
both genes) is involved in asthma genetics

on the basis of our current knowledge.

Care must be taken when interpreting

association results of single genes, and

when interpreting association studies

with a candidate gene, other genes in the

genomic neighbourhood that are possibly

in linkage disequilibrium with that gene

should be considered, too. This task

should become much more feasible once

the haplotype pattern and linkage dis-

equilibrium �islands� of the genome are

known (6).
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Increased personal respirable
endotoxin exposure with furry
pets

N. Rabinovitch*, A. H. Liu, L. Zhang, K. Foarde,
C. E. Rodes, E. W. Gelfand

Key words: asthma; endotoxin; personal monitoring;
pets.

We recently reported on the utility of

using small portable monitors to more

precisely measure particulate (1) and

endotoxin (2)

exposure levels

and relate these

to asthma con-

trol. Utilizing

these personal

monitors to

measure expo-

sure, at the same

time monitoring pet contact, we report

on the consequences of pet ownership

and animal play on endotoxin exposure

in children with asthma.

Ten schoolchildren aged 6–13 years

were monitored over a 1-month period in

January–February 2000. Personal mon-

itoring was performed as previously des-

cribed (1). Ethical and scientific approval

for this study was obtained from the

National Jewish Center and RTI Inter-

national’s Institutional Review Boards

before initiation of recruitment.

Families completed a questionnaire

before the study began describing demo-

graphic characteristics including pet

ownership. During the monitoring per-

iod, children also filled out questionnaires

describing whether and how long they

had played with cats or dogs. Filters were

weighed to quantify PM2.5 before and

after monitoring following the procedure

of Lawless and Rodes (3). Endotoxin

measurements and statistical analysis was

performed as previously described (1, 4).

The median personal endotoxin expo-

sure level was 0.06 EU/m3 [25th–75th

interquartile range (IQR) ¼ 0.10 EU/

m3]. The median personal PM2.5 expo-

sure level was 12.54 lg/m3 (IQR ¼
18.64 lg/m3). There was no significant

correlation between endotoxin and PM2.5

exposures (r ¼ )0.103, P ¼ 0.36). Four

households reported owning and living

with furry pets, three with dogs and one

with a cat (all indoors). Two children

without pets reported playing with furry

animals on single days and a third

reported animal play on 2 days during

the personal monitoring interval. Esti-

mated playtime ranged from 10 to

30 min.

Figure 1 summarizes the relationship

between furry animal ownership and/or

play and personal endotoxin exposure

levels. Children living in a household

with dogs or a cat were exposed to

significantly higher levels of endotoxin

compared with those not owning pets

(median 0.13 vs 0.04 EU/m3, P ¼ 0.02).

In this comparison no change in overall

PM2.5 exposure was observed. In children

not owning pets, there was a trend (P ¼
0.08) towards higher exposure on days

that they reported playing with furry

animals (median 0.07 vs 0.04 EU/m3)

although PM2.5 exposure did not change.

There was no further increase in endo-

toxin exposure levels on days when chil-

dren living with pets reported playing

with them compared with days when they

did not (median 0.13 vs 0.13 EU/m3,

P ¼ 0.61).

There was a trend towards higher

exposures if nonpet owning children

played with a furry animal on a partic-

ular day. However, if one lived in a

household with dogs or cats, exposures

were similar whether or not children

reported playing with pets suggesting that

pet-containing households carry a near-

maximum exposure load. This relation-

ship was not observed with total PM2.5,

confirming that the association was as a

Children who live with
pets are exposed to
higher endotoxin levels
independent of pet
play.
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result of endotoxin concentrations (or a

bioactive factor highly correlated with

endotoxin) and not to increased overall

particulate exposures. The observation of

increased exposure among children living

with pets independent of playing with

them suggests that exposures are related

to behaviors that are more likely to

increase the endotoxin �personal cloud�,
but are not necessarily associated with

direct pet contact per se. Examples would

include the re-suspension of previously

settled endotoxin-rich particles into an

individual’s breathing zone with running

on a carpet, or close proximity to surfaces

where these particles have settled (1). In

this context, environmental interventions

to decrease endotoxin exposure by

decreasing actual pet contact may not be

beneficial without totally removing the

pet from the home environment. How-

ever, limiting pet contact outside the

home and decreasing endotoxin levels by

removing pets may benefit children with

asthma not only by decreasing allergen

levels, but by decreasing endotoxin

exposure as well.

EPA R825702, Thrasher Research

Fund02816,ColoradoTobaccoResearch.

*Department of Pediatrics

National Jewish Medical and Research Center

Denver, CO, USA

Tel: (303) 398-1992

Fax: (303) 270-2189

E-mail: rabinovitchn@njc.org

Accepted for publication 31 January 2006

Allergy 2006: 61:650–651

� 2006 The Authors

Journal compilation � 2006 Blackwell

Munksgaard

DOI: 10.1111/j.1398-9995.2006.01101.x

References
1. Rabinovitch N, Liu AH, Zhang, L.,

Rodes, CE., Foarde K, Dutton SJ et al.

Importance of the personal endotoxin

cloud in school-age children with asthma.

J Allergy Clin Immunol 2005;116:1053–

1057.

2. Strand M, Vedal S, Rodes C, Dutton SJ,

Gelfand EW, Rabinovitch N. Estimating

effects of ambient PM2.5 exposure on health

using PM2.5 component measurements and

regression calibration. J Expo Sci Environ

Epidemiol 2006;16:30–38.

3. Lawless PA, Rodes CE. Maximizing data

quality in the gravimetric analysis of

personal exposure sample filters. JAMA

1999;40:1039–1049.

4. Verbeke G, Molenberghs G. Linear Mixed

Models for Longitudinal Data. New York:

Springer-Verlag, 2000.

Play with animals                  
Pet ownership Pet owners Non-pet owners Pet ownership Pet owners Non-pet owners

Play with animals

P = 0.02         P = 0.61        P = 0.08 P = 0.42          P = 0.61          P =  0.61 

No

–6 0.0

1.0

2.0

3.0

4.0

5.0

Endotoxin PM2.5

–5

–4

Lo
g(

E
nd

ot
ox

in
) 

 (
E

U
/m

3 )

Lo
g(

P
M

2.
5)

  (
ug

/m
3 )

–3

–2

–1

0

1

Yes No Yes No Yes No Yes No Yes No Yes

Figure 1. Illustrates personal endotoxin exposures as they relate to pet ownership or play with dogs or

cats. The bottom and top edges of the box are located at the sample 25th and 75th percentiles. The center

horizontal line is drawn at the 50th percentile (median). The bottom and top end of the whiskers show the

10th and 90th percentiles of the sample.
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