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Human hair is a potential source of cat allergen contamination

of ambient air

Cat allergen and other pet allergens are transferred to
public places and schools via clothing of pet owners. This
�second-hand� or �indirect� exposure may cause worsening
of symptoms among asthmatic children allergic to pets (1)
and may even contribute to allergic sensitization (2, 3).
Perzanowski et al. reported a surprisingly high propor-
tion of cat-sensitized school children who had never lived
in a house with a cat (83%) (4). Thus, indirect exposure to
cat due to the ubiquitous presence of cat allergen in the
environment seems to be relevant for allergic reactions
and it is possible that moderate or intermittent exposure
may even favour sensitization (5).
We have previously shown that airborne cat allergen

levels are significantly lower in classes using special
school clothing or pet ban (6), but not in classes where
traditional allergen avoidance measures, such as removal
of dust-accumulating upholstery, curtains and open
shelves and increased cleaning have been implemented
(7). The levels of airborne cat allergen are fivefold higher
in ordinary classes with many (>20%) cat owners and
levels on clothing of cat owners are sixfold higher,

compared with noncat owners� clothing (6, 8). Although
allergen levels are lower in classes that use school
clothing compared with conventional classes, there is cat
allergen present and the levels are two- to three-fold
higher on cat owners� compared with noncat owners�
clothing which is used, washed and kept at school only.
This suggests that other allergen sources, like hair for
instance, may be important for the transfer of pet
allergens to schools and other public places. However,
allergen content in human hair has not been analysed
previously.

The aim of the present study was to analyse levels of
cat allergen (Fel d 1) in hair from cat owners and noncat
owners among children and adults.

Methods

Hair sampling

Hair from adults and children (>6 years of age) with (n ¼ 22) or
without (n ¼ 22) cats at home was collected at a hairdresser.
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Approximately 0.5–1 g of unwashed (1 day or more since last wash)
hair was collected in a 50 ml preweighed Falcon tube before wet-
ting/styling the hair. For comparison, samples of newly washed hair
were collected from adults only (five cat owners and six noncat
owners). Data on cat ownership, last hair wash, adult/child and any
recent cat contact was recorded.
This study was approved by the Ethics Committee of the

Karolinska Institutet.

Extraction of allergen from hair and Fel d 1 analysis

After weighing the tube, the dry hair sample (mean 0.88 g) was
diluted 20-fold (w/v) in PBS-Tween 20 (0.1%) and allergen was
extracted during rotation overnight followed by centrifugation at
1000 g for 10 min. All samples were analysed in a monoclonal
sandwich-ELISA as presented previously, using signal amplifica-
tion when necessary (AMPAK signal amplification; Dakopatts,
Älvsjö, Sweden) (9). The Fel d 1 Mab-kit including standard was
purchased from Indoor Biotechnologies Ltd (Cardiff, UK).

Statistics

All data were analysed using Statview 5.0 software (SAS Institute
Inc., Cary, NC, USA). As the data was not normally distributed,
unpaired comparisons between noncat owners and cat owners and
adults and children were made using Mann–Whitney U-test.
Comparisons between different times since hair wash were made
using Kruskal–Wallis test. A P-value <0.05 was considered sig-
nificant.

Results

Cat allergen was found in all hair samples. Generally,
levels of cat allergen in unwashed hair were more than
two orders of magnitude higher among cat owners
(geometric mean value 179 ng Fel d 1/g of hair)
compared with noncat owners (1.43 ng Fel d 1/g of
hair, P < 0.0001). This magnitude of difference was
larger among adults than in children, and cat allergen
levels in hair among children without cats were 2.5 times
higher compared to adults without cats (P ¼ 0.045,
Table 1, Fig. 1). Interestingly, although levels of cat
allergen in newly washed hair were generally one-fifth
compared with unwashed hair, cat owners with newly
washed hair had 16-fold higher levels of Fel d 1
compared with noncat owners (geometric mean value
11.3 and 0.68 ng Fel d 1/g of hair, respectively,
P ¼ 0.028). A significant accumulation of cat allergen

was only seen in cat owners 1 day after hair wash
(P < 0.05, Fig. 2).

Discussion

In the present study we have shown that cat allergen
levels are markedly higher in cat owners� hair compared
with noncat owners� hair and that a significant difference
still can be observed just after washing. The observed

Figure 1. Cat allergen content in unwashed hair samples from
adults and children, with (12 adults, 10 children) or without (11
adults, 11 children) cats at home and in newly washed hair
samples from adults with (n ¼ 5) or without (n ¼ 6) cats at
home. Box plots with medians are shown in figure where box
corresponds to 25–75th percentiles and vertical lines correspond
to 10–90th percentiles, respectively.

Figure 2. Cat allergen content in newly washed hair among
adults with (n ¼ 5) or without (n ¼ 6) cats and unwashed hair
among children and adults with (n ¼ 22) or without cats
(n ¼ 22). Comparisons were made using Kruskal–Wallis test
(P ¼ 0.038 for cat owners, P ¼ 0.46 for noncat owners). Box
plots with medians are shown in figure where box corresponds
to 25–75th percentiles and vertical lines correspond to 10–90th
percentiles, respectively.

Table 1. Geometric mean (GM) values of cat allergen (Fel d 1) in unwashed (‡1 day
prior to sampling) hair among children and adults, with or without cats

GM (ng Fel d 1/g of hair) Min–max

Cat owner
Children, n ¼ 10 120 30–720
Adults, n ¼ 12 250 5.12–4010

Noncat owner
Children, n ¼ 11 2.20 0.70–6.23
Adults, n ¼ 11 0.93 0.16–57.7
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difference in cat allergen levels between cat owners and
noncat owners may not be surprising. However, until
now there has not been any scientific evidence of this
possible source of allergen contamination and our
findings are therefore valuable information, especially
in the context of secondary allergen avoidance. In the
present study, we have not shown that cat allergen is
actually released from human hair to the ambient air,
although this may be a reasonable assumption. Rather
high allergen levels were also found in some hair
samples from noncat owners who had not had any
recent direct contact with cats. However, the indirect
contact with cats occurs everywhere and cannot be
adjusted for.
Human hair represents a significant surface to which

allergens can adhere. Assuming that an average person
has 300 hairs per cm2 of the skull (100 000 hairs in
total), one may have the equivalent of 2–4 m2 of hair
surface in total, depending on hair length. This large
surface together with the electrostatic features of hair
may make cat allergen more inclined to adhere and
may therefore represent a substantial source from
which allergen deposition may occur. However, this
calculation is somewhat crude as the properties of hair
vary between individuals (hair colour affects density,
blondes have for instance more hairs per cm2) and
ethnic groups. It was not possible to relate the amount
of cat allergen to the total amount of hair (assessed by
weight or surface) in the present study as more
sophisticated sampling and weighing techniques would
have been required (10). In the present study, we did
not get information about gender and hair length. If
the allergens are evenly distributed in the hair, it is
likely that long hair (mostly girls) contains more cat
allergen in total and hence would generate more
allergen to the ambient air, than short hair.
The somewhat higher levels of cat allergen found in

hair from children without cats at home, compared to
adults without cats may be explained by additional
allergen contamination at school as classrooms are a
site of moderate and occasionally high cat allergen
exposure (11). Several studies have shown that clothing
is contaminated with cat allergen (8, 12–14) and it
appears reasonable to assume that this applies for hair
as well. This is however merely hypothetical and has
not been elucidated in the present study.
In a recent study of the effect of school clothing and

pet ownership ban on cat allergen levels in classrooms,
we measured allergen contamination of clothing and
airborne allergen in the breathing zone (pumps with
filter) of cat owners and noncat owners (6). We found a
significant difference between cat owners and noncat

owners in control classes and a similar difference in
school clothing classes. As the clothing in the school
clothing classes was only used, kept and washed at
school, we sought explanations for this observed and
unexpected difference. In previous studies, we have
observed greater differences in airborne cat allergen
levels in classes with many cat owners than in classes
with few cat owners. The same applies to personal
sampling (personal air samplers, rollers) among cat
owners and noncat owners. This suggests that each cat
owner is constantly �feeding� the ambient air with
allergen, probably depending on level of disturbance
and type of clothing. De Lucca et al. found that
infrequently washed clothing carries more allergen and
hence increase personal exposure to airborne cat
allergen, measured by intranasal sampling (14). In this
context, it is therefore feasible to also consider hair as a
potential allergen source with a similar allergen release.

The fact that cat allergen was also found in hair
from noncat owners who reported no recent direct
contact with cats, suggests that cat allergen contamin-
ation occurs elsewhere, even at home. Several studies
have shown that there is cat allergen present in homes
without cats, although the levels are low (2, 7, 8, 15).
In addition, cat allergen was found in newly washed
hair, even among noncat owners, which further illus-
trates how readily cat allergen contaminates the envi-
ronment and how difficult removal in fact is. Moreover,
a rapid accumulation of cat allergen was seen among
cat owners after hair wash.

In conclusion, human hair contains substantial
amounts of cat allergen and may be an important
source for transfer and deposition of cat allergen in
public places, schools and even homes. This may
explain why cat allergen is found in environments with
rather strict allergen avoidance measures, such as
classes that use school clothing or have a ban on pet
ownership among children’s families. Although it may
be unrealistic and unethical to apply allergen avoidance
strategies against allergen-contaminated human hair, it
is important to consider this potential allergen source,
especially for an allergic child who requires exception-
ally stringent allergen avoidance measures.
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