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Abstract

Respiratory syncytial virus (RSV) is the most common cause of severe respiratory infections 

worldwide, and an important cause of childhood bronchiolitis, pneumonia and mortality. Although 

prevention of RSV infection by immunoprophylaxis with palivizumab has proved effective, a 

precise understanding of the timing of RSV outbreaks is necessary to ensure that infants are 

protected when RSV is circulating. In this study a consistent shift in the seasonal patterns of RSV 

circulation in southeast Brazil (Sao Paulo) is reported based on the analysis of 15 years of viral 

surveillance. Surveillance was conducted from 1996 to 2010 and involved the collection of 

samples from children with symptoms of acute respiratory infection. Putative changes in school 

terms, in the proportion of RSV genotypes infecting children and in the seasonal dynamics of 

several climatic parameters during the period were also investigated. The results revealed a 

progression in the timing of RSV seasons, with a shift in the onset and peak of RSV epidemics 

from 2007 onwards. Although lower rainfall and temperatures were associated with the onset of 

outbreaks, there was no evidence of changes in climate, school terms or in the relative proportion 

of genotypes in the period analyzed. These findings have direct implications for improving the 

prophylactic use of palivizumab, and stress the importance of fine tuning prophylaxis with recent 

surveillance data. In the case of Sao Paulo, palivizumab prophylaxis should be initiated earlier 

than suggested currently. Similar adjustments may be necessary in other regions.
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Introduction

Respiratory syncytial virus (RSV) is the most common cause of acute infections of the lower 

respiratory tract among young children worldwide [Bryce et al., 2005; CDC, 1999], 

although individuals from all age groups may be infected [Falsey et al., 2005]. RSV-

associated infections are not only responsible for a high rate of hospital admissions, but are 

also an important cause of childhood bronchiolitis, severe pneumonia and mortality [Nair et 

al., 2010], mainly among premature and immunocompromised infants and individuals with 

chronic respiratory and cardiac conditions [Welliver, 2003].

Although a safe and effective vaccine is not yet available, prevention of RSV infection by 

passive immunoprophylaxis with the monoclonal antibody palivizumab has proved 

successful in reducing the burden of RSV disease among high-risk groups [Meissner and 

Long, 2003; Simões et al., 1998]. However, passive antibodies are expensive, representing a 

major barrier to the implementation of prevention programs. The high cost of drugs is 

particularly limiting in low-income countries, where the risk of severe viral respiratory 

infections is greatest [Stenballe et al., 2003]. Still, the cost-effectiveness of prophylaxis with 

palivizumab can be improved by restricting its use to those months of highest RSV 

circulation, with the first monthly dose administered just before the onset of RSV activity. A 

precise understanding of the dynamics and timing of RSV outbreaks is therefore crucial to 

ensure that the vulnerable population is protected when RSV is circulating.

In this study the evolution of the seasonal patterns of RSV circulation in the largest urban 

center of Brazil (São Paulo) was investigated by analyzing a long epidemiological series that 

includes 15 years of viral surveillance (1996 to 2010). The research was aimed at informing 

the necessary adjustments on the timing of RSV prophylaxis with palivizumab in Sao Paulo 

and potentially other cities in subtropical regions. Additionally, the dynamics of putative 

predictors of RSV outbreaks were also examined to determine the role of these factors in 

driving seasonal RSV patterns. RSV circulation has been shown to depend strongly on 

climate, with temperature in general, and rain in equatorial regions, positively associated 

with incidence rates [Checon et al., 2002; Nascimento et al., 1991; Stensballe et al., 2003]. 

School gatherings have been also implicated on the transmission of respiratory infections 

[Cintra et al., 2001]. Therefore, in addition to exploring the association between several 

climatic parameters and the seasonal characteristics of RSV, the role of school terms on the 

timing and peak of RSV outbreaks was examined. Similarly, the spectrum of RSV genotypes 

circulating from 1996 to 2010 was also investigated.

Material and Methods

Surveillance was conducted in the metropolitan area of Sao Paulo (23.4° S), the largest city 

in the southern hemisphere (approximately 20 million inhabitants). Sao Paulo is located 50 

km from the coast and 760 m above sea level, and has a subtropical climate with mild 

winters and higher rainfall during summer.

From 1996 to 2010 clinical samples were collected throughout the year from 5 Children 

Hospitals (Sabará, Menino Jesus, Candido Fontoura, Darcy Vargas and Instituto da Criança) 

Paiva et al. Page 2

J Med Virol. Author manuscript; available in PMC 2017 November 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and 12 General Hospitals (Vila Nova Cachoeirinha, Vila Alpina, Hospital Universitario 

FMUSP, Cotoxó, Sao Camilo, Sao Luis, Santa Helena, Santa Marcelina, D. Antonio 

Alvarenga, Mandaqui, Albert Einstein, Sirio Libanes). Nasopharyngeal aspirates were 

collected for diagnosis purposes from all hospitalized children younger than 5 years of age 

presenting with symptoms of acute respiratory infection, namely fever, cough, sore throat, 

difficulty in breathing or fatigue when no other diagnosis was available. All children with a 

diagnosis of bronchiolitis or pneumonia were tested. Samples were collected at the 

physician’s request by health care workers trained on sampling and delivering methods. 

Respiratory samples (nasopharyngeal aspirates) obtained from two Sentinel Units (Hospital 

Infantil Menino Jesus and Hospital José Storopoli) of the National Influenza Virus 

Surveillance Network were also analyzed. The network was first established in Sao Paulo in 

2002 to monitor the circulation of influenza and other respiratory viruses, and involved the 

systematic collection of five respiratory samples per week from children younger than 5 

years of age presenting with symptoms of acute respiratory infection. The collection criteria 

were therefore the same as those used at the Children and General Hospitals.

All specimens were sent to the Respiratory Virus Laboratory (National Influenza Network) 

for rapid processing and screening. During the entire study period viral identification was 

performed with indirect immunofluorescence assays using monoclonal antibodies from 

Panel 1 Viral Screening and Identification Kit (Light Diagnostic™, Chemicon International 

Inc, Temecula, CA). Samples were collected with informed consent of parents or the 

guardians of each child. This study was approved by the Research Ethics Committee of the 

Adolf Lutz Institute.

Climatic, Genetic and Social Variables

To determine the influence of potential drivers of RSV epidemics from 1996 to 2010 the 

seasonal dynamics of various climatic factors during the same period was analyzed. Monthly 

averages of precipitation, relative humidity, hours of sunshine and maximum and minimum 

temperatures from 1996 to 2010 were provided by the Brazilian Institute of Meteorology 

(INMET) upon request. With the exception of hours of sunshine (which were not available 

for some years), all series were continuous for the entire period (Figure 1).

Since social gatherings may also affect the spread of RSV, the potential association between 

the timing of school terms and periods of highest RSV circulation was explored. The public 

school calendar was obtained from the Education Secretariat of the State of São Paulo 

[SESP, 2011]. Information was available for the period from 2001 to 2009. Finally, the 

possibility that differences in the relative proportion of RSV genotypes infecting children 

[Gaunt et al. 2011] affected the timing and size of RSV seasons was also addressed. 

Information on RSV genotypes in São Paulo city, as determined by PCR-RT jointly with 

nucleotide sequencing, was available from the literature [Carvalho, 2009] for the period 

from 2001 to 2007.

Data Analysis

The number of RSV-positive samples increased during the period studied due to the 

improvement of the vigilance network. Therefore, to enable the identification and 
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comparison of the seasonal signal along the entire period, counts were scaled from 0 to 1 

every year (Figure 1). Exploration of the seasonal patterns of each variable was performed 

both visually and using the average seasonal signature provided by summing the first three 

annual harmonics of each time series, as obtained by Fourier analysis [Rogers et al., 1996]. 

Briefly, the periodic variability of the time series is partitioned into harmonic functions that 

are summed to obtain a model of the periodic annual function (PAF). PAF can be considered 

an average seasonal signature of the original series, in which year-to-year variations are 

removed but seasonal variations within the year are preserved.

To identify putative associations between climatic parameters and viral circulation, 

Spearman correlations were conducted between the epidemiological time series (scaled RSV 

counts) and each climatic series with a temporal lag of 0 (contemporaneous) and 1 month. 

The latter case tests if changes in the value of a climatic factor in one month influence the 

timing of RSV outbreaks in a subsequent month. Climatic data was smoothed by log-

transformation prior to the correlation analysis.

Given the paucity and (in the current case) mathematical simplicity of the school calendar 

and the genotypic data available, the analysis of their putative effect on seasonal RSV 

patterns was performed by comparing the time series.

Results

Figure 1 shows that the period of highest RSV activity extended from March to July 

(autumn-winter). The time series also revealed a progression in the timing of onset and peak 

of the epidemic season during the period studied. As shown in Figure 2, the highest 

detection rates (darker squares) occurred progressively earlier in more recent years (notice 

how the darker squares are aligned from the bottom left to the upper right of Figure 2). This 

pattern can be described in three stages: 1. (1996–2006) RSV detection rates was highest 

from March to August, peaking between April and July, 2. (2007) in this year there was an 

atypical season that started in December 2006, peaked in March 2007 and persisted until 

September (with a small decline in June) and 3. (2008–2010) viral detection was highest 

between February and August, peaking in April. This shift in the timing of the RSV season 

was therefore delimited by the 2007 outbreak. The results of the Fourier analysis also 

supported the observation of a shift in the timing of RSV circulation, as captured by the 

primary peak months, which from 1996 to 2006 were respectively May, April, May, May, 

May, May, May, April, May, May, May, in 2007 was March, and from 2008 to 2010 were 

respectively April, April and April. It is worth noticing that although the sampling effort was 

lower in the first years of the series, the seasonal patterns of RSV circulation in these years 

(white, upper panel of Fig.1) are consistent with those observed until 2006 (when 359 RSV-

positive samples were identified). Interestingly, a low yet consistent number of RSV-positive 

samples were observed beyond the typical RSV circulation period, particularly from 2005 to 

2010.

The temporal association between the epidemiological and climatic time series was stronger 

when the series were contemporaneous, namely with no time lag (Table 1). To examine if 

climatic changes were associated to the observed shift in the timing of the RSV season, the 
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correlation analyses were also performed for the period from January to April only, namely 

the period encompassing the earliest and latest onset of the epidemic season. Indeed, Table 1 

shows that the highest absolute correlation coefficients (arbitrarily defined as r > 0.3) were 

obtained when the latter (reduced) period was considered. Except for sunshine hours, RSV 

was inversely associated with all climatic variables (all correlation coefficients were 

negative), circulating predominantly at lower levels of precipitation, relative humidity and 

lower temperatures. Precipitation and minimum temperature were the best predictors of RSV 

cycles in the period from January to April (r = −0.60 and r = −0.43, respectively). When all 

months were included in the analysis, precipitation and maximum temperature showed the 

highest negative association (r = −0.46 and r = −0.40, respectively) with RSV circulation.

From 1999 to 2010, primary public schools were opened, respectively, in the following days 

(February): 8, 9, 8, 6, 10, 9, 14, 13, 12, 18, 11 and 18. In the period until 2006 classes 

therefore commenced, on average, on February 9 (first day at school = 9.6 ± 2.5) and from 

2007 to 2010 on February 14 (first day at school = 14.8 ± 3.3), hence a few days later. The 

differences between the two periods were therefore too small to drive the observed changed 

in the timing of RSV circulation. Moreover, they were in the opposite direction of what 

would be expected to explain the progressively earlier circulation of RSV.

Figure 3 shows the relative proportion of RSV genotypes, as determined by RT-PCR and 

nucleotide sequencing of the glycoprotein (G) gene by Carvalho [2009], in the pediatric 

population in Sao Paulo. Genotypes GA2 and GA5 predominated in alternating years. The 

only exception to this pattern was observed in 2007, when genotype GA2 reappeared after 

remaining undetected during the previous year.

Discussion

The retrospective analysis of data from 15 consecutive years of viral surveillance confirm 

the marked seasonal pattern of RSV outbreaks in São Paulo, with the highest incidence of 

laboratory-confirmed infections coinciding with autumn and winter in this city. To our 

knowledge, however, the present results represent the first description of a shift in the timing 

of RSV epidemics in recent years. Earlier results are consistent with the patterns revealed 

here in the early period, from 1996 to 2006, indicating that RSV outbreaks peak in mid-fall 

(May) and last until winter [Thomazelli et al., 2007; Vieira et al., 2001], an observation that 

has prompted the initiation of immunoprophylaxis in April in this city [SUS-SP, 2007]. Still, 

the present findings show a consistent shift in the onset and peak of RSV circulation in more 

recent years. Specifically, from 2007 to 2010 RSV circulated approximately one month 

earlier than in previous years, with the onset of the epidemic season overlapping with the 

end of summer. The peak in the number of RSV-confirmed cases was also altered by one 

month, occurring in May since 2007 as opposed to June in the period from 1999 to 2006.

The exploratory analysis on the association of RSV with several climatic factors strengthens 

the role of climate as a driver of RSV epidemics. In Brazil, a country with a marked climatic 

diversity, there is a marked latitudinal difference in the timing of the RSV seasons. While in 

the North and Northeast RSV predominates in the first months of the year, coinciding with 

the rainy season [Bezerra et al., 2011; Moura et al., 2006], in the South and Southeast RSV 
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circulates predominantly during fall and winter [Cintra et al., 2001; Pecchini et al., 2008; 

Vieira et al., 2001]. Indeed, decreasing rainfall levels and temperatures during autumn and 

winter were strongly linked to the onset of the RSV season [Cintra et al., 2001]. Yet, there is 

no evidence of a change in the climatic patterns in São Paulo from 1996 to 2010, weakening 

the hypothesis that climate change affected the shift in the timing of RSV circulation. It has 

also been suggested that higher contact rates among children promoted by the return to 

school could affect RSV cycles by increasing transmission rates [Cintra et al., 2001]. 

Although the return of children to public schools in São Paulo occurs in February, the same 

month that marks the onset of RSV circulation in this city, there were no changes in the 

school calendar that could explain the present results. There is also no evidence of a change 

in the relative proportion of RSV genotypes circulating during the period, although it is not 

possible to rule out the possibility of genetic changes in viral strains.

Although further research is needed to explore putative drivers of the patterns described in 

this study, the present findings have direct implications for improving the prophylactic use of 

palivizumab in this city and potentially other regions. Previous studies have shown that the 

most cost-effective strategy is to initiate the administration of palivizumab just before the 

onset of the local RSV epidemic season. However, the results shown here stress the 

importance of constantly fine-tuning the implementation of prophylactic strategies with 

recent surveillance data. Indeed, the recommendations for the initiation of prophylaxis with 

palivizumab in the United States have been recently updated [American Academy of 

Pediatrics, 2009] to reflect the latest description of RSV seasonality in different locations 

within that country. In the case of Sao Paulo, findings indicate that RSV prophylaxis should 

be initiated earlier than currently suggested, ideally in January. Similar adjustments may be 

necessary in other regions to ensure that preventive strategies remain effective.
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Figure 1. 
Time series showing RSV detection rates and seasonal variation in climatic parameters in 

the metropolitan area of São Paulo (1996–2010). In addition to showing original counts of 

RSV-positive samples (black, upper panel), the epidemiological series was also de-trended 

(scaled) to enable the visualization and comparison of the seasonal signal along the entire 

period (white, upper panel).
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Figure 2. 
Temporal distribution of RSV-positive samples. Palivizumab prophylaxis is currently 

recommended during the period indicated by the green bar on the x-axis. The number of 

RSV-positive samples was scaled from 0 to 1 (where 0 and 1 are respectively the minimum 

and maximum RSV monthly counts observed in the corresponding year).
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Figure 3. 
Proportion of RSV genotypes detected in respiratory samples from children diagnosed with 

acute respiratory infections in Sao Paulo [Carvalho, 2009]. RSV genotypes were determined 

by Carvalho [2009] using RT-PCR and nucleotide sequencing of the glycoprotein (G) gene 

jointly with comparison to sequences representative of previously defined RSV genotypes.
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Table 1

Correlation coefficients (R, as determined by Spearman correlation) between the epidemiological (scaled 

RSV-positive counts) and each climatic times series (1996–2010; São Paulo, Brazil). Coefficients higher than 

0.3 are shown in bold.

All months included January to April only

Contemporaneous Lag of 1
month

Contemporaneous Lag of 1
month

Precipitation −.46 −.10 −.60 .11

Max. temperature −.40 −.03 −.36 .28

Min. temperature −.34 .09 −.43 .25

Relative Humidity −.15 .08 −.33 .03

Sunshine .25 .10 .45 .03
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