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Background Characterization of the human respiratory syncytial
virus (HRSV) season at the local level has important implications
for appropriate decisions on the time period for administration of
specific prophylaxis.

Objectives (1) To describe five consecutive epidemic periods of
HRSV in an equatorial city of Brazil and (2) to show preliminary
data on genomic diversity of circulating HRSV.

Patients/Methods Nasopharyngeal aspirates of 2885 children
attending the emergency room and wards of a public hospital
were collected and screened by indirect immunofluorescence for
HRSV infections during five consecutive years (from January 2004
to December 2008). In addition, the genetic and antigenic variability
of the HRSV strains isolated was evaluated by partial nucleotide
sequencing of the protein G gene.

Results HRSV was detected in 15-8% of the analyzed samples.
HRSV seasons occurred in a restricted period of each year. The onset

of each HRSV season was variable (February to May), but the end
always occurred in July. From the 456 HRSV infections found, 86
cases with bronchiolitis were genotyped. Both HRSV subgroups (A
and B) cocirculated during the five epidemic periods. The 58 HRSV-
A strains grouped into two clades, GA2 and GA5. In respect of the
HRSV-B strains, the 28 samples grouped into two clades: GB3 and
BA.

Conclusions HRSV accounts for a substantial proportion of ARI in
the study population. As in temperate countries, HRSV infections in
this equatorial area of Brazil also cause seasonal yearly epidemics,
and this has implications for prophylaxis strategies. The city of
Fortaleza follows the same worldwide trend of circulation of
genotypes of HRSV.
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Introduction

Human respiratory syncytial virus (HRSV) causes a large
part of the burden of viral respiratory infections, especially
that involving young children." Much is known about the
seasonality of the HRSV in temperate areas, but there is
much to learn about HRSV’s behavior in equatorial areas.?
Knowledge of HRSV’s seasonality can be used by clinicians
and public health officials to determine when to consider
HRSV as a cause of acute respiratory illnesses and when to
provide HRSV immunoprophylaxis to children at high risk
of serious disease’ HRSV is a member of the Paramyxo-
viridae family and Pneumovirinae subfamily, with a
genome of RNA of approximately 15 200 nucleotides that
encode the synthesis of at least 11 proteins.* HRSV strains
have been classified in two broad subgroups, A and B. A

wide variety of genotypes or lineages within each subgroup
have been identified by nucleotide sequencing several
genes. The variability in the G protein is greater than
that in other proteins both between and within the
groups.” The aims of the present study are (i) to describe
epidemiological aspects of respiratory infections associated
with HRSV, which can be useful for correct use of
immunoprophylaxis in children at high risk of severe
HRSV infection, and (ii) to show the first data on
molecular epidemiology of HRSV circulating in an
equatorial area of Brazil.

Materials and methods

The study population consisted of children and teenagers
(0-16 years old) who were diagnosed with upper or lower
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acute respiratory infection (ARI) at the emergency rooms
and pediatric ward of Hospital Infantil Albert Sabin (HIAS)
in Fortaleza, Ceard (Northeast Brazil), from January 2004 to
December 2008. Patients were included in the study if they
had one or more of the following symptoms: cough, coryza,
sore throat, earache, breathing difficulty, stridor, and or
wheezing within seven days of onset, and if their parents or
legal guardians provided signed informed consent for
inclusion of the minors in the study. Demographic and
clinical information on each child was recorded in standard-
ized form. The established diagnostic in each case met
clinical criteria.® HIAS is a public and teaching hospital
where care is provided to children from low-income families
living in Fortaleza and other cities in the state of Ceard.
Fortaleza, the state capital, has ~2 400 000 inhabitants and is
located on the coast, 4° south of the Equator. It has two
distinct seasons: a rainy season that occurs in the first half of
each year usually from February to June and a dry season
during the rest of the year. Fortaleza presents little variation
in humidity and temperature over the course of the year.
Between 2004 an 2008, the absolute maximum and mini-
mum temperatures were 34°C and 20-5°C, respectively. In
the same period, the relative air humidity ranged from 75%
to 78%.” This study was approved by the Ethics Committee
of HIAS (resolution 011/08).

To analyze the seasonality of HRSV in Fortaleza during the
study period, we adopted the following criteria of the
National Respiratory and Enteric Virus Surveillance System
laboratories of the USA:® The onset of the HRSV season was
the first of two consecutive weeks during which the mean
percentage of positive specimens for HRSV antigen was
>10%. HRSV season conclusion was the last of two
consecutive weeks during which the mean percentage of
positive specimens was > 10%. Season duration comprised
the number of weeks lasting from the first to the last week of
each HRSV season. Significant HRSV activity was defined by
the detection of HRSV in > 10% of all samples collected in
the week.

Samples positive to HRSV antigens were identified using a
commercial immunofluorescence assay (IFA), the Respira-
tory I Viral Screening and Identification kit (Chemicon
International, Inc., Temucula, CA, USA) following the
manufacturer’s instructions. Grouping characterization of
HRSV was performed in step slides of samples collected in
cases of any diagnostic, except bronchiolitis, with monoclo-
nal antibodies for subgroup A (92-11c) and subgroup B
(102-10b), as previously described.” Only 282 slides were
available for this procedure.

Due to limited financial resources, only samples HRSV
positive in cases diagnosed as bronchiolitis were selected for
analysis by RT-PCR and sequencing. Viral RNA was
extracted with the Qiamp Viral RNA Mini Kit (QIAGEN,
Hilden, Germany), according to the manufacturer’s
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instructions. cDNA was synthesized using the High-Capacity
cDNA kit (Applied Biosystems™, Foster City, CA, USA)
according to the manufacturer’s instructions. The second
hypervariable region of the G protein gene was the target for
the external and nested PCR. External PCR was carried
out with the primers Gr5 (5-CTGGCAATGATAATCT-
CAACTTC-3)' and FV (5-GTTATGACACTGGTATAC-
CAACC-3")."" PCR was carried out in a 10-pl mixture
containing 5 pl of 10X PCR buffer, 2-5 mm of each dNTP,
25 pmol of each primer, and 1-5 U of Taq DNA Polymerase
(DNA polymerase, BIOTOOLS B & M Labe, S.A.) at a final
volume of 50 pl. The amplification was performed in a
GeneAmp PCR System 9700 thermocycler (Applied Biosys-
tems, Inc.). A second step of nested PCR was carried out
using the forward primer GAB (5- YCAYTTTGAAGT
GTTCAACTT-3') corresponding to bases 504-524 of the G
gene and FIAB (5'- CAACTCCATTGTTATTTGCC-3’) cor-
responding to bases 3-22 of the F gene.'” The first and
second PCR steps were performed with the following
program: 94°C for 5 minutes, followed by 35 cycles, each
composed of 1 minute at 94°C, 1 minute at 55°C, and
1 minute at 72°C, and finally 7 minutes of extension at 72°C.
The amplified products were analyzed by agarose gel
electrophoresis and visualized under UV light after staining
with ethidium bromide. Both ¢cDNA synthesis and PCR
followed strict procedures to prevent contamination, includ-
ing redundant negative controls and segregated environ-
ments for pre- and post-amplification procedures. The
amplified products of gene G of 490 bp were purified by
precipitation with ethanol and sodium acetate and submitted
to a cycle sequencing reaction using a fluorescent dye
terminator kit (Applied Biosystems) and both GAB and
FIAB primers in a 3100 DNA Sequencer (Applied Biosys-
tems, Inc., USA). Both strands of each amplicon were
sequenced at least twice. Sequence editing, alignments, and
phylogenetic analyses were performed as described previ-
ously." Seventy-one published sequences from subgroup A
and 63 from subgroup B were downloaded from GenBank as
reference of different lineages and genotypes. Descriptive
statistics (mean, standard deviation, Student’s t-test) were
used for univariate analysis. Comparisons were carried out
using the Fisher's exact test and Pearson’s x> test for
categorical variables. All P values were considered significant
if <0-05. Spearman’s correlation test used to correlate the
total number of ARI cases, the number of HRSV cases, and
monthly rainfall.

Results

A nasopharyngeal aspirate was collected from each of the
2885 children included in the study all of whom were tested
by IFA for HRSV antigens. A total of 456 samples tested

positive. No deaths occurred among HRSV-infected
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inpatients. Patients who were not admitted after emergency
care were not followed for outcome.

The results of this study show a statistically significant
association of HRSV infections with children in their first
two years of life (P < 0-001, Student’s t-test). There was also
a strong statistical association between HRSV and infection
of the lower respiratory tract (P < 0-001, Pearson’s chi-
square test), mainly represented by pneumonia and bron-
chiolitis (Table 1). More than one ARI peak was observed in
all years of study with the first and major peak always
occurring in association with the rainy season (P < 0-0001,
Spearman’s correlation). Human respiratory syncytial virus
epidemic periods occurred within this major peak of
occurrence of ARI (P < 0-0001, Spearman’s correlation)
(Figure 1). During the five-year study, a considerable
variation was noted in the number of HRSV cases detected
at the onset as well as the duration of the HRSV epidemic
periods (Figure 2) There was a difference in the number of
HRSV infections during the five epidemic periods, with a
maximum of 102 cases in 2004 and a minimum of 79 in
2006. The beginning of HRSV season varied, occurring as
early as week 6 in 2004 and as late as week 18 in 2005. The
end of HRSV season was more constant ranging from week
27 in 2006 to week 30 in 2008. The HRSV seasons lasted from
12 weeks in 2005 to 23 weeks in 2004. In some years, samples
positive for HRSV were identified prior to start of the HRSV
epidemic period. No HRSV cases were detected after the 30th
week in any of the five years.

A flow chart of the methodology used for detection,
antigenic and genomic characterization, and their results is
shown in Figure 3. Using IFA and nucleotide sequencing of
the G2 region, it was possible determine the HRSV
subgroups in 344 samples (Table 2); 215 (62:5%) of which
were further classified into HRSV-A and 129 into HRSV-B
(37-5%). Of the 105 cases of children HRSV positive with
bronchiolitis analyzed by sequencing, 92 samples had suffi-
cient volume for RNA extraction. Nested PCR was positive in

Table 1. Characteristics of the population of study

HRSV positive HRSV negative

Characteristics N (%) N (%)
Gender
Male 258 (56-5) 1385 (57)
Female 198 (43-5) 1044 (43)
Local of attending
Emergency room 384 (84-2) 2185 (90)
Ward 72(15-8) 244 (10)
Age (months)
0-12 278 (61) 1123 (46-3)
13-24 104 (22-8) 673 (27-2)
25-36 43 (9-5) 281 (11-5)
37-48 14 (3) 130 (5-4)
>48 17 (3-7) 222 (9-1)
Diagnostic
URTI 161 (35-3) 1249 (51-5)
Pneumonia 108 (23-7) 403 (16-5)
Bronchiolitis 105 (23) 197 (81)
Bronchial hyper-reactivity 59 (13) 448 (18.5)
Bronchitis 17(3-7) 105 (4-3)
Other 6 (1-3) 27 (1-1)

URTI, upper respiratory tract infection.

86 cases providing 86 sequences. Phylogenetic analysis of
these 86 strains revealed that 58 and 28 were HRSV-A and
HRSV-B, respectively. Phylogenetic tree was created with 27
unique partial G sequences of HRSV-A strains from
Fortaleza, clustered in two branches, and classified in
genotypes GA2 (38%) and GA5(62%) with bootstrap values
of 65-98% (Figure 4). The analysis of subgroup B included
19 unique partial G sequences from Fortaleza, and the
sequences were grouped in two distinct clusters, previously
identified as GB3 (29%) and BA (71%), with bootstrap
values of 68-99% (Figure 5). HRSV-A strains of both
genotypes GA2 and GA5 were found in all years of study,
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Figure 1. Monthly occurrence of total acute
Months (2004-2008) respiratory infections, HRSV infections, and rainfall
. - - . in Fortaleza, Brazil, from January 2004 to
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Figure 2. Distribution of human respiratory syncytial virus epidemic
periods in Fortaleza by epidemiologic weeks (1-52) during the five years
of study. The line in bold corresponds to the peak of each epidemic
period.

except 2008, when there was exclusive circulation of GA2.
HRSV-B genotype BA was detected on 2004 and in three
consecutive seasons from 2006 to 2008. Genotype GB3

2885 Samples
tested by IFA for HRSV

456 HR3V +

Grouping by sequencing J_ Grouping by IFA
(105 Bronchiolitis) 161URTI+ 108 Pneumonia

RMA extraction/RT-PCR | 157 HRSV A

MNested-PCR.
(94 samples) 101 HRSV B

86 HRSV sequenced

58 HRSV A J

28 HR3VB

Figure 3. Strategies used for detection, antigenic and genomic
characterization of HRSV strains circulating in Fortaleza.
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cocirculated with genotype B in 2006 and was the only
genotype detected in 2005. Sequences are available online in
GenBank with accession numbers: JQ806027-JQ806051 and
JQ814896-JQ814949.

Discussion

The HRSV detection rate in the present study is similar to
that reported in studies using detection by immunofluores-
cence.”' In spite of the lower sensitivity of immunofluo-
rescence compared with o-polymerase chain reaction for
detection of several viruses, including HRSV, this method
continues to be used for surveillance systems of respiratory
viruses in some countries, including Brazil.>'® Fortaleza is a
city with constant high humidity, little variation in
temperature, where the rain is the main climatic variable.
As seen here, the major peak of ARI and the activity of
HRSV in Fortaleza occur in strong association with the
rainy season. This association, already demonstrated in
another study, is not reported in studies conducted in cities
of the South and Southeast regions of Brazil, where the
association has been made with periods of lower temper-
atures.'®'® Interestingly, after the 30th epidemiological
week of each year, no HRSV was detected. This highlights
the temporal limitation of HRSV activity in Fortaleza, in
contrast to what has been reported in studies conducted in
cities in southeastern Brazil where HRSV activity has been
observed outside the epidemic period.'”'® Variation in the
beginning and end and the duration of each HRSV season
in Fortaleza are not unique, and similar variations have been
reported in the USA.2 In the absence of a vaccine,
palivizumab is the only licensed product currently available
for prophylaxis of HRSV infections in high-risk children.
Data on seasonality and epidemic pattern of HRSV are
necessary to define the timing of the start of palivizumab
prophylaxis. In the USA, the American Academy of
Pediatrics recommends giving a maximum of 3 to 5

Table 2. Antigenic and genomic characteristics of HRSV strains analyzed in the study

HRSV subgroups

Genotypes (A) Genotypes (B)

Year Total of samples HRSV positive by IFAN (%) A B GA2 N (%) GA5N (%) GB3 BA

2004 411 102 (24-8) 57 (55-8) 33 (32:3) 3 (37-5) 5 (62-5) - 4 (100)
2005 492 97 (19-7) 40 (41-2) 23(23-7) 2 (9-5) 19 (90-5) 5 (100) -

2006 653 79 (12) 34(43) 17(21-5) 3 (30) 7 (70) 3(42-8) 4 (57-2)
2007 623 89 (14-3) 45(50-5) 24(27) 6 (60) 5 (40) - 7 (100)
2008 706 89 (12-6) 39(43-8) 28(31-4) 8 (100) - - 5 (100)
Total 2885 456 (15-8) 215 (47-1) 129 (28:2) 22 (38) 36 (62) 8(28:5) 20 (71-5)
IFA, immunofluorescence asssay.
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Figure 4. HRSV subgroup A phylogenetic tree. Sequences of 270 nucleotides of the variable region of G protein gene were compared with published
sequences from GenBank. HRSV strains from Fortaleza were labeled according to the following format: country, state, number of sample, and year of
collection. The number of strains with identical sequences is shown in parenthesis to the right of one representative strain.

monthly doses of palivizumab to infants at high risk of
more severe HRSV infections, and the first dose should be
administrated before the onset of community HRSV activ-
ity.'”” It is known that communities in the southern USA

and especially in the state of Florida are exposed earlier to
the HRSV.” Based on this regional characteristic, the first
dose of palivizumab should be given earlier than in other
regions of the country.'” The high costs of using
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Figure 5. HRSV subgroup B phylogenetic tree. Sequences of 270 nucleotides of the variable region of G protein gene were compared with published
sequences from GenBank. HRSV strains were labeled as in the Figure 4. The number of strains with identical sequences is shown in parenthesis to the
right of one representative strain.

palivizumab and lack of routine laboratory diagnosis to
confirm the etiology of viral respiratory infections are factors
that limit the use of that drug in Brazil. The regularity and
well-defined temporal extent of HRSV epidemic periods in
Fortaleza shown here facilitate the implementation of
prevention strategies and the provision of hospital beds for
the periods of greatest impact of the virus.

Important epidemiological data are generated by analysis
of antigenic and genomic characterization of circulating
HRSV in a particular region. There is limited information
regarding the molecular epidemiology of HRSV in Brazil,
and only one published study has analyzed HRSV strains
circulating in a city in the country’s Northeast region.'>*%2°
Limited financial resources led to the small number of HRSV
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strains analyzed by sequencing in the present study.
Nevertheless, the results of this analysis represent the first
data on molecular epidemiology of HRSV in a Brazilian
equatorial region. In Fortaleza from 2004 to 2008, both
subgroups cocirculated in all epidemic periods always with
predominance of group A. A similar period of predominance
of HRSV-A over HRSV-B occurred in Uruguay, from 1995 to
1998.”” Predominance of HRSV-B over HRSV-A, or even
exclusive circulation of HRSV-B, may also occur in some
epidemic periods.>* In Fortaleza, during the five epidemic
periods, genotypes GA2 and GA5 of HRSV-A occur in
varying proportions. Brazilian and international studies have
shown a high diversity of genotypes of HRSV with GA2 and
GA5 as the predominant circulating genotypes.***>**»* The
small number of strains analyzed should not be the only
reason for the low diversity of genotypes of HRSV-A detected
in Fortaleza. Similar analysis of a smaller number of strains of
both subgroups (13 of subgroup A and 4 of subgroup B)
detected in the city of Salvador (also in Northeast region of
Brazil) during a single epidemic period showed HRSV-A
strains clustered in three genotypes (GA2, GAS5, and GA7),
while the HRSV-B clustered in two genotypes (GB3 and
SAB3).*> A new genotype of HRSV-B was first isolated in
1999 among strains of HRSV that circulated in Buenos Aires,
Argentina. This genotype, named BA, has a duplication of 60
nucleotides.®® Since 1999, the BA genotype has spread
globally and in some places now predominates or has
replaced genotypes that circulated for several years.”>’! In
Fortaleza, BA strains were detected in 2004 but in 2005, when
there was a predominance of HRSV-A, all five strains of
HRSV-B corresponded to genotype GB3. Strains GB3 and BA
cocirculated in 2006, but only the BA genotype was found in
the following two epidemic periods. This suggests that
Fortaleza follows the global trend of replacement of B
genotypes by BA genotype.

In summary, HRSV accounts for a substantial proportion
of ARI in the population studied. The present findings also
show that the circulation of HRSV can be strongly seasonal
even in equatorial regions. The regularity of HRSV epidemic
seasons in Fortaleza allows adoption of strategies to prevent
severe HRSV infections in high-risk children. Additionally,
we generated the first data on the molecular epidemiology of
HRSV-related acute respiratory infections in children living
in this city.
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