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Increased carbon monoxide in exhaled air of patients with
seasonal allergic rhinitis
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Summary

Background Carbon monoxide (CO) can be detected in exhaled air and is increased in
asthmatic patients. However, it is uncertain whether exhaled CO is increased in patients
with allergic rhinitis.

Objective and methodsTo study whether exhaled CO is increased in patients with allergic
rhinitis, exhaled CO concentrations were measured on a CO monitor by vital capacity
manoeuvre in 86 patients with seasonal allergic rhinitis during and out of the cedar pollen
season.

Results During the season, exhaled CO concentrations were+8.8p.p.m. and
decreased to 12 0.1p.p.m. out of the season. The values of exhaled CO out of the
season were similar to those in age-matched non-smoking healthy control subjects
(1.2= 0.1 p.p.m.). Exhaled CO concentrations were significantly higher in patients with
symptoms than in those without symptoni8<0.01). Exhaled CO concentrations in
patients did not differ significantly among oral and nasal exhalation, and oral exhalation
with an expiratory resistanc® ¢ 0.20).

Conclusion These findings suggest that allergic rhinitis increases the concentration of CO
in exhaled air and increases in exhaled CO may be derived from lower airways.
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Introduction (IL)-1, IL-5 and IL-6 have been identified as possible

Haem oxygenase (HO) generates the gas carbon monoxiorlre]zed'ators in rhinitis [4—6]. However, no measures of CO

: in nasal exhaled air have been made in rhinitis, in which
(CO) as a product of haem degradation [1]. Measurementﬁ1 . . . L
. . . . . there is a common form of inflammation similar to that
of CO in exhaled air have identified elevated levels in . . . .
described in asthma in the lower airways.

asthma, and it has been proposed that this may serve as AMrhus to determine whether levels of CO are increased in

indirect marker of airway inflammation [2]. Consistent with . . LT
o . . ; atients with seasonal allergic rhinitis, measurements of CO
this, inhaled corticosteroid therapy, which has been showt . . .
. ; L . . in exhaled air were made during nasal and oral exhalation in
to reduce airway inflammation, is associated with a reduc-

tion in exhaled levels of CO in asthma [2]. The infiltration of patients with seasonal allergic rhinitis, and the results were
) ) ’ .compared with the same measurements made in nonatopic
T lymphocytes, eosinophils and mucosal-type mast cells is
; ) . volunteers.
observed in the nasal specimens obtained from symptomatic

seasonal allergic rhinitis [3]. Likewise, a number of pro-
inflammatory cytokines and chemokines such as interleukiMaterials and methods

Correspondence: H. Sasaki, Department of Geriatric Medicine, Tohokl8ubjects
University School of Medicine, Aoba-ku Seiryo-machi 1-1 Sendai 980, ) ) )
Japan. We studied 30 normal non-smoking control subjects and 86
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patients with seasonal cedar pollen-sensitive rhinitis whaigarettes/day year) are shown in Table 1. The study was
did not have asthma. In the 30 control subjects there waapproved by the Tohoku University Ethics Committee, and
no history of respiratory or cardiovascular disease. Noneubjects gave informed consent.

of these 30 control subjects were receiving long-term

m_ed_lf:atlon. All patients had a h|story of se_asonal a”erg'CMeasurement of exhaled CO

rhinitis for at least 2 years, with upper airway but not

lower airway symptoms. None of the patients with seasoExhaled CO was measured on a portable Bedfont EC50
nal rhinitis had perennial rhinitis, nasal polyposis, sinusanalyser (Bedfont Technical Instruments Ltd, Sitting-
disease, chronic nasal obstruction, or other serious illnes®ourne, UK) using the method described by Jarvis and
A positive cutaneous response (skin prick test that proeolleagues [9] in which subjects are asked to exhale fully,
duced a 3-mm weal) to cedar pollen was identified in allinhale deeply, and hold their breath for 20 s before exhaling
patients but none of the controls had positive skin testapidly. Inhalation and exhalation were performed both
responses to a battery of standard antigens including cedarally and nasally. For oral exhalation a mouthpiece was
pollen. used and a nose clip fitted, whereas for nasal measurements
subjects exhaled through a tight-fitting nasal mask (Nasal
Continuous Positive Pressure [CPAP] mask; Respironics,
Monroeville, PA, USA) [10]. This procedure was repeated
The study was performed in February during the cedathree times, with 1 min of normal breathing between each
pollen season in Japan. To assess the clinical symptomegpetition, and the mean value was used for analysis [2].
subjects were instructed to record their clinical symptoms$ackground CO values (0—1 p.p.m.) were obtained prior to
every day over 1 week before the study. The presence dhe subject readings. To avoid analysis with a value of
symptoms (nasal obstruction, rhinorrhea and sneezing) wemxhaled CO concentration below 1.0 p.p.m., the background
recorded and the intensity of each symptom was evaluatelével was subtracted from the average value obtained from
every day. The intensity of symptoms were scored accordthree sequential manoeuvres in each patient. The exhaled
ing to a 4-point scale: 0, no symptoms; 1, mild symptomsCO concentrations were always values above 1.0p.p.m.
(present but not troublesome); 2, moderate symptoms (frebefore subtracting the background level throughout the
quently troublesome but not sufficient to interfere with experiments.

normal daily activity or night-time sleep); and 3, severe To examine the contribution of the upper airway to the
symptoms (sufficiently troublesome to interfere with normallevel of exhaled CO, an external resistance was added to
daily activity or night-time sleep) [7]. Mean value of the maintain a mouth pressure greater than 20 mmHg during
daily total symptom score of the three symptoms overoral exhalation. A continuous pressure in the mouth greater
1 week before the study was used to define two subgroupshan 20 mmHg is reported to close the velum during
patients with a mean value of a daily total symptom scoreexpiration to exclude nasal CO that may leak throughout
below 1 (called without symptoms) and patients with aexpiration in the presence of an open velum [11]. Mouth
mean value of a daily total symptom score above 2 (callegpressure was measured by a differential pressure transducer
with symptoms) [8]. None of the patients were receiving(Model MP45; Validyne, Northridge, CA, USA) and dis-
topical or oral corticosteroids or topical cromoglycate pre-played on an oscilloscope (Tektronix 5103 N; Tektronix
parations at least 3 weeks before the study. HoweverCorp., Beaverton, OR, USA).

patients with symptoms were treated with topical cromo- Prior to the start of the study, the analyser was calibrated
glycate or topical corticosteroid after CO measurement. Aliwith a mixture of 50p.p.m. CO in air [9]. Exhaled CO
patients with seasonal allergic rhinitis were also studied irconcentration measured by the Bedfont EC50 analyser is
May, out of the cedar pollen season, at a time when theyeported to correlate closely with blood carboxyhaemoglo-
were free of symptoms. Physical characteristics, pulmonaryin concentration over the range of values encountered in
function test results, and Brinkman’s index (number ofsmokers and non-smokers [12,13].

Study protocol

Table 1. Physical characteristics and

Age Sex FEV FEV Brinkman'’s pulmonary function test results
Subjects (years)* (M/F)* (% pred.)* (% pred.)* index
Control (h=30) 37+ 3 12/18 101+ 5 96+4 0
Allergic rhinitis (n=86) 39+ 2 32/54 98+ 5 94+5 0

* Values presented as meahsse
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T NS 1 among oral and nasal exhalation, and oral exhalation with
. P<0.01 —T—P<001— an expiratory resistance in both control subjects and patients

with allergic rhinitis > 0.20) (Table 3).

Discussion

We have shown that seasonal cedar pollen-sensitive rhinitis
107 is associated with an increase in exhaled CO in patients
during the cedar pollen season, and that levels of exhaled
CO are higher in patients with symptoms than in those
without symptoms. Furthermore, there is a reduction in
exhaled CO out of the cedar pollen season to values that
are similar to those in nonatopic control subjects. This
3 suggests that allergic rhinitis increases the production of
" CO in the respiratory tract.
o The exhaled CO concentration was similar between oral
E = and nasal exhalation in both control subjects and patients
with allergic rhinitis, suggesting that the increase in CO may
be derived from the lower respiratory tract. This is consis-
Fig. 1. CO concentrations in exhaled air in control subjects €Nt with the results that the exhaled CO concentration did
(n=30) and patients with allergic rhinitisni=86) during and ot differ between oral exhalation with and without an
out of the cedar pollen season. Mean valdese are indicated by — expiratory resistance. The resistance closes the velum
closed circles with error bars during expiration and excludes nasal CO that may leak
throughout expiration in the presence of an open velum [11].
In contrast with symptomatic rhinitis, lower airway
symptoms were not present in any patients, even in the
Results are reported as mearse. Statistical analysis was absence of asthmatic symptoms. However, sub-clinical
made with the Wilcoxon rank test. Significance wasinflammation has been reported in patients with allergic
accepted aP <0.05. rhinitis with evidence of eosinophil accumulation [14,15]
and enhanced collagen deposition in the lower airways [15].
It is therefore possible that in patients with seasonal allergic
rhinitis, inflammatory cell accumulation occurs within the
Mean CO concentration exhaled orally was .0.1 p.p.m. lower airways but does not reach a sufficient threshold to
in healthy control subjects. In patients with allergic rhinitis, induce symptoms. The identification of enhanced CO levels
the exhaled CO was significantly higher during the cedaiin such patients suggests that CO measurement is a sensitive
pollen season than that in control subjects (Fig. 1). How-method of monitoring airway inflammation.
ever, the exhaled CO values out of the season in patients Increased levels of nasal nitric oxide (NO) have been
with allergic rhinitis did not differ significantly from those reported in patients with allergic rhinitis [8,16,17]. Since
in control subjectsR>0.20) (Fig. 1). Orally exhaled CO patients with rhinitis show expression of inducible NO
values during the cedar pollen season were significantlgynthase in nasal epithelial cells [18], it is suggested that
higher in patients with symptoms than in those withoutthe increased levels of NO in nasal air of patients with
symptoms (Table 2). rhinitis may be derived from inducible NO synthase expres-
However, exhaled CO values did not differ significantly sion in nasal mucosa [17]. However, the present study

Exhaled CO (p.p.m.)
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Control During season  Out of season

Statistical analysis

Results

Table 2. Mean total symptom score

and exhaled CO in patients with and Age Sex Mean total Exhaled CO
without symptoms. Values presented  a|iergic rhinitis (years) (M/F)  symptom score (p.p.m.)
as meant se
With symptoms i = 60) 40+ 3 22/38 4.2+ 0.5* 4.0+0.3*
Without symptomsr{= 26) 375 10/16 0.3:0.1 25+0.3

*P<0.01 from without symptoms
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Table 3. Exhaled CO concentration in
oral and nasal exhalation, and oral

Exhaled CO (p.p.m.
(p-p-m.) exhalation with an expiratory resis-

Subjects Oral exhalation  Nasal exhalation Expiratory resistancd@nce. Values presented as mease
Control (h=30) 1.2+0.1 1.3+0.1 1.2+0.1
Allergic rhinitis (n=86) 3.6£0.3 3.8+04 3.5+ 0.3

suggests that the contribution of nasal mucosa to increased source of interleukin-5 mRNA in allergen-induced rhinitis. Am

CO production in exhaled air of patients with allergic  J Respir Cell Mol Biol 1993; 9:356-60.

rhinitis may be minimal. This is consistent with results 5 Sim TC, Grant JA, Hilsmeiner KA, Fukuda Y, Alam R.

from a recent report that upper airways do not influence Eromflammatpry cytokines in nasal secrgtlops of allergic sub-

exhaled CO levels in healthy subjects [19]. The source of Jlejéssagfger::tugen challenge. Am J Respir Crit Care Med 1994,

mg:rggs_ed levels 'of exhaled CO in patients with allergic 6 Sim TC, Reece LM. Hilsmeier KA, Grant JA, Alam R.

rhinitis is uncertain. However, al\./eolar' macrophages have Secretion of chemokines and other cytokines in allergen-

been shown to express HO-1, an inducible form of HO [20],  inqyced nasal responses: Inhibition by topical steroid treat-

and elevated levels of exhaled CO are reported to be ment. AmJ Respir Crit Care Med 1995; 152:927-33.

associated with an increased expression of HO-1 in airway7 Day J, Carrillo T. Comparison of the efficacy of budesonide

macrophages in asthmatic patients [21]. These data suggest and fluticasone propionate aqueous nasal spray for once daily
that the increased levels of exhaled CO in patients with treatment of perennial allergic rhinitis. J Allergy Clin Immunol

allergic rhinitis may also be derived from HO-1 expression ~ 1998; 102:902-8.

in alveolar macrophages. 8 Arnal JF, Didier A, Rami J et al. Nasal nitric oxide is increased
Although we have shown an elevation of exhaled CO in _ in allergic rhinitis. Clin Exp Allergy 1997; 27:358-62.

patients with allergic rhinitis during the cedar pollen season 2 JaVis MJ, Russell MAH, Saloojee Y. Expired air carbon

- . monoxide: a simple breath test of tobacco smoke intake. Br

that decreases out of season, it is uncertain whether the level Med J 1980: 2814845

9f COin e.xhaled aris mere!y ar_‘ Indlcat(?r of lower alrwgy 10 Jounieaux V, Parreira VF, Delguste P, Aubert G, Rodenstein

inflammation or causative link in the biology of allergic  po. Nasal mask pressure waveform and inspiratory muscle

rhinitis. However, the demonstration that allergic rhinitis is  yegt during nasal assisted ventilation. Am J Respir Crit Care

associated with a high level of exhaled CO suggests a Med 1997; 155:2096—101.

potential role for this mode of measurement to monitoril Silkoff PE, McClean PA, Slutsky AS et al. Marked flow-

disease activity and airway inflammation in patients with  dependence of exhaled nitric oxide using a new technique to

allergic rhinitis. exclude nasal nitric oxide. Am J Respir Crit Care Med 1997;

155:260-7.

12 Irving IM, Clark EC, Crombie IK, Smith WCS. Evaluation of a
portable measure of expired-air carbon monoxide. Prev Med
1988; 17:109-15.

3 Jarvis MJ, Belcher M, Vesey C, Hutchinson DCS. Low cost
carbon monoxide monitors in smoking assessment. Thorax
1986; 41:886-7.

14 Howarth PH, Wilson J, Djukanovic R et al. Airway inflamma-

tion and atopic asthma: a comparative bronchoscopic investi-

1 Maines MD. Heme oxygenase: function, multiplicity, regula- gation. Int Arch Allergy Appl Immunol 1991; 94:266-9.
tory mechanisms, and clinical applications. FASEB J 1988;15 Chakir J, Laviolette M, Boutet M, Lalib€re, DubeJ, Boulet
2:2557-68. LP. Lower airways remodeling in nonasthmatic subjects with

2 Zayasu K, Sekizawa K, Okinaga S, Yamaya M, Ohrui T,  allergic rhinitis. Lab Invest 1996; 75:735-44.

Sasaki H. Increased carbon monoxide in exhaled air of asth16 Martin U, Bryden K, Devoy M, Howarth P. Increased levels of
matic patients. Am J Respir Crit Care Med 1997; 156:1140—  exhaled nitric oxide during nasal and oral breathing in subjects
3 with seasonal rhinitis. J Allergy Clin Immunol 1996; 97:768—
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