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Rhinovirus Infections in Glasgow in 1962-66

by E. J. STOrT, Regional Virus Laboratory and University Department of Infectious Diseases,
Ruchill Hospital, Glasgow, Scotland, and WHO International Reference Centre
for Respiratory Virus Disease, Common Cold Research Unit, Salisbury, England

Since the original report that under appropriate
conditions rhinoviruses cause cytopathic effects in
tissue cultures,a many epidemiological studies have
established rhinoviruses as a major cause of upper
respiratory disease and as a possible cause of some
lower respiratory disease. Rhinoviruses have been
identified serologically in comparatively few reports,
probably because of the large number of serotypes
already known or under study.b However, available
results indicate that many different serotypes cir-
culate simultaneously in a given population; some
serotypes occur sporadically over several years while
others occur in more sharply defined outbreaks
separated by long intervals. Among the unanswered
questions are whether some serotypes are more
common than others, whether certain serotypes are
more frequently associated with a given disease or
particular population group than others and whether

a Tyrrell, D. A. J., Bynoe, M. L., Hitchcock, G., Pereira,
H. G. & Andrewes, C. H. (1960) Lancet, 1, 235-242.

b Kapikian, A. Z. et al. (1967) Nature, 213, 761-763.

outbreaks of a given serotype occur over only
small geographical areas or simultaneously over
large areas. These problems can be solved only by
continuous epidemiological studies in many different
centres.

This note describes the serotypes involved in
95 rhinovirus infections diagnosed in Glasgow be-
tween January 1962 and April 1966.

Methods
Selection of cases. The methods of selection and

clinical assessment of the cases have in most instances
been described previously. The cases fall into 6
groups: (1) adults with exacerbations of chronic
bronchitis,c (2) adults with upper respiratory illness
(mainly laboratory workers and their families),
(3) children in hospital with respiratory or with
(4) diarrhoeal illness,d (5) children at home or at

c Eadie, M. B., Stott, E. J. & Grist, N. R. (1966) Brit.
med. J., 2, 671-673.

d Stott, E. J., Eadie, M. B. & Grist, N. R. (1969) Amer.
J. Epidem., 90, 45-52.

TABLE 1

VIRUS ISOLATIONS FROM 761 INFECTIOUS EPISODES INVESTIGATED IN 6 DIFFERENT GROUPS

I ~~~~Viruses isolateda
Group and illness Episodes Total

studied FL PF RS RV IHS AD ENT

Adults at home: acute respiratory 60 5 1 0 24 0 0 0 30

chronic bronchitics 87 0 1 0 14 1 0 0 16

Children at home: acute respiratory 107 16 3 1 11 2 1 0 34

symptomless 31 0 0 0 4 0 0 0 4

Children in hospital: acute respiratory 363 8 20 73 32 19 13 12 177 b

diarrhoeal 113 0 2 1 10 4 8 6 31 c

Total 761 ]29 27 75 95 26 22 1T 292 d

_________~~~_ __ _ _ _ _ _L _ _ _
a AD = adenovirus; ENT = enterovirus; FL= influenza virus; HS = herpes simplex virus; PF = parainfluenza virus;

RS = respiratory syncytial virus; RV = rhi novirus.
b Two viruses isolated from each of 14 episodes.
c Two viruses isolated from each of 2 episodes.
d Two viruses isolated from each of 16 episodes.
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TABLE 2
RHINOVIRUS SEROTYPES ISOLATED

Adults a Children at home a Children in hospital a
Serotype |. Total

ARI CB ARI S ARI D

Prototype strain

1B 1 0 0 0 1 0 2
3 2 0 0 0 0 0 2
4 2 0 0 0 0 0 2
7 2 1 0 0 0 0 3
9 0 0 1 0 0 0 1

10 0 0 0 0 1 0 1
12 0 0 0 0 1 0 1
14 1 0 0 0 0 0 1
16 0 0 0 0 2 0 2
18 0 0 0 0 1 0 1
19 1 0 0 0 1 0 2
23 0 0 0 0 1 2 3
29 0 1 1 1 0 0 3
32 0 0 0 0 1 0 1
33 0 0 0 0 1 0 1
38 2 0 0 0 1 1 4
39 1 0 2 0 0 0 3
40 0 0 0 0 1 0 1
41 0 0 1 0 0 2 3
46 1 0 0 0 0 0 1
49 2 0 1 0 1 0 4
50 0 0 0 0 2 0 2
51 1 1 2 1 1 0 6
52 0 0 0 1 0 0 1
53 1 0 0 0 0 0 1

Glasgow candidate strain

409/62 1 2 0 0 0 0 3
1321/62 0 1 0 0 2 1 4
4704/62 1 1 0 0 0 0 2
130/63 0 2 0 0 0 0 2

1647/63 1 1 1 0 0 0 3
1833/63 1 1 0 0 1 2 5
4462/63 0 1 1 0 0 0 2
1376/64 0 1 0 0 0 0 1
1192/65 1 0 0 0 1 0 2
2030/65 0 0 0 0 4 2 6
4411/65 0 0 0 0 2 0 2

Untyped strain

2 1 1 1 6 0 11

Total 24 14 11 4 32 10 95

a ARI = acute respiratory illness; CB = chronic bronchitis; S= symptomless; D= diarrhoea.

school with upper respiratory illness or (6) without
any illness.e

Collection and treatment of specimens. Nasal
washings or throat swabs or both were collected

e Blair, W. et al., J. roy. Coll. gen. Practit. (in press).

from all patients and sputa were collected from
some chronic bronchitics. The specimens were treat-
ed and inoculated into tissue cultures of semi-
continuous cell strains derived from human embryo
lung or kidney, rhesus monkey kidney cells and
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" Bristol " HeLa cells, using methods previously
described.f

Identification of rhinoviruses. Viruses which pro-
duced enterovirus-like cytopathic effects in tissue
cultures rolled at 33°C and which were chloroform-
stable and acid-labile g were considered to be rhino-
viruses and were identified serologically by neutra-
lization tests, either in tubes with individual antisera
or in microtitre plates using pools of entisera.h All
rhinoviruses were tested against at least 20 antibody
units of antisera against rhinovirus types 1A-19, 23,
25-55 and against 11 Glasgow candidate rhino-
viruses.cl i

Results

Specimens for virus isolation were received from
761 episodes and rhinoviruses were isolated from 95
of them (Table 1). Rhinoviruses were the viruses
most commonly isolated from both groups of
adults and also from the 2 groups of children with-
out respiratory illness. The predominance of influ-
enza viruses in the children at home with respiratory
illness is probably due to the collection of a large
number of specimens during 2 outbreaks of influ-
enza B. Even in children in hospital with respiratory
illness, rhinoviruses were isolated more commonly
than any other respiratory virus except RS virus.
Rhinoviruses were isolated most frequently from
adults with acute respiratory illness (40%) and from
chronic bronchitics with acute respiratory episodes
(16%). The isolation rates in children varied be-
tween 9% for those in hospital, with or without
respiratory illness, 10% for those at home with
respiratory illness and 13 % for those at home with-
out symptoms.

Using 52 prototype antisera and 11 antisera against
Glasgow candidate strains, 84 of the 95 rhinoviruses
were identified serologically (Table 2). Altogether,
52 strains (55%) belonged to 25 of the first 55
agreed types. A further 32 (34%) strains were sero-
logically identical with the 11 Glasgow candidate
types. A total of 11 strains (11 %) were not identified
by any of the 63 antisera used. There were insuffi-

f Grist, N. R., Ross, C. A. C., Bell, E. J. & Stott, E. J.
(1966) Diagnostic methods in clinical virology, Oxford,
Blackwell.

g Tyrrell, D. A. J. & Chanock, R. M. (1963) Science,
141, 152-153.

h Stott, E. J. & Tyrrell, D. A. J. (1968) Arch. ges. Virus-
forsch., 23, 236-244.

i Stott, E. J., Grist, N. R. & Eadie, M. B. (1968) J. med.
Microbiol., 1, 109-118.

cient isolates of any one type to show any associa-
tion between a particular type and a particular
illness group. However, there were 6 serotypes
(38, 49, 51, 1321/62, 1833/63 and 2030/65) of which
4 or more strains were isolated; all of these except
2030/65, which was isolated only from children in
hospital, were found in both adults and children.
The bimonthly rates of isolations of rhinoviruses

(Fig. 1) were lowest in the winter (November-
February). When all cases were considered, isolation
rates were highest during late spring and early
summer (May and June) and were also elevated
in the autumn (September and October). The highest
isolation rate from children was in midsummer. The
isolation rates of rhinoviruses during the first quar-
ter of the year did not vary significantly in the 5 years
of study (Table 3). However, in the second and
third quarters, the isolation rates during 1964 were
much lower than in 1965. Similarly in the fourth
quarter, isolation rates were higher in 1962 and 1964
than in 1963.
The monthly occurrence of individual rhinovirus

serotypes is difficult to interpret since few strains of
any one type were isolated (Fig. 2). Some types
(7, 23, 29, 38, 39, 49 and 2030/65) were found only
during a short period in the 4 years and 4 months
of study. Type 51 was found during 2 short periods
separated by almost 2 years. Other types (409/62,
1321/62 and 1833/63) were found sporadically over
long periods. Several serotypes were found circulating
simultaneously and in addition it appeared that
several serotypes were causing small outbreaks at
the same time; types 29, 39 and 51 during the end
of 1962, and types 7, 38 and 2030/65 at the beginning
of 1965.

Discussion
Epidemiological surveys have indicated that rhino-

viruses are the group of viruses most commonly asso-
ciated with respiratory illness in adults. J, c, 1, m, n, o
Our studies in Glasgow between January 1962 and

J Bloom, H. H., Forsyth, B. R., Johnson, K. M. &
Chanock, R. M. (1963) J. Amer. med. Ass., 186, 38-45.

k Elveback, L. R., Fox, J. P., Ketler, A., Brandt, C. D.,
Wasserman, F. E. & Hall, C. E. (1966) Amer. J. Epidem.,
83, 436-454.

1 Gwaltney, J. M., Hendley, J. O., Simon, G. & Jordan,
W. S. (1966) New Engl. J. Med., 275, 1261-1268.

m Hamre, D., Connelly, A. P. & Procknow, J. J. (1966)
Amer. J. Epidem., 83, 238-249.

n Higgins, P. G., Ellis, E. M. & Boston, D. G. (1966)
Mth. Bull. Minist. Hlth Lab. Serv., 25, 5-17.

o Phillips, C. A., Melnick, J. L. & Grim, C. A. (1968)
Amer. J. Epidem., 87, 447-456.
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FIG. 1
BIMONTHLY RATES OF RHINOVIRUS ISOLATIONS a

Jan. March May
Feb. April June

201 147 59
169 112 39

July Sept. Nov.
Aug. Oct. Dec.

32 101 221
24 73 197

a ValuesforJanuary-Aprilincludeobservationsover5years, and for May-December include observations over 4 years.

from 761 Infectious episodes in adults and children.

_--- from 614 infectious episodes in children only.

TABLE 3

QUARTERLY ISOLATION RATES OF RHINOVIRUSES, 1962-66

Year First Second a Third a Fourth AnnualYear Jan.-March April-June July-Sept. Oct.-Dec. Jan.-Dec.
I~ 1-Jn.Dc

1962

1963

1964

1965

1966

1962-66

3/24; 13 %

5/44; 11 %

6/52; 12 %

14/111; 13 %

4/59; 7 %

32/290; 11 %

4/9; (44%)

5/18; 28 %

1/41; 2%

11/39; 28 %

1/10; (10 %) b

22/117; 19 %

2/7; (29 %)

0/9; (O %)

2124; 8 %

7/31; 23 %

11/71; 15 %

10/53; 19%

2/57; 4 %

12/88; 14 %

6/85; 7 %

30/283; 11 %

19/93; 20 %

12/128; 9 %

21/205; 10 %

38/266; 14 %

5/69; c 7 %

95/761; 12 %

a Percentages in parentheses indicate that 10 or fewer cases were examined.
b Includes only the month of April.
c Includes only the months January-April
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FIG. 2
MONTHLY OCCURRENCE OF RHINOVIRUS SEROTYPES
IN GLASGOW BETWEEN JANUARY 1962 AND APRIL 1966
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April 1966 support this conclusion and indicate that
rhinoviruses were found in 40% of normal adults
and 16% of chronic bronchitics with acute respira-
tory illness. As previously observed,J, nf P rhino-
viruses were found less often in children. In Glasgow,
rhinoviruses were isolated from similar proportions
(9 %-13 %) of children whether they were at home
or in hospital and whether they had respiratory
symptoms or not. This high number of symptomless
infections complicates the study of the epidemiology
of rhinoviruses.

Altogether, 84 of the 95 rhinoviruses isolated in
Glasgow belonged to 36 different serotypes. Many
of these serotypes have not previously been reported

P Hamparian, V. V., Leagus, M. B., Hilleman, M. R. &
Stokes, J. (1964) Proc. Soc. exp. Biol. (N.Y.), 117, 469-476.

outside the USA. A total of 6 of the 11 Glasgow
candidate rhinoviruses d, i have recently been shown
to be similar to other candidates in phase 2 of the
WHO Rhinovirus Collaborative Programme; Glas-
gow strain 409/62 is similar to strain K2305, 4704/62
to 410A and K2207, 1833/63 to CV-35, 1647/63 to
CV-44 and Baylor 6, 4411/65 to 143-3 and CV-47.q
If an association exists between any one serotype
and a particular group of patients, our data would
be inadequate to show it, since no more than
6 strains of any one serotype were isolated. The
possibility that some serotypes may be more often
associated with lower respiratory disease in children
has already been discussed.d
The rate of rhinovirus isolations was highest in

the spring and lowest in the winter. A similar result
was observed in a study of New York families.k
The variations in rhinovirus isolation rates between
different years may reflect a different prevalence of
rhinovirus infections, perhaps due to climatic fac-
tors. However, such differences might result from
combining results obtained from different groups of
patients, or from the circulation of rhinovirus sero-
types which are less readily isolated by the techniques
used. It has already been shown that certain rhino-
viruses may only be isolated in organ cultures r and
that others are more readily isolated in human
embryo kidney fibroblasts than in human embryo
lung fibroblasts.s
Few conclusions can be drawn about the monthly

occurrence of individual serotypes since few strains
of any one type were isolated. However, if our
findings are compared with those in various parts
of the USA recently reviewed by Hamre,t there
are similarities in the time of appearance of some
serotypes. The strains of types 7, 23, 29, 38 and 39
isolated in Glasgow were all found during periods
when the same types appeared most frequently in
the USA. This was most marked with type 39; all
3 Glasgow strains were found during the winter of
1962-63 and 23 of the 27 strains so far reported in
the USA were isolated during the academic year
1962-63. It is also noteworthy that types 41 and 51
were found in Glasgow late in 1962 and not again
until the winter of 1964-65. Both these serotypes

q Hamparian, V. V. & Conant, R. M., personal commu-
nication.

r Hoorn, B. & Tyrrell, D. A. J. (1966) Arch. ges. Virus-
forsch., 18, 210-225.

8 Stott, E. J. & Walker, M. (1967) Brit. J. exp. Path.,
48, 544-551.

t Hamre, D. (1968) Rhinoviruses. In: Monographs in
virology, Basel, Karger, vol. 1.
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were apparently not isolated in the USA during the
academic year 1963-64 but were isolated during
1960-63 and 1964-66. Thus it appears that some
serotypes may cause outbreaks simultaneously over
a wide geographical area. However, this is not
always the case since the 4 isolations of type 49
were made in Glasgow during the academic year
1964-65 when this serotype was apparently not
found in the USA. The synchronous appearance of
serotypes is surprising and does not often occur with
enteroviruses. All the identified rhinoviruses so far
reported represent only a very small fraction of the
total rhinovirus infections. They may be unrepre-
sentative and therefore result in misleading correla-
tions. Monto & Johnson u have shown that some
serotypes spread more effectively through a com-
munity than others. This could explain why some
serotypes (38, 49, 2030/65) in our study occurred

u Monto, A. S. & Johnson, K. M. (1968) Amer. J.
Epidem., 88, 55-68.

only during a 6-8-month period in the 4 years of
study while others (1321/62 and 1833/63) occurred
sporadically over periods of about 2-3 years.

Definite conclusions about the epidemiology of
individual serotypes must await the isolation and
identification of many more rhinoviruses in many
more laboratories.

* *
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Houseflies, the Availability of Water, and Diarrhoeal Diseases
by H. L. WOLFF, Institute of Tropical Medicine, University of Leiden, Netherlands,
W. J. VAN ZIJL, Imperial Chemical Industries, Rotterdam, Netherlands, and M. Roy, WHO Adviser, Ethiopia

It is clear that there are many possibilities for
houseflies to transport pathogenic organisms from
infected materials, e.g., human and animal excreta,
to foods. Whether the numbers of bacteria are big
enough to cause disease in humans is the question
considered in this note.

Faichnie (1909) was able to show a correlation
between houseflies (Musca domestica) and enteric
fever. He demonstrated also not only that house-
flies may become infected with Salmonella typhosa
and S. paratyphi A bacteria, but that these micro-
organisms remain alive for many days in the flies,
probably in the gut (op. cit., p. 672). Flugge (1893)
and Buchanan (1897) had already indicated that flies
were transmitters of cholera but Flu (1915) was the
first to isolate cholera vibrios from flies.
Bahr & Camb (1914) drew attention to the impor-

tance of flies in the epidemiology of dysentery and
Hewitt (1914a, 1914b) also described the importance
of flies in relation to disease. All the publications
mentioned above give indirect evidence for the

transmission by flies of the causative organisms of
diarrhoea and related diseases. Many years later
Ostralenk & Welch (1942a, 1942b) found that flies
may remain infected with S. enteritidis for as long
as 4 weeks and that the excreta of the flies contain
pathogenic organisms. The exact number of S.
enteritidis excreted is not stated.
The coincidence of the presence of flies and out-

breaks of bacillary dysentery is the substance of an
article by Kuhns & Anderson (1944). Their con-
clusion that the flies were the cause of an outbreak
in a military camp is based on the regression of the
epidemic after antifly measures had been taken.
Their data, however, show that, at the same time,
many other hygienic measures were taken.

In order to measure the population density of
houseflies, Scudder (1947) developed a method that
is still in use-namely, the Scudder grill (Lindsay &
Scudder, 1956). With this grill, Watt & Lindsay
(1948) conducted a study on the relation of flies to
outbreaks of diarrhoea. In a district with a high
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