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Respiratory Viruses in the Pediatric Intensive Care Unit:
Prevalence and Clinical Aspects
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A survey was conducted in two pediatric intensive care units in hospitals in Porto Alegre, Brazl, in order to
monitor the main respiratory viruses present in bronchiolitis and/or pneumonia and their involvement in the
severity of viral respiratory infections. Viral respiratory infection prevalence was 38.7%. In bronchiolitis, respira-
tory syncytial virus (RSV) was detected in 36% of the cases. In pneumonia, the prevalence rates were similar for
adenovirus (10.3%) and RSV (7.7%). There was a difference among the viruses detected in terms of frequency of
clinical findings indicating greater severity. Frequency of crackles in patients with RSV (47.3%) showed a border-
line significance (p = 0.055, Fisher’s exact test) as compared to those with adenovirus (87.5%). The overall case
fatality rate in this study was 2.7%, and adenovirus showed a significantly higher case fatality rate (25%) than RSV
(2.8%) (p = 0.005). Injected antibiotics were used in 49% of the children with RSV and 60% of those with adenovi-
rus. Adenovirus was not detected in any of the 33 children submitted to oxygen therapy.
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Frequency of viral detection in acute respiratory in-
fections (ARI) depends on many factors, such as patient
selection criteria, disease severity, season of theyear, and
diagnostic method. Thefirst prevalence study of viral ARI
in pediatric patientsin Porto Alegre, state of Rio Grande
do Sul, Brazil, from 1990t0 1992, showed the highest preva-
lence of viral infections in the winter months in emer-
gency care services (53%) and in hospitalized patients
(42.3%). Themain viral etiologic agent detected wasres-
piratory syncytial virus (RSV), whichwasalso mainly re-
sponsible for cases of bronchiolitis. Adenovirus was the
main etiologic agent for pneumoniain 1992 (20%). The
influenzaand parainfluenzaviruses showed low pediatric
prevalence rates from 1990 to 1992 in Porto Alegre
(Straliotto et al. 2002).

Among children, RSV infection is the cause of 50 to
90% of hospitalizationsfor bronchiolitisand 5 to 40% for
pneumonia (Hall 2001). RSV isconsidered the main agent
responsible for infant deaths during the winter (Ander-
son et al. 1990). RSV re-infection is extremely common,
with frequent spread to family and hospital contacts
(Nosocomia 1992), hence posing amajor risk to uninfected
hospitalized children during an outbreak (Madge et a.
1992).

Adenovirusisthe second most common virus detected
in children hospitalized with ARI. Some adenovirus sero-
types have been reported in severe disease, causing in-
fant death by pneumonia or necrotizing bronchiolitis
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(Kgonetal. 1996, Videaet a. 1998). According to Cherian
et al. (1988), the strongest indicator of severity inARl isa
respiratory rate greater than 50 breaths/min for children
less than 12 months of age and greater than 40 breaths/
min for children from 12 to 35 months. Other important
indicatorsinclude ahistory of tachypneaand presence of
chest wall retraction. In acute bronchialitis, clinical signs
indicative of severity include cyanosis, crackles, and oxy-
gen saturation (SaO,) (Mulholland et al. 1990). Respira-
tory support measures such as oxygen therapy, bron-
chodilators, corticosteroids, and mechanical ventilation
have also been included to evaluate clinical severity.
Mechanical ventilation isused in acute lower respiratory
tract infection (ALRTI) when respiratory failure and ap-
neaoccur (Hall & McCarthy 1995).

In order to monitor the main respiratory viruses present
in ALRTI in the pediatric intensive care units (ICU) and
their involvement in the severity of viral respiratory infec-
tions, we conducted a survey in two hospitals in Porto
Alegrefrom Juneto December 1996.

MATERIALSAND METHODS

A total of 261 children under 7 years of agewerewith
aclinical diagnosis of pneumonia and/or bronchiolitis,
admitted to the pediatric ICU in Hospital Nossa Senhora
da Concei¢cdo (HNSC) and Hospital da Crianga Santo
Antdnio (HCSA), from Juneto December 1996.

Pneumonia was defined as viral or bacterial disease
characterized by fever, cough, moaning, rales, tachypnea,
subcostal rectration, cyanosis, bronchophony, with or
without ventilatory pain, associated with consolidation
inaradiologic exam; and bronchiolitis, aviral disease char-
acterized by afirst episode of cough, tachypnea, subcos-
tal retraction, wheezing, moaning, fever, in a child under
one year of age.

To evaluate clinical severity, we considered the pres-
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ence of at least one of thefollowing clinical findings, in-
dicative of ARI severity: tachypnea, respiratory rate (= 50
breaths/min for less than 12 months of age and = 40
breaths/min for 12 to 35 months), chest wall retraction,
crackles, and cyanosis (Cherian et al. 1988, Mulholland et
al. 1990). Evaluation of clinical severity alsoincluded use
of therapeutic support measures such as oxygen therapy,
bronchodilators, corticosteroids, and mechanical ventila-
tion.

Children included in the study were submitted to a
thorough case history and physical examination. An epi-
demiological formwasfilled out for clinical and therapeu-
tic datacollection. Verbal consent was obtained from par-
entsbefore clinical sample collection.

Viral antigens (RSV, adenovirus, influenza A and B,
and parainfluenza type 3) were detected directly in na-
sopharyngeal secretion (NPS) using an indirect fluores-
cent antibody test (IFAT) with commercial monoclonal
antibodies (Chemicon International, Inc.).

Satistical analysis - Statistical analysis was per-
formed using the chi-squared test, and when necessary
Yates' correction and Fisher’s exact test.

RESULTS

Our study showed aviral respiratory infection preva-
lence of 38.7% (101/261), with RSV accounting for 27.2%
(71/261), adenovirus 7.7% (20/261), parainfluenzavirus
type 3 2.3% (6/261), and influenzaA virus 1.5% (4/261).
No case of influenza B viruswas detected during the study
period.

Of the 39 sampleswith aclinical diagnosisof pneumo-
nia, some type of virus was detected in 25.6% (10), and
prevalencerateswere similar for adenovirus (10.3%) and
RSV (7.7%). Of the 139 cases of bronchiolitisin which a
viral pathogen was detected (44.6%), 36% were caused
by RSV and 4.3% by adenovirus. In the samples with a
diagnosis of pneumonia and bronchialitis, RSV (22.1%)
and adenovirus (13%) were also the most frequently de-
tected viral agents (Tablel).

Clinical findingsindicative of greater clinical severity,
i.e., tachypnea, respiratory rate as defined above and
chest wall retraction were found in 94.2%, 94.7%, and
97.7% of pediatric | CU patients, respectively, while crack-
les and cyanosis were found in 50% and 57.9% of cases,
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respectively (Table I1). There was no difference among
theviruses detected in terms of frequency of clinical find-
ingsindicating greater severity, except for crackles. The
differencein frequency of cracklesin patients with RSV
(47.3%) and adenovirus (87.5%) showed aborderline sig-
nificance (p = 0.055 Fisher’s exact test). Percentages of
thisfinding among cases with and without viral detection
were45.8% and 54.2%, respectively.

Of the children from our study who died from pneu-
monia and/or bronchiolitis and with viral detection by
IFAT, one had underlying heart disease and two had as-
sociated sepsis. The overall casefatality ratein thisstudy
was 2.7% (7/261). Of these cases, adenoviruswas detected
in5clinical samples(1.9%) and RSV in 2 samples (0.8%).
Of the adenovirus cases, the case fatality rate of 25%
(5/20) was statistically higher than the 2.8% rate (2/70)
among RSV cases (p = 0.005 Fisher’sexact test) (Tablell).

Asfor therapeutic measures, 49% of children with RSV
and 60% of those with adenovirus received injected anti-
biotics, which were used in 60.5% of al the patients stud-
ied. Corticosteroid therapy was used in 40% of patients
with adenovirusrespiratory infection. Some 30% of chil-
dren with adenovirus and 8% of those with RSV required
mechanical ventilation. Adenovirus was not detected in
any of the 33 children submitted to oxygen therapy (Table

).
DISCUSSION

Previous studies have demonstrated that respiratory
viruses circulate in Porto Alegre mainly during winter
months (July to September) (Straliotto et al. 2002). From
Juneto December 1996, the two main viruses detected in
acute lower respiratory tract infection (ALRTI) inthe pe-
diatric ICUs in two Porto Alegre hospitals were RSV
(26.8%) and adenovirus (7.7%). These two have also been
reported as the most frequent viral pathogens in studies
on hospitalized children with ALRTI in other countries of
the southern cone of South America, likeArgentina(Avila
etd. 1990, Savy et d. 1996, Videlaet al. 1998) and Uruguay
(Russ 1992).

A study on child mortality due to ALRTI in patients
under 5 years of agereported a3.8% rate (Carballal et al.
1990). Thisrate increases with viral respiratory etiology
in patients with immune suppression, transplants, or car-

TABLE |
Prevalence of lower respiratory tract viral infection in pediatric intensive care units patients (n = 261)

Clinica Positive Virus detected n (%) Deaths
diagnosis n samples
n (%) RSV Adeno FluA PF3 n

Pneumonia 39 10 (25.6) 3(7.7) 4(10.3) 1(2.6) 2(5.1) 12
Bronchialitis 139 62 (44.6) 50 (36.0) 6 (4.3) 4(2.9) 2(1.4) 3ab
Pneum/Bronch. 77 28 (36.4) 17 (22.1) 10(13.0) 1(13) 0 3a
Nodiagnosis 6 1(16.7) 1(16.7) 0 0 0
Total 261 101 71 20 6 4 7

38.7% 27.2% 7.7% 2.3% 1.5% 2.7%

Of all samples, 6 lacked dataon theclinical diagnosis; (%) percentage of virus detected by clinical diagnosis; a: adenovirus(5) - case
fatality 1.9%; b: respiratory syncytial virus (2) - case fatality 0.8%.
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TABLE Il
Clinical features and viral detection in intensive care units patients with acute lower respiratory tract infection
Etiologic diagnosis (nr/n)
%
Feature RSV Adenovirus Other viruses Negative cases
Tachypnea (N = 257) 65/70 19/20 10/10 148 /242
92.9% 95% 100% 61.2%
Respiratory rate 2 (N = 208) 57162 11/11 5/5 124 /197
92% 100% 100% 62.9%
Chest wall retraction (N = 260) 69/71 19/20 10/10 156 /254
97.2% 95% 100% 61.4%
Crackles® (N =118) 18/38 718 2/2 32/59
47.3% 87.5% 100% 54.2%
Cyanosis (N = 247) 42 /68 10/18 7110 84 /143
61.8% 55.6% 70% 58.7%
Fatal outcome (N = 261) 2/71 5/20 0 0
2.8% 25%

a: respiratory rate corresponds to 50 breaths/min for children under 12 months and 40 breaths/min from 12 to 35 months. b: in 143
patientsthere was no information on presence of crackles; nr: correspondsto number of caseswith viral etiologic diagnosis (by type
of virus or absence thereof) with presence of clinical findings; n: corresponds to number of caseswith viral etiologic diagnosis (by
type of virus or absence thereof) with presence or absence of clinical findings; N: correspondsto total number of caseswith dataon

clinical findings (presence or absence).

TABLE Il

Frequency of use of therapeutic measures and viruses detected in pediatric intensive care units patients with lower respiratory
tract illness (n = 261)

Therapeutic Freguency Virus detected n (%)
measures n % RSV Adeno FluA PF3
n=71 n=20 n=6 n=4
Nose drops/saline 57 21.8 21 (30) 3(15) 1(17) 0
Oral antibiotics 25 9.6 5(10) 0 2(33) 0
Inject. antibiotics 158 60.5 35(49) 12 (60) 2(33) 1(25)
Antipyretics 102 39.1 31(44) 7(35) 1(17) 2 (50)
Spray bronchod. 124 475 35 (49) 6 (30) 0 2 (50)
Ora bronchod. 73 28.0 16 (23) 10 (50) 3(50) 2 (50)
Oxygen therapy 33 12.6 11 (15) 0 1(17) 1(25)
Mechanical vent. 25 9.6 6 (8) 6 (30) 1(17) 0
Corticosteroid 84 322 18 (25) 8 (40) 1(17) 1(25)

Patients used more than one type of medication simultaneously.

diacdisease (Moler et a. 1992, Pham et a. 2003, Raboni et
al. 2003). Overall casefatality in hospitalized children with
acute lower respiratory infection due to RSV and adeno-
virusin Argentinawas 2.4%. Adenoviruswas detected in
the nasopharyngeal aspiratein all thefatal cases, and the
case fatality rate among patients with adenovirus was
16.7% (Videlaet al. 1998). Our study also showed ahigh
casefatality ratefor adenovirus (25%), yet different from
that of RSV (2.8%). However, thelatter rateis consistent
with other studies on casefatality for RSV, showing rates
varying from 0 to 6%, reviewed by Weber et al. (1998).
RSV casefatality ratesincrease significantly in children
with pulmonary, congenital heart, and other chronic dis-
eases (Navas et a. 1992). Of the children from our study
who died from pneumonia and/or bronchiolitis and with
viral detection by IFAT, one had underlying heart disease
and two had associated sepsis. Thereisaneed for further
research to clarify case fatality in respiratory diseases

involving viral pathogens and to identify the genome vi-
ruses community.

Theanalysisof clinical findingsindicative of greater
clinical severity suggeststhat the presence of cracklesin
childreninthelCU may beaprognostic factor in adenovi-
rus infection. However, further studies are necessary to
allow such aconclusion.

Although bronchodilators are frequently used, data
ontheir efficacy areconflicting. WhileHammer et a. (1995)
observed alimited effect on patientswith severe RSV in-
fection, other studieshaveindicated their safety and effi-
cacy inrelieving respiratory distress (Klassenet al. 1991,
Alario et al. 1992). Use of parenteral antibiotics, espe-
cially for 5 days or more, appears to increase the risk of
secondary bacteria infection in a few infants, which is
low in most infantswith RSV infection (Hall et al. 1988).
However, our study pointed to high frequency in the use
of injected antibiotics (60.5%), both with adenovirus (60%)
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and RSV (50%) detections. The samewas not truefor oral
antibiotics, with alower rate (9.6%). Corticosteroids are
commonly prescribed for treating RSV bronchiolitis
(Kimpen & Schaad 1997), but no study has proven their
therapeutic efficacy (Dabbous et al. 1988, Klassen et al.
1997). In our study, corticosteroids were prescribed for
40% of children with adenovirusand 26% with RSV. Oxy-
gen therapy, another important support measure for RSV
lower respiratory tract infections (Ellis 1986), wasused in
12.6% of our cases, including 16% of the group with RSV
detection and none of those with adenovirus. However,
greater need for additional oxygen (p < 0.2) for children
shedding Ad genome type 7h was verified during aden-
ovirussurveillancethrough 8 yearsin Chile (Larranagaet
a. 2000). Rapid progression of theclinical course despite
antibiotic therapy and the presence of unusual ex-
trapulmonary symptomsareimportant clinical cluesinthe
diagnosis of severe adenovirus infection. The clinical,
laboratory, and radiographic features of severe adenovi-
rus infection in children may mimic bacterial infection
(Chuang et a. 2003).

According to our study, RSV and adenovirus are im-
portant viral etiologic agents for bronchiolitis and pneu-
moniain pediatric ICU patients. Thisposesaserious prob-
lem for pediatric ICU, since serioudly ill patients are at
greater risk of acquiring hospital infections. Respiratory
viruseswereimplicated in 61% of nosocomial respiratory
infections for which an etiologic diagnosis was estab-
lished (Wdlliver & McLaughlin 1984), especialy RSV (Edi-
torial 1992). Some adenovirus genomic serotypes have
shown a high secondary attack rate, emphasizing the im-
portance of adequate isolation of patients and the need
for rapid and sensitive viral diagnosis (Palomino et al.
2000, Mitchell et a. 2000).

Monitoring respiratory virusesinvolved inARI, espe-
cidly in the pediatric ICU, improves the orientation of
therapeutic and preventive measures, avoids unneces-
sary use of antibiotics, and helps control hospital infec-
tion.
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