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Global map of the prevalence of symptoms of
rhinoconjunctivitis in children: The International Study
of Asthma and Allergies in Childhood (ISAAC) Phase Three

Background: Phase One of the International Study of Asthma and Allergies in
Childhood (ISAAC) measured the global patterns of prevalence and severity of
symptoms of rhinoconjunctivitis in children in 1993-1997.

Methods: International Study of Asthma and Allergies in Childhood Phase
Three was a cross-sectional survey performed 5-10 years after Phase One
using the same methodology. Phase Three covered all of the major regions of
the world and involved 1 059 053 children of 2 age groups from 236 centres
in 98 countries.

Results: The average overall prevalence of current rhinoconjunctivitis symptoms
was 14.6% for the 13- to 14-year old children (range 1.0-45%). Variation in the
prevalence of severe rhinoconjunctivitis symptoms was observed between centres
(range 0.0-5.1%) and regions (range 0.4% in western Europe to 2.3% in Africa),
with the highest prevalence being observed mainly in the centres from middle
and low income countries, particularly in Africa and Latin America.
Co-morbidity with asthma and eczema varied from 1.6% in the Indian
sub-continent to 4.7% in North America. For 6- to 7-year old children, the
average prevalence of rhinoconjunctivitis symptoms was 8.5%, and large
variations in symptom prevalence were also observed between regions,
countries and centres.

Discussion: Wide global variations exist in the prevalence of current rhinocon-
junctivitis symptoms, being higher in high vs low income countries, but the
prevalence of severe symptoms was greater in less affluent countries. Co-mor-
bidity with asthma is high particularly in Africa, North America and Oceania.
This global map of symptom prevalence is of clinical importance for health
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Phase One of the International Study of Asthma and
Allergies in Childhood (ISAAC) study (1) demonstrated
major worldwide variations in the prevalence of symp-
toms of asthma, rhinoconjunctivitis and eczema in
children (2-5). The International Study of Asthma and
Allergies in Childhood Phase One involved more than
700 000 children: 257 800 6- to 7-year olds from 91
centres in 38 countries and 463 801 13- to 14-year olds
from 155 centres in 56 countries.

Phase One found substantial worldwide variations in
the prevalence of reported symptoms of rhinoconjuncti-
vitis in children, with up to 25-fold variations in 13- to 14-
year olds (4). For both age groups, the lowest prevalence
values were found in parts of Eastern Europe and in

Southern and Central Asia. In the older age group, low
prevalence values were found in China and Portugal. In
centres of higher prevalence, there was a greater variabil-
ity between the two age groups in the proportion of
rhinoconjunctivitis labelled as hay fever (4).

Ecological studies using the ISAAC Phase One data
were subsequently undertaken and identified that eco-
nomic development (6), dictary factors (7), climate (8),
infections (9) and pollens (10) may be associated with
some of the worldwide variation observed in the preva-
lence of symptoms of rhinoconjunctivitis.

The International Study of Asthma and Allergies
in Childhood Phase Two involved a more detailed
investigation of possible etiological factors in 9- to
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11-year old children from 30 centres in 22 countries.
Standardized child contact modules were developed and
used, which included examination of flexural dermatitis,
skin prick testing, bronchial challenge, blood sampling
for genetic analyses and dust sampling. The prevalence of
rhinoconjunctivitis symptoms varied widely worldwide
(1.5-24.5%) and the population attributable fraction
(PAF) varied from 0% to 71% for a positive prick test to
seasonal allergens and from 0% to 41% for perennial
allergens. The estimated PAF for sensitization to seasonal
and perennial allergens was higher for centres in affluent
countries (36% and 25%, respectively) than in nonafflu-
ent countries (1.3% and 12.6%, respectively). Atopy only
accounted for a limited proportion of the reported rhinitis
symptoms suggesting that the importance of other
environmental factors has been under-emphasized,
particularly in less affluent countries (11).

The International Study of Asthma and Allergies in
Childhood Phase Three has involved repeating the Phase
One survey after 5-10 years to examine time trends in the
prevalence of the three conditions and to include new
centres to expand the coverage of world prevalence maps
for these conditions (12). For both age groups, the
findings for time trends in the prevalence of symptoms of
rhinoconjunctivitis in the 110 Phase Three centres in 58
countries, who completed both Phase One and Phase
Three (Phase Three A centres) have been reported in the
previous publications (13, 14). However, in addition to
the centres that completed both phases, there were also
127 new centres in 64 countries (Phase Three B centres)
that conducted the survey for the first time. In this article,
we present the findings for symptoms of rhinoconjuncti-
vitis symptoms for 236 Phase Three centres in 98
countries and we thereby present a new and greatly
enlarged world map of symptom prevalence.

Methods

The detailed methodology has already been published (12) and will
only be described briefly here. As for the Phase One survey (1),
ISAAC Phase Three (12) involved two age groups of children.
Written questionnaires were self completed at school by 13- to
14-year olds and completed at home by parents of 6- to 7-year olds
(1, 12). Cluster samples of 3000 children for each age group (with a
minimum of 1000) within each centre were selected by randomly
sampling schools within the study area. In some smaller centres, all
schools were included in the study. Within each school, children were
selected by surveying the grade, level or school year(s) in which a
majority of children were of the required age range, or by specifically
surveying only children of the target age ranges. Almost all centres
studied the 13- to 14-year age group, but only some centres studied
the optional 6- to 7-year age group. Data checks were undertaken
by the ISAAC International Data Centre (IIDC) in Auckland,
New Zealand which ensured adherence to the protocol.

The standardized core symptom questionnaire was the same as
that used in Phase One, and comprised six questions on symptoms
relating to rhinitis or rhinoconjunctivitis (1, 12). These questions
were as follows:

1. Have you (has your child) ever had a problem with sneezing or
a runny or blocked nose, when you (he or she) DID NOT have
a cold or ‘the flu?

2. In the past 12 months, have you (has your child) had a prob-
lem with sneezing or a runny or blocked nose, when you (he or
she) DID NOT have a cold or ‘the flu’?

3. In the past 12 months, has this nose problem been accompa-
nied by itchy-watery eyes?

4. In which of the past 12 months did this nose problem occur?
(Month names listed).

5.In the past 12 months, how much did this nose problem
interfere with your (child’s) daily activities? (Not at all, a little,
a moderate amount, a lot).

6. Have you (has your child) ever had hay fever?

Question 2 was used to estimate the prevalence of current nose
symptoms, question 3 was used to estimate the prevalence of current
nose and eye symptoms, and question 6 was used to estimate the
prevalence of ‘hay fever ever’. Questions 2 and 3 were combined to
assess current rhinoconjunctivitis symptoms. Questions 2 and 3 and
the answer ‘A LOT’ to question 5 were used to assess the prevalence
of severe rhinoconjunctivitis symptoms. The English language
questionnaire was translated wherever required, following detailed
guidelines (3), and a back translation to English was provided. Of
the 54 languages, English was the most common (21% of centres)
followed by Spanish (20%), Portuguese (11%), Arabic (7%), Italian
(6%), French (5%) and Chinese (4%).

Associations between the prevalence values of selected variables
were examined using Spearman’s (rank) correlation coefficients. We
also grouped countries according to their level of gross national
income (GNI) to assess whether the level of GNI was associated with
the level of rhinoconjunctivitis symptom prevalence. This analysis
used a generalized linear mixed model with a logit link and the centre
as a random effect to examine the association between country level
GNI, and the centre level symptom data. The GNI data were cate-
gorized into low, middle and high based on the World Bank cut off
values (15). All analyses were carried out using sAs version 9.1. (SAS
Institute Inc., Cary, NC, USA).

Results
Participating centres, response rate and sample size

Details of the participating centres, response rates and
sample sizes will be published in the corresponding
ISAAC Phase Three asthma symptoms world map paper
(C Lai, unpublished data). The International Study of
Asthma and Allergies in Childhood Phase Three covered
all the major regions of the world. The 13- to 14-year age
group involved 670 242 children in 232 centres in 97
countries, and the mean response rate was 91.1%. The
6- to 7-year age group involved 388 811 children in 144
centres in 61 countries and the mean response rate was
84.5%. In four centres data were available only for the
6- to 7-year age group. In total, the survey involved
1 059 053 children from 236 centres in 98 countries.

Prevalence patterns in 13- to 14-year olds

The prevalence rates of positive responses to each ques-
tion in each centre are presented for 13- to 14-year olds in
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Global map of the prevalence of symptoms of rhinoconjunctivitis in children

Table 1. The average prevalence of current rhinoconjunc-
tivitis symptoms across all centres was 14.6% for the
13- to 14-year old children. However, substantial variation
in the prevalence of positive responses within regions,
countries and centres was observed (centre prevalence
values range from 1% in Davangere, India to 45.1% in
Asuncion, Paraguay) (Figs 1 and 2).

The highest regional prevalence rates of current rhino-
conjunctivitis were observed in Africa (18.0%) and Latin
America (17.3%) and the lowest in Northern & Eastern
Europe (9.2%). In each region, there were major differ-
ences in prevalence between countries.

In all regions, there were instances where large varia-
tions were observed between centres within the same
country (Table 1, Fig. 1). For example, large variations
in prevalence of current rhinoconjunctivitis in the 13- to
14-year age group were found between centres in
Morocco  (8.3-28.1%), Italy (9.3-22.2%), Mexico
(7.1-28.1%), Thailand (9.1-23.9%), Brazil (7.8-21.1%)
and India (1.0-23.6%).

High prevalence of current rhinoconjunctivitis symp-
toms (20% or more) was observed mainly in Africa and
Latin America: nine centres in Africa (from 20.7% in

Wilaya of Algiers, Algeria to 33.3% in Brazzaville,
Congo) and 18 centres in Latin America (from 20.1%
in La Habana, Cuba to 45.1% in Asuncion, Paraguay).
High prevalence values were also observed in most of
the other regions of the world: Ho Chi Minh City,
Vietnam (24.4%), Bangkok, Thailand (23.9%), Hong
Kong (22.6%) and Tochigi, Japan (21.5%) in Asia-
Pacific; Islamabad, Pakistan (27.8%) and Malta
(20.9%) in Eastern Mediterranean; Bikaner, Jaipur
and Ludhiana, India (21.2%, 20% and 23.6% respec-
tively) in Indian Sub-Continent; Suva, Fiji (23.5%),
Wellington, New Zealand (23.2%) and Apia, Samoa
(21.2%) in Oceania; Roma and Siena, Italy (22.2% and
20% respectively) and Isle of Man (20.2%) in Western
Europe. Exceptions were North America and Northern
& Eastern Europe where no centres had prevalence
rates of 20% or more.

Variation in the prevalence of severe rhinoconjuncti-
vitis symptoms was also observed between regions
(range 0.4% in Western Europe to 2.1% in Africa), and
between countries within regions. The prevalence of
severe rhinoconjunctivitis symptoms was generally the
highest (more than 1%) in centres from middle and

Figure 1. Map of prevalence of current symptoms of rhinoconjunctivitis, 13- to 14-year age group. Symbols indicate prevalence
categories of > 20% (red stars), > 10 to < 20% (yellow diamonds) and < 10% (blue squares).
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Figure 2. Prevalence of current symptoms of rhinoconjunctivitis, 13- to 14-year age group. Countries are ordered by average

prevalence.

low income countries: 17 centres in Africa (from 5.1% in Eastern Mediterranean (from 2.3% in Islamabad, to
Brazzaville, Congo to 1.5% in Khartoum, Sudan); eight 1.6% in Aleppo, Syrian Arab Republic); two centres in
centres in Asia-Pacific (from 4.2% in Bangkok, Thailand Indian Sub Continent (1.4% in Ludhiana and 1.2%
to 1.3% in Ho Chi Minh City, Vietnam); three centres in in Bangalore, India); 20 centres in Latin America (from
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Global map of the prevalence of symptoms of rhinoconjunctivitis in children

4.0% Asuncion, Paraguay to 1.1% in Costa Rica); four
centres in North America (from 3.1% in Tobago, to 1.5%
in Bardados); four centres in Northern & Eastern Europe
(from 2.2% in Krakoéw, Poland to 1.1% in Svabhegy,
Hungary) and four centres in Oceania (from 2.8% in
Suva, Fiji to 1.3% in Auckland, New Zealand) and two
centres in Western Europe (1.4% in Sunderland, UK and
1.3% in Antwerp, Belgium).

Prevalence patterns in 6- to 7-year olds

The prevalence rates of positive responses in 6- to 7-year
olds to each question in each centre are presented in
Table 2 and Fig. 3. The average prevalence (across all
centres that participated in Phase Three) of current
rhinoconjunctivitis symptoms is 8.5% for the 6- to 7-year
old children (Fig. 4).

Variation in the prevalence of current rhinoconjuncti-
vitis symptoms was also observed between regions,
ranging from 4.2% in the Indian Sub-Continent to
12.7% in Latin America with larger variations between
countries. For severe rhinoconjunctivitis, the lowest
prevalence was in Western Europe (0.2%) and the highest

in Latin America (1.2%), and variations were also
observed between countries in the same regions.

Correlations between symptom prevalence within age group

Within each age group, there is a moderately strong
correlation between the prevalence of current rhinocon-
junctivitis symptoms and the prevalence of current severe
rhinoconjunctivitis symptoms (6- to 7-year age group:
r = 0.63, P < 0.0001; 13- to 14-year age group:r = 0.57,
P < 0.0001) (Fig. 5). In both age groups, there were also
moderately strong correlations between the prevalence of
current rhinoconjunctivitis symptoms and the prevalence
of ‘hay fever’ ever (6- to 7-year age group: r = 0.52, P <

0.0001; 13- to 14-year age group: r = 0.45, P < 0.0001).

Comparison of symptom prevalence in English centres vs
non-English centres

The prevalence estimates were generally higher in English
language centres compared with non-English language
centres, particularly for the 6- to 7-year age group. For
current rhinoconjunctivitis symptoms, the prevalence

Figure 3. Map of prevalence of current symptoms of rhinoconjunctivitis, 6- to 7-year age group. Symbols indicate prevalence
categories of > 10% (red stars), > 5 to < 10% (yellow diamonds) and < 5% (blue squares).
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Country (prevalence %)
Taiwan (21.8)
Venezuela (20.4) 4
Nicaragua (18.4)
Hong Kong (17.7) 4
Cuba (17.6)
El Salvador (15.9) 4
Costa Rica (15.9) 1
Colombia (15.9)
Ecuador (14.6) 4
Australia (12.9) 4
Poland (12.8)
Chile (12.3) 4
Brazil (11.9) 4
Panama (11.7) 4
Mexico (11.3)
Honduras (11.2) 4
New Zealand (11.1) 4
Canada (10.8) 4
Japan (10.6)
South Africa (10.6)
Vietnam (10.1)
United Kingdom (10.1)
Malta (8.9)
South Korea (8.8) 4
Singapore (8.7) -
Portugal (8.6)
Sri Lanka (8.5)
Niue (8.5)
Spain (8.3) 4
Isle of Man (8.3) 4
Thailand (8.0) -
Argentina (7.2) 4
Sultanate of Oman (Oman) (7.0)
Sweden (6.9) 4
Germany (6.9)
Uruguay (6.7)
Ukraine (6.7) 4
Barbados (6.4) 4
Austria (6.4)
Italy (6.3) 4
Jordan (6.0) =
Pakistan (5.9) 4

Croatia (5.5)

Hungary (5.3)

Kyrgyzstan (5.1) -
Palestine (5.0)

Malaysia (4.9) 1

Russia (4.7)

Syrian Arab Republic (4.5)
Estonia (4.2) 4

Greece (4.0) 4

India (3.9) 4

Albania (3.9)

Indonesia (3.6) -

Nigeria (3.6)

Serbia and Montenegro (3.6)
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Figure 4. Prevalence of current symptoms of rhinoconjunctivitis, 6- to 7-year age group. Countries are ordered by average prevalence.

values were, respectively 11.3% and 8.3% in the 6- to
7-year age group, and 16.7% and 14.4% for the 13- to
14-year age group. Similar differences were also observed
for hay fever ever: 16.6% and 12.6% in the 6- to 7-year
age group, and 36.0% and 18.9% in the 13- to 14-year

age group (Tables 1 and 2).

Comparison of symptom prevalence by per capita GNI

Prevalence varied by per capita GNI, but differently in
the two age groups (Table 3). The prevalence of current
rhinoconjunctivitis in the younger age group was the high-
est in the middle and high income countries (respectively
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Figure 5. Scatter plot of prevalence of current symptoms of
rhinoconjunctivitis, both age groups.

9.3% and 9.4%), but about half of this in low income
countries (4.6%). In contrast, in the older age group, the
variation in prevalence was not so large, but also
relatively higher in high and middle income countries
(respectively 15.2% and 14.6%) than in low income
countries (13.6%).

In the 13- to 14-year age group, the prevalence of
current rhinoconjunctivitis symptoms was generally lower
in centres in low income countries compared with those in
high income countries (OR = 0.66, 95% CI: 0.52-0.83,

P < 0.01). Centres in middle income countries had a
non-significantly reduced prevalence of current rhinocon-
junctivitis symptoms compared with high income
(OR = 0.90, 95% CI: 0.75-1.08, P = 0.25). In contrast,
centres in low income countries had an increased prev-
alence of severe rhinoconjunctivitis symptoms compared
with the centres in high income countries (OR = 1.67,
95% CI: 1.18-2.37, P < 0.01). Centres in middle income
countries also had an increased prevalence of severe
rhinoconjunctivitis symptoms compared with the centres
in high income countries (OR = 2.15, 95% CI: 1.63—
2.84, P < 0.01).

In the 6- to 7-year age group, centres in low income
countries had a reduced prevalence of current rhino-
conjunctivitis symptoms compared with those in high
income countries (OR = 049, 95% CI. 0.38-0.65,
P < 0.01). Centres in middle income countries had a
non-significantly reduced prevalence of current rhino-
conjunctivitis symptoms compared with centres in high
income countries (OR = 097, 95% CI. 0.78-1.19,
P = 0.74). In this age group, centres in low income
countries had a non-significantly increased prevalence of
severe rhinoconjunctivitis symptoms compared with cen-
tres in high income countries (OR = 1.07, 95% CI: 0.72—
1.60, P = 0.73). Centres in middle income countries
had a significantly increased prevalence of severe rhino-
conjunctivitis symptoms compared with centres in high
income countries (OR = 295, 95% CI. 2.18-3.99,
P < 0.01).

Co-morbidity of rhinoconjunctivitis symptoms with asthma and/or
eczema symptoms

Table 4 shows the prevalence values of symptoms of
rhinoconjunctivitis alone or in combination with
symptoms of asthma and/or eczema. The prevalence

Table 3. Prevalence of symptoms of rhinoconjunctivitis by level of gross national income. ISAAC Phase Three World Map centres, rhinitis questionnaire data by country income

(World Bank data)

Current nose

Current nose and

Current symptoms
of

Current symptoms
of severe

symptoms eye symptoms Hay fever ever rhinoconjunctivitis rhinoconjunctivitis
Income category No. centres N Frequency % Frequency % Frequency % Frequency % Frequency %
6- to 7-year age group
Low income 21 63925 9378 14.7 3326 52 8311 13.7 2920 46 198 0.3
Middle income 74 191724 44951 234 19129 10.0 24922 134 17757 9.3 1693 0.9
High income 46 125786 27593 219 12393 99 14681 122 11883 9.4 587 0.5
Unknown income* 3 7376 1161 15.7 381 5.2 384 52 368 5.0 52 0.7
13- to 14-year age group
Low income 33 100262 28229 28.2 15164 15.1 23354 24.0 13662 13.6 1041 1.0
Middle income 126 370495 116990 316 60058 16.2 65513 18.3 54009 14.6 4109 1.1
High income 67 188977 64689 34.2 30312 16.0 41342 224 28802 15.2 1290 0.7
Unknown incomet 6 10508 2642 25.1 1408 134 1075 10.3 1393 133 122 1.2

*World bank income data was not available for Niue and Palestine (Ramallah and North Gaza centres).
TWorld bank income data was not available for Cook Islands, Niue, Palestine (Ramallah and North Gaza centres), Réunion Island and Tokelau.

© 2008 The Authors
Journal compilation © 2008 Blackwell Munksgaard Allergy 2008



Ait-Khaled et al.

Table 4. Co-morbidity of rhinoconjunctivitis symptoms with symptoms of asthma and/or eczema

Symptoms of rhino-

Symptoms of

Symptoms of asthma rhinoconjunctivitis and Symptoms of all 3

conjunctivitis only and rhinoconjunctivitis eczema conditions
Region N Frequency % Frequency % Frequency % Frequency %
6- to 7-year age group
Africa 5876 215 37 89 1.5 80 14 70 1.2
Asia-Pacific 60 052 3520 6.2 1117 20 884 1.5 494 0.9
Eastern Mediterranean 40 573 1200 3.0 505 1.2 194 0.5 199 05
Indian Sub-Continent 50 106 1183 24 554 1.1 174 03 174 0.3
Latin America 93 851 5425 58 3518 37 1513 1.6 1484 1.6
North America 4014 M 2.8 100 2.5 37 0.9 64 1.6
Northern & Eastern Europe 42 583 1266 3.0 569 1.3 270 0.6 238 0.6
Oceania 13 888 568 4.1 487 35 223 1.6 343 25
Western Europe 77 868 2810 36 1508 19 765 1.0 663 09
13- to 14-year age group
Africa 66 334 6385 9.6 2272 34 2020 3.0 1266 19
Asia-Pacific 99 688 8581 9.3 2135 23 1064 1.1 530 0.6
Eastern Mediterranean 51708 4463 8.6 1127 22 756 1.5 408 0.8
Indian Sub-Continent 55 815 aMn77 75 900 1.6 496 09 395 0.7
Latin America 165917 16 038 9.7 7076 43 3255 20 2369 14
North America 13 994 1269 9.1 653 47 219 1.6 213 15
Northern & Eastern Europe 72 092 4056 5.6 1516 2.1 582 0.8 445 0.6
Oceania 36 385 3321 9.1 1496 41 796 22 566 1.6
Western Europe 108 309 9169 8.5 3974 37 1247 1.2 1229 1.1
of co-morbidity of rhinoconjunctivitis symptoms with Main findings

asthma symptoms varied regionally, ranging from 1.1%
in the Indian Sub-Continent to 3.5% in Oceania and
3.7% in Latin America for the 6- to 7-year old
children, and from 1.6% in the Indian Sub-Continent
to more than 4% (4.1% in Oceania, 4.3% in Latin
America and 4.7% in North America) for the 13- to
14-year age group.

The prevalence of co-morbidity with eczema varied
from 0.3% in the Indian Sub-Continent to 1.6% in
Oceania and Latin America in the younger age group,
and from 0.8% in Northern & Eastern Europe to 2%
in Latin America, 2.2% in Oceania and 3% in Africa
in the older age group. The proportion of children with
all three conditions varied in the younger age group
from 0.3% in the Indian Sub-Continent to 2.5% in
Oceania, and in the older age group from 0.6% in
Asia-Pacific and Northern & Eastern Europe to 1.9%
in Africa.

Discussion

The International Study of Asthma and Allergies in
Childhood Phase Three has now considerably expanded
on the number of countries and centres involved in
the previous ISAAC Phase One survey, and the
resulting new global map involves many more centres
in regions of the world (particularly Africa and Latin
America), which were not strongly represented previ-
ously (2,4).

Our study has shown substantial global variations in the
prevalence of reported symptoms of rhinoconjunctivitis
in children. The lowest prevalence values were mainly
found in centres in Eastern Europe, Central Asia and the
Indian Sub-Continent. Countries with lower GNI tended
to have lower prevalence values of rhinoconjunctivitis
symptoms, particularly in the 6- to 7-year age group.
There was substantial co-morbidity with other allergic
diseases. However, the average prevalence of rhinocon-
junctivitis is relatively high even in non-affluent countries
and could be explained by a large proportion of
non-atopic rhinoconjunctivitis, as demonstrated in
ISAAC Phase Two (16).

The large variations in prevalence between centres may
reflect not only the differences in risk factors for
rhinoconjunctivitis but also could be attributed to
language or cultural differences. In both age groups, all
symptoms showed a higher prevalence in English-speak-
ing centres than in centres where the questionnaire was
administered in other languages. These differences could
be because of differences in environmental exposures, but
could also be because of language differences. Some
regions of the world (particularly in Sub-Saharan Africa)
do not have a clear pollen season and this fact could
explain that the label of hay fever is often misunderstood
in these regions of the world.

The lack of management of rhinoconjunctivitis in a
large number of low and middle income countries is
partly because of the lack of availability and the poor
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affordability of essential drugs for asthma and rhinocon-
junctivitis (mainly for inhaled steroids) in these countries
(17-21), and is compatible with the finding that the
prevalence of severe rhinoconjunctivitis is higher in these
countries particularly in Africa and Latin America.

This study presents for the first time the global patterns
in the prevalence of co-morbidity of rhinoconjunctivitis
with asthma and eczema. The co-morbidity of rhinocon-
junctivitis with asthma is particularly high in the older
age group in Africa and Latin America, a finding that is
likely to be of clinical importance.

Strengths of this study

The strengths of this study include the large number of
children and the use of a common protocol. These
increase the reliability of comparison within centres and
particularly within affluent and non-affluent countries.
Furthermore, ISAAC Phase Three has a better global
representation than in ISAAC Phase one, as indicated by
the higher number of centres involved in Latin America
and in Africa.

Public health and future research implications

The data presented are the most extensive, likely to be
available for the foreseeable future. Therefore, these data
provide a global map of symptom prevalence, which is of
clinical importance for health professionals and will be
important for developing and testing new hypotheses
concerning the causes of rhinoconjunctivitis.

References

1. Asher MI, Keil U, Anderson HR,

Acknowledgements

We are grateful to the children and parents who participated in
ISAAC Phase Three and the coordination and assistance by the
school staff is sincerely appreciated. The authors also acknowl-
edge and thank the many funding bodies throughout the world
that supported the individual ISAAC centres and collaborators
and their meetings. Currently, the main source of funding for the
ISAAC International Data Centre (IIDC) is The BUPA Foun-
dation. Many New Zealand funding bodies have contributed
support for the IIDC during the periods of fieldwork and data
compilation (the Health Research Council of New Zealand, the
Asthma and Respiratory Foundation of New Zealand, the Child
Health Research Foundation, the Hawke’s Bay Medical Research
Foundation, the Waikato Medical Research Foundation, Glaxo
Wellcome New Zealand, the NZ Lottery Board and Astra Zeneca
New Zealand). Glaxo Wellcome International Medical Affairs
supported the regional coordination for Phase Three and the
IIDC. Without the help from all of the above, ISAAC would not
have been such a global success.

Contributors

All authors participated in the development, design, analysis and
interpretation of this work and in the writing of this paper.

Conflicts of interest

None declared.

4. Strachan D, Sibbald B, Weiland S, 7. Ellwood P, Asher MI, Bjorkstén B, Burr

Beasley R, Crane J, Martinez F et al.
International study of asthma and
allergies in childhood (ISAAC): ratio-
nale and methods. Eur Respir J
1995;8:483-491.

. Anonymous (writing group: Beasley R,
Keil U, Von Mutius E, Pearce N, on
behalf of ISAAC Steering Committee).
Worldwide variation in prevalence of
symptoms of asthma, allergic rhinocon-
junctivitis and atopic eczema: ISAAC.
Lancet 1998;351:1225-1232.

. Anonymous (writing group: Asher MI,
Anderson HR, Stewart AW, Crane J,
Ait-Khaled N, Anabwani G et al).
Worldwide variations in the prevalence
of asthma symptoms: International
Study of Asthma and Allergies in
Childhood (ISAAC). Eur Respir J
1998;12:315-335.

© 2008 The Authors
Journal compilation © 2008 Blackwell Munksgaard Allergy 2008

Ait-Khaled N, Anabwani G, Anderson
HR et al. Worldwide variations in
prevalence of symptoms of allergic rhi-
noconjunctivitis in children: The Inter-
national Study of Asthma and Allergies
in Childhood (ISAAC). Paediatr
Allergy Immunol 1997;8:161-176.

. Williams H, Robertson C, Stewart A,

Ait-Khaled N, Anabwani G, Anderson
R et al. Worldwide variations in the
prevalence of symptoms of atopic
eczema in the International Study of
Asthma and Allergies in Childhood.
JAllergy Clin Immunol
1999;103:125-138.

. Stewart AW, Mitchell EA, Pearce N,

Strachan DP, Weiland SK, on behalf of
the ISAAC Steering Committee. The
relationship of per capita gross national
product to the prevalence of symptoms
of asthma and other atopic diseases in
children (ISAAC). Int J Epidemiol
2001;30:173-179.

M, Pearce N, Robertson CF et al. Diet
and asthma, allergic rhinoconjunctivitis
and atopic eczema symptom prevalence:
an ecological analysis of the Interna-
tional Study of Asthma and Allergies in
Childhood (ISAAC) data. Eur Respir J
2001;17:436-443.

. Weiland SK, Hiising A, Strachan DP,

Rzehak P, Pearce N, and the ISAAC
Phase One Study Group. Climate and
the prevalence of symptoms of asthma,
allergic rhinitis, and atopic eczema in
children. Occup Environ Med 2004;
61:609-615.

. Von Mutius E, Pearce N, Beasley R,

Cheng S, von Ehrenstein O, Bjorkstén B
et al. International patterns of tubercu-
losis and the prevalence of symptoms of
asthma, rhinitis and eczema. Thorax
2000; 55:449-453.



Ait-Khaled et al.

10. Burr ML, Emberlin JC, Treu R, Cheng 14. Bjorkstén B, Clayton T, Ellwood P, 18. Ait-Khaled N, Enarson D, Bousquet J.

S, Pearce NE, and the ISAAC Phase
One Study Group. Pollen counts in
relation to the prevalence of allergic
rhinoconjunctivitis, asthma and atopic
eczema in the International Study of
Asthma and Allergies in Childhood
(ISAACQ). Clin Exp Allergy

11. Weiland SK, Bjorkstén B, Brunekreef B,
Cookson WO, von Mutius E, Strachan
DP et al. Phase II of the International

Study of Asthma and Allergies in April 2008.

Childhood (ISAAC II): rationale and 16. Weinmayr G, Forastiere F, Weiland SK,
Rzehak P, Abramidze T, Annesi-
Maesano I et al. International variation
in prevalence of rhinitis and its
relationship with sensitisation to
perennial and seasonal allergens. Eur
Respir J 2008;32:1250-1261. 21. Ait-Khaled N, Enarson DA, Bissell K,
rationale and methods. Int J Tuberc 17. Ait-Khaled N, Auregan G, Bencharif N,
Camara LM, Dagli E, Djankine K et al.
Affordability of inhaled corticosteroids
as a potential barrier to treatment of
asthma in some developing countries.
Int J Tuberc Lung Dis 2000;4:268-271.

methods. Eur Respir J 2004;24:406-412.

12. Ellwood P, Asher MI, Beasley R,
Clayton TO, Stewart AW, and the
ISAAC Steering Committee. The Inter-
national Study of Asthma and Allergies
in childhood (ISAAC): Phase Three

Lung Dis 2005;9:10-16.

13. Asher MI, Montefort S, Bjorkstén B,
Lai CK, Strachan D, Weiland SK et al.
Worldwide time trends in the prevalence
of symptoms of asthma, allergic rhino-
conjunctivitis and eczema in childhood:
ISAAC Phases One and Three repeat
multicountry cross-sectional surveys.
Lancet 2006;368:733-743.

Appendix: ISAAC Phase Three Study Group

ISAAC Steering Committee

N Ait-Khaled* (International Union Against Tuberculo-
sis and Lung Disease, Paris, France); HR Anderson
(Division of Community Health Sciences, St George’s,
University of London, London, UK); MI Asher (Depart-
ment of Paediatrics: Child and Youth Health, Faculty of
Medical and Health Sciences, The University of Auck-
land, New Zealand); R Beasley* (Medical Research
Institute of New Zealand, Wellington, New Zealand); B
Bjorkstén* (Institute of Environmental Medicine, Karo-
linska Institutet, Stockholm, Sweden); B Brunekreef
(Institute of Risk Assessment Sciences, Universiteit
Utrecht, The Netherlands); J Crane (Wellington Asthma
Research Group, Wellington School of Medicine, New
Zealand); P Ellwood (Department of Paediatrics: Child
and Youth Health, Faculty of Medical and Health
Sciences, The University of Auckland, New Zealand); S
Foliaki* (Centre for Public Health Research, Massey
University, Wellington, New Zealand); L Garcia-Marcos
(Instituto de Salud Respiratoria, Universidad de Murcia,
Spain); U Keil* (Institut fiir Epidemiologie und Sozial-
medizin, Universitit Miinster, Germany); CKW Lai*
(Department of Medicine and Therapeutics, The Chinese
University of Hong Kong, SAR China); J Mallol*
(Department of Respiratory Medicine, University of
Santiago de Chile, Chile); CF Robertson (Murdoch
Children’s Research Institute, Melbourne, Australia?);

Stewart A, Strachan D, the ISAAC
Phase Three Study Group. Worldwide
time trends for symptoms of rhinitis and
conjunctivitis: Phase III of the Interna-
tional Study of Asthma and Allergies in
Childhood. Pediatr Allergy Immunol 19. Bousquet J, Ndiaye M, Ait-Khaled N,
2008;19:110-124.

2003;33:1675-1680. 15. World Bank. World Bank GNI per
capita data for 2001. http://ddp-ext.
worldbank.org/ext/DDPQQ/member.
do?method = getmembers, accessed 8

Chronic respiratory diseases in
developing countries: the burden and
strategies for prevention and manage-
ment. Bull World Health Organ
2001;79:971-979.

Auregan G, Annesi-Maesano I, Vignola
AM. Management of chronic respira-
tory and allergic diseases in developing
countries. Focus on sub-Saharan Africa.
Allergy 2003;58:265-283.

20. Gelders S, Ewen M, Noguchi N, Laig R.
Price, availability and affordability, an
international comparison of chronic
diseases medicines. Report 169 pages,
WHO office for the Eastern
Mediterranean Region, WHO-EM/
EDB/06/E, Cairo, 2006.

Billo NE. Access to inhaled corticoster-
oids is key to improving quality of care
for asthma in developing countries.
Allergy 2007;62:230-236.

EA Mitchell (Department of Paediatrics: Child and
Youth Health, Faculty of Medical and Health Sciences,
The University of Auckland, New Zealand); S Monte-
fort* (Department of Medicine, University of Malta,
Malta); J Odhiambo* (Centre Respiratory Diseases
Research Unit, Kenya Medical Research Institute,
Nairobi, Kenya); N Pearce (Centre for Public Health
Research, Massey University, Wellington, New Zealand);
J Shah* (Jaslok Hospital & Research Centre, Mumbai,
India); AW Stewart (Population Health, Faculty of Med-
ical and Health Sciences, The University of Auckland,
New Zealand); D Strachan (Division of Community
Health Sciences, St George’s, University of London,
London, UK); E von Mutius (Dr von Haunersches
University Children’s Hospital, Ludwig-Maximilians
University Munich, Germany); SK Weiland (Deceased,
Department of Epidemiology, University of Ulm, Ger-
many); G Weinmayr (Institute of Epidemiology, Univer-
sity of Ulm, Germany); H Williams (Centre for Evidence
Based Dermatology, Queen’s Medical Centre, University
Hospital, Nottingham, UK); G Wong (Department of
Paediatrics, Prince of Wales Hospital, Hong Kong, SAR
China).

*Regional Coordinators.

© 2008 The Authors
Journal compilation © 2008 Blackwell Munksgaard Allergy 2008



Global map of the prevalence of symptoms of rhinoconjunctivitis in children

ISAAC International Data Centre
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ISAAC Phase Three Principal Investigators
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City), M Gobmez (Salta); Australia: C Robertsont
(Melbourne); Austria: G Haidingert (Kédrnten, Urfahr-
Umgebung); Barbados: ME Howittt; Belgium: J Weyler
(Antwerp); Bolivia: R Pinto-Vargast (Santa Cruz);
Brazil: JM Motta (Aracaju), PAM Camargos (Belo
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Neto (Passo Fundo), GB Fischer (Porto Alegre), M de
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Maria, Sao Paulo), N Wandalsen (Santo Andre), AC
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Zhong (Guangzhou), O Kunii (Tibet), Q Li Pan
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owicz (Poznan); Polynesie Francaise: I Annesi-Maesano;
Portugal: ML Chiera (Coimbra), R Camara (Funchal),
JE Rosado Pintof (Lisbon), C Nunes (Portimao), JM
Lopes dos Santos (Porto); Republic of Ireland: L Clancy;
République de Guinge: OY Sow (Conakry); Republique
Democratique du Congo: J-M Kayembe (Kinshasa);
Reunion Island: T Annesi-Maesanot; Romania: D Dumi-
trascu (Cluj); Russia: EG Kondiourina (Novosibirsk);
Samoa: P Fuimaono (Apia); Serbia and Montenegro: Z
Zivkovict (Belgrade), S Zivanovic (Nis), M Hadnadjev
(Novi Sad), O Adzovic (Podgorica), E Panic (Sombor);
Singapore: DYT Goh; South Africa: HJ Zart (Cape
Town), K Voyi (Polokwane); South Korea: H-b Leef
(Provincial Korea, Seoul); Spain: A Lopez-Silvarrey
Varela (A Coruda), JB Garrido (Almeria), I Carvajal-

+National Coordinators.
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Uruedia (Asturias), RM Busquets (Barcelona), CG Diaz
(Bilbao), L Garcia-Marcost (Cartagena), A Arnedo-Pena
(Castellon), G Garcia-Hernandez (Madrid), F Guillén-
Grima (Pamplona), EG Pérez-Yarza (San Sebastian),
MM Morales Suarez-Varela (Valencia), A Blanco Quiros
(Valladolid); Sri Lanka: KD Gunasekerat; Sudan: OA
Aziz Musa (Khartoum); Sultanate of Oman: O Al-
Rawast (Al-Khod); Sweden: H Vogt (Link6ping); Syrian
Arab Republic: K Tabbah (Aleppo), Y Mohammad
(Lattakia), S Mohammadt (Tartous); Taiwan: J-L Hu-
angt (Taipei), C-C Kao (Taoyuan); Thailand: P Vich-
yanondf (Bangkok), T Prasarnphanich (Chantaburi), M
Trakultivakorn (Chiang Mai), R Nettagul (Chiangrai), J
Teeratakulpisarn (Khon Kaen), A Kongpanichkul (Nak-
orn Pathom); Togo: O Tidjani (Lome); Tokelau: T
Tosefat; Trinidad and Tobago: MA Monteil (St Augus-
tine, Tobago); Tunisia: F Khaldi (Grand Tunis), M
Jerray (Sousse); Ukraine: V Ognevt (Kharkiv, Rural
Kharkiv); United Kingdom: HR Andersonf (North
Thames, South Thames), JB Austin (Scotland), MH

Shamssain (Sunderland), D Strachan (Surrey/Sussex),
M Burr (Wales); Uruguay: D Holgadot (Montevideo),
MC Lapides (Paysandu); USA: HH Windom (Sarasota),
GJ Redding (Seattle); Venezuela: O Aldreyt (Caracas);
Vietnam: B Vaén Cam (Ho Chi Minh City).

ISAAC Phase Three National Coordinators not identified above

Canada: M Sears; Channel Islands: HR Anderson; Chile:
V Aguirre; Colombia: J Mallol (interim); Croatia:
V Ahel; Greece: C Gratziou; Hong Kong: CKW Lai;
India: J Shah; Indonesia: K Baratawidjaja; Isle of Man:
HR Anderson; Japan: S Nishima; Kingdom of Tonga:
T Fakakovi; The Netherlands: R Otten; Nouvelle
Caledonie: S Barny; Polynesie Francaise: R Chansin;
Republic of Ireland: P Manning; Republique Democra-
tique du Congo: E Bahati; Russia: RM Khaitov; Samoa:
N Tuuau-Potai; Singapore: B-W Lee; Sudan: A El Sony;
Sweden: L Nilsson.
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