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a b s t r a c t

With fast-paced urbanization and increased energy consumption in rapidly industrialized modern China,
the level of outdoor and indoor air pollution resulting from industrial and motor vehicle emissions has
been increasing at an accelerated rate. Thus, there is a significant increase in the prevalence of respiratory
symptoms such as coughing, wheezing, and decreased pulmonary function. Experimental exposure
research and epidemiological studies have indicated that exposure to particulate matter, ozone, nitrogen
dioxide, and environmental tobacco smoke have a harmful influence on development of respiratory
diseases and are significantly associated with cough and wheeze. This review mainly discusses the effect
of air pollutants on respiratory health, particularly with respect to cough, the links between air pollutants
and microorganisms, and air pollutant sources. Particular attention is paid to studies in urban areas of
China where the levels of ambient and indoor air pollution are significantly higher than World Health
Organization recommendations.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

With fast-paced urbanization and increased energy consump-
tion in rapidly industrialized China, the level of outdoor and indoor
air pollution resulting from industrial and motor vehicle emissions
has quickly increased. According to People's Daily Online news, 25
provinces representing nearly half of the country were covered by
heavy smog during 2013. There were 104 cities with high levels of
pollution that resulted in smog that required military intervention.
A recent study suggested that only 24 of 350 districts in China had
an average annual concentration of particulate matter PM2.5 less
than 10 m g/m3 whereas 166 districts had average annual PM2.5
concentrations greater than 35 m g/m3 (the World Health Organi-
zation (WHO) Interim Target 1) [1]. Air pollutants from factories
and motor vehicle emissions have drawn special attention with
respect to enhancing the prevalence of respiratory diseases and
symptoms such as cough. As China's Ministry of Health has shown,
there has been significantly increased morbidity and mortality
among urban citizens over about the past 20 years [2]. In an animal
study, exposure to the same PM2.5 concentrations often present in
urban areasled to several adverse airway effects [3]. There are
various airway inflammatory and immune responses that are

dependent on the airway's response to the particulate chemical
matter present in air pollution in urban areas. Evidence suggests
that respiratory symptoms among children in northern China are
positively associated with high concentrations of ambient air
pollution and associations with environmental tobacco smoke
(ETS) are greater than those with sulfur dioxide (SO2) and nitrogen
dioxide (NO2) [4]. The aim of this review is to discuss the effect of
air pollutants on respiratory health, especially cough, the associa-
tion between air pollutants andmicroorganisms, and the sources of
pollutants, with particular attention paid to studies in urban areas
of China.

2. Cough and the effects of particulate matter

Particulate matter (PM) differs in magnitude, form particle size,
and chemical composition. PM comprises a mix of tiny solid frag-
ments or liquid matter. PM of diameter less than 2.5 mm (PM2.5)
makes up an important group of air pollutants that result in smog
[5]. PM are divided according to their size, into PM10 (2.5e10 mm),
PM2.5 (0.1e2.5 mm), and PM0.1 (<0.1 mm). The largest source of
airborne PM is diesel-powered motor vehicle engines [6]. Other
sources of PM include factories, power stations, wood and biomass
fuel combustion, construction sites, and mining operations. Diesel
powered car ownership has recently increased in China. Combus-
tion of diesel fuel produces up to 100 times more particles than
gasoline, indicating that diesel smoke may be a chief culprit in the
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increased morbidity owing to respiratory diseases [7]. In particular,
PM2.5 and PM0.1 interact with alveolar epithelial cells and pulmo-
nary alveolar macrophages and can directly reach the small airways
and pulmonary alveoli. Additionally, nano-sized, ultrafine particles
can directly infiltrate pulmonary alveoli and enter the bloodstream,
which may produce a harmful effect on different body organs [8].

Controlled indoor exposure of normal subjects to diesel exhaust
particles at levels of 200 mg/m3 led to neutrophilic inflammation
and neutrophil release [9]. In a study of patients with asthma
walking along a congested London street for 2 h, a decline in FEV1
and pulmonary neutrophilic inflammation indicated that these
effects were associated with exposure to organic carbon and ul-
trafine particles [10]. Results from a study of 36 children with
asthma who were exposed to air pollution showed a longitudinal
association between PM2.5 from indoor and outdoor sources with
cough and wheeze symptoms [11]. This study using a hybrid model
linked daily signs of cough and wheeze with PM2.5 exposure; the
odds ratios with an standard deviation increase in PM2.5 from in-
door sources were 1.24 (cough) and 1.63 (wheeze), respectively.
Ozone (O3) levels correlated with wheezing, and cough correlated
with indoor PM2.5 from ambient sources. Evidence from a cross-
sectional study investigating the prevalence of irritative symp-
toms and chronic respiratory symptoms among 109 workers
exposed to PM as a result of incense burning in a temple in Taiwan,
and 118 unexposed workers in a control group, indicated that
chronic cough was common in the exposure group [12]. That study
also found that working in a temple increased the risk of acute
irritative symptoms of the nose and throat. A study of 108 Swedish
mild steel welders exposed to respirable dust (RD), manganese
(Mn), and O3 showed that the welders frequently demonstrated
job-related symptoms including nasal obstruction (33%), ocular
symptoms (28%), and hacking cough (24%) [13]. According to that
study, the geometric average exposures to RD and inhaled Mnwere
1.3 mg/m3 and 0.08 mg/m3, respectively. Over 50% of Mn concen-
trations surpassed the occupational exposure limit in Sweden. In
7019 subjects in Switzerland tested at baseline in 1991 and fol-
lowed up in 2002 and who were exposed to PM10 during the 12
months before each health evaluation, the mean of exposure to
PM10 in 2002 was no higher than that in 1991 [14]. The results of
that study indicated that symptoms caused by exposure to PM10
were as follows: fewer than 259 subjects had regular cough, fewer
than 179 subjects had chronic cough or sputum, and fewer than 137
subjects had wheeze and shortness of breath. Therefore, a decline
in particle concentration in Switzerland during the 11-year follow-
up period was beneficial to improving respiratory symptoms
among adults. However, in an experiment among children aged 24
months in New York City from 1998 to 2006, increased ambient
nickel and vanadium levels were significantly related to wheeze,
and increased elemental carbon levels were significantly related to
cough during cold and flu season; however, total PM2.5 did not
show an association with wheeze or cough [15].

3. Cough and the effects of ETS and gases

There is increasing evidence that exposure to environmental
tobacco smoke (ETS) is associated with cough andwheezing among
children as well as adults. Chen et al. conducted a survey of children
6e17 years of age with exposure to ETS owing to family members
who smoked at home (>20 cigarettes per day) [16]. In childrenwith
no history of tonsillectomy or adenoidectomy (T/A), the prevalence
of cough among those with 0, 1, and 2 þ family members who
smoked was 8.9%, 12.2%, and 14.5%, respectively. In children with
histories of T/A, relevant morbidity was 7.0%, 30.2%, and 36.8%,
respectively. In comparison with children from nonsmoking fam-
ilies and no history of T/A, the adjusted odds ratio of children with

family members who smoked and a history of T/A was 7.19
(p < 0.001); the odds ratio was only 1.64 (p ¼ 0.11) in children with
no T/A history. Therefore, children with family members who
smoked were more likely to have a cough than those from
nonsmoking families, and a history of tonsillectomy or adenoi-
dectomy increased the apparent influence of ETS exposure on
cough.

A cross-sectional study, in which 55.8% of teenaged participants
(279/500) were exposed to ETS, indicated that there is a strong
association between respiratory symptoms and ETS exposure [17].
Nose irritation was seen in 84 of the 279 participants exposed to
ETS (p ¼ 0.002). Asthma onset was observed in 38 of 279 exposed
participants (p < 0.001). Cough was present in 168 of 279 exposed
teens (p ¼ 0.037). Naupathia was seen in 41 of 279 exposed par-
ticipants (p < 0.001). Lee et al. showed that exposure to ETS with a
high concentration of nicotine evoked more intense and lasting
airway irritation and cough in nonsmokers than smoke with a
lower concentration of nicotine, suggesting that nicotine is the key
cause of such respiratory symptoms [18]. An animal study, 43 dogs
with chronic cough were classified into two groups (exposed and
unexposed to ETS), and cotinine concentrations in peripheral blood
were tested using a cutoff value of 0.21 ng/mL [19]. Indexes of
airway obstruction in dogs exposed to ETS were far greater than
among unexposed dogs. Increased cotinine concentrations in pe-
ripheral blood may lead to mild but persistent airflow limitation
because nicotine stimulates parasympathetic responses and acti-
vates acetylcholine receptors. Therefore, persistent airflow limita-
tion and exacerbation of cough are also suggestive of chemical and
physical harm caused by ETS. However, in another study of 115 dogs
with cough and 104 controls with symptoms other than cough,
with both groups exposed to ETS for over 2months, most dogs with
cough were diagnosed with large airway disease (n ¼ 88; 77%), and
59 were diagnosed with tracheobronchomalacia (51%) [20]. No
association was found between coughing and the month
(p ¼ 0.239) or season (p ¼ 0.414), and ETS exposure was not a risk
factor (p ¼ 0.243). Therefore, the findings of that study suggest that
ETS exposure does not lead to exacerbation of cough.

Air pollutant gases have a significant association with respira-
tory symptoms, including cough and wheeze. McLeod et al.
demonstrated that exposure to SO2 activated the transient receptor
potential vanilloid 1 (TRPV1) receptor in the nodose ganglia. This
effect was equivalent to increased sensitivity and cough as a
response to capsaicin [21]. Another study showed that there were
lower cough thresholds with enhanced exposure to O3 [22].
Belanger et al. studied childrenwith asthma exposed to indoor NO2
at concentrations below the United States Environmental Protec-
tion Agency (US EPA) outdoor standard of 53 ug/L [23]. Their results
demonstrated increased wheezing, polypnea, and chest distress in
study participants. In a cross-sectional study of 10-year-old chil-
dren, elevated PM10 and carbon dioxide (CO2) levels present during
normal daily activities were associated with a dry cough at night,
wheezing, and rhinitis in 654 children and acoustic rhinitis in 193
children [24]. Schoolchildrenwhowere exposed to CO2 (>1000mg/
L) had a high risk of dry cough and rhinitis. A study of 352 infants
showed at that in the first year of life, the morbidity of persistent
cough, wheezing, and lower airway infection was 6.3%, 26.1% and
30.4%, respectively [25]. With a 10 mg/m3 increment in ambient NO2
concentration, the adjusted odds ratio of persistent cough was 1.40.
These study results indicate that when infants are exposed to
outdoor air pollution in the first year, the threat of persistent cough
is enhanced. Belanger et al. [26] indicated that each 5ug/L incre-
ment (based on a threshold of 6 ug/L) in NO2 exposure was asso-
ciated with a dose-dependent increment in asthma severity
including night symptoms, rescue medication use, and wheezing.
Children exposed to indoor NO2 at levels below the US EPA outdoor
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