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Asthma and other diseases with a strong
atopic basis, such as allergic rhinitis and ec-
zema, show marked international variation and
appear to be increasing.1–5

In fetal and early life, the immune sys-
tem is skewed toward TH2-type immunity, but
after birth, it becomes progressively skewed
toward TH1-type immune responses, which
are essential for an effective host defense
against infections.6 Accumulating experi-
mental and clinical evidence suggests that the
conditions under which the primary encounter
with ubiquitous environmental allergens and
microorganisms takes place early in life may
affect this normal progression from TH2- to
TH1-type immunity.7,8 Persistence of TH2-type
immunity is associated with allergic antibody
production (immunoglobulin E), atopy, and
related atopic diseases.

One of several factors that affect the im-
mune system in early life, and that has increased
along with asthma and other allergic diseases
since the 1950s, is the routine mass immu-
nization of children against a variety of infec-
tious diseases. The effects of immunization on
the incidence of allergic disease could be pos-
itive or negative, because immunization of chil-
dren could directly stimulate TH1-like immu-
nity or indirectly prevent such immune re-
sponses by reducing the incidence of some in-
fections. Although epidemiologic evidence can
be adduced to either theory,9–15 the larger co-
hort studies have tended not to support a rela-
tion. Nevertheless, the question remains im-
portant because it is undermining confidence in
national and global immunization programs.16

We present an ecologic analysis of the re-
lation between the prevalence of symptoms of
atopic diseases in children (asthma, rhinocon-
junctivitis, and atopic eczema) obtained in Phase
1 of the International Study of Asthma and Al-
lergies in Childhood (ISAAC) and immuniza-
tion data at the national and local ISAAC cen-
ter levels for diphtheria and tetanus toxoids and
pertussis (DTP), tuberculosis, and measles.

Methods

The methods of obtaining symptom data
as part of Phase 1 of ISAAC and the world-

wide results for asthma, allergic rhinocon-
junctivitis, and atopic eczema symptoms have
been published.2–5 In 1995 and 1996, a stan-
dardized questionnaire was administered to 6-
to 7-year-old children (parental completion) in
91 centers in 38 countries and to 13- to 14-
year-old children (self-completion) in 155 cen-
ters in 56 countries. To avoid language bias,
13- to 14-year-old children in 99 centers in 41
countries were shown 5 videotaped sequences
of children with clinical asthma in different sit-
uations. After each scene, children were asked
to record whether their breathing had ever been
like that shown in the video, and if so, whether
it had in the past 12 months. Center samples
comprised all or an unselected sample of
schools from a defined area, with a target of
3000 children in each age group. The response
rate of schools was 97% and 94%, and the re-
sponse rate of children was 89% and 92%, in
the young and older age groups, respectively.

The outcome variables used in the present
analysis were wheezing in the past 12 months,
allergic rhinoconjunctivitis in the past 12
months (sneezing, runny or blocked nose, and
itchy-watery eyes without a cold or the flu),
atopic eczema in the past 12 months (itchy rash
in flexural area), and wheezing at rest in the
past 12 months (identification with symptoms
shown in videotaped scene). Prevalence was
the number of positive replies as a percentage
of the total number of questionnaires completed
per center.

Immunization rates for tuberculosis,
DTP, and measles were sought for the year
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Objectives. This study tested the
hypothesis that immunization is related
to the prevalence of atopic disease in
childhood.

Methods. We used data from the In-
ternational Study of Asthma and Aller-
gies in Childhood to perform an ecologic
analysis of national and local immuniza-
tion rates for tuberculosis, diphtheria and
tetanus toxoids and pertussis (DTP), and
measles and prevalence of atopic disease
symptoms (asthma, allergic rhinocon-
junctivitis, and atopic eczema).

Results. In 13- to 14-year-old chil-
dren, there were significant negative as-
sociations with local birth-year immu-
nization rates for DTP and measles but
none with rates for tuberculosis. No as-
sociations were found in 6- to 7-year-old
children. No associations with national
immunization rates were found.

Conclusions. International varia-
tions in childhood atopic diseases are un-
likely to be explained by variations in
immunization. (Am J Public Health.
2001;91:1126–1129)
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TABLE 2—Prevalence of Childhood Symptoms at Centers With National Immunization Data (and Centers With Local Data in
Parentheses)

No. of ISAAC Children per Percentage Prevalence in All Centers
Centers (With Local ISAAC Center, (With Local Immunization Data)

Age, y Immunization Data) Median (Range) Symptom Minimum Median Maximum Mean

6–7 91 (57) 2996 (1104, 6533) Wheezing 0.8 (3.5) 8.7 (9.7) 32.1 (32.1) 11.7 (12.9)
91 (57) Rhinoconjunctivitis 0.8 (2.3) 5.9 (6.7) 14.9 (14.9) 6.6 (7.2)
90 (57) Eczema 0.5 (1.8) 6.8 (7.7) 18.4 (16.9) 7.1 (7.9)

13–14 154 (92) 3064 (1046, 11400) Wheezing 1.6 (2.6) 11.5 (12.2) 36.7 (36.7) 14.3 (15.7)
154 (92) Rhinoconjunctivitis 1.4 (4.0) 13.5 (14.2) 39.7 (25.5) 13.4 (13.6)
152 (92) Eczema 0.3 (0.8) 6.5 (7.0) 20.5 (20.5) 7.6 (8.1)
98 (56) Wheezing (video Q) 0.7 (1.0) 5.8 (7.2) 19.6 (19.5) 7.3 (8.4)

Note. ISAAC=International Study of Asthma and Allergies in Childhood.

TABLE 1—Local and National Immunization Rates, Percentagea

Vaccine Year No. of Centers Minimum % Median % Maximum % Mean %

Local data
Tuberculosis 1982 32 0 87 118 69

1989 54 0 92 123 71
DTP 1982 50 2 73 99 67

1989 74 17 86 107 84
Measles 1982 45 0 70 106 69

1989 74 11 87 110 82
National data

Tuberculosis 1982 41 2 74 99 64
1989 43 15 90 99 83

DTP 1982 43 1 61 100 60
1989 54 26 85 99 80

Measles 1982 44 0 54 97 48
1989 55 23 82 98 76

Note. DTP=diphtheria and tetanus toxoids and pertussis.
aSome rates are more than 100% because in routine public health practice, they are not based on individual-level data but on estimates of

numbers of units of vaccine used and numbers of eligible children. This may lead to inaccuracies in estimating the actual number vaccinated.

that corresponded approximately to the birth
years of the study groups (1982 for the 13- to
14-year-old children and 1989 for the 6- to 7-
year-old children). National data were ob-
tained from the World Health Organization
Expanded Programme up to 1996 (A. Bur-
ton, personal communication, World Health
Organization official estimates of immuniza-
tion coverage 1980–1996, as of July 22,
1997). If data were missing for any of the rel-
evant years, we used the mean of 1 or 2 adja-
cent years. Local immunization rates for the
smallest geographic area containing the
schools were obtained by writing to all the
center collaborators (see “Acknowledgments”
section), with 1 follow-up letter.

The associations between local and na-
tional immunization rates and symptom prev-
alence were tested with the Spearman rank
correlation coefficient, and 95% confidence
limits were calculated with the assumption
of a bivariate normal distribution for the ranks.
The analysis was done at a national level with

World Health Organization rates and the av-
erage prevalence of all centers (if more than
1 in a country) and at the ISAAC center level
with local immunization rates. Selected as-
sociations were examined after control for
per capita gross national product (GNP) ob-
tained from the World Health Organization
Health forAll database,17 averaged over avail-
able years from 1980 to 1993. Estimates of
effect size were obtained from the univariate
and multivariate normal least squares re-
gression when GNP was adjusted for.

Results

National data were available from the
World Health Organization for all of the 56
countries with ISAAC centers. Local immu-
nization data were obtained for 92 of 154 cen-
ters (60% response) (Table 1). Considerable
differences were found between the national
and the local rates. Regression analysis found

that national rates accounted for between 11%
(DTP 1989) and 68% (DTP 1982) of the vari-
ation in local rates.

The prevalence of symptoms ranged
widely, with a skew toward higher rates
(Table 2). The prevalence estimates for those
centers that provided local immunization rates
showed a mean, median, and range similar to
those of the total sample, except that the symp-
tom prevalence in those centers that provided
DTP or measles data tended to be greater than
in those without local data.

Of the 84 correlations examined, the only
significant associations were among 13- to
14-year-old children based on center immu-
nization data (5 of 21 analyses). In the 13- to
14-year-old group, local immunization rates
indicated significant negative associations (P<
.05) between DTP and wheezing, allergic rhi-
noconjunctivitis, and atopic eczema and be-
tween measles vaccination and rhinoconjunc-
tivitis and atopic eczema but none with
tuberculosis vaccination. No associations were
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TABLE 3—Effect on Prevalence (per 1000 Children per Immunization Percentage) for Those Immunizations With Statistically
Significant Rank Correlation With Symptomsa

Spearman Rank Correlation Coefficient (95% CI)
Vaccine Year Data Symptom Age, y P Univariate Effect Adjusted for GNP

DTP 1982 Local Wheezing 13 .047 −0.66 (−1.72, 0.40) −0.53 (−1.49, 0.43)
Rhinoconjunctivitis 13 .002 −0.62 (−1.09, −0.14) −0.60 (−1.02, −0.19)
Eczema 13 .048 −0.37 (−0.90, 0.16) −0.27 (−0.76, 0.21)

Measles 1982 Local Rhinoconjunctivitis 13 .015 −0.55 (−1.10, 0.01) −0.47 (−0.98, 0.04)
Eczema 13 .036 −0.50 (−1.10, 0.10) −0.42 (–0.98, 0.13)

Note. GNP=gross national product; CI=confidence interval; DTP=diphtheria and tetanus toxoids and pertussis.
aLinear regression coefficients before and after adjustment for per capita GNP are shown.

observed in the 6- to 7-year-old group. No sta-
tistically significant associations between
symptoms and national immunization rates
were found (data available on request).

Immunization rates were associated, often
strongly, with a high proportion of the 34 World
Health Organization Health for All indicators
that ranged across economic, educational,
health, and health service aspects of each coun-
try. Factors causing atopic diseases also were
likely associated with some of these Health for
All indicators, thereby confounding the asso-
ciation between immunization and symptoms
of atopic disease. We used 1 indicator, per
capita GNP, to explore this association. Na-
tional immunization rates for DTP and measles
in 1982 were positively associated with GNP
(regression coefficient=2.6, 95% confidence
interval [CI]=1.8, 3.4; regression coefficient=
1.2, 95% CI=0.4, 2.0) per 100 children per
$1000.The associations between GNP and the
more limited data on local immunization rates
were not significant.

Table 3 shows, for the 5 significant asso-
ciations based on the rank correlation analy-
sis, the results of linear regression with and
without adjustment for GNP. Adjustment for
GNP tended to slightly reduce the size of the
effect estimates. After adjustment, the largest
associations with local immunization rates were
seen for the percentage prevalence of rhino-
conjunctivitis symptoms: −0.6% (95% CI=
−1.0, −0.2) per 10% of the population immu-
nized with DTP vaccine and −0.5% (95% CI=
−1.0, 0.0) per 10% of the population immu-
nized against measles.

Discussion

Pertussis vaccine, as used worldwide at
the time of this study, was a whole-cell vaccine
associated with an aluminum adjuvant. Animal
studies have found that this vaccine stimulates
the immunoglobulin E response,18,19 but the
epidemiologic evidence that pertussis vaccine
is a risk factor for atopy is inconsistent. Two

large British birth cohort studies11,12 and a con-
trolled trial of different types of pertussis vac-
cine found no evidence of an association with
symptoms of atopy.10 However, positive asso-
ciations have been reported by a retrospective
cohort study in an English general practice14

and 2 other small studies.13,15 The present study
found moderate negative associations between
DTP coverage and symptoms indicative of
atopic disease, which decreased only slightly
after control for GNP. Thus, our findings are
contrary to the hypothesis that pertussis vac-
cine is a risk factor for atopic disease at the
population level.

Live measles vaccine promotes a TH2-
type immune response in healthy adults,20 but
the available epidemiologic evidence suggests
that measles immunization is not associated
with an increased incidence of atopic disor-
ders.14,21 Infection with the wild virus produces
immune responses similar to those produced by
the vaccine, but epidemiologic studies have
found no associations between measles infec-
tion and atopic disorders.14,22 The weight of the
evidence therefore indicates that measles im-
munization or infection does not increase atopic
disorders, and the findings of our study confirm
this at the population level.

TwoSwedishstudies foundnoassociation
between tuberculosis vaccine given in early life
and atopy.23,24 We also found no association be-
tween tuberculosis coverageand thepopulation
prevalenceofatopicdisease,despiteawiderange
of tuberculosisvaccination rates,particularly in
the birth year of the 6- to 7-year-old children.

It has been postulated that immunization
might increase atopic disease either by a direct
effect on the immune system or by a reduction
of the burden of infection in early childhood.
This worldwide ecologic study of birth period
immunization rates and symptoms of atopic
disease in children lends no support to this idea.
Indeed, the results for DTP and measles vac-
cination supported a conclusion contrary to
that predicted under this theory. The findings
were changed little after control for GNP. This
result is reassuring, because mass immuniza-

tion is an important component of disease pre-
vention worldwide.

Because this was an ecologic study, we
could not exclude associations at the individual
level.25,26 Nevertheless, the ecologic approach
is appropriate for attempting to explain inter-
national variations in prevalence and for putting
the findings of individual-level studies within
populations in context. Furthermore, the ef-
fects of immunization may be wider on popu-
lations than on immunized individuals.

Contributors
H.R. Anderson, D.P. Strachan, R. Beasley, B. Björk-
stén, and M. I. Asher were involved in the concept,
planning, and implementation of ISAAC, and all con-
tributed to the drafting of the paper. J.D. Poloniecki
was responsible for the statistical analysis and also
contributed to the drafting of the paper.

Acknowledgments
We acknowledge the members of the ISAAC Steer-
ing Committee, all of whom were involved in the con-
cept and management of the whole project: N. Ait-
Khaled, G. Anabwani, H. R. Anderson, M. I. Asher
(Chair), R. Beasley, B. Björkstén, M. Burr, J. Crane,
U. Keil, C.K.W. Lai, J. Mallol, F.D. Martinez, E.A.
Mitchell, S. Montefort, N. Pearce, C.F. Robertson,
J.R. Shah, B. Sibbald, D. Strachan, E. von Mutius,
S. K. Weiland, and H. C. Williams. ISAAC Europe:
Funded by EU Biomed 2 grant BMH4 CT98 3674.
Coordinator: D.P. Strachan. ISAAC collaborators: We
thank all the center, national, and regional coordina-
tors and collaborators. They have all been individu-
ally acknowledged in earlier papers. ISAAC Interna-
tional Data Center: M. I. Asher (director), T. O.
Clayton, P. E. Ellwood, E. A. Mitchell, and A. W.
Stewart.

This paper was made possible by the following
collaborators (centers and principal investigators), who
provided prevalence and immunization data for their
center: Albania: Tiranë, A. Priftanji. Argentina: Buenos
Aires, Rosario N. Salmun. Australia: Adelaide, D.
Kennedy; Melbourne, C. Robertson; Perth, L. Lan-
dau; Sydney (6- to 7-year-olds), J. Peat; Sydney (13-
to 14-year-olds), A. Bauman. Austria: Salzburg, J.
Riedler; Urfahr-Umgebung, G. Haidinger. Belgium:
Antwerp, P. Vermeire. Brazil: Curitiba, N. Rosário;
São Paulo, D. Solé. Canada: Saskatoon, B. Taylor.



July 2001, Vol. 91, No. 7 American Journal of Public Health 1129

Chile: Punta Arenas, L. Amarales; Central Santiago,
I. Sanchez; South Santiago, E. Cortez; Valdivia, M.
Calvo-Gil. China: Beijing, Y. Chen; Guangzhou, N.-
S. Zhong. Costa Rica: M. E. Soto-Quirós. Estonia:
Narva and Tallinn, M.-A. Riikjärv. Ethiopia: Jima,
B. Seyoum. Finland: Kuopio, J. Pekkanen; Turku and
Pori, T.A. Koivikko. France: Marseilles, D. Charpin;
Montpellier, P. Godard; Pessac, A. Taytard; Strasbourg,
E. Quoix; West Marne, I. Annesi. Georgia: Tiflis, A.
Gamkrelidze. Germany: Greifswald, A. Kramer; Mün-
ster, U. Keil, S. Weiland. Greece: Athens, C. Gratziou.
Hong Kong: (6- to 7-year-olds) Y.L. Lau; (13- to 14-
year-olds) C. Lai. India: Bombay, V. A. Khatav;
Chandigar, L. Kumar; Jodhpur, K.C. Jain; Kottayam,
T.U. Sukumaran; New Delhi, G.R. Sethi. Italy: As-
coli Piceno, S. Bonini; Rome, F. Forastiere; Siena,
E. Renzoni; Trento, S. Piffer; Verona, A. Boner. Japan:
Fukuoka, N. Sankei. Kenya: Eldoret, F. O. Esamai.
Kuwait: J.A. Al-Momen. Latvia: Riga, Rural Latvia,
M. Leja. Lebanon: Beirut, F.M. Ramadan. Malaysia:
Alor Setar, K.H. The; Ipoh, W.Y. Lim; Kota Bharu,
B.S. Quah; Muar, K.W. Chum. Malta: S. Montefort.
Morocco: Casablanca and Marrakesh, Z. Bouayad;
Rabat, A. Bennis. New Zealand: Auckland, M.I. Asher;
Bay of Plenty, C. Moyes; Christchurch, P. Pattemore;
Nelson, R. Mackay; Wellington, J. Crane. Oman: Al-
Khod, B.M.S. Al Riyami. Panamá: David-Panamá,
G. Cukier. Peru: Lima, P. Chiarella. Philippines: Metro
Manila, F. Cua-Lim. Poland: Krakow, G. Lis; Poznan,
A. Breborowisc. Portugal: Funchal, Oporto, and Por-
timao, M. Correia; Lisbon, J. E. R. Pinto. Republic
of Ireland: Dublin, L. Clancy. Romania: Cluj, D. Du-
mitrascu. Singapore: B.-W. Lee. South Africa: Cape
Town, H. Nelson. Spain: Barcelona, R.M. Busquets;
Cádiz, A.R. Asensio; Cartagena, L. García-Marcos;
Castellón, A. Arnedo-Pena; Pamplona, F. Guillén
Grima; Valencia, M.M.M. Suárez-Varela; Valladolid,
A. Blanco Quirós. Sweden: Linköping, N.-I. Kjell-
man; Stockholm/Uppsala, T. Foucard. Taiwan: Taipei,
K.-H. Hsieh. Thailand: Bangkok, P. Vichyanond; Chi-
ang Mai, M. Trakultivakorn. United Kingdom: An-
glia and Oxford, Northeast and Yorkshire, North
Thames, North West, South and West, South Thames,
Scotland, Trent, Wales, and West Midlands, H.R. An-
derson; Surrey/Sussex, D. Strachan; Guernsey, D. Jeff;
Jersey, C.R. Grainger. United States: Seattle, G. Red-
ding. Uruguay: Montevideo, D. Holgado de Cuesta.

References
1. Woolcock AJ, Peat JK. Chadwick DJ, Cardew

G, eds. Evidence for the increase in asthma
world-wide. In: The Rising Trends in Asthma.

Chichester, England: John Wiley & Sons Inc;
1997:122–134.

2. ISAAC Steering Committee. Worldwide varia-
tions in the prevalence of asthma symptoms: the
International Study of Asthma and Allergies in
Childhood (ISAAC). Eur Respir J. 1998;12:
315–335.

3. ISAAC Steering Committee. Worldwide varia-
tion in prevalence of symptoms of asthma, al-
lergic rhinoconjunctivitis, and atopic eczema:
ISAAC. The International Study of Asthma and
Allergies in Childhood (ISAAC) Steering Com-
mittee. Lancet. 1998;351:1225–1232.

4. Strachan D, Sibbald B, Weiland S, et al. World-
wide variations in prevalence of symptoms of
allergic rhinoconjunctivitis in children: the In-
ternational Study of Asthma and Allergies in
Childhood (ISAAC). Pediatr Allergy Immunol.
1997;8:161–176.

5. Williams HC, Robertson CF, Stewart AW, et al.
Worldwide variations in the prevalence of symp-
toms of atopic eczema in the International Study
of Asthma and Allergies in Childhood. J Allergy
Clin Immunol. 1999;103:125–138.

6. Björkstén B. Allergy priming early in life.
Lancet. 1999;353:167–168.

7. Holt PG, Sly PD, Björkstén B. Atopic vs infec-
tious diseases in childhood: a question of bal-
ance? Pediatr Allergy Immunol. 1997;8:53–58.

8. Prescott S, Macaubas C, Smallacombe T, Holt
BJ, Holt PG. Development of allergen-specific
T-cell memory in atopic and normal children.
Lancet. 1999;353:196–200.

9. Shaheen SO, Aaby P, Hall AJ, et al. Measles and
atopy in Guinea-Bissau. Lancet. 1996;347:
1792–1796.

10. Nilsson L, Kjellman NI, Björkstén B. A ran-
domized controlled trial of the effect of pertus-
sis vaccines on atopic disease. Arch Pediatr Ado-
lesc Med. 1998;152:734–738.

11. Golding J, Butler N. Wheezing and asthma. In:
Butler NJ, Golding J, eds. From Birth to Five:
A Study of the Health and Behavior of Britain’s
5-Year-Olds. Oxford, England: Pergamon Press;
1986:158–170.

12. Henderson J, North K, Griffiths M, Harvey I,
Golding J. Pertussis vaccination and wheezing
illnesses in young children: prospective cohort
study. BMJ. 1999;318:1173–1176.

13. Odent MR, Culpin EE, Kimmel T. Pertussis vac-
cination and asthma: is there a link? JAMA.
1994;272:592–593.

14. Farooqi I, Hopkin JM. Early childhood infec-
tion and atopic disorder. Thorax. 1998;53:
927–932.

15. Kemp T, Pearce N, Fitzharris P, et al. Is infant
immunization a risk factor for childhood
asthma or allergy? Epidemiology. 1997;8:
678–680.

16. Jefferson T. Vaccination and its adverse effects:
real or perceived. BMJ. 1999;317:159–160.

17. World Health Organization Health for All Global
Indicators [database online]. Available at: http://
www.who.int/whosis/hfa/hfa.htm. Accessed Au-
gust 11, 1998.

18. Pauwels R, Van der Straeten M, Platteau B,
Bazin H. The non-specific enhancement of al-
lergy, I: in vivo effects of Bordetella pertussis
vaccine on IgE synthesis. Allergy. 1983;38:
239–246.

19. Munoz JJ, Peacock MG. Action of pertussigen
(pertussis toxin) on serum IgE and on Fc ep-
silon receptors on lymphocytes. Cell Immunol.
1990;127:327–336.

20. Ward BJ, Griffin DE. Changes in cytokine pro-
duction after measles virus vaccination: pre-
dominant production of IL-4 suggests induction
of a Th2 response. Clin Immunol Immunopathol.
1993;67:171–177.

21. Lewis SA, Britton JR. Measles infection,
measles vaccination and the effect of birth order
in the aetiology of hay fever. Clin Exp Allergy.
1998;28:1493–1500.

22. Bodner C, Godden D, Seaton A. Family size,
childhood infections and atopic diseases. The
Aberdeen WHEASE Group. Thorax. 1998;53:
28–32.

23. Strannegård IL, Larsson LO, Wennergren G,
Strannegård Ö. Prevalence of allergy in children
in relation to prior BCG vaccination and infec-
tion with atypical mycobacteria. Allergy. 1998;
53:249–254.

24. Alm JS, Lilja G, Pershagen G, Scheynius A.
Early BCG vaccination and development of
atopy. Lancet. 1997;350:400–403.

25. Greenland S, Morgenstern H. Ecological bias,
confounding, and effect modification. Int J Epi-
demiol. 1989;18:269–274.

26. Morgenstern H. Ecological studies. In: Roth-
man KJ, Greenland S, eds. Modern Epidemi-
ology. Boston, Mass: Little, Brown; 1998:
459–480.


