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CI | nical & Background There is comparatively little information in the public domain on the diver-
i sity in prevalence and triggers/factors associated with allergic rhinitis (AR) or allergic rhi-
Experl mental noconjunctivitis (AR/C) in countries beyond western-Europe and North America.
Objective To review the prevalence and the sensitizing agents/triggers and factors asso-
AI I ergy ciated with AR/C in several countries in Africa, the Asia-Pacific region, Australia, Eastern
Europe, Latin America, Middle East and Turkey.
Methods Articles published in English in peer-reviewed journals were assessed and
selected for further review, following an extensive literature search using the Medline
database.
Results This review demonstrated that prevalence of AR and AR/C in these regions has
predominantly been investigated in children; with studies indicating wide inter- and
intra-regional variations ranging from 2.9% AR and 3.8% AR/C in 10-18-years-old chil-
dren from one region in Turkey to 54.1% AR and 39.2% AR/C in 13-14-years-old chil-
dren in one region in Nigeria. Moreover, the prevalence of AR and AR/C has increased
markedly over the last decade particularly in some of the more affluent African countries,
China-Taiwan and several Middle East countries, likely as a consequence of improved liv-
ing standards leading to increased exposure to multiple traditional and non-traditional
sensitizing agents and risk factors similar to those noted in western-Europe and North
America.
Conclusions and Clinical Relevance Our findings suggest that the greater diversity in pre-
valence of AR or AR/C in populations in these regions is in contrast to the lower diversity
of AR or AR/C in the ‘western populations (USA and Europe), which tend to be more uni-
form. This review provides a comprehensive database of the important allergens and trig-
gers which are likely to influence the prevalence of allergic rhinitis in these diverse
Correspondence: regions, where the prevalence of allergic rhinitis is increasing and its adverse impact on
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the world. Unlike in the northern hemisphere regions such
as Europe and the United States, with well-defined sea-
Although allergic rhinitis (AR)/allergic rhinoconjunctivi- sons, the presentation of rhinitis is likely to be different in
tis (AR/C) is a common chronic respiratory disorder other parts of the world where there are no seasonal varia-
world-wide, its manifestations differ in different parts of tions or very long dry seasons or very long summers.
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Allergic rhinoconjunctivitis is characterized by sneez-
ing, rhinorrhoea, nasal congestion and nasal pruritus,
which are often accompanied in 60-70% of patients by
ocular pruritus/redness and or lacrimation [1, 2].
Although not life threatening, AR/C symptoms are
frequently bothersome, adversely affect work and quality
of life of the affected individual and impose a significant
burden on both the individual and society [1-4]. The
symptoms additionally have the potential to lead to both
physical and mental complications, with sleep-disor-
dered breathing in childhood and adolescence being
associated with increased learning performance, behav-
iour and attention disorders [5, 6]. Indeed, the Paediatric
Allergies in America survey [7] has recently provided
compelling evidence that children with nasal allergies
experienced substantially more physical, mental, emo-
tional and social problems than children without aller-
gies. Furthermore, the burden of AR/C on children was
likely to be significantly underestimated, particularly as
healthcare providers overestimated the patients’ and par-
ents’ satisfaction with disease management and the ben-
efit of medications used for the treatment of nasal
allergies in children [7]. Similarly, the Burden of rhinitis
in America survey [8] has demonstrated that adults with
AR/C also experience a substantial burden on their abil-
ity to sleep, quality of life and workplace productivity,
compared with subjects with no AR symptoms.

Despite the availability of evidence-based treatment
guidelines, such as the World Health Organisation
(WHO)-sponsored Allergic Rhinitis and its Impact on
Asthma (ARIA) guidelines [9], evidence suggests that
general practitioners who do not use the guided
treatment strategy often misdiagnose the severity of the
disease and therefore treat their patients inappropriately,
in turn leading to low patient satisfaction and compli-
ance [10, 11]. Furthermore, anecdotal evidence indicates
that this situation may be more prominent in the devel-
oping countries, where, unlike asthma, AR or AR/C is
often trivialized and socio-demographic and cultural dif-
ferences are likely to play a vital role in the diagnosis
and management of AR or AR/C. This situation is further
compounded by the fact that presently there is no clear
definition of what constitutes total AR or AR/C ‘control’,
as not all patients with moderate/severe AR or AR/C are
controlled even on optimal pharmacotherapy [9].

Epidemiological studies have indicated that the
prevalence of AR has increased progressively over the last
three decades in the more developed ‘westernized’ socie-
ties and presently affects up to 40% of the population
worldwide [9, 12], with 23-30% of the population
affected in Europe [13, 14] and 12-30% of individuals
affected in the United States [15]. Studies in 6—14-year-
old children from around the globe have indicated that
the prevalence of AR has doubled in many countries over
the last two decades [16-20]. Although the diversity and

the prevalence and the triggers/factors responsible for
development of AR is well documented for the developed
‘westernized’ countries, there is comparatively little simi-
lar information in the public domain for countries beyond
western-Europe and North America, particularly the
developing and low-to-middle income countries [21]. The
present article thus reviews the diversity of prevalence of
AR or AR/C and the sensitizing agents/triggers and other
factors associated with these conditions in several coun-
tries in Africa, the Asia-Pacific region, Australia, Eastern
Europe, Latin America, Middle East and Turkey.

Search strategy

The process for selection of articles for inclusion in the
review is shown in Fig. 1. A literature search was con-
ducted in August 2010 for all relevant articles using Pub-
Med, a comprehensive biomedical literature database
providing access to MEDLINE, life science journals and
online books. Citations for articles documenting the prev-
alence of AR and factors associated with the development
of symptoms of disease were identified using AR, sea-
sonal allergic rhinitis (SAR) and perennial allergic rhinitis
(PAR) as the primary search terms in association with
‘prevalence incidence’ and specific countries/regions of
interest, including Africa (Egypt, Ethiopia, Kenya, Mor-
occo, Mozambique, Nigeria, South Africa, Tunis, Zimba-
bwe), Asia-Pacific (China, Hong Kong, Japan, Korea,
Malaysia, Philippines, Singapore, Taiwan, Thailand),
Australia, Eastern Europe (Russia), Latin America (Argen-
tina, Brazil, Chile, Columbia, Costa Rica, Mexico, Peru,
Venezuela), Middle East (Iran, Israel, Kuwait, Lebanon,
Oman, Qatar, Saudi Arabia, United Arab Emirates) and
Turkey. A total of 3675 citations were highlighted using
these search terms, and thus the results of the search were
limited to articles published during the period January
1980 to August 2010. Potential articles for inclusion were
initially identified by the title and the specific study
details in the abstracts. Because of the wide diversity in
methods, instruments and descriptions used for determin-
ing and documenting the prevalence of AR/ARC in the
regions of interest, it was not possible to assess the qual-
ity of the articles according to any pre-determined crite-
ria for inclusion in the review. Thus, only full articles
published in English and in peer-reviewed journals were
selected based on the relevance of their abstracts and
reviewed further for more detailed information.

Prevalence of AR or AR/C

The studies reporting prevalence of AR or AR/C in the
regions of interest have predominantly investigated the
prevalence of disease in children, with the majority of
these employing the standardized and appropriately
translated versions of the International Study of
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PubMed literature search
(All articles published from 1980 to 2010)

Primary search terms:
Seasonal allergic rhinitis; perennial allergic rhinitis

Secondary search terms:

Prevalence incidence; Africa (including specific countries);
Asia-Pacific (including specific countries); Australia; Eastern
Europe (specifically Russia); Latin America (including specific
countries); Middle East (including specific countries); Turkey

}

Search limited to articles published during the period
January 1980 to August 2010

}

Potential articles identified by title and relevance
of their abstracts

!

Articles published in English in peer-reviewed
journals selected

Fig. 1. Flow diagram showing selection of articles reviewed.

Asthma and Allergies in Childhood (ISAAC) written
and/or video questionnaires [22-24]. In comparison,
there are relatively few studies in adults. Overall, stud-
ies have indicated wide variations in prevalence of AR
or AR/C between the countries, as well as within differ-
ent regions of individual countries (Fig. 2 and Table 1)
[25-109]. These range from 2.9% AR and 3.8% AR/C in
children from one region in Turkey [97] to 54.1% AR

and 39.2% AR/C in 13-14-year-old children in one
region in Nigeria [32]. The more recent studies have
further indicated that the prevalence of AR and or AR/C
has increased markedly, particularly in some of
the more affluent African countries, ‘China-Hong Kong-
Taiwan’ and several Middle East countries.

Prevalence in children

Africa. The vast majority of studies reporting the
prevalence of AR or AR/C in Africa to date have inves-
tigated the prevalence of disease in children aged 6—
15 years, using the ISAAC study questionnaires either
alone or in conjunction with another locally modified
questionnaire aimed at answering specific questions
regarding the potential risk factors of allergic disease
[25-35]. Prevalence of AR/C was found to be lowest in
Morocco [29] and Mozambique [30], ranging in differ-
ent centres from 8.8% to 28% in 13—14-year-old chil-
dren and from 8.5% to 23% in 6-7-year-old children,
respectively. In contrast, highest prevalence of 54.1%
AR and 39.2% AR/C was reported in ISAAC Phase I
studies in 13—14-year-old children in a region in Nige-
ria [32]. However, a more recent ISAAC Phase III study
involving over a million children aged 6-14 years from
all the major regions of the world has demonstrated
that currently the regional average prevalence of AR/C
is highest for Africa (18.0%) and ranges from 20.7% in
Wilaya of Algiers, Algeria to 33.3% in Brazzaville,
Congo [36].

Asia-Pacific. Although several studies have investigated
the prevalence of AR or AR/C in children/adolescents
and adults in the Asia-Pacific region [37-59], the
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Fig. 2. Prevalence of AR or AR/C in different regions of the world.
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Table 1. Studies documenting variation in prevalence of allergic rhinitis (AR) and allergic rhinoconjunctivitis (AR/C) in diverse and developing

regions around the world

Study design/

Region/ Population method for assessing % Prevalence of AR and/or AR/C
Country characteristics Study location type prevalence (lifetime, unless stated otherwise) Reference
Africa 60 350 children Rural and urban ISAAC study questionnaires 7.2-27.3% AR/C [25]
aged 13—14 years centres
Egypt 2645 children Cairo (urban) ISAAC study questionnaires 15.3% AR/C (physician diagnosed) [26]
aged 11-15 years
Ethiopia 3365 children Gondar (suburban) ISAAC study questionnaires 14.5% AR within past 12 months [27]
aged 13-14 years
Kenya 3018 children Uasin Gishu district ISAAC study questionnaires 32.4-43% AR; 11.8-24.1% itchy eyes [28]
aged 13-14 years  (rural)
Morocco 5728 children Casablanca, ISAAC study questionnaires 8.8-28% AR/C [29]
aged 13—14 years Marrakech, Ben
Slimane, Boulmane
Mozambique 2283 children Maputo (urban, ISAAC study questionnaires 8.5% AR/C in 6-7 years old; 23.0% [30]
aged 6-7 years suburban and AR/C in 13-14 years old
semi-rural)
2630 children
aged 13—14 years
Nigeria 2325 children Ibadan (urban) ISAAC study questionnaires 11.3% AR in 6-7 years old; 54.1% [31, 32]
aged 6-7 years AR/39.2% AR/C in 13-14 years old
2383 children
aged 13—14 years
South Africa 5037 children Cape Town (urban) ISAAC study questionnaires 38.5% AR and 24.3% AR/C within [33]
aged 13—14 years past 12 months
Tunis 3350 children Grand Tunis ISAAC study questionnaires 29.7% AR/C within past 12 months [34]
aged 13-14 years (Ariana, Ben Arous,
Manouba, Tunis)
Zimbabwe 84 children Harare (private Retrospective descriptive 15.6% AR; 24.0% AR/C (RAST+ve) [35]
aged <12 years paediatric clinic; study using RAST testing
urban)
Asia-Pacific
China 1211 children Wuhan (urban) Questionnaire and skin-prick 10.8% AR in Wuhan [37]
aged 3—6 years tests
737 children San Bu (urban) 1.6% AR within past 12 months and [38, 39]
aged 12-20 years 2.1% AR and in children living
in San Bu
7754 children Urumgqi & Beijing ISAAC study questionnaires 30-31.1% AR within past 12 months [40]
aged 6-7 years (urban)
General population 11 major cities Telephone interview — 8.7-24.1% AR [41]
across China self-reported symptoms
Hong Kong 1062 children Hong Kong Questionnaire and skin-prick ~ 15.7% AR [39]
aged 12-20 years tests
Two cohorts of Hong Kong (urban) ISAAC study questionnaires 35.1% AR within past 12 months; [42, 43]
3618 and 4448 42.4% cumulative physician-
children aged diagnosed
6-7 years AR; and 37.4% current AR and
17.2% current AR/C
Japan 468 children Vientiane city ISAAC study questionnaires 24.4% AR/C [44]
aged 13-14 years  (urban)
755 children Hidaka Province Questionnaire and skin-prick ~ 9.1-15.8% AR/C [45]
aged 12—13 years (mountainous area) tests
2307 adult males Tokyo (urban) Self-reported symptoms study 35.5% AR, 28.8% SAR and 11.0% [46]
cedar pollinosis
(continued)
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Table 1 (continued)

Study design/

Region/ Population method for assessing % Prevalence of AR and/or AR/C
Country characteristics Study location type prevalence (lifetime, unless stated otherwise) Reference
Korea Two cohorts of Cheju island ISAAC study questionnaires 13.6% AR/C 35.7% AR within past [47, 48]
2005 and 2055 (rural) and Seoul 12 months in rural areas with citrus
children aged (urban) farms and 22.4% in children living
7-18 years living in urban areas without citrus farms
near orchards and
1000 children
aged 7-16
years living in
urban areas

2467 adults aged Seoul (metropolitan Standardized questionnaire 16.4-24.7% AR [49]
20-50 years urban),

Cheonan and
Icheon
(non-metropolitan
urban), €
Khoisan (rural)

181 subjects Cheju island (rural) Questionnaire and 12.1% by questionnaire; 19.3% by [50]

aged 18-87 years skin-prick tests positive skin-prick test

Malaysia 409 children Kota Kinabalu Questionnaire and 11.2% AR [39]
aged 12-20 years (urban) skin-prick tests
(ethnic Chinese
only)

Singapore 9636 children Singapore (urban) ISAAC study questionnaires 25.5-42.1% AR within past 12 months [51]
aged 6-15 years

2868 adults Singapore (urban) Standardized questionnaire 5.50% AR [52]
aged 20-74 years

Taiwan Four cohorts of Central Taiwan ISAAC study questionnaires 12.5-27.6% AR; 43.0% overall [53, 54]
between 11 580 (urban) 12 month
and 75 960 AR prevalence
children aged
7—-15 years

6190 children Taoyuan (urban) ISAAC study questionnaires 18.3-29.8% AR [55]
aged 6-15 years

8723 children Tou-Cheng, Taipei 39.6% AR 12 month prevalence and [56]
aged 1-8 years (urban) 24.1% physician-diagnosed AR

14 201 children Taichung (urban) and Questionnaire based 27.6% AR in Taichung and 21.8% [57]
aged 7—15 years Chu-Shan AR in Chu-Shan

(rural)

33 1686 non- Nationwide (24 34-42.4% questionnaire-based AR; [58]
smoking counties and 19.5-28.6% physician-diagnosed AR
schoolchildren cities in Taiwan)
aged <6 to
>15 years

Thailand 7341 children Bangkok and its ISAAC study questionnaires 17.9-44.2% AR [59]
aged 6-14 years vicinity
Australia 1509 South Australia ISAAC study questionnaires 20.8% AR within past 12 months [60]
preschoolchildren (urban/rural)
aged 4-5 years
(continued)
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Table 1 (continued)

Study design/

Region/ Population method for assessing % Prevalence of AR and/or AR/C
Country characteristics Study location type prevalence (lifetime, unless stated otherwise) Reference
Two cohorts of Adelaide, Melbourne, ISAAC study questionnaires 12.7% overall 12 months AR [61, 62]
2968 and 2686 Sydney, Perth prevalence and 12.0% current
children aged (metropolitan) AR in 6-7 years old; 19.6%
6—7 years; current AR in 13-14 years old
3607 children
aged 13-14 years
1499 children Moree, Wagga Questionnaire and 23.3% AR in Aboriginal children [63]
aged 7—12 years Wagga (rural NSW) skin-prick test study and 35.4% AR in non-Aboriginal
old (158 were children
Aboriginal)
1494 stratified Tasmania Self-reported symptoms 41.3% AR [64]
adult cohort (urban/rural) population-based study
aged 29-32 years
3411 children aged Moscow ISAAC study questionnaires 12.8% AR ever and 6.4% AR/C [65]
13—14 years (metropolitan)
1106 children Svetogorsk (Russia; ISAAC study questionnaires 15.2% vs. 8.8% AR and 4.7% vs. [66]
aged 17-16 years urban); Imatra 3.2% AR/C in Imatra and
(587 Russian; (Finland Svetogorsk
519 Finn)
4470 adults Nikel (Russia; Self-administered 13.9% AR/C 5.6% vs. 10.3% [67, 69]
(3368 Russian; polluted urban); questionnaire lifetime AR prevalence in Nikel
1102 Norwegian) Ser-Varanger and Ser-Varanger
(Norway; urban)
Latin 93 851 children 1417 Latin ISAAC study questionnaires 12.7% (range 5.5-21.2%) AR/C in [69]
America aged 6-7 years American countries 6—7 years old and 18.5%
and 165 917 (range 7.1-45.1%) AR/C in
aged 13—14 years 13—14 years old
Brazil 23 422 children 20 cities across ISAAC study questionnaires 10.3-17.4% AR/C in 6-7 years [70]
aged 6-7 years Brazil (urban old and 8.9-28.5% AR/C in
and 58 144 and rural) 13—14 years old
aged 13-14 years
3312 children Western districts of ISAAC study questionnaires 25.7% AR/C and 11.3% [71]
aged 6-7 years Séo Paulo (polluted doctor-diagnosed AR
urban)
3009 children Brasilia (urban) ISAAC study questionnaires 20.0% diagnosed rhinitis, [72]
aged 13-14 years 29.3% recent rhinitis
and 12.2% AR
3628 children Curitiba ISAAC study questionnaires 17.2% current AR/C [73]
aged 13—14 years (metropolitan)
11 403 children 7 cities across ISAAC study questionnaires 26.6% AR in 6-7-year-old [74]
aged 67 years North and South children and 34.2% AR in
and 20 587 of Brazil (urban) 13—14-year-old children
aged 13-14 years
Mexico 5238 children Cuernavaca ISAAC study questionnaires 8.20 AR/C [75]
aged 6-14 years city (urban)
6174 children Juarez ISAAC study questionnaires 4.7-5.4% physician-diagnosed [76]
aged 6-14 years (metropolitan) AR in 6-8 and 11-14 years
old, respectively
Middle East
Iran 2999 children Urmia city (urban) ISAAC study questionnaires 9.8% AR within past 12 months [77]
aged 6-7 years
4584 children Shiraz City (urban) Questionnaire and ENT 22% AR (questionnaire) and 9.7% [78]
aged 11-15 years examination-based study (ENT physician/questionnaire)
(continued)
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Table 1 (continued)

Study design/

Region/ Population method for assessing % Prevalence of AR and/or AR/C
Country characteristics Study location type prevalence (lifetime, unless stated otherwise) Reference
Israel 1243 children Zichron Yaakov ATS-NHLI Health 19.7% AR in Jewish children and [79]
aged 8-17 years and Paradis questionnaire 9.7% AR in Arab children
(585 Jewish; (seashore towns)
658 Arab)
Kuwait Two cohorts of Kuwait (urban) ISAAC study questionnaires 41.4-43.9% AR; 27.6-30.7% [80, 81]
2882 and 3110 12-month AR prevalence;
children aged 17.1-22.2% physician-diagnosed AR
13-14 years
Lebanon Two cohorts of 5 provinces ISAAC study questionnaires 21.2-45.2% AR; 38.6% AR [82, 83]
3115 and 3909 across Lebanon within past 12 months
children aged
5-14 years
Children aged Beirut ISAAC study questionnaires 25.5% AR and 15.9% AR/C [84]
13-14 years (metropolitan city)
Oman 3893 children Nationwide (urban ISAAC study questionnaires 7.4% AR in 6-7-year-old [85]
aged 6-7 years and rural areas) children and 10.5% AR in
and 3174 aged 13—14 years old
13-14 years
Qatar 3283 children Nationwide (both ISAAC study questionnaires 30.5% physician-diagnosed AR [86]
aged 6-14 years urban and
rural areas)
Saudi Arabia 9540 children Nationwide (both ISAAC study questionnaires 26.5% AR and 25.7% [87]
aged 6-15 years urban and rural and skin-prick test physician-diagnosed AR
areas)
3131 children Jeddah, Riyadh, ISAAC study questionnaires Mean 25% AR [88]
aged 8—-16 years Hail and Gizan
(inland dry desert or
coastal humid cities)
United Arab 6543 children Al-Ain City (urban) ISAAC study questionnaires 36.0% AR within past 12 months [89]
Emirates aged >13 years
3200 children 7 Emirates (urban/ ISAAC study questionnaires 14.9% physician-diagnosed AR [90]
aged 6-13 years rural)
850 children Urban and rural Self-administered 22.9% AR [91]
aged 6-14 years areas questionnaires
Turkey 931 children Bolu (rural/urban ISAAC study questionnaires 23.2% AR [92]
aged 7-14 years areas)
7245 children Manisa ISAAC study questionnaires 14.5% AR and 13.0% AR/C [93]
aged 13-14 years (mountainous)
1018 children Istanbul (shanty town  ISAAC study 26.2% current AR [94]
aged 4-12 years area with questionnaires and
poor hygiene) skin-prick tests
Two cohorts of Istanbul (several ISAAC study questionnaires 7.9% physician-diagnosed AR; [95, 96]
2500 and 2276 urban areas) 17.6% AR
children aged
6-15 years
1217 children Izmir (urban/rural ISAAC study questionnaires 30% AR within past 12 months [97]
aged 9-11 years areas) and 179% physician-diagnosed AR
1108 children Sanliurfa ISAAC study questionnaires 2.9% AR and 3.8% AR/C [98]
aged 10-18 years (metropolitan)
1349 children Zonguldak (urban) ISAAC study questionnaires 37.7% physician-diagnosed AR [99]
aged 6-16 years
3164 children Adana (metropolitan) ISAAC study questionnaires 13.6% AR [100]
aged 6-18 years
(continued)
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Table 1 (continued)

Study design/

Region/ Population method for assessing % Prevalence of AR and/or AR/C
Country characteristics Study location type prevalence (lifetime, unless stated otherwise) Reference

3040 children Diyarbakir (urban) ISAAC study questionnaires 12.9% AR and 39.9% AR [101]
aged 6-15 years within past 12 months

2774 children Ankara ISAAC study questionnaires 36.3% AR; 30.6% AR [102]
aged 9-11 years (metropolitan) within past 12 months; 8.3%

physician-diagnosed AR

5412 children Edirne (urban and Questionnaire 12.3% AR; 4.5% AR within past [103]
aged 7—12 years rural) 12 months

1366 children Afyon (mountainous ECRHS questionnaire 8.1% AR/C [104]
aged 13-18 years city)

1515 university Eskisehir (urban) ECRHS questionnaire 10.0% AR/C [105]
students

1336 adults Manisa (urban) ECRHS questionnaire 14.5% AR [106]
aged >18 years

995 adults aged Antalya (urban) ECRHS questionnaire 22.7% AR [107]
20-44 years

465 subjects Aydin (urban) SFAR questionnaire and 11.4% physician-diagnosed AR [108]
aged 16-64 years skin-prick tests and 14% AR (skin-prick testing)

4125 subjects 44 centres across Custom-designed 23.1% AR; 20.1% physician- [109]

aged 16-54 years  Turkey (urban

and rural)

questionnaire for AR

diagnosed AR; and 23.8%
self-reported AR in the urban and
18.4% in the rural areas in adult
population

AR, allergic rhinitis; AR/C, allergic rhinoconjunctivitis; ATS-NHLI, American Thoracic Society-National Heart and Lung Institute questionnaire;
ECRHS, European Community Respiratory Health Survey questionnaire; ISAAC, International Study of Asthma and Allergies in Childhood study;

SFAR, score for allergic rhinitis questionnaire.

majority of these studies have also investigated the
prevalence of disease in primarily children and demon-
strated wide inter- and intra-regional differences. The
lowest prevalence was noted in a cross-sectional study
investigating a cohort of 737 secondary school students
aged 12-20 years (mean age 16.4 years) in the city of
San Bu, Guangdong, China [38]. Using standard ques-
tionnaires of respiratory and allergic symptoms and
skin-prick testing for sensitization to common aeroal-
lergens, the authors demonstrated that only 1.6% of the
students documented a history of SAR within the past
12 months, despite a high prevalence of atopy (49%
students were skin-prick test positive to one or more
allergen). Indeed, a follow-up study 10 years later has
indicated that the prevalence of SAR in San Bu was
2.1% compared with a prevalence of 15.7% in Hong
Kong, despite high prevalence of atopy in both sub-
populations [39]. Furthermore, sensitization to specifi-
cally mould was nearly 12-fold lower and to animal
hair sixfold lower in San Bu than in Hong Kong,
suggesting that sensitization to these agents may be
important determinants for the manifestation of symp-
toms of AR. However, studies employing the standard-
ized ISAAC study protocols have indicated that the
prevalence of AR in Hong Kong children is even higher
(ranging from 35% to 43%) [36, 42, 43] and similar to

prevalence noted in 10—15-year-old children in central
Taiwan [54]. Moreover, the ISAAC Phase III study has
indicated that the prevalence of AR/C has increased all
over the Asia-Pacific region over the last decade, with
between 28.6—41.3% and 10.5—13.8% of children aged
6—14 years in the region reporting current nose symp-
toms and current AR/C, respectively [36].

Australia. A majority of studies investigating the
prevalence of AR or AR/C in Australia have also concen-
trated predominantly on prevalence of disease in
children [60-63], with one study documenting AR preva-
lence in adults [64]. The ISAAC studies in particular
demonstrated prevalence of AR ranging from 12% to
20.8% in 4-14-year-old children [60-62], whereas in
another study employing a children’s respiratory ques-
tionnaire and skin-prick tests reported AR prevalence of
23.3% and 35.4% in Aboriginal and non-Aboriginal
children, respectively [63]. The authors suggested that a
parent with hayfever and atopy had strong risk factors
for Aboriginal children but not for non-Aboriginal
children. Overall, these findings are comparable with
the ISAAC Phase III world map data for Australia,
which showed 47.7% prevalence for hayfever ever and
19.3% prevalence for current AR/C in 13—14-year-old
children and 19.8% prevalence for hayfever ever and

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-22
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12.9% prevalence for current AR/C in 6-7-year-old
children [36].

Eastern Europe (Russia). For the purpose of this paper,
Russia was the only Eastern European country investi-
gated, with the literature search showing relatively few
studies to have investigated the prevalence of AR or AR/
C in Russia [65-68]. An early ISAAC study comparing
the prevalence of allergic diseases in 13—14-year-old
children in Scandinavia and Eastern Europe demon-
strated that prevalence of AR or AR/C in children in
Eastern European was generally lower than in children
in Scandinavia, with prevalence of 12.8% AR and 6.4%
AR/C in Moscow being among the lowest of all the
centres investigated [65]. The findings of relatively low
prevalence of AR/C in Russia have been confirmed by a
more recent ISAAC protocol-based study, which demon-
strated prevalence rates of 15.2% vs. 8.8% AR and 4.7%
vs. 3.20% AR/C in 7-16-year-old schoolchildren in the
towns of Imatra in Finland and Svetogorsk in Russia on
either side of the common border [66].

Latin America. Studies investigating the prevalence of
AR or AR/C in children in Latin America have also
mostly employed the ISAAC protocol [69-76]. Earlier
studies from Brazil and Mexico demonstrated that
prevalence of AR or AR/C ranged from 4.7% AR in 6-8-
year-old children in Juarez, Chihuahua, Mexico [76] to
28.5% AR/C in 13—-14-year-old children in Rio Grande
do Sul, Brazil [70]. A more recent ISAAC Phase III study
has evaluated the prevalence of rhinitis-related
symptoms in 6-7-year-old children from 35 centres in
14 Latin American countries and in 13-14-year-old
children from 56 centres in 17 Latin American countries
[69]. The authors demonstrated that for the 6-7-year-
old group, the mean prevalence for current AR/C was
12.7% and ranged from 5.5% in Rosario City (Argentina)
to 20.4% in Caracas (Venezuela). Similarly, for the 13—
14-year adolescent group, the mean prevalence of
current AR/C was 17.3% and ranged from 7.1% in Cuer-
navaca (Mexico) to 45.1% in Asuncion (Paraguay).
Overall, the prevalence of rhinitis-related symptoms
was higher among the Spanish speaking centres, and
the rates of current AR/C noted were among the high-
est in the world observed during ISAAC Phase III
studies [36].

Middle East. To date studies of prevalence of AR or AR/C
from the Middle East countries have been conducted
mostly in schoolchildren aged 6-14 years, employing
appropriately translated versions of the standardized
ISAAC study protocol [77-91]. These studies have also
shown a wide variation in the prevalence of AR among
children in different countries in the region, ranging
from a nationwide AR prevalence of 7.4% in
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6-7-year-old children in Oman [85] to a lifetime AR
prevalence of 45.200 in 13—15-year-old children from
several provinces in Lebanon [82]. Comparison of data
from the more recent studies with those from the earlier
studies further suggests that prevalence of AR has
increased substantially, nearly doubling in certain
regions of Lebanon [82, 84] and the UAE [89, 90], over
the region during the last decade.

Turkey. The prevalence of AR or AR/C has been inves-
tigated in a large number of studies conducted in dif-
ferent regions of the country [92-109], with the
majority investigating prevalence of disease in children
using the standardized ISAAC study [92-102]. Studies
employing the ISAAC study protocol have indicated
the prevalence of AR in children aged 6-18 years to
range from 2.9% in Sanliurfa, a socio-economically
deprived city with high rates of infectious and para-
sitic diseases and hot dry climate, in south-eastern
Turkey [98] to 37.7% in Zonguldak, a highly industri-
alized city with high usage of unrefined coal without
domestic or industrial air-filtrating systems, in north-
west Turkey [99]. Indeed, other studies have also indi-
cated that the prevalence of AR in children is also
high (>30%) in other well-developed and industrial-
ized/polluted cities such as Ankara [102] and Izmir
[97] in western Turkey and comparatively low (<10%)
in agriculturally rich areas such as Afyon in central-
west Turkey [104].

Prevalence in adults

No suitable studies were selected for review of preva-
lence of AR or AR/C in adults in Africa, Latin America
or the Middle East, although there were some reports
from the other regions of interest.

Asia-Pacific. Few studies have reported the prevalence
of AR or AR/C in adults in the Asia-Pacific region. A
population-based study assessing self-reported AR by
validated questionnaires-based telephone interviews in
over 38 000 subjects in 11 major cities in China
recently demonstrated that the prevalence of AR, after
adjusting for age and gender, was highly variable and
ranged from 8.7% in Beijing in east China to a 24.1%
in Urumgqi in west China [41]. Importantly, this study
further demonstrated that of the subjects with self-
reported AR, 74.4% were diagnosed as having intermit-
tent AR and 25.6% persistent AR according to the new
ARIA classification [9], with pollen (47.8%), animal
dander (26.2%) and dust mites (19.8%) being the most
common sensitizing agents. Similarly, a population-
based study involving a stratified cluster disproportion-
ate random sample of 2868 adults aged 20-74 years
selected from five housing estates in Singapore has
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demonstrated a mean AR prevalence rate of 5.5%, with
males, subjects of Indian and Chinese origin, and those
with higher socio-economic status being more affected
[52]. Other local questionnaire-based studies have
reported self-reported AR prevalence rates of up to
35.5% in Japan [46] and 16.4-24.7% in Korea [49].

Australia. One longitudinal study has investigated the
prevalence of self-reported AR in a population-based
cohort of adults in Australia, using a questionnaire
[64]. Using a stratified random sample, the authors
demonstrated that prevalence for hayfever was more than
doubled from 19.2% in 1968 to 41.3% in 1991-1993.

Eastern Europe (Russia). Similarly, one self-adminis-
tered local questionnaire-based study has investigated
the prevalence of AR or AR/C in Russia and indicated
that the prevalence of AR may be comparatively low in
adults [68]. Comparison of the prevalence of atopic dis-
eases among about 4500 adults in two geographically
related arctic areas, Nikel a heavily polluted town in
Russia and Ser-Varanger a non-polluted town in Nor-
way, demonstrated that the lifetime prevalence of ato-
pic diseases was significantly lower in Nikel than in
Ser-Varanger, with the prevalence of AR being 5.6%
Nikel and 10.3% in Segr-Varanger (P < 0.001). The
authors suggested that the low prevalence of AR in
Nickel was at least partly due to the low standard of
living and dwelling in smaller well ventilated but
poorly insulated flats/houses, compared to those com-
monly found in Western Europe.

Turkey. A few studies have investigated the prevalence
of AR in Turkish adults [106-109], using the standard-
ized European Community Respiratory Health Survey
(ECRHS) [106, 107] and score for allergic rhinitis
(SFAR) [108] questionnaires. These were primarily
population-based studies and demonstrated that the
prevalence of AR in adults ranged from about 14.0% to
22.7% [106-108]. In a more recent population-based
study, Cingi and colleagues [109] assessed the preva-
lence of AR in the Turkish adult population across
seven distinct geographical regions in Turkey, using a
custom-designed questionnaire with particular emphasis
on descriptive parameters. After adjusting for errors,
data from 4125 volunteers indicated that the preva-
lence of self-reporting AR and physician-diagnosed AR
ranged from 16.3% and 15.7%, respectively, in the
Eastern Anatolia region to 27.5% and 23.4% in the
Marmara region. The overall mean prevalence of self-
reporting AR and physician-diagnosed AR was 23.1%
(men 22.3%, women 23.8%) and 20.1% (men 19.7%,
women 20.4%), respectively. Moreover, based on the
ARIA classification, the mean prevalence of persistent
AR was found to be 8.1% in men and 9.1% in women,

and the mean prevalence of intermittent AR 14.2% and
14.7% in men and women, respectively.

Global prevalence of AR/C in children aged 6-14 years

A comprehensive ISAAC Phase III study involving over a
million children aged from 6 to 14 years from all the
major regions of the world has recently demonstrated
that the overall mean global prevalence of current AR
and AR/C symptoms in children aged 13-14 years was
31.7% and 14.6%, respectively, and ranged from 4.2%
and 1.0% in a centre in India to 80.6% and 45% in a
centre in Paraguay, respectively [36]. There was also
substantial regional variation in the prevalence of AR/C
symptoms (range 10.7% in the Indian sub-continent to
18% in Africa; followed closely by 17.3% in Latin
America) and between countries and centres within the
different regions, with the highest prevalence being
observed particularly in centres from the middle and
low income countries in Africa and Latin America. Sim-
ilarly, in children aged 6-7 years, the overall mean glo-
bal prevalence of current AR and AR/C symptoms was
21.4% and 8.5%, respectively, and ranging from 6.3%
and 4.2% in the Indian sub-continent to 46.6% and
12.7% in Latin America, respectively. As for data for
the older children, large variations were observed in
prevalence of AR/C symptoms between regions, coun-
tries and centres. Moreover, assessment of prevalence
according to the gross national income of the country
demonstrated that prevalence of current nose symp-
toms, current nose and eye symptoms and current rhi-
noconjunctivitis symptoms in the younger children was
about 1.5- to 2-fold higher in the middle and high
income countries than in the low income countries,
whereas in the older children the variations were not as
marked (Fig. 3) [36]. Further assessment of data from
this study in terms of latitude, however, suggests that
the prevalence of rhinitis and ocular symptoms in chil-
dren may be significantly higher in the tropical regions
compared with the temperate regions (Table 2).
Although the reasons for these trends are not presently
clear, it is possible that climatic factors may play a role
in the development of allergic disease in these regions.
This, however, needs to be confirmed in large studies
specifically designed to estimate the prevalence of AR
in regions with different climates.

Limitations of studies investigating prevalence of AR or
AR/C

It is clear that comparison of the prevalence or inci-
dence of disease in different populations and sub-pop-
ulations is particularly difficult when there is little or
no uniformity in the methodologies employed. In this
regard it is likely that the wide variation in prevalence
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of allergic diseases (including AR, AR/C, asthma and
eczema/dermatitis) noted in these studies was at least
in part due to differences in the instruments employed
to assess prevalence such as the ISAAC study question-
naire, the ECRHS questionnaire, the Middleton diary
symptom questionnaire and questionnaires standard-
ized to local/national levels that have also been
employed in other studies. Moreover, some studies
evaluated the prevalence of allergic disease on the
basis of observational surveys, telephone interview sur-
veys, self-reported symptoms and the degree of skin-
prick test reactivity and/or presence of specific IgE
antibodies to agents inducing the symptoms of AR or
AR/C in individuals potentially predisposed to allergic
disease. The difficulty in assessment is likely to be
further compounded by measurement/expression of
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Fig. 3. Prevalence of symptoms by level of gross national income in
children aged (a) 6-7 years and (b) 13-14 years (modified from Ait-
Khaled et al. [36]).
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prevalence as questionnaire-based or doctor or
physician-diagnosed cumulative (lifetime) prevalence,
questionnaire-based or physician-diagnosed prevalence
of AR in the past 12 months or just self-symptoms
reported prevalence. Not least of all, it is possible that
patients with vasomotor rhinitis/non-AR may be cap-
tured within these data, particularly as several studies
have reported prevalence of rhinitis in the absence of
data on specific allergens/sensitizing agents, as shown
in Table 3.

Pattern of allergens and risks associated with allergic
disease

Several studies have documented the allergens/sensitiz-
ing agents and risk factors associated with the increased
prevalence of AR and AR/C in the regions of interest
[26, 30, 35, 37-39, 42, 45-50, 50-59, 63, 66, 68, 71,
72, 79, 81, 82, 86, 89, 92, 93, 95, 97, 103, 110-165].

Allergens and sensitizing agents

Not surprisingly, wide varieties of grass/tree pollen
and/or mites are present in the different regions and
play an important role as traditional sensitizing aller-
gens in the development of AR in these regions
(Table 3). Despite the presence of the large numbers of

Table 2. Prevalence of symptoms by latitude (modified from Ait-
Khaled et al. [36])

P-value
n Mean SD Median IQR (Mann—Whitney)

Total rhinitis

Global 230 31.06 10.96 31.65 14.85

Tropics 87 3290 13.47 33.40 17.6 0.261 vs.
sub-tropics

Sub-tropics 75 31.00 9.75 31.00 14.2 0.243 vs.
temperate

Temperate 68 28.82 7.93 31.50 13.4  0.028 vs.
tropics

Rhinitis with eye symptoms

Global 230 15.76 6.80 15.40 9.13

Tropics 87 16.90 7.95 16.20 12.4 0.675 vs.
sub-tropics

Sub-tropics 75 16.42  6.22 15.90 8.6 0.012 vs.
temperate

Temperate 68 13.56 5.23 14.10 8.98 0.008 vs.
tropics

% Eye symptoms of total rhinitis

Global 230 50.48 1297 51.12 14.92

Tropics 87 51.44 14.12 51.35 17.66 0.502 vs.
sub-tropics

Sub-tropics 75 5291 12.03 52.47 13.32  0.004 vs.
temperate

Temperate 68 46.57 11.64 48.54 15.1 0.035 vs.
tropics
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these allergens, regional assessment of these agents
suggests that there may be some general sensitizing
patterns. Thus, while the ‘pollen allergens’ appear to be
important sensitizing allergens in Australia, the Middle
East countries, Southern Africa and Turkey, the ‘mite
and cockroach allergens’ appear to be important sensi-
tizing agents in Asia-Pacific region. Although the very
large diversity and overlapping types of grass, tree and
weed pollen makes it virtually impossible to assign spe-
cific plants as the main causes of AR in the different
regions, it does nevertheless appear that Salsola and
other weed pollen are particularly important sensitizing
agents in the Middle East [154-158, 161], where as cer-
eal pollen appear to be important sensitizers in Turkey
[164-166]. Although, a large number of studies from
Japan suggest Japanese cedar pollen to be possibly the
most prevalent and important sensitizing agents across
Japan [45-66, 118-122, 124, 126], other studies have
indicated that Japanese birch and cypress pollen are
also important in different parts of Japan [116, 124,
126]. Similarly, there is some evidence that sensitiza-
tion to the non-traditional silk/silk worm allergens may
be important in the aetiology of AR particularly in
China [114] and Japan [126]. Indeed, in a population-
based study examining the relationship between
asthma, AR and skin test reactivity to aeroallergens in
over 10 00 subjects in the province of Anging in China,
Celeddon and colleagues [114] demonstrated that sensiti-
zation to dust mite and sensitization to silk were inde-
pendent predictors of rhinitis.

‘Conventional’ risk factors

Assessment of the risk factors associated with the devel-
opment of AR and AR/C in these regions has indicated
the involvement of a variety of both conventional and
non-conventional risk factors. The conventional risk fac-
tors, including genetic pre-disposition to allergic disease
and sensitization to grass/tree/weed pollen and/or dust
mite allergens have been shown to be important determi-
nants of AR and AR/C in all regions investigated.

‘Non-conventional’ risk factors

Non-conventional risk factors, such as ‘improved’
dwellings [68, 72, 92, 95, 97, 102, 132] and exposure to
fossil fuel and traffic related pollutants [57, 58, 82, 95,
102, 121, 129, 130], which are often associated with
increased socio-economic status of individuals, were
increased in the more affluent countries and affluent
regions within these countries. It is likely that improve-
ment in indoor environment/lifestyle/affluence results
in more time being spent indoors leading to perennial
and greater exposure to more indoor allergens and sub-
sequently to changes in sensitization patterns [166].

Indeed, evidence from the last few decades suggests
that increased dampness and poor ventilation caused by
tight insulation of modern homes has increased sensiti-
zation and allergy to mould [167-169], a finding that is
consistently observed in several countries reviewed
herein [59, 102, 132, 136, 139, 145, 146, 152, 162].
Moreover, one study has suggested that dampness in
the home may be one of the most important risk factors
in the development of respiratory symptoms in subtrop-
ical areas [170].

Furthermore, as indicated by many studies in the
present review, other studies have indicated that a large
number of individuals are sensitized to multiple indoor
and outdoor antigens [166]. It is possible that polysen-
sitization and cross-reactivity among the antigens may
result in manifestation of more persistent and severe
symptoms of AR and AR/C in affected individuals
[166]. Although the association between fossil fuel-
derived air pollution and the increased prevalence of
AR or AR/C has not been demonstrated unequivocally,
a growing body of evidence suggests that increased air
pollution may lead to increased risk of allergic sensiti-
zation [130, 171-173].

Although the situation for assessment of risk factors
for AR is complicated enough under normal circum-
stances, due to the demonstration of a host of conven-
tional and non-conventional risk factors, this is further
compounded by the findings of a recent study, which
suggest that in patients with co-morbid AR and asthma
the assignment of risk factors may depend on how AR
is defined [174]. In a cross-sectional study of 616 Costa
Rican children aged 6-14 years with asthma, Bunyava-
nich and colleagues [174] demonstrated that in a multi-
variate analysis of risk factors, when AR was defined
on the basis of >1 skin test reaction-positive results to
allergens for AR (STR-positive AR), the presence of
nasal symptoms after exposure to dust or mould, paren-
tal history of AR, older age at asthma onset, oral steroid
use in the past year, eosinophilia and positive specific
IgE to dust mite and cockroach were all found to be
independent risk factors of STR-positive AR, with sig-
nificantly increased adjusted odds ratios (ORs; ranging
from 2.0 for oral steroid use in past year to 17.2 for
positive specific IgE for dust mite; P < 0.05 to
P < 0.0001). However, when AR was defined based on
physician-diagnosed AR, the adjusted ORs were signifi-
cantly increased for nasal symptoms after pollen expo-
sure, skin test reactivity to tree pollen, parental history
of AR, inhaled steroid and short-acting B,-agonist use
in the past year, and household mould/mildew (OR
ranging from 1.6 [P < 0.02] for household mould/mil-
dew to 2.4 (P < 0.0001) for inhaled steroid in last year.
In contrast the OR for presence of >3 siblings was sig-
nificantly decreased (OR = 0.4[95% CI: 0.2-0.8];
P < 0.008). Moreover, the prevalence of AR was also
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Table 3. Studies documenting allergens/sensitizing agents and/or risk factors for allergic rhinitis (AR) and allergic rhinoconjunctivitis (AR/C) in
diverse and developing regions around the world

Region/country Allergen/sensitizing agents investigated Risk factors for AR or AR/C Reference
Africa
Egypt Not documented Education at a state school, father’s education, [26]
parental history of asthma/AR symptoms
Mozambique Not documented Urban/semi-urban dwelling [30]
South Africa Latex Sensitization to latex increased risk for AR/C [111]
Zimbabwe Dermatophagoides pteronyssinus, Sensitization to dust mites, Bermuda grass, [35]
Dermatophagoides farinae; Bermuda grass, and and weeds (plantain)
weeds (plantain), cats, mould
Intertropical Cockroaches, mites; moulds Cockroach sensitization ranked second, [111]
zone Africa after mites, in inducing AR symptoms
Asia-Pacific
China and Dust mite, cockroach; grasses (rye grass, couch Atopy, sensitization to cockroach and dust mite; [37-39, 42]
Hong Kong grass, Kentucky blue, orchard, redtop, timothy, parental history of hayfever/wheezing, frequent
sweet vernal, meadow fescue, perennial rye); moulds URTI, male gender; birth in Hong Kong
D. farinae/pteronyssinus, American cockroach, AR severity significantly correlated with degree [112, 113]
Blomia tropicalis, Blatella germanicus; mixed of skin test reactivity to A. vulgaris,
grass and tree pollens; Artemisia vulgaris, A. artemisifolia, D. pteronyssinus, D. farinae
Ambrosia artemisiifolia, cat, dog, mould and B. tropicalis
D. farinae/pteronyssinus, cockroach; mixed grass Sensitization to silk an independent predictor of [114]
and tree pollen; mould and silk rhinitis
Trees (Cedar, cypress, juniper) and grass Chinese and other non-Caucasians (Filipino and [115, 116]
(Rye-Lolium multiflorum, Bermuda, orchard, Japanese) more sensitive and reactive to grass
Timothy, Johnson, Oat/wild Oats, Velvet) pollens and tree pollens than Caucasians
Japan Dust mites; Japanese cedar (Cryptmeria japonica; Month of birth and family history of allergic [45, 46, 117]
CJ) pollen; grass pollens; mould disease, residence along a main street; mount of
airborne pollen predictive of symptom severity
Dust mites; Japanese cedar pollen Strong sensitization to Japanese cedar pollen [118-121]
associated with age, the amount of dispersed
pollen in the observed year and in the year
following birth, and the month of birth; vehicle
related air pollution
Japanese cedar pollen Cat ownership and passive smoking associated [122]
with a lower prevalence of AR and cedar
pollinosis
Dust mites; Plantago lanceolata (English P. lanceolata; olive pollen and silkworm [50, 123-126]
plantain) pollen, birch pollen, Japanese cedar allergens important cross-reacting/sensitizing
pollen, cypress pollen, Olive tree (Olea agents of AR in Japan, whereas birch pollen
europaea) pollen; orchard grass, timothy, associated with allergies to some foods
mugwort, ragweed, sage brush, dandelion;
silkworm moth, midge, cat, Alternaria
Korea Citrus red mite (Panonychus citri), two-spotted Working in citrus farms and rural dwelling [47-50, 50, 127]
spider mite (Tetranychus urticae), associated with significant sensitization to
D. pteronyssinus, D. farinae, and cockroach citrus red mite and spider mite in subjects
with AR
Dust mites, cockroach, cat, grass/weed/tree Sensitization to indoor allergens (HDM and [128]
pollens cockroach) more common in Seoul, whereas
sensitization to grass pollen more common in Ankara
Malaysia Dust mite, cockroach; grass pollens; moulds Atopy, sensitization to cockroach and dust mite [39]
Philippines Trees (Cedar, cypress, juniper) and grass Filipino and other non-Caucasian groups [116]

(Rye-Lolium multiflorum, Bermuda, orchard,
Timothy, Johnson, Oat/wild Oats,
Velvet) pollens

(Chinese and Japanese more sensitive to cedar,
cypress and juniper pollen than Caucasians
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Table 3 (continued)

Region/country Allergen/sensitizing agents investigated Risk factors for AR or AR/C Reference
Singapore Dust mites, grass/tree pollens, dog, cat, Males gender, younger age, Indian/Chinese [52]
birds, medicines ethnicity, and higher socio-economic status,
associated with increased prevalence of AR
Taiwan D. pteronyssinus, Blatella germanica, cat, Male gender, young age (6—12 years), infectious [54-58, 129-131]
dog, Aspergillus fumigatus, Candida albicans disease, exposure to traffic-related air pollutants
(CO, NOx and 05) significant risk factors for AR
or AR/C
D. pteronyssinus; D. farinae, B. germanica, Sensitization to both indoor and outdoor [131-133]
cockroach, cat, dog, A. fumigatus, C. albicans allergens; including cockroach and mould, and
stuffed toys associated with increased allergic
disease
Thailand House-dust mites, cockroach, dog, cat, mould, Sensitization to both indoor and outdoor [59]
Bermuda grass, para grass, sedge, and careless allergens, but not mould, associated with
weed pollen increased prevalence of allergic disease
Australia D. pteronyssinus, rye grass pollen, Alternaria Parent with hayfever, but not atopy, strong risk [63]
alternata factor for Aboriginal children, but not for
non-Aboriginal children
D. pteronyssinus, rye grass pollen Early life viral URI and ryegrass allergen [135, 136]
exposure associated with ryegrass sensitization
and hayfever symptoms. Fish intake decreased
risk of sensitization to ryegrass, but not to HDM
Dust mites, cockroach, grass (rye, Tibouchina, Sensitization to ragweed, Tibouchina and [137, 138]
Bahia, Bermuda grass) and ragweed Bermuda grass and exposure to Alternaria
pollens, moulds spores important for AR and AR/C
Dust mites, grass pollen, Ascaris antigens Prevalence of AR strongly associated with length [139]
of stay of Asian migrants in Australia,
compared with Australian-born Asians and
non-Asians
Dust mites, grass pollen Sensitization to grass pollen higher in inland [140]
areas and to HDM higher in the coastal areas
Eastern Europe
Russia Not documented Parental history of asthma, smoking and indoor [66, 68]
dampness associated with significant increased
risk, and respiratory infections with decreased
risk of AR or AR/C
Latin America
Argentina Dust mites, grass/weed/tree pollen, Soybean sensitization leads to more severe [141]
soya bean symptoms of AR
Brazil Not documented Males gender, education in private schools, [71, 72]
higher socio-economic status risk factors for
increased AR
D. pteronyssinus, D. farinae, B. tropicalis, Lolium LM is a major cause of pollinosis in Southern [143, 144]
multiflorum (Lm) grass, grass mix Brazil
D. pteronyssinus, B. germanica, Periplaneta Sensitization to more than one allergen is [145, 146]
americana, grass mix, dog, cat, fungal mix significantly associated with asthma and rhinitis
D. pteronyssinus, D. farinae, B. tropicalis, B tropicalis and cockroach important cross- [147, 148]
B. germanica, P. americana, Fungal/mould reacting allergens (with mite and food
mix, cat, dog allergens) in patients with AR
Costa Rica D. farinae, D. pteronyssinus, cockroach, Sensitization to HDM and cat dander [149]
mixed grass pollen, Alternaria, cat significantly associated with AR
Mexico Carya, Celtis, Cupressus, Fraxinus and Pinus Airborne Fraxinus and Cupressus pollens [150]
pollen important allergens in metropolitan Monterrey
Nuevo Leon
(continued)
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Table 3 (continued)

Region/country Allergen/sensitizing agents investigated Risk factors for AR or AR/C Reference
Venezuela B. tropicalis, D. pteronyssinus B. tropicalis an equally important sensitizing [151]
agent as D. pteronyssinus in Venezuela
Fungal mix PAR severity associated with indoor fungal load [152]
Middle East
Iran Mites, grasses, weeds (Salsola kali, Fraxinus S. kali and/or F. americana weed pollens [154]
americana), moulds important allergens for AR in Iran
Israel Not documented Family history, ethnicity, smoking among [79]
mothers major risk factors among Jewish
schoolchildren
0. europaea (olive) pollen Sensitization to olive pollen directly proportional [155]
to number of olive trees in the Jewish
population, but low in Arab population despite
high density of trees
Kuwait D. pteronyssinus; American/German cockroach, Sensitization most frequent and strongest to [156]
Salsola, Chenopodium album, Bermuda Salsola pollen, compared with indoor allergens
grass, Aspergilus mix, Cladosporium mix
Chenopodiaceae and Amaranthaceae Number of new AR patients highly correlated [157]
weed pollens; grass pollens (Gramineae), with mean total pollen count of seasonal
fungi spores Chenopodiaceae and Amaranthaceae pollen
Lebanon Not documented Living in busy areas of South and North [82]
Lebanon increased risk of AR
Qatar D. pteronyssinus, D. farinae, cockroach, grass/ Male gender, sensitization to house dust mites [86, 158]
tree pollens, insects, moulds, yeast and cockroach high risk factors
Saudi Arabia D. pteronyssinus, Bermuda grass, reed Bermuda grass is the most common sensitizing [159]
(Phragmites communis), cat/rat/goat hair, mould allergen leading to PAR in eastern Saudi Arabia
United Arab Not documented Family history of AR, Arab origin, younger age, [90]
Emirates female gender and higher education high risk
factors for AR
D. pteronyssinus, D. farinae, B. germanica; Grass and weed pollen are the most prominent [160]
Cynodon dactylon/S. kalilProsopis juliflora sensitizing allergens in the UAE
pollen; cat
Turkey Not documented Family history of atopy/disease, living in [92, 93, 95]

D. pteronyssinus, D. farinae; B. germanica;
grasses (Holcus lanatus, Dactylis glomerata,
Lolium perenne, Phleum pratense, Poa
pratensis, Festuca pratensis, Avena eliator);
trees (Betula verrucosa, Fagus silvatica, Quercus
alba/robur, Platanus orientalis, Ulmus
americana, Salix, Populus, 0. europaea); mixed
weeds (A. vulgaris, Chenopodium, Plantago,

S. kali); moulds, fungi

Mites, cockroaches, salicaceae, betulaceae

and fagaceae tree pollens, weed pollen, fungus

D. pteronyssinus, D. farinae; barley/maize/oat/
wheat pollens; moulds (Altenaria alternate)

D. pteronyssinus, D. farinae; cockroach;
Gramineae pollens; grass pollens, arboreal
and non-arboreal tree pollens; weed pollens

shanties, frequent RTIs, antibiotics use in the
first year of life independent risk factors for AR

Family history of atopy (self or either parent),
female gender, indoor heating with gas stove,
dampness or moulds in the first year of life
independent risk factors for AR

Betulaceae and fagaceae allergies most common,
despite salicaceae being most the prominent
pollen

Altenaria alternate single most sensitizing
allergen in Istanbul, followed by D. farinae,
D. pteronyssinus, and a mix of four
cereals (barley, maize, oat, wheat)

Grass cereal (Gramineae) pollens major
sensitizing agents in Ankara and Eskisehir,
although the trees and weeds also play a
substantial role

[97, 102, 106, 108]

[161]

[162]

[163, 164]
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noted to be substantially different based on these defi-
nitions of AR; 80% prevalence was based on positive
skin test reactive results, compared with 27% preva-
lence for physician-diagnosed AR. As a substantial
proportion of patients with asthma or AR have comor-
bid AR or asthma, respectively [9, 175, 176], these
findings are likely to be of particular relevance for
clinicians, healthcare workers and economists alike,
involved in developing and implementing global man-
agement strategies for AR.

Summary and recommendations

This review has demonstrated that the prevalence of AR
or AR/C varies greatly within and between Africa, the
Asia-Pacific region, Eastern Europe, the Middle East,
South America and South East Asia. Our findings sug-
gest that the greater diversity in prevalence of AR or
AR/C in populations in these regions is in contrast to
the lower diversity of AR or AR/C in the western popu-
lations (United States and Europe), which tend to be
more uniform (Fig. 2). Furthermore, this review pro-
vides a comprehensive database of the important aller-
gens and triggers which are likely to influence the
prevalence of AR in these diverse regions, where the
prevalence of AR is increasing and its adverse impact
on the quality of life of affected individuals is increas-
ingly recognized. Although there is a little doubt that
the use of different instruments and different outcome
measures, as well as a host of both conventional and
non-conventional risk factors, is likely to have contrib-
uted to the large variations in the prevalence of AR or
AR/C noted within these regions, some interesting
patterns are nevertheless apparent. It is particularly
notable that affluence and the improvements in educa-
tion and living standards associated with this affluence
in some of the African countries, ‘China-Hong Kong-
Taiwan’, and several Middle East countries have coin-
cided with marked increase in the prevalence of AR and
or AR/C in these countries. It is likely that the overall
influence of improvements in living standards in these
regions has been to increase exposure to a variety of
indoor risk factors and therefore increase prevalence of
symptoms of AR or AR/C, similar to that noted for the
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developed westernized countries in Europe and North
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In conclusion, this review has clearly identified some
important areas for consideration in future studies. In par-
ticular, these need to be more standardized, particularly
with regard to ocular symptoms and cover both adults
and children (in contrast to ISAAC). Furthermore, there is
a need for a validated questionnaire for ocular symptoms,
not just ‘itchy eyes’ tagged onto AR questions, as well as a
consensus on how and over what time span AR and AR/C
incidence should be surveyed, i.e. doctor-diagnosed or
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more specific patient-tailored pharmacologic treatment
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develop AR much later in life. In this regard, it is likely
that ‘AR control’ needs to be defined more precisely, anal-
ogous to that available for asthma [177], in order that
treatment can be optimized for individual patients.
Although this is clearly a task requiring global consensus
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may provide a more practical means for assessment on AR
control in daily clinical practice.
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