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序

我々は、 1 9 8 9 年 以 来 、 慢 性 乾 性咳嗽の原因疾患として「アトピー咳嗽

(atopiccough」を提唱し、通常の気管支生検に加え気管生検を実施することによ

り、本疾患の基本病態が、Eosinophilictracheobronchitiswithcough

hypersensitivityであることを解明し、その咳嗽にヒスタミンH1-拮抗薬および

ステロイド薬が有効であることを報告した(ClinExpAllergy2000、Allergology

International2000)。また、アトピー咳嗽は、喘息に移行しないという長期予後

においても、咳喘息とは異なる新しい疾患概念であることを確認した(Thorax

2003）。

上記の 研 究 を 進 め る 中 で 、 慢 性咳嗽の診断と治療に関する臨床研究も推進した。

その結果、日本における慢性咳嗽の主要疾患が、咳喘息、アトピー咳嗽、副鼻腔気

管支症候群であり、欧米とは全く 異 な る こ と を 明 ら か に し 、 日 本 咳 嗽 研 究 会 で の 討

論を通し て 、 2 0 0 3 年 に 「 慢 性 咳 嗽に関する診断と治療の指針」を発刊した。さらに、

2005年には日本呼吸器学会から「咳嗽に関するガイドライン」の発刊に成功した。

これらの業績は、我が国における慢性咳嗽診療に方向性とエピデンスを与えるもの

となった。

一方、アトピー咳嗽患者の中には、Trichosporonasahii、Pichiaguilliermondii、

Streptomycesalbusなどの環境真菌が原因抗原と考えられた難治性の症例が存在

することを経験した（順にIntArchAllergylmmunoll998、日呼吸会誌1999

Allergologylnternational2000)。特に好熱真菌であるHumicolafuscoatra(HF)

が 環 境に出現すると、喀疾中の好酸球が増加するアトピー咳嗽の1例を経験した

(JAsthma2002)。また、喀疲、咽頭および勤務する職場からHumicolafuscoatra

(HF)が繰り返し培養された難治性アトピー咳嗽の1例を経験した。アトピー咳嗽患

者64名を対象とした臨床的検討の結果、アトピー咳嗽の治療抵抗性（難治度）は、
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HFの環境および咽頭の培養陽性と関連し（順にp=0.046,p=0．0008)、多変量解析の

結果、咽頭培養陽性と最も強く関連した。

以上 の成績から、アトピー咳嗽や咳喘息の治療抵抗性（難治性）と環境真菌の

関係 が示唆されたため、本研究を計画した。

目次と内容

I.慢性乾 性咳嗽患者における咽頭真菌培養の陽性頻度とその季節性に関する

臨 床的検討pl-8

咽頭に生着したBasidiomycetes(BM)は、ACの難治化因子の一つであるが、ア

レルギー性気道疾患全体においても、環境落下真菌が重要である可能性がある。

慢性乾性咳嗽患者における咽頭真菌 培養の陽性頻度と、その季節性に関する検討

を行った。真菌培養陽性患者は、アトピー咳嗽では73名中14名(19.2%)(Candida

8名、BM6名）、咳喘息では27名中5名(18.5%)(Candida2名、BM2名、Penicillium

l名）、咳優位型気管支喘息では22名中6名(Candida4名、BM1名、Penicillium

l名、Aspergillusflavisl名）であり、慢性乾性咳嗽患者全体の咽頭真菌培養

陽性率は18．4％であった。BMの陽性頻度(6.4%)はCandidaに次いで2番目に多

かった。

IITheimportanceof"erka"dez･aad"staasapotentialetiologicalagent

offungus-associatedcoughsyndrome(FACS)

真菌関連咳嗽症候群の原因物質としてのヤケイロタケの重要性p9-20

真菌関連咳嗽症候群(FACS)と診断した21名の患者から無作為に選択した8名



の患者の喀疲から培養された真菌を28SrDNA(D1/D2)シークエンス解析を用い

て同定した。培養されたbasidiomycetousfungiの分子生物学的解析によって、

全例の培養真菌がヤケイロタケであることが判明した(100%homologyto

DDBJ/EMBL/GenBankDNAdatabaseaccessionnumberABO96738)。

III.慢性乾性咳嗽患者におけるHumicolafuscoatra(HF)の重要性に関する臨床的

検 討

P21-23

平成13年4月1日から10月31日の間に当院に通院した、慢性乾性咳嗽患者90名（アト

ピー咳嗽64名、咳喘息26名）と気 管 支 喘 息 8 5 名 に 対 し て 、 喀 疲 お よ び 咽 頭 拭 い 液

の真菌培養、環境落下真菌培養、HFの抗原抽出液を用いた皮内テストを実施した。

対 照として、健常人19名に対しても同抗原液を用いた皮内テストを実施した。

1）ア レルギー性気道疾患（アトピー咳嗽;AC，咳喘息;CVA、気管支喘息;BA)

において、環境真菌培養の陽性率は88．9～100%であり各疾患群に差はなく、また

Humicolafuscoatra(HF)の検出率(31.1～44．4%)も、各疾患群に有意差はみられな

かった。

2）喀疲真菌培養陽性率は57．0～72．7％と各疾患群に差はなく、またHFの検出率

(16．7～27．3％）も、各疾患群に差はみられなかった。

3）咽頭の真菌培養では、HFの出現頻度はAC患者がBA患者より有意に高かった

(p=0．027)が、CVA患者とは有意差を認めなかった。

4)HFに対する即時型皮内反応の陽性率は、健常者(5.3%)に比較して、AC(18.8%),

CVA(26.9%)およびBA(22.4%)の各アレルギー性気道疾患群の方が高かった。

IVIsB.jez･ka"dez･aad"sraimportantforfungus-associatedcoughsyndrome

asanallergen？ACaseStudy

ヤケイロタケは真菌関連咳嗽症候群の原因抗原として重要か？P24－45



喀疲からヤケイロタケが培養された慢性咳嗽患者8名を対象として、その真菌抽

出粗抗原を用いて即時型皮膚反応、血清学的検査、気管支誘発試験、リンパ球刺

激試験を実施し、抗真菌薬の効果との関連を検討した。気管支負荷試験もリンパ

球刺激試験も陰性だった3例では抗真菌薬は著効を示したが、これらの反応のひ

とつ以上が陽性だった5例では抗真菌薬の効果発現に時間を要した。

V、FUNGUS-ASSOCIATEDCOUGHSYNDROME(FACS):Theefficacyof

itraconazoleinthetreatmentofpatientswithchroniccoughwhosesputa

yieldbasidiomycetousfungi

真菌関連咳嗽症候群(FACS):basidiomycetousfUngi(BM)が喀疲培養で同

定された慢性咳嗽患者に対するイト ラ コ ナ ゾ ー ル の 有 効 性 p 4 6 - 6 4

慢性咳嗽患者171名の中、39名の喀疲からBMが培養同定され、その中21名

が本研究に参加した。10名は2週間のイトラコナゾール(50mg/day)投与を

受け、残りの11名は2週間のプラセボ(n=10)投与を受けた。イトラコナゾ

ール投与群は咳スコアの有意な改善がみられ、プラセボ群と有意差(P<0.001)

を認めた。

VIExhalednitricoxide(NO)levelsinpatientswithatopiccoughand

coughvariantasthma

アトピー咳嗽患者と咳喘息患者の呼 気 中 一 酸 化 窒 素 ( N O ) 濃 度 p65-78

呼気中NOは、好酸球性気道炎症のバイオマーカーとして注目されている。実

際に喘息や咳喘息では上昇していることが報告されている。アトピー咳嗽患

者9名、咳喘息患者11名、喘息患者10名を対象として呼気NO濃度を測定し



た。呼気NO濃度は、アトピー咳嗽患者では咳喘息患者および喘息患者より有

意に低値を示した。この結果は、アトピー咳嗽の好酸球性気道炎症が中枢側

に限 局していることに一致する。

VIITheeffectofpressurestresstoairwayoncoughreflexsensitivity

lngulneaplgs

モルモットの咳受容体感受性に対す る 圧 ス ト レ ス の 影 響 P79－101

仮説「気道壁への咳嗽ストレスは咳反射回路の自己増幅を招来する」を立証す

るために、モルモットを用いて実験した。麻酔・人工呼吸下のモルモットに咳

嗽 ストレスに類似すr急峻な陰圧負荷を加え、覚醒後に経時的にカプサイシン

咳感受性測定と気管支肺胞洗浄(BAL)を実施した。カプサイシン咳感受性と

BAL好中球は圧ストレス6時間後に増加したが、24時間以内に正常化した。

Hydroxyurea処置は、圧ストレス6時間後のカプサイシン咳感受性冗進とBAL好

中球 増加の両者を抑制した。すなわち、圧ストレスー咳感受性冗進の自己増幅

悪 循 環回路の存在が示唆された。



1.慢性乾性咳嗽患者における咽頭真菌培養の陽性頻度とその季節性に関する

臨床的検討

Fungalculturefrompharyngealswabandseasonalinfluenceinpatientswith

chronicnon-productivecough

SUMMARY

Ithas beensuggestedthatBasidiomycetesisanimportantfungal

aeroallergen・WehavereportedthatBasidiomycetesmaybeimportantfor

allergicairwaydisorderssuchasatopiccough,coughvariantasthmaand

bronchialasthma・Inthisstudy,141patientswithchronicnonproductive

coughunderwentpharyngealswabcultureforfungi,andl8.4%ofallpatients

waspositiveforCandida(10．6%)andBasidiomycetes(6.4%).Positiveresult

oftheculturedBasidiomyceteswasrelativelyfrequentinAugustand

September・ItissuggestedthatBasidiomycetesisimportantasafungus

colonizinginthepharynx,whichiscausativeand/orexacerbatingfor

allergicairwaydisorderspresentingwithchronicnon-productivecough.

抄録

咽頭に生着したBasidiomycetes(BM)は、ACの難治化因子の一つであるが、ア

レルギー性気道疾患全体においても、環境落下真菌が重要である可能性がある。

今回我々は、2002年4月1日から1年間に、慢性咳嗽を主訴に当院呼吸器科を

受 診し た156名のうち、とくに乾性咳嗽を主訴とした患者141名を対象として、

慢性乾性咳 嗽患 者に おけ る咽 頭真菌培養の陽性頻度と、その季節性に関する検討

を行った。真菌培養陽性患者は、アトピー咳嗽では73名中14名(19.2%)(Candida

8名、BM6名）、咳喘息では27名中5名(18．5%)(Candida2名、BM2名、Penicillium

l名）、咳優位型気管支喘息では22名中6名(Candida4名、BM1名、Penicillium

1



1名、Aspergillusflavisl名）であり、慢性乾性咳嗽患者全体の咽頭真菌培養

陽性率は18．4％であった。BMの陽性頻度(6．4%)はCandidaに次いで2番目に多

く、とくに8月と9月に多かった。 咽 頭 に 生 着 し た B M が 慢 性 咳 嗽 を 呈 す る ア レ

ルギー性気 道 疾 患 の 原 因 ま た は 増 悪因子である可能性を追求する必要がある。

はじめに

これまでに、種々の環境真菌が原 因抗原と考えられた難治性のアトピー咳嗽

(atopiccough以下AC[1-7]や、咳喘息(coughvariantasthma以下、CVA[8]

の症例を報告してきた。とくに、Basidiomycetes(BM)[8]が原因抗原であった症

例では、B Mの 環境 への 出現 に伴 い喀疲中の好酸球が増加した[7]、また生活環

境にBMが存在するとBMに対する即時型皮内反応の陽性率が高くなる[9]ことよ

り、環境真菌であるBMと気道アレルギー疾患が密接に関係している可能性が示

唆された。

日常診療における慢性咳嗽の診断と治療には、日本咳嗽研究会が中心になって執

筆された「慢性咳嗽の診かた」（藤村政樹編）［10］が極めて有用であり、咽頭に

生着した 環境真菌が、原因あるいは 増 悪 因 子 と し て 働 く よ う な 難 治 性 の ア ト ピ ー

咳嗽患者の治療においては、環境真菌を念頭において診療にあたることの重要性

について もく言及されている。これま で に 我 々 は 、 ア ン フ ォ テ リ シ ン B シ ロ ッ プ

に よ る 含嗽や、少量のイトラコナゾ ー ル の 内 服 が 有 効 で あ っ た 難 治 性 咳 嗽 症 例 を

経験した［11，12］。

2005年に、咳嗽に関するガイドラ イ ン が 日 本 呼 吸 器 学 会 か ら 提 出 さ れ る が 、 今

回我々は、環境真菌の除菌なしでは治療しえない症例が実際にどのくらい存在す

るのかを 明確にするために、その前段 階 と し て 、 慢 性 乾 性 咳 嗽 患 者 に お け る 咽 頭

真菌培養の陽性頻度とその季節性に関して臨床的検討を行った。
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【方法】

2002年4月1日から1年間に、慢性咳嗽を主訴に当院呼吸器科を受診した156

名のうち、とくに乾性咳嗽を主訴とした患者141名を対象とした。慢性乾性咳嗽

の 原 因 疾患は、咳嗽研究会が定める慢性咳嗽の診断基準(D:厳しい基準、P:"

まい基準）に基づいて診断し、咽頭真菌培養を実施した。

呼吸機能検査は、スパイロメーター（チェスタック）を用い、咳受容体感受性

は、カプサイシンを用いた咳閾値(C5)を測定した[14]・

気道過敏性は、非特異的な気管支平滑筋の反応性を評価する指標として、PC20

を測定した。また、気管支拡張薬に対する気道の可逆性として、Salbutamol300

〃 g の 吸入前後に肺機能検査を実施し、FEV1．0の増加率を測定した。なお、咳閾

値と気道可逆性の測定は初診時に、気道過敏性の測定は再診時に実施した。

咽頭真菌培養は初診時に実施し、咽頭後壁を滅菌綿棒で拭い、サブロー培地に

まんべん なく塗布し、7－10日後に同定した。

【結果】

l)慢性咳嗽患者の内訳(Tablel)

慢 性咳嗽患者156名から、副鼻腔気管支症候群10名、心因性咳嗽4名(D:1

名、P:3名）、GERD(P:1名）を除いた141名の内訳は、アトピー咳嗽73名(D:17

名、P:56名)(51．8%)、咳喘息27名(D:17名、P:10名)(19.2%)、咳優位型気管

支喘息22名（15．6％）、不明19名（13．5％）であった。

アトピー咳嗽患者は、男性32名、女性41名であり、年齢は43．1±13.7歳だ

った。一般肺機能検査では、1秒量(FEVl)(%predicted)は104.l±15.5%、1

秒率(FEV1/FVC)は82.2±6.9%、メサコリン気道過敏性(PC20)の幾何平均は

17．7（幾何標準誤差(GSEM)1.06)mg/ml、咳閾値の幾何平均は14.3(GSEM,1.15)

“M、気管支拡張薬に対する可逆性は2．7±2．7％であった。咳喘息患者は、男性

18名、女性9名であり、年齢は40．3±14．4歳だった。FEV1(%predicted)は95.6

3



±21．0％、FEV1/FVCは82.9±7.9%、PC20は3.39(GSEM,1.32)mg/ml、咳閾値は

33,8(GSEM,1.31)"M、気管支拡張薬に対する可逆性は4．8±3.9%であった。咳

優位型喘息患者は、男性11名、女性11名であり、年齢は56．9±14，8歳だった。

FEV1(%predicted)は84．8±19.4%、FEV1/FVCは68.3±11．2%､PC20は0.31(GSEM,

1.49)mg/ml，咳閾値は60.4(GSEM,1.81)"M、気管支拡張薬に対する可逆性は、

9．0±9．0％であった。

2）月別慢性乾性咳嗽患者141名の分布と、咽頭真菌培養陽性患者26名の分布。

慢性乾性咳嗽患者は一年を通して当院を受診したが、とくに5月、6月に多か

った(Figurel)。また、咽頭真菌培養陽性患者は26名(18．4%)(Candidal5名、

Basidiomycetes9名、その他3名）であり、BMが陽性の患者は、4，5，7，8，

9月に見られ、とくに8月と9月に多かった(Figure2)。

3）疾患別咽頭真菌培養分離菌の内訳

真菌培養陽性患者は、アトピー咳嗽では73名中14名(19.2%)(Candida8名、BM

6名）、咳喘息では27名中5名(18.5%)(Candida2名、BM2名、Penicilliuml

名）、咳優位型気管支喘息では22名中6名(27.3%)(Candida4名、BM1名、

Penicilliuml名、Aspergillusflavisl名）であった(Figure3)。

【考察】我々は、1989年以来、慢性乾性咳嗽の原因疾患として「アトピー咳嗽

(atopiccough;AC)」を提唱し[1]、通常の気管支生検と気管支肺胞洗浄に加え

て気管生検を実施することにより、 ACの基本病態が、Eosinophilic

tracheobronchitiswithcoughhypersensitivityであることを解明し、その咳

嗽にヒスタミンH1－拮抗薬およびステロイド薬が有効であることを報告した[2]。

また、長期予後においても、ACは喘息に移行せず、咳喘息[15]とは異なる新し

い疾患概 念 で あ る こ と を 確 認 し た ［ 3］･

アトピー咳嗽(AC)の標準的な治療法は、我々よってほぼ確立されている[2,3]が、

一部には治療に難渋する症例もあり、過敏性肺臓炎や好酸球性肺炎［16，17］など
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と同様に、原因抗原の追究［13］が治療の糸口を見いだす手掛かりになる。

とくに、環境真菌が原因、あるいは増悪因子であった難治性のアトピー咳嗽

[4－7］や咳喘息の症例［8］では、抗真菌薬の少量内服や含嗽が有効である症例が存

在するため、環境真菌が、どの程 度気道アレルギー疾患に関与しているかについ

て検討することは重要である。

今回の検討 では 、慢 性乾 性咳 嗽患者の咽頭から培養同定された真菌において、

BasidiomycetesがCandidaに次いで2番目に出現頻度の高い真菌であることが

判明した。Basidiomycetesは、担子菌門に属する無性性真菌である。ラッカー

ゼ陰性で、かすがい連結(clampconnection)を持たない。人体に病原性を有す

る担子菌門の真菌は、CryptococcusneoformansやTrichosporonのような

Basidiomycetousyeastなどに限られ、担子菌門に属する他の真菌でも、亀井ら

[18］がSchizophyllumcommune(スエヒロタケ）によるアレルギー性気管支肺真

菌症 を報告しているにすぎない。

しかしながら、Basidiomycetes(BM)の空中浮遊真菌（環境真菌）としての重要

性は古くから認識されていて、1952年のGregoryとHirstらの報告[15]に遡る。

Manuelら[19]もアトピー型喘 息 患 者 の B M に 対 す る 即 時 型 皮 内 反 応 陽 性 率 が

42－6 8 ％ で あ っ た と 報 告 し て いる。また、著者らも、職場と喀疲から繰り返しBM

が検出されたアトピー咳嗽患者の職 場 職 員 1 9 名 に 実 施 し た B M の 即 時 型 皮 内 反 応

の陽性率（31．6％）が、健常人（3．4％）より有意に高率であることを示し［9］、無

症状であっても環境にBMが存在すれば、BMの即時型皮内反応の陽性率が高く

なり、ひいては、アレルギー性気道疾患を惹起する可能性を報告した。

著者らは、難治性咳嗽症例の治療経験を通して、Basidiomycetes(BM)の重要

性を報告してきたが、今回の検討 で は 、 慢 性 乾 性 咳 嗽 患 者 の 咽 頭 真 菌 に お け る

BMの出現頻度からも、広く気道アレルギー疾患の病像を修飾している可能性が

示唆された。また、環境真菌調査の実施に際しては、最も滞在時間が長いと考え

られる寝 室 、 職 場 や 自 家 用 車 の 空調も含めた居住環境についての詳しい問診を基

5



礎として 、住居、職場など広く環境 真 菌 培 養 を 実 施 す る と と も に 、 季 節 性 に つ い

ても留意することが有用と考えられた。

【結論】

慢性乾性咳嗽患者における咽頭真菌培養陽性率は18．4％であった。BMの陽性頻

度（6．4％）はCandidaに次いで2番目に多く、とくに8月と9月に多かった。抗

真菌薬による含嗽が、咳嗽治療に役立つ症例が存在する可能性がある。
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TablelCharacteristicsofsubiects(mean±SD)

Gender

Male/tmale

FEVIFEV1/FVCPC20

(%pred.)(%)(mg/ml)

C5

(mM.)

Bronchial

ReversibiliO'(%.)ｊ
ｅ
ｓ

ｏ
亭
諏

Ａ
い

Atopiccough32/4143.1±13.7104±1682±717.7(1.06)14.3(1.15)2.7±2.7

Coughvariantasthmal9/940.3±14.496±2183±83.39(1.32)33.8(1.31)4.8±3.9

Bronchialasthmall/1156.9±14.885±1968±110.31(1.49)60.4(L81)9.0±9.0

0Ulersll/ll42.9±15.7105±1680±75.00(4.00)23.1(1.47)2.9±2.9
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Figurel月別慢性乾性咳嗽患者141名の分布と､咽頭真菌培養陽性患者26名の分布

100

90

80

70

60

50

40

30

20

10

0

DOthers

DBasidiomycetes

DCandida

の
》
こ
の
毒
画
ロ
』
◎
の
函
⑯
》
屋
の
。
』
の
ユ

州
ヨ

肘’ 1’
［

,n,

｜
■
■,|ロ

123456789101112

Figure2咽頭真菌培養陽性患者は26名(18.4%)(Candidal5名Basidiomycetes9名､その他3名)の月別分布

萬



川
Ⅱ
Ⅱ
叩
１
１
Ⅲ
川
叩
叩
州
川
Ⅱ
Ⅲ
Ⅲ
細
川
１
１
Ⅱ
刎
川
釧
胴
川
０
Ⅱ
川
Ⅲ
’
明
Ⅲ
町
１
Ｊ
Ｉ
Ｎ
別
Ⅲ
Ⅲ
副
川
’
Ⅲ
Ⅲ
叩
Ｉ
叫
刈
酬
い
■
Ⅱ
ｌ
ａ
１
■
Ｕ
Ⅱ
歌
口
０
咀
Ⅱ
Ｆ
川
咽
凸
Ｊ
ｆ
■
Ｂ
旧
川
岫
皿
Ⅳ
肥
叩
胎
叩
い

Total

I
－

UCandida

UBasidiomycetes

MAspergillusflavis

mPenicillium

’
I

Positive:26/141(18｡4%)

AtoPiccough
Positive:14/73(19.2%)

Coughvariantasthma Positive:5/27(18.5%)

／

Bronchialasthma* Positive:6/22(9｡1%)

Figure3疾患別咽頭真菌培養分離菌の内訳
％
、



IITheimportanceofB.jezeka"dez･aad"sraasapotentialetiologicalagent

offungus-associatedcoughsyndrome(FACS)

Abstract

[Background]Wehavereportedtheimportanceofbasidiomycetousfungi(BM)

inallergicairwaydisorders,whichpresentaschronicnonproductivecough.

Therecognitionofanewclinicalconcept-FACS-anacronym for

fungus-associatedcoughsyndromemaybehelpfulforthediagnosisand

managementofintractablechroniccough.

[Methods]Toclarifytheetiologicalclassofbasidiomycetousfungi

relatingtoFACS,thesputaculturedfrom8patientsrandomlyselectedout

of21patientsofFACSwereidentifiedanddescribedindetailbyusing28S

rDNA(D1/D2)sequencingandanalysis.

[Results]Themolecularbiologicalanalysesofthebasidiomycetousfungi

culturedfromthesputaof8subjectsofFACSrevealedallofthemtobe

Bjez-ka"deraadusta (Yakeirotakein Japanese)(100%homologyto
●

DDBJ/EMBL/GenBankDNAdatabaseaccessionnumberABO96738).

[Conclusions]Althoughthemajorspeciesofbasidiomycetousfungirelating

toFACSmaychangeintheirprofileaccordingtochangeinnatural

environmentalfactorssuchasglobalwarning, wecontendthatthe

basidiomycetousfungi－B・adusra-maybeoneofthepotentialetiological

agentsofFACS.
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medicalhelpfortheirchronicintractablecough・Basedonourclinical

experienceofthe21patientswithchroniccoughwhosesputumyield

basidiomycetousfungi(BM)[4],wehaverecentlyproposedanewclinical

concept-FACS-anacronymforfungus-associatedcoughsyndrome[5].It

followingclinicalfeatures:(1)chroniccough,(2)exhibits the

environmentalfungi,particularlyBMfungi,inthesputum,and(3)clinical

responsetoantifungaldrugs・TherecognitionofFACSmaybehelpfulfor

thediagnosisandmanagementofintractablechroniccough．Toconfirmthis

newclinicalconcept,atfirst,theetiologicalclassofbasidiomycetous

fungiculturedfromthesputaof8patientswithFACSwereidentifiedand

describedindetailbyusing28SrDNA(D1/D2)sequencingandanalysis[6-8].

Materialsandmethods

Patients

FromApril2005toMay2006,171patientsvisitedourhospitalforthe

diagnosisandtreatmentofchroniccough,whichwasdefinedasisolated

persistentcoughlastingfor8weeksormore.BMwasdetectedinthesputa

of39ofthel71patients(22．8%).0fthese39patients,diagnosisofFACS

wasmadein21patientswhowerenotincludedincurrentlyprevalent

diagnoses・Eightpatientswererandomlyselectedoutofthe21patientswith

FACS,andenrolledtothisstudy.

Thecauseofchroniccoughineachpatientwasdiagnosedbasedona

questionnaire, bloodexaminationfindings, chestandsinusX-rays,

induced-sputumexamination,pulmonaryfunctiontests[9],testforcough

sensitivitytocapsaicin[10],bronchialreversibilityinresponseto

bronchodilators,bronchialresponsivenesstomethacholine[11],andthe

IO



efficacyofindividual-specifictreatments．Theexaminationswere

performedinaccordancewiththediagnosticcriteriaforeachcause,as

recommendedbytheJapaneseCoughResearchSociety[1],Japanese

RespiratorySociety[2],andtheAmericanCollegeofChestPhysicians

(ACCP)evidence-basedpracticeguidelines[3].

Strainisolationsandmorphologicalobservations

Sputumsamplestakenfromthe8patientswithFACSwereinoculatedon

Sabouraud' sdextroseagar(SDA).Thesecultureswereincubatedat22-27℃

for2weeks・Thecolonialcharacteristicsofthestrainswereobservedby

cultureonSDAplatesat22－27℃forl4d.Themorphologicalfeaturesofthe

strainswereobservedbyusingtheslideculturemethod(22-27℃for2weeks)

andlactophenolcottonbluestaining.

DNApreparationfromfungalcells

AllfungalstrainsweregrownonSDAat27℃for5d．Therapidpreparation

ofDNAfromthestrainswasperformedaccordingtothemethoddescribed

previously[6].AsmallamountofmyceliumgrownonSDAwasplacedinalysis

buffer(200mMTris－HCl,pH8．0,0.5%w/vSDS,250mMNaCl,25mMEDTA)and

crushedwithaconicalgrinder・ItwasthenincubatedatlOO℃forl5min

andmixedwithl50111of3.0Msodiumacetate,keptat-20℃forlOmin,

andthencentrifugedatlO,000 _gfor5min・Thesupernatantwasextracted

phenol-chloroform－isoamylalcohol(25:24:1,v/v)andoncewith

subsequentlyextractedoncewithchloroform.DNAwasprecipitatedwithan

equalvolumeofisopropanolat-20℃forlOmin,washedwithO、5mlof99%

ethanol,dried,andsuspendedin50Ulofultrapurewater(Milli-QSynthesis

A10;Millipore).0ftheresulantsolution,lUlwasusedasthetemplate

forthepolymerasechainreaction(PCR).
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OligonUcleotide

Theoligonucleotideprimersfor28S-rDNApartialsequence(D1/D2

region)-specificPCR[7],NL-1(5GCATATCAATAAGCGGAGGAAAAG)andNL-4(5

GGTCCGTGTTTCAAGACGG),wereobtainedfromAmershamPharmaciaBiotechCo.,Ltd

(Tokyo).

PCR

EachPCRmixturecontainedlOllloflO_reactionbuffer;100UMeachofdATP,

dCTP,dGTP,anddTTP;and2．5UofTaqpolymerase(allfromAmersham

PharmaciaBiotech),aswellas30pmolofeachprimerandtheDNAtemplate

solution・Ultrapurewaterwasaddedtoeachofthesemixtureinorderto

increasethevolumetolOOlll.Eachmixturewasheatedto94℃for5min,

andPCRwasperformedunderthefollowingconditions:94℃,1min;60℃，

15sec;and72℃,15sec;25cycles.Thermalcycleswereterminatedby

polymerizationat72℃forlOmin.Theproductsweredetectedasasingle

bandof0.5kbpbyagarosegelelectrophoresisandUVirradiation.

28SrDNA(D1/D2)sequencingandanalysis

BoththestrandsofthePCRproductsweredirectlysequencedusingaDNA

SequencingKit(AppliedBiosystems)withprimersandanautomaticsequencer

(GeneticAnalyzer310;AppliedBiosystems)accordingtothemanufacturer's

instructions.TheDDBJ/EMBL/GenBanknucleotidesequencedatabaseswere

searchedformatchesoftheconfirmedsequencesusingBLASTprograms[8].

Results

Clinicalfindings

Thestudysubjectscomprised5malesand3femaleswithFACS;theirmean

agewas50.4±17.1(SD)years(Tablel).ChestandsinusX-rayswerenormal

12



forallthepatients・Chronicairflowlimitation,whichisdefinedasthe

ratioofforcedexpiratoryvolumeinls(FEV1)toforcedvitalcapacity

(FVC)(FEV1/FVC)<0.7,wasnotinvestigatedinallthepatients・Further,

FEVlof<80%ofthepredictedvaluewasnotobservedinanyofthe8patients.

Coughreflexsensitivity[10]wasincreasedin3patients(Patientl,2,

and4．)Bronchialresponsivenesstomethacholine[11]wasexaggeratedin

onlylpatient(patient7).

Thebronchodilatortherapywaseffectiveinonly3patients(patients3,

7,and8)andnotintheother5patients・HistamineHlantagonistsand

inhaledcorticosteroidsproducedapartialresponsein4patients(patients

1,2,4,and8).Patients5and6wereresistanttothesestandardtherapies;

however,itwasremarkablethatantifungaltreatmentwithlow-doseof

itraconazole50mg/dfor2weekswasefficaciousinallofthe8patients

withFACS

Identificationofthemolds

Allstrainsdemonstratedthesamecharacteristics;i.e、,thehyphae

appearedwhitealongwiththepresenceofsepta;however,neitherconidia

norclumpswereobserved.Therefore,morphologicalidentificationwasnot

applicabletotheisolates・Inordertoidentifythestrains;28SrDNA

(D1/D2)sequence-basedmolecularbiologicalidentificationwasperformed.

Thebasesequencesof28SrDNA(D1/D2)arespecies-specificandarewidely

usedforspeciesidentificationoffungithataredifficulttoidentifyon

thebasisoftheirmorphologicalfeatures.Inthe28SrDNA(D1/D2)sequence

analysis,allthestrainswereshowntobeidenticaltoBjerka"deraad"sra

(YakeirotakeinJapanese)(100%homologytoDDBJ/EMBL/GenBankDNAdatabase
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accessionnumberABO96738)．Fromthemolecularbiologicalanalysesabove,

thestrainswereconfirmedtobeasB.ad"sra

Discussion

Onlyalimitednumberofreportshavedocumentedinfectiousdiseases

causedbyBMfungi[4]・Schizop"J'〃α〃CO"〃""eandtheCopri〃usspecieshave

beenshowntocauseendocarditis[12], sinusitis[13], andallergic

bronchopulmonarymycosis[14].Followingourpreviousreportofatypical

caseofchroniccoughwithsputumeosinophiliacausedbyanallergic

reactiontobasidiomycetousfungi(BM)(itwastermed"""icoJaf"scoa"a

atthattime)[15],wehavefocusedonthepossibleroleofBMasafungal

aeroallergen[16,17]inchroniccoughsuchasatopiccough[18-20],cough

variantasthma[21],andcough-predominantasthma・Furthermore,basedon

ourclinicalexperimentduringseveralyearsofintractablechroniccough

[22-27]whocouldnotbeassignedtoanycurrentlyprevalentdiagnoses,we

noticedthatthereexistsanewclinicalentityofchroniccoughrelated

withBM.

Recently,wehaveproposedanewclinicalconcept-FACS-anacronymfor

fungus-associatedcoughsyndrome[5].Itexhibitsthefollowingclinical

features:(1)chroniccough,(2)environmentalfungi,particularlyBMfungi,

inthesputum,and(3)clinicalresponsetoantifungaldrugs.Thoughthe

recognitionofFACSmaybehelpfulforthediagnosisandmanagementof

tothe betweenintractablechroniccough,theassociationbetweenexposure

environmentalfungiandprecipitationofchroniccoughhasnotbeen

recognizedclearly.

Sincethebasidiomycetoussporesaregenerallysmall(3-7．mindiameter),
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itiseasytodepositwithintheairway[28].

Itiswell－knownthattheBasidiomycetesclass,themostmorphologically

complexofthefungi,consistsofapproximately20,000to25,000species,

weaimedtoidentifyanddescribetheetiologicalclassofBasidiomycetous

fungirelatingtoFACSbyusing28SrDNA(D1/D2)sequencingandanalysis

[6－8］、

Inthisstudy,thedetailedexaminationofthebasidiomycetousfungi

culturedfromthesputaof8patientswithFACSrevealedallofthemtobe

B.ierka"deraad"sra[29].

Ligninoccursasoneofthemajorcomponentsofwoodyandherbaceousplants

andisthemostabundantrenewablearomaticpolymeranearth.Ithasbeen

reportedthatmultipleligninperoxidaseisozymesaresecretedbyB.adusta

[30]・Therefore,thismoldiswellknowninthefieldofagricultural

●

sc1ence、

Gloriaetal[31]studiedatotalof44clinicalisolatesofBasidiomycetous

fungi,namely,S.co"〃α〃e(n=5),theC'opz-加usspecies(n=8),B.ad"sta

(n=14),andsterile,uncharacterizedBasidiomycetes(n=17)．Intheirreport,

thewhite－rotBasidiomycetes－β・ad"sta-weredetectedfrombronchialwashes

(n=8),sputum(n=3),skin,pleuralfluid,andlungtissue(n=1foreach);

theclinicalsignificanceofeachisolatewasnotclearlyhowever,

mentioned.

Globalwarminginrecentyearsresultsfromthegrowinglevelof

greenhousegasessuchascarbondioxidemayresultinanupwardtendency

inthetemperatureofseawaterandfrequentarrivaloftyphoon,thus

contributingtothicklygrowingofalotofkindsofmushroomsonthefallen

woodsinthehillsorbush.
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ThefamilyBasidiomycetes(mushrooms,puffballs,rusts,smuts,andbracket

fungi)deservesspecialattentionbecauseofthehighatmospheric

concentrationofbasidiosporesinthenearfuture.

Concerningthesenaturalenvironmentalfactors[31],althoughthemajor

speciesofbasidiomycetousfungirelatingtoFACSmaychangeintheir

profileorincreaseintheamount,atleastbasedonourresultofthisstudy,

wecontendthatthebasidiomycetousfungi－B・ad"sra-maybeoneofthe

potentialetiologicalagentsofFACS.

Nowitisbecomingclearthatwemaynotbeabletoneglecttheinfluence

ofglobalwarminginthetreatmentandmanagementoftheallergicairway

disorder,andfutureworldwidestudiesonFACSarerequiredassameasthe

effortstoloweremissionsofgreenhousegases.
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Z'abJeJChaz･actez･isticsofs"b.jects

BronchialRT-MethCough

FEV1FEV1/FVCreversibility

A g e G e n d e r ( L)(%)(%)

120M5.2488．8 3．2

246M4．0883．3 2

358F2．4172．6 7．8

4 66F2.3877．1 0

540M2.7974.6 2．2

668M2．3376．9 0

739M3．6186.4 0

866F1．9973 ．7 8．6

20

threshold

(mg/ml) ("M)

＞20 1．95

＞20 0．49

5 3．9

>20 0．98

>20 312

＞20 312

1．25 312

5 1．95



III.慢性乾性咳嗽患者におけるHumicolafuscoatraの重要性に関する臨床的検討

【背景】

1）我々は、1992年以来、慢性乾性咳嗽の原因疾患として「アトピー咳嗽

(atopiccough;AC)」を提唱し、通常の気管支生検に加え気管生検を実施するこ

とにより、ACの基本病態が、Eosinophilictracheobronchitiswithcough

hypersensitivityであることを解明し、その咳嗽にヒスタミンH1－拮抗薬および

ステロイド薬が有効であることを報告した(ClinExpAllergy2000、Allergology

International2000)。また、ACは、喘息に移行しないという長期予後においても、

咳喘息とは異なる新しい疾患概念であることを確認した(Thorax2003)。

2)AC患者の中には,Trichosporonasahii、Pichiaguilliermondii、

Streptomycesalbusなどの環境真菌が原因抗原と考えられた、難治性のAC症例が存

在し（順にIntArchAllergylmmunoll998、日呼吸会誌1999Allergology

International2000)する。特に好熱真菌であるHumicolafuscoatra(HF)が環境

に出現すると、喀疲中の好酸球が増加するACの1例を経験し報告した(JAsthma

2002)。

3）喀疲、咽頭および勤務する職場からHumicolafuscoatra(HF)が繰り返し培養

された難治性ACの1例を経験した。その職場職員19名に実施したHFの即時型皮内

反応の陽性率（31．6％）は、健常者19名の陽性率（5．3％）より有意に高く(P=0．036)、

HFの皮内反応陽性は、環境にHFが存在する可能性を示唆した。

4 ） 咳嗽研究会が定める『慢性咳嗽の診断基準』に基づいて診断した、アトピー咳

嗽患者64名を対象とした臨床的検討の結果、アトピー咳嗽の治療抵抗性（難治度）

は、HFの環境および咽頭の培養陽性と関連し（順にp=0.046,p=0．0008)、多変量

解析の 結果、咽頭培養陽性と最も強く関連した。
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【目的】

アトピー咳嗽の難治化因子として重要と考えられるHumicolafuscoatra(HF)のア

レルギー性気道疾患における臨床的 意 義 を 明 ら か に す る 。

【方法】

平成13年4月1日から10月31日の間に当院に通院した、慢性乾性咳嗽患者90名（アト

ピー咳嗽64名、咳喘息26名）と気管支喘息85名に対して、喀疲および咽頭拭い液

の真菌培養、環境落下真菌培養、HFの抗原抽出液を用いた皮内テストを実施した

(Tablel)。対照として、健常人19名に対しても同抗原液を用いた皮内テストを

実施 した。各疾患の診断は、咳嗽研究会が定める『慢性咳嗽の診断基準』に準じ

た。

【結果】

1）アレルギー性気道疾患（アトピー咳嗽;AC、咳喘息;CVA、気管支喘息;BA)

において、環境真菌培養の陽性率は88．9～100%であり各疾患群に差はなく、また

Humicolafuscoatra(HF)の検出率(31.1～44.4%)も、各疾患群に有意差はみられな

かった(FigurelA)。

2）喀疲真菌培養陽性率は57．0～72．7％と各疾患群に差はなく、またHFの検出率

(16.7～27.3%)も、各疾患群に差はみられなかった(FigurelB)。

3）咽頭の真菌培養では、HFの出現頻度はAC患者がBA患者より有意に高かった

(p=0．027)が、CVA患者とは有意差を認めなかった(FigurelC)。

4)HFに対する即時型皮内反応の陽性率は、健常者(5.3%)に比較して、AC(18.8%),

CVA(26．9%)およびBA(22.4%)の各アレルギー性気道疾患群の方が高かった（

Figure2)。
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5)HFの即時型皮内反応の陽性・陰性は、AC患者では、同真菌の咽頭および環境

の培養陽性・陰性と関連したが（順にp=0.0007,p=0.005)、喀疲培養陽性・陰性と

は関連しなかった。また、CVA患者やBA患者においては、このような関連はみられ

なかった(Table2)。

【結論】

1）好熱真菌であるHumicolafuscoatra(HF)は居住環境に広く存在した。

2)HFは、アレルギー性気道疾患の真菌アレルゲンとして重要である可能性が示唆

された。

3）アトピー咳嗽患者におけるHFの咽頭への生着は、他のアレルギー性気道疾患患

者におけるよりも高頻度である可能性が示された。
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TablelCharacteristicsofsubjects(mean±SD)

Gender

Male/lbmale

FEVl

"pred.）

FEVl/FVC

（%）

Age

(years)

PC20

(mg/ml) １●
函
耐く

Bronchial

Reversibility".)

Atopiccough

Coughvariantasthma

Bronchialasthma

Others

29/35

11/15

47/38

9/10

44.5±13.7107±1384±615.3(1.07)47(1.16)2.4±3.9

42.4±16.895±1579±81.96(1.37)8.1(1.31)5.8±4.3

52.4±16.887±1970±120.72(1.29)60.4(1.37)7.0±7.1

34．5±7．3

():geomet向cstandarderrororthemean
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IVIsB.jeZ．ka"deraad"staimportantforfungus-associatedcoughsyndrome

asanallergen？ACaseStudy

Abstract

[Background]Recentlywehaveproposedanewclinicalcomprehensive

"FACS''syndrome"FACS''asanacronymforfungus-associatedcoughsyndrome(1)

(2)environmentalfungiinthesputum,particularlychroniccough,

basidiomycetous(BM)fungi,and(3)clinicalresponsetoantifungaldrugs.

Buttheassociationbetweenexposuretoenvironmentalfungiandappearance

ofthecoughattackshasnotbeenclearlyunderstood.Fromtheresultsof

furtherexaminationwithusingthemolecularbiologicalanalysesoftheBM

fungi,weassumedthat"erka"deraadusra(B.ad"sra)isoneoftheimportant

potentialetiologicalagentsofFACS.

[Methods]Weselected8patientswithchroniccoughinwhichsputum

examinationwasrevealedtoyieldB.ad"stabeforehand,andweconducted

allergologicaltestssuchasimmediate-typeskintest,serologicaltest,

bronchoprovocationtest,andlymphocytestimulationtest(LST)byusingthe

antigenicsolutionofβ・ad"sta.Efficacyofeachtherapyandclinical

manifestationof8patientswereexamined.

[Results]AllpatientswerediagnosedasFACS.Though3patientswhohad

neitherapositivereactiontothebronchoprovocationtestnorLSTshowed

excellentclinicalresponsetoanti-fungaldrugs,5patientswhoshoweda

positivereactiontothebronchoprovocationtestand/orLSTseemedtobe

moreintractablewithlongdurationforcompleteremission,recurrenceof

coughand/oronsetoftypicalasthma.

[Conclusions]Itisconcludedthatallergicfungalcough(AFC),whichis
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characterizedbysensitizationwith8.ad"sta,maybeincludedinchronic

intractablecoughasapartofFACS

Introduction

Despiteextensive diagnosticevaluationandnumeroustreatment

guidelines[1-4],anumberofpatientsremaintroubledbychronicand

uncontrollablecough.FromourseriesofFromFromourseriesofclinicalstudieson

fungus-associatedallergiccough[5-8],wehavefocusedonthepossible

roleofBMfungiasafungalaeroallergen[9,10],andrecentlyfromthe

resultofthecontrolledstudywehaveconcludedthatlowdose

itraconazolehasbeenaneffectiveantitussiveinpatientswithchronic

coughinwhichsputumexaminationyieldedBMfungi・Thuswehaveproposed

G<FACS''anewclinicalcomprehensivesyndrome"FACS''asanacronymfor

fungus-associatedcoughsyndrome [11](1)chroniccough,(2)

environmentalfungiinthesputum,particularlybasidiomycetous (BM)

fungi,and(3)clinicalresponsetoantifungaldrugs.

ToexamineinwhatkindofmechanismtheBMfungiisrelatedto

cough,atfirst,theidentificationofBMfungiobtainedfromthesputum

of4patientswithfungus-associatedchroniccoughwehavepreviously

reported[12-13]wasmadeindetailbyusing28SrDNA(D1/D2)sequencing

andanalysis.BecausethemolecularbiologicalanalysesoftheBMfungi

obtainedfromthe4patientsrevealedallofthemtobeBjerka"dez･aad"sra

(YakeirotakeinJapanese;β・adusra),weassumedthat8.adustaisoneof

theimportantpotentialetiologicalagentsofFACS. 、

Wethistimeselected8patientswithchroniccoughinwhichsputum

examinationrevealedtoyieldB.ad"stabeforehand,andconducted
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allergologicaltestsbyusingtheantigenicsolutionofβ・ad"sta

(polysaccharide).Thoughthisstudyhadnotbeenperformedprospectively

andisnotbeyondalevelofcasereport,thisreportwillbehelpful

toconsidertheassociationbetweenexposuretoenvironmentalfungiand

appearanceofthecoughattacks

Materialsandmethods

p

Patie"rs

Eightpatientswhowerereferredtoourhospitalforthediagnosisand

treatmentofchroniccoughthatwasdefinedasisolatedpersistentcough

lastingfor8weeksormoreduringalO-monthperiod(fromApril2006

toApril2007)andwhosesputumexaminationyieldedB.ad"srawere

selectedinthisstudy・Thisgroupconsistedof5menand3womenwith

agesrangingfrom20to68years.Basedonthehistory,thedurationof

coughwas2tol2months・Noneofthepatientscomplainedofshortness

ofbreathorwheezingandhadapost-nasaldriporsinobronchialsyndrome

[14]toattributetothecough.A11patientswerelife-timenon-smokers.

Acarefullynotedhistory,physicalexamination,completebloodcount

withdifferential,andchestandsinusroentgenogramswerenormal・This

casestudywasapprovedbytheinstitutionalreviewboardsandinformed

consentwasobtainedfromthe8patients.

"J'coZogrcaZsru〃”he"seJec”〃gMepa"e"tsa"drecz･ui〃"gMissr"dy

StZ･ai"sa"d〃肌4prepaz･a"o"

Thesputumsamplesobtainedfromthepatientswithchronicintractable

coughwereculturedonSabouraud' sdextroseagar(SDA)containing
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chloramphenicol・Themorphologicalfeaturesofthestrainswereobserved

withtheslideculturemethod(30｡Cfor2-3weeks).Whenwhitelotgrew

widelyonSDA,theDNAsfromthestrainswerepreparedaccordingtoa

previouslydescribedmethod[15].0nemicroliteroftheDNAsolutionwas

usedasthetemplateforthepolymerasechainreaction(PCR).

PC"a〃ぴse9ue〃cz〃g

PCRwasperformedwiththeprimersforthe28SrDNApartialsequence

(D1/D2region)[16],NL-1(5'-GCATATCAATAAGCGGAGGAAAAG-3')andNL-4

(5′一GGTCCGTGTTTCAAGACGG-3'),underthefollowingconditions:25

cyclesof94｡C,1min;60｡C,15s;and72｡C,15s・Theproductswere

detectedasasinglebandofO．5kbpbyagarosegelanalysis・Theproducts

weredetectedasasinglebandofO．5kbpbyagarosegelanalysis.Both

strandsofthePCRproductsweredirectlysequencedusingaDNA

sequencingkit(AppliedBiosystems)andanautomaticsequencer(Genetic

Analyzer310;AppliedBiosystems)accordingtothemanufacturer's

instructions.TheDDBJ/EMBL/GenBanknucleotidesequencedatabaseswere

searchedformatchesoftheconfirmedsequencesbyusingBLASTprograms

［17］．

"jag"osesa"dtherapyforchz-o"icco"g"

Thecausesofchroniccoughinthe8patientswerediagnosedaccording

tothediagnosticcriteriaforcausesofchroniccoughrecommendedby

boththeJapaneseCoughResearchSocietyguidelinesfordiagnosisand

treatmentofchroniccough[2]andtheJapaneseRespiratorySociety

guidelines formanagementofcough[3];aquestionnaire,blood

27



examination(WBC(/・1),CRP(mg/dl),celldifferentialofperipheral

blood,IgE(U/ml),specificlgEforhousedustormite),chestandsinus

X-rays,inducedsputumexamination,pulmonaryfunctiontests[18],

bronchialreversibilitytoinhaled・2－agonists, coughreflex

sensitivitytoinhaledcapsaicin[19],bronchialresponsivenessto

methacholine[20],andtheefficacyofindividualcauses-specific

treatments，

Capsaicincoughthresholdwasmeasuredasanindexofairwaycough

reflexsensitivityaccordingtothemethodreportedbyus[19]atthe

firstvisitandaftereachtherapy.Thecapsaicincoughthresholdwas

definedasthelowestconcentrationofinhaledcapsaicinelicitingfive

ormorecoughs・Positivebronchialreversibilitywasdefinedaspercent

increaseinFEV1>12%andabsoluteincreaseinFEV1>200mL.The

non-specificbronchialresponsivenesstomethacholinewasassessed

accordingtothemethoddescribedbyCockcroftetal[20]・Theresults

wereexpressedastheprovocationconcentration(mg/ml)requiredto

causea20%ormorefallfromthebaselineFEV1(respiratorythreshold

ofmethacholine;RT-Meth).

Suspectedcough-variantasthma(CVA)[21]wasfirsttreatedwith

β2-agonists(acombinationofclenbuterol4011g/daygivenorallyand

salbutamolinhalation200pgatbedtimeandondemand).Ifthisproved

effectivebutinsufficient,thetreatmentwassteppedupinaccordance

withtheguidelinesonthetreatmentofasthma・Suspectedatopiccough

(AC)[22,23]-bronchodilator-resistantnon-productivecough

associatedwithatopicconstitution-wastreatedwithhistamineH1

antagonistsandinhaledcorticosteroids(acombinationoflOmg/day
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cetrizinehydrochlorideand400-800．g/dayfluticasonepropionate).

Suspectedsinobronchialsyndrome (SBS)[14]wastreatedwith

clarithromycin(200mg/dayorally).Suspectedgastroesophagealreflux

disease(GERD)[4]wastreatedwithahighdoseofproton-pumpinhibitors

Thedurationofeachtreatmentwasaminimumof2months.

Incasethedefinitediagnosescouldnotbeestablishedbecauseof

thelackofcompletereliefofcough,accordingtoourexperienceof

successfultreatmentforatopiccoughcausedbyBMantigens[12,13],

inhalationofamphotericinB(1mlof2.5mg/mlsolution,onceortwice

aweek)[24]ororaladministrationoflow-doseantifungaldrug(ITZ50

mg/day,14-21days)weregiven.

"ssess"e"tofefficacyof"･eat"e〃芯o"co"ghs""pto"

Efficacyoftreatmentoncoughwasassessedusingsubjectivecough

symptomscale(ACSS).Itwasassumedthatsumsensationconcerning

intensityandfrequencyofcoughduringoneweekbeforethefirstvisit

waslOcmandcompleteabsenceofcoughwasOcm.Eachpatientwasasked

whatcmonthecoughscaleremainedathis/hereachvisit・Theefficacy

ofthetreatmentwasevaluatedbasedonthechangeinthecoughscale

beforeandafterthetreatment(Acoughscale):10-8cm;excellent,7-5

cm;good,4-3cm;fairlygood,2-0cm;unsatisfactory

Coughwasconsideredrecurrentwhenanisolatednon-productivecough

lastedformorethan2weeksdespiteupperrespiratoryinfection・Theonset

oftypicalasthmawasdefinedaswheezingand/oradyspnoeicattack

respondingtoinhaled82－agonists.
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AZIergoJogicaISrudJr

r〃d"cedsp"rum

SputumwasinducedbyinhalationoflOmlof5%salinesolutionfor20

minthroughajetnebulizer(MMN-20S,Millicon-S;Sin-Eilndustries,Inc．，

Tokyo,Japan).IfspontaneouscoughdidnotoccurlOminafterthestart

ofinhalation,thepatientwasaskedtoinduceadeepcough.Patientswho

werenotabletobringupsputumattheendofthe20-mininhalationperiod

ifalveolarwerereleased．Thespecimenswereconsideredadequate

macrophagesweredetected・Apartofthesputumwasusedforfungalculture.

Anotherpartofthesputumwastransferredtoslidesinsmallamountsand

finelydistributedover2microscopicslides・Thesmearwasair-driedand

stainedbytheMay-Grunwald-Giemsamethod・Atotalof400cellswerecounted

fromrandomlyselectedfieldsunderoilimmersionobjectives.Theresults

wereexpressedinpercentagesandrecorded.Sputumeosinophiliawasdefined

whenbeyond5%

Pz-epaz･a"o"ofMea〃〃ge"icsoZ"態ズo〃

OneliterofSabouraud' sdextrosebrothin31iterflasksweresterilized

(NBRCbyautoclavingatl21℃for20min.FivemlofB./ez-ka"deraadusta

4983）， ssporesuspension(105spores/ml)insterilephysiologicalsaline

froml4day-oldSabouraud' sdextroseagarculturewasusedtoinoculate

theflask・Theflaskwereshakenat25℃atl50rpminarotaryshaker

incubator・Theflaskwasremovedafterl4days・Themyceliumwasseparated

byfiltrationandcentrifuged.Thesupernatantweredialyzedagainst5mM

ammoniumbicarbonateandlyophilized
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rmmediate一〃peski"testa〃ゴsez･oIogズcaItest

"eactjo"sroMeβ"z-ka"dez･aad"sraa〃オige"

Theantigenicsolution(polysaccharide)wasinjectedintradermallywith

atuberculinsyringe(0．02ml,1mg/ml)toassesstheskinresponsetothe

solution・Theresultwasjudgedtobepositiveinacaseofthelongeraxis

oftheflarebeyondlOmmatl5minutesaftertheinjection.

Bjerka"deraad"sta-specificlgGwasmeasuredbyamodifiedELISA

inhibitiontechniquedescribedpreviously[25].Forinhibition,25仏Lof

seraeitherfromcontrolpatientsorB・adustacaseswereincubatedwith

eitherB.ad"staorirrelevantantigenand200"Lofovalbumindiluentin

polystyrenetubesovernightat4｡C・Microtiterplateswerecoatedwith

100"LofB.ad"staregandandincubatedforl2hoursathighhumidity.

Plateswerethenwashedandblockedand200"Lofinhibitedserawereadded

toeachwell.A1kaline-phosphatase-coupleddevelopingantibodywasadded,

followedbyenzymesubstrateamplifiersolution.Plateswereobservedfor

colordevelopment,atwhichpointabsorbancewasmeasuredat650nmperlO

secondsin5minuteswithanautomatedmicroliterplatereader.RASTand

ELISAmeanvaluesfromthesampleswerecalculated.ThepositiveB.ad"sra

-specificlgGwasdefinedwhengraterthanO.41mg/L.

B.ad"sta-specificlgEwasmeasuredbyanAlaSTAT-MPtechniquethathave

beenpreviouslydescribed[26].Inbrief,solubleB.adustawasfirst

coupledtoinsolublecyanogens-bromide-activatedimmunosorbentdisksby

incubationfor48hoursonarotatingdevice・Next,forinhibition,50"

LofserumfromB・ad"stacasesorcontrolswereincubatedwith50"Lof

B・ad"staantigenorirrelevantantigen(humanserumalbumin)for6hours

at4℃inpolystyrenetubes.8.ad"sra-coupleddiskswerethenaddedto

31



eachtubeforl2tol6hours・Thediskswerethenwashedfourtimeswith

PBS-TweenandsubsequentlyincubatedwithI'25－radiolabeledantihumanlgE

foranotherl2hours・Plateswereobservedforcolordevelopmentassame

asB.adusta-specificlgG・ThepositiveB.ad"sta-specificlgEwasdefined

whengraterthanO.35U/mL.

βz･◎〃chopz･ow'oca"o"resr

Whencoughsymptomscale(ACSS)improvedtobeunder4afterthestandard

therapy,patientsweresubjectedtobronchoprovocationtestusingthe

antigenicsolution[27];B.ad"staandPe"ic"〃αの幼o〃血(ascontrol)(2

mlofculture-filtrateantigen,1mg/ml)throughajetnebulizer・The

responseswereassessedtobepositivewhenlaboratoryfindingssuchasWBC

andCRPelevatedsignificantlyand/orpatientsdevelopedcoughattackswith

asignificantincreaseincoughreflexsensitivitytoinhaledcapsaicin

whichwasmeasuredbeforeand24hoursaftertheprovocationtest.

Zy"phocyres〃〃"Jatio"rest

Thelymphocytestimulationtestusingtheantigenicsolutionwas

performedbyusingLymphoprepsystem・Theresultswereassessedtobe

positivewhenthemagnitudeoftheresponsetoB.ad"srawasbeyond200%

whencomparedwiththesecontrolsusingPHA[28].

Results

"s""a"o"ofchz-o"icco"gh

Eightpatients(5malesand3females)complainingofchroniccough,with

ameanageof50、4±17.1(SD)years,wereexamined(Tablel)．Acarefully
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notedquestionnairerevealedthatallpatientscomplainedcoughwith

"tickleandstuck"intheirthroat・ChestandsinusX-rayswerenormalin

allthepatients.Atopictendencywererecognizedin4patients(Patient

3,4,5,and7)(Table2).

Chronicairflowlimitation,definedastheratiooftheforcedexpiratory

volumeinlsec(FEV1)totheforcedvitalcapacity(FVC),i.e.,FEV1/FVC

<0.7andFEV1<80%ofthepredictedvalue,andpositivebronchial

reversibilitywasnotobservedinanyofthe8patients.RT-Methwas

heightenedin3patients(Patient3,5,patientspatients(Patient3,5,and6)．Coughreflex

hypersensitivityasassessedbytheestimationofthecapsaicincough

threshold[19]wasobservedtobeincreasedin4patients(Patient2,6,

7,and8)(Tablel).

E歪fjcacyofeac""･eat"e"ra"ddjag"osisof8pa"e"ts

Withtheexceptionof2patients(Patient3,and5)inwhomtheresponse

wasfairlygood,bronchodilatortherapyfailedtoproduceanyresponse.

Further,histamineHlantagonistsandinhaledcorticosteroidsfailedto

produceanyresponseexceptin2patients(Patient7,and8)(Table4).

Basedontheseresults,theprobablediagnosesforthecausesofchronic

coughinthe8patientswereasfollows:atopiccough[23]in2patients

(Patients7,and8)withcoughreflexhypersensitivity;coughvariantasthma

[21]in2patients(Patients3,and5)withheightenedbronchial

responsivenesstomethacholine[20];however,evenaprobablediagnosis

couldnotbeachievedintheremaining4patients(Patientl,2,4and6).

Thus,wewereunabletoestablishthedefinitediagnosesduetolackof

completereliefofcoughwithindividualstandardtherapiesinallofthe

33



8cases;howeveritwasremarkablethattheadditionofantifungaldrugs;

ITZ50mg/dayl4-41daysand/orinhalationofamphotericinB[24](1mlof

2、5mg/mlsolution,onceortwiceaweek,atotalof2-7times),or

amphotericinBsyrup[13](2ml/dayforl2days)provedefficaciouswith

significantdecreaseofsubjectivecoughsymptomscaleinallpatients

includingthe4patientsgivenprobablediagnosis(Table4).

Fromtheseresultswediagnosedall8patientsasFACS.

AIJez-goJogicaItestsfor8pa"e"rsofFACS

PeripheralbloodeosinophiliawasnoticedinPatient3.Thetotalserum

IgElevelswerefoundtobeelevatedin4patients(Patient3,4,5,and

7）．PositiveAlaSTATforhousedustandmitewasobservedintwopatients

(Patient3,and7),and3patients(Patient3,5,and7),respectively.

Outofthe6patientswhounderwenttheinducedsputumexamination,

sputumeosinophiliawasobservedin2patients(Patient6and8).

Fiveofthe8patientsdemonstratedimmediatecutaneousresponsetothe

B.ad"sraantigenicsolution・ThepositiveB.adusta-specificlgGwas

observedin6patients,whereasB・adusra-specificlgEwasnotobservedin

anyone(Table2).

rbebr･◎〃choprovoca"o"testa"dMeIJr"phocytes〃mUJatio〃rest

Fiveof7patients(Patient2,4,5,7and8)demonstratedpositivereaction

tothebronchoprovocationtestwithappearanceofsomecoughattacks・Four

ofthe5patients(Patient2,4,5,and8)revealedpositivereactionto

thelymphocytestimulationtest(Table3).Allpatientswhodemonstrated

positivereactiontoLSTrevealedpositiveresultsforbronchoprovocation
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tests．

αズ〃jcaIcozIz･seof8pa"e"rsofFACS

TheeradicationofBMfromthesputumwasconfirmedonlyin2patients,

becausemostpatientsbecamenon-productiveincoughwithsuccessofthe

itraconazoletherapy.

Themeandurationforapparentreliefofcoughsymptomwhichrevealed

significantdecreaseofsubjectivecoughsymptomscaleafterinitiationof

anti-fungaldrugswas2.8±1.0(Median2．0,rangedfrom2to4weeks),

howeverthemeandurationrequiredforthefirstcompleteremissionafter

initiationofanti-fungaldrugswasl2．4±7.4(Medianll．5,rangedfrom

4to24weeks).Thedurationrequiredforthecompleteremissionwiththe

antifungaldrugswassignificantlylongerinthesensitizedpatients

(median4weeks,Patient2,4,5,7,and8)thanthenon-sensitizedpatients

(medianl5weeks,Patientl,3,and6)(p=0.0339byMann-WhitneyUtest).

Therecurrenceofchroniccoughwasnoticedin5patientsandin3

patientsofthemfungalcultureofsputumrevealedBMfungiagain・Theonset

oftypicalasthmawasrecognizedin3patients(Table5).

Discussion

Despiteextensivediagnosticevaluationandnumeroustreatmentguidelines

[1-4],anumberofpatientsremaintroubledbychronicanduncontrollable

cough.

Haqueetal・havedescribedasubgroupofchronicidiopathiccough(CIC)

patientsforwhomsystematicinvestigationdidnotyieldaspecific

diagnosisandinwhomtrialsofspecifictherapydidnotimprovetheir
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symptoms[29-30]・CICisnotrareandisaseriousproblemworldwide,so

itisimportanttoinvestigatehowtodealwithCICandhowtominimize

assigningpatientswiththisconditiontoCIC.

Wehavepreviouslyreportedcasesofatopiccough(AC)causedbya

hypersensitivitytoか北hosporo"asah〃[5],Pic"ag皿〃ズer"o"d"[6],

S"epto"J'cesaJ6"s[7],andalsoreportedthefirstcaseofnonasthmatic

sputumeosinophiliacausedbyallergicreactiontoaBMfungus(originally

mislabeledas〃umicoJaf"scoatz-a)inwhichtheincreaseofeosinophilsin

theinducedsputumwasestablishedbyrepeatedenvironmentalsurveystobe

shouse[8].closelyrelatedtotheappearanceofBMfungiinthepatient'

Furthermore,wehavereportedseveralcasesofACwhichweresensitizedby

BMfungiandsuccessfullyeradicatedandtreatedwithlow-dose

itaraconazole[12]ororalcleansingwithamphotericinB[13]・Fromour

seriesofclinicalstudiesonfungus-associatedallergiccough,wehave

focusedonthepossibleroleofBMasafungalaeroallergen[9].

Initiallyweperformedpharyngealswabculturesforthedetectionoffungi

inl41patientswithchronicnonproductivecoughandidentifiedCa"didaand

BMinlO.6%and6.4%ofalltheexaminedpatients,respectively[10].Since

BMfungiarerarelydetectedinthecultureofpharyngealswabstakenfrom

immediatenon-coughers ［9］， furthermore thepositiveratioofthe

subcutaneousreactionforBMfungiinallergicairwaydiseasessuchasAC

（18．8％）， coughvariantasthma(26.9%),andcoughpredominantasthmacoughvariantasthmaandcoughpredominantasthma

(22.4%)aresignificantlyhigherthanthatinphysicallyunimpairedpersons

(3.4%)(Sequentially,p=0．049,p=0．014,p=0.021)(unpublisheddata),we

suspectthatthesecolonizationwerenotcausedbyanenvironmentalfungal

contamination・ThereforewehaveproposedthatBMfungicolonizinginthe
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pharynxorlowerrespiratorytractplayanimportantroleinallergicairway

disorders[10]・WeuseSabouraud' sdextroseagar(SDA)mainly,butalso

PDAisuseful・Thereisthepointthatweshouldbecarefulto;thoughit

needsonlyabouttwodaystodetect"sPergi"Uswhichiswell-knownasa

causeofthediseaseeumycetes,itneedsmoreaboutlOdaystocultureBM.

SurprizinglyitbecameclearatthemeetingofthelOthJapancough

researchsocietythatmanylaboratoriesarestoringthenutrientmediumonly

forabouttwodays・Suchadisadvantageousrecognitionofculturemayhave

madethedetectionofBMdifficultinothermanyinstitutions.

Althoughonlyalimitednumberofreportshavedocumentedinfectious

diseasescausedbyBMfungi,suchasScb〃ophyZJu〃CO""α"e[31]andCopri〃us

species[32],therearemanyreportsconcerningthepossibleroleof

basidiosporesasairborneallergens[33-35].ThephylumofBasidiomycetes

(mushrooms,puffballs,rusts,smuts,andbracketfungi)deservesspecial

attentionbecauseofthehighatmosphericconcentrationofbasidiospores

duringthefallseason.Suchsporesaregenerallysmall(3to7．min

diameter);thissizeenableseasydepositionwithintheairway[36].

Accordingtoourpreviousexaminationusingmolecularbiological

analysesdescribedintheintroduction,weassumedthatB.ad"sra(100%

homologytoDDBJ/EMBL/GenBankDNAdatabaseaccessionnumberABO96738)

representoneoftheimportantpotentialetiologicalagentsofchroniccough

amongspeciesofBMphylum,consistingofapproximately30,000species.

B.ad"staiswell-knowninthefieldofagriculturalsciencebecauseit

secretesmultipleligninperoxidaseisozymes[37,38]・Gloriaetal[39]

studiedatotalof44clinicalisolatesofBMfungi,namely,S.co"〃zJ"e(n=5),

theC'oprZ〃usspecies(n=8),β・adusra(n=14),andsterile,uncharacterized
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Basidiomycetes(n=17).Intheirreport,thewhite-rotBasidiomycetes－B・

ad"sra-weredetectedfrombronchialwashes(n=8),sputum(n=3),skin,

pleuralfluid,andlungtissue(n=1foreach);however,theclinical

significanceofeachisolatewasnotclarified.

TheparticipationinplanningoftheantifungaldrugsinthecOugh

treatmentstrategybasedonunderstandingofFACSwillbeusefulandthe

itispossibilityoftheclinicalapplicationwillspread・However,

difficulttoascertainwhethersuchanexposureofenvironmentalfungi

causesatrueallergy[34],aninfection,oracombinationofbothanallergy

andaninfection.

Inthisstudy,weselected8patientswithchroniccoughinwhichsputum

cultureyieldedB・ad"stabeforehand,andconductedallergologicaltests

usingtheantigenicsolutionofβ，ad"sta(polysaccharide)．Wedescribed

clinicalmanifestationsofthe8patientsfromthemedicalreports.

Evenaprobablediagnosisforthecausesofchroniccoughinthe8patients

wasobtainedinonly4patients,andwewereunabletoestablishthedefinite

diagnosesbecauseoflackofcompletereliefofcoughwithindividual

standardtherapiesinallofthe8patients・However,accordingtoour

experienceofsuccessfultreatmentforatopiccoughcausedbyBMantigens

づ

[12,13],inhaledamphotericinB[24]ororallow-doseantifungaldrug

therapysuccessfullyabolishedthecoughsymptomsinthe8patients・Thus

8patientsrecruitedinthisstudywerediagnosedallasFACS.

Fromtheresultsofallergologicaltest, suchastheskintest,

bronchoprovocationtest,andlymphocytestimulationtest,wefounda

subgroupwhichissensitizedbyB.ad"staamongthe8patientsofFACS.

Clinicalfeaturesinthe5patientsofso-calledallergicfungal
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cough(AFC)(Patient2,4,5,7,and8)are(1)chronicintractablecough

with"tickleandstuck"i1intheirthroatlastingformorethan8weeks;(2)

absenceofwheezing,dyspnea,hemoptysis,orpleurisy,andnoadventitious

lungsoundsonphysicalexamination;(3)environmentalfungiculturedfrom

thesputum,basidiomycetousfungusparticularlyB・ad"sta;(4)atleastone

ofpositivereactionstoimmediatecutaneousreactivityand/orinhalation

bronchoprovocationtestand/orlymphocytestimulationtesttothefungus;

(5)goodclinicalresponsetoanti-fungaldrugsforwhichlongduration

(morethanaboutlOweeks)requiredforcompleteremissionofcoughsymptom;

(6)frequentrecurrenceofcough; (7)peripheralbloodeosinophilia,

elevatedtotallgElevelintheserum,andeosinophiliaintheinducedsputum,

whicharenotnecessarilyseen;(8)normalFEV1,FVCandFEV1/FVCratio;

(9)normal～slightlyincreasedairwaycoughreflexsensitivity;(10)

bronchialresponsivenesswithinnormallimits.

Ontheotherhand,interestinglyother3patientswhowerenotsensitized

withB.adusrarevealedexcellentclinicalresponsetoantifungaldrugsand

norecurrenceofcough.

Despitetheremarkablefactthatantifungaldrugtherapywasefficacious

fordisappeararanceofbothcoughsymptomsandsenseofstuckinthethroat

andsuccessfuleradicationofBMfungifromspecimenofrespiratorytract,

5patientssensitizedwithB.ad"stawereapparentlyintractableontreating

andmanagingtheirsymptoms.Accordingtothesefindings,β・ad"sraseems

toshowvariousrelationsonchroniccoughanddifferentclinical

manifestationsdependuponwhethereachpatientofFACSissensitizedwith

thefungusornot.

BecausethemajorspeciesofBMfungirelatingtoFACSmaychangetheir
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profileorincreaseinamountbynaturalenvironmentalfactorssuchas

globalwarningorgeographicalcharacteristic,theepidemiological

investigationconcerningBMfungiwillberequired.

Thusitissuggestedthatso-calledallergicfungalcough(AFC),which

issensitizedwithvariouskindsofBMfungiaswellasB.ad"Sra,maybe

includedinchronicintractablecoughasapartofFACSinfuture.Further

studyiswaitedforwhethercrossing-overreactivityinBMfungiexcept

B・ad"staisobserved,andwhetherthisreactionispeculiartoB.ad"sta.

Asanintractableallergicdiseaseandtheconnectionoftheenvironmental

fungiarenotproblemslimitedtodepartmentofbothotolaryngology[40]

anddermatology[41]anymore,anallergologicalstudywithusingsuchas

β・ad"sraagainstchronicintractablecoughpatientsshouldbeplanned

prospectivelybymanyinstitutions.

WehopethattherecognitionofthisnewdiseaseconceptAFCwillbring

advantageforastudyofchronicintractablecough.
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V.FUNGUS-ASSOCIATEDCOUGHSYNDROME(FACS):Theefficacyof

itraconazoleinthetreatmentofpatientswithchroniccoughwhose

spUtayieldbasidiomycetousfungi

Abstract

[Background]Althoughwehavepreviouslyreportedtheefficacyof

antifungaldrugtherapiesinatopiccoughinwhichsputumexamination

yieldedbasidiomycetous(BM)fungi,therearefewtrialdatato

supportthisrecommendation.0bjectives:Thiscontrolledstudywas

performedtoclarifythetherapeuticbenefitofitaraconazolein

treatingBM-colonizedpatientswithchroniccoUgh.

[Methods]BMwasdetectedinthesputumof39outofl71patientswho

visitedourhospitalforthediagnosisandtreatmentofchroniccough.

Informedconsentwasobtainedfrom21ofthese39patients,andthe

21patientswereenrolledinthistrial.Aftertheadministrationof

thestandardtherapy,allthepatientswereenrolledintoarandomized

placebo-controlledstudyon2-weekstreatmentwithalowdose

itraconazole(50mg/day)(n=10)incomparisonwithacorresponding

periodtreatmentwithmatchedplacebo(ambroxolhydrochloride45

mg/day)(n=11).Coughwasassessedusingsubjectivecoughsymptom

score,andcapsaicincoughchallenging.

[Results]Thetreatmentwithitraconazole,butnotplacebo(P=0.17),

wasassociatedwithasignificantimprovementinthecoughscore

(P=0.0051);moreover,theimprovementachievedwithitraconazolewas

significant(P<0．001)whencomparedwiththatoftheplacebo.

[Conclusions]Lowdoseitraconazolehasbeenrevealedtobean
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effectiveantitussiveinpatientswithchroniccoughinwhomsputum

examinationyieldedBMfungi・Theclinicalfeaturesobservedinour

patientsconstituteauniquediseaseentity;wethereforeproposea

"FACS''newclinicalconcept@@FACS"asanacronymforfungus-associated

coughsyndrome

Introduction

Manystudieshavereportedthepathophysiologicalfeaturesof

allergicairwaydisorders[1-3],whichpresentaschroniccough;

however,onlyfewstudies,includingourcasereports[4,5],have

demonstratedtheetiologicalagentsinvolvedinthesedisorders.

Followingourpreviousreportofatypicalcaseofchroniccoughwith

sputumeosinophiliacausedbyanallergicreactiontobasidiomycetous

fungi(BM)[6](itwasmislabeledas〃α"icolafouscoarr･aatthattime

ofpublishing)[7],wehavefocusedonthepossibleroleofBMasa

fungalaeroallergen[8].Initiallyweperformedpharyngealswab

culturesforthedetectionoffungiinl41patientswithchronic

nonproductivecoughandidentifiedCa"didaandBMin10．6%and6．4%

ofalltheexaminedpatients,respectively[9]・SinceBMfungiare

rarelydetectedinthecultureofpharyngealswabstakenfrom

non-coughers[10],andthepositiveratiooftheimmediatethenon－coughersandpositiveratiooftheimmediate

subcutaneousreactionforBMfungiinallergicairwaydiseasessuch

asatopiccough(AC)[11-13],cough-variantasthma(CVA)[14],and

cough-predominantasthmawassignificantlyhigherthanthatinnon-

coughers(unpublisheddata),wesuspectthatthepositiveculture

resultswerenotcausedbyanenvironmentalfungalcontamination.
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ThereforewehaveemphasizedthatBMfungicolonizinginthepharynx

orlowerrespiratorytractplayanimportantroleinallergicairway

disorders.

Althoughwehavepreviouslyreportedtheefficacyofantifungaldrug

therapiesinatopiccoughinwhichsputumexaminationyieldedBMfungi

[15,16],therearefewtrialdatatosupportthisrecommendation.

Thepresentcontrolledstudywasperformedtoclarifythetherapeutic

benefitsofitraconazoleinpatientswithfungus-associatedchronic

cough.

Methods

Patients

FromApril2005toMay2006,171patientsvisitedourhospitalfor

thediagnosisandtreatmentofchroniccough,whichwasdefinedas

isolatedpersistentcoughlastingfor8weeksormore・BMfungiwere

detectedinthesputafrom39ofthel71patients(22.8%).0fthese

39patients,informedconsentwasobtainedfrom21patients,and

subsequentlythe21patientswereenrolledinthisstudy・This

randomized, single-blinded, placebo-controlled, parallel-group

trialwasapprovedbytheinstitutionalreviewboards(reference

number2005005)andapprovalforthestudywasobtainedfromUMIN-CTR

(referencenumberROOOOOO432;UminOOOOOO114).

Diagnosisofchroniccough

Thecauseofchroniccoughineachpatientwasdiagnosedbasedon

aquestionnaire,bloodexaminationfindings,chestandsinusX-rays,
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induced-sputumexamination,pulmonaryfunctiontests[17],testfor

coughreflexsensitivitytoinhaledcapsaicin[18], bronchial

reversibilityinresponse to bronchodilators, bronchial

responsivenesstomethacholine[19],andtheefficacyofindividual

causes-specifictreatments.

Capsaicincoughthresholdwasmeasuredasanindexofairwaycough

reflexsensitivityaccordingtothemethodreportedbyus[18]atthe

firstvisitandaftereachtherapy･Thecapsaicincoughthresholdwas

definedasthelowestconcentrationofinhaledcapsaicineliciting

fiveormorecoughs・Positivebronchialreversibilitywasdefinedas

percentincreaseinFEV1>12%andabsoluteincreaseinFEV1>200

mL・Thenon-specificbronchialresponsivenesstomethacholinewas

assessedaccordingtothemethoddescribedbyCockcroftetal[19].

Theresultswereexpressedastheprovocationconcentration(mg/ml)

requiredtocausea20%ormorefallfromthebaselineFEV1

(respiratorythresholdofmethacholine;RT-Meth).

Theexaminationswereperformedinaccordancewiththediagnostic

criteriaforeachcause,asrecommendedbytheJapaneseCoughResearch

Society[20]andJapaneseRespiratorySociety[21].Theclinical

featuresofAC[11]wereconsideredtobeasfollows:(1)chronic

bronchodilator-resistantnonproductivecoughwith@6tickle" inthe

throatlastingformorethan8weeks;(2)absenceofwheezing,dyspnea,

hemoptysis,orpleurisy,andnoadventitiouslungsoundsonphysical

examination;(3)presenceofoneormoreglobalatopicfindings,

includingpasthistoryand/orcomplicationofallergicdiseases

exceptforbronchialasthma,familyhistoryofallergicdiseases,
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peripheralbloodeosinophilia,elevatedtotallgElevelintheserum,

positivespecificIgEantibodytocommonaeroallergens,andpositive

allergenskintest; (4)existenceofeosinophilsinhypertonic

saline-inducedsputumand/orsubmucosaofbiopsiedtracheaand/or

bronchi;(5)normalFEV1,FVCandFEV1/FVCratio;(6)nobronchial

reversibilitydefinedaslessthana5%increaseinFEVlafter

inhalationof30011gsalbutamolfollowing250mgaminophylline

injection;(7)bronchialresponsivenesswithinnormallimits;(8)

increasedairwaycoughreflexsensitivity;and(9)completerelief

ofthecoughontreatmentwithhistamineH1-antagonistsand/or

corticosteroidtherapy.

CVAwasdiagnosedbasedonthefollowingdiagnosticcriteria[14]:

(1)isolatedchronicnon-productivecoughlastingmorethan8weeks;

(2)absenceofahistoryofwheezingordyspnea,andnoadventitious

lungsoundsonphysicalexamination;(3)absenceofPNDtoaccountfor

thecough;(4)FEV1,FVC,andFEV1/FVCratiowithinnormallimits;(5)

presenceofbronchialhyper-responsiveness(PC20<10mg/mL),(6)cough

reflexsensitivitywithinnormallimits(C5>3．9pm),(7)noabnormal

findingsindicativeofcoughaetiologyonchestradiograph;and(8)

reliefofcoughwithbronchodilatortherapy.Whenallcriteriawere

satisfied,adefinitediagnosisofCVAwasmade.

Sinobronchialsyndrome(SBS)[22]wasdiagnosedaccordingtothe

followingdiagnosticcriteria[14]:(1)productivecoughwithout

wheezinglasting8weeksormore,(2)oneormoreofthefollowing

findings:(i)symptomssuchaspost-nasaldrip(PND)andthroat

clearing;(ii)signssuchasmucusormucopurulentsecretioninthe
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upperandmiddlepharynxandcobblestoneappearanceofthemucosa;

(iii)fluidretentionormucosalthickeningonsinusX-rayorcomputed

tomographic(CT)scan;and(iv)increasedneutrophilswithout

eosinophilsinnasalsecretionsandspontaneoussputum;(3)noatopic

findings;(4)nobronchialreversibility;(5)bronchialresponsiveness

withinnormallimits;(6)coughreflexsensitivitywithinnormal

limits;and(7)reliefofcoughontreatmentwithl4-orl5-member

macrolides

Assessmentofefficacyoftreatmentoncoughsymptom

Efficacyoftreatmentoncoughwasassessedusingsubjectivecough

symptomscale(ACSS).Itwasassumedthatsumsensationconcerning

intensityandfrequencyofcoughduringoneweekbeforethefirst

visitwaslOcmandcompleteabsenceofcoughwasOcm.Eachpatient

wasaskedwhatcmonthecoughscaleremainedathis/hereachvisit.

Theefficacyofthetreatmentwasevaluatedbasedonthechangein

thecoughscalebeforeandafterthetreatment(Acoughscale):10

~8cm;excellent,7～5cm;good,4～3cm;fairlygood,2～0cm;

unsatisfactory

Studydesignforthetreatmentofchroniccough

A11patientswereadministeredthestandardtherapy,whichinvolved

administrationofbronchodilatorsforthefirst7days(acombination

oforal40･g/dayclenbuterolandsalbutamolinhalationatbedtime

and/orwhenrequired)andadministrationofhistamineHlantagonists

andinhaledcorticosteroids(acombinationoflOmg/daycetirizine
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hydrochlorideand400･g/dayfluticasonepropionate)forthenext

7days・Subsequently,theywererandomlyassignedtoreceiveeither

50mg/day(lowdose)itraconazoleor45mg/dayambroxolhydrochloride

(placebo)for2weeks(trialphase).

Patientswhocompletedtheabovementionedstudyweregiventhe

opportunitytotakepartin2-weeksextensionstudyandweregiven

itraconazolewhentheircoughhadnotbeenadequatelycontrolled

duringthecorestudy

Strainisolationsandmorphologicalobservations

SpUtumsamples taken fromthepatientsthethepatientswere inoculatedon

Sabouraud' sdextroseagar(SDA)containingchloramphenicol.These

cultureswere incubatedat30｡Cfor2weeks.incubatedat30．Cforweeks・ Thecolonial

characteristicsofthestrainswereobservedbycultureonSDAplates

at30｡Cforl4days・Themorphologicalfeaturesofthestrainswere

observedbyusingtheslideculturemethod(30｡Cfor2weeks)and

1actophenolcottonbluestainingbyamycologicalspecialist.

Statisticalanalysis

Thesubjectivecoughsymptomscalewascomparedbetweenthe

itraconazoleandtheplacebogroupsbyusingMann-Whitney"test.The

changeinthecoughscalewithinthegroupwasanalyzedusingWilcoxon

signed-ranktest・APvaluelessthanO、05wasconsideredstatistically

significant.
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Results

Clinicalfindingsanddiagnosisofchroniccough

ThepatientsstudiedcomprisedllmalesandlOfemaleswithchronic

cough(4malesand6femalesinitraconazolegroup,and7malesand

4femalesincontrolgroup)withmeanageof51、9±14.2(SD)years

(49．6±18．4(SD)yearsinitraconazolegroup,and54.0±9.5(SD)

yearsincontrolgroup).Thegenderandagepopulationwerenot

significantlydifferentbetweenthetwogroups・Chestandsinus

X-rayswerenormalforallthepatients･Atopictendencysuchas

pollinosiswasseenin5patients(patient1,4,11,15,and21).Three

patientswerecurrent-smokersincontrolgroup,howeveronlyone

patientwasex-smokerinitraconazolegroup・Therewasnosignificant

differenceinthemeandurationofcoughsymptombeforethefirst

visitbetweenthetwogroups(8．2±18.2(SD)monthsinthe

itraconazolegroupand4．7±4.7(SD)monthsinthecontrolgroup).

ThetotalserumlgElevelswerefoundtobeelevatedin3patients

(oneintheitraconazolegroupand2inthecontrolgroup)．Outof

thel5patientsinwhomadequateinducedsputumwasobtainedby

inhalationofhypertonicsaline,sputumeosinophiliawasobservedin

5patients(oneintheitraconazolegroupand4inthecontrolgroup).

Chronicairflowlimitationwasconsideredpresentwhentheratioof

forcedexpiratoryvolumeinls(FEV1)toforcedvitalcapacity(FVC)

(FEV1/FVCratio)was<0.7.Further,FEVlof<80%ofthepredicted

valuewasfoundin2ofthe21patients. Positivebronchial

reversibilitywasnotobservedinanypatients. Coughreflex
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sensitivity [18]wasincreasedin8 patients. Bronchial

responsivenesstomethacholine[19]wasexaggeratedin4patients.

Ofthe21patientsenrolledinthisstudy,10wererandomlyassigned

totheitraconazolegroupandlltotheactiveplacebogroup(control

group),Noclinicallyimportantdemographicdifferenceswere

observedbetweenthe2groups・Nopatientwithdrewfromthestudy

(Tablel).

Effectofeachtherapy

Duringthefirsttreatmentphase,thebronchodilatortherapyshowed

apartialeffectin3patients(patientsl,12,and21).Duringthe

secondtreatmentphase, histamineHlantagonistsandinhaled

corticosteroidsproducedapartialresponsein4patients(patients

6,10,14,andl5)．Therewerenopatientsinwhomthecoughcompletely

relievedonthesetreatments・Duringthetrialphase,nopatientin

thecontrolgroupexperiencedrelieffromcough.However, the

antifungaltherapywasremarkablyefficaciousinrelievingcoughin

10patientsintheitraconazolegroup;theresultwasexcellentin

3patients(patients3,6,and7)andgoodin7patients(patients

1,2,4,5,8,9,andlO)

Nosignificantdifferencewasobservedinthesubjectivecough

symptomscalebetweenthe2groupsbeforethetrialphase.The

treatmentwithitraconazole,butnotplacebo(P=0.17),wasassociated

withasignificantimprovementinthecoughscale(P=0.0051);

moreover,theimprovementachievedwithitraconazolewassignificant
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(P<0．001)whencomparedwiththatachievedwiththeplacebo(Figure

1).Individualchangesinthecoughscalebefore･andafterthetested

treatmentsareshowninFigure2.

Exceptpatient2,allpatientsintheitraconazolegroupdidnot

revealdeteriorationinairwaycoughreflexsensitivitytocapsaicin

afterthe2-weeksitraconazoletrial,whileonlylpatientoutofll

patientsinthecontrolgroupdemonstratedimprovementinthecough

threshold(Figure3)．Asagroup,thecoughthresholdtendedto

increaseintheitraconazolegroup(p=0．0747)butdidnotinthe

controlgroup(p=0．1380)asshowninfigure3.

Afterthetrialperiod,allthepatientsinthecontrolgroupwere

administered50mg/dayofitraconazoleforl4daysasanextension

study,followingwhichtheyexhibitedaclinicalresponsewith

significantdecreaseinthesubjectivecoughsymptomscale

Consequently,nopatientwastreatedwithahighdoseofproton-pomp

inhibitorsforsuspectedGER[23].Whenwefinisheditraconazole

treatmentwiththeresultoftheimprovementofcoughsymptoms,we

confirmedsuccessfuleradicationofBMfungiinallllpatientsin

whomtheexpectorationwasabletobeobtained

Discussion

Althoughonlyalimitednumberofreportshavedocumentedinfectious

diseasescausedbyBMfungi,suchasSchizophy"""co"〃α〃e[24],the

C'opr功usspecies[25],andallergicbronchopulmonarymycosis[26],

therearemanyreportsaboutthepossibleroleofbasidiosporesas

airborneallergens[8].Fromtheresultsofseriesofourstudies,
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wehaveemphasizedthatBMfungicolonizinginthepharynxorlower

respiratorytractplayanimportantroleinchroniccough・Wehave

encounteredseveralpatientswhopresentedwithchronicintractable

cough;theirsputumexaminationyieldedenvironmentalfungi

(particularlyBMfungi)andtheyclinicallyrespondedtoanti-fungal

drugtherapies[15,16].Thepresentcontrolledstudywasperformed

toclarifythetherapeuticbenefitsofitraconazoleinpatientswith

fungus-associatedchroniccough.

Concerningstudydesign, atfirst, basedontheresponseto

bronchodilators,weevaluatedasthmaticcomponent,andnextbasedon

theresponsestohistamineHlantagonistsandinhaledcorticosteroids

weevaluatedcomponentofatopiccough・Becauseitiswell-knownthat

GER-associatedcoughandPND-inducedcoughareveryrareinJapan[27,

28],wedecidedtoperformexclusionofGER-associatedcoughinthe

finalstageoftreatment・Inotherwordswedecidedtouseproton-pomp

inhibitorswhentheitraconazoletreatmentfailed.

Although21patientsenrolledinthisstudywererandomlyassigned

totwogroupsaccordingtotheIDnumberofeachpatient,thepatients

inthecontrolgroupdemonstratedmoresevereairwayobstruction

comparedwiththoseintheitraconazolegroupdid・Thisresultmay

beexplainedbecausethereweremanysmokersinthecontrolgroup;

howevernosignificantdifferencewasseeninmeanageandFEV1/FVC

ratiobetweenthetwogroups.Adefinitediagnosiscouldnotbe

establishedinanyofthe21patientsatthepreviousstagebefore

thetrialphasestarted,becausethestandardtherapiesforcough

variantasthmaandatopiccoughdidnotrelievethecoughenoughin
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anypatients・Whenwetriedtoapplythemtoanexistingdiagnosis

accordingtoextensivediagnosticevaluationandnumeroustreatment

guidelines[20,21,23],wehadbarelyachieveddiagnosisofprobable

coughvariantasthma[14]in2patients(Patientsl,andl2);based

ontheresultofpartialresponsetobronchodilatorswithheightened

bronchialresponsivenesstomethacholine,andprobableatopiccough

[11]in2patient(patientlO,andl5);basedonthepartialresponse

thetothecombinationofhistamineHlantagonistsandinhaled

corticosteroids,increasedcoughreflexsensitivityandsomeatopic

tendency.Thus,theremainingl7patientswerediagnosedasunknown

etiology.

Thereisnostandardtherapeuticplanconcerninganamountanda

periodoftheantifungaldrugsforchroniccough・Wedecidedtocarry

outalow-doseuseofanti-fungaldrugsandfixedatreatmentperiod

attwoweeks,basedonourprevioustreatmentexperience[15,16].

Inthepresentstudy,inordertoevaluatechangeincoughsymptom

ontreatments,weusedsubjectivecoughsymptomscaleasdescribed

inthemethodssection.Thisscaleissimplerandeasierindaily

outpatientpractice･Asfortheprimaryoutcomeofthisstudy,weused

boththecoughscaleasasubjectiveindexandcapsaicincough

thresholdasanobjectiveone.

Thecoughscalewasnotrelatedwithcapsaicincoughthresholdat

thestartoftheitraconazoletrial.Inaddition,thechangeinthe

coughscaleafterthetreatment(itraconazoleorplacebo)wasnot

relatedwiththechangeinthecapsaicincoughthreshold・Thiswill

beexplainedbecausesomepatientswithoutcoughhypersensitivity
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similartocoughvariantasthma[11,20]wereincludedinthe21

patients

Itwasremarkablethatthelow-doseitraconazolewasefficacious

afterthetrialphaseinallthe21patientswhodidnothavean

existingdiagnosis. Asaresultofthis, thetreatmentwith

proton-pompinhibitorsforsuspectedGER-associatedcoughwasnot

fornecessaryanyoneln thisstudyafteradministrationof

itraconazole

Here,weconsidermechanismofcoughbasedontheeffectofeachdrug

whichwasusedbeforethetrialphase・HistamineHlantagonistsand

inhaledcorticosteroidsproducedapartialresponsein4patients.

IfBMfungicauseallergicinflammationintherespiratorytract,we

canexplain factthatthefactthatanti-allergic drugs demonstrated

availabilityinthe4fungus-associatedcougherswhetheritis

diagnosedasprobableACornot・Ontheotherhand,duringthefirst

treatmentphase,thebronchodilatortherapyshowedapartialeffect

in3patients・Amongthe3patients,2patientswithheightened

bronchialresponsivenesstomethacholinewereassignedtoprobably

coughvariantasthma・Similarly,weareabletoexplaintheefficacy

ofthebronchodilatorsinthe3patientswhethertheyarediagnosed

asprobableCVAornot,ifthecolonizationofBMfungiinthe

respiratorytractexacerbatestracttractexacerbatesthepotentially heightened

bronchomotortoneinsuchpatients・Fromsuchastandpoint,wecarried

outmaintenancetherapyinthe3patientsagainstthecoughvariant

asthmacomponentbehindevenafteracoughwasimprovedbysuccessful

eradicationofBMfungi・Thus,itwassuggestedthatthepatientsin
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whomitraconazolewaseffectivealoneandthepatientsinwhom

additionofitraconazolewaseffectivecoexisted.

Therefore,wedecidedtoproposeanewclinicalconcept"FACS'' as

anacronymforfungus-associatedcoughsyndrome;(1)chroniccough,

(2)environmentalfungiinthesputum,particularlyBMfungi,and(3)

clinicalresponsetoantifungaldrugs.

AsFACSisnotanindependentdiseaseconceptremovingother

diseases,itisdifficulttoestablishaconstantpathophysiologic

tendencysuchasairwaycoughreflexhypersensitivityandbronchial

hyperresponsiveness・Butthisdoesn'tconfusetheresearchersofthe

fieldofthecoughstudy・Evenifthebasicconditionofpatientsin

whichBMfungiweredetectedintheirsputumwasdifferent,the

possibilitythatantifungaldrugsmaybeeffectiveforthemwillbe

broughtbythisproposalofFACS.

Althoughthefactthatacoughsymptomwasnotimproved

satisfactorilyunlessBMfungiareeradicatedfromtherespiratory

tractisanotherimportantresultinthisstudy,theassociation

betweenexposuretoenvironmentalfungiandappearanceofthecough

attackshasnotbeenunderstoodclearlyyet.Furtherstudies[29,30]

arerequiredtoelucidatethemechanismbywhichthelow-doseof

itraconazoleisefficaciousforFACS;lowantifungalsusceptibility

ofitraconazole[31]ortheotherpotentialimmunologicalactionof

thedrugasan加munomodulator.

Thustheparticipationinplanningoftheantifungaldrugsinthe

coughtreatmentstrategyisepoch-making,andthepossibilityofthe

clinicalapplicationspreads・WehopethattherecognitionofFACS
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andthefurtherinvestigationconcerningappropriateusesofthe

anti-fungaldrugsmayprovideanalternativeusefulavenueforthe

treatmentoftheseotherwisedifficulttomanagepatients.
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VIExhalednitricoxide(NO)1evelsinpatientswithatopiccoughand

coughvariantasthma

Abstract

[Background]Atopiccough(AC)isanestablishedclinicalentity

presentingwithchronicpersistentnon-productivecoughinJapan.

ExhaledNOlevelisabiomarkerofeosinophilicairwayinflammation.

ThepresentstudywasconductedtoelucidatewhetherexhaledNOlevels

wereincreasedinACincomparisonwithcoughvariantasthma(CVA)and

bronchialasthma(BA).

[Methods]Consecutivepatientscomplainingofisolatedcoughlasting

atleast8weekswhovisitedourrespiratorymedicineclinicandgave

informedconsentforparticipatinginthisstudywereenrolled・Causes

ofchroniccoughwerediagnosedaccordingtotheJapaneseRespiratory

Societyguidelinesformanagementofcough.ExhaledNO,capsaicincough

sensitivity(C5)andbronchialreversibilityweremeasuredattheir

firstvisit.Bronchialresponsiveness(PC20)wasmeasuredattheir

secondvisitfollowing6-daybronchodilatortherapy.

[Results]Outof58enrolledandsufficientlyassessedpatients,9and

11patientswerestrictlydiagnosedwithACandCVAasasinglecause

ofchroniccough・TenpatientswithBAdidnotundergoinhaled

corticosteroidtherapyattheirfirstvisit・ExhaledNOlevelsin

patientswithACweresignificantlylowerthanthoseinpatientswith

CVAandBA.TherewasnosignificantdifferenceintheexhaledNOlevels

betweenpatientswithCVAandBA.

[Conclusions]TheseresultsconfirmthatpathogenesisinACis
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differentfromthoseinCVAandsuggestthatexhaledNOmayreflect

eosinophilicinflammationofperipheralairways.ExhaledNO

measurementmaybeusefulindifferentiatingCVAfromACandother

causesofchronicnon-productivecough.

Introduction

Coughvariantasthma(CVA)andatopiccough(AC)aremajorcausesof

chronicnon-productivecoughinJapan[1].ACisanewclinicalentity

presentingwithbronchodilator-resistantnon-productivecough,which

hasbeenestablishedinJapan[2].Itisthemostimportantthat

bronchodilatortherapyhasanti-tussiveefficacyonlyinCVA・The

fundamentalfeatureofACincludeseosinophilicinflammationof

centralairwayandincreasedcoughreflexsensitivity[3]whilethat

ofCVAconsistsofeosinophilicinflammationofcentraltoperipheral

airway[4]andmildlyincreasedbronchialresponsiveness[5].CVAis

recognizedasaprecursorofasthmabecauseasthmaonsetdevelopsin

nearly30%ofpatientswithCVA[6,7]．Ontheotherhand,atopiccough

doesnottransformtoasthma[7].

Exhalednitricoxide(NO)levelshavebeenrecognizedasanindex

ofeosinophilicairwayinflammation[8].DeDiegoAetal.[9]reported

thatexhaledNOlevelsweresamebetweenCVAandBApatients.

Nevertheless,exhaledNOlevelshavenotbeenreportedinAC・The

presentstudywasconducedtoelucidatewhetherexhaledNOlevelsare

increasedinACincomparisonwithCVAandBA

Subjectsandmethods
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Studydesign

Thedesignwasacross-sectionalobservationalstudycomparingpatients

withAC,CVAandBA，Consecutivepatientscomplainingofisolatedcough

lastingatleast8weeks,whovisitedourrespiratorymediCineclinic

forthediagnosisandtreatmentfromlOctober2004to30September2006

andgaveinformedconsentforparticipatinginthisstudy,wereenrolled.

MeasurementsofexhaledNOconcentration,capsaicincoughsensitivity

andbronchialreversibility,sputuminductionusinginhalationof5%

salinesolution,andassessmentofatopicconstitutionwereperformed

inthisorderattheirfirstvisit.Then,eachpatientunderwent

bronchodilatortherapy(oralclenbuterol40Ug/day+inhaledsalbutamol

sulfate(200Llg)ondemand)for6daysuntilthedaybeforehisorher

secondvisit・Efficacyofthebronchodilatortherapyoncoughwas

assessedaccordingtotheunderwrittenmethodforassessmentof

efficacyoftreatmentoncoughandbronchialresponsivenessto

methacholinewasmeasuredatthesecondvisit、Afterthen,eachpatient

receivedsuitabletreatmentaccordingtotheJapaneseRespiratory

Society(JRS)guidelinesforthemanagementofcough[2]・Thisstudy

protocolwasapprovedbytheethicscommitteeoftheKanazawaUniversity

Hospital.

ExhaledNOlevelsinpatients,whoinitiallyvisitedduringthestudy

period,hadnotundergoneinhaledorsystemiccorticosteroidtherapy

duringatleast4weekspreviously,andwerediagnosedtohavetypical

bronchialasthma(BA),wereusedasdiseasecontrolvalues・Diagnosis

ofBAwasmadebasedonthefollowingthreecriteria:1)ahistoryof

recurrentepisodesofwheezing,2)reversibleairwayobstruction
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documentedbyaphysician,and3)animprovementofl2%ormoreand200

mlormoreinforcedexpiratoryvolumeinls(FEV1)afterinhalation

of300LIgsalbutamolsulfate.

Assessmentofefficacyoftreatmentoncough

Efficacyoftreatmentoncoughwasassessedusingvisualanaloguescale

(VAS)．Itwasassumedthatsumsensationconcerningintensityand

frequencyofcoughduringseveraldaysatfirstvisitwaslOcmand

absenceofcoughwasOcm･Eachpatientwasaskedwhatcmonthecough

scaleremainedateachvisit・Efficacyofbronchodilatortherapy,which

isthemostimportantcriterionforthediagnosisofCVA,wasjudged

tobeeffectivewhentheVASatthesecondvisit(after6－day

bronchodilatortherapy)was7cmorless.

〃iag"Cssofaropicco"ghaCノa"dco"ghvaZ･ia〃ras妨皿a化'〃ノ

Atopiccough(AC)andcoughvariantasthma(CVA)asasinglecauseof

chroniccoughwerestrictlydiagnosedaccordingtothefollowing

diagnosticcriteriaforselectionofsubjectsinclinicalstudies

recommendedbyJRS[2].Inotherwords,patientswithprobablediagnosis

ofACorCVAbasedonthebriefdiagnosticcriteriapreparedbyJRS[2]

wereexcludedfromthisstudysothateverybodyacceptstheselection

ofstudiedpatientswithACorCVA.

ThediagnosisofACwasmadeaccordingtothefollowingcriteria[2]:

1)Non-productivecoughlastingmorethan8weekswithoutwheezingor

dyspnea

2)Presenceofoneormorefindingsindicativeofanatopic
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constitution,includingapasthistoryand/orcomplicationsof

allergicdiseasesexcludingasthma,aperipheralblood

eosinophilia(>5%or>400cells/lll),elevatedtotallgElevelin

theserum(>1501U/ml),positivespecificlgEantibodyto

aeroallergensand/orinducedsputumeosinophilia(≧2,5%)

3)Nobronchialreversibility,definedaslessthanalO%increasein

FEVlafterinhalationof30011gsalbutamolsulphate

4)Bronchialresponsivenesswithinnormallimits(provocative

concentrationofmethacholinecausinga20%fallinFEV1(PC20)≧10

mg/ml)

5)Increasedcoughreflexsensitivity(capsaicinconcentration

eliciting5ormorecoughs(C5)≦3．9pM)

6)Coughresistanttobronchodilatortherapy(oralclenbuterol40

Ug/dayplusinhaledsalbutamol200Llgatbedtimeandondemand)

7)Noabnormalfindingsindicativeofcoughaetiologyonchest

radiograph

8)NormalFEV1(≧80%ofpredictedvalue),FVC(≧80%ofpredictedvalue),

andFEV1/FVCratio(≧70%)

Whenallcriteriaweresatisfied,adefinitediagnosisofatopiccough

wasgiven・AllpatientsdiagnosedwithACweresuccessfullytreatedwith

histamineH1-antagonistsaloneand/orwithinhaledand/ororal

corticosteroids・ThediagnosisofCVAwasmadeaccordingtothe

followingcriteria[2]:

1)Isolatedchronicnon-productivecoughlastingmorethan8weeks

2)Absenceofahistoryofwheezingordyspnea,andnoadventitious

lungsoundsonphysicalexamination
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3)Absenceofpost-nasaldriptoaccountforthecough

4)FEV1,FVC,andFEV1/FVCratiowithinnormallimits

5)Presenceofbronchialhyperresponsiveness(PC20<10mg/mL)

6)Reliefofcoughwithbronchodilatortherapy

7)Noabnormalfindingsindicativeofcoughaetiologyonchest

roentgenogram

Whenallcriteriaweresatisfied,adefinitediagnosisofCVAwasgiven.

AllpatientswithCVAhadbeensuccessfullytreatedwith

bronchodilators,theleukotrieneantagonistmontelukastand/orinhaled

corticosteroids.

Measurementofexhalednitricoxide(NO)concentration

ExhaledNOconcentrationwasmeasuredbytheonlinemethodusinga

chemiluminescenceanalyzer(model280,Sieverslnstruments,Boulder,

CO,USA)accordingtotheAmericanThoracicSociety(ATS)guidelines

[10],between9a.m.andlp.m.athis(her)firstvisit.Expiratory

flowratewasO.05L/secasrecommendedbytheguidelinesandexhalation

pressurewasl6cmH20．MeasurementofexhaledNOwasrepeateduntil

reproduciblethreeNOplateauvalueswereachieved・ExhaledNOwasthen

calculatedasthemeanofthesethreevalues.

Pulmonaryfunctiontesting

Routinepulmonaryfunction,coughreflexsensitivityandbronchial

reversibilityweremeasuredinthisorderatthefirstvisit,and

bronchialresponsivenesswasdeterminedatthesecondvisit(oneweek

afterthefirstvisit)．FVC,FEVlandflow-volumecurvesweremeasured
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usingadrywedgespirometer(Chestacll,ChestCo．,Ltd.,Tokyo,Japan).

SpirometrywasperformedandevaluatedaccordingtotheATScriteria

[11].Capsaicincoughthreshold(C5),aconcentrationofcapsaicin

solutioneliciting5ormorecoughs,wasmeasuredasanindexofcough

reflexsensitivity[12,13].Toassessbronchialreversibility,

spirometrywasperformedbeforeand30minutesafterinhalationof300

llgsalbutamolsulfate・Aprovocativeconcentrationofmethacholine

causinga20%fallinFEVlfromprechallengevalues(PC20)wasmeasured

asanindexofnon-specificbronchialresponsiveness[14].

Statisticalanalysis

DatavaluesforexhaledNO,capsaicincoughthreshold(C5)andbronchial

responsiveness(PC20)wereexpressedasgeometricmeanwithgeometric

standarderrorofthemean(GSEM)．Otherdatavalueswereexpressedas

meanandstandarddeviation.Differencesindatavaluesbetween
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statisticallysignificant

ResUlts

Diagnosticprocedurewascompletedin58of80patientswithchronic

coughwhowereenrolledduringthe2-yearstudyperiod・Outofthe58

patients,9andllpatientswerestrictlydiagnosedwithACandCVAas

asinglecauseofchroniccough．ExhaledNOvaluesinlOpatientswith
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BA,whohadnotundergoneinhaledorsystemiccorticosteroidtherapy

attheirfirstvisit,wereavailableduringthestudyperiod.Patients'

characteristicsaresummarizedinTable1．Durationofcoughsymptom

beforetheinitialvisit,successfultreatmentforreliefofcoughand

timeafterthefirstvisitrequiredtorelievecoughonthesuccessful

treatmentaresummarizedforindividualpatientswithACandCVAin

Table2.Findingsshowingatopicconstitutionforindividualpatients

withACandCVAareshowninTable3.

ExhaledNOlevelsinpatientswithAC(13．0ppb,GSEM1．14)were

significantlylowerthanthoseinpatientswithCVA(39.4ppb,GSEM1.25,

p=0．0007)andBA(36．1ppb,GSEM1.26,p=0．0020)(Fig.1).Therewas

nosignificantdifferenceintheexhaledNOlevelsbetweenpatientswith

CVAandBA(p=0.7618).

Discussion

ThepresentstudyclearlyshowedthatexhaledNOlevelswere

significantlylowerinACcomparedwithCVAandBA.Wecouldnot

representnormalvaluesofexhaledNOinthisstudybecauseitwas

difficUlttocollectgender-andage-matched,non-atopic,neversmoking

normalsubjects.IthasbeenestablishedthatexhaledNOisa

non-invasivebiomarkerofeosinophilicairwayinflammationbecauseit

isincreasedinsteroid-naiveasthmaticpatients[8]・Accordingly,it

isconcludedthatexhaledNOinACislowercomparedwiththatinCVA,

whichisassameasthatinsteroid-naIveBA

Twodiagnosticcriteriaforeachcauseofchroniccoughare

recommendedbyJapaneseRespiratorySociety(JRS)[2]・Oneis
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diagnosticcriteriaforselectionofsubjectsinclinicalstudies

(researchuse)andanotherisbriefcriteriaforuseingeneralclinical

practice(clinicaluse).Inthepresentstudy,onlypatientswithAC

andCVA,whichwerestrictlydiagnosedbasedonthediagnosticcriteria

fortheresearchuse[2],wereincluded.Asthediagnosticcriteriahave

beenmadeforselectionofsubjectsinclinicalstudiessothatdata

areavailablecommonlyamongworldwideresearchersandresearchgroups,

itishardevenforcoughspecialistslikeustocompleteallthelisted

measurements.Inaddition,itisalsodifficultthatallthecriteria

aresatisfied・Forexample,asawomaninwhomchroniccoughwas

completelyrelievedbybronchodilatortherapyandbronchial

responsivenesswaswithinnormallimitswasdiagnosedtohaveprobable

CVA,butnotdefiniteCVA,shewasnotincludedinthisstudy・Thus,

itisareasonwhyonlysmallproportionofpatientswhovisitedour

pulmonarymedicineclinicforthediagnosisandtreatmentofchronic

coughcouldbeincludedinthepresentstudy.Furtherstudiesusingthe

briefdiagnosticcriteriaforACandCVAtoelucidatewhetherthesame

resultsareinvestigatedmaybeworthyfordeterminingthatmeasurement

ofexhaledNOisusefulformakingdiagnosisofCVAingeneralpractice.

Chroniccoughisdefinedasisolatedpersistentcoughlasting8or

moreweeks・CVAisstrictlydiagnosedwhenisolatedchroniccough,which

wecannotdiagnoseasbronchialasthmabecauseofnohistoryofwheezing

ordyspneaindicativeofbronchialasthmaandnowheezesaudibleonlung

auscultation,respondstobronchodilatortherapy[5].Although

non-specificbronchialresponsivenessismildlyincreasedasagroup

ofsuchpatientswhosecoughrespondstobronchodilatortherapy[5,7],
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itsconsiderableproportionisoverlappedwiththoseofnormalsubjects

[15].Inaddition,Irwinandco-workershaveclearlyshownthat

measurementofbronchialresponsivenesscannotpredictefficacyof

bronchodilatortherapyonisolatedchroniccough[16].Takingtogether,

itshouldberecognizedthatefficacyofbronchodilatortherapyoncough

isthemostimportantcriterionforthediagnosisofCVAwhileincreased

bronchialresponsivenessisthesecond.Nevertheless,somechest

physiciansbelievethatchroniccoughwithincreasedbronchial

responsivenessisCVA・Thus,westrictlyselectedpatientswithCVA,

whosecoughrespondedtobronchodilatortherapyandbronchial

responsivenesswasincreased,inthisstudy.

ACisanewlyestablishedclinicalentitypresentingwithchronic

isolatedbronchodilator-resistantnon-productivecoughinJapan[2].

Thefundamentalfeaturesareincreasedcoughreflexsensitivity

[3,7,15]withnormalbronchialresponsivenessphysiologicallyand

eosinophilicinflammationofcentralairwaypathologically[3].These

aredifferentfromthoseofCVA:increasedbronchialresponsiveness

[5,15]andeosinophilicinflammationofcentraltoperipheralairway

[4].CVAisapreludeoftypicalasthmabutACisnot[7](Table4).

Inmanycountriesnon-asthmaticeosinophilicbronchitis(EB)is

beingacceptedforaclinicalentitypresentingwithchroniccough

respondingtocorticosteroidtherapy[17].Thediagnosticcriteria

consistofsputumeosinophiliaandnormalbronchialresponsiveness[17].

InsuchpatientswithEB,ithasbeenreportedthatcoughreflex

sensitivityisincreased[18],eosinophilsareincreasedin

bronchoalveolarlavagefluid[19,20],andtypicalasthmaonsetdevelops
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[21].Twostudies[20,22]haveshownthatexhaledNOlevelsinpatients

withEBareincreasedtothesamelevelsasthoseinpatientswithBA.

Thus,somefeaturesaresamebutothersaredifferentbetweenACand

EBassummarizedinTable4.Atpresent,itmaybeconcludedthatAC

isdifferentfromEB.ThefindingsthatexhaledNOandeosinophilsin

bronchoalveolarlavagefluidareincreasedinBAandEB,butnotinAC,

suggestthatexhaledNOreflectseosinophilicinflammationof

peripheralairway,ofwhichsurfaceareaismuchlargerthanthatof

centralairway.

DeDiegoetal[9]comparedairwayinflammatorymarkersbetween

typicalasthmaandCVA,whichwasstrictlydiagnosedbasedonboth

increasedbronchialresponsivenessandreliefofcoughwith

bronchodilatortherapyassameasinourpresentstudy・Theauthors

investigatedthatexhaledNOaswellascoughreflexsensitivityand

bronchialresponsivenessdidnotdifferbetweentypicalasthmaandCVA.

ThesamelevelsofexhaledNOandcoughreflexsensitivitywere

confirmedinthepresentstudy,whilebronchialresponsivenesswasmore

increasedintypicalasthmacomparedwithCVA・Itislikelythat

severityoftypicalasthmaissevererinourstudycomparedwithDeDiego

andcoworkers'studyandcoworkersstudy･Takingtogether,itisconcludedthatexhaled

NOlevelsareincreasedinCVAtothesamelevelsseeninsteroid-naive

typicalasthma.

Inconclusion,theresultsofthisstudyconfirmthatpathogenesis

inACisdifferentfromthatinCVAorEB,andsuggestthatexhaledNO

mayreflecteosinophilicinflammationofperipheralairways・Exhaled

NOmeasurementmaybeusefulindifferentiatingCVAandEBfromACand
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othercausesofchronicnon-productivecough,inwhichexhaledNOhas

beenshowntobelowerthaninasthma[23].

References

1FujimuraM,AboM,0gawaH,NishiK,KibeY,etal.Importanceof

atopiccough,coughvariantasthmaandsinobronchialsyndromeascauses

ofchroniccoughinHokurikuareaofJapan"espiroIogJ'2005;10:201－7.

2CommitteefortheJapaneseRespiratorySocietyGuidelinesfor

ManagementofCough・TheJapaneseRespiratorySocietyguidelinesfor

managementofcough．〃espir･ology2006;11(Suppl):135-86.

3FujimuraM,0gawaH,YasuiM,MatsudaT.Eosinophilic

tracheobronchitisandairwaycoughhypersensitivityinchronic

non-productivecough．〃Z〃・Exp．""ergy2000;30:41-7.

4NiimiA,AmitaniR,SuzukiK,TanakaE,MurayamaT,etal・Eosinophilic

inflammationincoughvariantasthma.E､"r."espir．』、1998;11:1064-9.

5CorraoWM,BramanSS,IrwinRS・Chronicc.oughasthesolepresenting

manifestationofbronchialasthma.".E･"gJ.ノ."ed.1979;300:633-7.

6JohnsonD,0sbornLM・Coughvariantasthma:areviewoftheclinical

literature.J."s幼〃al991;28:85-90.

7FujimuraM,0gawaH,NishizawaY,NishiK.Comparisonofatopiccough

withcoughvariantasthma：Isatopiccoughaprecursorofasthma？7horax

2003，58：14－8．

8KharitonovSA,YatesD,RobbinsRA,Logan-SinclairR,Shinebourne

EA,etal・Increasednitricoxideinexhaledairofasthmaticpatients.

La"cetl994;343:133-5

9DeDiegoA,MartinezE,PerpinaM,NietoL,CompteL,etal.Airway

76



inflammationandcoughsensitivityincough-variantasthma･"ZIez･gy

2005;60:1407-11.

10AmericanThoracicSociety.Recommendationsforstandardized

proceduresfortheonlineandofflinemeasurementofexhaledlower

respiratorynitricoxideandnasalnitricoxideinadultsand

children-1999.4".J、"espir・C,rit.Care"ed・1999;160:2104-17.

11AmericanThoracicSociety:Standardizationofspirometry-1987

update．』〃．〃el'."espiz-．〃is、1987;136:1285-98.

12FujimuraM,SakamotoS,KamioY,MatsudaT.Sexdifferenceinthe

inhaledtartaricacidcoughthresholdinnon-atopichealthysubjects.

7hoz-axl990;45:633-4.

13FujimuraM,SakamotoS,KamioY,MatsudaT・Coughreceptor

sensitivityandbronchialresponsivenessinnormalandasthmatic

subjects.E､"Z･."esPir、J、1992;5:291-5.

14CockcroftDW,RuffinRE,DolovichJ,HargreaveFE.Allergen-induced

increaseinnon-allergicbronchialreactivity.〃ズ〃.J4"ergy

l977；7：503－13．

15FujimuraM,KamioY,HashimotoT,MatsudaT.Coughreceptor

sensitivityandbronchialresponsivenessinpatientswithonlychronic

nonproductivecough:Inviewofeffectofbronchodilatortherapy．J、

"s幼〃al994;31:463-72.

16IrwinRS,FrenchCT,SmyrniosNA,CurleyFJ.Interpretationof

positiveresultsofamethacholineinhalationchallengeandlweekof

inhaledbronchodilatoruseindiagnosingandtreatingcough-variant

asthma・"rch．I"tez-〃．〃ed、1997;157:1981-7.

17BrightlingCE・Chroniccoughduetononasthmaticeosinophilic

77



bronchitis:ACCPevidence-basedclinicalpracticeguidelines.Chesr

2006;129(Suppl):116S-21S.

18BrightlingCE,WardR,WardlawAJ,PavordlD.Airwayinflammation,

airwayresponsivenessandcoughbeforeandafterinhaledbudesonide

inpatientswitheosinophilicbronchitis・Eur．〃espir．.J.2000;

15：682－6

19GibsonPG,ZlaticK,ScottJ,SewellW,WoolleyK,etal・Chronic

coughresemblesasthmawithlL-5andgranulocyte-macrophage

colony-stimulatingfactorgeneexpressioninbronchoalveolarcells.

ﾉ."ZZergyC,〃〃．I"〃zﾉ〃oI．1998;101:320-6.

20BrightlingCE,SymonFA,BirringSS,BraddingP,WardlawAJ,etal.

Comparisonofairwayimmunopathologyofeosinophilicbronchitisand

asthma.7'horaX2003;58:528-32.

21BerryMA,HargadonB,McKennaS,ShawD,GreenRH,etal.

Observationalstudyofthenaturalhistoryofeosinophilicbronchitis.

〃i".Exp.ノ〃Jez-gy2005;35:598-501.

22BerlyneGS,ParameswaranK,KamadaD,EfthimiadisA,HargreaveFE.

Acomparisonofexhalednitricoxideandinducedsputumasmarkersof

airwayinflammation..r.J4"ez-gJ'C'〃〃．’"α""oJ.2000;106:638－44.

23ChatkinJM,AnsarinK,SilkoffPE,McCleanP,GutierrezC,etal.

Exhalednitricoxideasanoninvasiveassessmentofchroniccough．』皿．

J."espiz-.Corit.C'are"ed.1999;159:1810-3.

7s



TablelCharacteristicsofpatientswithatopiccough(AC),coughvariantasthma(CVA)andtypical
bmnchialasthma(BA)

BACVAAC

10

3:7

43．0±18．9

157.9±5.2

55.1±10.8

102.4±14．2

83．6±12.5***$$

72．1±13．6

7．8(2.2)*＊

0.81(1.60)****$

9

2:7

42.8±13．1

164.3±7.1

62.7±13.1

ll9.2±9.0

103.3±10.1

80．1±7．6

l.0(1.20)

39.7(1.52)

11

2:9

44．8±16.1

160.0±8.8

55．7±8．4

lll．3±19．6

98.l±10.7

79．4±9.9

18.9(l.4)****

2.4(1.22)****

Numberofsubjects

Gender(male:female)

Age(years)

Height(cm)

Bodyweight(kg)

FVC,%predicted

FEV,,%predicted

FEV,/FVC(%)

C5(llM)

PC20(mg/mL)

Dataarepresentedasmean(±SD)
DatainC5ispresentedasgeometricmean(geometricstandardenorofthemean)

**p<0.01,***p<0.001and****P<0.0001comparedwithAC
$p<0.05,and$$p<0．OlcomparedwithCVA
CScapsaicincouJ1sensitivity

Table2Resultsoftreahnentinpatientswithatopiccough(AC)andcoughvariantasthma(CVA)

Symptom
duration

(months)

Time$hrrelief

ofcough

(weeks)

AgeSex
(years)

Successhlltreatmem

Patient

８
２
２
７
２
２
２
４
２
２

Atopiccough
l

2

3

4

5

6

7

8

9

Coughvariantasthma
l

2

3

4

5

6

7

8

9

10

ll

Ｆ
Ｆ
Ｆ
Ｆ
Ｍ
Ｆ
Ｆ
Ｍ
Ｆ

２
９
３
１
１
０
１
１
７

５
３
６
４
２
４
５
５
２

９
４
４
５
０
４
４
６
３

１

ＳＬＰ

Ｐ
Ｐ
Ｐ
Ｐ

Ｆ
Ｆ
Ｆ
Ｆ

ｅ
ｃ
ｃ
Ｃ
ｅ
ｃ
ｃ
ｅ

血
伽
伽
伽
Ｌ
伽
伽
伽
伽

ｌ
ｌ
ｌ
ｌ
Ｐ
ｌ
ｌ
ｉ
ｌ

鎚
鎚
砥
鎚
Ｑ
〕
鍜
砥
錘
砺

肱
峨
峨
岫
阻
岫
岻
峨
峨

４
２
２
０
４
２
５
３
２
３
５

２１

Ｆ
Ｆ
Ｆ
Ｆ
Ｆ
Ｆ
Ｆ
Ｍ
Ｍ
Ｆ
Ｆ

刃
咽
匁
の
妬
Ⅳ
刈
弱
糾
刀
弱

１
８
４
３
４
６
２
４
４
５
８

Clenbuteml

Clenbuterol

Clenbuterol,montelukast

Procaterol,theophylline
Clenbuterol,salbutamolinhaled
Clenbuterol

Clenbuterol,montelukast,salmeterolinhaled
BDP

Clenbuteml,BUD,salmetemlinhaled

Montelukast,BUD

Clenbuteml,montelukast,BUD

FP,nuticasonedipropionateinhalation(200-40011gtwicedaily);BUD,budesonideinhalation(200-40011gtwicedaily);BDP,beclomethasone
dipropionateinhalation(200-40011gtwicedaily);PSL,oraiprednisolone(20mgoncedaily)hrlessthan3weeks.$timerequiredtorelieve
coughafterthefirstvisit.



Table3Characteristicsofatopicconstitutioninpatientswithatopiccough(AC)andcoughvariantasthma(CVA)

Eosinophilsin

peripheralblood

(%)(/uL)

TotaligE

inserum

(IU/mL)

Eosinophns

insputum

（%)＊

SpecificlgE
inserum

Family

history

Compli-
cation

Past

history

Case

Number

Atopiccough
l

2

3

4

5

6

7

8

9

Coughvariantasthma
l

2

3

4

5

6

7

8

9

10

11

NG

O

O

NG

NG

NG

NG

NG

19､5

ll

32

138

94

2200

220

68

86

175

６
０
７
７
７
０
３
０
２

□
●
○
●
●
●
■
Ｃ
Ｑ

７
１
３
０
３
２
３
４
８

251

42

218

43

283

138

158

176

558

JC

HD,D,RW,JC
HD

RW,JC

HD,D

JC,HD,D,CD

AR

Ｄ

一
一
Ⅶ
一
門
一
一
Ⅶ
ＭＰ

一
一
門
Ⅶ
側
一
一
一
一

棚
０
開
閉
９
０
剛
Ⅳ
羽
剛
刷

０
Ｍ
鵬
肥
川
肥
肥
胡
肥
伽
冊

1．5

3．0

1．0

l.5

0

3．0

6．0

10．8

1．0

4．8

1．9

72

255

63

60

0

177

360

756

69

262

110

ＲＵ
Ａ

Ⅶ
一
一
一
一
一
一
一
肌
朋
一

HD,RW

HD,D

JC,RW

HD,D

JC

一
一
一
一
朋
朋
一
一
一
門
一

一
一
一
一
一
船
一
一
一
駅
一

")*,percentofnucleatedcells,NG,inadequatesputumsample;AR,allergicrhinitis;PO,pollinosis;UR,urticaria;AD,atopic
dermatitis;CBA,childhoodbronchialasthma;HD,housedust;JC,Japanesecedar;D,dennatophagoides;RW,ragweed;CD,cat
dander.

Table4Comparisonbetweenatopiccough(AC),nonasthmaticeosinophilicbmnchitis(EB)andcoughvariantasthma(CVA)

EosinophilicbI℃nchitis
withoutasthma

AtopiccouglCoughvariantasthma

Physiology

Coughreflexsensitivity

BmnchialI℃sponsiveness

Increased

Notincreased

Notincreased

Increased

butlessthanasthma

Increased

Notincreased

Pthology

Eosinophilsin

inducedspumm

biopsiedbronchi

Increased

Increased

sameasasthma

伽cｿ…‘

sα畑e“峨加α＊

ｄ
ｄ
ａ
ｄ
ａ

ｈ
ｈ
ｔ
ｔ

ａ
ａ
、
ｍ

Ｓ
Ｓ

露
錘
鎚
率
鍜

脈
脈
》
脈
》

Increased

hcreased

butlessthanasilma

的r"cF℃"eWBALfluid

Inflammatorymarkers
ExhaledNO

Ouome

AsthmaonsetwithoutlCS

withICS

I"α“師Increaged 肋2加匪恋鯏

Notinvestigated
9％

30％

6％
恥

Notinvestigated

Underlinedfindingswere什omthepresentstudy
*Asthmaticstreatedwithinhaledcorticosteroids
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FigurelExhalednitricoxide(NO)levelsinpatientswithatopiccough(AC),coughvariantasthma(CVA)and
typicalbronChialasthma(BA)
Horizontalbarsrepresentgeometricmeanvalues・PvaluesanalyzedbyFisher'sPLSDareshown.



VIITheeffectofpressurestresstoairwayoncoughreflexsensitivity

lngulneaplgs

Abstract

〃a〃o"aJe:Wehypothesizedthatcoughstresstoairwaywallmakesa

self-perpetuatingcough－reflexcycle,inwhichantigen-induced

increaseincoughreflexsensitivityresultsinpathologiccough,and

thecoughinturnfurtheramplifiescoughreflexsensitivity.

〃b.jec"w'esa"d"eMods:0uraimwastodevelopanexperimentalguinea

pigmodel,inwhichairwaycollapseseenatcoughingwasinducedby

rapidnegativepressurestresstoairwayofartificiallyventilated

animals,andtoexamineinfluenceofthisstressoncoughreflex

sensitivitytoinhaledcapsaicinandbronchoalveolarlavage(BAL)cell

component･Afterthecompletionofartificialventilation,numberof

coughsduetocapsaicinwasmeasuredandthenBALwasperformed.

"eS"Its:BothcapsaicincoughsensitivityandBALneutrophilswere

increased6hafterthestressanddisappearedwithin24h.Inanimals

withoutmechanicalstress,thecoughsensitivityorBALcellcomponents

werenotchanged・BALneutrophilsweresignificantlycorrelatedtothe

numberofcoughs・Hydroxyureainhibitedthestress-inducedincrease

inthenumberofcoughsandairwayneutrophilaccumulation.

C'o"cI"sio"s:0urstudiessuggestthatcoughitselfistraumaticas

mechanicalstresstoairwaywallandmayinducetheneutrophilicairway

inflammationandcoughreflexhypersensitivity・Thus,thecoughstress

toairwaywallmaymakeaself-perpetuatingcough-reflexcycle.
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Introduction

Coughisoneofthemostcommonsymptomsofrespiratorydiseases

Patientswithchronicnon-productivecoughusuallyhaveanenhanced

coughreflexsensitivitytoinhaledtussiveagentssuchascapsaicin

andcitricacid(1,2)．Littleisknownabouttheunderlyingmechanisms

oftheincreasedcoughresponse.Basedonourclinicalexperience,we

hypothesizedthatcoughstresstoairwaywallmakesaself-perpetuating
p

cough-reflexcycle,inwhichantigen-inducedincreaseincoughreflex

sensitivityresultsinpathologiccough,andthecoughinturnfurther

amplifiescoughreflexsensitivity・Wedevelopedanexperimental

guineapigmodel,inwhichairwaycollapseseenatcoughingwasinduced

byrapidnegativepressurestresstoairwayofartificiallyventilated

animalsandexamineinfluenceoftherapidnegativepressurestress

oncoughreflexsensitivitytoinhaledcapsaicin,bronchoalveolar

lavagecellcomponentsandhistologicalchangesofairwaywall.

MaterialsandMethods

Animals

Male,albino,Hartley－strainguineapigs(bodyweight550to600g),

whichwereobtainedfromSankyouLaboratoryService(Toyama,Japan),

wereused・TheywerequarantinedintheAnimalResearchCenterof

KanazawaUniversity・Alltheanimalproceduresinthisstudycomplied

withthestandardssetoutintheGuidelinesfortheCareandUseof

LaboratoryAnimalsattheTakara-machiCampusofKanazawaUniversity

Studydesign
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Experimentalprotocoll

Wedividedtheanimalswithoutpretreatmentwithhydroxyurea(HU)into

fourgroupsasfollows:normalcontrol(NA)group,negativecontrol

(NE)groupandpositivecontrol(PO10orPO20)groups(n=8or9for

eachgroup).Guineapigswereanesthetizedbyanintraperitoneal

injectionof30mg/kgofsodiumpentobarbitalandplacedinasupine

position・AnimalsinNAgroupweretracheotomizedonly・Afterthe

tracheawascannulatedwithapolyethylenetube(outsidediameter;2．5

mm,insidediameter;2.1mm),theanimalsinPOandNEgroupswere

artificiallyventilatedusingasmallanimalrespirator(modell680,

HarvardApparatusCo．,Inc.,SouthNatick,MA)adjustedtoatidal

volumeoflOml/kgatarateof60strokes/minforlmin.Andthenanimals

inPOgroupswereexposedtothemechanicalnegativepressurestress.

AnimalsinPO10groupwereexposedtonegativepressureoflOcmH20and

animalsinPO20groupwereexposedtonegativepressureof20cmH20.

AnimalsinNEgroupwe.reonlyventilatedartificiallywithoutnegative

pressurestress.Aftertheventilation,thetracheaandskinwere

sutured,andthenanimalsawokefromtheanesthesia.Coughreflex

sensitivitytoinhaledcapsaicinwasmeasured6,12and24hoursafter

thecompletionofartificialventilationandthenanimalswere

anesthetizedandbronchoalveolarlavagewasperformedateachtime.

Increasesincoughreflexsensitivitytoinhaledcapsaicinand

neutrophilcountinBALFweresignificantinPO20group,butnotin

PO10group・Therefore,weexaminedthetimecourseofcoughreflex

sensitivityandBALfluidexaminationsinPO20groupincomparisonwith

thoseinNEgroup.
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Threeadditionalgroupsofguineapigs(NA,NEandPO20)were

preparedforhistologicexamination(n=5or6).

Experimentalprotocol2

NarveguineapigspretreatedwithHUorsaline(Sal)weredividedto

sixgroups:normalcontrolwithHU(NA-HU)groupandwithSal(NA-Sal)

group,negativecontrolwithHU(NE-HU)groupandnegativecontrolwith

Sal(NE-Sal)group,positivecontrolwithHU(PO20-HU)groupand

positivecontrolwithSal(PO20-Sal)group(n=8or9foreachgroup).

GuineapigspretreatedwithSalweregivenl.0mL/kgofO・15mMNaCl

dailyfor5daysviaintraperitonealinjectionandthosepretreated

withHUwereintraperitoneallygivenl．OmL/kgof800mg/mLHUsolution

dailyfor5days.Coughreflexsensitivitytoinhaledcapsaicinwas

measured6hoursafterthecompletionofartificialventilationand

thenanimalswereanesthetizedandbronchoalveolarlavagewascarried

out

Experimentalapparatusformechanicalnegativepressurestress

Experimentalapparatusforexposingmechanicalnegativepressure

stresstoairwayofartificiallyventilatedanimalsisshowninFigure

l・Theelectromagneticvalve(modelUSG3-6-1-H,CKDCorporation,Aichi,

Japan)openedlinkedwithventilationandthisvalveopenedfor20times

duringthe60secondsartificialventilation．Thisvalvekeptopened

forO．2second，DuringtheO．2secondnegativepressurecausedbya

largeaspirator(modelMERAMS-005,IzumiKoikaKogyoCo.,Ltd.,Tokyo,

Japan)wasexposedtotheanimalsinPOgroups・Thechangesin

resistancetolunginflation,thelateralpressureofthetrachealtube
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(pressureattheairwayopening:Pao,cmH20),weremeasuredwitha

pressuretransducer(ModelTP-603T,NihonKodenKogyoCo.,Ltd.,Tokyo,

Japan).Figure2AandFigure2BshowtheexamplesofPaomeasurement

inNEandPOgroup.

Coughreflexsensitivity

Coughreflexsensitivitywasmeasured6,12and24hoursafterthe

one-minuteartificialventilationwithorwithoutexposingnegative

pressurestresstotheairway，Eachconsciousguineapigwasplaced

inanairtightcustom-builttransparentplasticboxconsistingofa

headchamber(1600mlvolume)isolatedfromabodychamber,andpressure

inthebodychamberwasrecorded・Coughsweredetectedasachangein

thepressureshowingarapidinspirationfollowedbyrapidexpiration.

Todisregardmotion-andsneezing－relatedchangesinthepressure,

movementsoftheguineapigswerevisuallymonitored・Coughswere

countedbyatrainedobserverandrecognizedbythecharacteristic

animalpostureandthepressuretransducerrecordings･Increasing

concentrationsofcapsaicinsolution(10-6,10-4M)wereinhaledfor

2minutesfromaDevilbiss646nebulizer(DevilbissCo.,Somerset,PA)

operatedbycompressedairatl.61/min(IwakiAirPumpAP-115AN,Iwaki

Co．,Ltd.,Tokyo,Japan).Thenebulizeroutputwas37111/min.The

numberofcoughswascountedduringa2minutesinhalationofeach

capsaicinsolutionandforadditionallminute・Thetotalnumberof

coughsduringthe3-minuteperiodwasrecordedontheinhalationof

eachconcentrationofcapsaicin.Differentanimalswereusedforeach

timemeasurementtoavoidthepossibilityoftachyphylaxistorepeated
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inhalationofcapsaicin

Bronchoalveolarlavage(BAL)

Afterthemeasurementofcoughreflexsensitivitytocapsaicin,animals

wereanesthetizedbyanintraperitonealinjectionof75mg/kgofsodium

pentobarbitalandplacedinasupineposition.Afterthetracheawas

cannulatedwithapolyethylenetube(outsidediameter;2．5mm,inside

diameter;2.lmm),throughthetrachealcannulabronchoalveolarlavage

wasperformedwithlOmlofO.15mMNaC12times(total:20ml)．The

cellsinBALfluidwerestainedwithTurksolutionandcountedin

duplicateinahemocytometer(inaBurkerchamber).Differentialcell

countsweremadeonasmearpreparedbycytocentrifugeandstainedwith

Wright-Giemsa.

Timecourseofcoughreflexsensitivity,BALcellcomponentsand

concentrationofsUbstancePinBALfluidaftermechanicalstress

TheanalysisofBALfluidwascarriedoutl,3,6,12and24hoursafter

thel-minuteartificialventilationinbothanimalsinPO20andNE

groups(n=8or9foreachgroups).Becauseanimalsland3hoursafter

theventilationwerenotfullyawakenedfromtheanesthesia,only

inhalationofincreasingconcentrationofcapsaicinsolutionto

animalswasperformed,butnumberofcoughselicitedbycapsaicinwas

notmeasured・Aftertheexaminationofcoughsensitivitytocapsaicin,

BALwasperformed・Differentanimalswereusedforeachmeasurement

toavoidpossibilityoftachyphylaxistorepeatedinhalationof

capsalc1n
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TheconcentrationofsubstancePinBALfluidwasmeasuredusing

acommercialenzymeimmunoassay(EIA)kit(CaymanChemicalCompany,

USA).Thiskitisacompetitiveassaythatprovidesaccurate

measurementsofsubstancePwithaworkingrangeof3.9to500pg/m1.

Histologicalexamination

Animalswereexsanguinatedfromabdominalaorta6hoursafterthe

mechanicalnegativepressurestressunderdeepanesthesia.Theairway

andlungsofeachanimalwereexcisede"6jocbyopeningthechest.

Aftertheexcision,thetracheawascannulatedandinflatedwithlO%

formalinviathetrachealcannula.Theairwayandlungswerefixedfor

atleast48hoursandembeddedinparaffin・Thetracheaandmain

bronchusupto5mmpastthemaincarina,thelowerlobesoftheleft

lungweresectionedandstainedwithhematoxylinandeosin・Thenumber

ofneutrophilsintheepitheliumoftheleftmainbronchuswascounted

byalightmicroscopeatmagnificationx400andexpressedasthenumber

ofcellsmm-'lengthoftheairwaybasementmembrane,whichwasmeasured

withanobjectivemicrometer.

Wealsocountedthenumberofneutrophilsintheairwayepithelium

inthecartilaginousandnon-cartilaginousairwaysinthelowerlobe

oftheleftlungseparatelyusingWinROOF,imageanalysissoftware

(MitaniCo.,Ltd．,Fukui,Japan)asthenumberofcells/dimensionof

airWaymUcoSamm2.

Preparationofdrugs

Thefollowingchemicalswereused:sodiumpentobarbital(Abbott
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Laboratories,NorthChicago,IL),0．15mMNaCl(0tsukaPharmaceutical

Co.,Ltd．,0saka,Japan),capsaicin(Sigma,St・Louis,MO)and

hydroxyurea(WakoPureChemicallnd.,0saka,Japan).

Statisticalanalysis

Alldataareshownasmean±standarderrorofthemean(SEM).

Statisticaldifferencesweredeterminedbyanalysisofvariance

(ANOVA)followedbyFisher'sprotectedtestsignificantdifferences

(Statview;SASInstitute,Cary,NC,USA),excludingtheconcentration

ofsubstancePinBALfluid・Differencesintheconcentrationof

substancePinBALfluidwereanalyzedbyMann-Whitney's"test.ThesubstancePinBALfluidwereanalyzedbyMann－Whitneys〃test・The

relationshipbetweenthenumberofBALneutrophilsandthenumberof

coughcausedbyinhaledcapsaicinwasanalyzedusingsimpleregression

analysis.APvaluelessthanO、05wasconsideredstatistically

significant

Results

Coughreflexsensitivity6hoursafternegativepressUrestress

Figure3showsthenumberofcoughsinducedbyinhaledcapsaicinin

guineapigs・AnimalsinPO10groupwereexposedtonegativepressure

oflOcmH20andanimalsinPO20groupwereexposedtonegativepressure

of20cmH20.AnimalsinNEgroupwereonlyventilatedartificially

withoutnegativepressurestress・Thenumberofcoughselicitedby

inhaledcapsaicinwassignificantlyincreasedinanegativepressure

intensity-dependentfashion(Figure3).Nosignificantdifferencesin

thecoughreflexsensitivitywereobservedbetweennormalcontrol(NA)
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BALflUidanalysis6hoursafterthenegativepressurestress

Thenumbersoftotalcellsandneutrophilsandthepercentageof

neutrophilsinBALfluidweresignificantlyincreasedinanegative

pressureintensity-dependentmanner(Figure5)．Therewasno

significantdifferenceinthepercentageofneutrophilsorthenumber

oftotalcellsorneutrophilsbetweenNEandNAgroups(Figure5).There

wasalsosignificantincreaseinthenumberofmacrophagesinanegative

pressureintensity-dependentfashion・Nosignificantdifferencesin

thepercentageofmacrophages,lymphocytesoreosinophilsorthenumber

oflymphocytesoreosinophilswereobservedamongfourgroups(data

notshown).

EffectsofHUonBALcellcountsandcelldifferentiationareshown

inFigure6.HUinhibitedthemechanicalnegativepressure

stress-inducedincreaseinthenumberandpercentageofneutrophils.

AndHUdecreasedthenumberoftotalcellsandmacrophagesofNA,NE

andPO20groups(datanotshown).NosignificantinfluenceofHUwas

observedinnumberofBALlymphocytesoreosinophils,orinthe

percentageofmacrophages,lymphocytesoreosinophils(datanot

shown).

Timecourseofcoughreflexsensitivityafternegativepressurestress
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Thetimecoursesofcoughreflexsensitivitytoinhaledcapsaicinafter

themechanicalnegativepressurestressinPO20andNEgroupsareshown

inFigure7・AlthoughthenumberoflO-4capsaicininduced-coughswas

significantlyincreasedinPOgroup6andl2hoursafterthepressure

stresscomparedwithNEgroup,thecoughnumberwasmuchgreater6hours

afterthestress・Theincreaseincapsaicin-inducedcoughnumber

decreasednearlytothelevelofNEgroupwithin24hours・Therewere

nochangesinthecoughreflexsensitivityinNEgroupduringthe24

hours

TimecourseofBALcellcomponentsaftermechanicalstress

ThetimecoursesofnumberoftotalcellsandneutrophilsinBALfluid

collectedfromPO20andNEgroupsareshowninFigure8AandFigure

8B.ThetimecoursesofpercentageofneutrophilsinBALfluidcollected

fromPO20andNEgroupsareshowninFigure8C・Thenumberoftotal

cellsandneutrophilsandthepercentageofneutrophilsinBALfluid

weremuchincreasedinPO20group6hoursafterthenegativepressure

stressanddecreasedtothelevelofNEgroupwithin24hours・Neither

numbernorpercentageofneutrophilsinNEgroupdidchangeduringthe

24-hourperiod.

SignificantincreaseinnumberofmacrophageswasobservedinPO20

group6hoursafterthenegativepressurestresscomparedwithNEgroup.

Therewerenosignificantdifferencesinthenumberoflymphocytesand

eosinophilsbetweenthesetwogroupsduringthe24-hourperiod.The

percentageofmacrophages,lymphocytesoreosinophilswasnot

significantlydifferentbetweenthetwogroupsduringtheperiod(data
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notshown)

TimecourseofconcentrationofsubstancePinBALfluidafter

mechanicalnegativepressurestress

ThetimecoursesoftheconcentrationofsubstancePinBALfluid

collectedfromPO20,NEandNAgroupsareshowninFigure9・Significant

increaseofsubstancePconcentrationinBALfluidwasobserved6hours

afterthepressurestressinPO20group・Therewerenosignificant

differencesintheconcentrationofsubstancePbetweenNEandNOgroups

during24hoursfollowingthesurgicalprocedure.

Relationshipbetweennumberofcoughsinducedbyinhaledcapsaicinand

absolutenumberofBALneutrophils

TheBALneutrophilnumberwassignificantlycorrelatedtothenumber

ofcoughscausedbyboththelowandthehighconcentrationofcapsaicin

(FigurelO).

Histology

ThenumberofneutrophilsintheepitheliumisshowninTablel．The

numberofneutrophilsintheepitheliumcollectedfromPO20groupwas

significantlygreaterthanthosefromNAandNEgroups.

Discussion

Thepresentstudyinvestigatedwhethermechanicalnegativepressure

stresstotheairwaycouldinfluencecoughreflexsensitivityto

capsaicin,andcouldinduceairwayinflammation.Themechanicalstress

toairwayenhancedcoughreflexsensitivitytocapsaicin,whichwas
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accompaniedbyairwayneutrophilaccumulation・Inaddition,BAL

neutrophilnumberwassignificantlycorrelatedtothenumberofcoughs

causedbyinhaledcapsaicin・Furthermore,HUcompletelyinhibitedthe

mechanicalstress-inducedincreaseinthecoughreflexsensitivity

andairwayneutrophilaccumulation．Wefailedtoinvestigatethe

relationshipbetweenneutrophilcountsinbronchialtissueandcough

reflexsensitivitytoinhaledcapsaicininthepresentstudy.

Instudiesoncough,manyinvestigatorshavedevisedsystemto

inducecough・Inanimalstudies,theinhalationofcitricacidor

capsaicinhasbeenoftenusedtoevaluatethecoughreflexsensitivity.

Coughandbronchoconstrictionaredistinct,butinterrelatedreflexes.

Itisspeculatedthatinhalationofhigherconcentrationsofcapsaicin

solutionmorethanlO-4M,whendeliveredathighflowrate,maycause

bronchoconstrictionaswellascoughing(3)(4).Thenumberand

intensityofcoughselicitedbyaerosolizedlO-4Mcapsaicininnaive

guineapigsareconsideredtobesmallerandweakerascomparedwith

thoseofcoughattacksinpatientswithchroniccough.Therefore,we

developedthepresentexperimentalguineapigmodel,inwhichcough

likereactionwasinducedbymechanicalnegativepressurestress・In

experimentalanimals,thepatternofcoughvariesdependingonwhich

partoftherespiratorytractisstimulated(5).Itisconsideredthat

coughconsistsofforcedrapidexpirationafterdeepinspiration(6,

7).Thebronchiandintra-thoracictracheaarecompressedandnarrowed

duringforcedrapidexpirationofcoughing･Thenarrowingresultsfrom

atransmuralpressuregradientbetweentheextraluminalandthe

intraluminalpressure(7)．Immediatelybeforethestartofexpiration
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phaseofcoughingwhenlarynxisclosed,bothextraluminaland

intraluminalpressureoftracheaandbronchirisestopositive,and

theninexpirationphaseofcoughingwhenthelarynxisopened,

intraluminalpressureissuddenlydecreasedtotheambientpressure,

resultinginthehugetransmuralpressuretocompresstrachealand

bronchialmucosa･Inourexperimentalmodel,suddennegativepressure

wasexposedtotheairwaytosimulatetheexpiratoryphaseofcoughing

afterpositiveairwaypressure・Thissimulationmethodhasbeenused

byseveralresearchgroups(8-10).

Inhuman,ithasbeenreportedthatpatientswithnon-asthmaticdry

coughandidiopathiccough(11)andthosewithchroniccough(12,13)

haveasignificantlyhigherproportionofneutrophilsininducedsputum

thannormalcontrols.Thosepatientsalsohavecoughhypersensitivity

tocapsaicincomparedwithnormalcontrols(14)．Reversely,Niimier

al.reportedthatsubmucosalneutrophilswerenotcorrelatedtothe

coughreflexsensitivityinnon-asthmaticcough(15).Althoughitis

unknownabouttheinteractionofcoughreflexsensitivityand

neutrophilicinflammation,wespeculatethattheactofmechanical

stress,thatis,repeatedcoughitselfcouldinducetheneutrophilic

airwayinflammation，Itwasdemonstratedthatcyclicstretchofairway

inducedseveralcytokinesandchemokines,macrophageinflammatory

protein(MIP)-2inBALFfromrats(16),MIP-2,IL-6andtumornecrosis

factor(TNF)-alphainisolatedperfusedlungsfrommice(17),TNF-alpha,

IL-1-beta,IL-6,MIP-2,andlFN-gammainisolatedlungfromrats(18),

andIL-8fromhumanbronchialepithelialcells(19,20).Ithasalso

beenshownthatpositiveend-expiratorypressure(PEEP)causes
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neutrophiladhesionandrecruitmentmediatedbyP-selectin,endothelin

andintercellularadhesionmolecule(ICAM)-linthetracheal

vasculaturefromratsandmice(21,22)．TNF-alphaandlL-8were

significantlyincreasedininducedsputumofnon-asthmaticpatients

withchronicdrycough(11).NightingaleeraJ・reportedthatthe

percentageofneutrophilsininducedsputumofhealthysubjectsrose

at8and24hourscomparedwiththebaselinevalue(23).Coughing,

hypertonicsalineand/orsputumitselfmightcausetheincreasein

neutrophilsininducedsputum.Jatakanoneral.speculatedthatthe

actofcoughingitselfmaycontributetoinductionofreleaseof

proinflammatorycytokinessuchasTNF-alphaandlL-8basedontheir

findingsthatneutrophiliaininducedsputumwasfoundinallcauses

ofcough(11)．Itisunknownwhetherinflammatorycytokines,suchas

TNF-alphaandlL-8,haveinfluenceonthecoughreflexsensitivity.

Itislikelythatothermediators,suchasprostaglandinsand

bradykinin,produceddirectlythroughtheactionofthesecytokines

couldenhancethecoughreflexsensitivity．Inourstudy,coughreflex

sensitivityremainedincreasedalthoughBALFneutrophilswerebackto

normalafterl2and24hours・Thediscrepancyoftimecoursebetween

increaseincoughreflexsensitivityandBALFneutrophiliasuggested

thatcytokines,chemokinesandchemicalmediatorsproducedfrom

neutrophils,butnotaccumulatedneutrophilsperse,couldincrease

thecoughreflexsensitivity

HUisrepresentativeofagroupofcompoundsthatinhibittheenzyme

ribonucleosidediphosphatereductaseandarespecificfortheSphase

ofthecellcycle・HUhasbeenemployedinseveralnumbersofstudies
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oncirculatingleukocyte-depletedanimals(24-26)．ThompsonJEand

coworkersreportedthatHUdidnotdecreasetheneutrophilsinthe

laminapropriaoftrachea(24).0'Byrneandcoworkersreportedthat

HUtendedtodecreasetheneutrophilsinairwayepithelium,butnot

neutrophilsinBALF(26).0urBALFfindingsofanimalstreatedwithHU

areconsistentwiththosereported・HUinhibitedbothofthemechanical

stress-inducedincreaseinthecoughreflexsensitivityandairway

neutrophilaccumulation.BALneutrophilnumberwassignificantly

correlatedtothenumberofcoughscausedbyinhaledcapsaicin・Asthe

directinfluenceofHUonthecoughreflexsensitivityisneglected

basedonourresultsinthecontrolgroups,theremaybepossibility

thatneutrophilicairwayinflammationcandevelopincreaseincough

reflexsensitivity.

Previousreportsdemonstratedthataninactivationofneutral

endopeptidase(NEP)wascausedbyairwayepitheliumdamage(27-29),

Intheairway,NEPisrecognizedasthemajorenzymedegradingsubstance

P(30).Inthisrespect,theinactivationofNEPactivitymaycause

thecoughreflexhypersensitivitytocapsaicininourguineapigmodel.

SubstancePhasbeendemonstratedtoinducethechemotaxisofhuman

neutrophils(31),toreleaselL-8fromhumanpolymorphonuclear

leukocytesandtoreleaseTNF-alphafromhumanmonocytes(32).

Furthermore,non-asthmaticpatientswithsputumneutrophiliahavehigh

levelofsubstanceP(33)．Therefore,inourguineapigmodel,substance

Pmayplayanimportantroleinreleaseofcytokinesandaccumulation

ofneutrophilsintotheairway.

Thereceptorforcapsaicin,termedvanilloidreceptor-1(VR-1),is
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expressedinguineapigs・VR-1mediatescoughinducedbycapsaicin(34).

AnincreasedexpressionofVR-1hasalsobeenreportedinhumanswith

chroniccough(35).Therefore,intheguineapigairwaysexposedto

mechanicalnegativepressurestress,theepithelialdamagemight

induceanincreaseinthenumberofVR-lcontributingtotheenhanced

coughreflexsensitivity・Thispossibilityshouldbeexaminedinfuture

studies.

Vagalafferentnervesareresponsibleforinitiatingcoughreflex.

Afferentneuronalsubtypesareidentifiedbasedontheir

physicochemicalsensitivity,adaptationtosustainedlunginflation,

neurochemistry,origin,myelination,conductivevelocity,andsites

ofterminationintheairways,thatis,Cfiber,rapidly-adapting

receptors(RARs)andslowlyadaptingstretchreceptors(SARs)(36).

RARsareactivatedbythedynamicmechanicalforcesaccompanyinglung

inflationanddeflation,andbecomemoreactiveastherateandvolume

oflunginflationincrease(37-39)．ItisconsideredthatRARactivity

ishigheringuineapigs,rats,andnewbornsofallspecies(36).

Thepresentstudydemonstratedthatmechanicalnegativepressure

stresstotheairwayinducedincreaseinthecoughreflexsensitivity

at6hourafterthestress.Itisunknownwhetherthenaturalorinduced

coughcouldinducecoughhypersensitivityafter6hourssimilartoour

presentstudy・Inducedcoughisconsideredtobeweakerandless

frequentcomparedwithmechanicalstress・Thenaturalcoughis

consideredtobeastrongstresstotheairway・Generally,thenatural

coughisaccompaniedwithairwayinflammation・Thereisnomethodof

suppressingonlythecoughwithoutsuppressingtheinflammation.
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Therefore,wecannotinvestigatethechangeofcoughreflexsensitivity

betweenthesubjectshavingairwayinflammationwithnaturalcoughand

thosewithoutnaturalcough・Wealsocannotinvestigatethecontinuous

changeofcoughreflexsensitivityinhealthysubjectwith･extremely

stronginducedcoughcausingthemusclepain,incontinenceofurine

orribfracture

Bothofthenaturalcoughandinducedcoughcontinueinsomeperiod

anddisappeared.Thisprincipleofcoughdisappearanceisuncertain

aswellasthesneeze･Wedemonstratedthatmechanicalstresstothe

airwayinducedincreaseintheneutrophilicairwayinflammationand

thecoughreflexsensitivity・Itisaninterestingquestionwhether

theneutrophilicairwayinflammationandcoughreflexsensitivity

reinforcefurtherorweakenwhenmechanicalstimulationisrepeated,

butitisnotpossibletoexaminethisquestioninourexperimental

model、

Inconclusion,thepresentstudyclearlydemonstratedthat

mechanicalnegativepressurestressexposedtoairway,whichsimulated

coughattack,inducedneutrophilicairwayinflammationresultingin

increaseincoughreflexsensitivityinguineapigs・Itispossible

thatthemechanicalstresstoairwaymaymakeaself-perpetuating

cough-reflexcycle・Toelucidatethepossibilityinfluenceofrepeated

mechanicalstresstoairwayshouldbeexaminedinfuturestudies.
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Tablel

Neutrophilnumberinbronchialmucosa(number/mm2epithelium)

Leftmainbronchus Cartilaginous Non-cartilaginous

bronchus bronchus

Numberof Numberof Numberof

neutrophils neutrophils neutrophils

(number/mm (number/mm
2 (number/mm

epithelium) epithelium) epithelium)

Normalcontrol 0．4±0．25 O±0 0±0

Negativecontrol 1．6±0．72 0±0 O±0

(Ventilation

alone)

Positivecontrol20 18±6．3＊＊ 7．9±3．3＊ 10．0±4．0＊

(Ventilationand

negativepressure

stress)

group.*P<O．05comparedwith**P<0．01comparedwithnegativecontrolgroup.

negativecontrolgroup,n=5or6ineachgroup

lOl

2
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Figure3

Coughrenexsensitivitytoinhaledcapsaicm6hoursahertheartihcialventnationwithorwithoutnegative
pressurestressmguineapigs、

Openbars;normalcontrolgroup(onlytracheotomy),dottedbars;negativecontrolgroup(tracheotomyand
ventilation),hatchedbars;positivecontrollOgroup(exposedto-10cmH20mechanicalnegativepressure
stress),solidbars;positivecontrol20group(exposedto-20cmH20mechanicalnegativepressurestress).
**P<0．01comparedwithnegativecontrolgroup.n=8or9ineachgroup.
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Figure4

CoughrefiexsensitMtytoinhaledcapsaicm6hoursa仕ertheaItincialventilationwithnegativepressure

stressmgumeapigspretreatedwithO.15nMNaCl(Sal)orhydroxyurea(HU).
Openbars;normalcontrolgroup(onlytracheotomy),dottedbars;negativecontrolgroup(tracheotomyand
ventilation),solidbars;positivecontrol20group(exposedto-20cmH20mechanicalnegativepressure
stress).**P<0.01comparedwithpositivecontrol20grouppretreatedwithO､15mMNaCI.n=8or9in
eachgroup.



Figure5

芦

16

０
０
０
０
０
０
０
０
加
０

９

８
７
６
５
４
３
２

．
Ｊ
‐
一
一
一
一
一
一

０
０
０
０
０
０
加
訓
仰
０

９
８
７
６
５
４

一
一
一
一
一
一
一
一
一

T

10

工一

蝋

工5

§向向鞠＃
0

卜buID伽I佃極旧(10姉） 杓【、血卯｡『四曲｡口角齢）mt01“IImj『T鈎隔(10コ/IT1）

Figure5

BronchoalveolarlavageceⅡmdmgs6hoursaftertheartincialventnationwithorwithoutnegativepressure
Stress

Openbars;normalcontrolgroup(onlytracheotomy),dottedbarsinegativecontrolgroup(tracheotomyand
ventilation),hatchedbarsipositivecontrollOgroup(eXposedto-10cmH20mechanicalnegativepressure
stress),solidbars;positivecontrol20group(exposedto-20cmH20mechanicalnegativepressurestress).
**P<0.01comparedwithnegativecontrolgroup.n=8or9ineachgroup.
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Figure6

BronchoalveolarlavageceUfindings6hoursanertheartificialventilationwithnegatiVepressurestressm
gumeaPigspretreatedwith0.15mMNaCI(Sal)orhydroJWurea(HU).
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Figure7

TmecourseofcoughreflexsensitivitytoinhaledcapsaicmahertheartifcialventUationwithorwithoutnegativepressure
stress

Dottedbars;negativecontrolgroup(tracheotomyandventilation),solidbars;positivecontrol20group(exposedto-20

cmH20mechanicalnegativepressurestress).**P<0.01comparedwithnegativecontrolgroupateachtimes.n=8or9
ineachgroup.
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Figure9

TmecourseofconcentrationofsubstancePmbronchoalveolarlavage(BAL)Huid.

Opencircle;normalcontrol,dottedcircles;negativecontrolgroup(tracheotomyandventilation),solidcircles;positive
control20group(exposedto-20cmH20mechanicalnegativepressurestress).Horizontalbarsindicatethemedian

valuesofeachgroup.**P<0.01comparedwithnegativecontrolgroupateachtimes,n=5to8ineachgroup.
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FigurelO

RelationshipbetweennumberofBALneutropmsandnumberofcoughselicitedbyinhaledcapsaicm
r;Spearman'srankcorrelationcoefficient堀Spearmansrankcorrelationcoe髄cient


