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ABSTRACT

©iLifFature

Background: In spite of the numerous researches and efforts made worldwide, there are still few studies in which information on
climatic variability is used to understand the seasonal pattern of Respiratory Syncytial Virus (RSV) with a spatial - temporal scale. The
objective of this study was to determine the association level between the RSV seasonality and the climatic variations in its spatial-

temporal behavior.

Method: An ecological study using retrospective analyses of time series combined with spatial statistics was carried out. The series
of RSV between 2010-2015 in children under 5 years-old and climatic indicators using climate variability and seasonal anomalies were
analyzed by means of the Bulto-1 and 2 complex climatic indexes (Bls). To identify the areas of hot and cold spots a weight matrix by
the “Queen” method of second-order contiguity was used. Spatial autocorrelation using global and local Moran’s Index was examined.

Results: A clear seasonal pattern of RSV was obtained, corresponding to the rainy climatic pattern. The higher viral circulation was
observed during September-October, when the climatic anomalies increase. Through the Bls, a cumulative effect of the climate until
3 months was evidenced in the RSV. A high non-linear association between seasonality of climate variability and RSV was observed
through Bls An influence of the climate on the distribution of the virus was evidenced, with a strong positive spatial correlation (Moran’s

I > 0.7 during October in the central region).

Conclusions: There is a high association between the RSV seasonality and climatic variability. RSV circulates during the whole year,
but not always in all provinces. The areas of higher virus circulation overlap with those in favorable climatic characteristics according to
Bls. The months of higher virus activity correspond with the rainy season characterized by high temperatures, humidity and precipitation.

Key words: Climatic variability; Seasonality of RSV; Spatial analysis

INTRODUCTION

No one today could be indifferent with the costs that infectious
diseases cause to human populations. Given this situation, it is of
great importance that the control programs rely on solid knowledge
on the biology, ecology and evolution of hosts / viruses / environment
systems. Variability and climate change are likely to interact with
other forms of global changes (urbanization, migration, introduction
of invasive species, etc.) which in turn change the transmission of
pathogens in terrestrial ecosystems. Scientific evidence shows that
climate variability influences in the increasing and distribution of
infectious diseases. The effect of these changes and variations could
be in both, direct (physiological variations) or indirect (interspecific
interactions), in the transmission of viruses within or between different
populations [1]. Anomalies in climate variability are becoming more
frequent. The damages generated by these changes constitute the
most significant environmental problem that humanity will face in
the coming years. Efforts to reduce the magnitude of the impacts
attributable to variability and climate change are currently one of
the greatest challenges for the international scientific community,
which may already be influencing human health, especially in the
developing countries [2]. The role of the environment in the spread
of respiratory infections is poorly understood. However, the seasonal
patterns of almost all respiratory viruses are one of the most evident
manifestations of the effect of the environment on its transmission
[3]. Acute Respiratory Infections (ARI) are a major cause of morbidity
and mortality worldwide and Respiratory Syncytial Virus (RSV) is
the most common etiologic agent causing severe lower respiratory
tract infections in children under 5 years old [4,5]. This virus causes a
wide range of diseases ranging from a common cold to severe disease
such as bronchiolitis and pneumonia [6].

It well known that during an epidemic 2 subgroups (A and B)
and different genotypes within each subgroup circulate. Each year
a different genotype circulates and predominates, which is replaced
in the next epidemic [7]. Half of the children are infected with this
virus in the first year of life; almost all children have been infected
with the virus at two years old and approximately 50% have been
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infected twice [8]. In 2005, the incidence of ARI associated with
RSV in children under 5 years old was estimated at 33.8 million,
of which at least 3.4 million hospitalizations, 66,000-190,000 die
annually, and 99% of these deaths occur in underdeveloped countries
[4]. The RSV epidemics have a seasonal pattern and occur annually
with substantial variation across countries and regions. In temperate
countries epidemics occur in the winter months, with annual or
biennial epidemics, associated with low temperatures, high humidity
and precipitation, both in the northern and southern hemispheres.
However, in countries with tropical climate, the studies are limited
and virus activity has been associated with the rainy season [9].
Numerous studies in different regions of the world have showed the
association between virus activity and different climatic elements:
atmospheric pressure, relative humidity, temperature, rainfall, wind
speed and direction, UV radiation and dew point [10].

Despite the importance of RSV as a respiratory pathogen, a
licensed vaccine, the best single healthcare solution to an infectious
disease, is currently unavailable [11]. Only prophylactic treatment
with humanized monoclonal antibody (palivizumab) is available on
the market. This antibody is highly expensive and is only used in a
high-risk child with the aim of avoiding complications. Therefore,
understanding the epidemiology and changes in the circulatory
pattern of RSV is essential to design specific health actions that may
have an impact on the application of certain preventive measures for
the control and treatment of RSV [12]. In Cuba, epidemics of severe
respiratory infections occur in children under 5 years old, affecting
mainly children between 6 weeks and 6 months of age. The RSV virus
was first detected in Cuba during an outbreak of bronchiolitis in 1967
[13]. Since then, a laboratory surveillance program was implemented
using different diagnostic methods [14,15]. Studies conducted
by Valdes [16,17] found that during an epidemic circulate both
subgroups and different genotypes within each subgroup. However,
research regarding the seasonality of the RSV and the influence of
the climatic factors in the pattern of viral circulation has not been
studied. The aim of the present study was to determine the level of
correspondence between the seasonal RSV and the climatic variations
in its spatial-temporal behavior.
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MATERIALS AND METHODS
Study Design

An ecological study using retrospective analyses of time series
combined with spatial statistics was carried out.

Setting

Cuba is a mostly tropical country settled in the Caribbean Sea,
with a rainy season in summer (Aw, according to Koppen climate
classification). The average annual temperature ranges from 24°C
till 26°C and higher in the lowlands and on the eastern coast, with
temperatures lower than 20°C in the highest parts of the Sierra
Maestra. Despite its tropical condition, some seasonal characteristics
are present in its thermal regime, with two well-known seasons:
summer (rainy season) from May to October, being July and August
the warmest months; and winter (less rainy season) from November
to April, being January and February the coldest months. The national
average rain record is 1335 mm; however, drought events recurrently
occur, the duration of which can persist for several years [18].

Participants

A total of 11462 clinical samples of children under five years
of age with clinical diagnosis of influenza-like illness, severe acute
respiratory infection, bronchiolitis and pertussis syndrome were
included in the study.

Variables

Clinical: The total of samples processed in the National Reference
Laboratory (NRL) and the positive samples of RSV diagnosed for
both RSV type A and B, by provinces and month.

Climate: Monthly series of dissolved oxygen density in air (g /
m2), maximum and minimum mean air temperatures (°C), average
thermal air oscillation, average relative humidity of air (%), (Mm),
mean atmospheric pressure at sea level (hpa), total precipitation
(mm) and the number of days with precipitation 0.1 mm.

Data source and Measurements

The clinical samples were obtained in the sentinel hospitals and
ambulatory services from all provinces and sent to the NRL of the
Institute of Tropical Medicine “Pedro Kouri”, for diagnosis and
surveillance of ARI with possible viral etiology, between January /
2010 and December / 2015. For the detection of RSV a Real-Time
Polymerase Chain Reaction assay (RT-RCP) [19] was used. The
data of the climatic variables were obtained from the climate station
network of the Meteorology Institute in the period 1981-2010 for the
baseline and 2010-2015 for the current conditions.

Statistical methods

The complex climatic indexes (BI _, ) were developed by Ortiz
[20-23]. The expression is generated from the analysis of the time
series of the climatic variables described above, applying techniques
of multivariate analysis of principal components to generate the
weights or contributions of the variables to each index, obtaining
the orthogonal functions. Interpretation of Bulté complex climate
indexes BIL e describes inter-monthly and inter-seasonal variation;
includes maximum and minimum mean temperature, precipitation,
atmospheric pressure, vapor pressure, and relative humidity. BI,
" describes seasonal and inter-annual variation; includes solar
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radiation and sunshine duration as factors that affect temperature and
humidity. Positive values are associated with a high solar energy level.
The calculation of the Moran’s spatial autocorrelation coefficient
was predetermined for a matrix of neighbors with those stations that
will be in a radius of 20 kilometers, which is the minimum distance
in which all the stations had at least one neighbor. The statistical
software S-Plus 2000, GS-plus 10.0 and SIG, ArcGIS 10.1 were used.
For the processing of the series trends and the generation of the
different maps at spatial scale WinStat.V1.0 software was used.

RESULTS

A total of 2643 clinical samples (23%) were positive for RSV.
This proportion is similar to those previously published from others
countries [24,25]. A clear seasonal pattern of RSV was obtained,
which correspond to the climatic pattern, observing the main viral
circulation during the rainy period, with the higher detection in
September-October, when the climatic anomalies increase (Figure
1). A high non-linear association between seasonality of climate
variability and RSV was observed through climatic indexes BI,  _and
BI, , . (Figure 2). Figure 3 shows that, rather than determining the
virus seasonal pattern and its association with the climatic variability
pattern, is much more important to know what the cumulative effect
of climate on RSV is. For this reason, the beginning and the lasting
of the climate-virus interaction was determined (cumulative effect).
In other words, the climate had an effect on the RSV that begun to
manifest the following month and lasts up to three months.

Space relationship between RSV and Bl

The climate index clearly describes the ranges of the climatic
pattern variation for Cuba (Figures 4 and 5), leaving the rainy season
defined as negative values of BI | _ which are lower than -0.75), rainy
season (positive values of BI . higher than 0.75), and the transition
months which ranges since-0.75 to 0.75, as showed in the maps.

Spatial association between RSV and BI, . (MLISA)
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Figure 1: Relationship between seasonality of RSV and climatic variability
according to index Bl 1,t,c.
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between the index that describes the climatic variations and the
behavior of the RSV was corroborated; evidencing the influence of
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Figure 5: Spatial distribution of RSV and Bl activity 1, t, c in Cuba for months.
Period July / 2010-December / 2015.

Figure 2: Association between the seasonality of climatic variability and
Respiratory Syncytial Virus using the Climate Index BI1,t,C and BI2,t c.
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DISCUSSION

Seasonal patterns and its association with climatic
variability

The analysis of the climatic variability and the seasonality of the
virus activity can be evidenced. The higher risk moment is associated
with the rainy period, characterized by high temperatures, humidity
and precipitation with high numbers of cloudy days and low solar
radiation. Then a low brightness is present, which is a favorable
condition for the virus circulation. These values are reflecting
somehow the changes in the circulation of the atmosphere in the
country, where the months of the rainy season in which the index
takes positive values, are associated with the establishments of the
Azores-Bermuda anticyclone. Warmer and humid air masses reach
the country, which characterize the rainy pattern; there is a high
frequency of cloudy days, with a reduction in the thermal amplitude,
increasing the frequency of rainy days, which leads to a decrease
of hours with light. It is also observed that the values of the index
correctly describe the variations in the transition months, which are
not characterized in a similar way, neither with the same intensity.
The months corresponding to the low rainy season are associated
with the influence of extra-tropical phenomena and the greater
or less influence of the continental anticyclone on the Cuban area,
which defines the beginning of the west flow in Cuba. The variations
in the country are not homogeneous. There are areas with greater
variations, considering the geographic physical conditions, which
could amplify or not the features previously described, which favor
the virus circulation. Le., the northern, central and southern plains
of Camagiiey, belonging to the central region, are characterized by
a higher frequency of days with precipitation, humidity and greater
numbers of cloudy days in the months corresponding to September
and October. The index describes a different configuration coinciding
with those described by Lecha [26] and with the regionalization of the
index developed by Ortiz [21].

Local spatial association

These values are dissimilar; it means, there is spatial heterogeneity,
which is associated with the diversity and configuration of the
ecological components (biotic and abiotic); while in quadrants II
and IV a low frequency of virus activity occurs. This configuration
presents variations in intensity when passing from one seasonal
period to another, which are highly significant in all periods analyzed,
but not in all the areas studied. In all cases, the spatial autocorrelation
contrast of the multivariate Moran’s I is clearly significant at a
level of 5%, rejecting the hypothesis of the existence of a random
distribution. The near regions in the space present similar values in
terms of the behavior of the virus positivity proportion, in addition
to a clear majority and significant association of areas that present
high activity values in their neighboring localities, combined with
areas presenting low values (H-H and L-L). An important result is
the remarkable concentration of the mass of points in the quadrants
I and III, with the predominance of a concentration in the space of
similar values of H-H and L-L, especially in the central region of the
country, with a very interesting change in the transition months from
one seasonal period to another; the spatial structure is maintained,
but not the configuration. This finding confirms the influence of the
climatic variability in the spatial pattern of the RSV distribution, with
a marked seasonality; although it is kept circulating in low frequency
throughout the year as seen in the previous epigraph in the maps of
the spatial distribution of the virus and in the correlograms where the
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months of low frequencies the circulation is framed in quadrant IIL. It
is evident that there are very few areas with discrepancy between the
value reached by a region and the average observed in its neighbors,
reproducing very well the spatial variations and structures generated
by the sampled information.

The significant clusters detected in the circulation of the virus in
each of the areas do not manifest themselves in a dispersed (random)
way in the territory, but are close to each other and concentrated in
certain areas of the country near the flat areas (Camaguey and Las
Tunas). There, highest values of humidity are reported, as well as
number of days with precipitation, more frequent of cloudy days,
which bring with them less light hours and therefore less luminosity,
conditions that favor the high activity of RSV. Another notable aspect
is that all the clusters identified concentrate similar values of the
variables under study, and no region with a significantly dissimilar
behavior was detected when is shown by its neighbors.

The positive frequency of RSV presents a clear spatial-temporal
pattern in a global way, with a spatial structure changing by months
and seasonal periods, with a marked spatial heterogeneity, showing
areas of high conglomerates of high-low values that induce to the
presence of clusters (hot and cold spots) in areas near the populated
region. It is most notable the configuration of high values groups
during the months September-October in which it reaches its
maximum peak of circulation and that corresponds with the months
of the rainy season. The analysis of the Moran index suggests that
the spatial distribution of RSV is well defined for the tropical zone.
That is, regions with high circulation values are located near other
regions with relatively high values more frequently than if their
location was due only to random factors. However, from distances
greater than 900 meters, the Moran values indicate that a different
configuration occurs: these take negative signs (I < 0), indicating that
clusters of dissimilar values occur around a point, low circulation of
RSV in scattered areas. This can be associated with very typical local
conditions that favor the circulation of the virus throughout the year,
keeping the presence of the virus in low levels [27-29].

CONCLUSIONS AND FUTURES PERSPECTIVE

The research demonstrated a high association between the
seasonality of RSV and climatic variability through the Bls on a
temporal and spatial scale in Cuba. It was evidenced that the RSV
circulates during the whole year, but not always in all provinces. The
areas of greater circulation coincide with the areas where the Bls
present favorable characteristics for the virus circulation. The months
of greater activity of the virus (September-October) corresponding to
the rainy season with climatic characteristics of high temperatures,
high humidity and precipitation, low insolation which leads to low
luminosity, conditions very favorable for its circulation. Moreover,
the use of the Bls by months in Cuba provides climatic information
very useful for the epidemiological surveillance programs. Then,
the results obtained allow proposing prediction models for the
RSV circulation according to climatic conditions in a temporal and
spatial scale. This could contribute to improve the information to
the decision makers for the strengthening and implementation of
preventive action in the health system.
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