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Background: As part of the International Study of Asthma and Allergies in 
Childhood (ISAAC), prevalence surveys were conducted among represen- 
tative samples of school children from locations in Europe, Asia, Africa, 
Australasia, North and South America. 
Subjects: 257,800 children aged 6-7 years from 91 centres in 38 countries, 
and 463,801 children aged 13-14 years from 155 centres in 56 countries. 
Methods: Written symptom questionnaires were translated from English 
into the local language for self-completion by the 13-14-year-olds and 
completion by the parents of the 6-7-year-olds. Rhinitis was described as a 
problem with sneezing, or a runny, or blocked nose when you (your child) 
DID NOT have a cold or the 'flu. Additional questions were asked about 
rhinitis associated with itchy-watery eyes, interference with activities and 
a history of hay fever ever. 
Results: The prevalence of rhinitis with itchy-watery eyes ("rhinoconjunc- 
tivitis") in the past year varied across centres from 0.8% to 14.9% in the 6- 
7-year-olds and from 1.4% to 39.7% in the 13-14-year-olds. Within each 
age group, the global pattern was broadly consistent across each of the 
symptom categories. In centres of higher prevalence there was great vari- 
ability in the proportion of rhinoconjunctivitis labelled as hay fever. The 
lowest prevalences of rhinoconjunctivitis were found in parts of eastern 
Europe, south and central Asia. High prevalences were reported from cen- 
tres in several regions. 
Conclusion: These results suggest substantial worldwide variations in the 
prevalence and labelling of symptoms of allergic rhinoconjunctivitis which 
require further study. These differences, if real, may offer important clues 
to environmental influences on allergy. 
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I 

Little is known about worldwide variations in the 
prevalence of allergic rhinitis. Estimates of the prev- 
alence of hay fever in surveys from different coun- 
tries vary between 0.5% and 28% for children and 
between 0.5% and 15% for adults (1). However, 
much of this variation could be due to differences in 
the age and other characteristics of the samples, and 
the case definition used in the various studies. A few 
studies have used a standardised case definition and 
demonstrated regional differences in the prevalence 
of hay fever among adults in Britain (2) and Aus- 
tralia (3). Urban-rural variations in adult hay fever 
have been found in Australia (3), USA (4) and Den- 
mark (S), but not in Britain (2). 

Less is known about geographical variations in 
the prevalence of allergic rhinitis in children. Com- 
parative studies in former East and West Germany 
(6) and in Estonia, Poland and Sweden (7, 8) have 
shown substantial differences in the prevalence of 
allergic sensitization in northeast and northwest Eu- 
rope. Symptoms of allergic rhinitis follow a similar 
pattern (9). These observations suggest that true in- 
ternational differences in the prevalence of atopic 
disorders may exist. These differences, when syn- 
thesized with other epidemiological features of al- 
lergic rhinitis (2), could provide important clues to 
the underlying causes of allergy (10). 

This paper reports the first global comparison of 
the prevalence of non-infective rhinitis, rhinocon- 
junctivitis and diagnosed hay fever conducted using 
standardised methods among over half a million 
children participating in the International Study of 
Asthma and Allergies in Childhood (ISAAC) (11). 

Methods 

The methodology of ISAAC has been described in 
detail elsewhere ( 1 1). Collaborators were recruited 
through professional and academic networks and 
were asked to define local study centres, consisting of 
a city or defined geographical area. Centres were not 
in general chosen to be representative of the whole 
country, and the countries included were not a ran- 
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dom sample of the global population. Cluster samples 
of at least lo00 children (and generally 3000 chil- 
dren) 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 either by 
choosing grades, levels or years in which the majority 
of children were of the required age range (74% of 
schools), or by choosing children by exact age (26% 
of schools). All centres studied 13- and 14-year-olds 
and some centres additionally studied 6- and 7-year- 
olds. 

Questionnaires were translated from English into 
the local language for self-completion by the 13-14- 
year-olds and for completion by the parent of the 6- 
7-year-olds. The translated questionnaires were then 
translated back into English to confirm that other 
languages used terms as equivalent as possible to 
the English version. Respondents were asked: 

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? 
Ifno to question 1, skip to question 6 

2.In the past 12 months, have you (has your 
child) had a problem with sneezing or a runny 
or blocked nose, when you (he or she) DID 
NOT have a cold or the 'flu? 
Zfno to question 2, skip to question 6 

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

4.In which of the past 12 months did this nose 
problem occur? 

5.In the past 12 months, how much did this nose 
problem interfere with your (child's) daily ac- 
tivities? (Not at all, a little, a moderate amount, 
a lot). 
ALL respondents asked: 

6.Have you (Has your child) ever had hay fever? 
Centres who submitted verified data to the 

ISAAC international data centre by the end of Nov- 
ember 1997 and gave a detailed report on study de- 
sign and methods have been included in this analy- 
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sis. Statistical analysis and mapping used SAS soft- 
ware (12). Symptom prevalences in each centre 
were calculated by dividing the number of positive 
responses to each question by the number of com- 
pleted questionnaires. This paper will focus in par- 
ticular on rhinitis with itchy eyes in the past year 
("rhinoconjunctivitis"). This combination of symp- 
toms was selected as those which best predict aller- 
gic rhinitis (13), both in adults (2,14) and children 
(15). 

The prevalence of rhinoconjunctivitis was calcul- 
ated as the number of children responding positively 
to both question 2 and question 3, divided by the to- 
tal number of completed questionnaires. Percentiles 
of the distribution of prevalence of each symptom in 
each age group were calculated using the UNIVARI- 
ATE procedure and Spearman rank correlation coef- 
ficients derived using the CORR procedure in SAS. 
No tests of statistical significance are presented be- 
cause the correlation coeficients are used as a des- 
criptive summary rather than for analytical purposes. 
Responses to question 4 about the month of occur- 
rence of rhinitis symptoms in the past year are diffi- 
cult to interpret in a global context and have been 
found to be influenced by the month of data collec- 
tion (16), so they are not analysed further here. 

Results 
Participating centres, response rates and sample size 
The participating centres, response rates and sample 
sizes are listed in appendix table 1. The 13-14-year- 
old age group was studied in 155 centres from 56 
countries in Europe, Asia, Africa, Australasia, 

Table 1. Range and percentiles of symptom prevalences 1%) for each age group 

Percentiles 
6-7-year-olds 
(91 centres) Min 10th 25th 50th 75th 90th Max 

Rhiniti9 ever 2.0 10.5 15.0 20.5 28.6 34.0 64.8 
Rhinitis in the past year 1.5 8.3 11.6 15.1 24.4 28.6 41.8 

with itchy-watey eyes 0.8 2.8 3.8 5.9 9.4 11.2 14.9 
interfering with daily activities 0.5 4.3 5.9 12.6 16.9 20.4 28.1 

Hay fever ever 0.0 2.7 4 8  7.2 12.4 15.9 34.9 

Percentiles 
13-14-year-olds 
(1 55 centres): Min 10th 25th 50th 75th 9Gth Max 

Rhinitis'ever 4.2 18.6 29.7 40.8 47.2 52.1 80.5 
Rhinitis in the past year 3.2 13.3 21.2 30.3 37.4 41.5 66.6 

with itchy-watev eyes 1.4 4.8 9.0 13.6 17.6 21.0 39.7 
interfering with dailyactivities 2.2 8.5 11.6 19.0 26.4 30.9 57.4 

Hay fever ever 0.0 4.0 7.3 16.4 27.0 35.9 54.4 

# Rhinitis = "A problem with sneezing, or a runny or blocked nose when you (your 
child) did not have a cold or the 'flu." 

Table 2. Intercorrelation of symptom prevalences within and between age groups 

Rhinitis Rhinitis in Itchy Affecting Hayfever 
ever pastyear eyes activities ever 

Rhinitis' ever 0.65 0.94 0.79 0.69 0.50 
Rhinitis in the past year 0.97 0.68 0.86 0.77 0.59 
with itchy-watery eyes 0.88 0.90 0.66 0.67 0.74 
interfering with daily activities 0.68 0.77 0.66 0.75 0.60 
Hay fever ever 0.55 0.61 0.61 0.62 0.70 

Upper triangle shows rank correlations for different symptoms in 13-14-year-olds 
(155 centres). 
Lower triangle shows rank correlations for different symptoms in 6-7-year-olds (91 
centres). 
Rank correlations on the diagonal are for the same symptom in the two age groups 
(90 centres). 
# Rhinitis = "A problem with sneezing, or a runny or blocked nose when you (your 
child) did not have a cold or the 'flu." 

North and South America. The 6-7-year-old age 
group was studied in 91 centres from 38 countries, 
with all major regions represented except Africa. 
Both age groups were studied in 90 centres. 

Response rates within participating schools were 
generally high, with 96% (149/155) centres achiev- 
ing a response rate of 80% or higher in the 13-14- 
year-olds and 98% (89/91) of centres achieving a re- 
sponse from 70% or more parents for the 6-7-year 
age group. Centres with lower response rates are 
identified with an asterisk in appendix table 1. 

Prevalence estimates were based on at least 1000 
children in all centres included in this analysis. A to- 
tal of 721,601 children were studied: 463,801 aged 
13-14 years and 257,800 aged 6-7 years. 

Distribution of prevalences 

The prevalences of positive responses to each ques- 
tion in each centre are listed in appendix table 2. Ta- 
ble 1 summarises the worldwide range of preva- 
lence figures, but these percentiles should not be in- 
terpreted as representative of the global prevalence, 
because the selection of ISAAC centres was deter- 
mined by local enthusiasm and resources, rather 
than by systematic attempt to sample the global 
population. 

There is substantial variation in the prevalence of 
positive responses to every question. Even if the 
more extreme values are excluded by comparing the 
10th to the 90th percentile of the distribution, there 
is more than a threefold variation in the prevalence 
of symptoms of rhinitis in each age group, and a 
fourfold or greater variation in the prevalence of rhi- 
noconjunctivitis. The variation in lifetime preva- 
lence of hay fever was even greater: a sixfold differ- 
ence between the 10th and 90th percentiles in the 
younger age-group and almost a ninefold variation 
in the older age-group. 
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The wide range of prevalences persists when 
centres using a common language are considered. 
For instance, among 52 centres delivering the 
questionnaire in English, the prevalence of rhinoc- 
onjunctivitis among 6-7-year-olds varied from less 
than 3% in several Indian centres to 14% or more 
in Adelaide, Perth and Hamilton. There were simi- 
larly wide variations in the older age group: from 
less than 5% in several Indian centres to over 20% 
in Adelaide, Perth, Hamilton, Kottayam, Malta, 
Ibadan, Chicago and several UK centres. There 
were 2 1 Spanish-language centres, with prevalenc- 
es of rhinoconjunctivitis among 6-7-year-olds 
ranging from less than 5% in Castellbn, Pamplona 
and Valencia to over 10% in Rosario, Central San- 
tiago and Costa Rica, and prevalences among 13- 
14-year-olds varying from 8% in Punta Arenas to 
over 20% in Buenos Aires, Rosario, Asunci6n and 
Chdiz. Among nine Portuguese-speaking centres, 
the prevalance in the younger age group ranged 
from 5% (Portimao) to 13% (Sao Paulo), and in the 
older age group from 6% in several centres in Por- 
tugal to 25% in Salvador. 

Consistency between symptom prevalences within age groups 

The rank correlations between centre prevalences 
for the different symptom questions are shown in 
Table 2. The upper triangle relates to the 13-14- 
year-olds and the lower triangle to the 6-7-year age 
group. Within each age group there is a moderately 
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Fig. 1.  Scatter plot comparing prevalence of hay fever and prev- 
alence of rhinoconjunctivitis across ISAAC centres in 6-7-year- 
olds. 

close correlation between the prevalences of each 
symptom, including restriction of daily activities. 
The correlation across centres of the prevalence of 
each symptom and the reported prevalence of hay 
fever is generally weaker than the correlations be- 
tween symptom prevalences. This reflects a high de- 
gree of variation between centres in the proportion 
of children with rhinoconjunctivitis who reported 
(or whose parents reported) a history of hay fever. 
Figs 1 and 2 show the relationship between these 
two variables within each age group. Despite the 
general correlation, some exceptions are apparent. 

In the 6-7-year-olds, the highest prevalences of 
rhinoconjunctivitis were in Hong Kong ( 14%), 
Hamilton (14%), Perth (15%), Adelaide (15%) and 
Taipei (15%). These centres displayed a very wide 
range of prevalence figures for hayfever ever: 1%, 
l l%,  21%, 24% and 35%, respectively. Nine centres 
from South America and southeast Asia had a prev- 
alence of hay fever substantially greater than the 
prevalence of rhinoconjunctivitis: Borivali (1 3% for 
hayfever, 3% for rhinoconjunctivitis), Kota Bharu 
(16% and 4%), Chiang Mai (18% and 5%), Monte- 
video (22% and 7%), Metro Manilla (26% and 9%), 
Port0 Alegre (26% and 11%), Bangkok (29% and 
lo%), Sao Paulo (29% and 13%), and Taipei (35% 
and 15%). Among the remaining centres, the life- 
time prevalence of hayfever ranged from zero up to, 
but rarely exceeding, the prevalence of rhinocon- 
junctivitis in the past year. 

Among the 13-14-year-olds, self-reported hay fe- 
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Fig. 2. Scatter plot comparing prevalence of hay fever and prev- 
alence of rhinoconjunctivitis across ISAAC centres in 13-14- 
year-olds. 
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Fig. 3. Scatter plot comparing the prevalence of rhinoconjuncti- 
vitis in each age group across ISAAC centres. 

ver prevalence was highest in two Australian cen- 
tres (Adelaide, 54% and Perth, 49%), which also 
had high rates of rhinoconjunctivitis (23% in each 
centre). In contrast, the prevalence of rhinoconjunc- 
tivitis was similar (24%) in Hong Kong, where the 
lifetime prevalence of hayfever was less than 5%. 
Two centres had unusually high rates of rhinocon- 
junctivitis: Asunci6n (35%) and Ibadan (40%). 
Again, the relationship to hayfever was inconsistent, 
with a high prevalence in Asunci6n (38%) but a me- 
dium level in Ibadan (16%). 

Comparison of symptom prevalences between age groups 
The correlations shown in bold typeface on the di- 
agonal of Table 2 compare the prevalence of the 
same symptom in the two age groups. Figs 3 and 4 
illustrate these comparisons for rhinoconjunctivitis 
and for hay fever. Centres with a particularly high 
prevalence of rhinoconjunctivitis in both age groups 
were Adelaide (15% in 6-7-year-olds, 23% in 13- 
14-year-olds), Perth (15% and 23%), Hamilton 
(14% and 25%) and Hong Kong (14% and 24%). 
However, two notable outliers are apparent (Fig. 3): 
in Taipei the prevalence of rhinoconjunctivitis was 
higher at age 6-7 (15%) than at age 13-14 (ll%), 
whereas in Malta, the prevalence in the younger 
children was average (7%) but in the older age 
group it was among the highest (29%). 

As might be expected, the lifetime prevalence of 
hay fever was generally higher in the older age 
group than in the 6-7-year-olds (Fig. 4), although in 
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Fig. 4. Scatter plot comparing the lifetime prevalence of hay fe- 
ver in each age group across ISAAC centres. 

six centres from southeast Asia and South America 
the prevalences were similarly high in both age 
groups: Taipei (35% and 33%, respectively in 6-7- 
year-olds and 13-14-year-olds), Bangkok (29% and 
31%), Metro Manilla (26% and 33%), Sao Paul0 
(29% and 32%), Port0 Alegre (26% and 24%) and 
Montevideo (22% and 25%). In other centres from 
these regions (Seoul, Provincial Korea, Buenos 
Aires and Rosario) the prevalence in the 6-7-year- 
olds was greater than that in the older age group. 

Geographical variation in the prevalence of rhinoconjunctivitis 

Figs 5 and 6 show the global distribution of rhino- 
conjunctivitis prevalence as maps. Among the centres 
with low prevalences of rhinoconjunctivitis in both 
age groups are several from eastern Europe, central 
and southern Asia. In the older age group there are 
also consistently low prevalences in China and Portu- 
gal. The distribution of high prevalences is less dis- 
tinct and differs somewhat between the two age 
groups. Single centres with high prevalence figures 
for the 13-14-year-olds are found in countries as di- 
verse as Argentina, Australia, Brazil, Canada, Fin- 
land, France, Hong Kong, India, Malta, Nigeria, Par- 
aguay, Peru, Spain, the United Kingdom and United 
States (Fig. 6). In the 6-7-year-olds, there were high 
prevalences in countries on the Pacific rim (Australia, 
Hong Kong, New Zealand, South Korea, Taiwan, 
Thailand) and in South American centres (Argentina, 
Brazil, Chile, Costa Rica), with single centres of high 
prevalence in Canada, Portugal and Poland (Fig. 5). 
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Discussion 

This is the first study to compare the prevalence of 
rhinitis, conjunctivitis and hay fever among repres- 
entative population samples from centres in all ma- 
jor regions of the world, using a common sympto- 
matic case definition. Considerable variations are 
apparent, but before attributing these to real differ- 
ences in the prevalence of allergic rhinitis, the possi- 
bility of spurious differences arising from bias or 
sampling variations needs to be considered. 

The purpose of ISAAC is to describe variations in 
the prevalence of allergic disorders within and be- 
tween populations. Questions which are of proven 
validity for discriminating the allergic individuals 

Fig. 5. Global map of the prevalence 
of rhinoconjunctivitis in 6-7-year- 
old children in ISAAC centres. 

within a population may nevertheless be of limited 
value for comparisons between populations. This is 
particularly the case where cultural and linguistic 
differences occur. The concept of non-infective 
rhinitis is a complex one, embracing three nasal 
symptoms (sneezing, running and/or blocking) and 
the absence of common upper respiratory infections. 
The addition of two ocular symptoms (itching and/ 
or watering) further complicates the case definition, 
and there are ample opportunities for translation or 
interpretation of these questions to introduce spuri- 
ous variation in symptom prevalence. Whereas the 
wide variations in reported symptom prevalence 
within groups of centres sharing a common lan- 

Fig. 6. Global map of the prevalence 
of rhinoconjunctivitis in 13-14- 
year-old children in ISAAC centres. 
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guage argue against a purely linguistic artifact, we 
acknowledge that dialect and familiarity with the 
written language may lead to spurious differences in 
responses even when language is held constant. Fur- 
thermore, cultural factors which are independent of 
language may influence awareness and reporting of 
nasal symptoms and related disease labels. 

As might be expected, there is seasonal variation 
in reporting of symptoms of allergic rhinitis and 
conjunctivitis (1  6), even though the questions re- 
ferred to symptoms during the past year. Although 
centres were asked to complete the surveys outside 
the local pollen season, some residual seasonal vari- 
ation may persist and result in spurious differences 
between centres. The choice of rhinitis with itchy 
eyes as the variable to be analysed in detail was jus- 
tified because this symptom combination most 
closely relates to objective indicators of allergic sen- 
sitisation in European populations (13-15). How- 
ever, some children with perennial allergic rhinitis 
may have nasal blockage without conjunctival 
symptoms and would be included in the prevalence 
of “rhinitis in the past year”, but not in “rhinocon- 
junctivitis”. Conversely, it is possible that other con- 
ditions contributing to conjunctival irritation may 
lead to lack of specificity in our case definition. 

For these reasons, the international variations in 
prevalence of symptoms of non-infective rhinocon- 
junctivitis must be considered indicative rather than 
definitive evidence of true differences in the preva- 
lence of allergic rhinitis and need to be confirmed by 
surveys of objective measures of allergic sensitiza- 
tion, as proposed for phase I1 of ISAAC (1 1). Never- 
theless, it is reassuring that the variation in symptom 
prevalence observed in the Baltic centres corresponds 
closely to the geographical pattern of skin prick test 
positivity in previous surveys of children of a differ- 
ent age group in the same centres (7,8). 

Artifacts due to translation are unlikely to be the 
explanation for variations within countries, although 
cultural differences may exist within some countries 
in the attitudes to nasal symptoms and the use of 
specific labels such as hay fever. Some variation 
may be expected due to random sampling error, but 
the 95% confidence interval for a prevalence of 
13.6% (the median for rhinoconjunctivitis in the 
older age group) is +2.1% with a sample size of 
1000, and *1.2% with a sample size of 3000. Even 
if an allowance is made for possible design effects 
related to the cluster sampling, much of the varia- 
tion within and between countries cannot be attrib- 
uted to sampling errors. 

The relationship between hay fever prevalence 
and the prevalence of related symptoms varied sub- 
stantially between countries. This probably reflects 
variation in the use of this particular diagnostic label 
and the attribution of symptoms of allergic rhinitis 

to a specific aeroallergen. Thus, although a diagno- 
sis of hay fever is highly predictive of skin test posi- 
tivity within a population, it appears of limited value 
for comparisons between populations. 

The prevalence of self-reported “nasal allergies 
including hay fever” was studied in a multi-centre 
survey of young adults (the European Community 
Respiratory Health Survey) (17). There is limited 
scope for comparison with our findings among chil- 
dren, as few centres participated in both studies. 
Nevertheless, a consistent observation in both ado- 
lescents and young adults is the high prevalence of 
self-reported hay fever in New Zealand and the 
United Kingdom. 

The ranking of centres by prevalence of rhino- 
conjunctivitis sometimes differed substantially in 
the two age groups. This could reflect differing in- 
terpretation of the questionnaire or variation in per- 
ception of symptoms by children and their parents, 
or there could be global variation in the age of onset 
of allergic rhinitis. A third possibility is that there is 
a cohort or generation effect influencing the preva- 
lence of allergy and this has progressed to a greater 
extent in some centres, such as those in rapidly in- 
dustrialising countries of South America and the 
Pacific rim. 

There is general concern that the prevalence of al- 
lergic disorders is increasing worldwide (1 8), and 
suggestive evidence from at least one centre (19) 
that this may be due to a cohort effect. The global 
overview provided by ISAAC questionnaire data 
extends to areas of the world not previously studied 
and offers a substantial set of baseline prevalence 
figures against which future trends may be assessed, 
as proposed in phase I11 of ISAAC (1 1). Meanwhile, 
it is important to validate the questionnaire data as a 
measure of disease prevalence in centres with di- 
verse culture, language and systems of medical care, 
and to explore the potential of these geographical 
variations for testing aetiological hypotheses (2). 
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