Washing the dog reduces dog allergen
levels, but the dog needs to be washed

twice a week
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Background: Many asthmatic patients allergic to dogs refuse

to part with their dog, and it is essential to develop techniques
for lowering exposure with a dog in the home.

Objective: This study investigated the effect of dog washing on
the subsequent recovery of Can f 1 from dog hair clippings

and on the airborne allergen over a 7-day period.

Methods: Dogs, which had not been washed for at least the
previous 3 weeks, were washed with a hand-held shower and
proprietary shampoo. Hair clippings and dander samples from
25 dogs were collected before and immediately after washing.
After these initial studies, 16 dogs had a small tuft of hair
clipped from the collar or spinal area before washing and then
daily for the next 7 days. Air sampling was performed in 5
homes, and the air samples were collected (airflow rate, 9
L/min) over an 8-hour period per day on 10 consecutive days
(3 days of baseline sampling before washing and then 7 consec-
utive days after washing). Can f 1 level was measured by using
2-site ELISA.

Results: Washing significantly reduced recoverable Can f 1
from clippings (84% reduction: from 73 pg/g to 12ug/g [geo-
metric mean]; P < .0001) and from dander samples (86%
reduction: from 347 pg/g to 50pg/g [geometric mean];P <
.0001). There was a significant reduction in Can f 1 levels in
dog hair over the observed 8-day period (F = 18.8, < .0001).

By using a multiple comparison test, this observed significance
was found to be due to the difference between the baseline lev-
els and those on days 1 and 2 after washing, with no difference
in the baseline Can f 1 compared with days 3 to 7. Airborne
Can f 1 levels showed a downward trend, which reached statis-
tical significance when the data were grouped into 3 sampling
periods as follows: baseline (ie, mean of 3 days before sam-
pling) was compared with days 1 to 4 after washing (41%
reduction, 95% CI 13%-60%) and days 5 to 7 after washing
(61% reduction, 95% CI 2%-84%; P = .014).

Conclusions: Washing the dog reduces recoverable allergen
from dog hair and dander. The dog needs to be washed at least
twice a week to maintain the reduction in recoverable Can f 1
from its hair. Washing the dog achieves a modest reduction in
the level of airborne Can f 1 in homes with a dog. (J Allergy
Clin Immunol 1999;103:581-5.)
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Abbreviation used
GM: Geometric mean

elty to Animals, personal communication, 1997), a signif-
icant proportion of which are likely to live in the homes of
individuals allergic to dogs. Sensitization to dog is an
important cause of asthma, particularly in the areas where
exposure to dust mite allergens is folm. addition, animal
materials are major allergenic sources in house dust in
areas where house dust mite allergens are prevalent.

Dander, pelt hair, and saliva are the most important
sources of dog allergens, and urine does not exhibit signif-
icant allergenic activity:> Up to 92% of dog-sensitized
individuals react to a major allergen, Can f 1, which has
been shown to account for at least half of the allergenic
activity in the extracts of dog hair and danti¥farying
degrees of Can f 1 were reported among different dog
breeds and among individual dégim addition, the exis-
tence of breed-specific dog allergens has been suggested
because about 15% of patients with hypersensitivity to
dogs have different skin test responses to different dog
breed$ This is, however, still a controversial issue because
it was suggested that from a biologic point of view, it does
not seem likely that true breed-specific allergens éxist]
no breed-specific allergens have yet been purified.

We have previously shown that in a house with a dog,
whatever the absolute quantity of the dog allergen in the
air, a significant proportion (~20%) will be associated
with small particle$.Some particles will be inhaled and
deposited in the tracheobronchial tree and alveoli. Fur-
thermore, a proportion of the inhaled particles will
inevitably deposit on the area between mucociliary and
alveolar clearance, thus remaining in the lungs for a
longer period of time. It is thus not surprising that dog-
sensitized patients with asthma may have severe disease
when they live in a home with a dog.

It is estimated that there are 7.3 million dogs in the Removal of the dog from the home is the best method

United Kingdom (Royal Society for the Prevention of Cru-
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of reducing exposure for asthmatic patients allergic to
dogs. However, patients often refuse to part with their
pet, and effective environmental strategies that reduce
dog allergen exposure with the dog in the home could
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We have undertaken a study to investigate the effect
of washing the dog on recoverable Can f 1 levels in dog
hair and dander and on the airborne levels of Can f 1 in
homes with dogs.
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METHODS Air sampler filter extractionEach filter was cut into 4 pieces and
Dog washing and Can f1in dog hair placed in a syringe, and 1 ml of 1% BSA PBS-T was added. After

. overnight extraction at 4°C, the extraction liquid was aspirated
Recoverable Can f 1 levels from 25 domestic dogs that had nop,vards and forwards several times through a 3-way stop lock

been washed for at least 3 weeks were measured before and onj,., 4 second syringe, then transferred into a test tube and cen-

immediately afte_rathorough washing. The experimentw;_as carried OUgrifuged at 3000 rpm for 30 minutes at 4°C. The supernatant was
at a dog-grooming parlor, and the dog owners gave their verbal CONgtared at —40°C for future analysis of allergen content.
sent. One side of each dog was vacuumed for 2 minutes with a Mec Can f 1 ELISACan f 1 was measured by a 2-site mono-

ical Dust Sampler (Medivac plc, Wilmslow, UK; airflow rate, 45 ¢|5n4)/polyclonal antibody—based ELISA by using anti-Can f 1
L/sec) with a brush attachment onto pré-viny! filter (Plastok Asso- A 6EQ for allergen capture and polyclonal rabbit anti-Can f 1 for

ciates Ltd, Wirral, UK;““C!an_der””). A small tuft of hair was clipped  yetection as previously describe#Dander and clipping extracts
from the other flank (‘clipping”). The dog was then washed thor- ere injtially assayed at 10-, 50-, and 250-fold dilutions. Air sam-
oughly for 5 minutes with shampoo in a bath under a hand-held show, o5 \were assayed neat and at 2- and 4-fold dilutions. For concen-
er head by using water at 40°C to 50°C before being rinsed clean. Thyaiions Iying off the linear portion of the standard curve, the assays
excess water was blown from the dog with a jet of air before the dog o e repeated at an appropriate dilution.

was dried in a purpose-built drying cabinet at 30°C. Any damp patch- e assay was quantitated by using doubling dilutions of dog
es were subsequently dried with a hair dryer. A second tuft of hair Wafallergen standard (UVA 94/02) from 500 IU/mL to 1 IU/mL Can f

clipped, and the side of the dog opposite _to that from which the dan-ll The UVA 94/02 (10,000 IU Can f 1/mL) was substandardized
der sample was collected before the washing was vacuumed for a”OtIagainst the World Health Organization/International Union of
er 2 minutes. Immunologic Societies International Reference Preparation of dog

To investigate whether vacuuming itself has any effect on aller-p 5 ang dander (NIBSC 84/685), which contains 100,000 1U/mL
gen levels, 9 dogs were vacuumed for 5 minutes with a vacuulTca, 1. One international unit is approximately 1 ng Can f 1 pro-
cleaner (airflow rate, 45 L/sec) with a special brush attachment.tein' and this value was used to calculate the results.

Dander samples were collected after 1 hour, and then 3 and 7 day
after vacuuming as described above by sampling the whole dog foStatistical analysis
4 minutes. These procedures were performed in dog owners’ homes

Further exper_lments were and.UCtEd to d(_etermme the duration Oresults are thus presented as geometric means (GMs). For all hair
the effect of a single wash. Clippings of hair were taken from the

. . and dander samples the results are expressed as allergen concentra-
neck or over the spine of 16 dogs (which had not been washed fo P P 9

t least th ; 3 ks). The d hed in thei tion in micrograms per gram; for air samples, the airborne allergen
atleast the previous 3 weeks). The dogs were washed in their OWlNevels in nanograms per cubic meter were calculated. The analysis

tehrs f?mnyl ge}tr:j/sg?we.r unit fbﬁ]/ gsmg a p:lo p:le(tia(;y.ls hfamtpr)]oo antdwas performed by using ANOVA with repeated measures. Statisti-
en towel-dried. Lppings ol hair were collected datly for the next ., significance was set at the conventional 5% level.

7 days. All samples were coded and stored at —40°C.

Dog washing and airborne Can f 1 RESULTS
Dog washing and Can f 1 in dog hair

The data were found to follow a log-normal distribution, and the

The effect of washing the dog on airborne Can f 1 was investi-

gated in 5 homes with a dog. The sampling was performed over ¢ . L
10-day period in a living room in each of the houses. All of the ~ Washing the dog significantly reduced recoverable Can

rooms were carpeted and contained a sofa. The age of the housf 1 by 84% from clippings (from a GM of 73.@/g [95%
ranged from 30 to 74 years. The windows were closed during theCl 48.9-109.0] to a GM of 11,89/g [95% CI 7.6-18.3]P
sampling period, and no air cleaning devices were present in any o< .0001) and by 86% from vacuum samples (dander; from
the houses. The dogs were free to wander throughout the housig GM of 347.2ug/g [95% CIl 224.5-537.0] to a GM of
Three days of baseline sampling before washing the dog were folgg 4 ng/g [95% Cl 35.0-72.5]P < .0001). Can f 1 con-
lowed by 7 subsequent follow-up days after the dog had beercantration in dander samples obtained by vacuuming the
washed in the home as described above. . dogs was 4.7-fold higher than the corresponding levels in
To minimize the variability in airborne allergen levels within each S .
the clippings of dog hair.

home, which we previously observed when the samples were obtaine A .
with high-volume air samplers over short periods (eg, 60 L/min for 1 There were no significant effects of the vacuuming on

hour)8we decided to use a low-volume sampler (airflow rate, 9 L/min; fecovered dog allergen, both when the results were
Medic-Aid, West Sussex, UK) for a longer period (8 hours/day). The €xpressed in micrograms of Can f 1 per gram and as the
sampling head was loaded with a 3.7-cm glass microfiber filter (poretotal amount of allergen. GM concentrations of Can f 1
size, 0.3um, Whatman) and positioned at a height of 1 m in the living (95% CI) were 118.4ug/g (46.1-304), 42.419/g (9.4-
room. The air samples were collected during normal domestic activi-189.1), 51.5ug/g (14.7-180.5), and 52}f/g (19.9-138.4)
ties._Al_‘ter sampling, each filter was re_moved t_)y forceps, placed into a5t the baseline, 1 hour, 3 days, and 7 days after vacuuming
petri dish, coded, and kept at 4°C until extraction. the dog, respectively (F = 1B= .2). Total amount of Can

f 1 (GM) recovered by sampling (95% CI) was 4@
(1.3-17.8) at baseline, and 3ug (0.2-10.2), 2.5ug (0.5-

_ Dog hair/dand_er extraction of Can f pne hundred mil— 12.0), and 1.71g (0.5-5.3) at 1 hour, 3 days, and 7 days
ligrams of dog h_alr or dander sample qb_tf’:uned by vacuuming theafter vacuuming, respectively (F = 1.45z .25).

dog was placed in a test tube. Three milliliters of 1% BSA in PBS . . LT

with 0.1% Tween 20 (BSA PBS-T) were added. Samples were agi- Canfl Concent.ratlons in dog hair clippings ffom 16
tated by using a vortex mixer before being mixed end over end fordoqs before washing a”q over the 7 consecutive days
2 hours on an orbital rotator at room temperature. They were therdfter washing are shown in Table 1. Recovered Can f 1
centrifuged for 30 minutes at 3000 rpm at 4°C, and the super-was reduced by 98.7% on the first day after washing the
natant was stored at —40°C for future analysis of allergen contentdog, and the levels then gradually built up over the next

Processing of samples and Can f 1 assay
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few days. The observed reduction in Can f 1 levels ove Can f 1 (ug/g)
the 7-day period was highly significant (ANOVA with 50
repeated measures, F = 18R4< .00001). By using a
multiple comparison test, it was found that the observec 0
significance was due to the difference between the bas¢
line levels and those on days 1 and 2 after washing. Thel
was no difference in the recovered Can f 1 at baselin|40 |
compared with days 3 to 7. Allergen levels from each

individual dog are presented in Fig 1.

Dog washing and airborne Can f 1

Tables Il and Il show the effect of dog washing on the
Can f 1 levels in the air in 5 homes with a dog. The meai
values showed a downward trend, but the range of airborn
levels obtained in different homes, as well as within the

30

same homes on different sampling days, was substantii .

(Table 11). The airborne Can f 1 measured in each of the * -

homes during the baseline 3-day period and on 7 consec 20 - - .

tive days after dog washing are shown in Fig 2. When the - ©

analysis was performed on this set of data, the observe ¢

downward trend failed to reach statistical significance (F = Y - - .

1.72,P = .14). N . s v =
In an attempt to minimize the day-to-day variability in 10 o ©T . g X

airborne allergen levels within each home, the 7-day periol + a o 2 +

subsequent to dog washing was divided into 2 periods the 8 . : . e . é

corresponded to the 3-day baseline period (period 1, days ] A o M :

to 4 after washing; period 2, days 5 to 7 after washing) 4 8 g i f e

When the GMs for airborne Can f 1 levels for days 1to 4 O ' -

and days 5 to 7 after washing were calculated and compart &1 2 3 4 5 6 7

with the baseline value, the observed trend reached signif & Days

o
cance (F = 7.53 = .014; Table IlI). As an alternative to a F
control group, all the air samples were assayed for major cat
allergen Fel d 1 because it should not be affected by the dcFIG 1. Major dog allergen Can f 1 recovered from samples of dog
washing. No cats were present in any of the homes, b in 16 dogs before and on 7 days after washing.
detectable levels of airborne Fel d 1 were found in 3 of 5

homes. When the same analysis used for Can f 1 was repe: Can f 1 (ng/ms)

ed for Fel d 1, no difference between the 3 sampling period 100 T
was observed (Fel d 1 GMs: 0.83, 0.77, and 0.72 higfm 90
baseline and periods 1 and 2, respectively; F = 8.£59) 80 L u

DISCUSSION or A
60 |-
Complete avoidance of dog allergens in developed 50 =
countries with a high proportion of dog ownership is 40|
probably impossible. Sensitized patients can be expose 30}t @
to dog allergen not only in homes with dogs, but also in 5
those that have never housed an an#ddh addition,
exposure to airborne Can f 1 can occur inside a numbe
of public buildings (including hospital outpatient depart- 0 é’ 1
ments)?-11 Nonetheless, dog allergen levels are much e}\“
higher (up to 250-fold) in homes with dogand a sub- X
stantial reduction in exposure to these very high levels ir.

itized tient ith all ic di th FIG 2. Airborne Can f 1 collected with an air sampler with a low
sensiuzed pauents with allergic disease (eg’ asthma anairflow rate (9 L/min) over the 8-hour period/day before and on 7

aIIergic rhinitis) may improve the control of Symptoﬂﬁs- subsequent days after dog washing. Baseline value is mean of 3
The major dog allergen Can f 1 has very similar aero-days before dogs had been washed.

dynamic characteristics to the cat allergen Fel8d34

In addition, sensitized patients are similarly reluctant talevels of Fel d 25 Klucka et al® compared the relative
get rid of their dogs as they are to get rid of their cats. Se\efficacy of washing with water, Allerpet-C spray, and ace-
eral studies have investigated the effect of cat washing cpromazine in decreasing cat allergen shedding in 24
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TABLE I. Effect of dog washing on Can f 1 concentrations in dog hair clippings
Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
GMCanfl 9.11 0.12 1.98 3.62 5.4 3.71 4.82 5.18
((VeTs} (6.29-13.19) (0.038-0.38) (1.09-3.59) (2.11-6.24) (2.95-9.88) (1.44-9.53) (1.94-11.95) (3.06-8.77)
[95%CI])
Range 19/g9) 2.85-36.0 0.01-4.65 0.37-9.9 0.32-15.75 0.02-33 1.03-46.5 0.84-27.75 0.08-34.5
Percent — 98.7 78.3 60.2 40.7 59.3 47.1 43.1
reduction (96.3-99.9) (64.27-86.8)  (24.3-79.1) (-21.3-71) (-11.9-85.1) (-45.5-80.8) (-8.1-70.1)
(95% ClI)
Fold reduction — 76 4.6 25 17 25 1.9 1.8
(95% ClI) (26.9-213.8) (2.8-7.6) (1.3-4.8) (0.8-3.4) (0.9-6.7) (0.69-5.2) (0.9-3.3)
TABLE Il. Effect of dog washing on airborne concentrations of Can f 1
Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
GMCanf1l 46.7 23.02 28.2 22.2 14.42 11.03 18.78 22.14
(ng/m3 (28.7-75.9) (9.9-53.5) (9.6-82.8) (5-99.4) (4.3-48.1) (2.36-51.5) (4.63-76.2) (8.6-56.7)
[95% CI])
Range (ng//¥) 29.48-69.35 9.07-45.91 8.72-98.77 5.54-96.3 3.61-36.51 1.22-24.4 4.36-85.19 7.64-51.85
Percent — 50.7 39.5 52.4 69.1 76.4 59.8 52.6
reduction (8.6-73.5) (-34-72.7) (-115.8-89.5) (3.4-90.1) (12.7-93.6) (-30.6-87.6) (6.9-75.8)
(95% CI)
Fold reduction — 2 1.7 2.1 3.2 4.2 25 2.1
(95% ClI) (1.1-3.8) (0.75-3.7) (0.46-9.5) (1.04-10.1) (1.1-15.6) (0.77-8.1) (1.07-4.1)
TABLE lll. Effect of dog washing on airborne concentrations of Can f 1
Baseline (mean of 3 days Period 2 (mean of days 1 to 4 Period 3 (mean of days 5 to 7
before washing) after washing) after washing)
GMCanf1l 46.7 27.4 18.2
(ng/mB [95% Cl]) (28.7-75.9) (13.8-54.6) (5.7-58.1)
Range (ng/$) 29.48-69.35 11.13-42.46 4.41-53.83
Percent reduction — 41.3 60.95
(95% ClI) (13.3-60.2) (1.8-84.4)
Fold reduction — 1.7 2.6
(95% CI) (1.15-2.5) (1.02-6.43)

cats16 Although no beneficial effect was observed with age decrease in allergen level of 79%. When this was
any of the treatments, it should be noted that only 2 L ofaccompanied in 2 cats by an additional rinsing in warm
water were used to wash the cats. In contrast, in the cumwater, the airborne Fel d 1 was reduced to 16% of the
rent study we washed the dogs in a bath with a hand-helbaseline level. However, the allergen levels returned to
shower unit and shampoo, and the dogs were rinsed thobaseline within a week. By shaving 6 cats, the authors
oughly. In addition, Klucka et H collected the samples measured the total quantity of Fel d 1 per cat and found it
no earlier than 2 days after washing. From the results oto range between 3 and 142 mg, with a mean of 67 mg.
our study, it is apparent that, at least in dogs, the allergeilWashing removed between 1 and 35 mg of Fel d 1 per cat,
buildup is quite rapid, and recovered Can f 1 may reactwith the largest quantities being removed from the cats
the baseline level as soon as 3 days after washing. Intewith the highest concentrations of allergen. The same
estingly, we found no effect of vacuuming on allergen lev- group of investigators studied the effect of Allerpet-C (a
els. Vacuuming the dog for 5 minutes removed a relative-commercially available spray claimed by the manufactur-
ly small amount of allergen (range, 0.5 to (82 in our er to reduce cat allergen shedding) on airborne cat aller-
sample of 9 dogs) and did not appear to affect the subsegen and reported a mean reduction of 62% after the first
guent concentration of Can f 1 in dander samples. treatment8 In addition, although wiping the cat with

In a recent study Avner etldlexamined the effect of Allerpet-C removed allergen, the amount removed was 5-
different techniques of cat washing on airborne Fel d 1fold lower compared with that removed by washing the
with airborne levels being assessed immediately beforecat. All these experiments suggested that cat washing may
and 3 hours after washing in the experimental room.reduce airborne allergen in the experimental room, but the
Three cats were washed weekly with warm water andeffect in homes with cats remained largely unknown.
soap at a veterinarian’s office, resulting in a 44% reduc- It is very difficult to estimate the size of the effect of
tion in airborne Fel d 1. Immersion of 3 cats for 3 minutesdog washing on airborne Can f 1 in homes with dogs.
in approximately 30 L of warm water resulted in an aver- This is not surprising because very high levels of Can f 1
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can be found in the settled dust in carpets and/or soft fuisensitized individuals. Further research is required to

nishings from these homes. Thus the shedding of alleliestablish the clinical effect of washing the dog in the man-

gen from the animal, the reservoir levels, and the amouragement of patients with asthma who are sensitized and
of artificial disturbance will influence airborne allergen exposed to dogs. An integrated approach with the combi-
levels. In a field trial it is impossible to standardize for nation of environmental control measures resulting in a

some of these contributing factors. This study wassubstantial reduction in airborne allergen may have a
designed to minimize the considerable variability in air-desired clinical effect, but it is essential that this be con-

borne dog allergen between different homes and withiffirmed or refuted in a clinical trial.

the same homes when the samples were taken on seve
occasions. Air samples were collected by using sampler
with low airflow rates comparable to the average ventila-
tion rate of an adult. The sampling was performed over i
long period (8 hours/day), and mean values over the cor

secutive 3-day periods were used in the analysis. How
ever, in spite of this, a considerable variability on differ- 5

ent days within same houses was observed (Table II, Fi
2), which calls into question the validity of a single mea-
surement of the airborne allergen as an index of expc

ward trend, whereas at the same time the airborne lew
of major cat allergen (that would not have been affectet

by the dog washing) remained unchanged. S.

De Blay et a® reported a reduction in airborne Fel d
1 after washing one cat weekly over a 4-week period

We showed a similar reduction in airborne Canf1in 57,

homes with dogs. It is interesting that we have observe

a very substantial reduction in allergen recovered frorr &

the dog hair immediately after washing, with a relative-

ly rapid buildup over the following few days. The effect 4

on airborne allergen, however, was much more modes
but appeared to last longer (up to a week). It is tempting
to speculate that a proportion of airborne allergen may
be carried on dry flakes and that the newly producec
allergen following the washing of the animal may not be

associated with particles that can shed off the animal fo11.

some time. Nevertheless, one should be very cautiou
when interpreting the airborne allergen data. Not only
was there a tremendous variability in these levels, bu

the sampling itself could have lead to behavioraliz.

changes in the homes that might have contributed t

lower allergen levels. Thus the main benefit of washing'*

the dog regularly may be the reduction in the buildup of

allergen in dust reservoirs (eg, carpets and upholsterea,

furniture).
In conclusion, the results of the present study show the

1 increased after washing and was not significantly lowe
compared with baseline by the third day afterwards. Thit

would suggest that washing needs to be done a minimurt’

of twice a week to be effective. Twice weekly washing
could decrease the buildup of allergen in the dust rese

voirs within the home. In addition, washing the dog regu-18.

larly may reduce the level of airborne Can f 1 in homes

with a dog. However, it is unlikely that the short-term and

modest reduction in the airborne allergen achieved by do
washing would significantly improve asthma control in
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