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and asthma.

An atopic trait and exposure to allergens are pre-
requisites for sensitisation. In predisposed indivi-
duals, sensitisation occurs to allergens present in the
environment. Renewed exposure of sensitised indi-
viduals to allergen induces allergic reactions. Thus,
when designing both primary and secondary preven-
tion programmes it is of great importance to know
how allergens are distributed in the environment of
allergic children.

The distribution of allergens in the environment
of children is reviewed by Munir (1) in this supple-
ment. This review will discuss the doses inducing
sensitisation and causing acute asthma as well as
slight bronchial hyperreactivity, i.e. chronic asthma.

Recently, allergens have been isolated and poly-
clonal and/or monoclonal antibodies have been pro-
duced against these antigens using hybridisation
techniques (2, 3). On this basis, several methods
(4-6) have been established for determination of the
amount of allergen in dust in the environment of
allergic patients. Most data available refer to the
allergen content of house dust. However, much more
relevant would be to determine the amount of al-
lergen actually inhaled by children or absorbed from
the gut.

Doses of allergen sensitising children
Amounts of inhaled allergens

The amount of airborne allergen has been estimated
in different locations by several investigators using
different methods for air-dust sampling and determi-
nation of allergen content (2, 7-15). Air-sampling
has been performed with high-volume air samplers
and small, portable air-pumps. In homes without
cats and dogs, Sakaguchi et al. (13) found pet al-
lergens to be non-measurable using low volume
samplers and a method with a total cut off of the
methods employed at 16-37 pg/m® (Fig. 1). They
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also found the level in homes with these pets to be
between 1 and 100 ng/m’, i.e. the sensitising dose
for infants living in homes with pets would be about
3-300 ng/day or 1-100 pg during ! year. Children
exposed to dog or cat at home during the first year of
life, i.e. to totally less than 100 pg of the major
allergen of these pets get sensitised to that same
species of animal within few years (16).

The data of Sakaguchi et al. (13) show that the
concentration of pet allergens in the air is approxi-
mately at the same level as that of pollen allergen
during the ragweed pollen season, i.e. 1 ug is in-
haled per season (17) or some 10 to may be a
maximum of 100 ng is inhaled per day.

Others, using small pumps and less sensitive
methods, found airborne pet allergens at the ng
level/m? in homes without pets (12). Thus, results
vary remarkably. Therefore, more data are needed
before any firm conclusions can be drawn about how
much allergen is actually inhaled under different
conditions.

Methods for determination of the amounts of al-
lergen inhaled by children should be based on per-
sonal sampling using pumps with much higher ca-
pacity than the present portable pumps. Further-
more, methods for determination of allergens in dust
must be much more sensitive than those used in
some laboratories (12, 14). Methods used must be
better evaluated and data compared between centres.
Then, it seems reasonable to prefer determination of
the amount of allergen in the air to the concentration
in dust.

Concentration of allergens in dust

A correlation probably exists between the amount of
allergen in the dust and in the air (13) (Fig. 1).
However, the relation between the concentration of
allergen in the dust and the amount of allergen per
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Fig. 1. The concentration of Fel d1 in dust and in the air in
homes with and without cats. No Fel d | was found in the air of
homes without cats.

m? of air is not consistent between investigators (8,
13). The data of Sakaguchi et al. (13) indicate that
the ratio, allergen in the air given as weight/m?
allergen in dust given as weight/g of fine dust, 1/
50000. Based on such data, and since it is not
possible to determine the amount of allergen in the
air, determination of the allergen content of dusts
can be used as an indicator of allergen exposure.

It has been claimed that the sensitising concentra-
tion of the major allergen of mite, Der p 1, is 2 pg
per gram of fine dust (18). However, the studies
used for estimation of the dose, were mainly cross-
sectional and performed in regions with high
amounts of mites in dust, investigating the mite
allergen content in the dust from homes of asth-
matics. Sporik et al. (19), in a retrospective study
from England, found much higher levels of mite
allergen in the dust of homes of children who devel-
oped asthma then the concentration found in dust
from homes of controls.

In recent prospective studies one group in Berlin
(20) and another one in Linkdping (21), i.e. in areas
with low degree of mite infestation, have found that
children exposed to much lower concentrations of
allergen than 2 p.g/g of fine dust are sensitised. In
Berlin (20) 60% of the children sensitised to inhalant
allergens were sensitised, as measured by skin prick
test with standardized allergens and methods or
RAST, when exposed to levels of major allergens
below 1 pg/g of fine dust in their homes. However,
it can not be excluded that they were exposed to far
higher concentrations of allergen in such other loca-
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tions as day-care centres (22) or visits by pet owners
or by visits to homes with pets (23). Short peaks of
allergen exposure may be of great importance for the
sensitising process (24). Furthermore, the higher the
dust allergen level, the higher the risk for sensitisa-
tion (25, 26), i.e. at low allergen concentrations in
the dust only the most susceptible individuals are
sensitised, whereas when allergen exposure in-
creases, the number of sensitised individuals in-
creases and even only slightly atopic subjects are
sensitised.

Thus, further studies should be performed, i.e.
investigating the dose response relationship, aller-
gen exposure vs. sensitisation.

Sensitisation to foods

It is well known that atopic children are sensitised
before weaning, i.e. probably by doses of allergen
delivered by the breast milk of their mothers. Breast
milk of atopic mothers contains between 0.9 and 150
g of B-lactoglobulin per litre (27, 28), i.e. approxi-
mately the daily intake of breast milk by older chil-
dren. Thus, the oral dose causing sensitisation can be
estimated to be between one g and some mil-
ligrams. How much of the B-lactoglobulin ingested
that is really absorbed or in contact with the immune
system of the child can not be calculated from these
data, since much of the ingested allergens are rapidly
degraded (29, 30). Experimental data suggest (31)
that immunologically detectable human «-lactalbu-
min is absorbed reaching a concentration in serum of
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Fig. 2. Amounts of allergen ingested or inhaled per day.
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Fig. 3. Going from the top to the right, down and then up on the
left side are illustrated the amounts of allergens in dust from
different locations, amounts of allergen inhaled short exposure,
during long-term exposure causing chronic hyperreactivity and,
finally, the concentration of allergen in dust corresponding to
this inhaled dose (see further text).

10-1000 pgflitre serum/litre human milk/kg body
weight. Thus, an infant weighing 10 kg, would reach
a total serum content of approximately 100 g to 10
mg, i.e. a serum concentration of roughly 0.1-10
pg/mL. Both values are very high in this context,
which might explain the often very early sensitisa-
tion to cow’s milk.

Amounts of cow’s milk protein ingested with
breast milk and cow’s milk formulae, to the amounts
of flour protein inhaled per day in bakeries and flour
mills and cat and dog allergen inhaled per day in
homes with and without pets are illustrated in Fig. 2.

Prenatal doses of allergen causing sensitisation

At present under discussion is whether oral tolerance
is normal or can be induced under certain circum-
stances (32). However, recent data from Denmark
indicate that sensitisation already takes place during
the fetal period, since 76% of high risk infants later
developing cow’s milk allergy, showed cow’s milk-
specific IgE-antibodies in cord blood (33, 34). The
dose of allergen, or maybe anti-idiotypic antibodies,
passing the placenta causing this intrauterine sensiti-
sation is not known.
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Doses inducing reactions
Doses of allergen inhaled causing acute asthma

From the data of Sakaguchi et al. (13), related ear-
lier, it can be estimated that inhaled amounts of
allergen at the ng level can cause acute asthma, since
this amount is inhaled per minute in houses with cats
and dogs. Using a specially designed inhalation
chamber, van Metre et al. (7) found the amount of
allergen inhaled causing an asthma attack in cat
allergic individuals to be 60 ng.

These figures largely agree. However few homes/
patients were investigated. They also agree with our
data on the amount of allergen inhaled by patients
during bronchial provocation tests (35) (see below).

Doses of allergen in dust causing acute asthma

In a number of studies, data have been accumulated
showing that patients with acute asthma and sensiti-
sation to environmental allergens are exposed in
their homes to 2—10 pg or more of the major al-
lergen of cat or mite per gram of fine dust (18).

Doses of allergen inhaled causing slight asthma or
increased bronchial hyperreactivity in asthmatics

The doses causing slight asthma are probably sub-
stantially lower than those causing acute asthma.
There are several factors which must be considered.

Of importance is the fact that the sensitivity of the
skin (36), conjunctiva (37) and bronchi (35) varies
million-fold between patients sensitive to the same
allergen, i.e. the dose inducing symptoms may vary
considerably between individuals.

A second factor to be considered is that the lowest
dose inducing immediate bronchial constriction in
sensitive asthmatics is about 0.1 Nordic BU (35) or
0.1 ng of major allergen (38). This dose is inhaled
during one or a few minutes via a nebulizer. This
amount is similar to the amount inhaled per minute
(13) in homes with cats or dogs. Only a few very
sensitive individuals react within one or a few minu-
tes when entering a home with a pet to which he/she
is sensitised (unpublished results).

A third factor is that, according to recent results,
1%0* of the dose causing an immediate reaction,
inhaled once a day for one week, induces an increase

* In the study by Ihre & Zetterstrom (12) the dose inhaled was 1
Nordic BU. They claimed this was 1/100 of the dose “normally”
causing bronchoconstriction. The dose causing immediate bron-
choconstriction was never investigated in their patients. How-
ever, I found (35) that the mode of the distribution of threshold
concentrations causing asthma was between 1000 and 10000
BU, i.e. the dose choosen by them was less than 1/1000 of the
dose causing bronchoconstriction in the median sensitive pa-
tient.



of the bronchial hyperreactivity of asthmatic patients
(39). Thus, the daily dose causing bronchial hyper-
reactivity in the most sensitive patient would be
about 0.1 pg, and the dose inducing chronic hyper-
reactivity in such a patient would be about 0.0001 pg
of major allergen inhaled per minute. Recently, it
has been reported (13) (Fig. 1) that the dose of dog
or cat allergen inhaled in homes without animals at
home is < 16 pg/m?, or <0.02 pg inhaled/minute by a
child. This fits roughly with the figures given above
(Fig. 3).

The levels of dog and cat allergen in dust found in
schools (40), day-care centres (22) and other public
places (41, 42) are intermediate between those found
in homes of allergic and asthmatic children (23, 26.
43) and in homes with dogs and cats (6, 26, 43).

Doses of aliergen in dust causing slight asthma or
increased bronchial hyperreactivity in asthmatics

Going from the data given above, the dose of aller-
gen/g fine dust causing slight asthma in sensitive
individuals would be 50 000 “times” higher than the
concentration in the air causing such symptoms i.e.
50000 x < 16 pg/m?, i.e. <50 ng/g of fine dust (13.
44).

These data fit very well with each other and with
the fact that many individuals sensitised to dog and
cat have increased bronchial reactivity when visiting
areas that seem to be free of pets and increased
symptoms when school starts after the Summer va-
cations, i.e. they are exposed to ngs to pgs of al-
lergen/g of fine dust.

This generates the hypothesis that lower levels of
allergens than previously thought to be of pathoge-
netic importance for induction of chronic bronchial
hyperreactivity, i.e. asthma, cause slight symptoms
in susceptible individuals (44). Investigations are
under way estimating the amount of allergen ac-
tually inhaled by chronic asthmatic children with
monosensitisation.

Conclusions

Levels of allergens in dust can be determined, but
these levels are only indirect measures of allergen
exposure. Methods for determination of allergens in
the air are presently under development, but accurate
determination of the amount of allergen actually
inhaled by patients as measured by portable devices
are not available as yet.

There are no hard data on the doses actually in-
haled causing sensitisation of atopic children or in-
ducing symptoms in sensitised patients.

Concentrations of allergens in dust can probably
be used as a substitute for determination of amounts
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of inhaled allergen. Lower concentrations of aller-
gens in dust than those previously thought to be
harmful are probably both sensitising and causing
increased bronchial hyperreactivity.

References

1. MuNIR AKM. Environmental factors influencing the levels
of indoor allergens. Ped Allergy Immunol 1994: 5, Suppl.
00: 00-00.

. CHAPMAN MD, SMiTH AM, SLUNT JB, VaILES LD, Ar-
rupa LK. Immunochemical and molecular methods for
defining and measuring indoor allergens: In dust and in the
air. Ped Allergy Immunol 1994: 5, Suppl. 00: 00--00.

3. KRAFT D, SEHON A, eds. Molecular biology and immunol-
ogy of allergens. Boca Raton, FL: CRC Press, 1992.

4. LuczyNska CM, Li YIN, CHAPMAN MD, PLATTS-MILLS
TAE. A two-site monoclonal antibody ELISA for the quan-
tification of the major Dermatophagoides spp. allergens,
Der pl and Der f1. J Immunol Methods 1989: 118:
227-35.

5. CHAPMAN MD, AALBERSE RC, BRowN M, PLATTS-MILLS
TAE. Monoclonal antibodies to the major feline allergen Fel
d 1. IL. Single step affinity purification of Fel d 1. N-termi-
nal sequence analysis, and development of a sensitive two-
site immunoassay to assess Fel d1 exposure. J Immunol
1988: 140: 812-18.

6. ScHou C, HANSeEN GN, LINTNER T, LOWENSTEIN H. Assay
for the major dog allergen Can f1. 1. Investigation of house
dust samples and commercial dog extracts. J Allergy Clin
Immunol 1991: 88: 847-53.

7. VaN METRE TE, MarsH DG. ApkinsoN NF et al. Dose of
cat (Felis domesticus) allergen | (Fel d1) that induces
asthma. J Allergy Clin Immunol 1986: 78: 62-75,

8. Swanson MC, CampPBELL AR, Krauck MJ, Reep CE.
Correlations between levels of mite and cat allergens in
settled nad airborne dust. J Allergy Clin Immunol 1989: 83:
776-83.

9. Luczynska CM, L1 Y, CHAPMAN MD, PrLaTTs-MILLS
TAE. Airborne concentrations and pariticle size distribution
of allergen derived from domestic cats (Felis domesticus).
Am Rev Respir Dis 1990: 141: 361-67.

10. DE Bray F, HEYMAN PW, CHAPMAN MD, PLATTS-MILLS
TAE. Airborne dust mite allergens: comparison of group Il
allergens with group I mite allergen and cat allergen Fel d 1.
Am Rev Respir Dis 1991: 143: 1334-9.

11. Price JA, PoLLock J, LITTLE SA, LoNnGBOTTOM JL, WAR-
NER JO. Measurements of airborne mite allergen in homes
of asthmatic children. Lancet 1990: 336: 895-7.

12. WARNER JA. LITTLE SA, PorLock I, LoNGBOTTOM JL,
WARNER JO. The influence of exposure to house dust mite,
cat, pollen and fungal allergens in the home on primary
sensitization in asthma. Pediatr Allergy Immunol 1990:
179-86.

13. SakaGucHi M, INOUYE S, IRIE T et al. Airborne cat (Fel
d1), dog (Can f1) and mite (Der 1 and Der 2) allergen
levels in the homes of Japan. J Allergy Clin Immunol 1993:
92: 797-802.

14. SanDiFORD CP, NIEUWENHUUSEN MJ, TEE RD, NEWMAN
TayLOR AJ. Measurement of airborne proteins involved in
bakers’ asthma. Clin Exp Allergy 1994: 24: 450-6.

15. PEHKONEN E, RaANTIO-LEHTIMAKI A. Variations in airborne
pollen antigenic particles caused by meterological factors.
Allergy 1994. 49: 4727,

16. SounieMm! I, BIGRKSTEN F, HAAHTELA T. Development of
immediate hypersensitivity in the adolescent period on fac-
tors encountered in infancy. Allergy 19981: 36: 263-8.

ro

25



Dreborg

17.

18.

3
W

2
n

26.

27.

28.

26

MagrsH DG. Allergens and the genetics of allergy. In Sela
Med. The antigens. Academic Press, New York, 1975, Vol.
I1I, pp. 271-359.

Pratts-MiLLs TAE, b WECK AL. Report of the meeting.
Mite allergy — a world-wide problem. Workshop, Bad
Kreuznach, 1987. J Allergy Clin Immunol 1989: §3:
416-27.

. SporIK R, HOLGATE ST, PLATTS-MILLS TAE, COGSWELL

1J. Exposure to house dust mite allergen (Der p1) and
development of asthma in childhood. N Engl J Med 1990:
323; 502-7.

. EHNERT B, LAU-SCHADENDORF S, WEBER A, ScHUIZ ],

WaHN U. Sensitization to indoor allergens in infants at age
1. J Allergy Clin Immunol 1993: 91: 324.

. MunNir AKM, EmNARssoN R, KJELLMAN N-IM, BIORKSTEN

B. Mite (Der p1, Der f1) and cat (Fel d 1) allergens in
homes of babies with a family history of allergy. Allergy
1993: 43: 158-63.

. MuNIR AKM, EINARSSON R, DREBORG S. Major mite (Der

p 1, Derf1), cat (Fel d 1) and dog (Can f 1) allergens in dust
from Swedish Day-care centers. Clin Exp Allergy (in
press).

. MuUNIR AKM, EINARSSON R, DREBORG S. Indirect contacts

with pets can confound the effect of cleaning procedures for
reduction of animal allergen levels in house dust. Pediatr
Allergy Immunol 1994: 5: 32-39,

. GoMPERTZ D. Measurement of airborne protein allergens in

occupational asthma. Editorial. Clin Exp Allergy 1994: 24:
405-6.

. LAU-SCHADENDORF S, FALKENHORST G. WEBER A et al.

High mite-allergen expossure increases the risk of sensitiza-
tion in atopic children and young adults. J Allergy Clin
Immuno! 1989: 84: 718-25.

MunIr AKM. Exposure to indoor allergens and relation to
sensitization and asthma in children. Link&ping University
Medical Dissertations, No. 412, Department of Pediatrics,
Faculty of Health Sciences, Univeristy of Linkoping, 1994:
pp. 1-89.

JakoBssoN 1. LiINDBERG T, BENEDIKTSSON B, HANssoN
BG. Dietary bovine-lactoglobuline is transferred to human
milk. Acta Paediatr Scand 1985: 74: 342-5.

Host A, HusBY S, HaNSEN LK, @STERBALLE O. Bovine
beta-lacto-globulin in human milk from atopic and non-
atopic mothers. Relationship to maternal intake of homoge-
nized and unhomogenized milk. Clin Exp Allergy 1990: 45:
547-51.

. JacoBssoN I, LINDBERG T, BENEDIKTSSON B. In vitro diges-

tion of cow’s milk proteins by duodenal juice from infants
with various gastrointestinal isorders. J Pediatr Gastroent
Nutr 1982: 1: 183-91.

. Tauporr E, RENck B, EINARSSON R. In vitro studies of

degradation of birch and timothy pollen allergen prepara-
tions by human duodenal juice. Allergy 43: 1988: 469-75.

31.

32.
33.

34,

35.

37.

38.

39.

40.

41.

42.

43.

44,

JacoBssoN 1. LINDBERG T, LOTHE L et al. Human alfa-
lactalbumin a marker of macromotecular absorption. Gut
1985: 27: 1029-34.

BIORKSTEN B. Risk factors in early childhood for the devel-
opment of atopic diseases. Allergy 1994: 400-7.

HALKEN S, HgsT A, JACOBSEN L, JOHANSEN N. Specific
IgE antibodies against cow’s milk proteins in cord blood.
Allergy 1993: 48 (Suppl. 16): 12.

HgsT A, HusBy S, GIEING B, Larsen IN, LAWENSTEIN H.
Prospective estimation of IgG, IgG subclass and IgE anti-
bodies 1o dietary proteins n infants with cow’s mitk allergy.
Levels of antibodies to whole milk protein, BLG and ova-
Ibumin in relation to repeated milk challenge and clinical
course of cow milk allergy. Allergy 1992: 47: 218-29.
DREBORG S. Bronchial provocation tests with biologically
standardized allergenic preparations. In: Melillo G, Norman
PS, Marone P (eds). Clinical Immunology, Volume 2, Re-
spiratory Allergy, Chapter 9, pp. 185-191, CW Decker,
Philadelphia Montreal, 1990.

. DREBORG S, BasomBa A, BELIN L et al. Biological equili-

bration of allergens. Methodological aspects and reproduc-
ibility. Clin. Allergy 1987: 17: 537-50.

DREBORG, S. The Skin Prick Test. Methodological studies
and clinical applications. Linkdping University Medical
Dissertation No. 239, Linkoping. 1987.

DreBORG S, EiINARSSON R. The major allergen content of
allergenic preparation reflects their biological activity. Al-
lergy 1992: 47: 418-23.

IHRE E, ZETTERSTROM O. Increase in non-specific bronchial
responsiveness after repeated inhalation of low doses of
allergen. Clin Exper Allergy 1993: 23: 298-305.

MunNIR AKM, EINARSSON R, DREBORG S. Allergens in
school dust. I. The amount of major cat (Fel d 1) and dog
(Can f1) dust from Swedish schools is high enough to
probably induce symptoms in most asthmatic children sen-
sitized to cat or dog! J Allergy Clin Immunol 1993: 91:
1067-74.

ENBERG RN, Snamie SM, McCurrLouGH J, Ownsy DR.
Ubiquitous presence of cat allergen in cat free buildings:
probable dispersal from human clothing. Ann Allergy 1993:
70: 471-74.

SHAMIE SM, ENBERG RN, TErRrY L, Ownsy DR. The
consistent presence of cat allergen (Fel d 1) in various types
of public places. J Allergy Clin Immunol 1990: 85: 226.
WikMAN M. Residential characteristics and allergic sensiti-
sation in children, especially to mites. Medical disserta-
tions, Karolinska Institute, Stockholm, Sweden, 1993: pp.
1-62.

DREBORG S. Very low allergen doses cause bronchial hyper-
reactivity. A hypothesis. Allergy Clin Immunol News 1993:
5: 59-60.



