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SUMMARY

Although viral acute lower respiratory infections (ALRIs) are a major public health problem in tropical
low- and middle-income countries (LMICs), and there is growing evidence showing their relationship
with meteorological parameters, studies performed in these countries are scarce. In an analytical cross-
sectional study, we determined which of the main meteorological parameters (temperature, absolute
humidity, rainfall, wind speed, and solar radiation) predicted respiratory syncytial virus (RSV) activity
in a population of hospitalized children with ALRI during a 5-year period, from January 2009 to
December 2013. Out of a total of 4559 children included in the study (mean age 9·2 ± 8·5 months), 2953
(64·8%) presented RSV infection during the 3-month period fromMarch to May. In the multivariate
analysis, after controlling for absolute humidity, wind speed, and solar radiation, temperature
[incidence rate ratio (IRR) 2·25, 95% confidence interval (CI) 1·11–4·53, P= 0·024], and rainfall (IRR
1·01, 95% CI 1·00–1·02, P= 0·044) were independently associated with the monthly number of RSV
infections. In conclusion, in Bogota, the capital of a tropical LMIC lying slightly above the equator,
RSV activity peaks in the 3-month period fromMarch to May, the main rainy period of the year in the
city. In addition, rainfall and temperature are the two most important meteorological parameters that
are independently associated with RSV activity in hospitalized children with ALRI in the city.
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INTRODUCTION

Viral acute lower respiratory infections (ALRIs) are a
major public health problem because they are widely
considered to be the main cause of morbidity and
mortality, especially in children aged <5 years [1].

Although ALRI poses a significant health problem
in high-income countries, it is of even greater concern
in low- and middle-income countries (LMICs). The
problem is of such magnitude that ALRI is recognized
as being the main cause of death in infants and chil-
dren living in LMIC [2].

It is well known that respiratory syncytial virus
(RSV) is the leading cause of ALRIs and hospitaliza-
tion in young children but especially so in infants [3].
The most common clinical pattern of illness seen with
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RSV infection in infants is bronchiolitis, a clinical syn-
drome characterized by the obstruction of expiratory
airflow usually preceded by an upper respiratory
tract infection. It has been reported that RSV is the
most commonly identified virus in hospitalized infants
with bronchiolitis, with detection rates reaching up to
70–85% during seasonal winter epidemics [4]. Recent
evidence has strongly suggested that there is an associ-
ation between some meteorological parameters and
RSV activity in the community [5]. It has been
reported that RSV activity in cooler climates is in-
versely related to temperature, possibly due to the
increased stability of RSV in secretions in cold envir-
onments [5]. By contrast, in tropical countries al-
though RSV activity has been shown to be
continuous throughout the entire year, it has been
reported to be directly related to ambient temperature,
absolute humidity, and rainfall [5–7]. Information on
the meteorological parameters associated with RSV
activity could be useful in timing preventive strategies
to target high-risk populations during high-occurrence
periods of RSV activity. However, few researchers
have addressed the problem in tropical LMICs,
where ALRIs are an even a greater public health prob-
lem than in high-income countries. In the same man-
ner, some of the previous work has failed to address
the problem for sufficient time to allow the compari-
son of the consistency of trends in seasonality of
RSV over time. Specifically, in an exploratory study
reported by our group, we assessed the association be-
tween RSV activity and meteorological parameters
during a period of only 18 months [7].

The aim of the present study was to assess the long-
term association between meteorological parameters
and RSV activity in a population of children hospita-
lized due to ALRI in Bogota, Colombia, a tropical
LMIC.

MATERIAL AND METHODS

Study site

The geographical and meteorological conditions of
Bogota, the Colombian capital, have been described
in a previous study published by our group [7]. In
brief, the city is located at an elevation of about
2650 m above sea level, on a mountain-rimmed plat-
eau high in the Andes Mountains, lying only 4° 36′
north of the equator. Bogota has a subtropical high-
land climate. Because of its elevation and its proximity
to the equator, the city has a temperature relatively
consistent throughout the year of about 14·5 °C, but

weather conditions can change markedly from one
hour to the next, with variations during the day ran-
ging between 6 °C and 19 °C on cloudless days, and
between 10 °C and 18 °C on extremely rainy days.
The warmest month is March, with a maximum tem-
perature of 19·7 °C. The coldest nights occur in
January, with an average of 7·6 °C in the city. The
average annual absolute humidity is 10 g/m3 and aver-
age monthly absolute humidity ranges from 9 g/m3 in
February to 10·5 g/m3 in November. Mean annual
rainfall in the city is about 672 mm and the mean an-
nual wind speed is 1·5 m/s. The city typically experi-
ences only two seasons: dry and wet, with the dry
season running from December to March and from
June to August, and the rainy season running approxi-
mately from March to May and from September to
November [7]. The Fundacion Hospital de La
Misericordia is a university-based children’s hospital
located in the metropolitan area of Bogota. The hos-
pital has 287 beds, and functions as a tertiary referral
centre for the city of Bogota (7 363 782 inhabitants)
admitting around 12 000 children, and receiving
more than 60 000 emergency room visits per year.

Study design and procedures

An analytical cross-sectional study was conducted dur-
ing a 5-year period, from January 2009 to December
2013 in a consecutive sample of patients aged <3
years hospitalized in the Fundacion Hospital de La
Misericordia with a diagnosis of ALRI. In our institu-
tion, patients with ALRI who are sick enough to be
admitted to the hospital are tested for RSV using a
rapid immunoassay method (Abbott Test Pack RSV
Rapid Diagnostic kit; Abbott, USA).

In order to meet the objectives of the study, we col-
lected demographic and clinical data, and RSV-
positive cases were added on a monthly basis in
order to estimate the number of RSV infections for
each calendar month during the monitoring period.
We defined continuous RSV activity as a percentage
of at least 10% of RSV samples positive throughout
the year [5].

Meteorological parameters

Temperature (°C), relative humidity (%), rainfall
(mm), wind speed (m/s), and solar radiation (W/m2)
were routinely measured at Bogota’s Air Quality
Network (BAQN), which consists of 14 stations
distributed throughout the city that have been
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monitoring meteorological parameters since 1997 [8].
The average monthly absolute humidity (g/m3) was
calculated based on temperature and relative humidity
values. These data were available on a daily basis
from 1 January 2009 to 31 December 2013, and for
each meteorological variable, a monthly average was
calculated.

Statistical analysis

Continuous variables are given as mean ± standard
deviation (S.D.) or median (interquartile range), as ap-
propriate. Categorical variables are presented as num-
bers (percentage).

The bivariate correlation between the monthly
number of RSV infections and meteorological para-
meters was analysed using Spearman’s rank correl-
ation coefficient. In the same way as in our previous
exploratory study, to identify predictor meteorological
parameters independently linked to the monthly num-
ber of RSV infections, we used a negative binomial re-
gression to allow for overdispersion in the distribution
of the monthly number of RSV infections. This regres-
sion technique, which can be considered to be a gener-
alization of Poisson regression, can be used for
overdispersed count data, because it has the same
structure as Poisson regression and it has an extra par-
ameter to model the overdispersion [9]. However, this
model assumes that the process that generates the
events are independent and because this may not be
the case with our data due to a possible autocorrel-
ation between the observations, we also adjusted gen-
eralized linear models (GLMs) using the Newey–West
estimator of variance to correct for any violation in
the assumption of independence [10]. In order to
avoid collinearity that might cause the affected esti-
mates to be unstable and with high standard errors,
when we found high and significant bivariate correl-
ation between pairs of predictor variables, we per-
formed additional regression models excluding in
each model one of the two variables being correlated.
Regression results are reported as incidence rate ratios
(IRRs) and their respective 95% confidence intervals
(CIs). All statistical tests were two-tailed, and the sig-
nificance level used was P < 0·05. The data were ana-
lysed with Stata v. 12·0 (Stata Corporation, USA).

Ethical standards

The authors assert that all procedures contributing to
this work comply with the ethical standards of the

relevant national and institutional committees on
human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

RESULTS

Study population

A total of 13 488 samples of children hospitalized with
a diagnosis of ALRI were tested during the 5-year
monitoring period, of whom 4559 (33·8%) were ana-
lysed in the study because they tested positive for
RSV. The mean (S.D.) age of the patients analysed in
the study was 9·2 ± 8·5 months.

Examination of monthly RSV activity and
meteorological parameters

Number of monthly RSV infections during the moni-
toring period, along with monthly average of rainfall,
temperature, absolute humidity, wind speed, and solar
radiation are depicted in Figure 1. On analysing the
data about the monthly RSV activity during the mon-
itoring period, we found that RSV activity was con-
tinuous throughout the 5-year period, peaking each
year in the 3-month period from March to May, the
main rainy period of the year in the city.

Association between meteorological parameters and
monthly RSV activity

Temperature and rainfall were the only two meteoro-
logical parameters that were significantly associated
with the monthly number of RSV infections in the bi-
variate analysis (Table 1). In the multivariate analysis,
after controlling for absolute humidity, wind speed,
and solar radiation, temperature (IRR 2·25, 95% CI
1·11–4·53, P = 0·024) and rainfall (IRR 1·01, 95%
CI 1·00–1·02, P = 0·044) were independently asso-
ciated with the monthly number of RSV infections
(Table 2). The proportion of variance of the monthly
number of RSV infections that is explained by the pre-
dictors was 2·5% (pseudo-R2 = 0·0255). As mentioned,
due to the high and significant bivariate correlation
between rainfall and absolute humidity, and between
other pairs of predictor variables, we performed add-
itional negative binomial regression models excluding
in each model one of the two variables being corre-
lated. Results were similar in all these additional ana-
lyses: temperature and/or rainfall were the only
predictor variables independently associated with the
monthly number of RSV infections (results not
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shown). After adjusting GLM using the Newey–West
estimator of variance, temperature (IRR 2·31, 95% CI
1·77–3·03, P < 0·001) and rainfall (IRR 1·01, 95% CI
1·00–1·02, P < 0·001) were also the only independent
predictors of the number of monthly RSV infections.

DISCUSSION

The present study shows that in Bogota, a
moderate-altitude city lying slightly above the equa-
tor, RSV shows activity throughout the year, peaking
in the 3-month period from March to May, the main
rainy period of the year in the city. In addition,

rainfall and temperature are the two most important
meteorological parameters that are independently
associated with RSV activity in hospitalized children
with ALRI in the city.

We are confident that the present findings have
gone some way towards enhancing our understanding
of how in Bogota, and probably other similar tropical
regions north of the equator, RSV activity can be pre-
dicted by meteorological parameters that are easily
and routinely measured. This knowledge could be use-
ful in the development of specific interventions aimed
at ameliorating or preventing the impact of RSV ac-
tivity in high-risk group of patients, especially in
those regions which do not perform local virological
surveillance, by anticipating the periods of greatest
RSV circulation according to the continuous monitor-
ing of meteorological variables, which is routinely
performed in several tropical cities worldwide.
Specifically, the association between local RSV activ-
ity with meteorological data, and traditional respira-
tory viral surveillance information could provide, in
conjunction, information on when to institute passive
immunization against RSV and when to withdraw it.
Likewise, this knowledge can provide valuable data
that can be used for formulation or reinforcement of
interventions aimed to limit the nosocomial spread
of RSV, such as education of medical personnel and
family members on hand decontamination, wearing
masks when anticipating exposure to aerosolized
secretions while performing patient care activities,
cohorting of affected patients, and surveillance for
the onset of RSV season [11].

The findings of the present study are in good agree-
ment with previously published data showing that in
regions close to the equator epidemic activity of
RSV is associated with higher relative humidity and
temperature, and even modest shifts northward or
southward from the equator result in an inverse rela-
tionship between humidity, temperature, and RSV ac-
tivity, due to the drier, colder air [5]. Although
absolute humidity was not an independent predictor
of the RSV activity in our negative binomial regres-
sion model, it showed a positive and significant asso-
ciation with rainfall in the bivariate analysis
(Spearman’s ρ = 0·603, P < 0·001). Our findings are
also consistent with previous studies performed in
equatorial zones and in other tropical and subtropical
countries that have shown that epidemic RSV activity
is associated with the rainy period and the relative hu-
midity of the respective cities [3]. Likewise, the results
of our study are in line with those of two previous

Fig. 1. Monthly number of respiratory syncytial virus
(RSV) infections, and monthly variation of (a) rainfall, (b)
temperature, (c) absolute humidity. The x-axis shows the
date (covering the period from January 2009 to December
2013). The y-axis shows the monthly number of RSV
infections and the average monthly rainfall, temperature,
and absolute humidity.
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local studies that also investigated the epidemiology of
RSV in Bogota. In an exploratory study reported by
our group, we found that 77·1% of the total of RSV
infections occurred during the 3-month period from
March to May. Moreover, we found that monthly
average temperature and rainfall were independently
associated with the monthly number of RSV infec-
tions [7]. In a second study, published almost 20
years ago, monthly RSV activity and its relationship
with meteorological parameters in Bogota during a
5-years follow-up period were evaluated. The authors
of this study found that although RSV activity was
continuous throughout the study period, it clearly
peaked each during the first rainy period of the year
in the city (more than 50% of the total number of
bronchiolitis cases were diagnosed each year during
the 3-month period from April to June). Upon analys-
ing the association between RSV activity and me-
teorological parameters, the authors found that RSV
activity was positively associated with rainfall and
with lower intra-day temperature variations during
the monitoring period [12]. This latter finding is in
line with our results that showed that temperature is
one of the two meteorological parameters that are

independently associated with RSV activity. This is
because although it is believed that the rainy season
is colder than the drier season, during the drier season
the temperatures are high during the day but drop
below 0 °C at night and early morning, resulting in
lower mean temperatures compared to the rainy sea-
son. It is worth noting that RSV activity tends to co-
incide with only the first of the two annual rainy
seasons of the city (Fig. 1). Although we do not
know the exact cause of this partial coincidence, we
speculate that it is related to the greater average
monthly rainfall and temperature in the first rainy sea-
son compared to the second one.

The association between RSV activity and precipi-
tation and temperature could be explained by at
least two mechanisms. First, high rainfall and high
temperatures can favour the replication, stability, sur-
vival and therefore transmission of the virus in the
environment [13–15]. In this regard, it has been
proposed that RSV replicates better in regions north
of equator when the temperature change is associated
with rain and in regions south of the equator when the
temperature change is associated with the dry season.
The explanation for this discrepancy is that RSV sta-
bility is biphasic under different humidity concentra-
tions with two peaks at which it is more stable, one
low and one high [16]. In the same manner, Yusuf
et al. [6] proposed that in tropical and sub-tropical
areas, high humidity and stable high temperatures fa-
cilitate RSV to be sustained in large-particle aerosols
well enough to allow year-round transmission of the
virus. Second, specific climatic conditions can influ-
ence the susceptibility of the host to presenting
ALRIs through the modification of certain physio-
logical responses. For example, solar radiation can
interfere with RSV activity by stimulating vitamin D
production, increasing metabolism and inducing

Table 1. Correlations between the number of monthly respiratory syncytial virus (RSV) infections and
meteorological variables

Variable RSV infections Wind speed Rainfall Temperature Absolute humidity Solar radiation

RSV infections, n 1·000 −0·170 0·309* 0·370** 0·307* −0·150
Wind speed −0·170 1·000 −0·708** −0·079 −0·706** 0·350**
Rainfall 0·309* −0·708** 1·000 −0·002 0·544** −0·479**
Temperature 0·370** −0·079 −0·002 1·000 0·437** 0·047
Absolute humidity 0·182 0·754** 0·603** 0·065 1·000 −0·479**
Solar radiation −0·150 0·350** −0·479** 0·047 −0·416** 1·000

* Correlation significant at 0·05 level.
** Correlation significant at 0·01 level.

Table 2. Predictors of the number of monthly
respiratory syncytial virus infections in multivariate
analysis

Variable IRR (95% CI) P value

Wind speed 1·56 (0·22–11·26) 0·660
Rainfall 1·01 (1·00–1·02) 0·044
Temperature 2·25 (1·11–4·53) 0·024
Absolute humidity 1·10 (0·53–2·31) 0·791
Solar radiation 0·99 (0·98–1·01) 0·982

IRR, Incidence rate ratio; CI, confidence interval.
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the formation of defensive peptides by some of the
vitamin D metabolites, which have been shown to
have direct antiviral activity by means of the impair-
ment in the ability of viruses to infect cells [17].

We are aware that our research may have two lim-
itations. The first is that the association between me-
teorological parameters and the activity of RSV
could be influenced by many confounding factors in-
cluding the fact that RSV is more easily transmitted
from person to person when staying indoors during
the rainy season [18]. Additionally, other confounding
factors could comprise other environmental factors,
air pollution levels, social interaction between affected
persons, viral characteristics, and host susceptibility.
However, the similarity of our findings with those of
other researchers who investigated that association,
and who included predictor variables other than the
ones included in our model, suggests that confounding
plays a minimal role. The second is that assessment of
RSV activity in a hospitalized population of children
with ALRI could only reflect the more severe cases
of RSV disease, probably not capturing the full spec-
trum of disease severity in the community. However,
the consistency of our findings with those of earlier
surveillance epidemiological reports that included
children with the full spectrum of RSV disease [19],
suggests that our findings could be representative of
RSV activity in the community. The main strengths
of our study are that it adds to a growing body of lit-
erature on the association between meteorological
parameters and RSV activity in a tropical region
north of the equator for long enough to allow com-
parison of the consistency of trends in seasonality of
RSV over time, and that it confirms initial findings
from previous exploratory studies.

In conclusion our work has led us to conclude that
in Bogota, the capital of a tropical LMIC lying
slightly above the equator, RSV shows activity
throughout the year, peaking in the 3-month period
from March to May, the main rainy period of the
year in the city. Additionally, rainfall and temperature
are the two most important meteorological para-
meters that are independently associated with RSV ac-
tivity in hospitalized children with ALRI in the city.
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