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Bronchial asthma (BA) continuously increases during the last century, and to date, has reached 15% of the world’s 
child population. Respiratory system and bronchial asthma morbidity are the fi rst in the list of climate-sensitive diseases, 
and children compound a climate-high-risk group of the population. In recent years, there has been a steady growth of BA 
among children and teenagers of the Khabarovsk Krai, Russia; among teenagers, this number has doubled in the last ten 
years. The aim of the current study is to carry a comprehensive analysis covering climatic factors for bronchial asthma in 
children and teenagers, at the southern part of the Russian Far East (FE). The study area is located in monsoon climate of 
temperate latitudes characterized by extreme annual air temperature amplitude, with cold Siberian winter and tropically 
hot and sultry summer. Assessment of weather impact on children with BA in Khabarovsk, administrative center of the FE, 
for period 2013–2014 shows that the BA visits have a seasonal regime with peaks in spring (March – April) and in autumn 
– early winter (November – December), when day-to-day changes in temperature are large, and in summer (July) due 
to a large number of allergens (fl owering plant-allergens), when various allergic diseases exacerbate. At the same time, 
huge peaks in BA visits have been found in November, 2013 and in April, 2014, that can be estimated as consequences of 
catastrophic fl ooding at the Amur River in August-September, 2013.
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Introduction
Respiratory diseases in children and teenagers 

have the highest rate in the structure of morbidity in 
Russia as a whole, and at the Far East (FE), being a 
leading problem in the public health system [9]. Bron-
chial asthma (BA) is the most common respiratory 
chronic disease in children, the prevalence of which 
has increased significantly in recent years. According 
to official statistics, about 15% of children in Russia 
suffer from BA, but the real number is much high-
er, especially at the FE [8]. Undeclared and misdiag-
nosed cases, inadequate or lost treatment lead to an 
increase in child disability and fatal outcomes.

The southern part of the Russian Far East is lo-
cated in the area with monsoon climate of temperate 
latitudes, characterized by severe cold Siberian winter 
and hot humid, tropically sultry summer. Severe day-
to-day changes in temperature and air pressure, typi-
cal to the transitional seasons, lead to changes in the 
content of oxygen in the air, having negative impact 
on people with bronchopulmonary disease, especially 
children [11]. A weak thermoregulatory mechanism 
of the child’s body should undergo seasonal changes, 
when chronic diseases, including BA, can aggravate, 
and is particularly vulnerable to seasonal illnesses, 

primarily respiratory viral infections [13, 16].
The area close to the Amur River is flooded 

regularly; as a result conditions favorable for uncon-
trolled spreading of fungal allergens outside and in-
side, in wet and poorly ventilated houses, are formed. 
Catastrophic flood during August – September, 2013 
was unprecedentedly powerful and protracted with 
huge economic damage. Another problem in warm 
season is a large number of allergens (flowering peri-
od of allergen plants), triggering exacerbation of var-
ious allergic diseases, including asthma.

The aim of the current work is to identify 
weather factors of bronchial asthma evolution in chil-
dren and teenagers in Khabarovsk before and after the 
2013-year flood on the Amur River.

Materials and Methods
Weather data used was everyday mean air tem-

perature at weather station in Khabarovsk (WMO 
index 31735) for period from January, 01, 2013, till 
December, 31, 2014, available from the Russian Re-
search Institute of Hydrometeorological Informa-
tion – World Data Centre located in Obninsk, Russia 
(http://meteo.ru/data). The mean daily air temperature 
was calculated using 3-hours interval temperatures.
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Daily hospital visits were acquired from the 
Clinical Department of the Research Institute of Ma-
ternal and Child Health, for the same period. Counts 
were taken with presence of disease exacerbation, 
when diagnosis included asthma of different level of 
disease severity for children (4–14 years) and teen-
agers (15–17 years) as based on the appropriate code 
according to the International Classification of Dis-
ease, version 9 or 10. Total count of visits over this 
time period was 310 cases, with 153 cases in 2013 
and 157 – in 2014. These daily data were averaged for 
each month of two years separately and an Index of 
Seasonality (IS) for visits was derived as:

  IS = (Mi / Mm) 100  
where Mi is mean number of visits for a given month 
and Mm is mean number of visits for a month at the 
current year [4].

Day-to-day changes of mean daily tempera-
tures dTmean were calculated; frequency of days in 
each month with mean temperature changes more 
than 95th percentile (Fmean) was evaluated. To estimate 
if asthma visits depend on weather changes, coeffi-
cient of correlation (r) between both dTmean and Fmean, 
and IS was examined.

Results and Discussion
Mean daily air temperature for the study period 

was 2.7  with both extremes in 2014: minimum val-
ue 27.8  on December, 26, and maximum +27.3  
on June, 3. Day-to-day changes in mean temperature 
averaged for two years show mean value of 2.1  
with two peaks in transition season: in March and 
May, and September – October. Additional search for 

Figure 1. Frequency of cases with day-to-day change in mean temperature 
more than 95th percentile in Khabarovsk, 2013–2014

cases with abrupt day-to-day changes (more than 95th 
percentile for 2-year record) shows the frequency of 
such days is higher in 2014 with peaks in transition 
period (April-May, October) and in December (Fig-
ure 1). 2013-year changes are less dangerous with 
maximum frequency (10%) in both March and Octo-
ber. As a whole the weather is more stable in summer 
without cases of sharp temperature change.

Using the IS metric defined in equation above, 
monthly BA visits distribution for the study period is 
shown in Figure 2. The results demonstrate IS for BA 
visits to be the highest in November-December (262 
and 177%, respectively) of 2013, and in spring from 
March till May, 2014, with more heavily results for 
April (201%).

To examine possible response of human mor-
bidity on weather, relationship between temperature 
changes and BA visits was studied. Coefficients of 
correlation r for mean monthly dTmean and IS are 0.47 
and 0.49 in 2013 and 2014, respectively. The results 
are more interesting when looking at frequency of 
days with sharp changes of temperature Fmean: r = 0.69 
in 2013, and 0.43 in 2014.

The findings indicate strong enough depen-
dence of BA in children from weather and its changes. 
The weather in Khabarovsk is characterized by very 
hot summers and extremely cold winters coupled by 
the abrupt weather changes that take place in the tran-
sitional seasons. The results manifest the high risk 
of BA exacerbation during both spring and autumn. 
However, secondary jump in winter (December, 2013) 
shows low temperature (extremely low in December, 
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2014) can aggravate seasonal illnesses, primarily re-
spiratory viral infections, causing additional load on 
children with BA. Earlier Driessen et al. [6] discussed 
decrease in lung function in cooling airway for asth-
matic children. Relatively large and rapid changes in 
air temperature and air pressure, typical of the transi-
tional seasons, lead to changes in the oxygen content 
of air that collectively are associated with pulmonary 
and cardiac insufficiency and bronchopulmonary dis-
ease [11].

The Russian Far East, especially its southern 
part, is an area of monsoon climate with heavy rains 
and extremely high humidity in warm season, partic-
ularly in period from July till mid-September [10], 
creating damp and moldy situations both inside and 
outside. It is documented, that tropically wet sultry 
weather with hot and humid air induces additional BA 
exacerbation [5].

It is well-known that thermal losses from the 
human body from respiration in winter are 1.5 times 
higher than in the transition seasons, and twice high-
er than in summer. This contrast may be a reason for 
increased respiratory morbidity during autumn and 
spring. Generally, the most severe thermal strain oc-
curs with the adjustment shift from hot-to-cold during 
autumn [4]. Most certainly, this is one more reason for 
BA admission jumps in spring and autumn with peaks 
in November and April, that is shown in details in [3].

At the same time, dramatic peak in asthma vis-
its in November, 2013, was definitely caused by con-
sequences of catastrophic flooding on the Amur River 
in August-September, 2013, when conditions were 
created for uncontrolled spreading of fungal allergens 

in the air of damp and poorly ventilated buildings. 
The main source of mold spores can be spoiled food, 
organic waste, and air conditioning system. An earli-
er manifestation of BA with severe runs and frequent 
exacerbations increases the severity and duration of 
asthmatic attacks in ecologically dangerous areas 
[15]. It can be assumed the same reason, coupled with 
a sharp seasonal rise of temperature, provoked the 
maximum of BA visits in April, 2014.

It can be additionally marked that warm season 
is the period of flowering of allergen plants, with ex-
acerbation of various allergic diseases and respiratory 
infections of the viral type [1, 16], triggering extra 
cases of BA visits and admissions.

However, natural and climatic environment is 
complicated by industrial emissions, rising concerns 
about the influence of ambient air pollution on respi-
ratory illness [2, 12, 14]. In Khabarovsk, living near 
enterprises of heavy, chemical and engineering in-
dustry significantly increases the risk of BA disease. 
Chaotic planning structure in urban area, with thermal 
power plants, small boiler plants, highways and other 
industrial facilities within the residential zone, is typ-
ical for many settlements at the FE, aggravating the 
problem of industrial air pollution.

The important note should be done for a lack of 
data from Clinical Department in August. The main 
reason is a vacation period for both medical staff and 
families with a sick child – their physical absence in 
the city. A lot of families use holidays for recreation 
with the purpose of recovery in spa-centers in places 
with better weather conditions.

Figure 2. Index of Seasonality for child BA visits, Khabarovsk, 2013–2014
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Conclusion
The research shows that BA visits are influ-

enced by natural environment: abrupt changes in air 
temperature cause asthma exacerbation. Other fac-
tors, such as after-flooding mold and plant allergens 
aggravate the problem. Additional research is planned 
to find how day-to-day changes are connected with 
level of BA disease severity, to find the shape of this 
relationship (i.e. linear or non-linear) and whether 
temperature effect is lagged, using database of asthma 
admissions for period from 2010 till 2017. Bronchial 
asthma in children has a high medical and social sig-
nificance; an adequate assessment of the environment 
(both social and natural) is necessary to reduce risk 
of BA morbidity and mortality, which will help to de-
velop programs of preventive medical and social as-
sistance, improving the overall quality of life, guaran-
teeing social well-being and economic development 
at the Russian Far East.
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