon 
RL, VanDyke A, Johnson JC: Immunity to the 
common cold from protective serum antibody: 
Time of appearance, persistence, and relation to 
reinfection. N Engl J Med 1962; 266:791-796. 

73. Jackson GG, Dowling HF, Muldoon RL: Present 
concepts of the common cold. Am J Pub Health 
1962; 52:940-945. 

74. Jackson GG: A perspective from controlled investi­
gations on chemotherapy for viral respiratory infec­
tions. J Infect Dis 1976; 133(suppl):A83-A92. 

75. Jordan WS Jr: The Mechanism of Spread of Asian 
Influenza. International Conference on Asian In­
fluenza. Washington DC, National Institutes of 
Health, 1960. 

76. Kapikian AZ, Conant RM, Hamparian VV, Cha­
nock RM, Chapple PJ, Dick EC, Fenters JD, 
Gwaltney JM Jr, Hamre 0, Holper JC, Jordan 
WS Jr, Lennette EH, Melnick JL, Mogabgab WJ, 
Mufson MA, Phillips CA, Schieble JH, Tyrrell 
DAJ: Rhinoviruses: A numbering system. Nature 
1967; 213:761-762. 

77. Kapikian AZ, Conant RM, Hamparian VV, Cha­
nock RM, Dick EC, Gwatney 1M Jr, Hamre 0, 
Jordan WS Jr, Kenney GE, Lennette EH, Melnick 
JL, Mogabgab WJ, Phillips CA, Schieble JH, Stott 
EJ, Tyrrell DAJ: A collaborative report: Rhinovi­
ruses--extension of the numbering system. Virology 
1971; 43:524--526. 

78. Kendal AP, Dowdle WR, Noble GR: Influenza 
viruses, in Lennette EH, Balows A, Hausler WJ 
Jr, Shadomy HJ (eds): Manual of Clinical Micro­
biology. Ed 4. Washington DC, American Society 
for Microbiology, 1985. 

79. Kenney GE, Cooney MK, Thompson OJ: Analysis 
of serum pooling schemes for identification of large 
numbers of viruses. Am J Epidemiol 1970; 91 :439-
445. 

80. Knight V, McClung HW, Wilson SZ, Waters BK, 
Quarles JM, Cameron RW, Griggs SE, Zerwas JM, 
Couch RB: Ribavirin small particle aerosol treat­
ment of influenza. Lancet 1981; 2:945-949. 

Roland A. Levandowski 

81. Knight V, Bloom K, Wilson SZ, Wilson RK: 
Amantadine aerosol in humans. Antimicrob Agents 
Chemother 1979; 16:572-578. 

82. Korant BD, Longberg-Holm K, LaColla P: Picor­
naviruses and togaviruses: targets for design of anti­
virals, in DeClercq E, Walker RT (eds): Targets 
for the Design of Antiviral Agents. New York, Ple­
num Press, 1984. 

83. Kruse W: Die Erreger von Husten und Schnupfen. 
Muenchen Med Wochenschr 1914; 61:1547. 

84. Levandowski RA, Pachucki CT, Rubenis M, Jack­
son GG: Topical enviroxime against rhinovirus in­
fection. Antimicrob Agents Chemother 1982; 
22:1004--1007. 

85. Levandowski RA, Pachucki CT, Rubenis M: Spe­
cific mononuclear cell response to rhinovirus. J In­
fect Dis 1983; 148:1125. 

86. Levandowski RA: Rhinoviruses, in Belshe RB (ed): 
Textbook of Human Virology. New York, PSG 
Publications Inc., 1984. 

87. Levandowski RA, Gerrity TR, Garrard CS: Modi­
fications of lung clearance mechanisms by acute 
influenza A infection. J Lab Clin Med 1985; 
106:428-432. 

88. Levandowski RA, Ou OW, Jackson GG: Acute 
phase decrease of T lymphocyte subsets in rhinovi­
rus infection. J Infect Dis 1986; 153:743-748. 

89. Levine S: Polypeptides of respiratory syncytial vi­
rus. J Virol 1977; 21:427-431. 

90. Lewis FA, Kennet ML: Comparison of rhinovirus­
sensitive HeLa cells and human embryo fibroblasts 
for isolation of rhinoviruses from patients with re­
spiratory disease. J Clin Microbiol 1976; 3:528-
532. 

91. Lidwell OM, Sommerville T: Observations on the 
incidence and distribution of the common cold in 
a rural community during 1948 and 1949. J Hyg 
(Camb) 1951; 49:365-381. 

92. Lidwell OM, Williams REO: The epidemiology of 
the common cold. J Hyg (Camb) 1961; 59:309-
319, 321-334. 

93. Liu C: Rapid diagnosis of human influenza infec­
tion from nasal smears by means of fluoroscein­
labeled antibody. Proc Soc Exp Bioi Med 1956; 
92:883-887. 

94. Lonberg-Holm K, Crowell RL, Philipson L: Unre­
lated animal viruses share receptors. Nature 1976; 
259:679-681. 

95. Lourenco RV, Stanley ED, Gatmaitan B, Jackson 
GG: Abnormal deposition and clearance of inhaled 
particles during upper respiratory viral infections. 
J Clin Invest 1971; 50:62a. 

96. McClung HW, Knight V, Gilbert BE, Wilson SZ, 
Quarles JM, Divine GW: Ribavirin aerosol treat­
ment of influenza B virus infection. JAMA 1983; 
249:2671-2674. 

97. McIntosh K, Clark JC: Parainfluenza and respira-



7. The Common Cold 

tory syncytial viruses, in Lennette EH, Balows A, 
Hausler WJ Jr, Shadomy HJ (eds): Manual ofClin­
ical Microbiology. ed 4. Washington DC, American 
Society for Microbiology, 1985. 

98. Melnick JL, Wenner HA, Phillips CA: Enterovi­
ruses, in Lennette EH, Schmidt NJ (eds): Diagnos­
tic Procedures for Viral, Rickettsial. and Chlamyd­
ial Infections. ed 5. Washington DC, American 
Public Health Association, 1979. 

99. Merigan TC, Reed SE, Hall TS, Tyrrell DAJ: Inhi­
bition of respiratory virus infection by locally ap­
plied interferon. Lancet 1973; 1:563-567. 

100. Minor TE, Dick EC, Peterson JA, Docherty DE: 
Failure of naturally acquired rhinovirus infections 
to produce immunity to heterologous serotypes. 
Infect Immun 1974; 10:1192-1193. 

101. Minor TE, Dick EC, Baker JW, Ouellette JJ, Co­
hen M, Reed CE: Rhinovirus and influenza type 
A infections as precipitants of asthma. Am Rev 
Resp Dis 1976; 113:149-153. 

102. Mogabgab WJ, Pelon W: Problems in characteriz­
ing and identifying an apparently new virus found 
in association with mild respiratory disease in re­
cruits. Ann NY Acad Sci 1957; 67:403-412. 

103. Monto AS, Johnson KM: A community study of 
respiratory infections in the tropics. II. The spread 
of six rhinovirus isolates within the community. 
Am J Epidemiol 1968; 88:55-68. 

104. Monto AS, Cavallaro JJ: The Tecumseh study of 
respiratory illness. IV. Prevalence of rhinovirus se­
rotypes, 1966-1969. Am J Epidemiol 1972; 96:352-
360. 

105. Monto AS: The Tecumseh study of respiratory ill­
ness. V. Patterns of infections with parainfluenza 
viruses. Am J Epidemiol 1973; 97:338-348. 

106. Monto AS, Bryan ER: Microneutralization test for 
detection of rhinovirus antibodies. Proc Soc Exp 
BioI Med 1974; 145:690-694. 

107. Monto AS, Lim SK: The Tecumseh study of res pi­
ratory illness. VI. Frequency and relationship be­
tween outbreaks of coronavirus infections. J Infect 
Dis 1974; 129:271-276. 

108. Morbidity and Mortality Weekly Report. Recom­
mendation of the immunization practices advisory 
committee: prevention and control of influenza. 
MMWR 1985; 34:261-276. 

109. Morris JA, Blount RE Jr, Savage RE: Recovery 
of a cytopathogenic agent from chimpanzees with 
coryza. Proc Soc Exp BioI Med 1956; 92:544-549. 

110. Mufson MA, Ludwig WM, James HD, Gould LW, 
Rourke JA, Holper JC, Chanock RM: Effect of 
neutralizing antibody on experimental rhinovirus 
infection. JAMA 1963; 186:132-138. 

111. Paul JH, Freese HC: An epidemiologic and bacteri­
ologic study of the "common cold" in an isolated 
arctic community (Spitzbergen). Am J Hyg 1933; 
17:517-535. 

103 

112. Panusarn C, Stanley ED, Dirda VA, Rubenis M, 
Jackson GG: Prevention of illness from rhinovirus 
infection by a topical interferon inducer. N Engl 
J Med 1974; 291:57-61. 

113. Pelon W, Mogabgab WJ, Phillips lA, Pierce WE, 
Roth L W: A cytopathogenic agent isolated from 
naval recruits with mild respiratory illness. Proc 
Soc Exp BioI Med 1957; 94:262-267. 

114. Perkins JC, Tucker DN, Knopf HLS, Wenzel P, 
Hornick RB, Capikian AZ, Chanock RM: Evi­
dence for protective effect of an inactivated rhinovi­
rus vaccine administered by the nasal route. Am 
J Epidemiol 1969; 90:319-326. 

115. Phillpotts RJ, Jones RW, DeLong DC, Reed SE, 
Wallace J, Tyrrell DAJ: The activity of enviroxime 
against rhinovirus infection in man. Lancet 1981; 
1: 1342-1344. 

116. Phillpotts RJ, Wallace J, Tyrrell DAJ, Freestone 
DS, Shepherd WM: Failure of 4',6-dichloroflavan 
to protect against rhinovirus infection in man. Arch 
Virol 1983; 75:115-121. 

117. Phillips CA, Melnick JL, Grim CA: Rhinovirus 
infections in a student population: Isolation of five 
new serotypes. Am J Epidemiol 1968; 87:447-456. 

118. Pierce WE, Peckinpaugh RO, Frazier WE, Griffin 
JP, Greenberg BH, Jackson GG: Live and killed 
adenovirus vaccines for the prevention of acute re­
spiratory disease in recruits. Antimicrob Agents 
Chemother 1965; 5:55-58. 

119. Potash L, Lees RS, Greenberger JL, Hoyrup A, 
Denney LD, Chanock RM: A mutant of parain­
fluenza type 1 virus with decreased capacity for 
growth at 38C and 39C. J Infect Dis 1970; 121:640-
647. 

120. Price WH: The isolation of a new virus associated 
with respiratory clinical disease in humans. Proc 
Nat! Acad Sci USA 1956; 42:892-896. 

121. Price WH: Vaccine for the prevention in humans 
of cold like symptoms associated with the JH virus. 
Proc Nat! Acad Sci USA 1957; 143:790-795. 

122. Reed SE, Bynoe ML: The antiviral activity of iso­
quinolone drugs for rhinoviruses in vitro or in vivo. 
J Med Microbiol 1970; 3:346-352. . 

123. Reed SE: An investigation of the possible transmis­
sion of rhinovirus colds through indirect contact. 
J Hyg (Camb) 1975; 75:249-258. 

124. Reed SE, Craig JW, Tyrrell DAJ: Four compounds 
active against rhinovirus: Comparison in vitro and 
in volunteers. J Infect Dis 1976; 133(suppl):AI28-
A135. 

125. Rossen RD, Butler WT, Cate TR, Szwed CS, 
Couch RB: Protein composition of nasal secretions 
during respiratory virus infection. Proc Soc Exp 
BioI Med 1965; 119:1169-1176. 

126. Rossen RD, Douglas RG Jr, Cate TR, Couch RB, 
Butler WT: The sedimentation behavior of rhinovi­
rus neutralizing activity in nasal secretion and se-



104 

rum following the rhinovirus common cold. J Im­
munol 1966; 97:532-538. 

127. Rowe WP, Huebner RJ, Gilmore LK, Parrott RH, 
Ward TG, Veder E: Isolation of a cytopathogenic 
agent from human adenoids undergoing spontane­
ous degeneration in tissue cultures. Proc Soc Exp 
Bioi Med 1953; 84:570-573. 

128. Rowe WP, Huebner RJ, Hartley JW, Ward TG, 
Parrott RH: Studies of the adenoidal-pharyngeal­
conjunctival (APC) group of viruses. Am J Hyg 
1955; 61:197-218. 

129. Rueckert RR: On the structure and morphogenesis 
of picornaviruses, in Fraenkel-Conrat H, Wagner 
RR (eds): Comprehensive Virology, vol 6. New 
York, Plenum Press, 1976. 

130. Scholtissek C, von Hayingen V, Rott R: Genetic 
relatedness between the new 1977 epidemic strain 
(H1N1) of influenza and human influenza strains 
isolated between 1947 and 1957 (H1N1). Virology 
1978; 89:613-617. 

131. Schwartz AR, Togo Y, Hornick RB, Tominaga 
S, Gleckman RA: Evaluation of the efficacy of 
ascorbic acid in prophylaxis of induced rhinovirus 
44 infection in man. J Infect Dis 1973; 128:500-
505. 

132. Scott GM, Phillpotts RJ, Wallace J, Gauci CL, 
Greiner J, Tyrrell DAJ: Prevention of rhinovirus 
colds by human interferon alpha-2 from Esche­
richia coli. Lancet 1982; 2:186-188. 

133. Sherry B, Mosser AG, Colonno RC, Rueckert RR: 
Use of monoclonal antibodies to identify four neu­
tralization immunogens on a common cold picor­
navirus, human rhinovirus 14. J Virology 1986; 
57:246-257. 

134. Shope T, Schwartz S, Monto A, Albrecht J: Intra­
nasal interferon (SCH 30500) prevention of natural 
viral respiratory infection. Presented at the 24th 
Interscience Conference on Antimicrobial Agents 
and Chetnotherapy. Washington DC, October 8-
10, 1984. Abstract 1022. 

135. Smith W, Andrewes CH, Laidlow PP: A virus ob­
tained from influenza patients. Lancet 1933; 2:66. 

136. Stanley ED, Jackson GG, Panusarn C, Rubenis 
M: Increased virus shedding with aspirin treatment 
of rhinovirus infection. JAMA 1975; 128:1248-
1251. 

137. Stanley ED, Jackson GG, Dirda VA, Rubenis M: 

Roland A. Levandowski 

Effect of a topical interferon inducer on rhinovirus 
infections in volunteers. J Infect Dis 1976; 
133(suppl):A121-A127. 

138. Stenhouse AC: Rhinovirus infection in acute ex­
acerbations of chronic bronchitis: A controlled pro­
spective study. Br Med J 1967; 3:461-463. 

139. Stott EJ, Walker M: Antigenic variation among 
strains of rhinovirus type 51. Nature 1969; 224: 
1311-1312. 

140. Timonen T, Ortaldo JR, Herberman RB: Charac­
teristics of human large granular lymphocytes and 
relationship to natural killer cells. J Exp Med 1981; 
153:569-582. 

141. Turner RB, Hendley JO, Gwaltney 1M Jr: Shed­
ding of infected ciliated epithelial cells in rhinovirus 
colds. J Infect Dis 1982; 145:849-853. 

142. Tyrrell DAJ: Common cold viruses. Int Rev Exp 
Path 1962; 1 :209-242. 

143. Tyrrell DAJ, Chanock RM: Rhinoviruses: A de­
scription. Science 1963; 141:152-153. 

144. Tyrrell DAJ, Bynoe ML: Cultivation of a novel 
type of common-cold virus in organ cultures. Br 
Med J 1968; 1:1467-1470. 

145. Wright PF, Mills J, Chanock RM: Evaluation of 
a temperature-sensitive mutant of respiratory syn­
cytial virus in adults. J Infect Dis 1971; 124:505-
511. 

146. Wright PF, Okabe N, McKee KT, Maassab HF, 
Karzon DT: Cold-adapted recombinant influenza 
A virus vaccines in seronegative young children. 
J Infect Dis 1982; 146:71-79. 

147. Wulff H, Noble GR, Maynard JE, Feltz ET, Po­
land JO, Chin TDY: An outbreak of respiratory 
infection in children associated with rhinovirus 
types 16 and 29. Am J Epidemiol 1969; 90:304-
311. 

148. Yolken RH, Torsch YM, Berg R, Murphy BR, 
Lee YC: Fluorometric assay for measurement of 
viral neuraminidase-application to the rapid detec­
tion of influenza virus in nasal wash specimens. J 
Infect Dis 1980; 142:516-523. 

149. Zerial A, Werner GH, Phillpotts RJ, Willmann 
JS, Higgins G, Tyrrell DM: Studies on 44 081 
R.P., a new antirhinovirus compound, in cell cul­
tures and in volunteers. Antimicrob Agents Che­
mother 1985; 27:846-850. 


