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ACUTE RESPIRATORY VIRAL INFECTIONS IN CHILDREN IN RIO DE JANEIRO
AND TERESOPOLIS, BRAZIL

Maria Carolina M. ALBUQUERQUE(1), Rafael B. VARELLA(2) & Norma SANTOS(1)

SUMMARY

The frequency of viral pathogens causing respiratory infections in children in the cities of Rio de Janeiro and Teresopolis was
investigated. Nasal swabs from children with acute respiratory illnesses were collected between March 2006 and October 2007.
Specimens were tested for viral detection by conventional (RT)-PCR and/or real time PCR. Of the 205 nasal swabs tested, 64 (31.2%)
were positive for at least one of the viral pathogens. Single infections were detected in 56 samples, 50 of those were caused by RNA
viruses: 33 samples tested positive for rhinovirus, five for influenza A, five for metapneumovirus, four for coronavirus and, three for
respiratory syncytial virus. For the DNA viruses, five samples were positive for bocavirus and one for adenovirus. Co-infections with
these viruses were detected in eight samples. Our data demonstrate a high frequency of viral respiratory infections, emphasizing the
need for a more accurate diagnosis particularly for the emerging respiratory viruses. The fact that the emerging respiratory viruses
were present in 9.2% of the tested samples suggests that these viruses could be important respiratory pathogens in the country.
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INTRODUCTION

Acute respiratory infections represent a major cause of human disease
and one of the most important causes of child mortality throughout
the world**#, Although there are considerable variations in infantile
mortality, the World Health Organization has classified the infections of
the lower respiratory tract as the second most important cause of death
among children under five years of age.

Viral respiratory diseases are among the most common illnesses
affecting children and adults®?. The respiratory tract can be infected by
RNA and DNA viruses, which induces several clinical syndromes. The
human respiratory syncytial virus (HRSV), human parainfluenza virus
(HPIV), influenza A virus (FLUAV) and influenza B virus (FLUBV),
human adenovirus (HAdV), human coronavirus (HCoV), and human
rhinovirus (HRV) are recognized as agents of human respiratory disease.
Several other viruses, such as human metapneumovirus (HMPV), human
bocavirus (HBoV), and the newly discovered human coronaviruses
HCoV-NL63 and HCoV-HKU1, have been identified as potential
respiratory pathogens®**. In addition, two new human polyomaviruses
(HPyV), KIPyV and WUPyYV, have been detected in patients with
respiratory infections.

The main goal of this study was to identify the frequency of viral
pathogens causing respiratory infections in children with respiratory

illness in the cities of Rio de Janeiro and Teresépolis.
MATERIAL AND METHODS

Sample Collection: Nasal swabs from 205 children (median age 3.3
years; range one month to 15 years) with both upper and lower acute
respiratory illnesses were collected between March 2006 and October
2007 and tested for viral pathogens. The nasal swabs were immersed in
I mL of virus transport media and kept at -70 °C until processing. Acute
respiratory illness was defined by the presence of rhinorrhea and/or cough
and/or respiratory distress and/or sore throat, associated or not to fever,
with maximal duration of seven days. The specimens were collected
from hospitalized patients, emergency departments and walk-in clinics
at two university hospitals in the cities of Rio de Janeiro (137 samples)
and Teresopolis (68 samples). Relevant clinical information, including
hospitalization status, age, sex, and clinical symptoms, was collected
during the first medical visit by means of a standard questionnaire.

The study protocol was reviewed and approved by the Ethics
Committees in Research of the Instituto de Puericultura e Pediatria
Martagdo Gesteira of the Universidade Federal do Rio de Janeiro and
Fundacio Educacional Serra dos Orgdos, of the Centro Universitdrio
Serra dos Orgdos. The parents of all children involved in the study had
given informed consent, in accordance with Resolution 196/96, of the
Brazilian Ministry of Health.
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Nucleic acid extraction: Nucleic acid was extracted from 200 uL of
the sample by using Wizard® Genomic DNA Purification KIT (Promega,
Madison, WI, USA) or RNAgents® kit (Promega) according to the
manufacturer’s instructions.

Viral detection: Specimens were tested for presence of FLUAV
and FLUBV*, HRSV*, HPIV!, HAdV*, HRV*, HMPV?*, HBoV*,
WUPyV?, and KIPyV? by conventional PCR and (RT)-PCR assays as
previously described. A real time PCR protocol was used for detection
of HCoVs (229E, OC43, NL63 and HKU1)!857. All assays were included
positive and negative external controls. Conventional PCR and RT-PCR
were performed in a Veriti 96 well (Applied Biosystems, Foster City,
CA, USA) thermocycler and the amplified products were detected by
agarose gel electrophoresis and staining with ethidium bromide. Real-
time RT-PCR was performed in an ABI StepOne Real-time PCR System
(Applied Biosystems).

RESULTS

Patient demographics: Among the 205 samples, 73 (35.6%) were
collected from hospitalized patients (inpatients) and 132 from outpatients
children (59 [28.8%] from the emergence department and 73 [35.6%]
from the walk-in clinics). Only one specimen was obtained per patient.
The age distribution of the subjects was as follow: 95 (46.3%) were <
one year of age; 61 (29.8%) were between 1.1 - 5 years; 30 (14.6%)
were between 5.1 - 10 years; 16 (7.8%) between 10.1 - 15 years; and for
three patients the age was not informed. The most common symptoms
observed among the patients were a cough (54%; 111/205), fever (53.6%;
110/205), rhinorrhea (47.8%; 98/205), nasal congestion (27.3%; 56/205),
pneumonia (24.4%; 50/205), wheezing (23.4%; 48/205), bronchitis/
bronchiolitis (18%; 37/205), broncospasm (8.3%; 17/205), asthma (5.9%;
12/205) and diarrhea (4.4%; 9/205). Few patients presented headache,
sore throat, tonsillitis, exanthema, laryngomalacia, vomit or otitis.

Virus detected: A total of 64 (31.2%; n =205) samples were positive
for at least one of the viral pathogens specified above: 42 positive samples
from the city of Rio de Janeiro (30.7%; 42/137) and 22 from Teresépolis
(32.4%; 22/68). RNA viruses were detected in higher frequency than
DNA virus. Thirty-three single infections were detected with HRYV,
five with FLUAY, five with HMPYV, five with HBoV, three with HRSV,
three with HCoV-HKUT1 or -NL63 one with HCoV-OC43, and one with
HAGJV. Co-infections with these viruses were observed in eight samples
including two samples positive for KIPyV and WUPyV and HPIV was
not detected (Table 1).

Seasonality: The majority of viral infections (79.7%; 51/64) was
detected between June and November (late autumn through spring
months) (Fig. 1). Yet, positive samples were detected all year round
except for the months of February and May.

Virus detection x patient status: Among patients positive for
viral pathogen 14 (22%; 14/64) were inpatients (hospitalized) at the
time of samples collection; while 18 (28%; 18/64) patients attended the
emergency department and 32 (50%; 32/64) the walk-in clinics.

The age of the patients infected with viruses ranged from three
months to 15 years (median 3.3 years); 50% (32/64) of the patients

positive for viral infections were under one year of age; 25% (16/64)
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Table 1
Respiratory viruses detected in the study®

. Number of positive
Virus detected P

samples
FLUAV 5
HRSV 3
HMPV 5
HRV 33
HCoV-NL63 2
HCoV-HKU1 1
HCoV-0C43 1
HAdV 1
HBoV 5
HCoV-NL63 + HMPV 1
HCoV-NL63 + HRV 1
HMPV + HRV + HCoV-OC43 + HAdV 1
HMPV + KIPyV 1
HBoV + HRV 1
HBoV + WUPyV 1
FLUAV + HRV + HCoV-0OC43 1
HRSV+HCoV-0C43 1
Total 64

‘FLUBYV and HPIV were not detected.
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Fig. 1 - Monthly distribution of acute respiratory viral infections in children in Rio de Janeiro
and Teresépolis between March 2006 and October 2007.

were between 1.1 - 5 years of age; 17.2% (11/64) were between 5.1 - 10
years; three patients were over 10.1 years of age. For two patients the
ages were not informed.

Virus detected x patient symptoms: The symptoms most frequent
observed among patients with HRV single infections were cough (67%),
rhinorrhea (67%) and fever (52%). The age ranged from one month
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to 12 years. Most patients were treated at the walk-in clinics. Of the
four patients with co-infections involving HRV (HRV+HMPV+HCoV-
0OC43+HAdV; HRV+HCoV-NL63; HRV+HBoV; HRV+FLUAV) three
were also treated at the walk-in clinics and one attended the emergency
department.

Patients only infected with FLUAV were older (between 1 - 15
years of age - three of them were between nine and 15 years of age).
Two out of five influenza-positive patients were hospitalized; the most
frequent symptoms presented were rhinorrhea (80%), nasal congestion
(60%), cough and fever (40% each). One patient was co-infected with
FLUAV + HRV.

Patients with HMPYV infections had a myriad of symptoms, including
fever, cough, rhinorrhea, wheezing, and sore throat. Of the five patients
with single infections, four were treated at walk-in clinics and one
was treated at an emergency department. A patient co-infected with
HMPV and HCoV-NL63 was treated at a walk-in clinic, and a patient
co-infected with HMPV and KIPyV and one co-infected with HMPV,
HCoV-0C43, HAdV, and HRV were treated at an emergency department.
The patient co-infected with KIPyV was a 4-year-old boy with cough,
fever, rhinorrhea, and wheezing.

HBoV was detected in samples from five patients as a single infection
and in samples from two patients as a co-infection with HRV or WUPyV.
Three patients had pneumonia (two single infections and one co-infection
with HRV). Two of the three were treated at walk-in clinics; one of the
patients with only HBoV infection was hospitalized. The patient co-
infected with WUPyV was a 10-month-old boy who had been treated
at an emergency department after exhibiting cough, rhinorrhea, and
laryngomalacia.

HRSV was only detected among children younger than one year of
age treated at an emergency department. Patients presented rhinorrea,
fever, cough and nasal congestion. One patient was co-infected with
HCoV-0C43.

The diagnosis for most patients infected with HCoV-NL63 or HCoV-
HKU1 was pneumonia. Of the three patients with single infections, two
were hospitalized and one was treated at the emergency department; the
two patients with mixed infection of HCoV-NL63 and HMPV or HRV
were treated at walk-in clinics. The patient positive for HCoV-OC43
was a three-month-old child who was hospitalized with bronchiolitis.

A five-year-old child positive for HAdV presented fever, wheezing
and nasal congestion and was treated at the walk-in clinic.

DISCUSSION

Viral infection is a major cause of respiratory illness among children.
The majority of these infections are caused by HRSV, FLUAV and
FLUBYV, HPIV and HAdV®. Newly discovered viruses such as HMPYV,
HBoV, HCoV-NL63 and HCoV-HKU1, have also been demonstrated
to be important respiratory pathogens®**. Moreover, two new human
polyomaviruses (KIPyV and WUPyV) are been described among patients
with respiratory infections?.

In Brazil, epidemiological studies have demonstrated

the importance of viruses as etiological agents of respiratory
diseaseSJ,S.]O‘]4,16,l7,l9725,29,33,35,38,40,43,5].53.59‘60. HOWeVer, because SuCh
studies are mostly focused on the most common respiratory pathogens
(FLUAYV, HRSV, HPIV, HRV and HAdV), the role of emerging viruses
as etiological agents of respiratory disease among Brazilian children
remains unknown.

Generally, RNA viruses, particularly HRSV, FLUAV and HRYV, are
more often associated to respiratory infections than DNA viruses®. In
the present study infections caused by RNA viruses represented 89%
(57/64) of the positive samples while DNA viruses (HAdV, HBoV and
HPyV) were detected in 15.6% (10/64) of the samples, including mixed
infections.

Among the RNA viruses, HRSV is usually the pathogen more
often detected in children with acute respiratory disease hospitalized or
not” 1131433375153 Yet, HRV was the most common virus detected in our
study (57.8%; 37/64, including co-infections). One possible explanation
for these findings could be the fact that HRV is predominantly found in
upper respiratory tract infection, with high levels of viral concentration
in nasal secretions® and, material of choice in our study as nasal swabs.
On the other hand, HRSV is detected in higher concentration in secretion
from the lower respiratory tract. Still, other studies using nasal swabs or
nasopharyngeal aspirate from hospitalized and non-hospitalized patients
also showed a predominance of HRV®!2#_In the city of Fortaleza,
Brazil, an epidemiological surveillance carried out during 29 months
showed a high incidence of respiratory illness and a predominance of
infections caused by HRV (45.6%)°. Other studies in the country also
demonstrated a predominance of HRV. In a longitudinal study among
children in daycare centers in Salvador, Bahia, SOUZA et al. showed a
high prevalence (48.3%) of HRV infections*’. In another study performed
in Salvador by NASCIMENTO-CARVALHO et al. HRV was the most
common viral pathogen (21%), detected in the same proportion as
Streptococcus pneumonia®. BELLEI er al. evaluated the frequency of
viral infections among healthcare workers in Sao Paulo and showed a
predominance of HRV (37.7%)°. BONFIM et al. studies on the frequency
of respiratory pathogens in children attending daycare centers in Sdo
José do Rio Preto, Sdo Paulo, between 2003 and 2005, also showed the
predominance of HRV (37.7%)8.

Similar to other respiratory pathogens, HRV seasonality varies
geographically due to temperature variations. In the temperate areas of the
north hemisphere one peak of infections occurs in September (autumn)
and a second peak occurs in April/May (spring). In the temperate areas
of the south hemisphere, the seasonal incidence of these infections is
similar to that seen at the north hemisphere®. In Brazil, a study in Salvador
showed a peak of infection by HRV during the autumn*’. Another study
in Sao José do Rio Preto found that HRV was detected more frequently in
autumn, but the virus occurred throughout the study, with low frequency
in the summer months (December, January and, February)®. In our study,
carried out at Rio de Janeiro and Teresopolis, we detected a peak of HRV
infection during the late autumn/winter and early of spring as 30 out
of 33 HRV-positive single infections were detected between June and
September with the highest peak in August (45.5%; 15/33).

Many studies have suggested an association between HRV infections
and exacerbation of asthma®'%. Twelve patients participating in our study

presented symptoms of asthma at the time of sample collection. Four of

251



ALBUQUERQUE, M.C.M.; VARELLA, R.B. & SANTOS, N. - Acute respiratory viral infections in children in Rio de Janeiro and Teresdpolis, Brazil. Rev. Inst. Med. Trop. Sao Paulo,

54(5): 249-55, 2012.

those individuals were positive for HRV infection. However, we could not
draw a conclusion because the number of patients with asthma was small.

FLUAYV was only detected in 9.4% (6/64) of the samples. During a
surveillance done in Sdo Paulo, in 2007, THOMAZELLI et al. detected
FLUAV in 5% of the samples®'. Another study in the same state performed
between 2003 and 2005 detected FLUAV and FLUBYV in 23.8% of the
samples®. In Curitiba, this virus was responsible for 8.3% of infections
among pediatric and transplant patients®. In Minas Gerais FLUAV
and FLUBV were detected in 9.5% of samples collected from children
younger than five years of age'. In Brazil, the flu vaccine program
began in 1999 and since then the vaccine has been distributed off charge
for children and elderly over 60 years of age, healthcare workers and
incarcerate population. Surveillance studies carried out in Sdo Paulo and
Minas Gerais indicate that the vaccine coverage reached between 63%
and 66% of the target population'>?>2¢, This fact could explain the low
frequency of FLUV infections found in the country recently.

Generally the epidemiological studies performed in Brazil show a
high frequency of infection by HRSV#!433:37424951 Djfferently, we only
detect four (6.3%; 4/64) HRSV infections. Nevertheless, the above
mentioned studies were done in subtropical areas of the country such as
Sao Paulo®5!, Porto Alegre*-* and Minas Gerais'* where the average
temperature is below 18 °C, with a thermal amplitude between 9 °C and
13 °C, whereas the state of Rio de Janeiro is a more tropical area with the
average temperature between 18 °C and 22 °C and a thermal amplitude
between 7 °C and 9 °C. Perhaps this thermal variation could explain the
low frequency of HRSV found in our study, since other surveillance done
in northern Brazil, a tropical area where the average temperature exceed
20 °C, the HRV is more prevalent than HRSV*47, Corroborating this
theory, a study in Wales between 1991 and 2004, demonstrated that arise
of 1 °C in the annual temperature average during this period shortened
the HRSV season in 3.1 weeks?'. On the other hand, a recent study
performed in the city of Recife, northeast Brazil, found an incidence of
HRSYV infection of 37% testing nasopharyngeal aspirates of children
less than five years of age’.

In Brazil, the frequency of HAdV infections usually varies between
2.3% and 9.9%>>14334951 ‘We found a frequency of 3.1% (2/64) of HAdV.

The HPIV presents a distinct seasonal pattern, with a biannual
epidemic pattern, particularly for HPIV-1, 2 and, 3°'. We did not detect
any sample positive for HIPV. It seems that, depending on the region
studied, season and size of the study population, this virus may not
present a significant prevalence. In Fortaleza, Ceard, a study carried out
between 2001 and 2006, 3070 nasopharyngeal aspirates were analyzed
and 976 (31.8%) were positive for viral infection. Nevertheless, only 3.8%
tested positive for HPIV®. In Sdo Paulo, THOMAZELLI ez al. analyzed
336 respiratory samples and found 28 (8.3%) to be positive for HPIV-3
and two (0.6%) for HPIV-1°'. In Uberlandia, Minas Gerais, HIPV was
detected in 6.3% of the 379 samples tested'*. In Porto Alegre, Rio Grande
do Sul, STRALIOTTO et al. found only 2.3% positivity for HPIV in
samples collected in 1996 and 1.5% in samples from 1990-19924*%. In
Sao José do Rio Preto, BONFIM et al. found HIPV in 2.4% (19/782)
samples collected between 2003 and 20058.

The literature indicates that 20% to 60% of confirmed cases of
pneumonia the pathogen cannot be identified. The published data have
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also showed that viral pneumonia are more frequent than bacterial
pneumonia, especially among < 2-year-old children®. Yet, only in 40%
of those cases a viral agent is identified, even when highly sensitive
molecular tests are applied®#. It suggests that unknown viruses could
be circulating among the population. Since 2001, new viruses are being
identified and the epidemiology has demonstrated that some of those
could be associated to respiratory illnesses*.

The HMPV was first described in 2001 and since then has been
frequently detected in association to respiratory infections***¢. We found
that 12.5% (8/64) of our samples were positive for HMPV: five patients
had single infections (mean age 2.2 years old, range six months-five
years old) and three patients presented mixed infections (Table 1); none
of them were hospitalized but one patient with single infection attended
the emergency department presenting lower respiratory tract symptoms.
DEBURet al. performed a retrospective study in Curitiba, Parand, and
analyzed nasopharyngeal aspirates from 1,572 individuals collected
between 2006 and 2008. They found HMPV in 3.9% of the samples.
The incidence was higher in outpatients (5.9%; n = 493), whose mean
age was 19.7 years (range six months-75 years old), than in inpatients
(3%; n = 1079), whose mean age was 7.6 months (range one month-26
years old). The outpatients had upper respiratory tract infections with
flu-like symptoms and all hospitalized children had lower respiratory
tract infections'. Other studies have shown a significant positivity for
HMPYV in Brazil as well:$16.203840.51.59.60

HBoV is another emergent virus associated to illness of the
respiratory tract. It was first described in 2005 and has been detected in
1.5% to 19% of patients with acute respiratory infection®*#. In this study
we detected HBoV in 10.5% (7/64) of the samples. Other studies have
found similar rates in Brazil?"#,

Prior to 2003 there were only two coronavirus species known to
infected human, the HCoV-OC43 and the HCoV-229E. In 2005 three
new HCoV species were recognized as human pathogens: SARS-CoV,
HCoV-NL63 and HCoV-HKU1*. The SARS-CoV caused a pandemic in
2002 but has not been detected in the human population since 2004*. The
HCoV-NLG63 has been detected in 1% - 10% of children with respiratory
infection and has been associated to pneumonia*'. The HCoV-HKU 1 has
been detected in 0.3% to 2.4% of individuals with respiratory disease>.
We found eight samples positive for HCoV being one sample positive
for HCoV-HKUI, four positive for HCoV-NL63 and three for HCoV-
0C43. Three HCoV-NL63-positive patients presented pneumonia.
Patients infected with HCoV-HKUT usually present rhinorrhea, cough,
wheezing, fever, bronchiolitis or pneumonia*. The patient positive
for HCoV-HKU1 was a 4-month-old child who presented fever,
bronchiolitis, nasal congestion and wheezing. Generally, the HCoV-
OC43 causes common cold, although it has already been described in
cases of severe infection of the lower respiratory tract. Rhinorrea and
bronchiolitis were the most frequent symptoms associated to HCoV-
OC43 in our study; two patients were under six months of age. Few
cases of the emerging HCoV in Brazil were described. GOES et al. did
a retrospective analysis of nasopharyngeal aspirate samples collected
from children in 1995 and detected six (3.6%; n = 169) cases of HCoV-
HKUI infections. The positive samples were associated with pertussis,
pneumonia, bronchiolitis, and diarrhea®. More recently, CABECA &
BELLEI described a case of HCov-NL63 infection in a hospitalized
patient suspected of influenza virus HIN1 2009 infection. The patient was
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a 46-year-old female with diabetes presenting influenza-like symptoms
that progressed to hemorrhagic pneumonia, respiratory and renal failure,
brain edema and death'.

Recently two new polyomaviruses, KIPyV and WUPyV, were
detected in respiratory samples®?. Currently these agents have been
described in different countries throughout the world**® suggesting a
global distribution. In our study, these viruses were only detected in
co-infections (WUPyV+HBoV and KIPyV+HMPV). Interestingly,
a significant high rate of co-infection with other respiratory viruses
(up to 80%) is observed for both viruses’. Therefore, the role of the
polyomaviruses in respiratory illness is yet to be determined.

The data presented in this study contribute to a better understanding of
the impact of viruses in respiratory infections in the infancy emphasizing
the need for a more accurate diagnosis particularly for the emerging
respiratory viruses.

RESUMO

Infeccdes respiratorias agudas causadas por virus em criancas do
Rio de Janeiro e de Teresopolis, Brasil

Neste estudo foi investigada a frequéncia de patégenos virais
causando infec¢do em criancas nas cidades do Rio de Janeiro e
Teresopolis. Foram coletados 205 swabs nasais de criangas com infecgao
aguda do trato respiratério no periodo de marco de 2006 a outubro de
2007. Os espécimes foram testados para deteccdo de virus através de
(RT)-PCR e/ou PCR em tempo real. Dentre as 205 amostras testadas, 64
(31,2%) foram positivas para pelo menos um virus. Infecgdes causadas
por um tnico agente viral foram detectadas em 56 amostras, 50 das
quais eram causadas por virus de RNA: 33 amostras foram positivas
para rinovirus, cinco amostras foram positivas para influenza A, cinco
amostras foram positivas para metapneumovirus, quatro amostras foram
positivas para coronavirus e trés amostras foram positivas para virus
respiratério sincicial. Para os virus de DNA foram detectadas cinco
amostras positivas para bocavirus humano e uma amostra positiva para
adenovirus. Foram identificados oito casos de co-infeccdo. Nossos
dados demonstram frequéncia elevada de infec¢des respiratérias virais,
enfatizando a necessidade de um diagndstico mais acurado destes
patégenos, principalmente os virus considerados emergentes. O fato
de alguns virus respiratérios emergentes terem sido detectados em
9,2% das amostras testadas sugere que estes virus podem ser patégenos
respiratérios importantes no pafs.
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