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Viral etiology of acute respiratory diseases in
Rio de Janeiro: first two years of a longitudinal study

F. SUTMOLLER,1 J. P. NASCIMENTO,1 J. R. S. CHAVES,2 V. FERREIRA,2 & M. S. PEREIRA3

A two-year study was undertaken to establish the incidence and possible viral etiology
ofacute respiratory diseases among the childpopulation ofa shanty town in Rio de Janeiro,
Brazil. The results demonstrated that nearly half of all the illnesses seen were respiratory
infections, 10% of them affecting the lower respiratory tract. Viruses were isolatedfrom
20% of the throat swabs collected. Of the viruses identified, 47% were adenoviruses, 25%
were enteroviruses, 9% were influenza A, 81% herpes simplex, 7% parainfluenza, 3%
respiratory syncytial and 1 % influenza B viruses.

Respiratory diseases have been shown to be a major
cause of both morbidity and mortality in the world. It
has been estimated that approximately 2.2 million
deaths occur annually because of acute respiratory
infections (ARI) alone (7). Many studies have been
done in the developed countries to determine the
etiology, prevalence and seasonal variation of ARI
(1-4), but only a few (5, 6) have been carried out in
the developing regions of the world, where there is
urgent need for this information.

In 1976, the Twenty-ninth World Health Assembly
recognized that little information was available on
ARI and called for the establishment of a WHO
Scientific Group on Viral Respiratory Diseases. This
Group, which met in 1979, recommended that re-
search should be focused especially on epidemio-
logical and etiological studies which were needed for
the elaboration of possible control measures and/or
therapy schemes (7).
The present paper gives the results of a two-year

longitudinal study ofARI of viral etiology, which was
carried out in a primary health care unit serving a
shanty town population located in the city of Rio de
Janeiro.

MATERIALS AND METHODS

The study covered the period from January 1980 to
December 1981 and involved close collaboration

' Research Assistant, Oswaldo Cruz Foundation, Rio de
Janeiro, Brazil.

2 Research Fellow, National Council for Scientific and Techno-
logical Development, Oswaldo Cruz Foundation, Rio de Janeiro,
Brazil.

3Director, Virus Reference Laboratory, Colindale Avenue,
London NW9 5HT, England. Requests for reprints should be
addressed to this author.

between the primary health care unit of the National
School of Public Health and the virology department,
both of which are part of the Oswaldo Cruz Foun-
dation, which is a research institute of the Brazilian
Ministry of Health.

Study area

The study area was in Rio de Janeiro, a tropical city
with an average summer temperature of 28 °C and
average winter temperature of 18 'C. The relative
humidity is high and the rainy season occurs during
the summer.
The area served by the primary health care unit

covered 3 km2 and had an estimated population of
45 000, of whom 24 000 lived in shanty towns. The
area comprised the Manguinhos district, includ-
ing the Oswaldo Cruz Foundation campus and
seven adjacent shanty towns (Amorin, Parque
Joao Goulart, Vila Turismo, Democraticos 30, Ex-
Combatentes, Vila Uniao, and Perereca), and part of
the Bonsucesso district, a residential and commercial
area with its own general hospital (Hospital Geral de
Bonsucesso). While this population had the choice in
selecting the health care facility that it wanted and
many went to health services outside their own dis-
trict, the people in the shanty towns adjacent to the
health care unit mostly attended this unit only.
The health statistics on the population in these

shanty towns showed high illiteracy rates, infant
mortality greater than 100 per 1000 live births, low
vaccination coverage, and malnutrition affecting
more than half of the children above the age of two
years.

Study population

Children between 0 and 5 years of age, who at-
tended the health care unit with an acute upper or
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lower respiratory tract disease within the first 3 days
of the onset of symptoms, were eligible to be included
in this study. The diagnosis was made after physical
examination of the patients. In a few cases, blood
tests and chest X-rays were done to confirm the clin-
ical diagnosis.
The age distribution of the patients was similar

during both years of this study and closely reflected
the use made of the health unit by the children. Thus,
39% of the patients from whom a throat swab was
obtained were < I year, 280%o were 1-2 years old, and
33% were 2-4 years old. The prevalence of malnu-
trition, as measured by weight, was high and affected
25%7o of the < 1-year-olds, 430%o of the 1-2-year-olds,
and 50-60%0 of children above the age of two.

Material collected

Single cough throat swabs were obtained and sent
to the laboratory in virus transport media (Eagle's
MEM (minimum essential medium) plus 0.2% bovine
serum albumin) without antibiotics at 4 'C. Samples
were inoculated into tissue cultures within 2 h of
collection.

Laboratory procedures

The throat swabs were plated on 10%o sheep's blood
agar and, after incubation at 37 'C for 24 h, the
plates were examined for the presence of beta-
haemolytic streptococci. After the addition of penicil-
lin, amphotericin B and streptomycin to the speci-
mens, they were inoculated into sets of tubes of rhesus
monkey kidney (RMK) cells, human embryo lung
fibroblasts (HELF, strain MRC-5), canine kidney
cells (MDCK line), and HEp-2 cells. The RMK cellsa
were used during the first passage. Occasionally,
primary RMK cells were prepared in our laboratory
from rhesus monkeys obtained from a monkey
colony located on the Oswaldo Cruz Foundation
campus.
The maintenance medium for the HEp-2 and

MRC-5 cells consisted of Eagle's MEM, sup-
plemented with 2%o inactivated (56 'C for 30 min)
fetal calf serum, and adjusted to pH 7.4 with 7.50%
sodium bicarbonate. The RMK cells were maintained
on the same medium but without the serum. The
MDCK cells were used with the same medium, again
lacking serum, but containing 1.5 Ag/ml of crystal-
line trypsinb after prior washing of the cell monolayer
with medium without serum.

Cultures were incubated at 33 'C for 21 days on a
rotating drum, except for the HEp-2 cells, which were
maintained in a stationary rack. The RMK cells were
tested for haemadsorption using guinea pig eryth-

e Obtained from M.A. Bioproducts, Bethesda, MD, USA.
h BDH Chemicals Ltd, Poole, England.

rocytes at 5-7 day intervals; the MDCK culture fluids
were tested for haemagglutination using guinea pig
and chicken erythrocytes one week after inoculation,
or before this time if the cell monolayer was
destroyed.
The HEp-2 and HELF cells were examined on

alternate days for any cytopathic effect. The main-
tenance media were also replenished at 2-4-day
intervals. The procedures employed for virus identi-
fication were haemadsorption-inhibition (for para-
influenza and mumps viruses), haemagglutination-
inhibition (influenza viruses A and B), and serum
neutralization (enteroviruses, adenoviruses, respir-
atory syncytial virus, and alpha herpesviruses).

RESU LTS

The morbidity data were collected by various
physicians at the health care unit and presented as per-
centages. Fig. I shows the comparative rates of respir-
atory, gastrointestinal and other diseases on a fort-
nightly time period. The relative importance of lower
respiratory tract infections (LRTI), gastroenteritis,
and childhood diseases are shown in the shaded areas.
It should be noted that the 1980 data were collected by
physicians working at the health care unit while the
1981 data were collected entirely by one of the authors
(FS).

In 1980, 45Wo of the diagnoses were respiratory
diseases, of which 10o were LRTI; no outbreak of
ARI was apparent during this period. In 1981,43%7o of
the diagnoses were ARI with 12%7o LRTI; during the
months of April and May a small increase in upper
respiratory tract infections (URTI) and LRTI oc-
curred.

Gastrointestinal diseases made up 35% and 36%o of
the diagnoses in 1980 and 1981, respectively, a large
proportion being parasitic infections, while gastro-
enteritis was diagnosed in 7%o and 9%o respectively in
the two years. Other diseases accounted for 20%o and
21%70 of the diagnoses in 1980 and 1981, respectively.
Childhood diseases increased during the second half
of 1981 with a high incidence of varicella, rubella,
mumps and measles.

One-third of the patients with ARI, examined by
one of the authors, fitted the criteria (see above under
Study population) and 371 throat swabs were
collected for examination; 76 (20.4%7o) of them yielded
the following viruses: 7 (9%) influenza A (H3N2), 1
(1%o) influenza B, 5 (70%o) parainfluenza viruses, 2
(30%o) respiratory syncytial virus, 6 (8%7o) human
(alpha) herpesvirus 1, 36 (47%7o) adenoviruses (types
1-7), and 19 (25%o) enteroviruses (human poliovirus 3
(vaccine strains), coxsackievirus A7 and B4, and
echovirus types 6, 7, 9, 11, 17, 18 and 21). Table 1
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Fig. 1. Morbidity of respiratory, gastrointestinal and other diseases among patients attending a health care unit in a
shanty town of Rio de Janeiro, 1980-81.

Table 1. Number and types of virus isolated from 371
throat swabs examined in 1980 and 1981

Isolates 1980 1981 Total

Influenza virus A (H3N2) 6 1 7 (9.2)"
Influenza virus B 0 1 1 (1.3)
Parainfluenza virus 3
and othersb 3 2 5 (6.6)

Respiratory syncytial virus 1 1 2 (2.6)
Alpha herpesvirus 1 1 5 6 (7.9)
Adenoviruses 1-7 14 22 36 (47.4)
Enterovirusc 10 9 19 (25.0)

Total virus isolations 35 41 76

No. of throat swabs tested 179 192 371

Percentage of virus
isolations (19.5) (21.3) (20.4)

0 Percentage out of the total viruses isolated is given in
parentheses.

b Not typed.
C Poliovirus 3, coxsackievirus A7 and B4, echovirus types 6, 7,

9, 11, 17, 18, 21.

summarizes these data. In 9% of the samples, virus
isolation was impossible owing to bacterial over-
growth in all the cell lines that contained penicillin,
streptomycin and amphotericin B.

Fig. 2 summarizes the distribution of virus iso-
lations according to the age of the children. The
majority of the isolates were obtained from the under-
3-year-olds who accounted for 70% of the paediatric
consultations at the health unit.

In Table 2 the virus isolation rates, according to
diagnosis, are shown. The URTI gave an overall
isolation rate of 26.4%, the rate for the common cold
being only 8.30o. For LRTI the overall virus isolation
rate was 14.2%7o, with especially low rates for tracheo-
bronchitis and pneumonia (11.3% and 14.7% re-
spectively), compared to laryngitis and bronchiolitis
(22.2% and 33.3Gb respectively).

Table 3 shows the frequency of different virus iso-
lations in upper and lower respiratory tract
infections, in both of which the individual types of
viruses appear to be important in about the same pro-
portions, except that the adenoviruses were much
more frequent in URTI.

Influenza A viruses (H3N2) were circulating in
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the late autumn and winter of both years and were
11.00 identified as antigenically intermediate between

A/Texas/l/77 and A/Bangkok/1/79. In 1980 this
..... ... virus was present from May to July, while in 1981 it

was isolated mostly in May (with very few samples in
June and July). These viruses were isolated mainly
from children over 2 years old with upper and lower
respiratory tract diseases (Fig. 2). In 1980 one isolate
was obtained from an adult during the same period.

Influenza B virus was detected in September 1981
in a 4-year-old child with a flu-like illness, and one

month later a strain was isolated from another child
who did not belong to the study population. Both
isolates were similar to the variant B/Singapore/222/
79.

Parainfluenza virus 3 was circulating in October
and November 1980 and in September and October

3 4 1981. These strains were isolated mainly from
fears children between the ages of 6 months and 2 years.
3 Influenza A One strain, which was not fully identified, was
00 Influenza B isolated in February 1980.

E Respiratory Respiratory syncytial virus (RSV) was grown from
syncytial virus two one-year-old children with LRTI. In 1980 the

infection occurred in March and in 1981 in April. In
1981, during the same period, five RSV isolates were

, of different viruses obtained from children in hospital.
diseases, by age. The adenoviruses during both years showed no

Table 2. Virus isolation rates according to the diagnosis of infections of the upper respiratory tract (URTI) and lower
respiratory tract (LRTI) in Rio de Janeiro, 1980-81

1980 1981 Totals
Diagnosis

No. of No. of virus No. of No. of virus No. of No. of virus
specimens isolations specimens isolations specimens isolations

URTI:

Common cold 7 0 5 1 12 1 (8.3)a
Pharyngitis 24 9 52 15 76 24 (31.6)
Tonsillitis 6 2 9 1 15 3 (20.0)
Flu-like illness 52 14 38 10 90 24 (26.7)

Otitis media 6 1 9 2 1 5 3 (20.0)

Total 95 26 (27.4) 113 29 (25.7) 208 55 (26.4)

LRTI:

Laryngitis 4 2 5 0 9 2 (22.2)
Tracheobronchitis 34 3 37 5 71 8 (11.3)

Bronchiolitis 3 1 3 1 6 2 (33.3)

Pneumonia 14 3 20 2 34 5 (14.7)

Total 55 9 (16.4) 65 8 (12.3) 120 17 (14.2)

Figures in parentheses indicate the percentages of isolations among the specimens examined.
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Table 3. Number and types of virus isolates and their
relative importance in upper (URTI) and lower respiratory
tract infections (LRTI) in Rio de Janeiro during 1980 and
1981

Virus' URTI LRTI
(208 specimens) (1 20 specimens)

Influenza virus A 5 (2.4)h 2 (1.7)

Influenza virus B 1 (0.5) - -

Adenovirus 28 (13.4) 5 (4.2)
Enterovirus 14 (6.7) 4 (3.3)
Herpesvirus 4 (1.9) 2 (1.7)
Parainfluenzavirus 3 (1.4) 2 (1.7)

Respiratory
syncytial virus -) - ) 2 (1.7)

55 (26.4) 1 7 (14.2)

e The following bacteria were also isolated: beta-haemolytic
streptococci, 1; and Escherichia coli, 1.
bFigures in parentheses are percentages out of the total

number in each group (URTI and LRTI).

clear seasonal pattern or age preference. Most of
them were isolated from patients with upper
respiratory tract infections and only a few from those
with LRTI. Types 1 to 7 were identified, with type 5
predominating.

Enteroviruses were isolated in both years, with an
even distribution over the year, but were apparently
more frequent in the younger infants. Human polio-
virus 3 (vaccine strain) was isolated after a nationwide
mass vaccination with oral vaccine. Coxsackievirus
B4 was found frequently and was also isolated from
other throat swabs received at the laboratory. There
was no predominance of any one serotype among the
echoviruses that were isolated.
Human (alpha) herpesvirus 1 was isolated from one

child in 1980 and from five children in 1981. Of these,
four had URTI and two LRTI. Their ages varied from
6 months to 2 years.

Rhinoviruses were not isolated during these two
years.
The role of bacteria was not investigated other

than by a simple blood agar inoculation for the detec-
tion of haemolytic streptococci. The latter were rarely
detected.

DISCUSSION

In 1980 a two-year study of acute respiratory infec-
tions was started in Rio de Janeiro to obtain data on
their prevalence and possible viral etiology. Pre-
viously, studies carried out in this city were mainly

during epidemics (8) or were short-term hospital-
based studies (9-11), which gave little information on
the true morbidity and seasonal variations.
The target population for this study was selected by

taking various factors into account. Thus, we studied
children under five years of age because it is known
that they are the ones most affected (7), and we selec-
ted a locality not far from our laboratory so that the
throat swabs could be transported there well within a
two-hour time limit. We also wanted to study a rep-
resentative population of the lower socioeconomic
group living within the city limits of Rio de Janeiro.
So the population we selected had an infant mortality
rate of more than 100 per 1000 live births, mal-
nutrition affected more than 50%o of the children
above the age of two years, the illiteracy rate was
high, and the level of hygiene and sanitation was
poor.
Our results showed that 41 0o of the patients pre-

senting at the health care unit had respiratory
infections, of which about 1407o involved the lower
respiratory tract. This rate is higher than those ob-
served in other countries, e.g., in a rural medical
centre in Venezuela, 27% of the consultations were
due to ARI; c in Australia, ARI represented 32%o of all
diseases seen by general practitioners (12); and in
Britain this was 28% (13).

During the same period, the proportion of respir-
atory infections in all paediatric admissions to a
private hospital (Policlinica de Botafogo), which is
under contract by the National Health Insurance
System to supply medical care, was found to be
49.2%7o and 54.407o in 1980 and 1981, respectively
(V. Farias, personal communication). These rates are
much higher than the 21% observed in Britain (13).
From these limited data it seems that morbidity due to
respiratory diseases is very high in Rio de Janeiro.

In our study of 371 throat swabs, 76 of them yielded
viruses (20.4%7o isolation rate), which is comparable
with the results of other workers (6, 14-16), especially
during non-epidemic periods. Table 4 summarizes the
viral isolation rates found in studies in both develop-
ing and developed countries. Our results are similar to
those obtained in the studies done in West Bengal,
India (15), and in Uganda (6) where similar popu-
lation groups were studied and where a high incidence
of adenoviruses and enteroviruses was also observed.
The studies done in Kuala Lumpur (17) and Singa-
pore (18) gave higher overall isolation rates and the
percentages of RSV were higher, which might indicate
better specimen collection (aspirates), or that these
studies were done in areas of high RSV endemicity, or
that these investigations coincided with RSV out-
breaks.

' Acute respiratory infections in children. Washington, Pan
American Health Organization, 1982 (unpublished document
RD21/3).
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Table 4. Percentage isolation rates of different viruses in various studies

Country ~~~No. of virus Influenzavirus Pa- ReprtyCountry No.ofsisolates/ Para- Respiratory Adeno- Entero- Rhino- Herpes- Mycoplasma
or Reference iolates!B influenza syncytial
area No. of A B virus virus virus virus virus virus pneumoniae

specimens

Rio de - 76/371 9.2 1.3 6.6 2.6 47.4 25.0 - 7.9 NTh
Janeiro (20.5)"

Kuala Ong et al. 59/180 11.9 5.1 10.2 44.1 3.4 3.8 15.4 - NT
Lumpur (117) (32.8)

Singapore WHO (18) 483/1399 11.2 14.7 13.2 24.8 12.0 6.2 17.8 - 13.2
(34.5)

West Kloene et al. 483/4171 - 0.6 11.4 2.5 33.1 40.4 0.4 6.6 NT
Bengal (15) (11.6)

Uganda Sobeslavsky 116/662 - - 13 1 33 41 - 12 NT
et al. (6) (1 7.5)

Calcutta Ota & Bang 232/1719 - 3.0 7.7 4.7 51.7 9.9 - 14.7 NT
(14) (13.5)

Tecumsech Monto et al. 303/1419 4.9 9.9 22.1 7.9 3.6 5.2 46.2 - 0.4
(Ml, USA) (4)

Figures in parentheses are percentages.
NT = not tested.

The influenza isolation rate in ARI tends to be low
in most studies (14, 17) except during epidemics. In
our study, although influenza A virus was isolated
during the winter and autumn months, the isolates
were few in number and a serological survey with sera
obtained from a general hospital confirms the
impression that the virus did not circulate with great
intensity; indeed, 1980 and 1981 were years with little
influenza activity in most other countries of the world
(19). All the influenza A viruses (H3N2) isolated
during 1980 and 1981 were antigenically intermediate
between A/Texas/ 1/77 and A/Bangkok/ 1/79. There
were no isolations of A/Brazil/1 1/78 (HINi). These
findings agree with the results of a serological study
by Chaves et al. (20), which showed that antibody to
virus A/Texas/ 1/77 (H3N2) was infrequent, where-
as 60% of the population under the age of 20 gave
evidence of immunity to virus A/Brazil/I 1/78
(HINI).
The single influenza B virus isolated in the spring

(September) of 1981 was similar to the variant
B/Singapore/222/79. A study by Nascimento et al.
(21) in Rio de Janeiro showed that antibodies to
influenza B were widespread, having been acquired
throughout childhood but particularly after children
started school. This might explain the low isolation
rate of influenza B in this study. Similar results have
been observed in the United Kingdom (22).

In some laboratory studies the MDCK cell line has
been shown to be as effective as RMK cells for the
isolation of influenza virus (23, 24). In our study
there was complete correlation between influenza A

and B isolations with cultures of these 2 cells.
Parainfluenza virus 3 usually causes febrile ill-

nesses in the first months of life and is frequently
involved in infections of the lower respiratory tract.
In our study this virus was isolated in the spring
months among children aged from six months to 2
years old, some of them with LRTI.

Respiratory syncytial virus was isolated from two
patients with LRTI in the autumn months (March and
April). In 1981 it coincided with an increase of ARI
morbidity and was detected in a few hospitalized
patients. The low isolation rate may possibly be ex-
plained by the fact that, although we used a cell line
known to be sensitive to this virus, the number of
infected cells likely to be obtained by throat swabbing
may be very few and we believe immunofluorescence
on nasopharyngeal aspirates would have greatly im-
proved the diagnostic rate.
Adenoviruses were the viruses most frequently iso-

lated (47%7o) and were found continuously during the
two years of our study. This rate was higher than ex-
pected although, in a previous short-term study in the
same city, an isolation rate of 41 OVo had been ob-
tained,d and some authors in other countries have
found similar rates (6, 14, 15). Serotypes 5 and 1 were
the most frequent, followed by types 7, 2, 4 and (very
rarely) types 3 and 6. There was no apparent period-
icity among the serotypes. Adenoviruses were isolated
mostly from upper respiratory tract infections
(Table 3).

d ONO, 1. P. C. M.Sc. thesis, University of Rio de Janeiro, 1977.
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Enteroviruses were the second most frequent (25 Wo)
agents found. Ten echoviruses and six coxsackie-
viruses were isolated in both years with no clear
periodicity. Two enteroviruses were not identified
and the presence of vaccine strains of poliovirus after
a mass vaccination with oral vaccine was not sur-
prising.
Human herpesvirus 1 was identified in infections of

the upper respiratory tract and its importance in the
lower respiratory tract was not determined.

Rhinoviruses were not encountered during this
study, probably owing to the fact that the cytopatho-
genic effect was not recognized. Rhinoviruses are
usually isolated from patients with common colds,
which may be another explanation for the low iso-
lation rate, although there are some recent reports
that they may be important in LRTI (17, 18).
Mycoplasma pneumoniae was not identified

because of laboratory limitations. We assume that it
is infrequent among young children, but it will be im-
portant to include a search for it in future studies.

The excessive use of antibiotics is a well recognized
problem in Brazil as in other countries (25). A short-
term benefit has been obtained at the health care unit
since physicians began to use these drugs more
rationally and less of them. As it is hoped that
standardized clinical mangagement of ARI in chil-
dren may lead to a reduction in mortality, we would
like to stress that management flowcharts should also
be tested especially where etiological studies are being
carried out.

Essential information was obtained during this
study for the planning of future projects. Further
studies are now under way to extend the work with im-
proved virological methods, including immunofluor-
escence for the detection of virus antigens in cells of
the respiratory tract obtained by nasopharyngeal
aspiration, and with the addition of bacteriological
tests to determine the role of agents other than viruses
in acute respiratory diseases in this part of the
world.
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RESUME

ETIOLOGIE VIRALE DES AFFECTIONS RESPIRATOIRES AIGUES A RIO DE JANEIRO:
LES DEUX PREMIERES ANNEES D'UNE ETUDE LONGITUDINALE

Cette etude a et entreprise a la suite de la constatation par
la Vingt-Neuvieme Assemblee mondiale de la Sante en 1976
de l'insuffisance d'information sur le r6le des affections
respiratoires aigues dans la mortalite elevee qui frappe les
nourrissons des pays en developpement.
On a choisi une population vivant dans les bidonvilles de

Rio de Janeiro pour etudier l'incidence et l'etiologie des
infections aigues de l'appareil respiratoire chez les enfants
de moins de cinq ans sur une periode de deux ans (1980-8 1).
L'existence d'une unite sanitaire etroitement associee a un

laboratoire equipe pour faire des etudes virologiques a
donne la possibilite de proceder a une evaluation clinique
soigneuse des cas a traiter ainsi qu'a la collecte
d'echantillons pour proceder rapidement a leur analyse au
laboratoire de virologie. Dans 20% des frottis de la gorge
recueillis, des virus ont e identifies, de differents types: les
plus frequents etaient les adenovirus (47'7o), suivis par les
enterovirus (250%o), le virus grippal A (90%o), le virus de
l'herpes simplex (8%), le virus paragrippal (70%o), le virus
respiratoire syncytial (3%) et le virus grippal B (I1%o).
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