
RESPIRATORY VIRUSES

A seven-year study of WHO virus laboratory
reports on respiratory viruses*
F. ASSAAD1 & W. CHAS. COCKBURN 2

In 1963 the World Health Organization established a system for the collection and
distribution of information on viruses. By 1973 laboratories in 45 countries were participat-
ing in this scheme. The present study is an analysis of the reports on adenovirus, influenza
viruses A, B, and C, parainfluenza virus, respiratory syncytial (RS) virus, rhinovirus, and
Mycoplasma pneumoniae during 1967-73. In the northern hemisphere,from which over95 %
of the reports were received, a clear pattern of the seasonal incidence ofdifferent respiratory
tract infections emerged. Over 70 % of the total number of reported adenovirus infections,
over 80 % ofthe parainfluenza virus infections, and over 90 % of the RS virus infections were
in children. M. pneumoniae infections were most frequently reported in adults. Influenza A
virus infection was predominant in the adult population, with a high proportion in those aged
60 years and over. Influenza B infections were reported equally in adults and children, but
over one third were in children of school age. The proportion of lower respiratory infections
to total respiratory infections variedfrom one virus to another, and rangedfrom less than
halffor adenovirus to over four fifths for mycoplasma infections. Nonlocalizing fever was
usually the second principal clinical condition reported in association with respiratory
viruses.

At the beginning of 1963 a system for collecting
and distributing laboratory and epidemiological
information on virus diseases was organized by the
World Health Organization (1). Under this system,
the WHO collaborating centres for virus reference
and research and suitable national virus laboratories
complete standard record forms on infections diag-
nosed by virus isolation or serology. The Organiza-
tion then collates the forms and prepares quarterly
and annual reports, which are distributed under
confidential cover to the collaborating laboratories.
By the end of 1973, 106 laboratories in 45 coun-

tries were participating in the scheme. The number of
reporting laboratories and the populations they
cover differ greatly from one country to another. In
some instances the reports cover the virus laboratory
work of a whole country-e.g., Canada and the
United Kingdom. In others they cover only parts of a
country-e.g., reports from the USA cover only
7 states and those from Australia cover 2 states.

* From the World Health Organization, Geneva, Switzer-
land.

Medical Officer, Virus Diseases.
I Director, Division of Communicable Diseases.

There are many difficulties in comparing data from
different laboratories, such as variations in the level
of technical performance or in facilities for labora-
tory work, interest limited to certain groups of
viruses, delays in reporting and in completion of tests
(mainly the final typing of viruses), and the emphasis
placed by public health authorities on the impor-
tance of certain virus diseases in comparison to
others. Despite these limitations a comparison of
data from different laboratories can be useful, and
the results may give valid indications of world trends
in viral infections even though a complete picture
may not emerge. The results of a study on WHO
virus reports on enteroviruses other than polio-
virus (2) were sufficiently encouraging for us to
embark on the present study, which is limited to
adenovirus, influenza viruses A, B, and C, para-
influenza viruses 1, 2, and 3, RS virus, rhinovirus,
and M. pneumoniae.

METHODS

The study is restricted to the 7-year period for
which the information has been stored on magnetic
tape for computer analysis (1967-73).
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The viruses are discussed separately. Adenoviruses
are given separately by type, but since about one

third of the reports are of untyped adenoviruses and
types infrequently reported, these are presented as a

single item in the tables.
No mention is made of the antigenic variations of

influenza A virus, but it is assumed that up to 1968
variants of A/Singapore/1/57 (H2N2) were reported,
and after the summer of 1968 A/Hong Kong/1/68 or

its variants were reported.
No distinction is made between the antigenic

variations of influenza B virus. The parainfluenza
viruses are given by type. The rhinoviruses are

grouped together and presented as one entity. The
mycoplasmas reported are almost exclusively
M. pneumoniae.
So far as the individual viruses or individual virus

types are concerned, only countries providing more
than 25 reports during any one of the years under
study are included. Viruses reported during special
surveys or special studies are excluded.

FINDINGS

Restricting the study of each virus or virus type to
the reports from countries that provided at least 25

Table 1. Number of reports of respiratory viruses by year of collection or receipt of specimen

Year
Virus

1967 1968 1969 1970 1971 1972 1973 total

adenovirus
1 328 404 322 319 363 449 496 2681

2 444 451 508 393 448 490 562 3296

3 267 200 226 309 237 295 272 1806

4 2 4 44 64 59 13 36 222

5 95 98 121 133 147 166 260 1020

6 8 11 15 8 27 18 31 118

7 262 331 272 269 263 312 919 2628

8 51 18 4 0 116 30 9 228

13 0 3 4 5 12 27 20 71

untyped 752 729 1210 1241 1205 1165 1247 7549

total 2209 2249 2726 2741 2877 2965 3852 19619

influenza A 892 3349 8633 5151 3924 7566 5651 35166

influenza B 95 470 707 574 1465 167 889 4367

influenza C 19 35 28 19 19 22 33 175

parainfluenza
1 330 714 348 864 448 674 529 3907

2 145 198 198 187 137 235 131 1231

3 549 534 590 654 730 732 907 4696

total 1024 1446 1136 1705 1315 1641 1567 9834

RS 1231 1248 1373 1334 1481 2157 2164 10988

rhinovirus 391 314 330 341 312 415 465 2568

mycoplasma 470 411 377 621 1811 2321 1440 7451
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reports in at least one reporting year reduced the
number of countries, territories, and areas included
in the study to 29, as follows:

Argentina Italy
Australia Jamaica
Austria Japan
Belgium Netherlands
Bulgaria Norway
Canada Romania
Czechoslovakia Senegal
Denmark South Africa
Finland Sweden
France Switzerland
German Democratic Republic Uganda
Germany, Federal Republic of United Kingdom
Hong Kong United States of America
Hungary USSR
Ireland

Distribution by time

There was a steady increase in the number of
reporting laboratories during the period under study.
This may partly account, except in the case of
influenza A virus, for the steady rise in the numbers of
reports over the years (Table 1). Nevertheless, there
were yearly fluctuations in the numbers of reports.
Examples are: the relatively large number of reports
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on adenovirus type 7 in 1973 coming mainly from the
UK, but also from the Netherlands and the Federal
Republic of Germany; and the reports on influ-
enza B virus in 1971 (from Canada, the USA and a
number of European countries) and, in 1970, on
parainfluenza virus type 1, when almost half the
reports came from the UK (although the USA and
Canada also contributed). The large number of
reports on M. pneumoniae during 1971-73 probably
represent a true increase in the incidence of myco-
plasma infection in the UK (3), the Scandinavian
countries, the Federal Republic of Germany, and
France in Europe, and in Canada and the USA in
North America.

In the northern hemisphere, from which over 95%
of the reports are received, the epidemic season of
influenza covers the months from October of one
year to March of the following year. Consequently,
the total number of reports in a calendar year does
not necessarily give a clear picture of influenzal
activity. A clearer picture is given in Fig. 1 where the
number of reports are plotted by month and year of
collection or receipt of the specimen. The pattern
follows closely that described in the WHO epidemio-
logical reports (4) and also that of excess mortality
from respiratory diseases (5). It is interesting to note
the small but distinct peak in July 1968 caused by the

1968

Fig. 1. Number of reports of influenza virus A by month and year of collection or receipt of specimen-northern
hemisphere.

--- ----
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I 1I1PUFNZA VIRUS A
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Seasonal pattern
The seasonal pattern for the northern hemisphere

is given in Fig. 2, and that for the southern hemi-
sphere in Fig. 3.

Influenza A virus infections are most frequently
reported in the northern hemisphere during the
months of December, January, and February and,
during epidemics, greatly surpass the reports of all
other viruses. The peak number of reports on influ-
enza B virus is in March; in contrast, the peak for
parainfluenza virus infections is in October. RS virus
infections are most common in December, January,
and February, as are influenza A viruses, but they
extend into March and the peak, which is much less
marked than for influenza A virus, is in February.
No clear seasonal variation is apparent for adeno-

virus. In the case of rhinoviruses and mycoplasmas
there is some indication of a seasonal pattern, with a
preponderance of reports in the autumn. Reports on
influenza C virus are too few to give any clear
picture.
The situation in the southern hemisphere is not

simply the opposite to that in the northern hemi-
sphere. The largest number of reports on influenza A
virus, influenza B virus, and RS virus occur in June,
July, and August. The parainfluenza virus reports,
however, are most abundant in March. Both influ-
enza A virus and parainfluenza virus infections show
a second, smaller peak in October and November. It
is interesting to see that the number of reports on RS

Fig. 2. Number of reports of influenza viruses A and B,
parainfluenza virus, and RS virus by month of collection
or receipt of specimen-northern hemisphere.

150 reports from Hong Kong which heralded the
advent of the virus A/Hong Kong/1/68.
The worldwide epidemics that followed the ap-

pearance ofA/Hong Kong/1/68 occurred in 1968-69,
1969-70, 1971-72 and 1972-73. Of these 4 epidemics,
that which occurred in 1968-69 was the smallest
(4 619 reports). Although the highest peak (i.e., the
largest number of reports in a month) occurred
during the 1972-73 epidemic, the number of reports
for that season (6 910) was the second smallest. The
largest number of reports received in any one season
(7272) was in 1971-72, when the epidemic wave
showed a broad base rather than a sharp peak. The
1966-67, 1970-71, and 1973-74 seasons (only
autumn 1973 shown in Fig. 1) were notable for the
small number of reports received.

Fig. 3. Number of reports of influenza viruses A and B,
parainfluenza virus, and RS virus by month of collection
or receipt of specimen-southern hemisphere.
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infections during the peak months of June and July is
much larger than that for influenza A virus.

It should be noted, however, that in the present
study the southern hemisphere is represented by only
3 laboratories in 2 countries, Australia and South
Africa. Most of the reports on RS virus come from
Australia and may be influenced by, for example, the
interest of the laboratory, the type of population
investigated, and the age group most frequently
sampled.
No definite seasonal patterns can be elicited for

adenovirus, rhinovirus, and mycoplasma infections.

Distribution by age

Adenovirus, parainfluenza virus, RS virus, and
rhinovirus are reported predominantly in children,
accounting for over 70 %, over 80% and over 90% of
the total number of reports on adenovirus, parainflu-
enza virus, and RS virus, respectively (Table 2).
Almost half of the reported adenovirus infections

in children are in the age group 1-4 years. Of the
reported infections by the 3 parainfluenza virus types
45-52% are in the age group 1-4 years, but the
reports of infection in infants below 1 year of age

differ markedly by virus type: they account for about

Table 2. Number of reports on respiratory viruses included in the study according to age

Age group (years)
Virus

<1 1-4 5-14 all children 15-24 25-59 > 60 all adults total

adenovirus

1 812 1 157 221 2190 54 62 11 127 2319

2 1 036 1 449 299 2784 42 74 13 129 2917

3 212 476 748 1436 67 136 7 210 1649

4 38 38 54 130 41 39 2 82 212

5 283 400 102 785 27 53 10 90 875

6 38 45 11 94 5 3 1 9 103

7 306 887 819 2 012 273 131 13 417 2 430

8 10 0 1 11 26 119 22 167 178

13 19 40 5 64 0 3 1 4 68

untyped 786 2 084 1 543 4 413 1 224 959 203 2 386 6 812

total 3540 6576 3803 13919 1 759 1 579 283 3621 17540

influenza A 2 021 2 821 3 491 8 333 5 494 10 717 7 436 23 647 31980

influenza B 222 426 1 395 2043 587 885 380 1 852 3 900

influenza C 9 18 17 44 23 54 19 96 140

parainfluenza

1 650 1 835 526 3011 158 278 95 531 3545

2 214 585 209 1 008 34 64 10 108 1 116

3 1 447 1 887 478 3 812 118 214 88 420 4238

total 2311 4307 1 213 7831 310 556 193 1 059 8890

RS 5211 3 162 700 9073 162 347 343 852 9 928

rhinovirus 537 559 357 1 453 207 347 62 616 2069

mycoplasma 257 532 2 059 2 848 1182 2 316 504 4 002 6 851
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Table 3. Number of reports on respiratory viruses included in the study according to the main clinical manifestation

Main clinical signs or symptoms

Virus total lower total paralytic d'gsr- skin/Viu es.S

CNSb cardiac muscular intestinal mucous fever others none total
resp. resp.a CN CN

S netalmembrane
adenovirus

1 1 259 464 253 11 13 7 334 94 261 135 310 2 566

2 1 719 678 302 15 17 1 374 97 277 156 217 3160

3 794 194 152 4 5 2 95 302 230 95 67 1 742

4 110 27 11 0 0 1 15 35 27 20 0 219

5 445 173 96 4 11 5 148 40 105 58 69 977

6 48 21 16 1 0 0 15 5 12 12 5 113

7 1 423 555 245 1 12 9 191 140 299 200 29 2548

8 0 0 0 0 0 0 0 211 1 15 0 227

13 52 30 6 0 0 0 4 3 2 1 1 69

untyped 3 970 2 014 720 36 106 24 402 396 712 388 51 6 769

total 9820 4156 1 801 72 164 49 1 578 1 323 1 926 1 080 649 18390

influenza A 23 431 10 741 709 25 211 64 194 85 7 913 229 40 32 876

influenza B 2668 905 160 11 57 24 54 17 983 61 17 4041

influenza C 90 62 7 0 4 1 1 3 53 6 0 165

parainfluenza

1 3199 1 881 116 1 21 6 65 40 273 64 20 3804

2 1 013 607 35 2 7 3 21 13 65 23 16 1 196

3 3 592 2 163 233 5 29 7 160 68 308 149 42 4 588

total 7 804 4 651 384 8 57 16 246 121 646 236 78 9 588

RS 9 870 7 498 195 8 47 4 136 64 305 110 38 10 769

rhinovirus 2 086 838 39 0 4 1 82 18 189 58 18 2 495

mycoplasma 5937 5 110 254 15 93 18 64 106 462 166 16 7 116

a Figures under 'lower respiratory' form part of those under 'total respiratory'.
b Figures under ' paralytic CNS ' form part of those under 'total CNS '.

one fifth of the total parainfluenza infection by virus account for more than one third of the total number
types 1 and 2, but over one third of the infection of reports.
caused by type 3 virus. Influenza A and influenza B virus infections show

It is well demonstrated that RS virus infection very different age distributions. Influenza A virus
occurs mainly in the very young: over 50% of infection predominates in the adult population (al-
infections are in infants below 1 year of age and 80% most three quarters of the total number of reports)
are in the group aged 0-4 years. and a high proportion is seen in the group aged
Mycoplasma infection is most frequently reported 60 years and over, representing almost one quarter of

in adults (about 60%), but children aged 5-14 years the total number of reports. Influenza B virus infec-
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tions are reported equally in adults and children, but
over one third are in children aged 5-14 years.
Influenza C virus infection is reported in small
numbers and tends to occur in adults.

Clinical manifestations

Although the viruses under study are most fre-
quently associated with respiratory disease as the
principal clinical manifestation (Table 3), the propor-
tion of reports relating to respiratory symptoms
varies from one virus to another, ranging from a little
over half of the reports on adenovirus and influ-
enza C virus (53 and 55%, respectively), to about two
thirds of the reports on influenza A and influenza B
viruses (71 and 66%, respectively), to over 80% of
the reports on parainfluenza virus, rhinovirus and
mycoplasma, and to over 90% of the reports on RS
virus.

Similarly, the proportion of lower respiratory
infection to total respiratory infection varies from
one virus to another, being less than half of adeno-
virus, influenza A virus, influenza B virus, and
rhinovirus infections, about two thirds of parainflu-
enza and influenza C virus infections, over three
quarters of RS virus infections, and over four fifths
of mycoplasma infections.

Except for the adenoviruses the second most
frequent main clinical condition is nonlocalizing
fever, accounting for one quarter to one third of
infections caused by the 3 influenza virus types. The
adenoviruses are involved in a wide range of clinical
conditions, varying from skin lesions to gastrointesti-
nal infections and even CNS disease; the significance
of these associations is difficult to evaluate.

DISCUSSION

A recent study (6) has shown that in both the
developed and the developing countries respiratory
infections are important causes of mortality. There
are at least 15 fairly well defined clinical respiratory
syndromes, although they often merge into one
another in patterns that defy clinical definition.
There are over 150 possible infecting agents and they
are all capable, in their epidemiological behaviour, of
producing unpredictable reactions in the host they
infect (7).
Although exact knowledge of the etiology of all

respiratory infections has not been achieved recent
studies, cross sectional, longitudinal, or on volun-
teers, have provided some information (7-10). The

most comprehensive of these studies was the one
carried out by the UK Public Health Laboratory
Service and Medical Research Council (10). The
survey broadly confirmed the associations noted in
earlier studies. For example, rhinoviruses were asso-
ciated with common colds, parainfluenza viruses
with croup, and RS virus with bronchitis, bronchioli-
tis, and pneumonia in infants less than a year old.
However, valuable additional information emerged.
The importance of respiratory infections in general
practice was emphasized by the fact that most of the
general practitioners saw between 500 and 700 pa-
tients with these diseases each year. Pharyngitis and
tonsillitis showed little seasonal variation, and al-
though colds occurred more often in the winter
months they were quite common in the summer also.

Despite the limitations of a worldwide reporting
system based on virus laboratories, the findings of
the present study tend to confirm the results of the
above-mentioned investigations. In this study, infec-
tions of the lower respiratory tract (with or without
infection of the upper respiratory tract) are used to
indicate disease severity. No finer breakdown in the
classification of respiratory syndromes was at-
tempted.

Echovirus, coxsackievirus, and coronavirus were
excluded. The role of enterovirus in respiratory
infections formed part of an earlier study (2). The
number of reports on coronavirus from all laborato-
ries participating in the reporting system did not
exceed 10 in any one year. Although not a virus,
M. pneumoniae (the most frequent cause of primary
atypical pneumonia) has been included since the
diagnosis of mycoplasma infections is generally made
by virus laboratories.
The study shows that any one agent can cause a

variety of syndromes, but that there are some cor-
relations between the agent, the age of the host, and
the severity of the associated respiratory disease.
RS virus is that most frequently encountered in

children under 1 year of age and tends to give rise to
a severe disease. Parainfluenza virus and rhinovirus
often occur in children under 5 years, but parainflu-
enza virus tends to be associated with severe disease
whereas rhinovirus is mostly diagnosed in infections
of the upper respiratory tract. Influenza B virus is
frequently diagnosed in children aged 5-14 years and
in young adults, and is usually associated with mild
disease. Influenza A virus is diagnosed mostly in
adults and the number of reports tend to increase
with age; it is associated with lower respiratory tract
infection in less than half of the cases with respira-
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tory syndrome. M. pneumoniae is associated with
lower respiratory tract infection in the great majority
of cases and is encountered mostly in adults and
older children. Adenovirus is diagnosed at all ages
but is most frequently reported in the group aged
0-4 years and is associated equally with upper and
lower respiratory tract infection.
The study confirms that infections caused by

influenza viruses A and B, parainfluenza virus, and

RS virus have definite seasonal patterns with peak
incidence, in the northern hemisphere, between Octo-
ber and April. Adenovirus, rhinovirus and myco-
plasma infections, on the other hand, occur through-
out the year.

Finally, this study confirms earlier findings (11) of
a similarity in the pattern of respiratory disease
between countries with temperate climates and those
with warm climates.
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RItSUMIt

tTUDE DE 7 ANS DES RAPPORTS ADRESSS A L'OMS PAR LES LABORATOIRES DE VIROLOGIE
SUR LES VIRUS RESPIRATOIRES

En 1963, l'Organisation mondiale de la Sante a mis
sur pied un systeme de collecte et de diffusion de rensei-
gnements sur les virus, auquel des laboratoires de 45 pays
participaient a la fin de 1973. Depuis 1967, les renseigne-
ments reunis ont 6te stockes sur bande magn6tique aux
fins de leur exploitation par ordinateur.
La presente etude analyse les rapports sur les adeno-

virus, les virus grippaux A, B et C, les virus paragrippaux,
le virus respiratoire syncytial, les rhinovirus et Myco-
plasma pneumoniae, recus pendant la periode 1967-1973.
Seuls les pays ayant fourni plus de 25 rapports sur un
virus (ou un type de virus) donn6, parmi ceux qui pre-
cedent, au cours de l'une ou l'autre des ann6es de cette
periode ont ete pris en consideration. Vingt-neuf pays au
total ont satisfait a cette condition.

L'etude montre que n'importe lequel de ces agents
peut etre responsable de toute une variete de syndromes
mais qu'il existe certaines correlations entre l'agent,
l'age de l'h6te et la gravit6 de l'affection respiratoire qui
s'y trouve associ6e.
Le virus respiratoire syncytial est celui que l'on ren-

contre le plus frequemment dans les maladies respiratoires
des enfants de moins d'un an, et il tend a donner nais-
sance a des maladies graves. Les virus paragrippaux et les
rhinovirus se rencontrent fr6quemment chez les enfants
de moins de cinq ans, mais si les premiers sont souvent
associes & des maladies graves, les rhinovirus sont la
plupart du temps diagnostiqu6s dans les cas d'infection
des voies respiratoires superieures. La pr6sence du virus
grippal B est ferquemment constat6e chez les enfants de

cinq A quatorze ans ainsi que chez les jeunes adultes, et
est le plus souvent associee A des formes benignes de
maladie. C'est au contraire chez les adultes que l'on diag-
nostique la plupart du temps le virus grippal A, le nombre
des rapports tendant a augmenter avec l'age; ce virus ne
se trouve associ6 A une infection des voies respiratoires
inf6rieures que dans moins de la moiti6 des cas de syn-
drome respiratoire.
Dans la grande majorite des cas, les mycoplasmes se

trouvent dans des infections des voies repsiratoires infW-
rieures, surtout chez les adultes et les enfants plus ages.
Les adenovirus, quant a eux, sont diagnostiqu6s a tous
les ages, avec une frequence plus e1ev6e cependant dans le
groupe d'age 0-4 ans, et ce egalement dans les cas d'in-
fection des voies respiratoires superieures et inf6rieures.

L'etude confirme par ailleurs que les infections dues
aux virus grippaux A et B, aux virus paragrippaux et au
virus respiratoire syncytial ont un rythme saisonnier
bien d6fini, l'incidence maximale se situant - dans
l'hemisphere Nord - pendant la periode d'octobre a
avril. Les infections a ad6novirus, a rhinovirus et a myco-
plasmes se rencontrent en revanche tout au long de
l'annee, les deux dernieres categories 6tant dependant un
peu plus frequentes en automne.
Une des caracteristiques principales r6v6l6es par l'etude

est la similitude du tableau des maladies respiratoires
dans les pays A climat chaud et a climat tempere, ce qui
corrobore les conclusions de travaux anterieurs (Chanock
et al., 1967).
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