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Abstract

Background: Acute Respiratory Infections (ARI) are the leading cause of morbidity and mortality all over the world, mainly in young children, elderly and immune-

compromised patients. In this paper we aimed to determine the influence of climatic variability on the burden of medically attended acute respiratory infections

(MAARI) in Cuba and the contribution of RSV and Influenza to that burden.

Methods: An ecological study using retrospective analyses of time series was carried out. Statistical data of MAARI were obtained through universal surveillance
during the period 2011-2017. The clinical samples taken through the sentinel surveillance were sent to the National Reference Laboratory for detection of respiratory
viruses using a Real-Time Polymerase Chain Reaction assay (RT-RCP). The data of climatic variables were obtained from the climate station network of the
Meteorology Institute in the period 1981-2010 for the baseline and 2011-2017 for the current conditions. The complex Bulté climatic indexes were used to analyze
the time series of climatic variables, applying techniques of multivariate analysis to describe inter-monthly and inter-seasonal variation.

Results: A bimodal curve on MAARI is observed with a main peak in October and another small in March. The biggest increase during September-November
matches with the higher circulation of Respiratory Syncytial Virus (RSV). Influenza viruses circulate more during June-August, with a higher peak in July. The largest
climatic variability is observed during the months April-November, corresponding to the rainy season and the period of higher circulation of Influenza and RSV. The
increasing of MAARI reports during January-March could be attributed to other respiratory viruses (ORV) circulating.

Conclusion: RSV adds a great burden to health care in Cuban population, mostly in pediatric ages during September-November, months belonging to the rainy

season, with increasing of climatic variability. It seems that the ORV also contributes an important burden to the MAARI.

Background

Acute Respiratory Infections (ARI) are the leading cause of
morbidity and mortality all over the world, mainly in young children,
elderly and immune-compromised patients. They also contribute with
a great burden to the health systems regarding medical attendance and
hospital admissions. According to the Global Burden of Disease Study
2010, ARI is the fourth cause of mortality worldwide, with more than
two million deaths annually [1]. Among children under five years-old,
ARI was the leading cause of death in 2016 [2]. Respiratory viruses are
the main etiology of respiratory illness throughout the world [3,4], 90%
of ARI are estimated to be related with viruses [5]. Among these viruses,
influenza and respiratory syncytial virus (RSV) play predominant role,
causing high morbidity and mortality, mostly affecting individuals aged
< 5 and 2 65 years and persons with underlying medical conditions,
including HIV infection [6-9]. Since ancient times influenza viruses
have caused large epidemics and pandemics in the world; the last one in
2009 caused more than 500,000 deaths. It is one of the most contagious
diseases by its high mutation capacity [10].

Respiratory Syncytial Virus (RSV) is the most common etiologic
agent causing severe lower respiratory tract infections in children
under 5 years old [6,11,12]. This virus causes a wide range of diseases
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ranging from a common cold to severe disease such as bronchiolitis
and pneumonia [13]. The role of the environment in the spread
of respiratory infections is not well understood yet. Nevertheless,
the seasonal patterns of almost all respiratory viruses are one of the
most evident manifestations of the effect of the environment on its
transmission [1]. The effects of the climatic variability on health
vary according to the region, the vulnerability of individuals and the
populations’ resilience [14]. In areas with temperate climates, the
seasonal pattern of respiratory viruses in connection with the climate
is very well known; however, few studies convincingly demonstrate the
temporal-spatial behavior and the seasonality of respiratory viruses in
the tropical regions [15-18]. In Cuba, as a tropical country, ARI also

*Correspondence to: Susana Borroto-Gutiérrez, Epidemiology Division,
Institute of Tropical Medicine Pedro Kouri, PO Box 601, Marianao 13, Havana,
Cuba, Tel: +537-2553213; Email: susana@ipk.sld.cu

Key words: acute respiratory infections, influenza, syncytial respiratory virus,
surveillance, climate variations

Received: December 24, 2020; Accepted: January 14, 2020; Published: January
20, 2020

Volume 2: 1-7



Borroto-Gutiérrez S (2020) Influence of climatic variability and respiratory viruses on the burden of medically attended acute respiratory infections in Cuba

contributes with a great burden of medical care to the National Health
System (NHS). Some recent studies describing the seasonal behavior of
Influenza and RSV have been performed, as well as their relationship
with climate variability [18-20]. In this paper we aimed to determine
the influence of climatic variability on the burden of medically attended
acute respiratory infections (MAARI) in Cuba and the contribution of
RSV and Influenza to that burden.

Material and methods

Study design

An ecological study using retrospective analyses of time series was
carried out.

Setting

Cuba is a mostly tropical country settled in the Caribbean Sea.
The average annual temperature ranges from 24°C to 26°C. 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, persisting during
several years [21].

Participants

A total of 44 484 804 MAARI reported through the universal ARI
surveillance during the period 2011-2017, according to province,
month and age groups were analyzed. Age groups are: 0-4, 5-19, 20-59
and 2 60 years old.

For RSV diagnostic a total of 11 462 clinical samples of children
under five years of age with clinical diagnosis of influenza-like illness
(ILI), severe acute respiratory infection (SARI), bronchiolitis and
pertussis syndrome were included in the study. For Influenza virus
detection, a total of 25 219 clinical samples from people of any age with
clinical diagnosis of ARI, ILI and SARI were included.

Variables

Clinical: Total of MAARI, samples processed in the National
Reference Laboratory (NRL) and positive samples of RSV and influenza
virus by provinces, month and age groups.

Climate: Monthly series of dissolved oxygen density in air (g/m?),
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

Universal surveillance from Primary Health Care allowed
obtaining statistical data of the MAARI in the country during the
period 2011-2017 on a monthly basis. The clinical samples were
obtained through the virological surveillance in patients with clinical
diagnosis of ILI, SARI, bronchiolitis and pertussis syndrome, collected
in the sentinel hospitals and ambulatory services of all provinces and
sent to the National Reference Laboratory (NRL) at the Institute of
Tropical Medicine “Pedro Kouri” (IPK), for diagnosis and surveillance
of MAARI with possible viral etiology, between January / 2011 and
December / 2017. For the detection of RSV and influenza viruses a
Reverse Transcriptase Polymerase Chain Reaction assay (RT-RCP) was
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used [22]. The data of climatic variables were obtained from the climate
station network of the Meteorology Institute in the period 1981-2010
for the baseline and 2011-2017 for the current conditions.

Statistical methods

Complex climatic indexes (BIr,t,) developed by Ortiz [20-23] were
used. The expression is generated from the analysis of time series of
the climatic variables, 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 BIltc describes
inter-monthly and inter-seasonal variation; includes maximum and
minimum mean temperature, precipitation, atmospheric pressure,
vapor pressure, and relative humidity. BI2,t,c describes seasonal and
inter-annual variation; includes solar radiation and sunshine duration
as factors that affect temperature and humidity. Positive values are
associated with a high solar energy level.

Interpolation method for the spatial structure: to this analysis, a
mesh with continuous information of 600 nodes (Raster format) was
generated. It means, transforming the information of a finite number
of samples in a continuous space that allowed to know the variation
pattern in the area and compare with those observed in the studied
sample [23] as well as to characterize areas where information was not
available. For that, the Kriging method combined with the method
of the inverse distance (IDM) was implemented with the objective of
interpolating, to have information in the whole study domain, with a
resolution of 20 km?[23]. For create multiannual graphics, the software
SigmaPlot 10.0 style Filled Contour Plot (plots data values in 2D space
filing in the area between contour levels) was used. The box plot and
line plot of multiple variables graphics were performed using Statistical
and Excel 2007. For statistical analysis the software S-Plus 2000, GS-
plus 10.0 and SIG ArcGIS 10.1 were used. For processing of the series
trends WinStat. V1.0 software was used.

Results

During the period 2011-2017, an annual average of 6 354 971
MAARI was reported in Cuba. Near half million MAARI are reported
monthly every year. In (Figure 1) the serial shows an annual bimodal
curve, with a main peak in October and another small in March. But
a variation of this patter is observed among the different years of
the series analyzed (Figure 2). The biggest concentration of MAARI
during September-November was detected during 2014-2015, while
in January to March the higher was in 2015. When analyzing the
contribution of respiratory viruses to this MAARI behavior (Figure
3), the biggest increase during September-November matches with
the higher circulation of RSV. Influenza viruses circulate more during
June-August, with a higher peak in July, months in which there is not
a big increasing in the report of MAARI. On the contrary, during the
curve corresponding with January-April no important increment of
Influenza or RSV are detected. By age groups a different pattern is
observed. The MAARI increasing during January-April in 2015-2016
afected more to 20-59 and > 60 y-o age groups. Meanwhile, 2012-2015
increasing of MAARI during September-November affected more to
0-4 and 5-19 y-o age groups, but all age groups showed an increment.
In the other hand, only 5-19 y-o group showed an important MAARI
intensification during May-July in the 2012 season, while > 60 y-o
were more affected in 2017 (Figure 4). In a monthly variation in
MAAIR is observed, with a changing distribution in time and space
throughout the country. Provinces belonging to the central region
show the higher figures of MAARI. Those are the areas with the higher
climatic variability (Figure 5). Regarding the BI (Figure 6), the biggest
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Figure 3. Relationship of ARI-MV reports with the diagnoses of Influenza viruses and RSV
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Figure 4. Multiannual variation of MAARI by age groups. Cuba, 2011-2017
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Figure 5. Spatial and temporal distribution of medically attended acute respiratory infections
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Figure 6. Climatic bulté index and medically attended acute respiratory infections

climatic variability is observed during the months October to April,
corresponding to the no-rainy season, including April and October as
transitional months. It matches with the increasing of MAARI in both
main and secondary peaks of the curve.

Discussion

As a tropical country, in Cuba respiratory viruses circulate during
the whole year. However, a higher circulation of RSV has been evidenced
between August and November, whereas Influenza levels increase more
during June to August. The bimodal curve observed in MAARI during
the study period was also reported by other authors in the last 40 years
[24-26]. It is remarkable that MAARI reports also increased through
January-March, months that does not correspond with the highest
circulation levels of Influenza or RSV in the country. This gives us
the idea of the important contribution of the other respiratory viruses
(ORV) to the burden of ARI in the country. During the study period,
laboratory surveillance has reported a high circulation level of Human
Rhinovirus (HRV) (23% average up to the virus positive samples) and
Human Parainfluenza Viruses (HPIV) (11%). Both circulate during
the whole year with frequent increasing throughout the first semester;
but in the years 2012, 2015 and 2017 an increased level of HRV was
detected in the second half of the year [27-32].

Usually, ORV yield lighter symptoms and are diagnosed as common
cold; so, samples for virological diagnosis are not regularly taken from
those patients as part of laboratory surveillance. That justifies why the
curve of viruses’ circulation doesn’t usually belong together with the
MAARI reported during the first peak of the year. On the contrary,
most of the samples sent to the laboratory for virological diagnostic
correspond to hospitalized patients due to SARI (generally pneumonia
and bronquiolitis) or coming from ILI outbreaks. In those, Influenza
viruses and RSV (in children under 5 years old) are more frequently
detected.

When we analyze BI in the study period, the largest climate
variations appear during the transition months (March and October-
November), and coincides with the highest reports of MAARI:
the main curve mainly due to RSV in October-December and the
secondary curve in January-March, when no important increasing of
influenza viruses or RSV are detected. In Cuba, ORYV circulate usually
in a similar way during the whole year, while influenza and RSV have
a more evident seasonality, even in a tropical climate, as reported in
other paper [15,17,19,20,33].

In a report from Canada on hospitalization burden attributable
to respiratory viruses, RSV was identified in 66% of respiratory
admissions attributed to the virus in pediatric patients, though in only
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9% for adults. For ORYV, viral identification rates were lower at 15% for
pediatric patients and 7% for adults [6]. However, in a study of young
children attending day care centers in Sao Paulo, Brazil, 37.6% of the
samples were positive for at least one of the respiratory viruses analyzed
and the most frequent viruses detected were Human Rhinoviruses
(HRV) (37,7%), RSV (20,7%) and FluB (17,3%) [34]. Another study in
the same city in hospital-based children reported respiratory viruses’
detection in 54.4% of the samples, being RSV the most detected (29%)
from the positive samples. HRV was identified in 23.1% and the rest of
viruses in minor proportions [35]. In Africa, according to a systematic
review with meta-analysis [36], the pooled prevalence of RSV was
14.6% in people with ARI. It was higher in children (18.5%) compared
to adults (4.0%).

Although less studied that in temperate climates, there are some
reports associating the rainy seasons in tropical and subtropical
climates with ARI increasing [16,35,37-39]. However, in Cuba, besides
the higher peak during September —November, there is a secondary
peak during January-March corresponding with dry season. This
period is the coolest and driest in the country, and this increasing could
be influenced by the winter in north hemisphere, when a great number
of tourists are visiting our nation and could spread respiratory viruses.
As showed, ORVs are the predominant in that period and are mostly
detected in adult people. Another factor that could be influencing in
the MAARI increasing during the two described periods is the crawl
of air contaminants from North America by north winds. During
November to March, a high concentration of Carbon Monoxide and
Sulfurate Dioxide has been detected in the country as a result of that
crawl [40], which combined with the lower temperatures during that
period, could influence in the increasing of respiratory infections.

During September-October, besides of weather conditions of
the rainy season, the scholar course just begins in the country and
children are overcrowded when RSV season is more active; so, the
virus spread increases in pediatric population. But adults are also
returning to job places after summer vacations, and they could be
them infected by any virus, mostly influenza and ORV. That justify
that great epidemic period during those months which include all
age groups. The distribution of MAARI suggests a heterogeneous
pattern with an infection effect with different densities and dispersion
grades for different months and seasonal periods, as well as different
areas. The bigger variations of the BI and the high circulation of the
virus and increment of MAARI are present in the months of the
rainy period. In those months, there are favorable conditions for the
supersaturation and condensation in the airways, with a pH reduction
acidifying the respiratory tract, as well as the epithelial lining fluid in
local areas of the airways [41]. That could propitiate a weakness of
the defense mechanisms in the airways, provoking cough, bronchial
spasm, neurogenic inflammation and dysfunction [42,43]. Population
becomes then more susceptible to respiratory viral infections. On the
other hand, the spatial structure shows the central region with the
highest figures of MAARI, which could be associated with the biggest
climatic variability. The central region has the more plain areas and
due to its physique-geographical position, there is high humidity,
with serial many days with precipitation associated to centers of low
pressures, high cloudiness with low heatstroke, diminishing this way
the brightness [44]. Those are conditions favorable to the circulation of
respiratory virus causing ARI [19,23].

Conclusion

We conclude that RSV adds a great burden to the health care
in Cuban population, mostly in pediatric ages, during September
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to

November. Those months belong to the transition period, with

increasing of climatic variability. It seems that ORV also contributes
an important burden to the MAARI, and are affected by the climatic
variability, aspect that should be studied in deep. A high influenza virus
circulation was evidenced during July, when less climatic variations are
present, and contributing in minor degree to the ARI burden of the
country.
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