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Summary Exhaled breath condensate has been collected in other species and used
as a non-invasive method of evaluating airway disease by measurement of various
markers in the fluid, including hydrogen peroxide, nitric oxide, leukotrienes and
prostaglandins. We describe a novel technique for the collection of exhaled breath
condensate from cats, which enabled collection of fluid and measurement of its hy-
drogen peroxide concentration. Further studies will be needed to establish the value
of this technique in the investigation of feline respiratory disease.
� 2004 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
In man (Antczak and Gorski, 2002) and most re-
cently in horses (Deaton et al., 2001), collection of
exhaled breath condensate (EBC) has been estab-
lished as a novel and non-invasive means of assess-
ing lower airway inflammation, and as a means
of monitoring response to interventional therapy
(Hunt, 2002). In numerous studies, various indica-
tors of airway inflammation, ormarkers of oxidative
stress, have been evaluated, including hydrogen
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peroxide and thiobarbituric acid-reactive products
(Antczak et al., 1997; Loukides et al., 2002), nitric
oxide (Corradi et al., 2003), 8-isoprostane (Baraldi
et al., 2003), leukotrienes and prostaglandins (Mon-
tuschi et al., 2003), and interleukins (Carpagnano
et al., 2003). Assay of hydrogen peroxide (H2O2)
in EBC has been one of the most widely reported
and common applications of this technique, and
there is clear evidence that EBC H2O2 is elevated
in human pulmonary inflammatory conditions such
as asthma, adult respiratory distress syndrome
(ARDS) and human chronic obstructive pulmonary
r Ltd. All rights reserved.
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disease (COPD) (Antczak et al., 1997, 1999; Dekhuij-
zen et al., 1996; Kietzmann et al., 1993; Nowak
et al., 1999). In addition, EBC H2O2 has also been
shown to be increased following cigarette smoking
(Nowak et al., 1996), during acute upper and lower
respiratory tract infections (Dohlman et al., 1993),
in bronchiectasis (Loukides et al., 1998), and sepsis
(Sznajder et al., 1989). It appears that the H2O2

present in EBC is derived mainly from polymorpho-
nuclear leucocytes, pulmonary macrophages and
type II pneumocytes, and its concentration may
reflect phagocyte activation (Loukides et al.,
2002; Szkudlarek et al., 2003).

The purpose of this paper is to describe a non-
invasive system we have developed to collect EBC
from cats, and the successful measurement of
H2O2 in the samples collected.

Previously, a system has been described for the
analysis of hydrogen in exhaled breath of cats, us-
ing an acrylic plastic chamber through which air is
drawn at a constant rate, with the hydrogen con-
centration being measured in the air drawn out
from the chamber (Muir et al., 1991). Although
breath hydrogen concentration can also be mea-
sured in expired air collected in a bag through the
use of a close fitting face mask and a one-way valve
(German et al., 1998), this technique is not always
successful in cats, and we anticipated that the
length of time required to collect a sufficient
volume of EBC would preclude the use of this
technique.

A collection system was therefore designed
based around an acrylic plastic chamber formed
from individual 5 mm sheets with a hinged lid mea-
suring 40!25!25 cm (internal dimensions; inter-
nal volume equivalent to 25 litres; Figs. 1 and 2).
A strip of rubber was placed between the lid and
the box to form an air-tight seal when it was closed.
Two steel flexible toggle latches were placed oppo-
site the hinges on the front of the box to ensure
a tight seal between the lid and box. On one of
the ends of the box (i.e. 25!25 cm ends), a 25
mm diameter inlet was drilled towards the top of
the box to allow air to flow into the chamber, and
at the opposite end of the box an outlet of the same
size was provided, except that this was positioned
towards the bottom of the box. Both inlet and out-
let were fitted with adaptors so that the PVC tubing
could be attached to the chamber. The outlet from
the chamber was connected to a 75 cm length of
PVC tubing (28 mm OD, 25 mm ID), which was then
connected to a ‘U-shaped’ welded stainless steel
condensing tube (22 mm OD, 18 mm ID, and 85
cm total length). The condensing tube was im-
mersed in an ice-water bath at w4 (C. A second
75cm length of PVC tubing connected the condens-
ing tube to the inlet of a flowmeter (0e13 l/min; In-
flux UK), and a third length of PVC tubing (35 cm)
connected the flowmeter outlet to a multi-stage
pump (model 4MS8, ACI Ltd, Chard, Somerset,
UK). Unloaded, the pump was capable of moving
air at a rate of 70 m3/h. The speed of the pump
was controlled by a rheostat, and the flow of air
through the box was set to 900 ml/kg/min (using
the pump and flow meter) to ensure that it ex-
ceeded the animals estimated minute ventilation
volume by at least three-fold to prevent re-breath-
ing of expired gases.

During preliminary experiments, it was deter-
mined that in order to collect a volume of breath
condensate of approximately 1.0 ml required the
cat to be in the chamber for approximately 20e30
min (at room temperature and with the box bias
flow being drawn from the room). The EBC sample
collected in the condensing tube was decanted
into a sterile plastic cuvette and analysed for
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Figure 1 Diagrammatic representation of the system used for breath condensate collection (blue arrows indicate flow
of air).
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Figure 2 Siamese cat with lower respiratory disease in the acrylic chamber having breath condensate collected.
H2O2 concentration within 10 min of collection. Be-
tween each EBC sample collection, the condensing
tube was cleaned thoroughly by flushing through
with distilled water followed by 100% ethanol to
facilitate drying.

This EBC collection procedure was performed in
six healthy adult cats ( four females of which three
were entire and two males both neutered). All cats
tolerated being in the collection box and showed no
signs of distress. A 30min collection period resulted
in the recovery of 0.9 to 1.2 ml of EBC. The concen-
tration of H2O2 in the EBC was determined using
a spectrophotometric assay based on the oxidation
of tetramethylbenzidine by hydrogen peroxide and
catalysed by horse radish peroxidase adapted from
Gallati and Pracht (1985). Two hundred and fifty ml
of 840 mM 3#3#5#5#-tetramethylbenzidine in 0.42 M
citrate buffer pH 3.8 and 50 ml of 52.5 U/ml horse
radish peroxidase were added to 500 ml breath con-
densate and the peak absorbance read at 370 nm
after approximately 10 s. The limit of detection
was 0.1 mmol/l with an intra-assay coefficient of
variation !4% (calculated from pooled samples).
In the six healthy cats, EBC H2O2 concentration
ranged from !0.1 to 2.1 mmol/l (median 1.0
mmol/l, mean 0.9 mmol/l).

Mean EBCH2O2 in healthy human control subjects
from a number of different studies have ranged
from 0.01 to 0.72 mmol/l (Antczak et al., 1999; De-
khuijzen et al., 1996; Loukides et al., 2002; Nowak
et al., 1999; Sznajder et al., 1989), and similarly in
healthy horses, EBC H2O2 has been reported to be
in the range of 0.5 to 1.0 mmol/l (Deaton et al.,
2001). Therefore, the EBC H2O2 concentrations
measured in these healthy cats are comparable to
those previously reported in man and horses.

This study demonstrates that, using the de-
scribed system, EBC can be successfully collected
from cats in a safe, non-invasive and very well-tol-
erated way. Furthermore the EBC recovered can be
subjected to analyses that have been used for eval-
uation of lower airway disease in other species.
However, further work will be necessary to estab-
lish normal ranges for values of inflammatory
markers in larger numbers of cats, and to investi-
gate changes associated with disease.
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