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To review if pollution and climate changes can influence respiratory tract infec-
tions in children. Data source: articles published on the subject in PubMed, Sci-
ELO, Bireme, EBSCO and UpTodate were reviewed. The following inclusion cri-
teria were considered: scientific papers between 2002 and 2012, study design, the 
pediatric population, reference documents such as the CETESB and World Health 
Organization Summary of the data: We analyzed research that correlated respi-
ratory viruses and climate and/or pollution changes. Respiratory syncytial virus 
has been the virus related most to changes in climate and humidity. Other “old 
and new” respiratory viruses such as Human Bocavirus, Metapneumovirus, 
Parechovirus and Parainfuenza would need to be investigated owing to their 
clinical importance. Although much has been studied with regard to the rela-
tionship between climate change and public health, specific studies about its in-
fluence on children’s health remain scarce.

Uniterms: climate change, air pollution, respiratory tract infections, child.

Historical perspective
The perception that “the climate is changing” has been 
verified throughout history and different levels of impact 
on the people’s health have been reported.1

In ancient China, it was accepted that atypical cli-
mate variations could be accompanied by epidemics and 
that excessive physical strain associated to climate varia-
tions was a major cause of illness.2

Hippocrates, in his classic “On Airs, Waters, and Plac-
es”, discusses environmental factors connected to illness, 
defending an ecological and multi-causal concept of 
health/disease that involves mankind’s reactions to ag-
gressions originating from its natural environment.

The historical evidence of the action of climate on 
epidemics has been observed less than starvation and 
malnutrition. Drought and famine have had a major im-
pact on human health, as one of the most serious adverse 
effects of the climate over the 12.000 years of humanity’s 
history.3 However, climate change caused by humans is 
one of the largest social, environmental and public health 
challenges to be faced in this century.4

This change could influence numerous factors such 
as mortality and morbidity rates, hospital admissions5 
and the transmission of infectious diseases, with acute 
respiratory infections (ARIs) deserving special attention. 

On a global scale, ARIs associated with pneumonia 
are the main cause of mortality in infancy, mainly in those 
under five years of age, both in developed and developing 
countries.6, 7

These manifestations in children can be noted for 
their heterogeneity, both in terms of physiology and per-
formance against ARIs, where the risk of complications 
is not the same between different age ranges. 

Pneumonia is caused by a combination of risk factors 
related to the host, the environment and the infection.8 

Studies on preschool children in developed and de-
veloping countries indicate that the majority of respira-
tory tract infections generally have a viral etiology9,10 and 
the clinical diagnosis of ARIs in the lower tract (pneumo-
nia and bronchiolitis) are often confused mainly in young-
er children. 
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Over time, atmospheric pollution has also taken on 
a significant role in respiratory diseases,1 as one of the 
main environmental risk factors. A variety of direct ef-
fects, such as heat waves, flooding and storms, and indi-
rect effects, such as the distribution and intensity of the 
transmission of infectious diseases have been systemati-
cally identified.11

In a recent review of the issue, Xu, Sheffield, Hu et al.12 
(2012) indicated the impact of climate changes on child 
health. In Table 1, we have outlined the effects on the re-
spiratory tract in children.

Table 1  Impact of climate changes on child health12

Impact Exposure Result

Direct Air pollution Decreased pulmonary function

Asthma

Birth defects

Other respiratory diseases

Mortality

Heat waves Increased respiratory diseases

Increased hospital admissions

Hyperthermia 

Possibility of birth defects

Indirect Water reduction 

(quality and 

quantity)

Respiratory diseases

Allergic diseases Asthma

Infectious diseases

Pollution 
Global warming caused by the anthropogenic effect is 
currently one of the major scientific paradigms. The In-
tergovernmental Panel on Climate Change (IPCC) in 2007 
revealed evidence that a large part of the global warming 
observed in the last fifty years is attributed to the emis-
sion of carbon dioxide and other gases. As a result, we 
have verified an increase in the frequency of extreme me-
teorological events. These events have caused serious dam-
age to health, whether through death caused by climatic 
catastrophes or changes in the regional microclimates, 
favoring the appearance or escalation of diseases.13  

How do pollutants act?
In Brazil, the air quality standards were established by 
CONAMA Resolution nº 3/1990, and divided into pri-

mary and secondary standards.14 However, the limits for 
particles, ozone, nitrogen dioxide and sulfur dioxide ad-
opted by the World Health Organization  (WHO) in 2005 
present values up to three times lower than the national 
standards (Table 2).

Table 2  Air quality standards for key pollutants, 
according to Conama Resolution No3, dated 28/06/1990, 
and WHO

 

Pollutant

 

Sampling 

Time

 Conama Standards WHO 

Standards
Primary 

standard 

(µg/m3)

Secondary 

standard 

(µg/m3)

Inhalable 

particles

24 hours* 150 100 50 (PM10)**

25 (PM2.5)**

AGM 60 50

Sulfur 

dioxide

24 hours* 365 100 20

AAM 80 40

Carbon 

monoxide

15min NR NR 10,000

30min NR NR 60,000

1 hour* 40,000 

(35ppm)

40,000 

(35ppm)

30. 000

8 hours* 10,000 

(9ppm)

10,000 

(9ppm)

10. 000

Ozone 1 h* 160 160 100

Nitrogen 

dioxide

1 h* 320 190 200

AAM 100 100 40

*Not to be exceeded more than once per year
**Value not to be exceeded more than 3 days per year
NR: no reference AGM – annual geometric mean AAM- annual arithmetic mean

The State of São Paulo adapted the state air quality stan-
dards to the WHO standards (State Decree nº 59113, dat-
ed 04/23/2013) and consequently changed the criteria 
for acute air pollution episodes and the structure of the 
air quality index. This that the air quality considered good 
today will have a regular value from now on.

More details about the matter can be consulted on 
the São Paulo State Environmental Company (CETESB) 
website.15
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Brazil has therefore been alerted about its less strin-
gent legislation, as the country may be breathing more 
harmful air, especially for groups with greater vulnerabil-
ity to pollution, such as children. 

The United States of America legally defines the maxi-
mum limit for the concentration of a pollutant in the atmo-
sphere, which guarantees the protection of health and the 
environment, although there is no consensus on the size of 
the particle and on the extention of the damage to health.16

Pollutants affecting air quality include inhalable par-
ticles (MP10). To put it simply,17 inhalable particles can 
be defined as those whose aerodynamic diameter is less 
than 10 µm (MP10), while fine inhalable particles are de-
fined as less than 2.5µm (MP2.5) and coarse inhalable 
particles, between 2.5 and 10µm. The size of the particle, 
surface and chemical composition of the particulate ma-
terial determine the risk that exposure to this agent rep-
resents for human health. Fine particles, owing to their 
smaller size, penetrate deeply into the respiratory system, 
and may affect the alveoli.

Among the air pollutants we can highlight Sulfur Di-
oxide (SO2) and Ozone (O3). The SO2 released into the at-
mosphere is oxidized, forming sulfuric acid (H2SO4), con-
sidered as the most irritating acid aerosol (pH < 1) for the 
respiratory tract. Due to its high solubility and absorp-
tion rate in the airways, it may result in a decrease in the 
individual’s immunological system, increasing suscepti-
bility to acute infections.

The levels of ozone (O3) resulting from the reaction 
of volatile organic compounds such as hydrocarbons and 
nitrogen oxide in the presence of sunlight increase con-
siderably between the end of spring and the start of au-
tumn. Ozone is a potent cytotoxic oxidant that affects 
the more distal regions of the airways, with corrosion of 
tissues as well as irritation of the eyes and upper airways.

A hotter and wetter climate, temperature inversions 
(meteorological phenomenon that can delay the disper-
sion of pollutants) and fires can worsen the air quality of 
many cities, causing the above-mentioned damage.

Pollutants and child health
Due to climate changes, the air pollutant standards are 
changing in various urbanized areas worldwide, with a 
significant effect on respiratory health.18

Children belong to a group with higher vulnerabili-
ty to climate changes and pollutants than adults.18,19 This 
fact can be partly explained by the immaturity of the 

child’s respiratory system, were the development of the 
lungs and thorax is progressive and continues until ten 
years of age, as well as the capacity to adapt to tempera-
ture changes. A less effective capacity to adapt to the heat 
than adults has been verified in children.

The particles of atmospheric pollutants with a larg-
er diameter are retained in the upper airways, while small-
er ones may reach the alveoli. Inhalable particulate ma-
terial transports gases absorbed on their surface, leading 
them to the more distal portions of the airways, where 
gas exchange occurs. In the lung, these particles are phago-
cytized by the alveolar macrophages, and then removed 
via the mucociliary apparatus or lymphatic system,20 caus-
ing increase risk of respiratory infection.

In our area, Saldiva et al.21 demonstrated an associa-
tion between morbidity/mortality owing to respiratory 
diseases in children and an increase in atmospheric pol-
lutants, especially particulate material.21  In São Paulo, a 
significant increase (over 20%) was demonstrated in pe-
diatric services at emergency units on days with higher 
atmospheric pollution levels.22 

In Australia, a directly proportional relationship was 
verified between abrupt increases in air pollution and an in-
crease in the number of hospitalizations of children.23 In six 
Italian cities an association was found between air pollution 
(CO and SO2) and a 2.7% increase in wheezing (CI95=0.5-
4.9) and acute gastroenteritis (CI95=1.5-5.3) in children un-
der two years old during visits to emergency services.24

A recent study conducted with children from 1 to 9 
years in twelve cities in two different regions of Califor-
nia suggests that the level of exposure to particulate ma-
terial (MP2,5) in the environment is associated with an in-
crease in hospitalizations caused by respiratory tract 
diseases such as ARIs, pneumonia and asthma. This as-
sociation became more evident in populations with low 
socioeconomic status.25

The relationship between climate changes and the 
impairment of those with allergies and bronchial asth-
ma are well established, causing the formation and per-
sistence of pollen, spores and certain pollutants in the 
atmosphere.26, 27

In relation to viral diseases, Martins et al.(2002) in-
vestigated the effects caused by atmospheric pollution 
on the morbidity of pneumonia and influenza in the el-
derly, concluding that O3 and SO2 are directly related to 
these diseases, with an increase in the number of cases at 
health services.28 
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Prel et al.38 studied the correlation with climate fac-
tors in a sample composed of 3461 children hospitalized 
for acute respiratory diseases. There was a positive corre-
lation between Adenovirus (hAdV), type A and B influen-
za (FLU A and FLUB) and respiratory syncytial virus (RSV) 
and temperature, and between rhinovirus (hRV) and rel-
ative air humidity. It can therefore be concluded that the 
seasonal variation of ARIs caused by these pathogens can 
be explained by meteorological influences.38

RSV infections appear to have a correlation with an 
increase atmospheric humidity. Omer et al.,39  studied 2878 
children with 748 RSV(+) cases using a multivariate anal-
ysis with a lag of 8 days and the occurrence of rain. It was 
noted that the episodes were associated in 60% of the cas-
es, given that when relative humidity moved from 1% to 
6% there was a 39% increase in the cases of RSV39.

A study conducted in the city of Jundiaí (SP) by 
Felqueiras40 verified that there was an association between 
climatological factors and respiratory infections caused 
by RSV.  In the period from 2005 to 2007 an ecological 
time-series study was conducted on 575 children aged 
less than 15 years with respiratory symptoms. The study 
of viral antigens using immunofluorescence  detected 
29.9%, with 20,3% relating to RSV; 5% to HPIV; 2,8% to 
IA; 0.3% to IB and 1.4% to AD, and 67.7% negative cases 
and 2.4% inconclusive. The lags presenting the highest 
correlations were lag3 for temperature and lag1 for par-
ticulate material. After 24 hours (lag1 – 1 day) of the emis-
sion of particulate material and after 72 hours (lag3 – 3 
days) from the fall in temperature there was an increase 
in RSV cases at visits to the emergency room.

Attempts to explain this fact have been reported in 
the literature.  We can highlight an investigation about 
the stability of RSV: stable RSV aerosols were prepared 
and maintained at different relative humidity levels. The 
recovery of the virus was higher at a higher relative hu-
midity and the stability of the aerosol was at a maximum 
with relative humidity of 60%. This indicates that humid-
ity performs and important role and can affect the trans-
mission of the virus41.

The human respiratory syncytial virus has been the 
subject of many studies correlating its incidence with cli-
mate change and pollution. In Table 3 we can check the 
results of some of these studies.

Another aspect to be considered is maternal exposure 
to air pollution before and during pregnancy that could 
alter the immunocompetence of the offspring, increas-
ing the risk of the child developing health conditions lat-
er in life, including asthma and allergies.29

This period is especially susceptible to in utero expo-
sure to toxins. For the health of pregnant women there 
is accumulating evidence of an increase in premature la-
bor and retarded intrauterine growth, which elevate neo-
natal and infant mortality rates, especially an increase in 
infantile malignant diseases (Hodgkin’s lymphoma and 
leukemia).30 

Climate changes and respiratory diseases
The evaluation of the effects related to the impact of cli-
mate changes on health is extremely complex.  It requires 
an integrated, interdisciplinary evaluation by health pro-
fessionals, climatologists, social, biological, physical and 
chemical scientists, epidemiologists etc. in order to ana-
lyze the relationships between social, economic, biologi-
cal, ecological and physical systems and their relation-
ship to climate changes.31

Researchers have studied a lot about the predicted ef-
fects of climate change on public health, but little has 
been specifically written about climatic effects on child 
health.3 

Some studies related climate change to infectious, 
contagious diseases but there are few publications de-
scribing the impact of climate changes on ARIs in child-
hood.18,32

In 1916, Hamer, cited by Jubb, already warned of the 
influence of climate on certain infectious diseases such 
as measles and scarlet fever.33 Some observations have 
been made for vector-borne diseases such as malaria, den-
gue,   leishmaniasis and yellow fever,34 where climate chang-
es have had their greatest impact.35 Recently, in our re-
gion, cases of Lyme-like Disease in Brazilian children have 
been described, transmitted by a tick, where there was an 
association with seasonality.36,37

Recent studies have indicated a relationship between 
some respiratory viruses such as Influenza/H1N1 and cli-
mate change on child health. Humidity appears to per-
form an important role, with absolute humidity associ-
ated with greater infection rates for the influenza virus.31,32 
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Table 3  Characteristics of the association between climate and pollution and respiratory syncytial virus in children

Author/Year Location Association Conclusion

Reese & Marchette42

1991 

Hawaii, USA October/April Rotation of serotypes A and B

Chew et al.43 1998 Singapore Association with low relative 

humidity, temperature variation, 

day and daily temperature 

variation

There is a seasonal relationship with ARI in the tropics

Vieira et al.44 2001 São Paulo May/June There is a correlation in a determined period in the city of 

São Paulo

Azamorano et al.45 2003 Chile Acute bronchiolitis, climate 

factors and environmental 

contamination

No association between environmental variations or air 

pollution and the number of clinical and emergency 

consultations in patients under one year old

Yusuf et al.46 2007 Buffalo, Miami, 

Tucson, Canada, 

Mexico, India and 

Chile. 

Humidity (45-65%) and high 

temperature 

RSV infections were continuous throughout the year, reaching 

a peak in summer and the start of autumn. In temperate 

climates the maximum RSV activity was in the winter. In areas 

where temperatures remained colder throughout the year, RSV 

activity again became nearly continuous

Omer et al.47  2008 Indonesia Climate, weather and 

geographical characteristics of 

RSV respiratory illness

Rain, humidity and temperature increased the incidence of 

illness caused by RSV

Karr et al.48  2008 Washington Particulate material and other 

air pollutants derived from 

traffic and bronchiolitis caused 

by RSV

Increase in the number of bronchiolitis hospitalizations 

caused by RSV during the peak seasons of the occurrence of 

the virus

Meerhoff et al.49 2009 Netherlands Increased relative air humidity, 

minimum temperature was 

negatively and cloudy weather 

positively related 

The combination of low temperature and high humidity 

contributes more to RSV infections 

Prel et al.50 2009 Germany Positive meteorological 

influence for ARI

Influenza A, RSV and Adenovirus correlation with 

temperature. Rhinovirus correlates with humidity

Sloan et al.51  2011 Review article Pollution, climate and social/

demographic factors and 

seasonal respiratory viruses: 

RSV influenza and rhinovirus

Seasonality, cold climate, humidity, natural immunity cycle 

and individual antigenic variation

Vandini et al.52

2013

Italy Infection by the respiratory 

syncytial virus in infants and 

correlation with meteorological 

factors and

air pollutants

The tendency for RSV epidemics in Bologna (Italy) is related 

to the average minimum temperature and average 

concentration of MP10

Beneli53 verified that there was an association between cli-
matological factors and respiratory infections caused by 
Parainfluenza. An association was noted between MP10 
and lag3 (three days) and the infection caused by Parain-
fluenza. Considering the total of the other viruses stud-
ied (Influenza A and B, Adenovirus and RSV) the associ-

ation was highlighted between minimum temperature 
and lag1 (one day) and NO2.53

At a molecular level, temperature is recognized for in-
fluencing the fusion of the virus with cellular membranes, 
enabling it to enter the cell and replicate. Viruses cannot 
fuse with a cell efficiently and inject the genetic material 
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at low temperatures. Cold air increases the viral excretion 
of influenza in infected individuals.55

Cold temperatures decreases the functionality of the 
nasal epithelium with a reduced capacity to protect the 
lower respiratory tract, causing disorganization of the ep-
ithelium and nasal mucociliary defense mechanisms and 
leaving the distal acinar airways  more vulnerable to re-
active gases and particulate material.56

Recent reviews have demonstrated the significant ad-
verse effects of atmospheric pollution and climate on the 
pulmonary health of children, especially asthmatics, with 
decrease pulmonary function54 and increased prevalence 
of allergic diseases.55 

Another aspect that has been questioned is the action 
of vitamin D on ARIs. The low production of vitamin D 
in winter in temperate climates reduces immunity and a 
deficiency of this vitamin predisposes children to respi-
ratory infections, especially the influenza virus.58 Howev-
er, more research needs to be conducted in order to veri-
fy the real role of this vitamin in ARIs.

Conclusion
Drops in temperature and the emission of particulate ma-
terial are events that have been related most with acute 
respiratory infections by the respiratory syncytial virus.

The research about this issue is scarce, both for known 
viruses as well as new emerging respiratory viruses.

Recommendations
New strategies should be incorporated into health pro-
grams aimed at minimizing the damage of pollution and 
climate changes. Health professionals, especially those car-
ing for children, should understand the importance of this 
issue, incorporating these concepts into their daily prac-
tice. As such, subsidies could be offered for greater knowl-
edge of these problems and their solutions, thereby mini-
mizing the damaging effects on future generations.59

Resumo

A poluição e o clima podem influenciar as infecções res-
piratórias em crianças?

Rever se a poluição e as alterações do clima podem in-
fluenciar nas infecções respiratórias de crianças. Fontes 
de dados: foram revisados artigos publicados sobre o tema 
no PubMed, SciELO, Bireme, EBSCO e UpToDate. Os se-
guintes critérios de inclusão foram levados em conside-
ração: trabalhos científicos entre 2002 e 2012, delinea-
mento de estudo, população pediátrica, documentos de 

referência, como Cetesb e Organização Mundial da Saú-
de. Síntese dos dados: foram analisadas as pesquisas que 
correlacionavam vírus respiratórios e alterações do clima 
e/ou poluição. O vírus sincicial respiratório tem sido o 
vírus mais relacionado com alterações climáticas e umi-
dade. Outros “velhos e novos” vírus respiratórios, como 
parainfluenza (VPH), metapneumovírus humano (hMPV), 
bocavírus (HBoV) e parechovirus (HPeV), precisariam ser 
investigados pela sua importância clínica. Embora mui-
to se tenha estudado sobre a relação das mudanças cli-
máticas na saúde coletiva, estudos específicos sobre sua 
influência na saúde das crianças ainda são escassos.

Unitermos: mudança climática; poluição do ar; infecções 
respiratórias, criança.
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