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Acute respiratory infections: a review*
A. BULLA1 & K. L. HITZE2

Acute respiratory infections (ARI) constitute one of the principal causes of morbidity
and mortality in many countries. Data from 88 countries in five continents, with a total
population of nearly 1200 million, showed that deaths due to ARI in 1972 amounted to
666 000. Pneumonia, both viral and bacterial, accountedfor 75.5% of the total deathsfrom
ARI. Mortality from ARI represents 6.3% of deaths from all causes. Considerable
differences in mortality rates exist both between and within continents. Mortality from ARI
is highest in Infants and old people. The data suggest that in some areas of the world
mortality due to ARI is extremely high.

Acute respiratory infections (ARI) of viral and
bacterial origin, such as the common cold, pharyngi-
tis, laryngitis, tracheitis, bronchitis, bronchiolitis,
pneumonia, and bronchopneumonia, pose serious
problems owing to their great prevalence with asso-
ciated high mortality rates and economic costs.

Since 1963, the World Health Organization has
been concerned with the difficult problem of estimat-
ing the actual importance of ARI within the general
evolution of communicable diseases. The analysis of
information available relating to the changes that
occurred between 1957/1958 and 1967/1968 in 32
countries at different stages of development-i.e.,
highly developed, less highly developed, and devel-
oping, showed that ARI are among the most impor-
tant causes of death in all age groups and particularly
in children under 1 year ofage (1). The mortality rates
in the group of highly developed countries were 58.6
and 60.3 per 100 000 population for 1957/1958 and
1967/1968, respectively. In the less highly developed
countries, mortality rates attained 83.6 and 62.1,
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respectively, and in the developing countries they
were as high as 169.4 and 141.5, respectively. For
children under 1 year of age, mortality rates asso-
ciated with ARI were extremely high, particularly in
developing countries-i.e., 1000 or more per 100 000
live births.
WHO has also organized, since 1963, a system for

the collection and dissemination of laboratory and
epidemiological information on virus diseases. At
present, 47 countries are participating in this report-
ing system, using the information collected by 123
reporting virus laboratories. Although a complete
world-wide picture may not result, since the great
majority of reference laboratories are reporting from
developed countries, some useful information has
nevertheless emerged. Computer analysis of the
information stored for the period 1967-1973 pro-
vided important indications on the seasonal inci-
dence of various viral respiratory tract infections, the
incidence of various viral infections in different age
groups, the frequency of clinical manifestations asso-
ciated with different virus infections, and the simi-
larity in the pattern of respiratory diseases between
countries with temperate climates and those with
warm climates (2). As regards clinical manifesta-
tions, the study again demonstrated that, in general,
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any one causal agent can cause a variety of syn-
dromes and also that clinical aspects often merge
with one another.
During 1975, a study was made of the deaths

reported to WHO in association with viral infections
over the period 1967-1974. It was found that about
one third of the deaths were associated with influ-
enza virus A infection and about one sixth with
herpesvirus. Since the bulk of information used in
this study also came from developed countries, the
findings reflect part of the situation only (3).
However, some additional evidence for the asso-

ciation of viruses with respiratory infections in tropi-
cal areas can be derived from studies conducted in
the Caribbean region, India, and East Africa. In the
latter region, a programme was set up by WHO in
order to elucidate the viral etiology of acute respira-
tory infections in this part of Africa (4). In children
0-3 years of age, myxoviruses and adenoviruses were
shown to be responsible for more than 30% of both
upper and lower respiratory tract disease. The inci-
dence of these viruses in various periods of the year
was not significantly different.
Some information is also available from 22 refer-

ence laboratories concerning the distribution of vari-
ous streptococcal strains in different parts of the
world, as well as indications on the immunity levels
encountered in streptococcal infections. In addition,
a reference laboratory for streptococcal pneumonia
at Copenhagen provides, on request, sera for diag-
nosis or provides an identification service for strains
isolated in different parts of the world.

In 1974, the WHO Regional Office for Europe
arranged a study based on the available mortality
data for 1969 in 25 European countries.a The study
showed that large differences can be demonstrated
between European countries: in some countries,
mortality from pneumonia and bronchitis is high in
infancy and also relatively high during middle and
old age, whereas in others, mortality rates in infan-
cy are lower than those in middle and old age. There
is normally a higher mortality rate among males than
among females in all countries.

Influenza epidemics, often associated with in-
creased mortality from respiratory disease, need to
be considered in international comparisons, inas-
much as the corresponding short-term fluctuations
in mortality may obscure some fairly stable differ-
ences between countries.

a WHO REGIONAL OFFICE FOR EUROPE. Respiratory dis-
ease in Europe. Report on a study. Unpublished document
EURO 4905 (5) (1974).

Apart from information on mortality, data con-
cerning morbidity and related economic aspects can
also be important. Reliable morbidity data would
be, indeed, the most valuable way of measuring the
burden that ARI place on health care services. At
the same time, monitoring and analysis of sickness
absenteeism in different employment groups would
provide useful information on the economic aspects
inflicted on the community. Even mild upper respira-
tory tract infections may account for a considerable
number of lost working days or an important decline
in school attendance.

In a study made in England and Wales concerning
the consultation rates for ARI in general practice, it
was shown that in children aged 0-14 years, the
average consultation rate was 36 per 100 person-
years (1964-1966). Rates varied considerably for a
particular diagnosis, e.g., 11.8 foi common cold and
0.6 for pneumonia (5). For the general population,
nearly a quarter of all consultations are for respira-
tory diseases and these account for nearly one third
of all absences from work. For schoolchildren, an
average loss of 1-2 weeks of schooling per year and
per child may occur due to ARI (6).

It must be stressed that, despite efforts in many
countries and despite the concern of WHO to pro-
vide some useful information on the situation and
trends of ARI, there is still a need to develop further
well planned and standardized approaches to all
aspects of current systems of recording and reporting
as a starting point for epidemiological studies. For in
respiratory diseases, as in all other diseases of public
health importance, there is a need for epidemiologi-
cal strategy, based on national and international
epidemiological intelligence and surveillance, which
must govern actions and policy.
The Sixth General Programme of Work of WHO

for 1978-1983 (7) states: " The programme will be
extended from the control of tuberculosis to the
control of communicable diseases of the respiratory
system, which as a group form one of the principal
causes of morbidity and mortality in many coun-
tries. "

THE PRESENT SITUATION WITH RESPECT

TO ACUTE RESPIRATORY INFECTIONS

The following presentation is based on informa-
tion provided by Member States of the World
Health Organization and published in the World
health statistics annual for 1972 and 1973-1976 (8, 9).
Some additional information was taken from the UN
demographic yearbook for 1974 (10).
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Data on mortality from respiratory diseases ana-
lysed here were obtained from 88 countries: 9 in
Africa, 29 in America, 14 in Asia, 28 in Europe, and
8 in Oceania, with a total population of nearly 1200
million. Since morbidity data are available from only
a very few countries, it is not possible to present a
comprehensive picture of morbidity.
The available information on mortality from ARI

should be used with caution for several reasons:
1. On some continents, data are available from

very few countries, and these are not necessarily
representative ones.

2. In only a few countries is there a regular
scheme of notification of deaths with precise correla-
tion to clinical and laboratory data.

3. There are considerable differences in diagnostic
habits and coding practices between reporting coun-
tries; the detailed list of the International Classifica-
tion of Diseases (ICD), that would allow more
accurate information, is only rarely used.

4. Sometimes information is biased because the
available data are based on hospital samples.

5. For some developing countries, it is often
difficult to obtain an accurate population denomina-
tor and so it may not be possible to offer other than
relative or average mortality rates.

6. Influenza epidemics may contribute to short-
term fluctuations in mortality rates due to ARI, with
excess mortality variable from country to countiy.

Errors are also possible in the overall assessment
of the situation, all the more so as ARI may
constitute an even more serious public health chal-
lenge in those countries from which no reports are
available.

Although, in the light of previously mentioned
limitations, this review is necessarily restricted and
superficial in its coverage of certain aspects, i: nay
serve as a prerequisite for a critical appraisal of what
is known to date about the problem, and for the
tentative identification of potential "problem
areas " in the world.

General aspects

The aggregate information presented in Table 1
concerning mortality from acute and chronic res-
piratory diseases shows the following:

In Africa, according to the latest available yearly
reports (1970-1973), the number of deaths asso-
ciated with ARI amounted to approximately 80 000
for the nine reporting countries with a total popula-
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Table 2. Deaths from respiratory diseases as percentages of deaths from all respiratory
diseases and of deaths from all causes

Acute upper Viral and Tuberculosis of Chronic
respiratory Influenza bacterial the respiratory bronchitis,

tract infections pneumonia system asthma,
emphysema

Percentage of deaths 9.6 5.4 46.0 11.1 27.9
from all respiratory

diseases 61.0 39.0

Percentage of deaths 0.9 0.6 4.8 1.1 2.9
from all causes 6.3 4.0

tion of about 77 million. In the meantime, only 5000
deaths were reported as being associated with tuber-
culosis of the respiratory system. Deaths due to
chronic bronchitis, asthma, and emphysema together
accounted for about 38 600. ARI were therefore
responsible for 64.7% of all deaths from respiratory
disease.

In the 29 countties reporting from America, with a
total of more than 401 million inhabitants, the
annual number of deaths due to ARI was about
245 000, compared with 28 000 and 71 000 deaths
associated with tuberculosis of the respiratory sys-
tem and chronic lung disease, respectively. Of the
total number of deaths caused by the respiratory
diseases under consideration, ARI accounted for
71.2%.
From 14 Asian countries, with a total population

of about 227 million, 128 000 deaths were reported
as being associated with ARI. The number of deaths
due to tuberculosis and chronic lung disease
amounted to 50 000 and 26 000, respectively. ARI
was responsible for 62.5% of all deaths from
respiratory diseases.
The total number of deaths from ARI reported

from 28 European countries with a total population
of approximately 463 million was 210 000, compaied
with 33 000 and 164 000 deaths associated with
tuberculosis and chronic lung disease, respectively.
ARI deaths therefore represent 51.6% of the total.

Finally, the eight countries reporting from Ocea-
nia (with a total population of approximately 17
million) reported the same number of deaths as
being due to ARI and chronic lung diseases (4412)
and only slightly more (5000) as being due to
tuberculosis. Deaths from ARI as a percentage of
deaths from all respiratory diseases was the lowest of
all the continents at 31.5.
The total annual deaths due to ARI reported for a

population of nearly 1200 million amounted to
666 726. On the crude assumption that the same
mortality rates might also be valid for non-reporting
countries, one may estimate that about 2.2 million
deaths due to ARI occur throughout the world every
year.
Of the 666 726 deaths associated with ARI, upper

respiratory tract infections (URTI) accounted for
15.6%, influenza for 8.9%, and pneumonia for
75.5%. Although the proportions of deaths caused
by URTI and influenza vary greatly among the
continents, deaths due to viral and bacterial
pneumonia maintain approximately the same pro-
portion: about 80%. The only exception is Africa,
where only 35% of ARI deaths can be attributed
to pneumonia. The exceedingly high proportion
of deaths reported in Africa as being associated
with URTI (64%) could be interpreted as being,
in part at least, associated with lower respiratory
tract infections, e.g., bronchiolitis.

Overall, it appears that ARI deaths represent 61 %
of the total number of deaths associated with res-
piratory illnesses (Table 2). Deaths caused by ARI
make up 6.3% of deaths from all causes. Chronic
lung disease contributes only 4% to the total number
of deaths from all causes.

Analysis of the distribution of different clinical
categories of ARI shows that viral and bacterial
pneumonia is by far the most important cause of
mortality (46% of all respiratory illnesses and 4.8 %
of all causes of death). The available information
does not allow distinctions to be made between
deaths from viral and bacterial pneumonia. Report-
ing of deaths from viral pneumonia is greatly vari-
able and is frequently lacking, even in countries that
adopted the reporting system of the Eighth Revision
of the ICD, which has separate coding numbers for
deaths from viral and other pneumonia.
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Table 3. Mortality due to acute respiratory infections in the world, 1970-1973: all ages

Mortality Mortality from ARI as a percentage
Number Excess mortality of all causes of death

Continent of countries due to influenza
Absolute number Rate per 100000 (%) Excluding Including

population influenza influenza

Africa 9 79 887 103.2 0.4 12.9 12.9

America 29 244 926 61.0 13.8 5.9 6.7

North 3 70 277 30.5 8.8 3.0 3.3

Middle 18 103 523 115.5 16.8 11.7 13.6

South 8 71 126 87.5 14.5 8.3 9.5

Asia 14 127 847 56.2 4.2 8.5 8.9

1 st group a 2 28 960 26.3 3.0 4.0 4.1

2nd groupb 12 98887 84.3 4.5 12.8 13.4

Europe 28 209 654 45.3 13.0 3.9 4.4

Oceania 8 4412 26.1 5.6 3.0 3.2

1 st group c 2 4076 25.7 5.8 2.9 3.0

2nd group b 6 336 32.6 4.0 7.6 7.9

Total 88 666 726 56.2 9.8 5.7 6.3

a Israel and Japan.
b Developing countries.
C Australia and New Zealand.

Particular aspects relating to the geographical distri-
bution ofARI deaths

When considering geographical distribution of
deaths associated with ARI, it can be shown that
considerable differences do exist not only among
continents, but also within them (Table 3). Thus,
while the overall mean mortality rate appears to be
56.2 per 100 000 population, the extreme values are
26.1 and 103.2 for Oceania and Africa, respectively.
The differences are particularly large within the
American continent: 30.5 for North America, 87.5
for South America, and 115.5 for Middle America.
In Asia, mortality rates vary from 26.3 to 84.3, but
the differences are smaller in Oceania (25.7-32.6).

Similar differences can be demonstrated if one
considers deaths due to ARI as a percentage of
deaths from all causes. The range is 3.0-7.9% in
Oceania, 3.3-13.6% in America, and 4.1-13.4% in
Asia. The mean percentage is 6.3 (including influ-
enza) but it varies widely among the different con-
tinents, from 3.2% in Oceania to 12.9% in Africa.

It would be unwise, however, to consider geo-
graphical factors as the only ones contributing to the
widely varying distribution of ARI deaths. Further
investigation may show close relationships with

housing, particular climatic conditions, nutrition,
and socioeconomic development.

Particular mention should be made of the impact
of influenza epidemics on the levels of excess mor-
tality in different communities, regardless of geo-
graphical position. While the mean excess mortality
(calculated in this case as the number of additional
deaths from influenza expressed as a percentage of
the number of deaths associated with ARI) was
9.8%, the range of variation was from 0.4% in
Africa to 16.8% in Middle America. One has to
point out that such variations, which are even
greater at the country level, may invalidate interna-
tional comparisons.
Much more information can be drawn from parti-

cular local or national epidemiological studies. In
Madagascar, for instance, the general excess mor-
tality in Tananarive, due to the 1974 influenza
epidemic, was 1.24-1.5 per 1000 population. Of this
excess mortality, 38% was due solely to influenza,
30% to influenza associated with cardiac or respira-
tory disease, and 29% to other illnesses (11). As
another example, Guatemala had in 1971 an excess
mortality as high as 131.9%, with two peak values
for children 1-14 years of age and for elderly people
65 years of age and over.
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Table 4. Mortality due to acute respiratory infections in the world, 1970-1973: infants and children

Infants Children 1-4 years Children 5-14 years

Continent Number ofRaeprRtpr-_aeprcountries Absolute Rate per Absolute Rpateop Absolute Rtperano
number population number population number population

Africa 6 28 336 1454.1 35 024 467.0 3715 21.6

America 23 87 246 886.5 31 558 82.8 7316 7.9

North 2 5277 146.3 1 213 8.0 667 1.5

Middle 13 49 512 1495.0 18 290 149.3 4122 16.5

South 8 32 457 1110.5 12 055 112.6 2527 10.8

Asia 1 1 45 809 822.1 28 008 132.3 7143 15.5

1 st group a 2 2 748 130.5 760 9.7 325 1.9

2nd group b 9 43 061 1242.4 27 248 204.1 6818 23.4

Europe 28 28 376 390.3 4589 15.3 1580 2.1

Oceania 3 615 177.6 121 9.3 39 1.2

1st group c 2 529 159.8 101 8.2 35 1.1

2nd group b 1 86 566.1 20 33.6 4 2.7

Total 71 190 382 762.2 99 300 101.3 19 793 8.4

a Israel and Japan.
b Developing countries.
c Australia and New Zealand.

Age-specific mortality from ARI
Analysis of mortality patterns in different age

groups can provide important information related to
the planning of priority action in sections of the
population with different degrees of mortality risk.
Mortality rates due to ARI are at their highest in
infants and decline in late childhood and early adult
life; they then rise progressively through middle and
old age.

Mortality from ARI in infants and children. Data
are available from 71 countries: 6 from Africa, 23
from America, 11 from Asia, 28 from Europe, and
3 only from Oceania (Table 4). In infants, mortality
rates are greatest in Middle America (almost 1500
per 100 000), followed by Africa (1454.1), Asia
(group of developing countries, 1242.4), and South
America (1110.5).
In children aged 1-4 years, mortality rates also

vary to a great extent. The highest mortality rates
are found in Africa (467.0 per 100 000) and in Asia
(group of developing countries, 204.1), followed by
Middle America (149.3) and South America (112.6).
The lowest mortality rates, i.e., 8.0 and 8.2 per
100 000, have been reported for North America and
Oceania (Australia and New Zealand), respectively.
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Fig. 1. Deaths due to ARI in infants and children
during 1970-1973 as a percentage of all deaths from
ARI.

486



ACUTE RESPIRATORY INFECTIONS

Mortality tends to decline greatly in children aged
5-14 years. The highest rates, 23.4 and 21.6 per
100 000, are in Asia and Africa, respectively.
The mean age-specific mortality rates for infants,

children aged 1-4 years, and children aged 5-14
years are 762.2, 101.3, and 8.4 per 100000 popula-
tion, respectively.

Graphical presentation of mortality in infants and
children relative to the total number of ARI deaths
(all ages) indicates that in all continents except
Africa, the percentages decrease with age. From a
level of 35.8 (America) and 36.0 (Asia) in infants, the
percentages drop to 3.0 and 5.6, respectively, in
children 5-14 years of age. For Europe and Oceania,
the decrease is from 13.5 and 14.5 to 0.8 and 0.9,
respectively (Fig. 1).
The situation depicted for Africa and Asia should

be interpreted with great caution because of the
small number of countries from which data are
available and a likely under-registration of deaths in
the first year of life.

In Africa, the percentage of deaths caused by ARI
increases from 37.5 in infants to 46.4 in children 1-4
years of age, before dropping to 4.9 in children 5-14
years of age.
As shown in Fig. 2, the relative contribution of

deaths due to ARI in infants and children to the
total number of deaths from all causes declines with
age in America, Europe, and Oceania. This is con-
trary to the situation in Africa and Asia, where
about 30% of deaths from all causes in those 1-4
years of age still occur from ARI. This is apparently
consistent with the fact that malnutrition in tropical
countries is most common in children around the
age of 2 years.

In fact, respiratory complications, whether viral or
bacterial in origin, that occur during measles, for
instance, are more frequently fatal in developing
countries where malnutrition is prevalent. In such
instances, respiratory complications may account for
about half the deaths associated with measles. In a
hospital sample in Uganda, as much as 50.6% of
deaths occurring during measles were attributed to
bronchopneumonia and 9.6% to severe laryngo-
tracheobronchitis (12). In contrast, in Britain, fatal
respiratory complications in measles are extremely
rare; the overall mortality rate in measles is only
2 per 1000 (13).

In a study carried out by the Pan American
Health Organization on mortality in childhood (14),
it was shown that in some Latin American areas,
diseases of the respiratory system in children under
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Fig. 2. Deaths due to ARI in infants and children
during 1970-1973 as a percentage of deaths from all
causes.

5 years of age were the underlying cause of death in
39.7% of the total and were an associated factor in
as much as 60.3 %.

Mortality from ARI in old people. Mortality data
for older age groups are available from 60 countries
only: 2 from Africa, 21 from America, 7 from Asia,
28 from Europe, and 2 from Oceania (Table 5).
From the age of 55 years, the proportion of deaths

caused by ARI increases with age, the mean age-
specific mortality rates being 36.7, 116.9, and 420.3
per 100 000 population for those aged 55-64, 65-74,
and >75 years, respectively. For each age group,
striking differences can be demonstrated among con-
tinents and subcontinents.

In the age group 55-64 years, the highest mortality
rates are found in Middle America (100.2 per
100000), followed by Asia (developing countries,
81.3), and South America (61.2). In one of the two
reporting African countries (Mauritius), the mor-
tality rate is as high as 138.6.

In the age group 65-74 years, the highest mortality
rates are again found in Middle America (279.3),
followed by Asia (developing countries, 242.5), and
South America (182.6). In Mauritius, the mortality
rate is more than 400 per 100 000 population.
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Table 5. Mortality due to acute respiratory infections in the world, 1970-1973: ages 55-75+

Age group (years)

Number of 55-64 65-74 > 75Continent countries
Rt e aeprRte

Absolute 1R00atep Absolute 100t 0p Absolute Rate per
number population number population number population

Africa 2 744 41.8 985 116.0 1052 293.9
(39.3-138.6) (108.2-409.1) (266.8-1344.4)

America 21 13 593 46.0 23 534 124.1 56 783 511.7

North 2 6815 32.7 12 295 87.7 35 980 415.0

Middle 11 3779 100.2 6347 279.3 11 079 985.8

South 8 2999 61.2 4892 182.6 9724 746.3

Asia 7 5220 41.6 11 683 149.3 15619f 552.0

1 st groupb 2 2165 24.6 6232 111.7 14465 577.8

2nd group c 5 3055 81.3 5451 242.5 e 1154 299.3

Europe 28 14 390 30.8 40 026 107.7 108 727 380.4

Oceania d 2 317 23.1 536 62.5 2236 468.8
(380.9-851.7)

Total 60 34 264 36.7 76 764 116.9 184 417 420.3

a Egypt and Mauritius.
b Israel and Japan.
c Developing countries.
d Australia and New Zealand.
e Including for some countries the age group 65-75+.
f For four reporting countries only.

In the oldest age group (75 years and over),
mortality rates show, as would be expected, a parti-
cularly large increase: Middle America, 985.8; New
Zealand, 851.7; South America, 746.3; and Asia
(developing countries), 577.8. In Mauritius, the mor-
tality rate is again very high at 1344.4 per 100 000
population.
As mortality rates in the older age groups rise,

deaths in these groups tend to become increasingly
prominent as percentages of the total number of
ARI deaths in all age groups. As shown in Fig. 3,
there is a drastic increase in Oceania (from 7.8% to
54.9%) and in Europe (from 6.9% to 51.9%). The
increases in America and Asia (Israel and Japan)
are from 5.6% to 23.3% and from 4.3% to 13.0%,
respectively. In the two reporting African countries,
however, the percentages fall from 4.1 to 1.6.
The contribution of ARI deaths to the total

number of deaths from all causes increases with age
in all the continents except Africa (Fig. 4). The
increases are from 3.3% to 4.5% in Asia, from 2.8%
to 4.2% in America, from 2.2% to 4.1 % in Europe,
and from 1.5% to 2.9% in Oceania. There is a

decrease from 2.1% to 1.8% in the two reporting
African countries.
When the data relating to infants and children and

to the older age groups are combined (Table 6), it
can be seen that, although mean mortality rates are
higher in the older age groups, the contribution to
the total number of deaths from all causes is greater
for the younger age groups. The mean mortality
rates for infants and children taken together and for
the older age groups are 86.6 and 147.0 per 100 000,
respectively. The differences are particularly impor-
tant for Europe (30.7 and 145.1) and for Oceania (15.9
and 114.2). While deaths from ARI in infants and
children account for 20.3% (range 9.4-27.2%) of the
total number of deaths from all causes, in the older
age groups this contribution does not exceed 4.2%.

It appears that, whereas in infants and children
influenza causes an excess mortality of 6.3 %, in old
people the corresponding percentage is 13.0. These
data probably need to be examined more closely
because there is evidence that in young children
under 1 year of age other viruses, such as respiratory
syncytial virus, can be more important a cause of
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Fig. 3. Deaths due to ARI in older age groups during
1970-1973 as a percentage of all deaths from ARI.

lower respiratory tract infection (LRTI) than influ-
enza (15). In the older age groups, influenza can be
considered a principal or contributory cause of
death; pre-existing disease, especially cardiovascular
conditions, and socioeconomic status also play an

important part (16).
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Fig. 4. Deaths due to ARI in older age groups during
1970 -1973 as a percentage of deaths from all causes.

Given the above information concerning the pre-

sent situation with respect to ARI, one may endeav-
our to draw up a comprehensive picture of the
distribution of ARI mortality rates in the world,
with all the cautions imposed by the incompleteness
and poor comparability of the available data
(Table 7). By ranging countries according to their
mortality rates for all ages, young age groups and
old age groups, as well as by continents, one may

obtain a certain grouping of countries, which can be
useful for further refining of the information.
As far as mortality rates for all ages are con-

cerned, out of 11 countries with mortality rates.

Table 6. Mortality due to acute respiratory infections in the world, 1970-1973

0-14 years 55-75+ years

Excess Excess
Continent Number of reporting Absolute Rate per Percentage mortality Absolute Rate per Percentage mortalitycountries 1ubr I00000 of all causes due to 1ubr I00000 of all causes due to

014 5575
population ofdeathnumbern population of death influenza

0-14 55-75+ (%) (%)

Africa 6 2 67 075 251.8 23.2 0.2 2781 93.1 1.8 1.6

America 23 21 126 120 89.8 18.0 13.4 93 910 157.6 4.2 13.1

Asia 11 7 80 960 111.2 27.2 2.9 32 522 139.8 4.4 5.3

Europe 28 28 34 545 30.7 15.1 3.2 163143 145.1 4.1 15.0

Oceania 3 2 775 15.9 9.4 2.1 3089 114.2 2.9 6.2

Total 71 60 309 475 86.6 20.3 6.3 295 445 147.0 4.1 13.0
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higher than 100 per 100 000 population, two coun-
tries (both from America) have exceedingly high
rates, i.e., 200-500 per 100 000 population.
For infants, 21 countries appear to have high

mortality rates and 12 of these exceedingly high
rates, i.e., more than 1000. One of these countries is
from Africa, five are from America, three are from
Asia, and three are from Europe.

In the age group 1-4 years, out of nine countries
with high mortality rates, six have rates exceeding
200 (two from Africa, two from America, and two
from Asia). In those aged 5-14 years, only two
countries (in Africa and America) appear to have
higher mortality rates than 50 per 100 000 popula-
tion.

In the same way, it can be seen that in the age
groups 55-64, 65-74, and >75 years there are 20, 33,
and 25 countries, respectively, with high mortality
rates from ARI. Out of these, 8, 12, and 9, respec-
tively, have exceedingly high rates, i.e., more than
100, 200, and 1000, respectively, per 100 000 popula-
tion.

If these data are reliable and comparable (this is
considered questionable in many instances), they
could be used to indicate the areas with exceedingly
high ARI mortality rates and thus lead to prompt
action with priority given to the young or older age
groups or even to both.
The world map (Fig. 5) on which the mortality

data were plotted is helpful in pinpointing those
areas with exceedingly high mortality rates (" hot
areas ") and also those with high mortality rates.

EPIDEMIOLOGICAL AND PATHOGENIC ASPECTS
RELATING TO ACUTE RESPIRATORY INFECTIONS

The epidemiology of ARI might be conceived as a
constantly changing scene in which viral and
bacterial causal agents play various roles according
to age, the immunological status of the population,
and the degree of exposure of individuals. Thus in
infants, for instance, during the first 1-2 months of
life, persisting maternal antibodies may provide a
certain amount of protection against some viral
infections. Some persisting maternal antibodies, on
the contrary, may be hazardous for the child, e.g.,
respiratory syncytial (RS) virus antibody-antigen
sensitizing complexes. However, with the loss of
maternal antibodies the number of susceptible indi-
viduals within the community increases until the
newly formed antibodies to different antigens bring
about a certain degree of protection. In the adult

population in general, about two thirds of indi-
viduals have acquired neutralizing antibodies (6).

Antigenic drifts in the influenza virus may be
accompanied by epidemics, while antigenic shifts
may be accompanied by pandemics. While some
viruses appear to be present in the community most
of the year (e.g., adenoviruses), other viruses cause
seasonal outbreaks (RS virus, influenza virus, and
parainfluenza viruses 1 and 3). Mainly in temperate
zones, the onset of ARI is evidently related to high
humidity and low temperature.

Sometimes one may find a more or less well
defined age distribution for certain viruses. RS and
parainfluenza 3 viruses, for instance, are more fre-
quently isolated from children below 3 years of age,
whereas parainfluenza viruses 1 and 2 attack older
children.
As far as virus reservoirs are concerned, it is still

not known whether the organisms persist between
epidemics by means of sporadic outbreaks or survive
in apparently healthy carriers. It is also possible that
animal reservoirs, such as swine, horses, and some
birds may play a role in the onset of human
influenza epidemics. Although not yet proved, new
strains may emerge through hybridization of human
and animal strains (17). In the hospital environment,
nosocomial infections may cause important epi-
demics of ARI with various cross infections, parti-
cularly in newborn babies and children.
Some viral or bacterial infections leave sequelae or

may exacerbate pre-existing respiratory tract infec-
tions, which may contribute to the later development
of chronic lung diseases such as chronic bronchitis,
bronchiectasis, asthma, and emphysema.

Exacerbation of chronic respiratory diseases by
virus infection may occur in 50-60% of all cases. The
respiratory viruses most often responsible are rhino-
viruses, influenzaviruses A and B, parainfluenza
virus type 1, and RS virus, and also Mycoplasma
pneumoniae (18). It has also been pointed out that in
up to 22% of asthma attacks, and in 34% of
exacerbations in asthmatic patients, serological tests
suggest concomitant influenzavirus and M. pneumo-
niae infection (19).

Influenza epidemics are sometimes associated with
a considerable increase in the incidence of severe
complications and a high mortality rate due to
pneumonia in both children and elderly people.
Fatalities are more frequent in chronically ill per-
sons, such as those with chronic cardiovascular or
chronic lung conditions, diabetes, etc. On occasion,
LRTI is due to secondary bacterial infection.
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ACUTE RESPIRATORY INFECTIONS

Table 8. The common causal agents of acute respiratory diseases

Upper respiratory tract infection Lower respiratory tract infection

0
o -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Causal agents u - 2, c Particulars
C

0
.e a

o oCEE~ oE 02ECO CC Cl . M. 0
E

cE M crU-W2 - 92 oc 0 0 a_2O .c>. I 0 0ia .0JE -ao u=u.o

Adenoviruses + + + + +

Rhinoviruses + +

Enteroviruses

Poliomyelitis +

Coxsackie A & B + + + +

Echo + +

Myxoviruses

Influenza + (+) a +

Parainfluenza + + + (+) a +

Respiratory syncytial + + + Bronchiolitis

Herpesvirus + + + Bronchitis

Psittacosis-ornithosis group +

Coxiella burnetii + Atypical pneumonia

Mycoplasma pneumoniae + J

Streptococcus pneumoniae +

Streptococcus pyogenes + + During influenza
epidemics

Streptococcus viridans + + Segmental pneumonia

Staphylococcus pyogenes + + +

Klebsiella pneumoniae + +

Haemophilus influenzae + + Associated with
S. pneumoniae

Pseudomonas aeruginosa +

Escherichia coi + In chronic lung disease or
corticosteroid therapy

Bacteroides spp. +

a Respiratory syndrome due to bacterial superinfection.

Usually, the number of deaths due to influenza-
pneumonia that exceeds the computed " upper toler-
ance level " and the " epidemic threshold" cal-
culated for a given area provides the standard
epidemiological evidence of the extent and severity
of epidemics (20-22).
Although some viruses or bacteria are more fre-

quently associated with certain specific clinical fea-
tures, other organisms are common etiological
agents for a large number of ARI. This may explain

in part the variety of names given to the numerous
undifferentiated respiratory illnesses (5).

In Table 8, the various causal agents that may be
encountered in the most common upper and lower
respiratory tract syndromes are presented with a
view to showing how viral and bacterial causal
agents may interfere in determining the same respira-
tory syndromes. It must be noticed that the associa-
tion of several viral and/or bacterial agents also
occurs, and sometimes it may be extremely difficult
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to prove the pathogenic role of organisms isolated
from the sputum.
From a pathogenic point of view, one may distin-

guish the following clinical categories of lower res-
piratory tract infection:

1. Primary acute bronchopulmonary infections
due to pneumococci, Klebsiella pneumoniae, strepto-
cocci, staphylococci, Neisseria, Haemophilus influ-
enzae, Pseudomonas aeruginosa, and Enterobacteria-
ceae. Adenoviruses, influenza and parainfluenza
viruses, RS virus, the psittacosis-ornithosis group,
Mycoplasma pneumoniae, and Coxiella burnetii are
other frequent causal agents of primary acute
bronchopulmonary infections.

2. Secondary bronchopulmonary infections
appear as bacterial superinfection during viral, chla-
mydial, rickettsial, or fungal infections, or as a
complication of pre-existing chronic lung or cardio-
vascular diseases, or in immunodepressed pa-
tients (23).
Apart from the above mentioned instances, LRTI

may occur as a manifestation of a specific disease:
pertussis, measles, smallpox, chickenpox, typhoid
and paratyphoid fever, brucellosis, anthrax, leptospi-
rosis, tularaemia, plague, etc.

DIAGNOSIS AND MANAGEMENT
OF ACUTE RESPIRATORY INFECTIONS

Although it seems difficult to secure agreement on
the definition of clinical categories of ARI, simplified
diagnostic methods and generally accepted manage-
ment approaches are strongly needed. The difficul-
ties are considerable because symptoms and signs of
respiratory diseases very often overlap different clini-
cal categories and also because ARI need prompt
action, frequently even before a precise diagnosis can
be established.

Simplified diagnostic methods
In practice, traditional clinical categories based on

that part of the respiratory tract most severely
affected are adopted. Influenza is an exception be-
cause of the generalized systemic manifestations that
outweigh local features (24, 25).

In order to group symptoms and signs to form
useful categories for the routine diagnosis of ARI,
well controlled frequency analysis studies were
made. An attempt was also made to determine the
clinical urgency of syndromes by grading the severity
of various symptoms. However, symptoms of ARI

such as coryza, sore throat, cough, chest pain,
wheeze, fever, sweating, headache, prostration, and
vomiting are common to several clinical categories
and diagnosis depends more on the relative severity
of different symptoms than simply on their presence
or absence. In general, it is not so difficult to
diagnose obviously serious or obviously simple
cases. Clinical features are sometimes so characteris-
tic that they allow reasonable diagnosis and manage-
ment.
Lobar pneumonia, with its characteristics of sud-

den onset, high fever, pleural pain, rapid respiration,
cyanosis, cough, rusty expectoration, and clinical
signs of lung condensation when associated with
labial herpes simplex, most frequently results from
pneumococcal infection. Pneumonia of the upper
lobes, with a tendency to abscess formation, is
characteristic of Klebsiella pneumoniae infection. In
primary viral pneumonia, physical signs in the chest
may be scanty, the cough is usually paroxysmal, and
thoracic pain, if present, is often retrosternal.
Pneumonia in infants less than 1 year of age is

frequently due to RS virus, as is bronchiolitis; for
the common cold, the causal agents are often rhino-
viruses, whereas for croup they are often pai ainflu-
enza viruses.

However, the considerable difficulties of simplify-
ing and describing characteristics which may define
both etiology and clinical categories should not be
underestimated. Further studies are needed to find
simplified solutions relevant to local resources in
different socioeconomic circumstances.
Widely different attitudes can also be found con-

cerning the submission of specimens for laboratory
investigation. In general, management decisions are
rarely influenced by laboratory investigations be-
cause diagnostic results take too long.

Virus laboratory investigations, indispensable for
epidemiological purposes, become rather irrelevant
for routine conditions, not only for developing coun-
tries but also for developed ones. As long as virus
investigations continue to imply special transport
procedures for specimens, sophisticated tissue cul-
tures for demonstrating the cytopathic effect of
various strains, virus interference, haemadsorption,
and laborious serological tests, one cannot expect
any impact on the speed with which decisions are
taken. Therefore, among the WHO virus collaborat-
ing laboratories, a tremendous amount of work is
being put into the development of simple and rapid
viral diagnostic techniques.
As far as bacteriological investigations are con-
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cerned, though relatively simpler, their practical
importance is still bound to difficulties in interpret-
ing the results. Direct smear microscopy of nose and
throat secretions or sputum may provide useful
information but are usually difficult to interprete
accurately. A rich monomorphic bacterial flora, with
at least 80% of organisms belonging to the same
type, points to acute bacterial bronchopneumo-
pathy, whereas a rich polymorphic bacterial flora
indicates a chronic suppurative respiratory illness
(26, 27). The presence of very few bacterial orga-
nisms and scanty leucocytes in a smear suggests a
viral respiratory infection.
The difficulties of interpretation usually com-

mence with the attribution of a pathogenic role to
the isolated organisms. These must belong to species
known to be pathogenic and must be isolated repeat-
edly. In patients who had previously received chemo-
therapy, even for only 1 day, it would be extremely
difficult to attribute the respiratory infection to any
of the organisms found.

Direct smear examination can also be useful in
identifying the origin of the examined secretion. The
presence of squamous epithelial cells points to an
oropharyngeal origin, whereas columnar epithelial
cells are characteristic of secretions from the lower
respiratory tract (28). To avoid the contamination of
deep secretions by the oropharyngeal flora, sophis-
ticated procedures are recommended when carrying
out, for example, tracheal puncture and broncho-
scopic aspiration (29, 30). It is most improbable
indeed that such procedures could be applied under
routine conditions.
For the successful culture of secretion samples, the

interval between collection and inoculation is cru-
cial, especially for pneumococci and Haemophilus
influenzae. This interval should not exceed 3 hours,
including the time necessary for homogenization of
the specimen.
The same types of bias as for direct smear exami-

nation may enter into the interpretation of culture
results. It is claimed that culture would be of more
value if quantitative determinations could be done
(31), but attempts at this have not attained the
degree of simplicity required. Serial dilutions of
homogenized secretion should be inoculated in at
least five different culture media. Pathogenic orga-
nisms are considered to be those present in the
secretion at a concentration of at least 107/ml (32).
As regards the white blood count, bacterial ARI is

accompanied by leucocytosis, whereas in viral ARI
there is usually a normal count or leucopenia.

Treatment
Since there are no effective therapeutic antiviral

drugs currently available, treatment of complicated
acute viral ARI should be symptomatic. Antibac-
terial drugs have no antiviral action and moreover
there is no evidence that they can prevent secondary
bacterial infection (33). However, since it is difficult
to know whether a secondary bacterial infection is
present, the use in general practice of some sort of
antibiotic is hard to avoid. Opinions differ greatly on
the disadvantages of giving antibiotics and the
hazards of not giving them. However, in infections
with the ornithosis-psittacosis group, tetracyclines
are not only effective but are the drug of choice, and
rickettsial and M. pneumoniae infections usually
respond well to tetracyclines (6, 34).

In bacterial ART, penicillin is generally highly
effective against infections due to Neisseria and
pneumococci, as well as streptococcal and sensitive
staphylococcal infections. Ampicillin and azidocillin
are equally effective in H. influenzae infections. For
Klebsiella pneumoniae infection, kanamycin alone or
combined with cephalosporin or gentamicin may be
effective. Carbenicillin plus gentamicin is effective in
various infections due to Escherichia coli, Proteus
spp., Pseudomonas aeruginosa, Staphylococcus pyo-
genes, and Streptococcus viridans, which are resistant
to other antibiotics. In children, erythromycin can be
used instead of the tetracyclines to avoid staining of
immature teeth.

Sensitivity testing frequently provides confusing
information except when it is carried out on strains
well proved to be the causal pathogenic agents.

Because of the crucial role of treatment in reduc-
ing mortality from ARI, there is a strong need for
further investigation of clinical categories and symp-
toms to indicate the need for antibiotics and to study
the best and most convenient combinations of treat-
ment for different socioeconomic conditions.

CONTROL OF ACUTE RESPIRATORY INFECTIONS

The control of ARI consists as much in the
efficiency of prevention and treatment of actual cases
as in the amelioration of general socioeconomic
conditions.

Preventive measures are very limited at present.
Killed influenza vaccines are available for preventive
purposes; live attenuated influenza vaccines are used
in a number of countries but have not as yet
acquired overall acceptability. The bivalent influenza
vaccine comprises the most recently isolated A and B
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strains. The early isolation of virus strains is impor-
tant because only in this way may one determine the
type of virus causing an outbreak and also its
relationship to previous types.

Influenza vaccine is usually used successfully in
old people and other high-risk groups prior to or
during epidemic periods, provided it is prepared
from the prevailing epidemic virus strain. In general,
influenza vaccines are well tolerated in healthy per-
sons, but may produce a slight and temporary
decrease in the mean forced expiratory volume
(FEV/sec) in some patients with chronic pulmonary
disease 3 weeks after vaccination (35).
As regards antibacterial vaccines, there is evidence

that the antibody response to purified polysac-
charides of S. pneumoniae, H. influenzae, and
N. meningitidis may be of extremely long duration.
In individuals that respond well, antibodies do not
decline to pre-immunization levels even after 20
years (36, 37).

In pneumococcal pneumonia, efficient vaccines
suffice to protect against at least 80% of the corre-
sponding capsular types. Most pneumonia is due to
approximately 20 capsular types (38).

Recently, attempts were made to prove the protec-
tive value of staphylococcal toxoid in skin and other
infections caused by pyogenic organisms (39).
ARI poses a great strain on medical " front-line"

services because of the prompt, effective diagnostic
and treatment measures required. In this connexion,
the avoidance of sophistication or delay in diagnosis
and treatment should be of first priority. Only
simplified and standardized procedures can hold
forth the promise of a more effective means of
disease control.
The control of ARI will not succeed unless mater-

nal and child health care is coordinated with the
basic health services. Such coordinating activi-
ties should include the dissemination of technical
knowledge, the training of health personnel, and the
strengthening of community education and com-
munity participation. Research should concentrate
on the development of simplified and more rapid
diagnostic methods, efficient and economic treat-
ment schedules, and improved vaccines.

In both the short and the long term, there is a
need for a critical appraisal of actual field expe-
rience, since practice may be largely complementary
to research. This would stimulate action first to
reduce the high ARI mortality and morbidity and
then to remedy work absenteeism and related eco-
nomic aspects. Increasing the understanding of ARI
under specific local conditions will avoid unproduc-
tive programme objectiyes and investments.

FINAL REMARKS

When most of the officially available information
on mortality is put together, and the inherent limita-
tions of data are taken into account, ARI appear as
a vast public health problem with the critical factor
of high mortality rates in infants, young children,
and elderly people.

Since the facts behind the figures are incomplete,
the information gathered can be considered useful
only as a starting point for further epidemiological
studies. To define, explain, and carry out surveil-
lance of ARI would require a much deeper apprecia-
tion of the epidemiology of the disease. Nevertheless,
this review may indicate some predominant geo-
graphical distribution and the location of some " hot
areas " in the world. The extension of such endeav-
ours to several years would certainly yield further
information on trends.
Much will depend on the ability to correlate easily

accessible and comparable information from many
sources. For instance, the linkage of ARI in child-
hood with chronic respiratory disease in middle and
old age and the frequency of exacerbations in
chronic respiratory diseases due to viral or bacterial
infection may open new fields of investigation lead-
ing to practical preventive and curative measures.

This review also shows the striking differences
between the situation in various parts of the world,
suggesting that in many countries ART still represent
an unmastered public health problem, and whatever
the difficulties, well planned actions are necessary
based on simplified and generally accepted control
measures.
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RI1SUM1

PANORAMA DES INFECTIONS AIGU#S DE L'APPAREIL RESPIRATOIRE

Les infections aigues de l'appareil respiratoire (IAR)
constituent l'une des principales causes de morbidit6 et
de mortalit6 dans de nombreux pays et il convient donc
de ne pas sous-estimer la menace qu'elles repr6sentent
pour la collectivite. Selon les statistiques de mortalite par
IAR en provenance de 88 pays groupant une population
totale de pres de 1200 millions, les d6ces attribues a ces
infections pour 1972 depassent le chiffre de 666.000, dont
75,5% dus a une pneumonie virale ou bacterienne. Cette
mortalite correspond a 6,3% de la totalit6 des deces pour
toutes causes. On constate toutefois des 6carts importants
dans ce dernier taux d'un continent a l'autre et a l'int&
rieur d'un meme continent. C'est ainsi qu'il varie de 3,0
a 7,9% en Oc6anie, de 3,3 a 13,6% dans les Ameriques
et de 4,1 a 13,4% en Asie. Sur le continent africain, le
pourcentage des d&cs dus aux IAR par rapport a l'en-
semble des d6ces est de 12,19%, alors qu'il n'atteint que
4,4% en Europe. Conform6ment A 1'exp6rience tradition-
nelle, c'est chez les nourrissons que le taux de mortalite
par IAR est le plus eleve (d6passant 2000 pour 100 000
naissances vivantes dans certains pays) pour d6croitre
avec les ann6es d'age chez les enfants et les jeunes
adultes. Les taux de mortalite se relevent ensuite pro-
gressivement au cours des ann6es jusqu'a la vieillesse. Le
nombre des deces dus aux IAR ne represente pourtant
que 13,0% de l'ensemble des d6ces chez les vieillards
contre 20,3 % chez les nourrissons et les enfants.

On peut deduire des donnees disponibles que certaines
regions du monde connaissent une mortalite par IAR
particulierement 6levee; il s'agit notamment de certains.
pays d'Amrrique latine, de Mediterranee orientale et des
Balkans et d'Extreme-Orient.

La pr6sence simultan6e de divers agents viraux et/ou
bact6riens et, par voie de consequence, de sympt6mes et
manifestations se rattachant i differentes categories cli-
niques, rendent souvent le diagnostic difficile. Comme,
d'autre part, les infections en cause n6cessitent un prompt
traitement, les d6cisions qui sont prises a cet egard sont,
en pratique, rarement fondees sur les resultats des ana-
lyses de laboratoire, qui sont disponibles trop tardivement.
II arrive que certaines des infections considerees laissent
des sequelles ou aggravent une maladie des voies respi-
ratoires pre-existante, provoquant ainsi des atteintes
pulmonaires chroniques.

Les TAR repr6sentent un probleme de taille pour les
services m6dicaux ((de premiere ligne*> en raison de la
rapidite avec laquelle doivent intervenir le diagnostic et
le traitement, ainsi que les mesures preventives ad6quates,
ces dernieres etant cependant encore tres limitees. Pour
lutter plus efficacement contre ces infections, il importe
avant tout de simplifier les methodes de diagnostic et de
traitement.
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