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薬事法第77条の4の3に基づく回収報告状況

(平成22年6月 ～ 平成22年1'月分) |

○  「血漿分画製剤のウイルス安全対策についてJの

実施状況について

○ 血 漿分画製剤のウイルス安全対策にっいて  |

(平成15年'1月7日付け医薬食品局4課長通知)

○

○

○

事 務 連 絡

職 22年 10月 27日

日本赤十字社ユ液事業本部 御 中               ,

‐      薬 事 ,食品衛生審議会血液事業部会事務局

厚生労働省医薬食 品局血液対策課

供血者からの遡及調査の進捗状況につぃて

標記につきましては、平成22年 7月 26日 付け血安第256号 にて貴社血

液事業本部長より資料の提出があり、これを平成22年 度第1回血液事業部会

運営委員会に提出したところです。今般、平成22年 11月 24日 (水)に 平

成 22年 度第3回血液事業蔀会運営委員会が開催されることとなりましたの

で、下記あ事項について改めて資料を作成いただき、平成'2年 11月 2日

(火)ま でに当事務局あて御提出いただきますようお願いいたしますょ

,   記               .

11「体血者の供血摩の確認等の徹底につい`」 (平成15年 6月■2日付け医
薬血発第6612001号)に基づく遡及調査に係る1以下あ事項
(1)遡及調査実施内容            |
① 調査9対象とした献ュ件数
② 上記①のうち、調査の対象とした輸血用血液製剤の本数

◎ ↓調②のう●(医療機関tl情報提体を行らた本数         :
(2)個 別NAT関 導情報      、         ´

① (1)① のうち、個別NATの 結果が陽性となった献血件数
② 上記①のうち、医療機関へ供給された製剤に関する報告件数 |

③ 上記②のうち、受血者情報が判明した件数       |
④ 上 記①のうち、医薬品副作用感染症報告を行うた件数

:6勒 豪麿:「ぞ霞〒嘉吾凛別及びその合計を明らかにすること。
またヽ上記 (1)の ③及び (2)の ①～③にういては、対象期間ごとに本

数又は件数を記載すること。

② 本 数又は件数にういては、平成22年 7月 26日 付け血安第 256号 の
:提
出時において判明したものに、その後の遡及調査の進展状況を反映させ

て記載すること。

り
り



別紙

血 安 第 4 0 0号

平成 22年 11月 2日

厚生労働省医薬食品局血液対策課長 様

日本赤十字社

血液事業本部長

供血者からの遡及調査の進捗状況について (回答)

平成22年 10月27日付事務連絡によりご淳絡のありました標記の件について、別紙

により報告いたします。

供血者から始まる遡及調査実施状況 ｀

対象期間

平成21年4月¬日 ～

平成22年3月31日
平成22年 4月¬日 ～

平成22年 9月30日

HBV HCV HiV HBV HCV HⅣ

(1)遡及調査実施内容

① 調査の対象とした献血件数(個別NAT実施件数)

1)総数 1,806

2)個別件数 1,688

② 上記①のうち,調査の対象とした輸血用血液製剤の本数

1)総数 2.014

2)個別本数 1,877

③ 上記②のうち、医療機関に情報提供を行つた本数

1)総数 754

2)個別本数 1877

(2)個別NAT関 連情報

① 遡及調査実施対象〔(1)①〕のうち、個別NATの結果が陽性となつた献血件数

1)総数

2)個別件数 144 0

② 上記①の|うち、医療機関べ供給された製剤に関する報告件数

1)使用された本数 0 0

2)医療機関調査中 0 0 0

3)院内で廃棄 6 0 4

4)不明 6 ・ 0 0

計 152 0 0

③l上記②のうち、受血者情報が判明した件数

1)陽転事例 1 0 3 0

2)非陽転事例 0

3)死 亡 0

4)退院・未検査 0 8 0

5)陽性だが輸血前不明 0 2 0

計 0 0

④ 上記③のうち、医薬品副作用感染症報告を行つた件数

報告件数 1 0 3 0

卜
Ю

Ⅲ血液製剤等に係る遡及調査ガイドライン(平成20年:2月26日一部改正)に基づく遡及調査対応基準を適用。

HBV:HB● 抗原CLEIA法 確認試験 (中和試櫛 又は個BlNAT陽 性の場合は遡及調査を行う。

:HEc抗 体CLEIA法 鶴転の場合は効及調査を行う。

HCV:ICV抗 体CLEIAL陽 転の■液及び前回つ血準につ| てヽ伸別NATを 実整し、
いずれかが陽摯の場合は遡及調査を年う。

HIV :HIV抗 体CLEIA3で 陽転し、確認試験 (WB法 )又 は個別NAT陽 性の場合は潮及調査を行う。

共通 :ス クリ‐ニングNAT陽 転の場合は蕩及調査を行う。



‐   薬 事法第77条 の4の -3に基づく回収報告状況

2年6月～平成22年 11月

対象期間

平成11年 4月1日～

平成18年 3月31日
平成18年4月1日～

平成19年3月31日
平成19年4月1日～

平成20年3月31日
平成20年4月1日～

平成21年3月31日

HBV HCV HIV HBV HCV HIV HBV HCV HⅣ HBV HCV HIV

① 調査の対象とした献血件数

1)遊及調査の対象件数 23,104 2.193 5,219

② 上記①のうち、個別NAT検査を実施した本数(検体数)

1)本数(検体数) 23.104 2193 5,219

2)実施率 100% 100%

③ 上記②のうち陽性が判明した本数

本数 3 1 0 0 0 0 0

④ 上記①のうち医療機関に情報提供を行つた件数

1)血液製剤数(総数) 33,114 2.408

固別本数 / / / 2.444 345 3,552

2)情報提供数 33,114 2,408 3,469

目別件数 / / / 2.319 3.150

*平 成11年4月1日～平成,7年3月31日までの情報提供数には、医療機関の廃院等による追跡不能数930件を含む

⑤ 上記③のうち医療機関へ供給された製剤に関する報告件数

1)使用された本数 1 2 0

2)医 療機関調査中 0 0 0 0 0

3)院 内で廃棄 2 0 2 5 0

4)不明 7 1 0 0 0 0 0

計 1 53 2 0

⑥ 上記⑤のうち、受血者情報が判明した件数

1)陽転事例 1 1 4 1 4 3 0

2)非 陽転事例 1 1 0 9 0

3)死亡 1 0

4)退院,未検査 0 0 0 0 0

5)陽性だが輸血前不明 7 1 0 0 0

計 1 2 0

中個BllNAT陰性(NAT●インドウピリオめの遡及調査対象血液の輸血により、受血者が陽転した例を含む

⑦ 上記⑥のうち、医薬品副作用感染症報告を行つた件数

16・ 1  1  1  1 1  , 1  1: 1 0 1  1 1 :ユ  1 :9__J__1_11_Q_J _p
ウイルスlll合計 HBV:28    HCV:2     HIV:1

く参考〉

供血者から始まる遡及調査実施状況

瞥協サ     動
類 駒 だでア承"

∞
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「山漿分画製剤のウイルス安全対策につぃて」の実施状況について
(平成22年 11月 11日 時点)

'≒詩謁蒙暑面鋼 のう才ん1安全寿策につい¬ 繰 晟154 1 1月 7日格け薬食
審査発第 H07001号、薬食安発第 H070ol号、薬食監発第 H07001号、薬食血発
第 1107001号。以下 「通知」という。)の実施状況にっいて、(社)日本血液製剤
協会に所属し、血漿分画製剤を製造又は輸入している会員企業に対し報告を求め
たところ、以下の結果が得られた。 |                 ‐

｀
国内製造業者4社及び輸入販売業者5社のいずれにおいても、ウイルス・プ
ロセスパリデーシヨンが行われていた。

② 上 記①に関する必要な書類等の整理及び保存の有無

国内製造業者4社及び輸入販売業者5社のいずれにおいても、必要な書類等
の整理及び保存が行われていた。

ウイルスクリアランス指数が9未 満の製剤は、

姦騨:齢麗馳遜彗難毅 J二、.■泰満のコ"Jよない。
お襲遷売にお貰 ぼ」

・
バリデ

=シ ヨン結果の見直し、新たな不活化工程の追加等の検討等が行われている。
なお、米国及び欧州で採血された場合は、それぞれの地域における遡及調査
ガイドラインに基づいた対応がなされている。

④ 通知記の3(2)に 規定する原料のプールにおけるNATの 実施の有無

国内製造業者4社及び輸入販売業者5社の製造元のいずれにおいても、1原料
のプールにおけるNAT検 査が実施されている。 |

⑤ 通知記の6に規定する添付文書の改訂の有無

添付文書へ記載する文章及び記載場所について、日本血液製剤協会・添付文

菫露最拿源撃慧喜簿卍ぜ[なをぁ丁腎撃儀|:星li勇tl易青花鼎存辱テ禽桑雰薔
製剤及び人血液を用いる血液製剤代替医薬品の添付文書が改訂された。

薬食審査発第 1107001号

薬食安発第 1107001号

薬食監発第 1107001号

薬食血発第 1107001号

平成 15年 11月  7日

(社)日 本血液製剤協会理事長

厚 生 労働 省 医薬 食 品 局 審査 管 理 課 長

厚 生 労働 省 医薬 食 品 局 安 全 対 策 課 長

厚生労働省医薬食品局監視指導 。麻薬対策課長

厚生労働省医薬食品局ユ液対策課長

‐|1  血 漿分画製剤のウイルス安全対策について

標認については、平成 15年 10月 ,4自 に開催された平成 15年 度第3回

血準事業部会ヤ|おける検討結果を踏まえ、下記のとおりとし、発■月から適用

しますので、貴職におかれては、貴会会員に対し当該対策が徹底されるよう周

知をお願いします。
1た
だし、平成15年9月i7日に開催された平成16年度

第 3回血嫁事業部会箸全技術調査会において対応を保留することとされた、遡

及調査により個別に核酸増幅検査 (以下 「NAT」 という。)を 実施した結果、

陽′性血準の混入が判明した原料血彙出来の血漿分画製剤にう: てヽは、本通知の

規定を遡つて適用することといたします:      |   ,
また、「血液製剤の当面のウイルス安全対策について」(平成 10年 11月 2

日付け厚生省医薬安全局安全対策課(監視指導課、血液対策課事務連絡)につ

いては、本通知をもつて廃止することとします。

い
0内に輸入されている 2製 ■llがある|



_‐         記           ‐  ‐

1 血 漿分画製剤 (以下 「製剤」という。)の製造前には、生物由来原料基準 (平

成 15年 厚生労働省令第 210号 )第 2の 2の (6)の 規定に則り、そ́の原

血漿について、ウイルス (HBV、 HCV及 びHIVを いうし以下同じ6)の

NATを 実施することとし、陽性となった場合は使用しないこと。

2 副 作用等の報告 (薬事法 (昭和 35年 法律第 145号 )第 77条 の4の 2

第 1項及び第 2項 に規定する副作用等の報告をいう。以下同じ。)等 からの遡

及調査に伴い、製剤 (ロット)の 製造後に個男叫こNATを 実施することによ

り、陽性となった血液の原血漿全の混入が判明した場合は、混入したウイル

スの種類及び量 (理論的な上限値を含む。)が 特定され、かつ、製造工程にお

いて当該ウイルスが十分に除去 :不活化されることが確認されればt個 別の

分離血漿の段階にある原血漿を除き、当該製剤 (ロット)を 回収する必要は

ないものとすることさまた、これらの特定及び確認はt厚 生労働省医薬食品

局血液対策課が、血液事業部会安全技術調査会の意見を聴いて行うものとす

ること:                  i

なお、この場合において、混入したウ才ルスめ量が、自本赤+■ 社が現に

実施している50プ ールのNATに より陰性が確認|れ るレベルであってヽ

当該ウイルスに係るウイルスクリアランス指数 (ウイルスカ価の減少度を対

Ъ13異)滋じ?L みゝぶ泄:楽健麓il租2警輔:ζ
年度第3回血液事業部会において判断されたので、当面は、個別の分離血漿
の段階にある原血漿を除きて当該製剤 (ロット)を 口収する必要はないもの

とすること。

3 2の 前段に規定する確認に資するため、あらかじめ、以下に掲げる措置を

講じておくこと。   |

(1)ウ ィルスの除去 ・不活化等に係る書類等の撃備及び工程の改善

製剤の製造工程において、ウイルスが十分に除去・不活化されているこ

とを確認できるょう、ウイルス・プロセスバ:リデ
ーションを実螂しておく

こと。また、必要な書類等を整理し、保存しておくこと。

 `さ らに、「安全な血液製剤の安定供給の確保等に関する法律」(昭和31
年法律第160号 )の 第7条において、製造業者等の責務として 「血液製
剤の安全性向上に寄与する技術の開発」に努めることが規定されているこ

た桑琴をう〉tiラすサ95り増裂察T葉鞣奪身:昼島iと言採モ殿,1蘇

にゥイルスの除去・不活化の工程について改善を図ること。

(2)原料のイールを製澄した際の検査   ‐
原料のシエルを製造した際、当該プニルにつぃてヽ ATを 実施する■と

とし、陽性とならた場合は使用しないこと。また、当該NA↑ の検出限界

が 1001U/mIめ 精度となるよう精度管理を行い、必要な書類等を保

存しておくことよぅ                .

4:以 十の場合は、遠ゃかに厚生労働省医薬養品局血液対策課に報告することo

(1)遡 及調査等により原血漿にNATで 陽性となった血液め混入が判明し

た場合。                   |   :
(2)3の (2)に 規定する原料のプールを製造した際の検査でNATの 陽

性が判明した場合。                   1

なお、当該報告があった場合は、「N^Tガ イドライン (仮称)」が策牢
されるまでの間、第二者機関においてNATの 結果を検証することとして

|ぃ ぅので、血液対零課の指示に基づま当該機関に保宵検体を提供する|と。

5 副 作用等の報告等からの遡及調査に伴い、製剤 (ロジト)の 製造後に個別

5だ套馨象青管専「:あ
til′
笈揉崚'「こ勇浄晋繕[米肇39滉全ボ潔‐課

等、2の前段に規定する確認ができない場合は、原員りとして、「医薬品等の回

収に関する監視揮導姜嶺」(平成1‐2年3月8日付け医薬肇1第237号別添

:L[[晟il嘗絵illiJiilililli:i廷庭ふょLii脊富
やかに厚生労働省医薬餐品局安全対策課に報告するととも'F、同事領の規定
|こlllり、当該製剤 (7'卜)蕉回黎すること。          |   .:

61既 に、「生物由莱製品の添付文書に記載すべき事項について」(平成 15年

6月 16日 涯薬発第 0515600号)に基づき:製剤のリスクに係る事項が添付

文書に記載されているところであるが、なお入念的な措置として、同通知の

記の1,(‐1)⑤ に関連して、添付文書の重要な基本的注意に、以下に掲げる

趣旨の文言を記載すること。          |

: 1製剤め原材料である卑液ヤ|?い てはヽミ千プ
~イレでNATを 寒梅し、

ウイツシスのDNA又 は良Nネが検出されなぃことが確認されたものを使

用しているが:当該ミ三プールNATの 検出限界以下のウイルスが混入

している可能性が常に存在すること。          .  ‐

〇
ド
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輸血用血液製剤で感染が疑われる事例について  (平 成22年 11月 2日 時点)

【HIV感 染が疑われた事例】

報告日 輸血された

血液製剤

供血

者数

供血者検査結果等 同一血液由来の他製剤等について 新規報告

H15.95 赤血球製剤 8 人 保管検体個別NAT全て陰性

8人中6人が来訪

いずれも感染していないことが

確認された。 ・
    ‐

新鮮凍結血漿 :3本。使用済み。 '  .

原料血漿は流通停止。

新鮮凍結血漿を投与された患者 3名 のうち、1

名は原疾患で死亡残り2名は輸血後 (約6ヵ月

後)抗 体検査で陰性。

平成17年 10月 18日以降、残る2

人の来訪なし

【"BV感 染が疑われた事例】

報告日 輸血された

血液製剤

供血

者数

供血者検査結果等 同一血液由来の他製剤等について 新規報告

‖16:3.22 血小板製剤

赤血球製剤

37人 保管検体個男l NAT全て陰性

37人中32人が来訪

個別NAT陰性 :32人

新鮮凍結ユ漿 :5本 (供血者4人分由来)

使用済み。

残りは原料血漿。

新鮮凍結血漿を投与された患者 5名 のうち、陰

性2名、不明3名。

平成 18年 10月 17日以降、残る5人

の来訪なし

H16.11.26 新鮮凍結血漿

赤血球製剤

48人 保管検体個別 NAT全 て陰性

48名 中41人 が来訪   :

H3V関 連検査陰性 :40人

HBs抗 原、NAT陰 性t HBs抗体ヽ

日3c抗体陽性 :1人

原料血漿 :2本確保。31本使用済み。

新鮮凍結血漿 :16本。医療機関へ提供済み。

赤血球製剤 :45本 。医療機関べ提供済み。

平成 211年4月 22日以降、残る7人の

来訪なし      1   1
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報告日 輸典された

血液製剤

供血

者数

供血者検査結果等 同,血 液由来の他製剤等について 新規報告

H17 1.12 赤血球製剤

血小板製剤

1 6人 保管検体個別 NAT 陽 性 2人

'6人 中 12名が来訪

‖8V関 連検査陰性 :12人

(個別NAT陽性の2人は、複数回再献

血を行つているが、IIBc抗体を含む関

連検査が全て陰性であり、感染歴があ

つた可能性は低い。)

原料血漿 :3本 確保済み。12本使用済み。

新鮮凍結血漿 :12本 全て医療機関へ提供済み。

平成 17年 10月 18日以降、
1残
る4人

の来訪なし。

H1724 赤血球製剤 9人

追跡対

象は 4

人。

保 管検 体 個 別 NAT 1 9人 全 て陰性

(当該患者の H3V NATが陽性に なる前

の輸血の供血者は 9人 中 4人 。)

4人 中3人 来訪。

‖BV関連検査陰性 12人

‖Bq抗体陽性 :‐1人

原料血漿 :7本 確保済み。

新鮮凍結血漿 :2本確保済み、2本 医療機関へ提

供済み。

平成 18年4月 25日以降、追跡調査対

象の残る1人の来訪なし。

H17.6 23 赤血球製剤

新鮮凍結血漿

20人 保管検体個別NAT全て陰性

20人中 18人が来訪。

H3V関連検査陰性 :18人

原料血漿 :17本中 10本確保。

新鮮凍結血漿 :6本中3本確保。

赤血球製剤 :15本全て医療機関へ供給済み。

平成 22年 7月 27日以降11人 が献山

に協力いただき、検査は陰性。残る2

人の来訪なし。

H1847 血小板製剤

赤血球製剤

5 3 人 保管検体個別NAT全て陰性

53人中46人が来訪。

‖BV関連検査陰性 :43人

‖Bc抗体、H3s抗体陽性 :2

HBs抗体陽性 :1人

人

原料血業 :51本中7本確保。44本使用済み。

新鮮凍結血漿 :14本全て供給済み。

平成.22年7月 27日以降、1人が献血

に協力いただき、検査は陰性。残る7

人の来訪なし。

報告日 輸血された

血液製剤

供血

者数

供血者検査結果等 同一血液由来の他製剤等について 新規報告

H1865 赤血球製剤

新鮮凍結血漿

29人 保管検体個別 NAT全て陰性

29人中 28人来訪

HBV関準惨章陰性.:75本

H3s抗体t Hdc抗体蕩性 :1人

H3s抗体陽性 :1人

原料血漿 :27本中 11本確保。16本使用済み。

新鮮凍結血漿 :8本 中6本確保。2本供給済み。

赤血球製剤 118本全て使用済み:

平成 21年 4月 22日以降、残る 1人の

来訪なし。

H19 2 20 赤血球濃厚液
｀
3 人 保管検体個月l NAT全て陰性

o人申2人来訪‐ 1

H3v関連検査陰性 :2人

原料ユ漿:0本全て確保: 平成19年 10月 19日以降、残る1人

の来訪なし`  |  ｀

H21_11 20 新鮮凍結血漿

血小板製剤

赤血球製剤

45人 保管検体個別 NAT全て陰性

感染が疑われる輸血時の製剤の

供血者 23人

23人中 20人来訪

HBV関連検査陰性 :20人

原料血漿 :20本中2本確保。18本使用済み。

新鮮凍結血漿 :3本全て供給済み。

赤ユ球製剤 :22本全て供給済み。

平成 22年 2月 13日以降(残る3人の

来訪なし:

【HCV感 業が疑われた事例】

報告日 輸血された

血液製剤 _

供血

者数

供血者検査結果等 同一血液由来の他製剤等につぃて 新規報告

H18:2.15 赤血球製剤

血小板製剤

′新鮮凍結血漿

81,人 保管検体個別 NAT全て陰性

81人申 78人来訪

HCV関連検査陰性 :78人

原料血漿 :70本中67本確保。3本使用済み。

新鮮凍結血漿114本中11本確保。3本供給済み。

赤血球製剤 :6本全て供給済み。

平成 19年 10月 19日以降、残る3

人の来訪なし

7孔



■ 1平 成 22年 度感染症報告事例のまとめ (前回報告分以降)に ついて

1  平 成 22年 フ月20日 報告分から22年 1 0月 2 5日 までに報告 く新規及び追加)が あつた感染症報告 (疑

総署P轟盆言五撥曇覇お禽撃ξFFより開始しキ遡千調査によるものを除く。):よ、輸血用血液製剤28件で
B型 肝炎報告事例 1    9
C型 肝炎報告事例 :    7
H I V感 染報告例 :    0
その他の感染症報告例 : 1 2

(1
(2
(3
(4

2  B型 肝炎報告事例          :
( 1 )輸 血前後に感染症検査でH B s抗原 (又はH B V = D N A )等が陽転 した事例は 9例 (輸血後N A Tで陰性又は輸血前
後で陽性は 2例 )。

(:; 島盗穆卍免践捨製鼈 う場戦留燿男ずy斃躙 苛1貫ピT機 を受二た事杭は0例(劇症化例各
む。)で ある。

3

( 1

( 2

( 3

「8盤 騨焚隻誓言重鼎炎以外の肝障害報告事例は 0例 。
)細 菌等感染報告事例において、血液製 剤を提供 した献典者の保管検体の無菌試験陽性事例は 0例 。輸血後
に死亡 (原疾患又は他の原因による死亡を除 く)し たとの報告を受けた事例は 0例 。

C型 肝炎報告事例
輸血前後に抗体検査 (又はH C V―R N A )等 が陽転 した事例は 4例 (輸血後N A lで陰性又は輸血前後で陽性は 1
例) `

覇霊とた尭警番響裏蟹雙様た鷲農菌鍵横冨発笹:凛マギ0二[勝覇響讐星響た事例は6例:

例０ま例事０た
例
け
０
受
は
を
例
告
事
報
性
の
陽
と
Ｔ
た
Ａ

し

Ｎ

＞
別
く
個
除
の
を
体̈
亡

例
検
死

０
管
る

は
保
よ

例
の
に

事
者
因

た
血
原

し
献
の

転
た
他

陽
ｔ
は

が
供
又

等
提
患

査
を
疾

検
剤
原

体
製
＜

例
抗
液
亡

事
に
血
死

告
後
た
に

報
前
し
後

Ｖ
血
用
血

Ｉ
輸
使
輸

＝
＞
＞
＞

１

２

３

４

＜

く

＜

１

２

５

＜

＜

【国内輸血例】

=

手

“
輸
一一
貯
騨
口，

晨

一

二一発
”

一一
一
一
皓
朝
一
一
一

靭
巌
蜘
」

染
等
帰

検菫 検 奎 聘確保× 一飩置岬綺

の
値
合
査

駈 者層性事"

―uR(^赤血 一̈̈
¨̈
”̈
”̈
↓̈̈

護撃糠轟繁企聰 た。●者姜体とな

'“BV OMIlten用 五液

m― 保嵐番■製鋼:140

R毒み
島

”‐・，̈
醒 血者0再 黎`血 :当摯な

)当燎以前のは●:なし

(HBV疇 性保管横

鍼 鷹 健襲送讚
菫機関へ供4.・清み.
●ネ献血■回ぼ血に再来、
旧V口I● ■曝性,(保管検

遭β最摯島ご3雷岩

臨 臓出3‰

糧陶η脇議 殺殺
用呼
原ヽ輌 漿

¨̈̈
，叫

ｍ
　
囀

縫
”
畦
”¨̈
¨̈↓̈

囃』』̈

73



"
r
手

な
鮒
〓

鮨
醸
一」

痰与
年月

彙与後検=
年月):

踊
嗅
幽
一

口=
興
時
臨
悶

・い̈
』̈極に̈
『

た■者発議及σ

E■
・
等 ■ 曖査

‐
L餞 “確保※ H使用※

貪奎饉

ｒ
ｍ
四

『螂］回 月■●し 1単位9/3
厳 ヽR(人轟
ゆ曖ヨ“嘘 (』

1全al)HBV 綱ｍ
し菫逮:すべて
と保絆み

一　̈̈
ｍ̈̈一・

『̈
囃螂山口面ｍ

Ｍ

‐̈・， 「̈̈̈
¨̈

性
，
性
，‐回国の 一警̈み

¨
惚
¨
υ
‐２

“ｍ

9本の原H血

FI14●血漿

t)

B●Ag`十)
供ヽ4.・済み:

一̈』」̈ 蝶主導主輌

¨
υ
‐
一

¨
″
‐４

わ
“
錮
銀
知

”
帷
ゆ

一̈一」

”
”
　
¨

一一
一
一
期
臨
一
一一
一
一

ヽ
町
」

皓
練
〓

瞑充名(■餃
8)|■ ■|

質与
=月

輛
Ｌ
哺
ｒ

ヨ=供 晨昔製
祗確保※

摯
誨
晰
曖椰

た●■,

卦0供●

一励一年 年月) 一摯
■

2餃 膊使用※ 続撫
値

一

査
・

ｍ
徽
・

¨
И
齢| 職

い
駐
０

戦̈聾・

20/3SCO人は
HBV田凛棧贅鮨・一一̈一

折llオ僣血孵

一］̈̈
」

・̈̈
・，ｍ
嘲回̈

り、当鋏漱血鈴

■嬌は4■確保
|.凛将血漿は4

一
口

は

8■`→

職
ゆ 』鋼」

島転未確記事例

腱血者饉仕事傷

1

∞

“

―

卜

Ｌ

障

―

ト

Ｍ
　

“

い
つ

』け籠暉わ ,

" 一”」
漏需
t口'|

74



"
籐
子

督
蹄
叶
―‥‥‐‐‐ｌ‐

購
贈
」
一
一
一

反発名←摯
3)・1■ ■

一時
期

＝
」
螂
”

0■
藝
鵡
印
に僣
ｍ̈̈
螂」に̈
卿

年月) 年月) ■検奎
' ア畷 同確保※ 日使用※

貪査籠

↓̈̈
¨ ↓̈̈叫

¨
　
前

唯
い
雉
ゆフ̈̈

↓̈

¨
И

―
―
翻
―
―
―
―

'本の原料証漿、

i電凛厚腋(お

′
ｔ
，

ヨ血後NATで 陰性又は輸血前後で開

燿射ネ血球■ 雄
ｏ
雄
ゆ呻̈ 蕪・ｍ

島転木確認事例

一
∞
“
一
硼
囃

1射お血球■

一一̈り
1

"
F
“
鮒
一

略
籠
一

魔与
年月

彙与後榛査
年月)

民●者何別
輛
厳
蜘
”

H使用※
藤
誨
鵡

い回̈
難駆」囃詢

年月) 検査 検査 刊確保※
薔合の供血者こ

R査値

■
暉

”
10/ 離 ―lRIA赤

'腋麟射"

日=中 :査中
に実鮨予定

”̈
一

|●t,

¨
υ
ｏ ¨̈

「い
0血によるHⅣ感染報告例(疑い倒を含0,)

(該当例をし)

奮血による紹ご等感彙報告例(疑い例を含む。,

島性等事"

囃
レ 輌̈

¨̈
ユ当医より「感葉鐵 ●五血 頭

∝
●

一一雌̈”晦

75



“
酎
一〓
一

襲

」
:嬌1響

一
開
蔽 尋■供血者■

日使用※
鰊
講
覗

1■Oll

年月) 一舞 藤
一

に
　
　
一．一
ｒ

暉澤
寄

壺薇 確 保※
げ媚 卜(“饉 .

1合の供血苦0
巨査●  :

綸 `■,
た、 |1面血

躊題8ふ二
:死亡と本"と

嘲
剛
¨
‥亡．口
′
瀾
一
“
」
四
ψ
山

―LR`人毒■

磁 輪雌
“新“凛綸人 ］螂叫̈』一̈『」

一̈中̈一

m

蘇

」̈”」̈̈
一̈̈
一一
・中̈報̈奮峰
繊
］
”
峰
“

栞はないと考え̀:

欠損なし

［
暉

ｍ
”ｍ

¨̈̈
一腋̈̈̈
昴軸一̈̈
囃̈̈」」

０

お

¨̈』̈一一̈̈
一一̈̈

辮
｀

■

奮
摯

一
村
ヨ‐‐‐……‐

藪告|

肝 11撃 ■与
■" 一ｍ̈一一

皓考 司‐供血者製
鋼確保※

司―供血者製
田使用※

葉
等
帰

蜻
一”
は

一”

一
一
一

一年
■
●
■

年月) 検査 1検奎■ 剤

●
=敗

」に一囃一ｍ

日合0供4書″
負査値

一
口
Щ

０
″・̈一̈̈

彗腋腱籠(1

嶽 を実

嗜 ●性||

と晦

叩
師一
義̈疇一

」̈̈
【̈̈一燕

」
嘔
嗅

¨̈̈
¨̈　一」̈

F諄血性“

一』̈］』”

颯彙薬:採品 曰日の照4t鳳
●lt遺、確保澪

¨
％

Ю

ハ 罐
‘一山跡続

』̈

76



ホ
〔
●

一
‐‐……‥‥，‐１‐̈は
請
ヨ‐‐‥

鮨
幅
ヨ‐‐

驚与
F月

日'1彙Fl
締
崚
朧
ド

●分
Ral書再献■ 司■供血者製

肛確保※
司―供n者 "
幡御甲※
躁
時
臨

“
Ｆ B,    1 : 年 検= こ数 呻“」ｍ．ｍ

護8挙Ⅲ者
0

”
レ ¨̈ 一̈一一一̈中一

・̈′・・Ｔ一嘔̈̈
吹』輌

一ロ

」̈
輌」
」̈̈̈
・一

¨
υ
３

卜●球=厚 満

麟 製"

拇̈】赫一

¨
И ¨

∽

一ｍけ 一̈」一̈̈
一一

R射赤雌 凛

一駆曝略ロ

供la薔み。

一０」

囃
鮒
一ｒ

晴
漁
，

資

年
与後検査
: 月) :

ヨ赤投与後
■検査i 一呻一」

細
は
鋼
Ｆ

|= 颯椰
l●青,澤及¢

朝 検査| 円確保※ ll使用※
喧椰 駈̈」ｍｍ

彙査値

」”̈‘工̈̈
“

¨̈一い」中一 日査お桑を彙けて.担当医よ

腱輛攣与"

力 リ`ングあ

Ｌ¨
¨
』
¨
崎

語F11

辮君害l管
六

一̈」̈中颯価̈”
”
‐２６

”
９０．　

　

”
η

“̈̈
瑯̈̈
”中】勁̈
¨̈
”綺

は
Ｍ ロユ“ヽ重■氣:本)

一̈̈
一

77



F
F
一戦 継府
一●
■
■
一

晴
暉
〓

時
■月

1■崚
年月)
様J

一一一
]1悽L:1

欄
瞭
哺
Ｆ

鮨考
極 者再献菫 司■供血者製 司,供 血奢製 峠蒔

問
ほ得

一』ゆ̈
暉饉̈
輌爛・

聯 名く■餃 贅与“検薫 工者督別 R●●●別 腱血者発議節

立数 輛確保※ 腋 用※ 貪IE41 ‐

癬霙よリグリ
にい性le薔2

¨
）
２

」̈崚』̈̈
¨
細

本の原料血薇

用=中卜●ユ厚腋

【国内血漿分画製剤例】

●
別
号

咄
鮒
〓

告
領
■

一般一一幅”

格
Ｆ
籠
↑
針

壺
`
i
B

投

年 嚇口 ■1摯tl
体
況
●
難蹴一
緻 躍 撃鶴'

ユ
剤

‐

用
壼
ｒ
一

特考
位単

一

月

― ヨツト幸号
司,製 剤ロッl
更用状況等 |

染

転 L 掲

一　
　
　
　
　
　
　
　
　
　
い
颯
］

げ

７

夕●コンプ組織
接着用シ=ト
(フィプリノゲン
配合剤) .

吸
腫
呼
器
瘍

3型肝炎:「
ついて
21110年4月

鷹原は
L。
梅毒につ

理 肝炎につt てヽ
“10年0月2日 :"38
鷹原陽性。

証察箕者:詰鶴欝
障毒TP抗体検査) 唾快

腕原陰性:H●●抗鉢
F 3月2 9日から
010年 0月 18
ヨにかけて、
.110枚が弊社
から出荷され、
010年 3月 16
ヨ時点、528施

器躙 ば '

ほ毒について

定性陰性。TPCム定
鷹陽佳。TPHA定量
鳴性。 さヽた。

21日 :RPR

一
鱗
。

起性陰性.TttA定
隆陽性,TPHA定 量
嘱性。FTA ABS
(lgG)陰性。FTA
uS定 量(lgC)陰
駐。  ,

こおける感染
この報告は国
かヽらも海外
,全管理部門
からもない。

7 8
16



平成 22年 ■月 24日開催

薬事 ・食品衛生審議会

運 営委 員会 提 出資料

別紙

日本赤十宇社

試行的 HEV20プ ‐ル NAT実 施状況について

(輸血後 HEV感 染の予防対策)

1.試行的HEV20プ ‐ル NAT実 施状況

北海道赤十字血液センター管内

調査期間:平成 17年 1月 1日～平成 22年 9月 30日

献血者数  HE‐ RNA陽 性 陽性率

H1711^IH18.2*1 341,174 45 1/7,582

H18.  3 -H22.  9*2  L ,  241,293 142 1/8,742

合計 ■,582,467 187 1/8,462

北海道センターにてNAT実 施(ALT高値、検査不合格検体も含む)

血漿分画センターにてNAT実 施(ALT高値、検査不合格検体は除く)

HEV―RNA陽 性献血者の内訳

別添

2.



採血日 年齢 慨 4 OU/0

"EVh体
田
融
酵
麟
剤

喫食歴調査 遡及対象
供給製鋼 受血者情報

lda I E O 崚の種類 食べ方

有 ンシレバー、ウシ精肉
・

十分加熱 無

無 'シレバ■、プタホルモン、ヒツジ精肉 半笙 無

無

2000/01/13 有 ンシレバー、ウシホルモン 十分"熱 彙

夕織肉 ヒヽッジ薇肉 ■分加熱 無

ヨ答なし

無 不明レパー、ヒツジ締肉 十分加勲 有 0血後30日現在、IIEVマーカニの陽転は見られず追跡調査終了

無 コ答なし

'シ綺肉、ウシホルモン、プタ精肉 十分加熱 無

'シレパー 無

無 下明 ド明

ツシ精肉 卜分加熱 無

2006/02/17 無
ンタホルモン、フタレバー、フタガツ、ヒツジ輌肉

分加鶴
無

無 ニツジ縮肉 卜分加熱

2006/02/21 無
'シ輛肉
′夕綺肉_ブタレバー ヒヽツジ結肉

■生  :

無 団答なし 無

2000/00/01 無 国答なし

無 ,シ・プタ〈精肉_″ 一ヽ、ホルモン).ヒツジ精肉 卜分加熱 無

無 ユ答なし 無

ニツジ縮肉 卜生

メタ精肉、不明レバー 卜分m熱 無

ブタレパーtウシ精肉、プタ締肉、ヒツジ精肉 卜分加熱 無

シシ縮 肉_ウシホルモン

ユ答なし 驚

ブタレ′ヽ一 卜生 無

2006/05/13 =ツジレ′← 卜分加熱 無

ヨ答なし

ヨ答なし 無

可答なし 無

ンシ精肉、プタ続肉、プタホルモン、プタレ′ヽ一

採血ロ 年齢 剛 Ｍｍ
HEV抗 体

旧
Ｍ
彫
四
粕

喫食饉饉査
受血者情報

螂 lgO 食芍
供給製割

ノタホルモン、ウシ精肉:ブタ織肉、ヒッジ締肉 十分加熱 無

涎食歴なt 無

′夕締肉、Lツジ薇肉 十分加熱 無

無

ンシ精肉・フタ締肉 十分“熱 無

コ答なし 無

′夕精肉 十分加熱 無

ンシ綺肉 十分加熱

'シ精肉、ウシホルモン 十分加熱 無

'シレバー

′タレバ_.ブ 'ホルモン +生 無

卜明レ′← 十分加熱 無

ツジ精肉.ブタホルモン 十分加熱 無

′夕生ハム(自家製) 半生

:ツジ精肉、プタホルモン 十分加熱 無

'シ精肉、ヒツジ精肉 十分加熱

′夕篠肉 十分加熱 無

R食歴なし

無

′夕精肉.ブ'詢 レモン、プタレバー 1分加熱 無

無

■生
無

2007/03/26 無

円食歴なし 無

ンシ織肉.プタ精肉、ウシホルモン、プタホルモン 半生 無

′夕お レモン 十分加熱 無

メタレ′●、 プタ精肉 十分m熱 無

R食歴なし 無



採血日 年齢 性別 IU/0

HEV抗 体
旧
瓢
能
鯛
粕

喫食歴調査 遡及対象
受血者情報

l c M l g O 食べ方
供給製剤

′夕精肉 十分加熱 無

200″10/10 ンシ精肉.プタ精肉、ヒツジ輔肉 卜分加熱

ド明 無

′タホルモン.プタレバー 卜分加熱 無

′タレ′←
卜分加膠

無

aX17/11/:0 /t1-.iF,tta>

2 4 ド明 無

不明

不|●3

/ t \ - ド明 無

ンシ精肉、プタ精肉 十分加熱 無

【=鸞 ン、シカ輛肉 無

21D3/01/29 ′'レバー、プタホルモン l‐9加 熱

i明
無

′タホルモン 十分加熱

F明レバ「 卜分加熱 無

ド明 無

ド明 無

腱食歴なし 無

アタ精肉、ウシ精肉 卜分加熱 無

プタ精肉 十分加熱

不明レバー 十分加熱 無

無

200o/05/12 "綺 肉、プタホルモン 半生 無

ド明

,t,Ftv-> 卜分加熱 無

,シホルモン、ウシ.プタtヒツジ精肉 分加熱

,シ、プタ、ヒッジ締肉 μ生 無

卜生
無

ンプタ(締肉、レバー、ホルモン)



裸血日 年鈴 倒 順ｍ
“Ⅳ抗体

岬
叫
餞
蛸
瀞

喫食歴調査 遡及対象
供給製剤 受血者情報

lra ゛ のヽ薔顧 主べ方

2000/04/27 F明 無

ド畷ホルモン ド明 無

′力籍肉 E
鶴

ンシ精肉、プタホルシ 無

ヽ
卜分"熱
L 無

2000/00/01 ンシ精肉:プタホルモン 勝 加熱

ド朗 籠

'マ精肉 無

ンシレバー 無

'夕精肉 卜分加熱 無

2009/10/12 ド明 無

2009/10/27 ′夕精肉、プタレパー 卜分加熱 無

'シ:プタ精肉、ウシレ′■ 卜生 無

2009/11/28 下明 無

'シレ′‐ 無

'シ縮肉、プタレバー、ゥシ・プタホルモン 卜分加熱 無

:ツジ薔肉 ド明

2a19イ1″28 下期 無

'シレパー 無

フタ村レモン 卜分加熱 無

プタレ ―ヽ、ウシ精肉、プタ精肉 卜分"熱

卜分加熱 無

シカ精肉 卜生 無

アタ精肉 卜分"熱 無

2010/03/17 ド期

2010/00/20 メタ精肉 卜分加熱 無

'シレパー、プタホルシ 「分加熱 兼

不明ホルモン 無

下明ホルモン 無

ユ答なし

:f●去3ヶ月以内に生肉(■生も含0)レ バ‐.ホルモン(動物■.燒き方を国わず)の嗅,歴 ,なお本IRilaoo●oo月31日をもつて●7

２

２４

８



事 務 連 絡

平成22年 10月 27日

日本赤十字社血液事業本部 御 中

薬事 ・食品衛生審議会血液事業部会事務局

厚 生 労働 省 医薬食 品局 血 液 対策 課

血液製剤に関する報告事項について        ,

血液事業の推進に御努力いただき、厚く御礼申し上げます。
さて、標記にちきましては、平成22年 7月26日 付け血安第257号 にて

章社から報告を頂いたところですが、平成22年 111月24日 (水)に平成2・
2年度第3回血液事業部会運営萎員会が開催されますの|、 下記の事項にっい

て資料を作成いただき、平成22年 11月 2日 (火)ま でに当事務局あて御提

出いただきますようお願いします。記の12に ついては、平成22年 g月 11‐

日開催平成22年 度第2回血液事業部会運営委員会提出資料を更新のうえ、再

度御提出ください。                     :

なお、資料の作成に当たつては、供血者、患者及び医療機関の名称並びにこ

れらの所在地又はこれらの事項が特定できる情報を記載しないよう、個人情報
及び法人情報の保護に特段の御配慮をお願いします。        ,

記

1.平成15年9月5日付けで報告きれた輸血用血液製知で車IVあ感染が疑
われる事例について、残る2人の供血者のその後の検査結果。来訪がなけれ

ば、その旨3                    ′

2.平 成16年 3月 22日 付けで報告された輸血用血液製剤でHBV(B型 肝
炎ウイルス)感染が疑われる事例にういて、残る5人の供血者のその後の検

奪結果。米訪がなければ、その旨:                 1

3.平 成 16年 11月 26日 付けで報告された輸血用血液製剤でHBV(B型

肝炎ウイルス)感 染が疑われる事例にらいて、残る7人の供血者のその後の

検査結果。来訪がなければ、その旨。

4.平 成17年 1月12日 付けで報告された輸血用血液製剤で童3V(B型 肝
炎ウイルス)感染が疑われる事例について:残る4人の供血者のその後の検

査結果1本訪ηヽな1,れば、その旨。    1

5:平 成 17年 2月 4日付けで報告された輸血用血液製剤でHBV(B型 肝炎

ゥィルス)感 染が疑われる事例にらぃで、残る1人の供血著あそあ後あ検査

結果。来訪がなければ、そρ旨6    .

0.平 成 17年 6月 23日 付けで報告された輸血用血液製剤でHBV(B型 肝

炎タィノンス)感 染が疑われる事例につぃて、残る3人の供血者のその後の検
査結果。来訪がなければ、その旨:   | 1   1

7・平成18年 4月 7甲付けで報告された輸ュ用血液製剤●責BV(B型 肝炎
ウイル^)感 染が疑われる事例について、残るt人 の供血者のその後の検査｀
結果。来訪がなければ、その旨。    |
l    i

8、 平成 18年 6月 5日付けで報告された輸血用血液製剤でHBマ (B型 肝炎

ウイルス)感染が疑われる事例について、残る1人の供血者のその後の検査
結果6来 訪がなければ、その旨。

9災
ヂ撃ん長「蓬具ふ星見舞:彗就信亀l[F農選I賢腎裂X二月χメ展芳傾
査結果。来訪がなければ、その旨。

19`.平成21年 11月 2o日 付けで報告された輸血用血液製剤でHЁ V(Ё

型肝炎ウイルス)感染が疑われる事例についてt残 る3人の供血者のその後
の検査結果。来訪がなければ、その旨。               .

11,平 成18年 2月 15自 報告、β月8日付けで追加報告された輸血用血液
製剤で早Cv(C型 肝条ウイーノンス)感 染が疑われる事例にっいて、残る3人
の供血者のその後の検査結果。来訪がなければ、その旨。

12.試 行的H,V20プ
ール NATに つぃて、その後の調査実施状況: |

∞
∞



血 安 第 39 9号

平成 2 2年 1 1月 2日

厚生労働省医薬食品局血液対策課長 様

日本赤十字社

血液事業本部長

1       血 液製剤に関する報告事項について (回答)

平成η年 10月 27日付事務連絡によりご依頼のありました標調の件にっv てヽ

は、下記のとおり資料を作成しましたので報告いたします。

記

1.平 成 15年 9月 5日付けで報告された輸血用血液製剤でHiVの 感染が疑

われる事例について、残る2人のその後の来訪なし:(8名 中6名が来所、

検査は全て陰性)              |       :

2.平 成 16年 3月 22日付けで報告された輸血用血液製剤でHBV(B型 肝炎
:ライルス)感染が疑われな事例についた、残る5人のその後の*訪 なし。で37

名中32名が来所、検査は全て陰性)   :         :

3.平 成 16年 11月 26日付けで報告された輸血用血液製剤でHBV(B型 肝
、炎ウイルス)感 染が疑ゃれる事例について、残る7人のその後の来訪なし:

(48名中41名が来所、検査は全て陰性)              ●

4・平成 17年 1月 12日付けで報告された輸血用血液製剤でHЁ V(B型 肝炎

ウイルス)感染が疑われる事例について、残る4人めその後の来訪なし。(16

名中12名が来所、.検査は全て陰性)

5,平 成17年2月 4日付けで報告された輸血用血液製剤でHBV(Ё 型肝炎

ウイルス)感染が疑われる事例について、残る1人のその後の来訪なし。(追

跡調査対象の4名中3名が来所、HBV,DNAは全て陰性。1名はHBc抗体がEIA

法あみ陽性HI法陰性、その他の者は全て蔭性)

6.平 成 17年 6月 23日付けで報告された輸血用ユ液製痢でHBV(B型 肝

炎ウイルス)感 染が疑われる事例について、1本がその後献血に協力頂き、

検査は陰性。残る2人の来訪なし。(20名中18名が来所、検査は全て陰性)

7.平 成 18年 4月 7日付けで報告された輸血用血液製剤でHBv(B型 肝炎

ゥィルス)感染が疑われる事例について、1人がその後献血に協力頂き、検

査は陰性。残る7人のその後の来訪なしも(53名中 46名 が来所、HBV―DNA

は全て陰性62名 はHBc抗体及びFtBs抗体陽性、1名はHBs抗体のみ陽性t

その他の者は全て陰性)         .

8.平 成 18準 6月 5日付けで報をさんた輸五角血液製剤でHBV(二 型詳炎

ウイルス)感染が疑われる事例について、残る1人のその後の来訪なし。(29

名中?8.名が来所、HBVIDNAは全て陰性。2名は即c抗体及びⅢs抗体陽性t

r名はIBs抗体のみ陽性、その他の者は全て陰性)

9.平 成 19年 2月 20日付けで報告 れ゙た輸血用血液製剤で早BV(B型 肝炎

ウィルス)感染が疑われる事711について、残る1人のその後の米訪なし。(3
名中2名が来所、検査'ま全て陰性)          ●      ‐

10.平 成 21年 11月 20日付けで報告された輸血用血液製剤でHB'(B型 肝

炎ウィ′ンス)感 染が疑われる事切について(残 る3人のその後の来訪なし:

(23名中20名が来所、検査は全て陰性)  .

1‐1`平成18年2月15日報告、3月8日、付けで追加報告された輸血用血液製剤

でHcv(ё 型肝炎ウイルス)感染が疑われる事例についてt残る3人の

その後の来訪なし,(81名中78名が来所1検査は全て陰性)

12.議 行的HEv20プ ァ/1/NATに ついて(そ の後の調査実施状況||つい

ては別紙のとおり。     |                    |

¶
∞



安全対策業務の流れ

85



鷲
血件数及びHIv抗 体・核撃増幅榛査陽性件数1

:  lγ
抗
拌
。核 酸 増 幅検

事 陽性 献 血者 数 内 訳

1.性別;年齢区分・国別       ｀                |

男  性
女  性

合  計

日本人 外国人 計 日本人 1外国人 計

1外臥 | |
日本人

16～19歳

人
1  人 |

1 1 1  0 1  1

．

力

‐

‐

‐

‐

‐

‐

４

　

一

人
力

‐

‐

，

‐

‐

‐

20～29歳 28 : 536 “1414j り lb?|"5

30～39歳 4771 1211489
5011 141515

40～49歳

1 9 1 6 i零

|

177 l 1 1 1 お81 21り o

741 o1 74
0 6 0

合  計 9 : 1  7 1 1 0 4
4911414

糊 神4～ ツ 牢鏃 れ弄“■につ轟 準途輌t集計よ李成易竹Я～り議∴ ‐爛ま利 値で彙ζ)

r 9 8 8 +  ( E d t 0 6 3 + )
l q e o F ' / * * - - ._  v  Y  v r  \ + u x  7 E ! + )

I  e  e  0 +  ( + F k  2 + )
r  s . e  1 +  ( + l t  3 + )
r e e 2 +  ( + f l  4 + )
r e 9 B +  ( + F t s + )
1  s  e  4 +  ( + f r k  6 + )
r  e  9  s +  ( + F k  7 + )
r s e 6 +  ( + F t s + )
t e e T +  ( + f f i , s + )
1 9 e 8 +  ( + F l l 0 + )
l e e e +  ( + F t l l + )

2oOo年  (平 成 12年)

2 o o t +  ( + F F , n + )

2 o o 2 +  ( + f f i . 1 4 + )

2 o o 3 €  ( + F l  l s + )

2 o o 4 +  ( + F t 1 6 + )

2 o o 5 +  ( + f r , r 7 + )

z o o 6 +  ( + F ! 1 8 + )

2 o o T +  ( + F t t s + )

2 0 0 8 +  ( + f f i , 2 0 + )
2 o o e +  ( + F t 2 r + )

2 .0  1^04 (+ f i .22+. )
t r - V A l

7 , 9 7 4 , t 4 7

7 , 8 7 6 , 6 8 2

7 , 7 4 3 , 4 7 5

8 , : O 7 7 , 9 5 7

7 , 7 . r  o , 6  9  3
7 , 2  0  5 , 5 ' 7  4
6 , 6 7 0 , 4 8 4

6 , 2 9 8 , 7 0 6

6 , 0  3  9 , 3  I 4
5 , 9  9  8 , 7  6  o
6 , 1 3  7 , 3 7 8
6 , 1  3  9 , 2  O  5

9 ( 1 )

1 3 ( 1 )

2 o ( 6 )

2 9 ( 4 )

3 4 ( 7 )

3 5 ( 5 )

3 6 ( 5 )

4 6 ( 9 )

4 6 ( 5 )

5 4 ( 5 )

0 6 ( 4 )

6 4 ( 6 )

0134

0 . I 1 3
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文献名 報告国 要約

1

Jnsmanへet a_PLoS Pa●o92tll16“崎■2(3)Ю25 9786105●/●

(■伝子の型による RIPCR

(前立腺)
米国

)NAアレイによって前立腺がん組織から新たなウイルス(XMRV)を発見し
L_RNaseLにホモ型番婁(Oo)にtlつ前立腕編の40%からXMRVが綸出され

Etiqlts homozyg@s for R462Q RNASEL variant.
しが、変異がない前立腺傷(RRlでは19%で あった。

teller N:Henmnkり o.S¨ uレc,chuo FK,Huland H.
いpfelbac"rM,SChlomh T」 C“nⅥ,1 2008 NOv`3(3〉277_
,3
prevalence orhuman gammaret●vlrus XMRV ln`po●dic
Юstate cancer

178712%

(非家族性)
!″0142%

RIPCR

(前立腺)
ドイッ

非家族性の前立腺がんIIl織からXMRVの 検出が試みられた。その結果:欧
州北部においてはほとんど検出されなかつた。但し、本研究において、
RNaseLにホヽ型変異(00)をもつサンプルは691未満であったことに注意を
要する。

器∫Imぽ員・魃 柵 :胤:酬蹴ぷ
1 6 : 6 1 9 2                    .

L a c k  o f  t t d e n e  r o r  x e n O t r o p l。●u“n e  b u k e m l a  l i r u s  r e b l e d
"ruSIXMRVlin Cerman prostate cancer patents

螺
尉
出
に

07146 0%

(抗体)

』
０
“
続

(前立腺)

ELISA(血清)

ドイッ

189例(76例の RNasetホモ型変異型を含む)の前立腺寝組織からONAと
NヽAを抽出し、核酸増幅法を用いてXMRVの 遺伝子の有無を調ヽたが検出
できなかつた。また:血清中からもXMRVに 反応する抗体は検出てきなかっ
し。

,chtaberg R,Choe D」,Brown KR,Thaker Hv.Singh iR
'rcc Nau Acad m u s A 2009 Sep 22:106(38)163ol‐6

“RV`present h ma“ gnant proslauc ep the“um andヽ
ls∞ ated w th prostate cancer.espec a`lv“lghっrade tuいors

PCR

54/23323%

ウイルス抗原

％‐０‐

ＰＣ

4′1014・/●
ウイルス抗原

PCR

(前立腺)

組織築色
(前立P.R)

米 国

233例の前立腺癌中14例からPCR法 によつてXMRV遺 伝子が検出てきた。
RNaseLの変異とは関連がなかつた。XMRVの タンパクは上皮細胞に存在し
ていた。

力nletscn B P,Ayala C E.and Klmata J T:」102010
"v202:1470‐77

32r1442220/Q ＰＣＲ曲
国
部
米
南

K国の南部にある州での前立腺癌患者からX“RV遺伝子の検出を行なつ
し。前立腺癌の生検検体からONAを抽出し、PcRを実施(cav領壌)した。32

rmd and tum tissre of Datists from the euthm United
;tates witfi prcstate €rer is deDendst m specific
ntymffis chain reii{iim @nditions

男が陽性であつた。内23例は正常組織と癌組織を碑立に検討でき、18例は
両方とも陽性であった。XMRV腸 性例ではRNASEL遺 伝子の変異やdeas品
tOre(病理組織分類)との間に有意な差は認められなかった。

瀞掘 羅Fttu鱚 高温:R灘
,淵
l:乱おれ

“RV:AN“ Vlrlls in Prostate Cancer
uヽ 8000% 薔ｍ蝉ｍ

●OKlllの前立腺検体について、リアルタイムPc貶 免疫組織染色を用い、
(MRVの検出を試みた。その結果.前立腺癌にXMRVlま見られなかった。
(MRVは実際にはヒトには感染を起こしていない可能性がある。もし感染して
てヽも、このデータは前立腺癌との因果関係を支持しない。

XMRVの 疫学に関する主な文献一覧(平成22年5月18日作成、平成22年11月24日改訂)   血 液事業部会運営委員会委員

XMRVの 疫学に関する主な文献 T覧 (平成22年 5月 18日作成、平成22年 11月24日改訂 )i   血 液事業部会運営委員会委員 岡田 義昭

/

文

書 文献名
XMRVの 陽性率

貪出法編 織) 報告国 要約
前立腺がん 慢性疲労症候群 健康人

鞘臨
'出.高
耐ξ:L翻品R零詰欄慇薦糧蝋

〕.D“OM,S'Iverman RH,Mlk●vits JA ttence 2009 0ct 68710167% 82183:7%
PCR

米国

豊性疲労性症候群(CFs,患者の67%か らXMRV遺 伝子力く検出され、XMRV

黒騨協F♀ξξワ見98望:歯衆墾窪F『YS隻ウ遜笙委117勇力蕉君嘉漁It
b b c t l●●

ゴ響 “
r e c l . u s■輸 M“ l X M R ` I n●●・d  C e l l s  O「 筆理規刻記lFttF来 ?響

:す峰■熙列| 前`立場警
宇
来のものとクラス

凛:Rttlχttξ躙獅:よ踏亀留F臥
●“ur e  t o  d e t a  t h e  n O v d  r e t o v i f u s  X M R V  i n  c h r o n i O  f a“g u e

0/1860%
(全血)

イギリス 呈
性疲労性症候群186例を対象に全血から核酸増幅法によるXMRV遺 伝子
か検出を行ったが、検出てきなかった。

翻Tξ冒躙躙施:粘幌踏∫群k雛 ピ1
,ishop KN:RemvirO10gy 201o Feb 16:7:10

驚案罐襦1憲忠ぽ響胤ξ」鷺:鴛
ittSfhted●lSh

0/1360・/・
ONA

RNA

0/9500/.
ONA
O′1410%

PCR(全 血)

RT‐PCR(血

清 )

イギリス
奎血及び血清から核酸を抽出し、核酸増幅法を用ぃてXMRVの 遺伝子を検
出したが、慢性疲難 症候群及び健常人から検出されなかった。

閻 罵誦ご器‐観品 よ遣[蹄ι魁活鳥
"Van"FMeerJw BM」 201o Feb 15340c1018
2revaletlce Orxen。(rOpにmunne leukael■la vlrusfelated vlrus 呻ｍ

074300/. RIPCR
オランダ

1991～1992年に凍結保存されていた末梢単核球からRNAを 抽出し、核酸
増幅法によってXMRV遺 伝子を検出したが、慢性疲労性症候群及び健常人

n patients with chrcnic tatig€ syndrome in the Netherlands:
etrospedive a@lysis of smples Lm an established @ho.t

いら1例●検出されなかった。

tWtr WM,. Jra H, Hoho 0, Zttag HQ, Targ S, Shanktr A
lanred N, Sim6s G, Hsdry RM, Fatketrberg VR, Rses
A/C, Hfldre W: Retovirology 2010, 7:57
\b9@ ot didre of Xenotopic Murire Leukffiid Virus-
daled viG infedim in pemns with Chronic Fatigue
id.laa.d h.rttumitml. i.66 | l;: ld ebta.

07510%

ONA

％“
ＯＮ

PCR
(末梢単核球)

免疫学|1試験

米 国 緞護揚轟織霧弱葛量i嘉夢'申印

謂品』留冨然現3,柵需1労
''unずQ寧
lR

m O n  o f  M L V  r e l a t e d  M f u s“n e輌 i 1 0 n c t t  l n  h  n n d  O f

32737865%
ONA

％６８
Ｍ
“
Ｄ PCR

米 国

ff l:fi €*tr.cl, t6eaeffifi.aA t I a :t nL\(37 ocFsX#fr tEffi
Lt=t-4, 32^A\6a t^6&fi t:figLt:rl-s/2 4 tv7h<&.frttLt "

Elients with cfircnic falig@ $yndrcme and h€lhy btood るウイルス) なるウイルス) イルスに類似していた。

1,McClure M・OXenlusた.co“ier t,Weber」.cunhard
ONA

％”
ＲＮ

英国
西ヨー
:融 鐵 颯 喘 轍 愁 i鮨 嬰 繊 :
認められなかった 以上から、英国や西ヨーロッパでは血液や性的感染リス
ンを持つに卜でのXMRV感 染率は高くなかつた。

RIPCR

(血兼)blood ofindiv duals at hlgh ask Ofblood bornl立 ral infectlon

find r.J.,u Jz.,Fetsenstein o.,Kotton c.N.,Plenip
LM..Per€yE F..Marty F.M.,Lin N.H..c@be p.,crcchiee

l.M.,Eggffi D.,Kuritzk6 D.R..and Tsibris AM.N.JlD.2010
(enotropic mreine leukemia virus+lated virus prwatfl@ in
Etiqts with ch@ic fatig@ syodme or cfi@ic

％‐９８ ０

。ＮＡ

α 0/950%

ONA
PCR

I末構単核球)
米国

にストン周囲にある大学病院において、XMⅣ 感染の頻度を調べるために
'“32人、H:V感業者43人、幹細胞及び臓器移植患者26人.関節リュウマつ
RAl患者97人、RAの コントロー′しの憲者05人計200人からDNAを 抽出し
!AT検査を行なった。XMRVの 遺伝子は検出てきなかった。
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Williarn M Switzerll, Hongwei Jiar, Oliver Hohn2, HaoQiang Zhengr, Shaohua Tangt, Anupama Shankarr,
Norben gannert2, Graham Simmons3, R M chael Hendryr, Virgini6 R Falkenberga, William C Reevesa and
Walid Heneinel

Abstract
Background: XMRV a xenotropic murine leukemia virus (MuLV)-related virus, was recently identified by PCR testing in
67% of persons with chronic fatigue syndrome (CF5) and in 3.7% of healthy persons from the United States. To
investigate the association of XMRV with CFS we tested blood specimens from 5 I persons with CFS and 56 healthy
persons from the U5 for evjdence ofXMRV infection by using serologic and molecular assays. Blinded PCR and
serologic testing were performed at the US Centers for Disease Control and Prevention (CDC) and at two additional
laboratories.

Results: Archived blood specimens were tested from persons with CFS deflned by the 1 994 internatiqnal research case
definition and matched healthy controls from Wichita, Kansas and metropolitan, urban, and rural Gdorgia populbtions.
Serologic testing at CDC utilized a Western blot (WB) assay that showed excellept sensitivity to MuLV and XMRV
polyclonal or monoclonal antibodies, and no reactivity on sera from 121 US blood donors or 26 HTLV-and HIV-|nfected
sera. Plasma from 51 CFS cases and plasma from 53 controls were all WB negative. Additional blinded screening ofthe
5l cases and 53 controls at the Robert Koch lnstitute using an.ELlSA employing recombinant Gag and Env XMRV-
proteins identified weak seroreactivlty in one CFS case and a healthy control, which was not confirmed by
immunciflubrescence. PCR testing at CDC employed a gag and a pol nested PCR assay with a detection threshold of I 0
copies in I ug ofhuman DNA. DNA specimens from 50 CFS patlents and 56 controls and 41 U5 blood donors weie all
PCR-negative. Blinded testing by a second nested gag PCR assay at the Blood Syitems Research Institute was also
negative for DNA specimens from the 50 CFS cases and 56 controls.

Co-nclusions: We did not find any evidence of infection with XMRV In our U.5. study population of CFS palients or
healthi controls by using multiple molecular and serologic assays.These data do not support an association of XMRV
WIIN LF) .
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ated with rest, lndividuals with CFS also report various
cognitive, sleep and musculoskeletal pain distirrbances,
and symptoms similar to those of infectious diseases [3].
At least a quarter of those suffering from CFS are unem-
ployed or receiving disability beeuse of the illness; the
average affected family forgoes S20,000 annually in lost
earnings and wages; and, the annual value oflost produc-
tivfty in the United States is at least $9 bil l ion [2,4-6].
Diagnostic, treatment, and prevention strategies have

Swlvet et al. Retrcvircbgy 2010, 7 t57
http://ww, retrovlrblogy,co m /.onte ̂W | 1 | 57

proven difficult to devise because the etlology,
pathophysiology md risk factors for CFS remain unclear

13,71.
Because the symptoms chuacterizing CFS reseinble

those of infectious diseases, many studies hai€ invest!
gated a viral etiology in CFS. However, involvement of
several viruses including human herpes virus-6 (HHV-6),

Epstein-Barr virus (EBV), various enteroviruses, and the

human T-lymphotropic virus type 2 (HTLV-2) has not
been concluively proven.[3,7-10].. In Oct0ber 2009;
Lombardi et al. repor.ted finding a gammaretrovirus
called xenotropic murine leukemia virus-related virus
(XMRV) in pertpheral blood mononuclear cell (PBMC)

DNA from about 67% (6Sl101) ofCFS patients compared
to only 3.6% (5/218) of healthy persons using PCR testing

[11]. virus isolation and antibody detection were also
reported in some CFS patients It 1].

XMRV is phylogenetic:illy related to the xenotropic
murine leukemia viruses (MuLV) sharing about 94%

nucleotide identity across the viral genome {121. XMRV
was initially.identilied in prostate tissues from about 10%
of prostate cancer patients using microarray and PCR
analysis [12], XMRV prevalence in this study was higher
in patients with an inherited mutation in the RNase L
gene []21. More recent studies examining XMRV preva-

Ience in prostate tisues of patients with prostate cancer
from the US and Europe have reported both negative and
positive findings [13-f5], higNighting the need for.more
studies to assess th€ role ofXMRV in prostate cancer

. Conffrmation <if in associatlon and etiologic role of
XMRV in CFS ii.important.because it could provide a
useful diagnpitic test and mlght lead to new treatment
interv€ntions, However, two recent studies of CFS.
patients from the United Kingdom using..PCR testing
alone or togeths with serologic testing reported negative
XMRV results in 186 and 170 CFS patients, respectively

[15,17]. XMRV was also not found by PCR testing of 32
CFS,patients md 43 matched controls from the Nether-
Iands 1181. Additional studies of different patient cohorts,
including those from the US, are critical to better evalF-
ate both a possible association of XMRV with CFS and a
potential i;eographic link.

Ve describe here results from the first US study follow-
ing the initiaf report byLombidi et al. [1I]. Testing of 51
specimens from'CFS patients and 56 matched and
healthy controls frorir the US was performed indepen-
dently in three laboratories for XMRV DNA by using sev-
eral PCR tests end for anti-XMRV antibodies using

different serological assays.

Result5
Ab3ence of xMhV antibodies in persons with,CFS and
healthy controls
Serologic testlng at'CDC was performed with a newly
developed WB assay using a strategy employed success'

Page 2 oftt3

fully for assessing humm infection with other zoonotic
retroviruses [19,20], The WB test used lysate from poly-

tropic MuLV (PMlV)-infected HeLa cells as antigen.
PMLV and.XMRV are highly related, They share between
87 dnd 93% nucleotide identity across the genome with
XMRV and also have 88 - 97% and 88 - 9t% amino acid
identity tb XMRV Gag and Env proteins, respectively.
Partial Gag (123 aa) and Env (55 aa) sequences from our
polytropic HeLa isolate share 95% and 90% identity to'
XMRV fespectively. Thus, excellent antigenic cross-reac-
tivity between XMRV and ciur polytropic HeLa isolate is
expected. Specimens were tested for reactivity in parallel

against contrcl antigens from uninfected HeLa cell
Iysates. Positive seroreactivity was defined as d6tection of
bands in the infected lysates corresponding to known
viral mtigens and a lack of similarreactivity in uninfected
lysates to exclude nonspecilic reactivity. Four available
antisera demonstrated good antigenic reactivity to Gag
and/or Env proteins (Figures 1 and 2): Goat anti-MULV
pofyclonal antisera to whole virus and to p6gl7l Env Prc-
teins, iabbit anti-XMRV polyclonal antiserum to whole
virus, and rat mondclonal utibody to the Env of spleen
focus forming virus (SFFV); a polytropic MuLV that
reacts with gp69/7L Env of polytropic and xenotropic.
MuLV [21]. The anti-XMRV antiserum was gsed previ-

ously to detect XMRV in prostate cancer tissues by O
immunohistochemistry [13]. The anti-SFFV anttbody O\

was used by Lombardi et al, in.a flow-b.ased antibody
competition assay to datect utibodies to XMRV Env in
CFS patients [11]. All positive control mtisela were reacj
tive at high titers to various.Gag and/or Env protiins (Fig-

ures I and 2). The anti-MuLV whole virus antiserum md
the anti-XMRV polyclonal antierurn both reacted to the
p68/p80 Gag precursor and p30 Gag proteins at titers of
1:32,000 and 1164,000 respectively (Figures I and 2). The
polyclonel anti-9p69/71 Env antiserum and the anti-
SFFV monoclonal antibody reacted with the Env gp69l71
doublet proteins (Figura. I and 2) at a titer of L8,000 and -

1:32,000, respectively (Figures. I and 2). The same pat-

tern of reactivity was seen.using both the anti-MulV
whole virds and anti-XMRV antisera though a higher
level of nonspecific reactivity was observed to the HeLa
lysates with the XMRV antisera (Figures 1 and 2). No spe-
cific redctivity was observed for the pre-immune goat
sera and to uninfected HeLa lysates (Figures I ud 2).
1:500 dilutions of the whole virus and gp59l71 antisera
and a 1;50 dilution of pre-immune goat sera were then
used as positive and negative controls ior testing Patient
samples in the WB assay, respectively.

Plasma samples from 51 CFS cases and 53 healthy con-
trols were diluted 1r50 and examlned for seroreactivity to
bands corresponding to Gag (p30 or p68/80) and/or Env
(gp69!?1 or p15E) proteins present in only the infected
lysate and not the uninfected lysate. We also tested sera ,
from 26 retrovirus-positive specimens (13 HTLV-I|Z,

Absence of evidence of Xenotropic Murine
Leukemia Virus-related virus infection in persons
with Chronic Fatigue Syndrome and healthy
controls in the United States

Background
Chronic fatigue syndrome (CFS) is a complex illness that
affects between 0.5 and 2 percent of adults in the U.S.

[1,2]. CFS is characterized by a severe debil itating fatigue
lasting at least six consecutive months that is not allevi-

, Co(e3ponde(e bswtzer@cdc.9ov
I LaboratoryBbn(h,oivisionof HIV/AlDs Prevenrio.,NationalCenlef forHf//
AlDs,Mral Hepatfig 5lD,andTB Prewntion, Cen{ers for Disease Co^(ol and
Prwenrloh, Ad.nb,GA 30333, USA
fqllli! ofaulhorhfrm.rion Bryiilaue ar rheend ofihe ardale
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US blood donors whose plasmas w€re tested in the VB
test.

PCR testing of p-actin sequences was positive fbr all
clinical specimens ontirming the integrity of the DNA
and an absence ofPCR inhibitors. Representative p-actin
PCR results are shown in Figure 5. Subsequent XMRV

Swlセer etal Ret/●1カリl●9y2019,7:57
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lent Seisitivity fOr detecting XMRV in one tg Of DNA

,,eCimen.PBMC DNA from 41● nonymous US blood
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testing showed. that XMRY gag and pol sequences were
not detected in I ug of PBMC (n = 31) or whole blood (n
= 19) DNA from the CFS patients or in i ug PBMC DNA
from the 56 healthy controls. A representative Southern
blot.of the XMRVpoy'PcR tbsting of persons with CFS is
shown in Figure 5. Matching DNA was not available from
one CIS case,

Blinded PCR testing performed at an independent
institution (Blood Systems Research Institute (BSRI), CA)

-using a second ndsted PCR assay for XMRV gag DNA
sequences, with a sensitivity of 3 copies per reaction, was
also negative using 100 ng DNA specimens from all 50
CFS cases and 55 heaithy controls (data not shown). 250

ng ofDNA from the.Georgia Registry patients also tested
negative using this nested gag PCR test (Figure 5), Four
blinded, "external" control specimens, included with the
panel ofhuman specimens and spiked with 4, 40, 4OO, and
4000 XMRV plasmid copies in 100 ng of human DNA,
were all detected by this testing (datd not shown).

Dlscussion
We found no'eviden;e of infection with XMRV among
persons with CFS or matched healthy controls from the
US by testing with multiple serologic and PCR assays per-
formed independently in three laboratories blinded to the
clinical status of the study partlcipants. Our results con,
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Figlr! 3 Abien(. of XMRV rntibodies in CfS pati€nts byWeitern blot (WB) an.lyrir. Representative Wg fesultsfor CFS cases from Wichita and
Georgia ideftified after unblinding. Deterrilination of Mulv specific reactivity is detemined by comparison ofobseNed seroreacrivity to polytfopic
MULV-|nfected HeLa antigens and uninfected HeLa antjdens in upperand lower panels, respectively. Lanes I -4 and 5.8 are plasma Irom CFS cases
from rhe population based studtes h Georgia and Wichita, fespedjvely; lanes 9 - l2 are physi<ian-fefe(ed cFs casesf.oB the Geofgb Registry study.
MULV positve and negative qoat gerum control5 are Jaoelled.
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Flgure 4 AbJen(eotXMRV.ntlbodles in CFS p.tientr and healthy persons byELlSA u5ing r*omblnrnt XMRVproteins. Representative XMRV
envelope (Env) EUSA results for 50 CFS case5 aod 49 healthy persons )dentiR€d after unblinding. Spectmens coded wi!h W and 6t-650 are from the
population-based study In Wchita and Geo.gia, respectively; specimen5 G59 - 675 are from physiciah-referred CFs cares from the 6eorgia Registry
study. Specim€ns frgm a healthycontrol and a person with CFs, coded as G6 and G9 resectively, were weakly seroreactlve in thir test but were not
confimed by either Western blot or immunofluoEcence tegling. Human sera weie diluted I t2OO. The human negntive control serumwas obeined
fro m a haalthy volu nteer previou sly der€rml n ed to be seron ega ive Th e polycl ona I mou se Env a n ri5e rum was dilured I :1 oo. Assay cut-off wa 5 detetr
mined bythe hean ofthe test ramples plu5 three *andard deviartons.
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Flgur€ 5 Abseh<eofXMRV polymerase (poD requen<es lri CFS p..
tientg. A. Representative nested polPCR results using PBMC DNA spec-
imensfrom persons with CFS identified afterunblinding. Lanes 1 - 5,6
- I 0, and 1 1 - l4 afe iesults for persons with CFS from Wichita, Georgia,
and the Gegrgia registry5tudies, re5pectively; lanes l5 and 16, water
only controls; lane I 7, negative human PBMC DNA control; lanes I 8
and I 9, assay 5ensirlvity contfols (on5lstin9 of i0r and 103 copies of
XMRV VP62 plasmld DNA diluted ln a background of I ug of human
PBMC DNA, respectively. B. Semi-quantitatlve P-actln PCR r€sult5 for
PBMC DNA specimeng;bove in lanes I - 14; lane 15, watercontrol;
lanes l6' I g I Gfold diluion5 ofblood donor PBMC DNA starting atO.l
u9 a9 a pos{'ve assay control.
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trast with the high rate of XMRV detection reported by
Lombardi et al. zmong both CFS patients and controls,
but are in agreement with recent data reported in two
Iarge studies in the UK and a smaller study in the N€ther-
lands that.could not detect XMRV sequences in CFS
patients and one UK study that also fai.led to detect spe-
cific XMRV neutralizing antibody responses in CFS
[11,i5:18]. Conbined, these negative data do not support
XMRV as the etiologic agent ofthe majority ofCFS cases.

Several possibilities could qplain these discordant
results, including technical differences in assays used for
the testing in each study, However, the inability of four

Flgure6 Absen(eotXMRVgog requen<es in CFS p.tlffti. A. Rep-
resentative nested goqPCR results from patients from the Georgia
Regisrry identified after unblinding. Lanes 1 and 20, iOo-bp ladderl
lanes 2- I 5 are results from CFS patients; lanes 16. I 8 dssay renritivity
control5 consisting of lO,3 and I copies ot XlvlRVVP62 pldsmio DNA
diluted in a background of250 ng ofhuman PBMC DNAj lane 1 9, watef
@nvol. B, GAPDl"l PCR results for same PBMC DNAsp(imens above.
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independent laboratories to replicate the high XMRV
premlence in CFS cases reported by Lombardi et al. can-
not be explained by minor differences in assays used in
each study. In addition, testing at CDC utilized the dested
XMRV gag-PCR assay used by Lombardi et aL and, tJris-
m"\ et dl. to identify XMRV infection in CFS and pros-
tate cancer patients, respectively [11,12J. Further, to
improve assay sensitivity, we used I ug of input DNA
which is 4-5 times higher than that used by others [11-
73,L6,17), all while maintaining an assay sensitivity of 1O
copies. To ensur€ that our testing would not miss geneti-
cally diverse XMRV or MuLV strains, we also used a sen-
sitive nested PCR assay with conserved pol gene primers
and found that this testing was also negative confirming
the absence of XMRV/MuLV sequences. While PBMC
DNA was used in the majority of specimens, I ug whole
blood DNA was also used in testing 19 CFS cases, This
input DNA represents about 350 ng of PBMC DNA
which is similu to t}le amount used by others [1]-
13,15,161, thus not affecting the sensitivity of our res;lts.
The negative PCR findings were confirmed by m inde-
pendent laboratory with a second nested gag PCR assay
which provided additional evidence for the absence of
XMRV sequences among CFS cases and controls. The
primary PC!, amplificgtion used in this second test is also
that used by Lombardi et al. which when combined with
a nested PCR step has a 3-copy detection threshold.

Antibody responses puticularly to Gag and. Env pro-
teins are hallmuks of immune responses to retroviral
infections including experimental XMRV inlection of
macaques [22]. We used a new WB assay to test for anti-
XMRV antibodies and showed by using bdth monoclonal
antibodies and polyclonal mtisera that this assay
detected specifically, and with'high titers, reactiyity to
both XMRV and MuLV Gag and Env proteins. Ve were
unable to detect antibodis to XMRV Gag and Env in any
of the CFS and controls specimens by using this WB
assay. Likewise, negative results were obtained in a sec-
ond, independent laboratory by using XMRV-specific
ELISA-based and IFA assays. Thus, the observed negative
s€rologic results for all CFS patients rellect m absence of
antibody responses and active XMRV infection. Although
limited, the negative WB serology observed in 56 healthy
controls md 121 blood donors also suggests that the
XMRV seroprevalence in this population is not high.
Screening of larger numbers of US blood donors using a
high throughput ELISA followed by confirmation in a
VB test also showed uncommon seropositivity (-0.1%)

[22]. More studies, however, are needed to determine the
prevalence of XMRV in healthy populations.

One current limitation of our study, and of others per-
forming serologic md PCR testing for XMRV is the
absence of bona fide positive and negative control speci-
mens from infected and uninfected humans to determine

Swltzet et ol. Rettovtobgy 2010,r:57
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the analytical sesitivity and specificity of the detection
assays. Until ianels of well-characterized clinical speci-
mens become available, assay validation will be limited to
reagents generated experimentally, such as polyclonal
and monoclonal antibodies, XMRV plasmids, and
XMRV-infected cells.

The selection.criteria with which persons with CFS
were included in tlrese various studies may also help to
explain the incongruent XMRV findings. it" ttuay Uy
Lomba;di et al, used samples from the lvhittemare Peter-
son lrctitutb Natiowl nssue Repositor.,r' reported to con'
tain specimens from well-characterized cohorts of CFS,
[11], Yet, the paper.provides no information regarding the
repository or concerning the nature of tiese cohorts
other than that they viere collected froin private medical
practices in sevelal regions of the U.S. where clusters of
CFS have been documented [11]. An absence ofdetails <if
the CFS cases and controls in this report makes it difficult
to replicate and interpret their.findings. In contrast,
patients in the UK md Netherland studies were typical of
CFS patients seen in specialist clinical services in those
countries md resemble persons seen in other specialist
CFS services in the US and Australia Ii5-18];.Almost half
of the UK CFS patients described onset of their illness as
related to an acute viral disease [16,I7]. Thus, they would
appear quite compuable to those in the study by Lom-
bardi et al, Similuly, oui study a.lso failed to detect
XMRV infection in 18 CFS patients rdferred to a fatigue
registry by health cate providers in Georgia and included
three persons who.reported sudden onset to their illness.
Our study is the.first to evaluate XMRV infection in per-

\ sons with CFS and healthy controls from the general pop-
ulations of lVichita md Georgia. These CFS cases are
different frcim CFS patients seen in general practice and
feferral clinics; of the participants from the population-
based study in Georgia, only half had consulted a physi-
cian because of their fatigue, about 16% had been diag-
nosed with CFS; and.75% described an insidious onset to
their illness that had no obvious relation to an acute
infectious disea*. Nonetheless, results from our gineral
population cohort extend the examination of XMRV in
CFS to persons whcise illness developed gradually, for the
most part, rather than acutely. Our negative findings, in
conjunction with those in Europe [16-18], indicate no dis-
cernable association of XMRV with a wide spectrum of
CFS cases. The negative results for CFS patients and con-
trols from the US in the current study also do not support
a continental clustering of XMRV infection suggested by
the absence of infection in the UK and Netherlands [16-
18]. However, our findings may not be generalizable
beyond our study populations bicause XMRV infection
rates may vary h different regions or Iocales.

CFS is a diagnosis of exclusion based on self-reported
symptoms and rbquires careful medical and psychiatric
evaluations to rule out conditions with similar clinical
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presentation. Our study and the negative reports from
the UK and the Netherlands waluated patients for exclu-
slonaiy conditions and defined CFS according to ciiteria
of the 1994 lnternational CFS Research Cise Definition
[23] or the earlier Oxford case definition [24]. The Lom-
bardi et al. study specifies that samples were selected
from patients fulfilling the 1994 international CFS casd
definition [23] and the 2003 Canadiu Consensus Criteria
for CFS/ME [25]. Lombardi et al, did not specify if
patients were evaluated for exclusionuy conditions, or if
the study subiects met both detinitions, or which patients
met either CFS definition. The 1994 International CFS
case definition and the Canadian Consensus Criteria are
different and do not necessarily identify slmilar groups of
ill persons. Most notably, the Canadian Criteria include
multiple abnormal physical findings such as spatial insta-
bility, ataxia, muscle weakness and fasciculation, restless
leg syndrome, and tender lymphadenopathy. The physical
.findings in persons meeting the Canadian definition inay
signal the presence of a neurologic condition considered
exclusionuy for CFS and thus the XMRV positive per-
sons in the Lombardi et ar, study may represent a clinical
subset of patients [1 1].

CFS is a complex disease with various cllnical subtypes
propilsed which could also account for differences in the
results obtained in each study [iI,16-18]. While there is
still no universal agreement on a precise clinical presen.
tation encompassing CFS i.llness, defining patient chdac-
teristics in studies of CFS etiology or pathogenesis
remains crucial for making comparisons across various
reseuch conclusions.

Conclusions
In our study population of CFS and healthy persons from
the US, we did not find any evidence of infection with
XMRV using PCR and serologic methods perfomed
independently in three laboratories blinded to the clinical
status ofthe study participants. These results do not sup-
port an association of XMRV with CFS.

M€thods
Study population and specimen pieparation
The CDC Institutional Review Board reviewed and
approved all study protocols. All particjpants were volun,
teers and provided informed consent. Laboratory testing
of the samples was performed anonymously and blinded
to clinical status.

Details of our two study populations have been
described previously 12,26,27l.Bdefly, between 2002 and
2003 we sampled adults 18 to 59 y€ars old from Vichita,
Kansas [25,27] and between 2008 and 2009 we sampled
adults I8 to 59 years old from metropolitan, urban, and
rural Georgia [2]. In both studies, we used random digit-
dial screening interviews to classify household residents
as eitherwell or having symptoms of CFS. A follow-up
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viewlthOsernёetiltgcriteriaOfth019941nternationalCFS
R ёs e a r c h  C a S , p e f l n i t i o n  1 2 3 〕w e r e  c l a s t i f l e d  a s  C F S ‐1 l k e
and othOr respondents ciassifled as ёithcr unwell(nOt

CFS‐like)or well.An cFS‐like indi宙duals were recruited

and a ttandOm Saふple bfth9se whO Were unweli but,ot
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evaluatibn.
We also t,sted Specimens from CFS caoes identifled in

a CDc Health Care Provider‐basёd Registry of Unex―

Plalned Patiguing IIinesses and CFS (unpubliShed)
Be vヽee,October 2∞ 8 and December 2009,healthcare

providers Practicing i■Bibb County・GA rferred adOles‐
C e n ■a n d  a d u l t s  1 2 ‐5 9  y e a r s  o l d  w h o  m e t  c r i t e r i a  f o r

unexplained fatiguing iliness(fadgve●r>l month),an4
httνing at least one other core CFS symptom during that

period(unre■eshing sleep,problems■ith cOgnition or
meふor》joint Or muscle pain in extremities),and did not
have an exclusionary medical or psychiatric colditiOn.
All refeFred Patients undCrWent a telephone scrcening
interviow to documOnt fatigue lasting>6 months,and
the presence of at least one core symptom and no cxclu´
siOnary cOnditiOns Patients,ee●ngt eヽse Crtela under_
Went the,amel‐day chniこll evaluatiol=s persOns,om
our poPulation―based smdies,descrlbed in detall below

C‖n:ca:assessment
Clinical evaluations i市olvedi l Adminlstra●on oF stan‐

4ardiZed quesioniairOs to tteasure the 3 domiins Ofthe
1994 CFS tase denmtion 1231: the Multidinensional
Fatigue l,ventOry ttFl)to measure 5 dimenSions of

●●gue 1281the MedたJ Outcomes Surve,ShOrt Form 36

(SF'36)to eⅥluate 8 dimensions of fuictionil impair―
m e n t〔2 9 1  a n d  t h e  c D C  S y m p t o n  l n v e n t o r y  t o " a l u a t c
。,Currence/freq■ency/severlty of the 8 CFS‐aCcompany‐
ing S,mptoms p01;2.A standardlled PhydcJ exaおIna‐
tion conducted by a sPeciflcally tralnOd P卜ysiCian who
Ⅲo reVie"ed Past mediCal history・review of systems,
and current medicati91S/Supplements,3 Collection‐bf
blood aid urine for routine clinital analySёS 123,311,4:A
standardized Psychiatric evaluation tOnducted by specifl‐
caly trained Psychiatric interviewers‐Di,gn9StiC Inte■
宙eW SChedЧle(DIS)in WIChlta 1321 and the stru,turd
C l i n i c a l l n t e FⅥe w  f o r  D S M‐I V  D i s O r d e r s ( S C I D ) i n  C e o i´

鳴ぼ:hysidarsよa血灘OnindrouinedlicJLb。ふ
tory testt terved to identfy medical condi●ons considi

ered exclusionary for CFS,sPedfled in the 1994 case

derlnition 1231 as further clariled by the lnternatio,al

CFS Study Grbup h 200,131〕The pSychiatn,inter宙ew

served to llentify cuⅢent P,yChiatrlc dISbrders consid´
ered exdusionary for CPS,which indudcd current mel―
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ancholic depression, current or lifetime bipolar disorder
or psychosis, substance abuse within 2 years md eating
disorders within 5 years [23,31].

l l lness classifictlon
Following clinical ewluation, participants who had no
exclusionry medical or psychiatric conditions were diag-
nosed with CFS if they met criteria of the 1994 interna-
tiohal case definition [23] as quantified by the CDC
Symptom Inventory and ancillary criteria of the MFI and
SF-36 [26,3U. We used the MFI to assess fatigue status

[28], For classilication as CFS, those with a score > well-
population medims on the general fatigue or reduced
activity scales ofthe MFI were ionsidered to meet fatigue
criteria of the 1994 international case definition. Func-
tional impairment was asseised by the medical outcomes
survey short form-36 (SF-36) [29], For classification as
CFS, those with a score < 25th percentile of population
norms in the physical function or role physical, or social
function, or role emotional subscals of the SF-36 were
considered to have substmtial re.duction in activities as
specified in the 1994 definition. Those whs met at lbast
one but not all 1994 criteria were'considered unwell not
CFS. Those who met none ofthe criteria were considered
well.

Specimens were available from 89 persons (33 CFS and
56 well controls) from the population-based case-control
studies and 18 CFS persons from the Registry study
described above, Subiects were included based on avail-
ability of specimens, and comprised 1.1 of43 persons with
CFS and 26 of 53 healthy controls from Wichita, KS and
22 of 32 persons with CFS ud 30 of 5t healthy controls
from Georgia. Persons with CFS aird healthy controls had
similar, mean ages, similar predoininance of females and
white race; and had a similar mean body mass index
(BMI) (Table l). Subjects with CFS had been ill on aver-
age 13.9 years (medim 11.15 yrs, range 3 ;40 yrs), wbre
severely fatigued (MFI General fatigue 16,5, range 10 -

20; MFI Reduced Activity 12.8, range 4 - 20) and severely
impaired (SF-35 physical functioning 65.5, range 10-100);
SF-35 bodily pain 48.8, range 12 :84), and 3/33 (9%)

reported sudden onset to their i l lness. Clinical and demo-
graphic characteristics of subiects with specimero avail-
dble for this study did not differ from those persons who

did not have ample specimen volumes and case-control
matching was maintained.

18 of 38 persons enrolled in the Registry study had a
diagnosis ofCFS and were, awilable for the current study.
These provider-referred CFS patients had a mean age of
42;8 years (SEM = 2.85 years), and were Predominantly
white [17118, (94.4%)] and femald [15/18 (88.99%)]; They
had suffered fatigue for an averale of 9.4 years (range: 1 -

35 years) and 3/18 (16.7%) reporied sudden onset to their
i l lness.

1. SEM, stand.rd errorof the meah
2. t"testwas used to compute pro6abtlitles for comparisons of mean age and mean body mass index betwen study groups.

3. Cbi square test wai used to compute the probability for comparison ofthe distilbutlon of tex between cases and .ontrols.

4 Fi5her's eecttestwas usd to compute the probabilityfor comparison of the distrlbution ot rac€ beMeen the ttudygroup5,bnd was based

on Blacks and Whltes only.
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Tabte lt Distribution otdemogr.phicvariabl€s by CFS c.se'control st.tus among pdrsons ftom the comblned Wichita snd
G€orgia case-Gontrol populatlon-based sludies.

D€nogr.phlc F.ctor wにhi●′KS

(N=11)

Atlant●′G^

(N=22)

Wichita,KS      At!● nta′CA

(N=26)         (N330〕
p‐v●:ula,3.●

Age

Mean t SEMl 516士 Sl

sex in (%ll

Female

Male

8 ( 7 2 7 )

3(2フ3)

20(909)

2 ( 9 1 )

2 1 ( 8 0 8 )

S ( 1 9 2 )

2 5 ( 8 3 3 )

S ( 1 6 7 )

p=074

Race in(%)〕

Whte

Black

Other i

1 0 ( 9 0 9 )

0 ( 0 )

1 ( 9 1 )

1 8 1 8 1 3 )

o ( 1 3 6 )

l 1 4 6 )

2 5 ( 9 6 . 2 )

1 ( 3 8 )

27(90)

3(101

0(0)

BodソMassindex

Mean t SEM 276± 33 282± 47 263=55

０
い

Speclmen (illectlon, processlng, storage
Fresh whole blood was @llected in either CPT Vacu-
tainbr tubes coiltaining socliur4 citrate and a blood sepa-
ration reagent (Becton Dickinson, NJ, USA) for the
Georgia md Wichita studies or in PAXgene tubes for the
Georgia CFS Registry sudy and transported to CDC.
Blood was also collected in PAXgene tu.bes for two per-
sons from the Georgia population-based study. PAXgene
tubes were. gently inverted 5 times; stored overnilht at -

20'C, and Jhen trmsferred to -70'C until DNA isolation
was performed. PBMCd and plasma were .immediately

isolated by centrifugation ;f the CPT tubes. PBMCs were

stored in liciuid nitrogen under conditions designed to
maintain viabUity, Plasma was aliquoted and stored at -

8o;C within 4 hours of blood collection. For samples col-
lected from persons living in wichita, KS and from the
Georgia CFS Registry study, whole .blood was also col-
lected in EDTA Vacutainer tubes. Plasma was recovered
from the EDTA-treated blood by centrifugatibn at l5,OO0
x g for 20 minutesand aliquoted and frolen at -80"C until
use.' Plasma samples were aliquoted agaip when thawed
for WB testing;.tle remaining aliquots were re-frozen at -

80'c.
DNA was extnctdd.fiom eryopreserved PBMCs or fro-

zen whole blood wlth the Qiagen blood DNA minikit or

Qiagen PAXgene Blood DNA kit (Qiagen, Valencia, CA),
respectively, then aliquoted'md stored frozen at -80'C,

AU PBMC samples had viabilities > 90% when they were
thavied for DNA isolaiion. Nucleic acid concentrations
were dettirmined by spectrdphotometry using the Nano-
drop instrument (Thermo Scientific, Wilmington; DE).
For the PCR testing at CDC, I ug of PBMC or whole
blood DNA was used. Integrity of the DNA spgcimens
was determined uiing p.actin PCR as previously

described [34], Matching plasma ot DNA was not avail-
able.from thiee healthy persons from Wichita, KS and
one CFS.case from Georgia, respectively. All specimen
preparation, tissue culture, afid PCR testing was done in
phystcally isolated rooms to prevent contamination of
specimens,

Serologic Assays
HeLa cells were infected with supernatant from the
murine macrophage cell line RAU/264.7 (ATCC, Manas-
sas, VI) known to express po$tropic and eiotropic \,[uLV
(PMLV and EMLV, respectively), To characterize the iso-
late that rgplicated in llela cells, a 166-bp RNA sequence
containing the wriable region C of the envelope (Env)

surface protein was PCR-ampliffed from infected HeLa
cell tissue culture supernatants. Phylogenetic analisis of
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the ezv sequence showed that the isolate was a PMLV by
clustering tightly with other PMLV ud not EMLV (data
not shown). XMRV and PMLV are highly related sharing
between 87 - 94% nucleotide identity across their
genomes and 88 - 97% and 88,9l% amino.acid identity
to complete Gag and Env proteins, respectively. Indeed,
partial Gag (123 aa) and Env (55 aa) sequences from our
polytropic HeLa isolate share 96% and 90% identity to
XMRV, respsstiysly. Thus, the high amino acid related-
ness supports the use ofthis isolate for WB serologic test-
ing. lnfected md uninfected HeLa crride cell lysates were
prepared for \iVB testing as previously described [35].
lrotein concentrations of the lysates were determined
using the BioRad DC Proteln Asiay (Hercules, CA).
Plasma or serum sanples were diluted 1:50 and reacted
.sepalately to 150 ug ofinfected and uninfected cell lysates
overnight at 4'C after protein separation through 4-12%
polyacrylamide gels an{ trmsfer to n}tru membranes,
as previously described [35,36]. Seroreactivity in human
specimens was detected using peroxidase-coniugated
protein A/G (Pierce, RocKord, IL) and chemilumines,
cence (Amersham, Uppsala, Sweden) [35,36].

Since validated.XMRV-positive human sera are not
.currently available, we used experimentally derived poly-
clonal antisera and monoclonal antibodies to a$ess anti-
genic reactivity ofthe WB asmy. These reagenis included
goat polyclonal antisera to MuLV (whole virus and gp59l
7lEnv respectively) available at ATCC (VR-1537 and VR-
1521, respectively), and a rabbit anti-XMRV polyclonal
antiserum (kindly piovided by Ila Singh) and a rat anti-
SFFV (7C10) monoclonal antibbdy (kindty provided by
Sandra Ruscetti) used previously to detect XMRV protein
expression and mtibodies in prostate cmcer and CFS
patients, respectively Il 1,13,21]. Peroxidase-conjugated
protein A/G or anti-rat antibody (Sigma, St. Louis; MS)
was used to detect bound goai, rabbit, and rat antibodies,
resPectively. Sensltivit), of the assay was €stimated using
two fold serial dilutions of the MuLV XMRV and SFFV
polyclonal and monoclonal antibodies. Cross-reactivity
of the WB assay on HIV and HTLV positive plasma was
evaluated on 13 HTLV-I/2 positive, 7 Hlv-l-positive,
and six HIV-I/HIV-2 dual positive plasma. In addition,
sera from 121 HIV and HTLV seronegative monymous
US blood donors collected in 1998 were tested.

An aliquot of coded plasma from the CFS and healthy
controls was tested at RKI by an ELISA using recombi-
nant Gag and Env proteins used recently to investigate
XMRV infection in German prostat€ cancer patients [14].
Briefly, recombinant proteins were coated overnight on
microtiter plates at room temperature in equimolar
amounts, The plates were blocked with 2% Marvel milk
pciivder in phosphate buffered saline (PBS) for 2 h at
37'C, washed three times with PBS, 0.05% Tween 20.
Patient plasma diluted 1:200 in PBS with 2% milk powder
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and 0.05% Tween2O were added lnto each well and incu-
bated for I hbur at 37'C. Each well was again washed
three times and a 1;1000 dilution of a goat anti-human
IgG-HRP conjugate (Sigma Aldrich, Munich, Germany)
in PBS, 2% milk powder, 0.05% Tween 20 (Serva, Heidel-
berg, Germany) was added. Following incubation for 1
hour at 37'C, each well was again washed tlree times,
and chrombgen ortho-phenylendiamin (OPD) in 0.05 M
phosphate-citrate buffbl pH 5.0 containing 4 pI o! a 30%
solution of the hydrogen peroxide substrate per l0 ml
was added. After 5-10 minutes the color develooment
was stopped by addition'of sulphuric acid and the absor-
bance at 492 nm/620 nm was measured in a nicroplate
reader Positive controls included mouse anti-Gag and
Env antisera and pre-immune sera diluted f:SO in pgj
with 2% milk powder and 0.05% Tween2o. In addition, a
separate set ofgoat sera was also tested in a blinded fash-
ion and included externirl positive and negative controls
consisting of dilutions ofthe MuLV whole virus, gp69l71
goat polyclonal antisera, or pre-immune goat sera,
respectively. Detection of antibody reactivity in th€ goat
sera was done by using rabbit antlgoat HRP conjugate
(Dako, Hamburg, Germany).

. Samples reactive by ELISA testing were then re-tested
using an immunofluorescence assay (lFA) [14]. Briefly,
plasma specimens were diluted l:200 in blocking buffer
and tested agalnst 293T cells expressing codon optimized
synthetic fulllength genes ofthe XMRY env or gagunder
control of the CM! promoter and bound.to glass slides,
as described in detail previously [14]. following incuba-
tion for 50 min at 37'C, the slides were washed exten-
sively with PBS and secondary antibodies conjugated to
fluorophores were added for 30 min. After thoroush
washing steps with PBS, the cells were mounted in Moi-
jol and viewed on a Zeiss (LSM510) confocal laser-scan-
ning microscope.

Detection of XMRV sequences
DNA spdcimens were screened by PCR at the CDC with
an XMRVspecific gag and a polymerase (pol) assay that
detects renotropic and polytropic MuLV. The XMRV
specific assay uses lhe primers GAG-O-F and.GAG-O-R
and GAG-I-F and GAG-I-R for the primuy and nested
PCRS, r€spectively, and conditions as previously
described [11,12]. This is the same nested PCR test used
by Urisman et al. and, Lombardi et al. to detect 413-bp
XMRV gag sequences in prostate cancer .and CFS
patients, respectively [11,12]. The primers and probes of
the generic pol PCR assay were designed from an align-
ment of complete XMRV and prototypical xenotropic,
polytropic, and ecotropic MuLV genomes available at
GenBmk (accession numbers; xenotropic (XMLV):
XMRV VP35 = DO241301. XMRV Vp52 = DO3917O7.
XMRV VP42 = pO24r302. XMRV WpI-1106 .=
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G0497344 XMRV WPI‐ 1178=GC497343 MuL1/DG‐
75=AF221065:MuLV MTCR=NC 001702 mERV Chr
9=AC121813.苗 ERV Chr4=AL627077 mERV Ch,1=
AC083892: Polytro,iC (PMLV)8 mERV Chr 7 =

AC167978 mERV Chr 7=ACl,756ヽ  mERV Chr 12=
AC153658:ecotropic(EMLV):MuLV AKV=101998

MuLV BM5eco=AY252102 1 M010ney MuLN/=In,っ 、、
Rauscher MuLV=NC 001819 Frた ,d MuLV=XOシ 90
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was performed using an initial denaturation step at 95"C
for 90 seconds followed by 40 cycl€s of 95'C for 20 sec-
-onds, 58'C for 30 seconds and 72"C for 40 seconds and a
final extension step at 72"C for 2 minutes, PCR contami-
nation occurring during nested PCR was evaluated by
.including at Ieast one third as many water controls as test
samples in each PCR experiment and were always nega-
tlve.

Using serial dilutions of a cloned fragment of XMRV
g4g as a positive control, the nested PCR assay could reli-
ably detect at least 3 copies of DNA per reaction, even
when spiked into genomic DNA prepued either from
293FT cells or donor PBMCs previously validated to be
negatlve for XMRV ControlE of GAPDH (forward - 5'
CAT GTT CCA ATA TGA TTC AC 3'; reverse - 5'CCT
GGA AGA TGG TGA TG 3'; 75 ng genoinic DNA, 3 rlin-
utes at 95'C followed by 45 tycles of 95'C for 20 seconds,
55'C for 45 seconds and 72"C for 30 seconds, followed by
I cycle of 72'C for 2 minutes) were performed to ensure
similar levels of genomic DNA input in each PCR reac-
tion.
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Chronlc fatigue syndrome (CFS) is a sedos sy6temk illnss bf
unknown eu5e, A recnt study identified DNA from a xenotrapic
murine leukemia vlruirslsted vlrus (XMRV) In perlpheral blood
monolucle.r(ells (P8MG)from 58 of 101 patients (67%) by nested
PCR, ai compar€d with 8of 2f8 P.7%) healthy control5, Howewr,
four subseqwnt report5 failed to deted any m!rlne leukemlavirus
(MLv)-related vlrus g€n!,$quences In blebd of CFS patientr. We
examined 4l PBMc-drdvad DNA smplesfrom 37 patlents meeting
a(c€pted diagnosti( crltaria tor CFS and tound MLV.like virus gag
gene requen@s iri 32 ot 37 (85.5%) compared with only 3 ot 44
(5.8%) healthy volunt€or bl@d donors. No evid€nG ot mouse
DNA @ntamination wai detscted in the PCR assay ryrtem oi the
clinical sampler. S6ven ot.8 gag-positive patlentJ tested agaln ps.
Itive In a s?mple obtalned n€arly 15 y later, In contrast to the
reported findlngs ot neargenetlc ldentity of all XMRV3, we.identi.
fied a geneti(ally dlverse group of MLv-related viruscs. The gag
and err'Sequencei frcm CFS patienti were more Closely related
to those qf polytropl( mouse endogenous retrovirurer than to
tho5e ot XMRV3 and w€rc €ven less closely related to thore of
ecotroti( MLVS. Funher rtudies are needed to detBrmine whether
the same 5trcng association with MLv-rotat€d viruses is tound in
other groups of p.tlsnts'd'ith CFS, whethet these viruses play
a (ausative rcle In the development ot CFS; and wh€ther th€y rep.
resent a threat to the blood supply.

xenotropl< murlne leukemia virus-related virur I murln€ leukemia viruslike
virut i viral gag gene sequen@ I polytropi< | house mito(hondria DNA PCR

fhronic fatigue syndrome (CFS) is a debilitating disorder
\de0ned solely by cliniel symptoms (l) and the exclusion of
other diseases; its distribution is wide and its caue is unknom.
In many instanqs, the illnes starts suddenly with an infectious-
like syndrome. A number of obj*tive imunologiml and neu-
rologiql abnomalities have been iound more often in patients
witticFs than in heslttw controls dr in oatients with olher fa.
tigue-inducing illnesses (2). Variou miciobial and viral infec-
tions have been implicated as pcsible triggers of CFS, including
human herp*virus-6, Epstein-Ban virus, enterovirues, paruo-
virus Bl9, and the brcteria that aue Llme diseue and Q fever
(2). However, no single ag€nt has been associated with a large
fnction of cces.

A recent studv remrted that a hish De@nrase of oatienrc
with CFS are inf6cted with a mouse le-ukemia retr6virus ihat hm
been dsignated xenotroDic murine leukemia virus.related virus
()O4RV)-(3), a virus first'identi6ed in samples of human prostate
caner tissue about 4 v aqo (4). However, two subsequent studies
failed to End an infeciioris murine Ieukemia virus (MLV).related
virus in Germm prostate encer patients (5,6), and four recent
studis from Eurcoe and the United States have failed to derect
XMRV or an MlV-related viral sene sequence in the blood of
CFS patiens uing PCR (7-10). 

-

In the mid-1990s. we obtained serum and whole-blood samples
from CFS patients for the investigation of possible myoplasinal

w.pnat.orgkgydoi/10, lO/3/pn;r. r00590 I 107

infections (11), Whole-blood, peripheral blood mononucletr c€ll
(PBMC), and plasma samples from 37 CFS patients in the my-
coplasma studies.were maintained in frozen storage at =80 'c.

Ttvenry-five patients were from an academic medical €nter.and
12 weie refened by mmuniry ph)6icians. Repeat blood sam-
pls were obtained from the academic medical enter patien6:
four samples were obtained 2 y latcr and similarly kept in frozen
storage, eight were obtained -!J y h191, in 2010, and prcc*ed
for XMRVMLV-related virus testin{ without beinq frozen.

By nested PCR asays targeting ihe MlV-relai-ed viru gag
gene, uing both the previously dscribed primer sets (3, 4) and
an in-ho$e-designed primer set with highly conserued sequen-
ces from different MLVJike viruss and XMRVs. we mmined
DNA prepared from the blood sampls of thse 37 CFS patients
for the prsence of MLV.like virus 6cg gene sequenes. In ad.
dition, RNA wm prepared from the deepfrozen plroma mmples
of thes patients and analyzed by RT-PCR say, DNA extrac.
ted &om froren PBMC samoles.of rl4 bealthv volunteer blood
donors wu tcted in parallel. \O

Results O\

Mlv-nebted Vlr.l gag G.[e Sequercei Deieded In thi Elood ol CFS
Patirntsj By nsted PCR assays, targeting the mouse retrovirus gpg
gene wing either the previously reported PCR primer sets (frrst
round: 419F/1154R; w@nd round: cAG-l-FiGAG-l-R) (3, 4) or
our in-house-designed PCR primer set (frst round: 419F/1154R;
second round: NPl16/NP117) (!ig. 1), we detected a high fre:
quency of MlV-related virusgcg gene sequen€s in patients with
CFS..The NP116A.IP117 is an intemal priner set with higtrly
conserued se4uences in different MLV.lik-e viruses and XMRV,s
(Fig. Sl). After the frrst round of nsted PCR using primer set
419F/1154R, gel electrophoresis rcvealed positive PCR-ampliEed
products with the Dredicted sia of -?30 bD in 21 of 4l PBMC or
ivhole-blood sampi* from 37 CFS patients 1fig, tZ). The nmted
PCR results produ€d by the second round bf ampliflBtion.using
either the internal primer set GAG-I-F/GAG.I-R (with a pre-
dicted sia of an -41Gbp product) or the intemal primer set
NPI I6NPI i7 (with a predicted size of m -38Gbp product) w€re
essentially identical. Overall, samples from 32 of37 (86.57o) CFS
patients rwealed positive amplifietion products with the corr4t
predicted si6 in the nested PCR (Fig. 18). Of the 25 CFS
patientS who.had been rigorously evaluated at the academic
medical oenter, 24 (967o) were positive, On repeated testing 2 y

--
avtbf @nldbdionr 5..C.L, N.P., .nd 8.!. d€iigmd r€!!rrch; G.-C.H. dedgnld mo$..
ip.cil'c mh*honddt PCR .$ay; N.P..hd B.L. pedoned er.a(h; g.t. and R.W. @ntdb-
uled ^ew r.dgens/.n!lytiatoob;5.{.1., N.P., G.,C.H.. .nd i.W..n.ly.ed djt.;.nd 5..C.1.,
N.P., At,K. .^d H,i.A. wote rh. p.p.r.

Th€ authdr ddl.ro no contlid d inrer.i
rro whoh (orespond.n(. h.y b. addr.$.d. E.m.il: thyhchl^g.loOFOA.hhi.gov or
h.h..Om.il.nlh.gov.
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viral antigens, deteclion of anti-viral antibodiqs, the ability to cul-
ture the frrusin a prostate caner cell line, the d;tection oi gilnma
rehovirus particles by dafion mioompy, and trusmision of
infection to maeques. In sm, none of the four studies that haw
failed to confrm the PCR widence reported by lrmbardi et al. (3),
nor our own shidy, has attempted to fldly replicate that study.

It remains to be tbom that the asocjation thatwe have found,
using the methods that we have descibed, cah be generalized !o
a lar-ger grcup of patients with CFS. Indwd, we sdipect that rhe
association will be lower in CFS casc identi0ed thrcueh com.
munity-based survep, as contrasted to cass seen at aiademic
medical centen. Even if subsequent studies mnfirm an associa-
tion between MLV-like virusesmd CFS. tbat wiU not establish
a causl role for thce viruses in the pathogensis of this illness.
For example, such a high frequency of infections with MLV-
related viruses in Datients with CFS could reflect an increded
susceptibility to vir-al injections due to an underlying CFS-related
immune dysfunction. rather than a primary role for these viruses
in the pathogen*is of ffS.

Finally, the 6nding of MlV-related virus gag gene wquences
ir neuly 7Ea of healthy volunteer blood donors in our study aod
of XMRV in 3.77o ot healthy antrols in the study of bmbardi
et al. (3) raises additional issues. The possibility that.these agents
might be blood-transmitted 8nd pathogenic in blood recipiens
warrants eKensive resarch investigations of appropriately linked
donor-recipient cohorts,

Materials and Methods
Safiplea fron CtS P.llsfr.nd Ha.hhy Controls. lnitially, we tested 41 whole-
bl@d t.mples that had been obtained for cultlre isolatlon of my<oplasdal
ageffi In the mid'i990s, We m!intained whole-blood, PgMC, ahd plasma

samplea f rom CFs pa t ien t  in  { rozen r to rage a l  -80 'C.  Of  the  41  p . t lenr

s.mples. 29 were collected fr6m 25 patients by one ot us (A,L,K.) at the

Chrgri( Fatjgue Reiear(h Center, Bflgh.m and Women's Hosplbl (8oston.

MA). Four of.the CFS patlent also hld blood obtained on . se<ond occasion
-2 y later. Mosl ol thG patientswere Lom the New England area; none were

related. .nd vifrually hoh€ h6d any regul.r so(ial contact, Ea<h oJ the 25
patieht w.s ryjtemati(alV evaluEted with a standardlzed hifiory (supple-

memed by I p.tlent quertionnaire). physical errmination, ahd bsftery of
laborrtory tests. Each m€tthe 1988 COC criteria fo..CFS, and 21 also met the
'1994 

CDC <rherla. The average age of the patientr at the time ot ven-

epunfrre Wa5 {1.4 y; 4 We male and 2l were femal€. All of the patlents

slgned inforhed <onsent documenls approved by the lnstitulional Rwiew

Board of Brlgham and Womeh's Horpital. A nsw rel of blood gamples wa!

obt.lned in 2010 iroh 8 ol the orlglhal 25 patiehte tollowed ih the a(ademic

medl@l <enter. The blood 3ampler were pro(e$ed tor PCR iudy without

firs belng frozen, The gther t2 samples from CFs prtientr were se6t by
Individual clinl(ians taklng <.re of patlents lh the mid-l990s who were given

l. tukd. K, €t.1.; Intmrtion.l Chrslc Fdigu. SyndroF. Stu.ty Group (1994) fre
chroni.lailga ry^droma: A @mprch.6iiw.pprad roiB definilion and rtudy.Arn

lnt m Md 121t95A59.
2. Kom:rof{ A! (2@6) lr humil h!@tvnw-6 . tdgger for (hroni. l.tigue ryndron.? J

Clr, U/d 3?(Suppl l):53F345.
3. LoDb.rdi vq .t a l, {2m$ Ddcdon ot .. l^led iow .er.ov'rur, xM Rv, h blood e ll3

of p.ticntt wth drcnk tsilgu. ryndomc. jcbnr! 325:58!589.
!. Ud5m.a A. rt al. (2006) ldnifi.atlon of ; nd.l 6.mm.r€vovnu! inibnate tumo6

ot p.li€nc homorygo$ td 842Q FNAS€! vri6o1, PtoS Pathog 2t.25.
5 Fkhlr N, il rl. {2@$ Prd'.nc ot hum.n gahm.@tr@iru3 XMRV in rporidk

p.onac @^.at. t Clh Vi6l $2n-2A3.
5. Hob O, d .1. (2@9) b<k of.vd.^(c for xe^ovop( mv/i6! I.uteh{. vLurrcl.i.d

dM fiMRv) in 6.m.n prdat. sn(er patle^t. 8.trcvhdoy 6192.
7 .  Edw. l^O,  d . l .  (2010) t . i lwc todetd$ !nov . l revov tsXMRVin  chro^k f .1 i9u !

rydrcd.. 4d OdE 5:.8519.
6 .  c rcomHC,da l . (2010)Ab5.n<eofx .nd .oe j .m! r in6 l .ukemi .v i .u3- r . la tdv i ru r i ^

U( Fti.nB whh .h'o^i< ld'gu€ rydrcme. Ret/ov,?o/o9y 7..10.
9. van Klp9€veld FJ, d .[ Qol O) Prd.le^<! of xenolqk murire leuk..mi! viM.pl.t€d

vldt ln p4bna wb ADft t t'gui rFdrm. i, th3 ldbeda4&r Bd/opldiv.

an.lFb ol rampt6 from.n.d.blbhrd @hon. 8Ml 3411018.
I 0, Sd:.. WM, .t .1. 00! 0) abr.nc. of .viden.e ol xe^olropt mu.i ̂ . l.d.m ia viru!

cbtd U.ur int dion in F6oN wthdio^k f.tigu. iyndrom! bnd k.lthy ontrcb
in th uniiad 3t.ta1 R.aDdt&g 7137 ,

ll. Korurcff AL Blll 0t. tunry PR, Lo SC (19931ahftc of ..ribody ro My@pl.tn.

flmrnbnr fn tsridr whh dronk fdis ryndom., Cil^ kf.d Ob 17.107L1975. .
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the diagnotit of CFs, We do not have detall5 regarding the methodology by
which the relerring .linldanJ est.blished the diagnosis of CF5. The samplet

had alio been senl in lhe mad-1990s and rtored at -80'C. Frozen PBMC
samples from 44 nprmal blood donoas from the Washington, OC, area were

colleded In 2003-2005 and stored at the Department ot Transfusion Medl-

cihe, Clihi(al Center, Natlonal Inditute3 of He.lth. All patient and <ontrcl

sqmpl6 wer€ coded endtested ln parallel. Detai15 o{ the preparation of blood
samples and DNTy'RNA islation are d€sqibed in Sl Mateials ahd Method'

XMnv/MLV9a9 Nert.d PCR. The nested PCR forthe gag gene was pgrformed

according to the proto<ola described prevlously (3, 4) with minor mod-
ifications. lhree prlmer sets u5ed In the study ere aJ tollowi:419F and I 1 54R
(3). GAG-I-F and GAG-I-R (4), NPI 16 foni.rd, and NPI 17 reverie. The NPI l6/

NPI 17 was ah ih-hourFdegigned primer 3et bared on the highly'conrerued

tequen(es found in djfterent MLVlike vlruses and XMRVr (Fig. 51). primer

tequ€nces and details of PCR sensitivity and specificlty quality (ontok <an

be found fh 5l Mare,a& and Methods.

Phylog.netlc AnalFli. To gener.te the neighbor-joining phylogenetir tree,

the viral 9a9 gene sequencer obtained from btood samples of patients with

CF5. nohat blood donors, 6! rell a! all gtthe closely r€lated MLV 9a9 gene

sequen(e! seleded from the National Center for Biote<hnology Intorhation
(NCBI) database by gLAST querying with the gag gene eequenc€s obtained

in the PCR study l5l Mateials and Methods) were aligned with Clu$alw2
(hfipy/ww.ebi.ac.uk ook/alustelwz) using default sefiihgs. The ahalysit
produ(ed the same phylogendi( trees with or without aohrideration of the
sequence gaps  In  a l ignhent ,

Moure Mltochondrial DilA Arsy. The (omplete mtDNA requenc€s oJ humans

ahd mice  were  d6wnloaded l rom Gen8ank .nd  a l igned us ing  C lus ta lw.

Sequen(e  a l ignment  revea led  the  439 bp  o f  the  3 'end o{  mouse mtONA
(beyond 15,862 bp, according to the (oordinatet of BAIB/G mouse; ac(ession

no, AJ512208) were not prerent in hvman mtDNA. Primer 3et5 were
derigned to. a semi-h*ted, mouse-specifi< mtDNA PCR based on the 9e-
qsen(e In thir reglon of moure mtDNA u5ing Primer-8last from NCBI. The

enerhal PCR prime6 (5/ Matetials and Methodtl were derignated ar mtl5982F

and mtl6267R, whlch would produ(e a prediced.mpll6h ot 286 bp. The
internal primers of the remineied PCR were d€5ighet€d as mt15l15F and

mtl6267R, whi<h would produ(e a predlded .mpli<on ol I 53 bp from mouse

miDNA. PCR ryiem .nd selup werelhe same.3 tor thr 9rg genenened PCR

!tudy. Howwer, PCR (onditionr were sllghdy difierentr 4 m'n it 94 'C; (30 s .t

94 'C,  30  t  . t  55 'C,  1  min  3 t  72 'C)  x  40{5  cy( le t  10  min  a t  72 'C,
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A xenotr<ipic muiinc leu.kemia yiiu-relatsd virus (XMRV)
h* recently been repoded in association with prostate cancet
md chronic fatigue slrdrome, with a prewlence of up to
3.7% in the healthl population. We looked for XMRV in 230
patients. with humil lmmunodefciency virus tlpe I or hep-
atitis C infectioil XMRV was udetectable in plasna or pe-
ripheral blood monon\rclsr cells by pollrnerase chain re-
action targeting.XMRv gagor or T cellresponses to XMRV
Gag were udetectable in peripheral blood mononucler cells
by ex vivo gama interferon enzyme-linled imuospot
assay, ln ou cohorts XMRV ws not enriched in patients
with blood-borne or mally trmsmitted infections ftom the
United Kingdom ud West€rn Euope.

lenotropic 3qurine leukcmia yrrus-gelated yirus (XMRV) is a
gamaretrovirus which has been Linked with prostate cancer

F, 2l and chronic 6iigue syndrome {31. XMRV was flrst de.

nece ived6Jun€2010; rcep led29Jut20 l0 ie ledDnica l l yp lb l i shed11odober2010.
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scribed in prostate tumor sample,from the United States [],
21, but the virus @uld not be detected in a subsequot luney
of 589 German patients with prostate cancer [4]. Two other
suroeys in gurope [5] and in lreland [6] also failed to find tbe
virus. The reason for rhe discrepancy is not clear More rccently,
XMRV was detected in 67% of patients with chronic fatigue
syndrome in the United States [3], however 4 additional studio
uamining cases of chlonic fatigue syndrome diagnosed in Eu-
rope md the Unit€d States idotified no ase of XMRV in-
fection [7-10].

In one of these, Grbom et al [8] also looked for neutralizing
antibodies to XMRV and foud that -lyo of serum siimples
tested had widena of neutralization tlat could noi be dis-
missd aE nonspecific binding, Thee and other data suggest
the prewalence of XMRV in the healthy populatioo may lie
b€tween lEo ard .3,7o/o [3,8]. This has potential implications
for blood transfusion re€ipients and is currendy under inves-
tigatioo by the Centers for Disease Control and Prevention and
the Department of Health arid .Human Seryices in the United
Stats.

The route oftransmission ofXMRV has not been elucidated,
We identified individuals who were at hieh risk for eitber s-
ually transmiited or blood-borne irf.ltlons, according to
wbether they were infected with human immunodeficiency vi-
rus typ€ I (HIV-I) or hepatitis C. We tested plasma and pe.
ripheral btood mononuclear cells (PBMCs) to rryeal wherher
these patients were at inqeas€d risk of XMRV infection.

Methods. Two cohortr of HIV-l-infected individuals werc
tested for XMRV, I for patients with acute and I for those with
chronic HIV-I ihfection (Table l). The cohort ofpatients with
chronic infcction included Swis participants from the Swiss-
Spanish Intermittent Therapy Trial, desciibed elsewhere [l I ].
All patients were not receivingthcrapy at the time of sampliriB
and had received a median duration of26 months (range, 8.5-
44.5 months) of highly actjve utirerroviral therapy at study
entry The median time not receiving: therapy for the cohort
ws 14 months (latrge,3-19 motrths). The secand HIV-I-
infected group of patients were rcruited ftom a srudy ofacute
HIV-I infection at St. Mary's Hospital, London [12], Flasma
samples were obtained from these individuals prior to receipr
ofantiretrovirals. For both.cohortq plasma samples and PBMG
were stored in -80'C fieezers and liquid nitrogen, respectively,
for up to 6 years,

The cohort of hepatitis C-positive individuals was recruited
from the John Radcliffe hospital, Oxford, United Kingdom
(Table l). All patienb had chronic infection atrd wele treatment

い
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DNA
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RNA

RNAI
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0

0
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NOle 8LVl, humsn immuood€tici€ncy virus typ€ 1; PBMC, Friph€ral bl@d mononucl€ar €lli eCR. poly"

msrs chin !€gdioni RT-PCR, revers tcnsridion PCR. 
'

' Palionrs w{h chron'c HlV.l Inlecrion w6r6 fron th€ Sfrss-Spdnish ,ntsmitlent Therapy Trial cohon, psti6nls

whh eul6 Hlv-1 infection were iioh St Msn/s Hospital acule HIV{ @hon, and pationls with chrbnic HCVwere

trom th6 John Radctiffs Hosoilal vkalheoethis clinic.
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1i IVOU, inravenous drug $er; MSM. nen who hav6 s6x dth men.

' Patients dth dronic HlV.l inl6ction wer€ tom the Swiss-soanish hrermineni Therary Tri6l cohon, sno lhos6 wilh acut6 HtV.l ;ntBd,on
w€rs froh St Mary's Hosojlal 6cure HIV-I cohotr.

b Olh€r incrudas taf,oos {6l. acupuerure (11, blood prodsl recipienr {11. and vaccinal on l1). Thr€9 ps!€nls in rhs HCV cohon had >t ris.

of94'C for 30 s, 57"C for 30 s, and 72"C for 45 s, and then a
firal incubation of 72\ for 7 min. From this first-round re-

action, 3 pL werc used in a nested se@nd round reaction with

the following conditions: 5 FL of lOx rcaction buffer (lnvi-

trogen), 1.5 pI; of 50 moVl MgCl,, lpl of l0 mmoVl dNTPs,

0.75 pLof 20 pmohpriner 5942F (SLGGGGACGATGACAC-

ACACTTTCC-3), 0,75 pL of 20 pmollL plimer 6200R (5r

CCCATGATGATGATGCCTTCCAGTATGC-3), 0.2 rL Plat-
inum Taq (lnvitrogen), and water to make up a 50-pL reaction
volune, Conditions for the second round were an iriitial in-

cubation at 95"€ for 4 min, followed by 35 cycles of 94'C for
30 s, 57'C for 30 s, and 72?C fot 45 s, md a final incubation
of 72'Q for 7 nin. fhb r€sulting fragment was 259 bp in size.

Reactions were performed under strict conditions to avoid
contamination. Moter mix reagetrts were prepared in DNA-

free areas in hoods subject to UV decontmination. DNA tem-
plates were prepued irnd added to the reaction in 6eparate

hoods. PCil prpducts were lun on l9o agarose gels stained with

ethidium bromide itr a third area, away ftom PCR machines

and hoods.
For ex vivo T cel EUSPOT assays, 96-well plates were coated

wirh oti-interferonl imunoglobutn G, to which peptide
pools and between 100,000 and 200,000 PBMG were added,
in duplicate. After incubation, biotinylated interferon-y anti-

body was added. Following addition of a streptavidin-labelled
chrombgen,.the number of leactive cells ws count€d. Sixty-
six overlappiqt peptidei overing the XMRV Gag protein were

synthaized ai l8"mer pcptides, overlapping by l0 amino acids
and tested in pools containing I I peptids (final concentntion,

2 !g/ml of each peptide). Assay results were considered to be
positive if the meu aumber of spot-forming units in the test

wells was greater tho the mean plus 3 times the standard

deviation of the aigative control well spot-forming units. As-

says with. high background (>10 spots/well) in the negative
control walls were excluded.

Results snd discuslsioi. We tested DNA €xtracted.f!om
PBMG from 84 patients who were chronically infect€d with

HIV-I, For aU patients, the PCR for hGAPDH was positive,

connrhing the presence of amplifiable DNA. We det4ted no
XMRV DNA by either the env or gag PCR leactions from
patient sampls (Table 2), whereas in aU reactions, 2 positive

controls containing -5 and -50 copies of XMRV, respectively,
amplified successfirlly. We tested plasma from 79 drug-naive

individuals recently infected with.Hlv-l by reverse transcrip-
tion PCR. No patient samples were positive for XMRV gag or

erv RNA (Table 2). Genomic DNA extracted from the blood

of67 patiots with hepatitis C virus (HCV) infeaion was tdsted
for the presence of XMRV gag and env viral DNA. Positive

XMRV controls and the hGAPDH house-keeping gcne ampli-

fied successfirlll but nosampl6 were pocitive forXMRV (Table

2). In smmary, of 230 patients tsted, 0 (95% confidence in-

teml, 00,6-1,3%) had positive results by PCR for either )(MRV

env or gag

FoUowing tb€ absence of positive rqults with PCR, we de-
veloped a novel * vivo ELISPOT assay to identift T ell ie-
sponss io PBMCS to the XMRV Gag plotein. T cell EUSPOT
assays are a sensitive tool for detecting imue responses to

infectirtg pathogens and have become a routile component 6f
clinipal diagnostis, for enmple, to screeft tor late\t Mycobac.
terixm nberculosis infection. The PBMCa tested ill an ELISPOT
assay can ei*rer be ex vivo or l'cultured." We chose the ex vivo

approach beeur it is both sensitive md specific for the de-

tection of effector T cell responsc to active infrctions with
ietrovilus€s and odter pathogens, wherero cultured EUSPOT

asuys are more appropriate for detrting rare or weak non-

infective memory responses, for example, those induced by

naive. Enzyme-linked immunospot (ELISPOT) assalr were per-
formed using cryopresewed PBMCs (a = 12) or whole blood
(r = 2), when they were pcrformed fresh, For the 67 poly-
mense chain.reactions (PCR), DNA was extiacted ftom cryo-
preserued PBMCs (a = ll), froh PBMCs (n = 20), or whole
blood (z = 36), All patients gave informed consent for en-
loument in their respective studies, acojdinB to the relwant
ethic committees.

DNA was extracted from 3 X 106 to 5 x 106 PBMCS or whole
blood (Furegene DNA cxtraction kit), and 200-300 ng w€re
wed in each PCR reaction. Patient plasma samplc (l mL)
underent ultracentrifugation at 21,185 g at 4'C for I h and
was rouspended in 140 pL ofplasma. Vbal RNA was extracted
(Qiagen viral RNA straction kit) and converted to comple-
mentary DNA (cDNA) with use of random decamers and Su-
persqipt II rwqse transcriptase (lnvitrogen). Whetr amplitjng
genomic DNA, a hous,g-keeping gene (hGAPDH) was incor-
porated, For each run, 2 nlgative wate! contols and a separate
positive contpol XMRV DNA were included (XMRV plasnid
VP-62, a generous gift from Dr,Robert Silvernan), of *hich
PCR iqctious wsc able to detect at least 5 plasnid copies,
determined by absorbance masurements at 260 nm.

To amplify XMRV we target€d the gag and env genes witi
use of nested PCR reactions described elsewhere I l, 3]. For the
gag PC& we uscd 2 pt of DNA or CDNA template, 5pL of

lOX reaction buffer'(lnvitrogen), I ,rL of50 mmoVl MgCL,
I tL of l0 mmovl dNTPs, 0.75 pL of 20 pinol/L primer GAG-

O-F (9-CCCGTCTGAT'I-IGITTTGTT-3')'. 0.75 pL of 20

pmolll- primer GAG-O-R (51-CCGCCTCTTC'I"ICATTCfi C.
3'), 0.2 pL of Platinum Taq (lnvitrogen), and water to make
up a 50-pL firal 1olme. Conditions wse hcubation at 95'C
for 4 min, followed by 35 cycles of 94'C for 30 s, 52'C for 30
s, and 72"C for 45 s, and a final incubation of 72"C for 7 min,
From this first-round raction, 3 rL were used in a nested
second round with use of 5 pL of lOX reaction buffer (Invi
trogen), 1,5 pL of 50 moVLMgCl, I pLof l0 mmoVldNTPs,
0.75 pL of2DpmoLlLprimer GAGJ-F (5 -TCTCGAGATCATG-

GGACAGA-I), 0.75 pl of 20 pmolll primer GAG{-R (5'-

ACAGGGTMGGGCAGGGTM-3), 0,2 pL of Platinum Taq
(lnvitrogen), atrd water to make up a 50-pL reaction volme.

Conditions for the second round were an incubation'at 95"C
for 4 min, followed by 35 cycles of94'C for 30 s, 54'C for 30
s, and 72'C fpr 45 s, and a final incubation of 72"C for 7 rin.
The rsulting fra-gnent was 413 bp in sire. For the GAPDH
PCR reaction, the !rimers used were HGAPDH-F (5'-GMGG-

TGAAGGTCGGAGTC-3') and HGAPDH-R (5'-GAAGATGG-

TGATGGGATTTC-3), with the same reaction conditions as
the firsr roud Gag PCR.

The av PCR reaction included.2 rL of DNA or cDNA
template, 5 pL oi loX reactibn buffer (Invitrogen), 1 pL of50
moVL MgCI,, I pL .10 moUL dNTPs, 0.75 pL of 20 pmol/
L Wimer 5922F (5'-GCTMTGCTACCTCCCTCCTGG-3'),
0.75 pL o|20 pmoltl primer 6273R (5'-GGAGCCCACTCAG-

GAATCAAAACAGG-3/), 0.2pL Platinum Taq (Invitrogen), and
wate! to make up a 50.pL reactionvolume, Reaction conditions
were an inobation at 95'C for 4 min, followed by 45 cycles

〇
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vaccins. Here, we used T cell EUSPOT assays with use of 18
amino acid overlapping peptides from XMRV Gag to look for
*idence of XMRV infection in PBMCs fiom 49 patients with
aate HIV-I infection ud t4 patients with HCV infection, We
targeted the XMRV Gag gene, as in other retroviral infections,
the Gag protein is highly exprcssed and is recognized byT cells
[13]. In the briginal report ofXMRV in patients with chronic
fatigue syndromg XMRV Gag wa detectable bF Wesren blot
in lysates ofpatient PBMG [3], We found no positive responses
i! the 63 patients studied, giving an stimated prevalence of
09o (l-sided 957o confiden@ interval, 0qr4.79o), providing no
widence of enrichmcnt for XMRV infection in this cohort. As
contlob, PBMCS were tested with phlrohemaglutinin and FEC
(influma, Epst€in-Barr viru, and human crtomegalovirus)
stitetrs. Peptides that are 18 amino acids long will bind to
both human leukocyte antigen class I and class II, and the assay
is designed to detect both cytotoic T cell (CD8) and T helper
cell responses (CD4), Although widely used to detect T cells
targeting retrovLal peptides, this is the i6t time ELISPOT
assays have been applied for the detection of responses to
XMRV and the result must be interpreted in the context of
the lacl of PcR-positivc samples to act as positive controls.
Howewr, patient cells were responsive to other aotig€ns, such
as phytohemaglutinin or FEC, suggestitrg that the lack of re-
sponsis simply reflects an absen€ of XMRv-Gag-specific T
cells in our Cohort.

The identifiation of a previouly unreported retrovirus in
tle'human population may have profoud impliations, The
2 classes of known human retroviruses (HIV-I and human T-
lymphotropic virus) are pathogenic, and murine leukemia virus
gene therapy vectors have eused insertional mutagenesis in
children tr€ted for X.tinked immunodeficiency ll4l. In our
cohorts of patients with HIV-I or HCV infection, we found
no evidence ofXMRV infection in blood, consistent with sone
ofthe studies on chrodic fatigue syndlome [7-9]. XMRV DNA
has been found within malignant prostate tissue, and XMRV
en be cultured in a prostate qncer cell line, LNCaP In vitro
studis show that XMRV has an affirity for prostate qncer

cells but is much less infccti<ius for other cell trP€s [15]. We
ire not awarc of any studies in which the PBMCS of patients
with XMRv-positive prostate cus have also ben tested, Ir is
tierefore possiblc that in a compartrnentalized infection,
XMRV may not bc represented in blood, and our data must
be interpreted in this light. Howevsr, !sq1g5s 3ll the studies of
patiots with chloric farigue syndrome have used PBMCs, this
js t}te context in which our study re set.

We hypothesized that if XMRV is present in the United
Kingdom or Switzcrland and is spread by eitier s*ual or
blood-borne routes, we might exp€ct to see it enriched in the
blood of patiots with HIV-I or HCV infection. We did not
det€ct XMRV in uy patietrts. Together, the results of PCR
reactions for 230 patients and the paired ELISPOT assap. are

evidence that XMRV is hotenriched in pitietrts who.are at risk

of blood-borne and serually transmitted infections in the

United Kingdom ud Westeln Europe.
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We investigated the prmlencg of xenotropic murine leu-
'kemia virus-related viru (XMRV) iliong 293 participants
seen at aedemic hospitals in Boston, Massachusetts. Partic-
ipdts were rectuitd from the following 5 groups ofpatients:
chroric fitiguc sytdrcme (n = 32)' hmn imunodefr-
ciency virus infection (r = 43), rhematoid {thritis (r =
97), hematopoietic stein{ell -or solid orgm tBnsplant
(r = 26), or a gmiral coholt ofpatients presenting for med-
iol care (a = 95). I$URV DNA w.s not detected in any pa!-
ticiput smpleE, We foud no association between XMRV
and patients with chronlc fatigue syndrome or chronic in-
muomodulatory conditions.

Murine iird humu'xenotropic viruss were firstdescribed >30
years ago [l]. The xcnotropic murine leukemia vifus-related
virus (XMRV) w discovered in prostate ti$ue from patiens
with prostate arer who were homozygous for a reduced-ac-
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tivity variant of RNase L {2-4], RNase L gerie abnormalities
have beeo decribed in patients with chronic fatigue syndrome
(CFS) [5], dthough tbese findings.bave not been verified ir a
more re@nt investigation [6].

A recent study in the United States found evidence of in-
tegrated XMRV DNA in 670lo of subjecti with CFS, compared
with 3.790 of healthy controls [7 ]. Three subsequent CFS studies
in European cohorts have not demonstrated the presene of
XMRV DNA in subjects with CFS or healthy controls [8-10].
The explanation for th€se contrasting resuits.js unknown;

We designed a cross-sectional cohort study ro determine
XMRV preralence in a variety of Nortl Amerian clinic pop-
ulations, including healthy subjects, participanE with CFS, and
participanti with states of chronic imun; activation or sup-
pression. We incorporated 3 different polymerasechain reaction
(PCR) primer sets from other XMRV studies into our testing
strategy to determine whether differences eisted in their abfity
to ampli$ XMRV DNA.

r\4etftods. Samples were obtaincd from adult patients pre-
s€nting to outpatient clinics, or ftom prerxisting repositoria
and cohorts at Brigham and Women's Hospital, Massachustts
General Hospita:I, and Dana-Farber Cancer lnstltute. Partici-
pants prospectively enrolled had a prior diagnosis of human
immunodeficiency viru (HIV) infection, hematopoietic 6tem-
cell or solid organ transplant, or CFS. This study was powered
to detct XMRV prwalence witi m upp€r confidance limit of
l.2Yo for the combined cohorts,

All CFS pariicipants euolled met thi: C€nters for Disease
Control and Prevention rflised CFS eF definition (http://

w.cdc.gov/cfs/cfsdiagrosis.htm). CFS participants had l0
mL ofwhole blood collected for peripheral blood mononuclear
cell (PBMC) isolation and XMRV PCR t$tirg and completed
a questionDaire. Demographic and cliniql information were
obtained from chart review. Cryopreserved PBMCs and clinichl
information were obtained from Hlv-infected patients from
the.lnternational HfV ControUerr Study {l l-12]. Cryopre-
served PBMC DNA and dercgraphic data for rhematoid ar-
thritis participants and an age- and sex-matched cohort of
participants who had presented for either inpatient or outpa-
tient clinical are were obtained from the Crinson Biospecimen'
Core [ l3 ]. This study was approved by the relwant lnstitutional
Reviw Boards.

For X.lvtRV PCR mplifiation, human DNA was extracted
ftom at least 5 X 105 PBMG (Qiagen). PCR reaction condi-
tions and primer sets are described in Table L First-round

.PCR mplitetions were perforrird with I unit of Platinrm
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T a b l e  l , X 0 0 o t r o p t  M l l r i m  t e u k o 3 1 3  v i t u 錦●1 “̀ V l n s { X M R V ) 1 1 1 ‖u m a n  β‐S l●Ыh  l h B G ) 0 1 o o n u c l e o “d o  P m o 7 S  a n d
P●:vmor●30 Chain R●o●li●“〔PCRI Collditions

Reaction, primer Seeuence Location' PCR condtions

XMRV out€r

FoMsrd outer [71

, Rdi,ersi ioutdr lTl  . .
XMRV inner no. 1

fuuvsO irirer n-o. t l8l

Rev€rse inn€r no. 1 [81
XMRV inner no. 2

Forward inner no. 2 [4]

i; Reveise,inner no.,2 [4]
hBG

Fomard :  , .  
: :

- l

. Reverse

' Locations in y,MFV isolals VP62 (G6nBank bccession no. 00399707) and hBG lcenBank sa6$ion no. Ntt/000158.41 g6n6s. XMRV g€gtropol
9€n€ sraG rl nwloonde l@alion 613.

Trble 2. Domolraphic Characteristics of Scroenod Patlicipanl Cohons

Charecteristic CFS    HVI  SOT7HC丁

BA-matched All
RA hospitsl control' subiects

5 ATCAGTTAACCTACCCGAGTCGGAC‐ 3′

5tёd`ёo十cTTc■ cATTёTTclcti

チdAC‐ m61AQす osCrTTOFゴ 1 1

5喘CAGAASAACAACAAAACAAATC‐ 3′

5tTCTCGAGATCATCGGACAGA‐ 3.

5仏GAё“ TAAGGё CA66GTMtl

5160“ GTCTACCCTT`む AccO'.1 1

: ~ 1  1  ‐ ■ | | ■
|  | ■ ・

| |

5たGAGGTTCTCCACGTGAGCCA 3'

●:■113'7111ギ::'TI::ザTC I'Th

“呻ll護.I鱈虜霧請::箭夕l二i
571-549

, | .  ‐ ‐| | 1 1 1 ■
‐ ‐
‐    | ■ |

603622  94°C x 2 mhi30 cyde●9,°C X 30s,
6 0 °C  X  3 0 s . 6 8 °C  X  3 0 s , 6 8 °C×5  m i n

i b l ■9 0 1 ‐1■   ‐ 1  1 1 . |  ‐  i‐

■■1護I 識̈喘繁熱:I
29← 277

N●of pandpjnt

highest percentage ofwomen .(>8p70) within each group. The
majority of CFS pdticipants wire women (66%), whereas the
HlV-infected and hematopoietic stem-ell transplantation or
olgan tiansplantation ohorts contained f€wer women (19%

and 46%, repctivclp signifient intergroup differena, com-
pared with CFS @hort; P<.001). Mean CD4-T lymphocite
counts for Hlv-infected participants receiving or not receiving
antiretrovilal therdpy iiere sinilar (566 and 554 cells/pl; re-
spectilelyi P = .89); 95.5% of participanti receiving antiret:
roviral therapy hr{ plroma.HlV RNA lwels <50 copies/ml. A
majority of transplmt patictrts had undergone solid organ
transplantation, including ll kidney, 7 liver, 2 lung, 2 heart,
and I liver/kidney tlusplants. One liver transplant recipient
had uderlying treai,cd HIV infection. The remaining 3 tlans-
plant participants lnd undergonc allogeneic hematopoietic
stem-cell transplantation.

A maiority of panicipants with.CFS had daily symptoms
(75.9%), stopped wotk as a direct result of CFS symptoms
(699o), or experienced fever, lymphadenopaihy, or swollen
glands at the start of thei! iuness (7i%); 20.7o/o of partici-
pants had household contacts with similai symptoms or a di-
agnosis of CFS, ud 7%hoted a tick bite just prio! to onset
of their symptoms, Tbe mean report€d duration of symptoms
for the CFS participants was ll.6 years,

With PCR malysis, we iould reliably detect lO copies of
XMRV per 200 ng of PBMC DNA when @ntrol XMRV plasmid
was added to PBMQ diquotr either beforc or after DNA ex"
traction. We were able to detect I copy of XMRV DNA in 2
of 3 assap when tlie W62 plasmid was added to extracted
PBMC DNA aliquots, a tesult consisteht with.lhe Poisson dis-
tlibution. With use of the PCR stlatety dqcribed, we did not
detect XMRV gagDNA in any of the 293 participut samples.
In 7 nsted PCR reactios, DNA bands of a size similar to de
cpected XMRV gag PCR.product ryere obsewed (data not
shom). Cloning-and sequence analysis of the PCR amplicon
from participant 56, a subject with rheumatoid artliritis, dem-
onstrated >9996 sequene identity to a inouse endogeno[s ret-
rovilus that w6 not XMRV [14], Multiple regeat PCR ampli-

1290
Aqe, median veds 46 46 56 66 62 58

r*ai:r'";,jn,;. ii"r or purti"ip-" 'ii'tt;E.ir , e ii8.or"'ii2,iad,a',,&iii6'.et ,i.e,ttsiiat' . ".. zoC:ii.i..g)
Note CfS, chronic leligu€ syndrme; HCI hemat@oi€lc $em-c€ll tr6nspl6nt; HIV human immunodelicienc'y virus; SOI solid orgsn

!6nsplanl,
' DNA obtsin€d lrom discardsd jnpationt or outp;li€nr phleboromy samples._sge- snd ssx-matched wirh rhe RA cohot.
b Twnty-tuo slbj€ds cutrently rea6iving and 21 subjocts iol r€ceiving antirevovirsl th€rapy

' 0 Threo HCtr 11 kidney 2 lung, 2 h6sn, 7 livbi and 1 liv€r and kidnoy tsnsplants. On€ liv6r transplsnt petionl 6lso hrd @curent

HjV infection.

||‐■|‐■431■ 1126C■|.197■ ||195

fietions with participant 56 PBMC DNA tbat used the origind
reagents, an additional aliquot of DNA, or another commer-
cially available Taq polymerase failed to generate a PCR am-
pliconl this fuding suggots that the original ampucon most
likely resulted from contamination. Amplicons from the other
6 nested PCR reactions had sequcncs mdtching a Portion of
the hman genome and shaed no homology with XMRV,

Discussion We assessed the prewlenc€ of XMRV in a co-
hort.of293 American patients bith CFS or chronic coriditions
associated with immune activation and/or immue deficiency
and did not detect XMRV in any participant sample. Arother
report showed that XMRV DNA could be detected in patient
samples after a single round ol.ll-cycle PCR [7]. OuTXMRV
amplifiation strategy used similer amounts of hput PBMC
DNA and identical primer seis as weie used in other reports,
and we increased the *nsitivity of our methods by adding a
n$ted PCR amplifretion that used 2 additionai pubUshed
XMRV primer rets {4, 7, 81. Thse negative findings demirn:
strate that XMRV us not associated with my specific group
that we.investigatcd;. the choice of PCR primers did not affect
XMRV prevalence estimtes, XMRV DNA could be present at
levels below our detection threshbld, However, we used.PCR
methodology that was comparable to otler plbUshed methods
that detect€d XMRV DNA in GFS and healthy control sribjects

17,  l s l .
The upper limit of the 95% conndmce interval aroud our

CFS puticipant XMRV prwalence stimate (0%) was 9,596.
This result is sinilar to reports from Europe and suggests a far
lower rate of XMRV infection, if an),, in patients with CFS,
compared with the initial report [7]. Regional differences in
XMRV pr*alenc ariong CFS patieits cordrl reflet geograph-

ical clutering of XMRV bfeaion and weakens the epidemi-
ological link betwen XMRV infrtiou and CFS.

To furtler chaiacterize our CFS cohort and provide a.basis
of comparison to other CFS groups described in the litelature,
w€ administercd a 43-iten CFS quetionnaire. Although our
questionnaire may be confounded by recall bias, a maiority of
oul CFS participants reported ongoing symptoms at the time

動η DNA‐Po,nerase HぃFldcLty(InttrOgen),8∝200 ng。(

PBMC DNへ and 200 nmoVL ofふe outcr primers dcscribed
by Lombardi ct al(Outer primer set)17〕Nested PCRs were

perFormed wm irst_r。岬d PCR product and 200 nmo1/L Of
t h e―e r p r i m e r s d e s c r i b c d b y e i t h e r E r l w e i n e t a l (Ⅲn e r p r m e r
set l)〔81 or UIsman et hl(inner PH“こr set 2)14〕P3MC

PNA'om par●c,ait S,WaS ret,sted uSng“additiond`rr‐
Preserved DNA Jiquot the 9itild Phtinum Taq HP Pりy‐
mcrasc reagёits,and US3 1■Polンmё:aso(Nっmetr破)

黎ch PCR a血"能 a饉。1叩 hduded五 legot市e cOntrol ald

POSitホたC。■tols of;0,100,and 1000 coがぃOf■1‐lc■gth
XMRV(お oll“VP62),Ёあerously pro宙ded by ttbbこrtH s■_

verman(CleVdand Chlc)TO test the eftiency of DNA ex‐

traction and PCR alnP■たatlon,mc“as.ng ampunts of渕ヽ4RV

口aSⅢO,Sta●hg● :FOPy・"ere add゛t0200h80f PBM9

DNA and to PBMCs priOr to DNA cxtraction Nested PCR

am"ncatlon fot each exPerⅢ,n,Was perfOrmed■n trIPLcate

やr eaCh P●mer set.To ver,pNA htegri%hum五ユβ―g10bii
Wa,arnPuned iom ea■pantlpant,ampl,Wlth a slngle_rould
PCR ract10n thal used the outer human β‐globh prmcr sct
descrおcd byEITh et l"〕響 bⅢ l`amメe,■。P a gener」
dhic PartidPant demonstrated β‐gIObh ampticaton This
samp10 was exclldcd from otr OnalysヽLaboratoγ perSOnnd
Ⅲo Pettrmed PCR ttPLncation wOК bhnded to Ⅲ9 iden_
17 oF each sarnple

For XMRV cioning and sequcnce analysis,DNA bands
near the length oF■nterest were purined with the QIAquiclK
Cel Extracuon ktt(Qiagen)ThcsC amPlicOns were cloned i_

tO a PCR4‐TOPO vectot(In■tr6gen)and wcre bidlrection‐

ally sequenced (ABI 3730 autbmated DNA sequencer; Ap-
plied Biosystms).

Xr testing with continuity co!rection was used to compare
intergroup variation betweeD notrparametric variables. Fisher's
exact tests wele used if upected @unts were <5; One-way
ilalysis of variucq testing was performed to de6re intergroup
comparisons of continuous wriables; a Bonferonni correction
wu usd in pair-wis tests of indMdual hypothses (SPSS,
version l0; SPSS). To estimate the probability of detecting
XMRV in CFS participants on the basis of sample sia, the
Btyth-Stiu-Cselta 95Vo €xact confrdence interyals for di*ase
prwalence werc calolated.

Reralts, PBMC samplc from 293 participants were rest€d
for the presence ofXMRV DNA (Table 2). Thirty-two subjects
who had previously receiveil a CFS diagnosis and 26 patients
who had undergone either hematopoielic stem-ce! or so:id
or&n transplant ftom participatiirg outpatient hospital cliniG
were prospectively enrolled. Samples froh 43 HlV-infected sub-
jects were included, either from an existiog sample cohort or
enrolled prospectively ftom the Brigham ard Woms's Hospital
infectious disese clinic. Twenty-two of the HlV-infected pa-
tienti (51076) were virologically suppfessed and riceivin! anti-
reroviral therapl the remainder were chronically infected per-
sons who were not receiving treatment. We tcted 97 samples
ftom patients with rheumatoid arthritis and 96 sanples from
age- and s€x-matched pontrols obtained from the Crimson
Biospecimen Core,

?artiiipants with rheunatoid arthritis and those fiom the
age- and sex-matched general clinic/hospital cohort had the

銀
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of study entry, These symptoms had been present for a nqn
of 12 years and were debilitating enough to cause the majority
ofparticipants to stop workjng,

Endogenow or latent viruss can become actiwted in pa-
tients with altered imune function. We explored the effect
that imunc actiEtion or supprssion could have on XMRV
prwalence by including participants with rhewnatoid arthritis;
HIV infection (both treatment naive and virologielly sup-
pressed), and hematopoietic stem-cell and solid organ trans-
plant. Wc did not identi$ an association between XMRV prfl-
alence and imue status. Healthy individuals were not included
per se in this study and preclude us from diawing condusions
about the prvalence of )(MRV in the general population. Our
rhematoid arthritis age- and sex-matched hospital cohort may
contain healthy patientJ that presented for routine cliniel orq
but we would reamnably qpect greater morbidity in this control
group, relative to the population at large in Boston, We did detect
a moue endogenous retroviral sequence in PBMC DNA from
l' participut, but we cou.ld not r€pliate rhis 6nding. Moue
endogenous retroviral sequences ar€ not prsent in the humm
genome; r€ageDt tdtirg did not identifr the source of this con-
taminating sequence. 

,
In smmary we found no evidence of XMRV infection in

a cohort of patients cared for at Boston-area hospitals and no
association of XMRV with either CFS or chronic conditions
with dltered immune futrction. Fudher research should be per-
fomed to define the demographic ud geographic distribution
of XMRV and to clarif'' its relationship with chronic fatigue
syndrome.
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of Patients from
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Note rdded in proof. A recent study detected a high prevalence of murine leukemia viru-related virus DNA, but not XMRV
DNA, in Patimts with CPS [16]. The outer PCR primers and a nested PCR primer set used jn t]rar arc rcpofi are jdqtjcal to
primeri used in our study.

with high and low recurrence poteqtials and td deter-
mine whether patients require imediate therapeutic
intervention or only periodic obsewation.[3]. Such bio-
markers for dassifying prostate cancers into different
treatment categories may depend on the underlying
ctiology ofeach ese. Epidemiologiel widence suggests
that enyilonmental factors, such as diet and infectious
agents, may contribute to cbronic inflammation ofthe
plostate and tumorig€ngis {21. Ar infectious etiology
for prostate ocdr is supported by the ljnkurge.of he-
reditary prostate cucer to the common R462Q poly-
morphism in the RNASEI gene. The polynorphism,
which hm bcen reported to be more prwalenr. among
familial patients ivith prostate qncer, lesults in a re-
duced-activity wriant of the innate antiviral factot, 11"
bonuclease L 14,51.-ln I study, th€ R462Q polymor-
phism was impli€ted in up to l39o of prostate.ener
cases [4]. Conespondingly, xenotropic murinc leuke-
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Detection ofXenotrOpたMurine Leukemia Vh■

with Prostate Cancer Is Dependent
on Specific Polymerase Chain Reaction Conditions
Bryan P. Danielson r Gu3tavo E. .Ay6la,zr rnd Jsson T. Kim8tat I
oepanments ol 'Mol4llar Virclo0y and l\4icrcbiology and zPathologv, and 3Dan L. ouncan Carcgr Cenlol Baylor College of l\,ledicino,
Fouston. -eras

(Soo th-o brist report by Hstrdch et .1, 0n p8ges n0F)00( fis brist iepon by Bamss st al, on paios )00i-)0il,
snd lhs editbrial comnontary by Kearney and Maldarelli, on pages )0il-\.I()

Beekground. Thaearequestioas regardingtheptevalerceofxenotrrop.icmurineleukemjayirus-relatedvirus
(XMRv) in Patienls Yj}l-prostate cancer and itr assoiiation with the RN,4SEL R462Q polymorphism. We therefore
investigated whethei XMRV infection could be found in patients with prostate cancir fiom ihe southern United
States, and we sought to veri$ the association with the R462Q.

Methods. Ptostatebssue specimens of 144 patients with prostate @ncer from tbe southern United States were
getrot,?ed for R462Q by real time polymerase chain reaction alleLc discrimination and were screened for XMRV
proviral DNA by nisted polymerase chain rqction specific for tle erv gene.

-Resrfts. TheR462Qpollmorphismwasfoundatanallelicfrequencyof0.33.XMRVwasdetectedin32(2290)
of the 144 patients. Patients were signifi@tly more likely to rest positive for XMRV in both tumoi ud normal
lissue mther thu eitber alone (* = O.el). A positive result for XMRV wai not significnrly correlated with rhe
R462Q polymorphism (P = .82) or clinical pathological palameters of irostate cancer, including Gl€ason score
(P = .29).

Conclwiorc. XMRV is daectable in normal and tumor prostate ti$ue from patients with prostate cancer,
independent of R462Q. The Pres"n"e of )(MRV in notm"l tisue suggesti that.irreciion nay p.eceie cdrcer msei.

Prostate cance! ib a lading cancer in me! in Western
countries, accountingtor 25% of incident cancers in
Amerien men h 2009 [], 2]. Despite the high prev-
alence and gravity of thh disease, there are currently
fs suitable biomrkers to distjnguish beMeen @ncers
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mia virus-rclated virus (XMRV) ms discovered by searching
for virues in patients with prostate cancer homorygous for

. R452Q with a microanay (Virochip) designed to detect thc
most cbnscwed regions of all viral famiLies [6J. An expanded
screen with patients with irostate cancer harboring wild-t)?e
RN,{SEL alleles indicated a strong correlation with the R462Q
variant, thus establishing a connction between infection and
the disease [6].

The linkage ofXMRV to prostate cancer thlough the RN,{-
SEI R462Q polynorphism has become the subject of contro-
versy becauoe recnt rcportE indicate that infection o(urs in-
dependent of R462Q {7, 8l. Additional studies are needed to
determine whether .RNr{S-Ei genorype is a ieliable indicator of
susc€ptibility to XMRV infection. Furthermore, th€re is oo
egrcment aboul the cell rypes infected in the prostate. XMRV
was oril$nally discovered adusively in the nonmalignant
stromal and hematopoietic aells adjacent to the ercinona [6].
By contnst, another study found XMRV primarily in prostate

erciooma cells [7]. Additional studies are therefore needed to
determine whether nonmalignant caus are susceptible to in-
fection by XMRV to addreis whether infection may precde

iumor initiation, Qustions regarding the association ofXMRV
with prostate cancer have also arisen ii light of recent studies
that detect lit0e to no presence of the yilus in pati€nts with
prostate @cer [9, l0]. Interestingly, studies that detect XMRV
in patients with prostate cancer w€re onducted in thc United
States, whereas those drat do iot detect thd virus were con-
ducted in Gernany. Tboe conflicting reports emphasia dre
n€ed to confirm the pr*rice of XMRV in prostate trcer and
to define th€ geognphic distribution of the virus.

H€!e, we conducted a retrospective study in which we
screened a cohort of patients with plostat€ cancer ttrat is
unique from those of previous studies with respect to its lo-
€tion within the Unitcd Stato. Additionally; we sclected for
patiflts with a family his1ory of prostate cancer to enrich for
erriers of the R462Q polymorphism. The goals of the study
wereto conirm the prtrn@ of XMRV.in patient6 wilhprostate
ocer md to investigate the lin-kage of XMRV to the R462Q
polymorphism. Hcre, we demonstrate that XMRV is present
in 22% of patients with prostate cancer from the southern
United Stats, that infection d@s not correlate with R462Q,
and that reliable detection of viral DNA was dependent on
particular conditions ofpolymerase chain reaction (PCR). Ad-
ditionally, we show that XMRV is detectable in both normal
and encer tissucs in the prostate, suggesting that the vlus does
not spaifially target transformed clls and that infeaion may
thercfore preccde cancer onset. If XMRV is shown to promote
prostate cancer, it may prove to be a wluable biomarker for
dinicians when corsidering treatment for patients.

METHODS

Prostate cancq cohort and tissue prepar4tion Erozenptos-
tate tissue cores were obtairied .from-a irostate cancer tissue
banJ< at Baylor College of Medicine. Details of the donor pa-
tients have been described elswhere [3]. All prostate tissues
used in th€ study were derived from patients who underuent
radical prostateaomy and had provided consent in accoldmce
with the.Baylor College ofMedicine Institutional Review Boald.
No patients undeMcnt preopetatiye treatment for thei! @ncei
To enrich for carriers ofthe R462Q polymorphism in RN,4SEI,
only tissues from patists having at l€rt I first- or scond-
degree relative diagnosed with plostate cancer were selected for
XMRV screening and RNiSEt genotyping. In rota.l, 144 pa-
tients were screened for XMRV and the R462Q polymoryhism
in RNASEL For 57 of the 144 patients, both normal and tuor
tissue were available for streening.

All prostite tissu$ were prepaied for DNA extraction in a
sepalate labolatory from the laboratory ir which the infectious
XMRV clone VP62 (GenBank accssion nuber NC_007815.1)
was handled, DNA Ms extracted from sations of prostate bi-
opsies with use of the QIAamp DNA Mini kit (Qiagen). All
prostate tissue DNA samplo were stored at -20"C imediately
foudwing enEction in a labontory free ofamplified or cloned
DNA,

RNASEL Serotlpiag. All patients were genoqped for
RNrASEf cl385A (R462Q) with use of the Applied Biosystems
real-time PCR TagMan single aucleotide po\morphism asay
(Assay ID: C 935391_l-) with TaqMan Universal PCR Master
Mix (Applied Aiosystemt. A 7500 real-time PCR system (Ap-
plied Biosystims) was ured for mplifiation ud analysis of
RNASEL genotyping riactions contaiaing 20 ng of prosrate.
tissue DNA. Specimens of predetermined genoq?s (homo-

rygous wild-t1pe, heterorygous, and homozygous variant) were
used as ontrols for genotyping reactions. All patients were
tested in duplicate.

Provirw screen. A nested PCR assay was developed to
screen prostate tisue DNA for XMRV provirus. Thefrrsi-round
primers (9-ACCAGACTAAGAACTTAGAACCTCG-3' and 5'-
AGCTGT"TCAGTGATCACGGGATTAG-3') anplify an 888-bp
region containing the 5' |crninus of envelope (erv), The nested,
second-round primers (9-GAACA@ATCGAAAGTCCAGC.

GTTC-3' and 5'-CAGTGGATCGATACAGTCTIAGTCC-3')
amplift a 653-bp region encompassing the 3 variable regions
(\R) of era VRA, VRB, and VRC. First-round reactions con-
tained 650 ng of prostate tissue DNA, 2.5 mol/L MgCIr. 800
pmollL of dNTPs, 100 ng of each primer, and 1.5 unirs of
AmpliTaq Gold DNA polrmerase (Applied Biosystems) in a 50-
pL total volme. Two micro[ters of first-round ractions were
transferred to 48 ftL of a PCR master mix containing 100 ng
of eacb seond-rdund primer and the same concentrations of

Total ho oF lb19ntS   I 、1 11● ■||■:||‐ li
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Tabls 1. Sunmary 0t R/VISEI cdnotypin0 and Xomtropic Mtrina Louksmia Virus-
Bglatod Virus Scrcen

Screen result
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NOTE. PCR, polvmeGs€ chain r€aclion.

" Patents who had pos(iv€ resuks by PCR lor x€novopic mcrine lduk6mie wugrelaled vius
rogardlesi ol tissu€ tyoe.
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virusJeialed drus DNA:

eactr of the componqts of the first-round reactions, Thei-
mocycling conditioro were as follows: 94oC for 5 min; 35 cycles
of 94'C for 3O s, 56"C for 1.5 min, and 72'C for I miq and
ending with 72'C for l0 min. The master mixes for each sa
of PCR reactionb wcre testcd for sensitivity and nucleic acid
contamination by inorporation of positive and negativ€ con-
trols, respectively. The pojitive control consisted of 3 separate
reactions, ach with 100 ng of DNA isolated from XMRV-in-
fected LNCaP cells diluted I to I x l0' in uninfected LNCaP
cells, The maste( inix was considered to be adequately sensitive
only ifall 3 positive control reactions had positive results, Neg-
ative controls onsisted of 3 separate reactions with H,O in
place of DNA template ild 3 separate reactions of 650 ng of
uninfected LNCaP DNA. After thermocycling, second-round
reactions were electrophoresed on agarose gels containing eth-
idiun bromide md were visualized uder ultraviolet light. All
tissues were screeicd ia triplicate, and patienti/ti$ues were
rcnsidered to be positiw if >l PCR reactions had positive
resuts.

CeIl ctlture and ge,neratioa of PCR sensitivity controls.
The LNCaP humau irrostate calcjhoma cell [ne was used to
test the sensitivity of the PCR ass?ry and to generate XMRV
stocks. XMRV has been qhown to ihfect and reptcate within
this cell line [ll], INCaP cells were cultured it RPMI 1640
(lnvitrogen), l0% hat-inactivated fetal bovine seru (Sigma),
glutamine, and penicillin and streptomycin (lnvitrogen) and
were incubared at 37'C with 5% CO,.

To generate PCR sensitivity controls, LNCaP cells were trans-
fected with an infectious XMRV clone (\.P62), a generous gift
from Robert Silvemn (Cleveland Clinic) [ll]. Qne day afier
transfectiotr, the clls rcre washed with phosphate-buffered
saline and were suppliid with fresh media, Two days posttrans-
fection, the conditioned media was passed through a 0.45-pm

syringe filter and was used to inf€ct a new stock of LNCaP
cells, The infected cells were cultured fo! 40 days, splitting
tbem l;10 every 5-7 db),s. The infected cells and a separate
stock of uinfected LNCaP cells were wshed with phosphate-
buffered saliire, trypsinizcd, and mixed together at iatios of I
:100, l: l  X l0!, 1:l X IO', and l: l X 10'g (infected cells;unin-
fected cells). Without fiJrther culturing, total cellular DNA was
extracted from the ell mixtures with us€ of the QIAmp DNA
Mini kit (Qiagen). Extracted DNA was used as template to tfst
the sensitivity of the XMRV eny nsted PQR assay.

To t6t for VP62 plasmid contamitration iD prostate spec!
mens, a set of 4 primers were dgsigned for nested PCR. The 2
foruard primcs (y-TCTGGCTAACTAGAGAACCCACTG-3'

and 5LMTACGACTCACTATAGGGAGACC-3') were speciflc
to the multiple cloning site of pCDA3.l(-) (lnvitrogen). The
2 rwerse primers (sTMGGTAACCCAGCGQCTCTTC-3' and
S'-GTTACGGTCTGTCCCATGATCTC-3') were specific to the
5'rerminus trfVP62 ga& The VP62 nested PCR osay was found
to be @pable of detecting l0 plasmids diluted in 600 ng of
uninfected LNCaP DNA in 3 of 3 samples and I plasnid in
600 ng ofuninfected LNCaP DNA in I of3 samples (datd not
shown).

Cloting and sequencing of pctient-dsdved PCR pioitucts,

Positive PCR ractions wele el€ctropholsed on agarose gels
and werc extracted using the Qia* ll GelExtraction Kit (Qia-;

gen), according to the manufaclurcr's instructions, Extracted

Thls figur€ ls available in lts ehtirety In the onlino
version of lhe Jwmal ol tnlectjous Disea€es.

Figurs 1, X8notropic murine leuksmia virus-related virus env poly.
me6se clEin €actidn fragment nucleotide s€quence alignment.
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PCR products werc cloned iito pCR2. l-TOpO witb use of the
TOPO TA Cloning Kit (Invitrogen), according to the manu-
facturer's protocol. Tlic cloned PCR sequenc€s were propagat-
ed in NEB l0-beta (Ns Elgled Biolabr) Esheiahia @ti ald
were isolated with the QLAprep Spin Miniprep Kit (eiagen),
and the sequences of the DNA inserts rcre determiled.

Phylogenetic cnalysis, Ew seguences were aligned using
Oustal and were tltnmed to the same length with gaps. The
riruimum likelihood tree of avsequences was genelated using
PhyML lt2l.

Statistical atalysis, Statistical analyses were performed us-

tigurr 3. Distribution of x€n0tropic murine lerkemia virus-related vi.
rus IXNiRV) benreen nomal and cancer tissue of 57 patients with Drostate
cancat.Ihs white circle rsprsss4ts parients from *i'or Xr,,lnV Oiin *r,
delected by polymerase chain reaction in nomal tissue, the datk gtay
crcle represents pati8njs frm w,hom Xl\rffV DNA was detscted by poly-

. merase chain reaction in timor tissue, and the light grcy owtlap rcp-
resents pat:ents for whom both tissue tl/pes had poshive results fo.
X|\4RV DNA. Twenty.nino 0f the 57 pati8nts had negaiive results for
XMBV DNA, Pati8nts wsrs tound to be more likely t0 have positive results
fot both tissue t!?es {simple ( coe'fcient, 0.641.

Raucher MuLV NG-001819; Friend MuLV M93l34i Molo-
ney MuLV, NC_001501.1; MERV Chrl2, acl53658; MTCR,
NC-001702; and MERV Chr7, acI2756S.

RESULTS

Disttibutioa ud freqaencT o/ RNASEL R4d2e, To investi-
gate the linkage ofXMRV infection ro RNj4SEl R462e, wf ob-
tained irostate tisue specimens from patients with prostate
cancer ro screen for thc vjrus and t}e R462e polymorphism
in RN,{SEI. Because XMRV was originally found to be strongli
associated with R452Q, we screened patients with prostate can.
cer with a fmily history of prostate qncer, which ale reported
to have an inqeased R462e allelic freqriency {4-61. In total,
144 prostate €ner c&s were screened by a real-time pCR,
based allelc discriminarion assay for the R462e polymorphism
in RNISEL We found there to be 66 (45.89o) wild-qpe (RR)
individuals, 6l (A,496\ heterozygor€s (Re), and t7 (tt,B%\
individuals homozygous for the e wriant (Table l). The allelic
Fequenry for R462Q wns determined to be 0.33, which is in-
termediate in comparison to other described prostate cancer
cohorts of unselected o! sporadic cases (allelic frequency of
R462Q, 0.2s and 0.38) 14, 7, l0l.

XMRV is detqtel in pdtients vith prcstate @nqt A
highly-sensitive, nested PCR assayfor XMRV ervwas develoDed
to screen patients for XMRV infection. The pCR assay was
found to be capable ofdeteciing a single cop)aofv!62 plasnid
(dati not shom). We also tesred the sensitivity of the pCR
assay in the conkxt of integated provirus. We found that
XMRV provirus.ould be detected at a dilution of I infeced
human prostate €rcinoma cell per I X 10. uninfected cells in

3 of 3 sampl* with use bf 600-ng of DNA (-l X t0' cells).
With the same quantity of DNA, the nested pCR asay wo
found to b€ capablc ofdeiecting XMRV provirus in I infected
ce[ per I X l0' uninfected cells in I of 3 samples (data not
shom). Importantly, assuming XMRV provirus is present at a
frequenc', of 0.150/F1.5%, which has been estimated in otier
reports, our nested PCR assay is gr€atcr than l5-l5o times
more sensitive than that which is minimally required to detect
the virus [6, 7]. T]ius, tbe nested pCR assay is a high.ly sensitive
method to detect XMRV plovius. Each p.tietrt specimen was
screen€d in tripli@te with use of650 ng ofprostate tissue DNA.
ln total,32 (22vo) of t44 patients w€re found to have positi,le ..
results for XMRV by PCR (Table l). The majority of tissue
specim€ns that were positive for XMRV had positive results in
only I o! 2 of 3 replietes (data not shom),

To confirm that XMRV was detcted, rhe 653-bp euv pGR
products were sequenced from l7 patients with positive 1g5q[ts
(nilcleotide sequence alignment is presented in Figure l), In
comparison.to reference strain Vp6Z, 3 of the 17 sequences
encoded nonsynonymous nucleotide differences, repres.nting
a total of 5 amino acid differences (Figure 24). With respect .
to all 17 piedicted Env peptide sequences, differences from
VP62 were observed at a rate of 0.l4qo, langing from O% to
L47o (patient PCAI). The high degree of sequcnce identity
with VP62 suggests. that posiriye pCR results for the tissue
sp€cime$ were attributable to the presence bf XMRV DNA. !
This was confirmed by pbylogenetic analysis ofthe sequencs !
(Figure:28), Additionally, we tested for rhe presence of.on- 

-

taminating VP62 plasmidsin the DNA isolated from thepatient
tissue specimens with use of a nested pCR assay targeting the
pcDNA3.l(-) multiple cloning sitrXMRV geDome iunction.
We found no evidence for contmination in specimens wilh
positive results by PCR for XMRV erv (dau not shom),

XMRV is pt^ent i4 qncer and normal tissues. Eor 57 of
the 144 patjents, both normal and tumor prostat€ tissues were
available for sqeening, whereas onlytumor tissue was ayailable
for the remaining 87 patients. In this subset ofpati€nts, XMRV.
ms detected in 2l (36,80/0\ of 57 normal tissue samples .and

in 25 (43.9o/o) of 57 tumor tissue samples. The virus was de-

Table 2. Xomtropic Murine isukemio Virus+slatod Virus
Scrsenitrg by Nostod Polymeraso Ch8in icaction (pCRl lor cav

ing Stata, version 10 (StataCorp). Corlelation betweetr XMRV
positivityand tissue type wro anallzed by measuringthe simple
kappa coefficient. Correlations between XMRV positivity ud
Gleason score or seminal vesicle inwsion were analyrd uing
Fisher's qact test, Correlatiotr between XMRV positivity and
atraapsular qtension or surgica.l margin invasion was as-
se$ed using the f test,

Accession numbers. Sequences of cloned XMRV env
tenes were deposited in GeriBanli under aace$ion numbers
GU8l234l-CU812357. Accession numbers fiom GenBank
for other viral sequcnces.arc aE followst DG,75, af22io65j
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ilOTE,Dals 6rs oo. or no. {%} of specjmans. RR, homo4gous wild-typ6;
R0, h€torozwous; 0q homorygous R462O varianl.

._1 Tho numb€6 in parenlheses sr6 perc€ntagos thrt jndicals th6 propodion
Ot xgnolropic muine lgukemib viru$reld€d virus pCR-Skive spocimens.
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Glearon scor€

Figuts 4. Xenotropic murins leukemia vkus-related virus (X|\4BV) infection is nol significantly corrdlated with Gleason scor8, Numbers of iniected
palients Uight gay) and uninfected patients lda* g?yl ar8 graphed aebrding to Gleason scor€. No association betlveen detection of provirus and
Gleason score was found lP = .29, by Fisher's exact test; P = .30, by z-samplo I test).

tected exclusively in the normal tissue of 3 patierits and was
detected uclusively in tumor ti$ue of 7 piticnts, whereas l8
padlnts had provirus detccted in both tissue types (Figure 3).
Statistical analysis of thse results indicate that patient! were
more likely to harborproviru in both nornal and tumor tissue
rather than one or the other (r coefficient ofagreem€nt,0.64),
sugg€sting that XMRV doo not spaifically target tuor lissu€
in the prostate,

XMRV infution tloa not correleti with R462Q Gleason
score, or other gqthologicol perametqs of prosta,e cqncq,
We investigated whether XMRV infection is enriched among
erriers ofthe R462Q polymorphism of RN,4SEI in this cohort.
XMRV was detectcd i\ 24.2%,21.3Vo, aad 17.6% of wild-type
(RR), heterozygou (RQ), and homozygous variant (QQ) pa-

tients, respectivcly (Table 2), Llowwer, infection was not found
to be signifrrotly auociated with the R462Q polymorphism

of RNASET (P = .82, by x? test).
XMRV infection is reportedly associated with higher Glea-

son sre prostat€ @cers [7]. We therefore examined whether
XMRV infection correlats with tumor grade. The patients in
our study onsisted of 12,35,82,9, and 6 patients with Gle6on
scbre3 of 5, 5, 7, 8, and 9, rdspectively. Although there appears
to be a trend betwcn XMRV infection and increasing Gleason

rcore ir Figure 4, no statistically significmt association was
found (P = .29, by Fisher's exact test). Furthermore, we q:

amined whether )GvtRV infection correlateswith seminal vesicle
invasion, extraopsular extension, ild surgical margin invasirin,
which are indicators ofspreading prostate cocer (Table3). How-
sei we foud.no signifiant correlation betw€n XMRV infc-
tion and seminal vqide inmsion (P = .33, by Fish€r's qact test),
cxtracapsulil extension (P = ,59, !y 12 test), or surgical magin
inwsion (P = .89, by X' tso.

DtscusstoN

Our sren ofpatients with prostate €icer confrrms tbe pres-
ence qf XMRV among iatients with prostate encer in the
United States. We detected XMRV DNA in normal and tmor
tissqe, indi@ting that nonmalignant cells may-be susceptible
to infection. In.agremot with rec€nt studier, we find no cor.
relation between the pres€nce of XMRV infection and the
R462Q polymorphism of XNIASEI, confirming rhat the pop-
ulation at risk oi infection is not confined to homozygous
erriers of the Q variant [7, 8].

Interestingly, 3 independent studies, including 2 suweys of
German prcstate tissue specimens md a screen of English chrcnic

fatigue syndrome patients, foud little t'o tlo ryidenc of XMRV
infation [9, 10, l3]. However, in agreement with studies per-

formed in the United Statcs, we found the presence of XMRV
in prostate @cs ti$rei [6, 7, l4]. It is posible rhat XMRV is
mostly abseirt from the European population. If so, it would be
interisting to ucovs the reroon for this geographic distribution.
Alternatively, the habuity to detect )(MRV in Europe may pos-

sibly reflat gmetic dlfferocs betws Amerian and Europtr
strains. Howwer, ihis sem unlikely coroidering the high degree
of sequene coroerotion among XMRV.irclates ild the variety
of primir target sequocs used fo! detection among the studia
in Europe [6, 8-10, l3j. Additionatly, the failure to detect XMRV

may be attributdble to differences in the detection techniques
employed. We have found that detection of XMRV. rcquired
mther speific conilitions. For instance, at l@st 600 ng ofprGtate
tissue DNA Ms nicasary for reliable deteaion with our PCR
asay. XMRV was {itected n 3.2 of the patients when we

initially used 100-140 ng ofprostate tissue DNA, compared with

22.2V0 of the patimts when we used 650 ng. Additionally, we

found that detection of XMRV from patient specimero, but not
tom LNCaP ells infccted invitro, dependedon the genetargeted

in the PCR asrf. We were unable to detect NMRV in ihe patiot

tisue samplo by noted PCR with primer.s specific for the gag

and pollena, regcdlos ofwhether 100 or 650 ng.ofDNA ws
u*d as template, We found the gag primers to be at lest l&
fold les sensitive thu the env primcrs, md the pol primers

tended to amplify i ompeting region ftom the bman genome
(data not shom), It ir ucl€r whelher th@ deficiencis ac@ut
for the inability to detect XMRV in patient samples or whether

XMRV is mainly pr*nt as m incomplete provirus in the cills
of these patients, Nonetheles, the difficdty asEociated witb de-
tecting XMRV in patiot smple may perhaps explain studic
that do not detct the virus among large cohortr.

Wc forind our nested PCR assay for XMRV erv to be capable
of detecting I infectcd cell per I x 105 uninfected LNCaP cells

in I of 3 samples with we of 500 ng of DNA. Tha fact that
the PCR-positive tisue specimens tested pasitive in only I or
2 of 3 replietes may indicate that XMRV provirus is Present
.at a very low copy number. This interpretation would be con-

sistent with nother repdrt [7]. Altemativeh it is posible that
the quality of the tisue specimens was low because of pres-
€rEtion, handling, ud the duration of storage prior to DNA
isolation, Howwer, we were able to getrotype the patients for
R462Q with u6e of 20 ng of DNA withoui difficulty.

Our fnditrg that XMRV €n be det6ted in the normal tissue
ofpatie.ntswith prostatc cance! suggests that nonmalignant cells
may dlso be susceptibfe to XMRV infection. If this is correct,
XMRV infection may preede and possibly participate in the
process of tumorigenqis, There is currendy litde evidence to
suggest that XM$r' emplop any traditional mechanisms for
transforming cells..Thc virus harbors no knom oncogenes,

and a clonal integntion Pattern iirdi€tive of insrtional mu-
tag€nsis has not be€n observed in prostat€ cincer specimes,
In aaord with other studies, we ptedict a proviralcopynmbe!

of hr less than I per ell, arluing against inseltional muta-
genesis as a mechanism of trosformation {6, 7),

A limitation of our PCR-based rcreen is that it does not
identi& the infected cell tfpes, It is possible that the.XMRV
we detected was exclusively from nonmalignant ceUs, bacause
tumor tissue consists ofboth malgnant and nonma[gnant cell
qpes. [t i! important to note that XMRV may plomote tu-
morigenesis through paracrine and cellcell intelactions. P!os-
tate cancer has been shown to depend on the biology of the
sulrounding stromal microenvironment, and a reactive strbmal
phenotfpe has been shown to promote cancer progression [3,
l$-18]. It would be interesting to determine whether XMRV
elicits thi conversion of pro3tate stronal cells.to a reactire
phenogpe, regardlas of the cell typ€ infected,
'We did not flnd a corrblation between XMRV infeaion ud

various clinical pathological parameters of prostate cucer, in-
cluding seminal vesicle in.yasion, extaapsular sxtension, and
surgical margin invasion. Sifiilar fo another report, which

found a correlation with higher Gleason scorc, we obsened a
slight trend in favor ofincreasing Gleason score [7]. However,
our roults were no! statistically significant. Additional studis
with a gleater number of patients will be required to evaluatc
a correlation between XMRV infction and Gleroon score. 

j

In conclusion, our data support a hypothesis thai XMRV is
endemic to North America. Howwer, further investigatlon into
the association ofXMRV with prostate cancer and otlerhuman
disea3s is ne;ded. Ilestablished as an agent ofhuman disease,
XMRV may prove to be an important biomarker for selecting
a suitable course of treatment,
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Tsbl6 3. Strtistical Analyris of Xenotropic Murine Leukemia ViruFnelated Virus Po3itivity VsB0s Clinicrl
Palhologioal Ptnnslsrs 0t Sprssding Prostsb Gancsr

Positive cliniel pathology Negativ6 clinical pathology

Param€ter
PCn positive, PCR negative,

no, (Yo) ot patients no. of oatients
PCR positive, PCR negative,

ho. (7ol of palienls no, oi paiients

ECE

SVI

SMI

1 1 ( 2 5 . 6 )

5(3313)

8(235)

?1(2114)
27(2141

' 4 ( 2 2 1 4 '

77

99

83‐

二 | |′1 1 1  1 t l . 5 9
FSher.s exact   33
111,|||||ね 0

NOIE Pst ian ts€ i thsrscoredpos i l i v6ornegat iv€ forc l in ica lpa lho log ica lpsramslerso lp ros ta l€enc6rendw6r€e i tharpos i t i vo
or nogativa bv PCR fo(xonotropic mudn6 loukemia virus{€lared vrrus. ECE, enracapsular €xlonsion; SMl, surgi€l margininvasion;
SVl. s€minal vesiclo invasion.
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Abstract

Several recent papers have reported the presence of a gammaretrovirus, termed

"XMRV" (xenotropic mr.rine leukemia virus-related virus) in prostate cancers (PCa). If

confirmed, this could have enofinous implications for the detection, prevention, and

treatrnent of PCa However, ot'her papers repert failure to detect XMRV in PCa. We

tested nearly 800 PCa samples, using a combination of real-time PCR and

immunohistochemistry (IHC) The PCR reactions were simultaneously monitored for

amplification of a single-copy human gene, in order to confirm the quality of the sample

DNA and its suitability for PCR. Controls demonstrated that the PCR assay could detect

the XMRV in a single infeited cell,. even in the presence of a 10,000-fold excess of

uninfected human cells. The IHC used two rabbit polyclonal antiser4 each prepared

against a purified MLV protein. Both antisera always stained XMRv-infected or -

transfected cells, but never stained control cells. No evidence for XMRV in PCa was 
'

obtained in these experiments. We discuss possible explanations for the discrepancies in

the results from different laboratories. It is possible that )O4RV is not actually circulating

in the hunlan population; even ifit is, the data do not seem to suppon a causal role for

this vins in PCa.

Author mmucripts have been per reviewed and acoepted for publication but have not yet been edited
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results in a handful of cases. The field was recently reviewed (3), and the state of the

science was also covered in a) % day meeting held on the NIH campus in September,

2010.

XMRV was, initially rbported to be more prevalent in prostate cancer tissues from

men with homozygous gernrline RNase L mutations (R462Q) than in men without this

QQ genotype (l). In ttris study, both in situhybidizaion and IHC found the virus in

approimately l% of stromal cells, but not in rumor cells. A subsequent study reported

that 14 of 233 prostate tumors were positive for XMRV by real-time pCR and 54 of 233

were positive by IHC (a). Surprisingly, a number of cases were positive by IHC, but

negative by PCR The IHC in this srudy localized XMRV proteins primarily in malignant

epithelial cells rather than stromal cells, and positive staining conelated with high tumor

glade. No association.with RNase L variants was found inthis study. Finally, another

study reported that 8 of 20 prostate cancer patrents wirh the Qe RNASEL genotype and 3

of 20 with the RQ or RR genotypes were positive in a serun neutralization assay and that

5 of 7 tested tumors were positive by FISH in a subset of stromal cells; FISH and serum 
:

positivity correlated with nested PCR results (5). One strong indication that XMRV has

infected some human cells in some prostate tumors is the finding of XMRV sequences

integrated into human DNA (6, 7)

In contrast, several studies have rgportgd the absence, or eitremely low

prevalence, of XMRV in PCa. These include a study of 338 samples representing tumor,

normal, and BPH tissues from 200 prostate cancer patients using a htghly sensitive nested

PCR assay; I 05 prostate tumors using nested RT-PCS 589 prostate tumors using nested

Author mmwcripts have been peer reviewed and accepted for publication but have not yet been edited.
Copyright @ 2010 Americm Asociation for Cancer Reseuch
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CCR5 assays in the same PCR wells were unifornrly positive (Fig. 1A). All assays

included parallel tests of 293T or HeLa gDNA alone ()04RV negative control, Fig. l B,

red line) nd E. coli gDNA (CCR5 negative control, Fig. IB, green line). Using this

duplex assay, we screened DNA.from 161 prostatic adenocarcinomas, including 12 that

had been micro-dissected and l0 that were metasrases (Table l). In all cases CCR5 was

successfirlly amplified, confrrming the quality of the DNA proparation, but there was no

amplificatiln from the XMRV primers in any of the cases (Fig. IC).

Similar real+ime PCR assays were also performed on 54 of these samples using a

primer-probe set directed at a highly conserved regron within the Gag gene. In addition,

nested RT-PCR was performed on 41 additional cases using the primer set descnbed in

Urisman et al. (t) and nested PCR was used on 24 cases using the primers ofHohn et al.

(9). In all ofthese tests, XMRV sequences could be efficienfly detected in the RNA or

DNA from infected cells, but no positive resuhs were oUtlnea with any of the PCa

samples (data not shown).

The MLV proteins p30cA and gp7Osu are cleavage products of the viral Gag and

Env polyproteins, respectively. We tested the ability of the MLV30 and MLV70 antisera

to react wittr XMRV proteins. As shown in Fig. Sl in Supplementary Iaformation, both

antisera reacted with the expected viral proteins in virus particles (the MLV30 blot shows

that some uncleaved Gag polyprotein, Pr65Gs, as well as the normal cleavage product

p3OcA, is present in the virus particles). Thus, these antisera cross-react with fte

conesponding polypeptides from XMRV. Westem blors with MI-V30 and MLV70 using

lysates from 22Rvl cells were sinularly positive (datanot shown), butnot rsing lysates

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.
, Copyright @ 2010 American Association for Cancer Reswch
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Table lr Tabulation ofTissues Assayed

n
H
H

* Numbers shown are total number of cases / total nuinber ofTMA spots analvzed;
MultipleTMA spots (typically at leasr 4) were analy2ed per case. 

' ' : '

Table l. specification of prostate tumor samples tested. The.Table shows the number of

cases tested by either PCR or IIIC.

ヽぬ∝m a n u s c n p t s  L v e  b c c n  p∝r  n i t t d a n O“"にd  b r  p u b h c a t l o n  b帆施v e n a  y d  b c m  O薇“           知 伍∝轟血、c h , s踊

署 5 % 7 ,墨 穏 賀=薔 ぶ 躍 霜 繁 諾鯖 :警
y a  b∝
l C l l : d

Copyright 0 2010 Ameican AssOciation for cancer Research
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17

PCR

Microdissected prostate tumor

Piostate tunor metastasis

Prostate tumor

IHC      I                          PILV30       MLV70

TMA prostate tumor 433/1524 433/1524

TMA prostate benigr' 437/1890 437/1890

TMA prostate tumor metastasis- 5ν121 52/121

Full sections prostat€ fumol

Full sections prostate benign
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資料 4=2

諸外国における慢性疲労症候群罹患者に対する献血制限について

平成 22年 11月 現在

1.現 時点において、X‖RV感染リスクに対する予防的措置として、既往歴も含

め、慢性疲労症候群罹患者に対する献血制限の実施が確認されている国

カナダ (除くケベック州),・別添1   1

オーストラリア′・別添2

ニュニジ,ラ ンド・・別添3              .     ‐

なお、イギリス|ま、現時点では慢性疲労症候群とXMRVとの関係を示す疫学
的エビデンスはないとした上で、 ドナーの健康確保の観点から、既往歴も含

めた献血制限を実施している (別添4)。

グ.献血時に健康であることを前提とした上で:現時点において、慢性疲労症
‐候群の既往歴まで含めた献血制限は勧告・実施していない国

米国 (FDA)(注)・・別添5        :

カナダ ・ケベック州 ・・別添6                   1

日本          |

(注)なお、AABB(米国血液銀行協会)は、慢性疲労症候群の既往がある方の献血の辞退

を促すよう、会員に対し自=的に勧告している。(男1添7)

その他の欧州諸国について1ま、現在調査中。

∞
Ｈ
Ｈ

1別 添 1
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M●dia statement

8 November 2010

ME/CFS sufferers permanently deferred from giving
blood

From 1 November 2010, people with: Myalgic EncephalitislChronic Fatigue
Syndrome (ME) were permanently deferred from giving blood in the UK.

The change to donor selection guidelines, which appiied across ail four UK
Blood Services, was as a result of recommendations by the UK Blood
Services StandingAdvisory Committee on the Care and Selection of Donors,
and Joint Professional Advisory Committee (JPAC).

In the past, donors with a history of MUCFS could give blood; provided they
had completely recovered and were fee'ling well.

However, as M-V-gl9 tra-gqnditiqn-where- peoJ.le cgn-Elapse*-and-bsclme-jl!
agel}-Conor*Flgs$gn-ggi{elinsstysr.e.-shenged-asi.a-peaau!is!-19".pr9!9*cllhe
dprlols sa-fctv-lyt-ns-urlnglhe-aenditio-n-rs not.made-wqrs*e by donattng.blsod.
There is no evidence that a donation from a donor with this condition could in
any way harm a patient.

This change brought donor seiection guidelines for MUCFS into line with
other conditions where individuals are permanently excluded from blood
donation to protect their own health.

Ends

For further information, please contact the NHSBT press office on 01 17

969 2444, at pressoffice@nhsbt.nhs.uk or out of hours on 07659 133583'
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Hema‐QveboC 86th Board meeting summaw on xMRV

I      Tuesda,」une 15,2010

8.6.1 n4RV

The Vice-President, Medical A{fairs presented the recommendation of the SAC and the RRAC.

For many years noq H6ma-Qu6bec has accepted donors with a history of chronic fatigue

syndrome (CFS) if they feel well on the day of the donation. As a result.of the recent report of

an associatibn between CFS and )04RV (xenotropic murine leukemia virus'related virus),

H6ma'Qu6bec managemenl has decided to re'examine ttris criteria. The diagnostic criteria for

CFS were described briefly. This syndrome is not new. Its manifestations have been reported

for a long time. However, its etiology remains unknown. )CURV was also described. Its

epidemiology and means of transmission remain unknown at present. A recent study

identified a.gobd proportion of people suffering from CFS as.carriers of the K\imV.

Subsequently, three other studies were unable to find positive subjects. In scientific circles,

the first study is contested, Furthermore, the conflicting results of these studies cannot be

clearly explailed. These conflicting results were then d.isiussed. It was also noted that there

is no medical evidence demonstrating that CFS is transmitted by transfusion. However, some

organizations have already taken measures in this respect. Specifically, the AABB

recommend.s indefinitely prohibiting donors who have been diagnosed as infected with the

XMRV. In the United States, the CFS Advisory Committee recommended prohibiting blood

,donors with CFS, although no rdeasure has been announced by the FDA. As for the CBS, it

has decided to prohibit donors with a history of CFS on a permanent basis (only if the

information is provided spontaneously by the donori no question is asked systematically).

Australia and New Zealatd have adopted the sabe measures as the CBS. The risk

management options have been reviewed by the advisory committees and, for the reasons

r4entioned beloq the option of the status quo is recommended, by the SAC and the RMC:

' CFg is uot aD onerging disease.
' Althougb eeveral Eic.ro'organiens have been stuatiBd, uo etiological lirlt hag [EEa

established between them and CFS.

Specifica[y h t€ros of)OVIRV, only one ofthe four studies found a lqL rcitb CFS.
. .symptomatic donorg (with an active illoegs) are alreaily pmhibited.
. There is no evidence tbat CFS is trausnitted th.rough hansfusiou,

It was aiso mentioned that the Management Committee tlacks XMRV af each meeting.

It was moved, duly seconded and unanimously resolved to maintain the eelectioa criteria for

cbmuic fatitrtb g}'pdrome (CFS\. namely to accept donors with a bistorv of CFS if thel.-jhel

well on the clav ofthe donafion.
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資料 4-3

「慢性疲労症候番」(9hrOn●
Fattgue Syndゅ "e;CFo)lFつ いて

関西福祉科学大学 倉恒弘彦

【概要】        |        ′

慢性疲労症候群 (ChrOlic Fatigue Syndrom6i cFS)とはt健 康に生活していた人

が風邪などに罹患したことがきつかけとなり、それ以降原因不明の強い全身倦怠感

とともに、微熱、頭痛、筋肉痛、思考力の低下ヽ抑うつ、不安などが長期に続いて

健全な生活が送れなくなるという病態であり、CDC(米 国疾病対策センター)に よ

り1988年に提唱された比較的新しい疾患概念である。  i

【患者数】‐          ・              ‐

1999年の厚生労働省研究班 (班長 :木谷照夫、大阪大学医学部)に よる疫学調査

(名古屋地区4000名を対象,有効回答数3015)では
一般地球住民の約0.3%がcF

Sに該当していた。2004年の文部科学省研究班 (代表研究者 :渡辺恭良、大阪市

立大学)に よる疫学調査 (大阪地区の一般地域住民を対象、有効回答数 2742)で

も約0.3%がCFSに 該当しており、、日本における15-65歳のCFS患 者数は約24

万人と推定される。               |

【症状】 :                        |

慢性的な疲労感とともに、発熱、リンパ節腫大、咽頭痛などの感染症様症状、頭痛、

筋肉痛、関節痛、脱力感などの膠原病様症状、睡眠障害、思考力低下t抑 う0、不

安などの精神・神経症様症状などの多彩な症状が認められる。 ′

【原因】

種々の生活環境ストレスによって引き起こされた神経:内分泌・免疫系の変調に基

づく病態であり、免疫ヵの低下に伴って薄々9ウ イルスの再活件イじが惹起され、ニ
れを制御するために産生されたインタ‐フェロン(IFN)などのサィトカィンが脳・

神経系の機能障害を生じていると思われる。      `

【治療】

確実に有効な治療法は確立していないが、以下の治療法が試みられる。

抗酸化療法 (ビタミンC大量、CoQ10など)、免疫賦活療法 (漢方薬など)(

向精神薬 (SsRI、抗うつ薬、抗不安薬など)、精神療法 (認知行動療法)  ,

日本 にぉ けぅ oFSと XMRVと の関係 について

‐                  関 西福祉科学大学 倉 恒弘彦

目的:昨年より米国F問題になってきたcFsとXMRV感染症との関係を日本にお
いても明iらかにすぅため、然下の検討を行?た。

対象 :本阪市立大学医学部疲労クリニヵルセシタ
ー,こ通院中の CFS患 著 i00名

■  (木 谷研究班 CFS診 断基準、IDCの CFS診 断基準を満ヽす急者)、

方法 :                            :

1.抗 体検奪 :XMRVの ウイルス粒子 (タンパク質)を 抗原として、検体中の抗

体の有無をイムノブ■ッティング法により解析した。
2.DNA検 査 :末梢血単核球からDINAを抽出し、XMRv blNAめ有無をgenOmic―PCR

I 法により解析した。                .     :

|.:上記角7析は、京都大学ウイルス研究所の 2カ所の研究蔀門 (音沢先生、小

柳先生)、大阪府赤十字血液センター研究部 (古田先生)あ 3カ所に血液
検体を送付t/て実施した。           _

結果 :  :                 :

1.cFS患 者において xMRVの Cagカプシド蛋白に対する抗体が 100例中2名

に調められたが (陽性子 2.0%)、 健常者 500名の陽性率 1.6%と 比較し

,  て 有意な差は認めなかったもまた、その他のウイルス蛋白に対する抗体
は認められなからた。  1      :   ′

2.刈 RV DMについては、上記 PCR解析で陽性例は認めなかった。

結論 :|

現時点の調査結果からは、日本においての9FSとXvRV感染症との関係は認め
なな?た。しかし、今回用いた検査法の感度を高めると検出される可能性も否
定できなぃため、引き続き調査研究を行う必要がある。

ｍ
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研究開発等における血液製剤の使用に関する指針の策定について

1.背 景                  |

ユ液製剤は献血により得られる血液を原料とする貴重なものであり、「安全

な血液製斉Jの安定供給に関する法律 (昭和 31年法律第 16o号)」におしヽても、

その適正な使用が求められている。血液製斉1は主として患者の治療のために用

いられるが、その他、輸血の有効性
・安全性の向上のための研究、検査試薬製

造及び品質管理試験等にも用いられている:「血液製剤の安全性の向上及び安

定供給の確保を図るための基本的な方針(平成20年厚生労働者告示第326号)」

においては、研究開発等における血液製剤の使用に関する基準を策定し、これ

:を様々な機会を通じて医療関係者等に徹底させるものとすることが国に求め

られているところである1。

また、平成 21年度第 1回薬事 ・食品衛生審議会血液事業部会 (平成 21年

12月 24日開催)に おいて、血液型判定試験に用いる試薬には現在輸入血液が

用いられており、日本人特有の不規則抗体等を測定するには不十分であるため、

血液安全の観点からも、国内血を用いた検査試薬の開発等を進めるべきとの意

見も出されたところである。                     ヽ |

かかる林況を踏まえ、今撃、研究開発等におけぅ血液撃剤o使 用に,関する指

針の策定の作業を開始することとしたい。            _

2,現 状                 `

現在、献血で得られた血液のうち、検査等により血液製剤として不適合とな

った血液や、期限切れの血液製剤及び検体残余血凛が、品質管理試験や研究開

発等に用し`られている。以下に平成 21年度の使用実績を示す。

【本数】     .             .

全血製剤 赤血球製剤 血漿製剤 血小板製剤 計

品質管理試験等 58,557 13,204 76,308

原料血漿 0 13,574 14,809

研究開発等 1.333 11.724

計 66,547 16,768 !9,390 102,841

(本)

l五  研 究開発等における血液製剤の使用に関する基準の策定
国民の書意の献血によって得られる血液を主たる原料とする血液製剤は有限で貴重なものであり、研究開
発等の使用に当たつても、倫理的な観点からの慎重な配慮が必要である。血液製剤の適用外使用により、
本来の効能及び効果を目的として供給される血液製剤が不足したり、医療に支障を生じることがあうては

ならない。しかしながら、研究開発等に当た,、人の血液を使用せざるを得なぃ場合もあるたゅ、本来の
効能率び効果を目的とした血準製剤の供給に東障を生じないよう、国は:研究開発等における血液製剤の
使用に関する基準を策定し、これを様々な機会を通じて医療関係者等に徹底させるものとする。

*1:診療報酬の算定容量をもとに算出した。

*2:解凍赤血球製利及び冷凍血は含まれていない。

使用者 :日本赤十字社、大学、企業等       :

この他、血液センタァで実施しているABO血液型検査及び不規則抗体検査で

使用する血球試薬については、血液型抗原を網羅する必要等もあることから、

血液製剤としての規格に適含した血液を使用している。なおtこれまで各血液

センタニで調製していた山球試薬については、本年度より試薬製造メ
ーカTベ

原料典構を提供し、 造 季託している。    .

3‐指針の骨格案及び今後の進め方について

別縦に指針の骨格案を示す。今後、本人■パ=を 血液事業部会運営委員会で

ご審議いただいた上で、血液対策課におぃて、必要に応じ省内関係部局と調整

して指針彙を作成し:再度血液事業部会運営委員会でき審議いただく。運営委

員含で了率された後、血液事業部会でご審議いただき、了承が得られれば、通
知として発出する。́                 ｀

ヾ

Ｎ

Ｈ

【容量】←1)

全血製lll 赤血球製剤

( * 2 )

血漿製剤 血小板

製剤

検体残余

血液

計

品質管理試験等 15965,74 3339166 928 51 0.00 20253 31

原料血漿 294 90 1715.03 2026 13

研究開発等 2036 02 574 59 271.95 2282.62 5175,98

計 46 40 18001.76 4209 15 2915 49 2282 62 27455.42



.                          (別
紙)                  i

「研究開発等における血液製剤の使用に蘭する指針」骨格案      ‐
       ‐

   VI 血 液の議蒔 続きについて

l            ①  譲渡量に応じた手続きについて
: 基本的な考え方                                                ②  有償・無償のあり方、費用負担等について

H.使 用目的

a.輸 血の有効性・安全性の向上を目的とした使用について

l   ① 研究開発

② 品 質管理試験    |

③ 検査試薬

④ 疫 学調査

⑤ そ の他            ‐

b: 広 く国民の公衆衛生の向上を目的とした使用について

① 研 究開発

:' ②  検 査試薬            |  ‐  l

③ 製 薬

④ 疲学調査

⑤ そ の他

c そ の他の目的のための使用について

IIi 使用する血液

① 検 査等に」tり不適合となつた血液
・

② 期 限切れ血液   V            I

③ 検 査用検体残余血液

④ 白 血球除去フイルター内残余血液

◎ 保 管年限 (11年)を 越えた保管検体

⑥ 血 液製剤としての規格に適合する血液     :

⑦ 研 究開発等を目的とした採血によって得られた血液

IV.使用者について

① 日本赤十字社

② 公的機関 (国立研究機関等)

③ 大学等の非営利機関

④ 民間企業

⑤ その他

V.献血者への説明と同意について         |

VH 使 用量につしヽて     |

① 需給との関係について

VI H その他

① 個人情報の扱いについて

② 疫学調査の実施に係る指針について

ｎ
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平成 22年 11月 24日

薬事 ・食品衛生審議会
血液事業部会運営委員会

提  出  用  資  料

血小板製剤に対する感染性因子低減化 (不活化)技 術の導入準備について

|    ― ① 10単位血小板製剤の品質に及ぼすリボフラビン法処琴の影響
―

1.目 的

前回(リボフラビン法で処理した血小板の活性化による品質の低下について報告したが、

我が国においては血小板製剤出荷本数の 8害1以上を10単位血小板製剤が占めているこ

とから、感染性因子低減化血小板製剤を実用化するためには、低減化処理した 10単位製

剤の品質低下を出来る限り抑制する必要がある。そこで、リボフラビン法処理に最適な 10

単位製剤の条件について確認試験を実施した。

2.実 験方法

製剤容量、血小板濃度、血小板総数を 10単 位製剤の規格(血小板数:2×10・個以上、

製剤容量:200±4omL)の 範囲内で様々に変化させた検体(n,15)を調製し、リボフラビン法

処理直後から5日目まで試験した。ただし、下限容量はリボフラビン法の下限である170mL

とした。               .

なお、リボフラビン法処理は、実際の製造を考慮して、採血の翌日(ただし:採血後 22

時間以内)に実施した。                     .

3.測定項目‐                              .

pH(22℃)、二酸化炭素分圧(pC02)、酸素分圧(p02)、グルコ,ス濃度、乳酸濃度、平

均血月ヽ板容積(MPV)、低張液ショック応答(%HSR)、PACl結 合率、スフリングスコア   ‐

4.結果及び考彙
結果を図 1、図21に示す。           1              ,

処理後3日自(採血後4日日)までは多くの測定項目で良好な値を示した。それ以降は

1品質が低下する傾向を示したが、処理後5日 目(採血後6日 日)の検体でも、血小板保存

の指標とされるpH6.4より高いpHが保持されていた(図1)。

T方 、低減化した血小板製剤の容量、血小板濃度、血小板総数を指標として品質の変

化を比較したところ、血漿量の少ない検体ほど品質が低下するILI向がいくつかの測定項目

で認められた(図2)。この傾向は、血小板濃度や総血小板数では認められなからた。
以上より、リボフラビン法を 10単 位製剤に導入する際は 血ヽ漿量を多めに設定すること

1こより品質の低下が抑制され、現状の製剤と同じ有効期間(採血後 4日 間)を十分に確保‐

できるものと考えられた。  し

図 1

po2

″

E  l l

グルコース

(

圭
|.::|

低減化処理後の血小板の品質

' 0 0 1

00 1

60「
|

lト
"

対照群 :n=3

低減化群 :n■15

dayl:処 理当日 (採血後 2日 目)

PAC'I

”
嗜
珊
略
〓



■70

①,H
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図2 低 減化処理後の血小板の品質に及ぼす製剤容量、血小板濃度、総血小板数の影響

(図1の低減化群 (卜15)を製剤容量、血小板濃度、血小板総数により2‐3群に分けてプロント)
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図3■3同 種白血球刺激による自血球の増殖(ML良)
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Transfusion : Early View 2010 Nov.

Meta-analysis of the randomized. sontrolled trials of the hemostatic
efficacy and capacity of pathogen+educed platelets

BACKGROUND: A recent independently funded randomized controlled
trial (RCT; Br J Haematol 2010; 150: 209 - 17) questioned prevailing
opinion conceming the hemostatic capacify of pathogen:reduced
platelets (PLTs). Meta-analysis was used to calculate the effect of
pathogen reduction (PR) of Pl-Ts on hemostatic efficacy and capacity
based on all available data and to investigate poqsible reasons for the
variation in reported findings.

RESULTS: Studies were statistically homogeneous in all analyses.
Pathogen-reduced PLTs were associated with a significant (p < 0.05)
reduction in 1- and Z4-hour posttransfusion corrected count increments
(summary mean difference, 3260; 95% confidence interval [Cl],
24504791; and summary mean difference, 3315; 95% Cl, 20274603)
as yvell as a significant increase in all and in clinically significant
bleeding complications (summary odds ratio {ORl, 1.58; 95% Cl,
1.11-2.26; and summary OR, 1.54; 95% Cl, 1.11-2.13). The frequency
of severe bleeding compliiations djd not

CONCLUSION: The results of the recent RCT are not inconsistent with
those of the earlier studies. Introduction of PR technologies in their

.current stage of development would result in an increase in mild and
moderate (albeit not severe) bleeding complications, which the
transfusion-medicine community must explicitly tolerate to reap the
benefits from PR.

感染性因子低減化血J 板ヽ製剤の上血効果と能力に関する無作為
化“較臨床試験のメタアナリシス(仮訳)   .

テ   l鷲 獅 辟 籍 [17魯 邸 蓋
間を呈した。利用可能なすべてのデータに基づき、感染性因子
低減化 (PR)が 及ぼす血小板 (IPLTs)の止血効果と能力ヽの
影響を評価し、1論文間で結果が変動する要因について検討する
ため、メタアナリシスにより分析した。

結果 :各報告の結果はすべての分析で統計的にT様 であつた。
感染性因子低減化PLTsの輸血後1及び24時F・5の補正血小板増
加数は有意(pく0.05)な減少(summav tteah dfference,326Q95%
conldence interva![Cl,2450-4791:and su“mary mean idifference,

I事務イ廷F纏畠T出羅基『副基L繕発認織
Odd,ralo[oRl,1.58:95%cl,1・ 11-226:and summary OR,154:95%
Cl,1.1112.13)したち重篤な出血性合併症の頻度に差は認められな

かつた6

懐詐墳桑見農霞躍疋笞電il墳毅慕8馨責812喜 露優恙薫曇昌
(重篤ではないが).の出血性合併症の増加をもたoすため、輸
血医療コミユニテイは'Rか らの思恵を享受するためには、手
のことを容認しなければならない。,
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渕験名(国名)
イタリア・スペイン・
ベルギー・ノルウェー・
ドイッ

スペイジ・ベルギニ・
フランス

フランス
(レュ■オン島)

ベルギー
フランス
(ァルザス)

ノルウi―

脇減化技術名 アモトサレン法 アモトサレン法 アモトサレジ法 アモトサレン法 アモトサレン法 アモトサレン法

試験デザイン 単■コホニト研究
(ヘモビジランス)

^=e12>7 後向き観察試験 後向き観察試験 後向き観察試験 前向き観察試験

試験目的
7tト サレン法で処理した
PCの 安全性確認

アモトサレン法で処理した
PCの 安全性確認

アモトサレジ法で処理した
PCの 安全性確認

アモトサレン法で処理した
2Cの有効性確認

PAS保 存アモトサレン法処
理,Cの 有効性確認

10名の化学療法中の急性
自血病患者における血小
板輸血の治療効果確認

実施期間 2∞310-200512 2005520071 20063-20073

対照 :2001120039

DRT―PC:2∞ 31 200610

I期 :20031-20042

/
Π期 : 2∞5 9 - 2 0 0 6 6

lll期:2006920078
被験者数  対 照

PRTや 0

性別(M/F)

年齢

I期 :2050 ■ 期 :1678
1.400 I期 :2069

385/262') 858/542 262/165 M:F■ 62138(%) 1期 :M59%397v
612■ 170 600± 178 424=248" t rS:M 60%. (1-99y

I期 :M62%く 1106v
〕C保 存   対 照

鷺件   ‐ PRTや c

l00tplas@ I S: 100* plasma PA`
IAS2' PAS2' PAS2, PAS E 期 i  P A S ` PAS

lI期:PRT処 理PAS2)

Eンドポイント

CC11.2轟

WHO出 血グレード

TEG′`ラメーター

ILEl興 理PCの ∝ :

PRT処 理群

PRT未 処理群

/
/

5 3 0 0 ■2 7 ∞鴇

■2Ю±■101

CC1241r

l.800■4.400 vs

5800±■001

(PRT未 処理PC:
25Gy γ線照射)

結 論

肛のうち1992%に PCに 起
ヨする副作用を認めな
うヽった

血のうち、99錨にPCに起
困する副作用を認めな
しヽった

血のうち、995%(_Pёに起
因する副作用を認めな
かった

肛のうち、99飢 :静Cに起
]する副作用を認めな
bっヽた

の有効性に特段のFal題は
ない。有害事象の発生率
低下を認めた

ヒき、PRT処理PCでは血小
版数、品質の低下力協 ら
れ、cc1lhでは有意な差を
認めた

喩 文 061-1071 2008:94315323 1083-1091 1412-1422 hline oublication 766-775

工期つJ51回、llI期13.241回
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reduction in the mticipation thatthese methodswouldbe
effective ln preventing trmsmissjon of known patlogens
and provide protection against emerging or mutant
s$ains or viruses and bacteria.

: Methods of bathogen reduction for red blood cells
[RBCS], plate.lets (PLIS), andplasma are currently in devel-
opment with some of these methods aheady in cltnical
use in Europ'e.r Several of these technologies use photo-
chemical agents, wliih can be activaled by ultraviolet
(lIV) lightresultingin chemical modifications to DNA and
RNA that prevent their replication.'r 'z This renders the
pathogens present irt the blood product incapable of rep-
lication during storage and a.lso incapqble of causing
infectious comfjlications in the patient after Uansfusion.
One pathogen reduction process for PLTs (Mirasol patho-
gen reduction technology IPlT]; CaridimBCT Lakewood,
CO), utilizes exposure to tIV light in the presence of ribo-
flavin to introduce irreparable lesions to nucleic acids
thereby inhibiting pathogens and white blood cell (WBC)

replication.rr Riboflavin is a nontoxic and nonmutagenic
compound; hence, it does not have to be removed at the
end of the process.r{ This technology has been shown to
substantially-ieduce the active pathogen, loadr$2r in PLI
products, and efrectively inactivate residual WBCS that
may be present in blood components; hence, tbere is
strong evidence that this technology prevents transfusion-
associated graft-versus.host disease.22'2s Laboratory
studies have also docmented acceptable metabolic and
functional chdracteristics as measuted by a battery olin
vitro PLI function tsts.2527 Hence, with Phase I and 2
studis suggesting that this technology appears safe and
effective frir reducing pathogen transmission, a larger
clinical study was wananted.

We report on a randomized conuolled uial (RCT)

conducted to dbtermine if pathogen-reduced PLTS (PRT-

PLTS) are as effective as standud unueated PLI products
when uansfused to ilatients with chemotherapy.induced
thrombocytopenia with respecr ro the coffected count
incrcment I hour posttlansfusion {CCIrb",,). The study
was also designed to prcvide.safety information of PRT.
PLTs by doEumenting all adverse events.

MATERIALS AND METHOOS

Study deslgn
This was a multicenter, open-label, puallel-gioup nonin.
feriodty RCT conducted n France by the Etablissement
Francais du Smg and university hospitals (n = 6; see
Acknowledgments), which compared PRT-PLTS and stan-
dud (reference) PLI products when umsfused to thtom-
bocytopenic hematology and/or oncology padents. The
study was apprwed by the cenua.l research ethics com-
mittees for the participating centers, and was rdgistered at
http://ww.clinicaltials.gov (NCTO0263809) and at the
AISSAPS officiat trial stte,

MIRASOL CL:N!CAL EVALUAT10N TR:AL

Study population

There was a tlvo-stage prdcess for assessing patient eligi-
bility. In Phase I, patients were deemed eligible for funher
assessment ifthey met the following inclusion criteria: age
l6 years or older; thrombocytopenia due to chemotherapy,
malignant hemopathy, allogeneic or autologous hemato-
poietic'stem cell'transplantation; or diagnosis of a solid
tumorwith expectation to receive at least two PLI transfu-
sionsi and being feated as an inpatient. Eligible patients
were excluded ifone or more ofttre following criteria were
satisfi ed: pregnancy, lactation,. splenoniegaly, and history
or diagngsis ofan autoimmune disease allecting hemosta-
sis; Patients meeting the Phase I eligibility criteria were
approached for informed consent. The rationale and
objectives of the study werc explained to patients by the
site investigator or coinvestigator. Informed consant was
required from all participants in accordance with the Dec.
laration of Helsiaki. Consenting patients undement a
Phase 2 screening process to confirm eligibil iry Patients
weie excluded ifany ofthe following criteria were present:
positive serum or udne pregnancy test within 72 hours of
rildomization; history of hypersensitivity to riboflavin or
metabolites; history of reftactoriness to PLI transfusion
(two successive CCIru- < 5000); presence ofHLA antibod-
ies, posiiive lymphocltotodcity te$t, or previously docu.
mented alloinmmization to PlTs (as per inditdueil site
testing protocols); active bleeding requiring one or tnore
RBC transfusions; acute or chronic dissemindted.intravas-
cular coagulation; history or a diagnosis of i.rnrirune/
idiopathic thrombocFopenic purpura, thrombotic
thrombocytopenlc purpura, or hemolytic uremic syn-
drome; history ofsolid oryan transplant; evidence ofveno'
occlusive disease; temperatwe of more than 39.5"C and/or
signs of itfection; enrollment in a pathogen reduction
clinical tilal within the previouo6 months; exposure to my
other investigadonal productwithin 30 days ofrandomize-
tion; taking study-prohibited medications within 14 days
of randomization (see Supporting Appendix SL available
as supporting information in the online version of this
paper); evidence of chronic alcohol misuse;2o and any
other medical condition that could mmpromise
panicipation.

Patients meeting the Phase 2 eligibi.lity criteria were
randomly assigned to receive reference PLTs or PRT-PLTs,
The random $eatment allocation scheme involved strati-
fication by center and blocking md was computer gener-
ated by the coordinatirg center {MedPass International,
Paris, France), Patient allocation was performed at each
site using o;iaque envelopes containing the ueatment
assignment. Due to the slight yellow color ofPRT.PUls the
study could not be conducted in a double-blind mamer;
however, those individuals assessing PUI counts and
performing.patient assessments were blinded to the
patjent's treatment allocatlon.

A randomized controlled clinical trial evaluating the
performance and safety of platelets treated with MIMSOL

pathogen reduction technology

The Mirasol Clinical Eualuation Studv Group*

BACKGROUND: Pathogen reduction of platelets (PRT-
PLTs) uslng ribotlavin and ultraviolel llght lreatment has
undergone Phase I and 2 studies €xaminlng etficacy
and salety. This randomized controlled ciinical lrial
(RCT) assassed the etlicacy and sately ol PBT.PLTS
uslng lhe 1 -hour conected count incremenl (CCLtuu) as
th6 primary ouicom€.
STUDY DESIGN AND METHODS: A noninferiority RCT
was perlormsd whsre patients with chernotherapy-
induced thrombocytopenia (six cenlerc) were randomly
allocated lo recelve PRT-PLTS (Mirasol PBT, Carldian-
BCT Blolgchnologles) or relsrence platBlet (PLT) prod-

ucts. The treatment period was 28 days lollowed by a
28-day tollow-up (saf6iy) period, The primary outcome
w* lhe Coliu, determlned using up lo thir first eight
oo.ptol@l PLT t|ansfusions giv€n during lhe lrealmenl
penod.
RESULTS: A total of 118 patlents were randomly
assign€d (60 to PRT-PLTS; 58 lo'relerence). Four
patients per group did nol rsqulre PLT translusions
loavlng 110 patients In the analysis (56 PBT-PLTS: 54
rcterence). Alotat ot S1 on-prolocol PLT lranstusions
were glven (303 PRT:PLTS; 238 reference). Th6 least
square mean CCI was 11 ,725 (standard sror [SE],
1.140) for PRT-PLTS and 16,939 (SE, 1.149) lor lh6 rel-
erence group (dlfference, -52'l4i 95o7" confldencs inter-
val, -7542 lo -2887; p < 0.0001 for a test of the null
hypolhasis ot no dittelsce baiwaen lhe lwo groups);

CONCLUSION: The study failed to show noninterlority
ot PRT-PLTS basod on predefinod CCI criterla, PLT and

red blood cell utillzatlon ln ths two groups was not sig-
nfficantly dltf8rent suggesting that ths sllghtly lower

CCls (PBT-PLTS) did nol increase blood producl utiliza-
tim. Safaly data showed siDilar tindingF in the two
groups. Further studies a€ required to detemine lf lhe
lower CCI obserued with PRT-PLTS translates Into an
increded risk ol bloeding.

ver the past two decades significilt progress
hhs been made to prevent ffmsmission of
virus€s and bacteria through blood umsfu-
sion including improved donor screening at

the time of donation, introduction qfnucleic acid testing
for !'irus detection, screening for bacteria, and the diver-
sion pouch used at the time of donation to reduce bacte-
da.l contamination.t''? In spite of these improvements,
notable risks still remain for transmitting some blood-
borne pathogens.Viral trmsmission can still occur during
the window period when tests ile unable to detect low
pathogen load, because some tests lack optimal sensitiv-
ity, or due to the fact that practical md effective donor
screening methods for cenain knouin pathogens may not
be available. Trmsfusion-associated sepsis due to bac,teria
in the blood producta.lso occurs as bacteriai testing is not
performed universally, and cunent detection systems
are only partially effective at identi4'ing contaminated
products. However, the greatest concern driving the devel-
opment of new technologies to prevent pathogen irms-
mission is the riik ofblood supply contamination by new
pathogens, or new strains of knom pathogens, for which
no tests cuffently exist.l

For mole than a decade, research has focused on the
development of safe and effective methods of pathogen

ABBREVIATIONS: DSMB = Data Safety Monitoring Boud;

lJ = Ieast squile; PRT-PLT{S) = pahogen reduction of

platelet(s); RCI = randomized conuolled rdal; SA!(s) = serious

adverse went(s).
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'The members ofthe Mtasol Clinical Evaluation

(MIRACLE) rial de listed in (he Acknowledgments.

Received for publication De@mber 4, 2009; rwision

received Milch 5, 2010, md accep(ed Mach ll, 20f0.

dot: l0.l U I I j. 1537 -2995.2010.02694.x

IIANSFUSlON 20 10i50t2362-237 5.

Ю

2362 TRANSFuSiON Volum● 501 November 2010 Volune 50, Nov3mbar 2010 TRANSFUSION 2363



THE M!RASOL CuNICAL EVALUA■ ON STUDY GROuP

The following data were collected at the initial rm-
domization visit: height, weight, vital signs, concomitmt
Featments, and laboratory test resu.lts (D-dimer, albmin,
alkaline phosphamse, alanine aminotransferase [AII],
blood urea nitrogen, lactate dehy&ogenase [LDHJ, potas-
sium, total proteln, fibrinogen, creatinine, uea, bilirubin,
complete blood count, and llmphocytotoxicity testing).
Blood sarhpls were also collected for detection ofphoto-
products and neoantigm fomation (results reported in a
separate article).28

Intewgntlons

Reference md PRT-PUI products were collected by apher-
esis (Tlima Version 5.0, CilidianBcT) or prepared from
bufry coats using pools from six whole blood collections
using the OptiPre$ (Fenwal, Inc., Round Lake, IL) device
with a top-md.bottom sepilation process and conven-
tional PLT pooling methods: AII PUISwere leukoreduced in
accordance with French requircments (residual WBC
content below lO6/product in >9790 of production).
Product rcquirements included: volume of 170 to 360 mL,
concentration of lt80 i lo, ro 2loo x I0, PLTS/L plasma,
md minimum-madmum PLI yield of 3.0xlort and
5.1 x l0tr PLfs, respectively. Nl products were suspended
in plasma and storcd at 22'C with agitation for a
maximud of 5 days. Products that fai.led requirements
(see Suppolting Appendix 52, available as supporting
information in the online version of thls paper) were not
used in the study.

The PRT-PLTs were prepared using MIMSOL PRT.
After the rest period (2 hr postcouecdon of aphercsis PLIs
and I hr postpreparation of bury coat PLIS), the PUts were
trmsferre.d into an illumination/storage bag and ribofla-
vin solution was added (500 pmoul" 35 t 5 mL). The bag
was sealed using the MIMSOL PRT Welder The product
was placed in the illwinator and exposed to light at
6.2411mL25 and then labeled "Excluslvely for Clinical
Investigation."

The recommended uansfusion trigger was l0 x lOe/L
when clinjcal dsk factors were absenu 20 x l0s/L when
there was fevet hypertension, evidence of Gmde 2
mucositis; lesions wit}t bleeding potential and/or a rapid
decrease in PLI count occurred within 72 hourc; and
50; lO,/L if antithrombotics were administered, if there
was evidence of fibrinollsis or coagulopathy, or invasive
surgery was required.2s Patients could withdraw frcm the
sludy at any time or could be withdram at thef physi-
cian's discretion based on clinical or laboratory findings
that suggested that participation may not be in the
patient's best interest.

The teatment perlod started at the time of random-
ization (Day 0) and continued for a maxjmum of28 days.
The .following reasons accounted for patient termination
before Day 28: no need for additional on-protocol PLI

2364 TRANSFUSION Volume50. November2010

uansfusions, withdrawal due to an adverse event, with"
drawal of consent, lost to follow-up, tnnsfer to another
hospital seruice (e.g., intensive @re unit), or death. After
the treatment period, a safety follow-up period beganwith
Day I being the day after the last on-protocol tmsfusion
in the treatment period continuing for 28 days (range,

23-42 dayi considered acceptaD'le), day of withdrawal
(adverse even!/withdrawa.l of consent), lost to follow-up,
or dealh, whichever occured first. A transfusion was
defined m off-protocol if l) the product did not meet the
prcspecined criteria (defined above), 2) b patieht random-
ized to PM.PLTs received a non-PRI-PLT prcduct, or 3) a
PLI uusfusion was given outside ofthe 28:day treatment
period.

Product information collected with each on-protocol
transfusion included weight (9, PLT coht, ABO group,
collection and/or manufacturing method, whether the
product was gamma irradiated, transfused volme, and
date md dme of transfusion. Patient informarion for
each on-protocol PLT.tralsfusion was collected before
and 24 hours posttmnsfusion and included weight, vital
signs, evidence of bleeding, concomitant tr€atments,
creadnine, urea, bilirubin, and complete blood count.
Similar documentation occu[ed at t hour posttransfu-
sion with the exception of creatinine, urea, md bilirubin.
At the end of the safety fouow-up period'the same
assssment wag perfotmed as the pretansfusion assess-
ment. Bleeding assessments fo! on-protocol PLI trans.
fusion were performed by hospita.l staff {physicians
or nursing staff) who were appropriately trained to
score according to WHO bleeding assessment criteria,3o
This lncluded a physical enmination for signs and
symptoms of bleeding and a review of the patient'6
chan for documentation of bleeding. A bleeding
assessment was also performed at the last study
follow-up visit.

Sludy outcomes

The primary efficacy outcome was the CCIthou measured
30 to 90 minutes posttrmsfusion for each of a milimum
of eight.o6-protocol PLI transfusions pe! patient occu!-
ring within the 28-day ueatmenr period. The patient's
pretrmsfusion PtT count for this calculation had to be
measured within l2 hours of the Uansfusion, Tfansfusions
where the l.hour measurement was taken 30 to 90
minutes posttransfusion were considered dme compliant.
Measurements taken within 0 to 120 minutes postumsfu-.
sion were also analyzed as an extended time period.
Transfusioni with m€asurements taken after l20 minutes
were not included in these analyses. CCI was calculated
using the formuJa

Posr - pre count (xlls f L\Lu = 
FffiE;6;;;;&;;i6tF\\ be

IBSA(Body Surfrce Area)
= 0,0202457 x ltetghtr;nt xwerghtllE.

Secondary outcomes included CCI:6*, (specimens

collected 18-26 h! Fosttransfusion were considered time
compliant and 15-30 hr posttrmsfusion denned the
extended time ieriod), interval between trilsfusions,
number of PLf arici RBC fiansfusions per subject during
the keatment petiod, number ofPllfs transfused norma.l-
ized by body surface area md for the number of days in
the ueatment period, evidence ofrefractoriness (two con-
secudve uansfusions with a CClrr.* < 5000), frequency of
transfusion associated infections; and bleeding (WHO

Grades l-4).
Safety outcomes werc captured dudng the $eatment

and follow-up periods including adverse events, serious
adverse everits (SAES), bleeding status on days of PLT
transfusion, transfusion-a$sociated infections, and death.
Adverse events were categorized as mild, moderate, or
severe. The causal telationship was classified as uuelated,
unlikely, possible, probable, or highly probable (see Sup-
poning Appendix 53, available as supponing information
in the online version of this paper). Adverse events were
coded according to the Common Toicity Criteria Scale
(CTCAE Version 3.0/MedDRAVersion 6.0, MedDM MSSO,
Chmtilly, VA). A.ll SAEs were reported to the coordinating
center within 24 hours ofthe event being identified and to
other relevant authorities. Alloimmuization to neoanti-
gens was a.lso asscsed with results reported in a sepilate
publication.2o

Sample slze

It was estimated that the mean CCLI"", in t}le reference
group would be 14,700 (standard deviation ISDI, 5200;
based on the rsults of the TRAP study).3r Wth a Tlpe I
emi of 2.5% md power of 8070, it was deterilined that 50
patients muld be rcquired per goup to claim noninferi-
ority of PRT-PII$ compared to standad praclice with a
noninferiority malgin of 20% (CCI difference of2940). Thjs
sample size wm increased to ll8 to accommodate some
loss to follow-up. If the lower limit of a two-sided 9590
confidence interval (CD for the difierence (PRT"PLIF
reference) in meal CCIIr,, is above -2940, noninferiority
would be demonstrated.

Dala Satety Monltorlng Eoard

The Data SafetyMonitortng Board (DSMB) wm composed
of two transfusion medicine experts, one biostatistician,
and one physician, alJ independent of the study sponsor
The DSMB monitored unblinded safety and performdnce
data, made recommdndations related to protocol changes
and continuing/stopping the study, and reviewed all SAEs

M!RASOL C口N:CAL EVALUAT:ON TR:AL

providing their final adjudication. An interim ana.lysis was
planned a priori md perfoimed by an independent group
after 54 randomized patients completed follow-up;
however, formal stopping rules were not specined a priori.

Statlstical analyslE

Descdptive ana.lyses were conducted for the demographlc
and clinical wriables. Continuous variables were summa-
rized by their means and SDs and categorical variablds by
frequencies and percentages. The frequenry of on.and
off-protocol transfusioN ws tabulated.
. The primary md secohdily outcoms (CCIrh.u and

CCIuo"ur, respgctively) were airalyzed using a mixed-
effecb analysis of covariance model with a random
patienj effect to accomr.nodate the association in the
responses within patients over multiple trilsfusions and
conuoll ing for pretransfusion PLI count and ueatment
group.32 For each treatment group, least square (LS)

means and standard errcrs (SE) were reported based on
fits using computer software (PROC MIXED, SAS 9.1.3,
SAS lnstitute, Inc., Cary NC) and compared between
teatment arms. By recognizing that responses to serial
transfusions may not be independent-within padents,
this approach lecognizes all sources of vuiability and
ensues valid in-ferences. Ana.lysis included up to the first
eight time-compliant oD-protocol PLf transfusions N
received duing the ueatment pedod for all randomized 

'

palients who received at least one transfusion. A second-
ary analysis also included trmsfusions where posttrans-
fusion measurements occured within the extended time
period.

Interactions between treatment group and pretlms-
fusion PLT count were. tested to examine whether there
was evidence that the effect of PRT-PLIS varied for differ-
ent pre$ansfusion PLI counts. Similar tests were carried
out for interactions befween response md Site to test for
the poolabiliry of data across sites.

A mixed longitudinal Iogistic regression model33 was
also fit to assess the effect of PnT-PLTS versus reference
PLif products on achieving a 7500 CCI dt I hour and 4500
QCI al 24 hours posttransfusion.3a Prctansfusion PLT
count and a rmdom patient effect were included in this
model with the latter accounting for an association in the
responses over time. Frailtyrnodelswere fit to estimatethe
distJibution of times between transfusions while account-
ing for the within.patient dependence in the gap tilnes.35
AII p values for secondary outcome comparisons were
two-tailed tests, Adverse event data were summarized in
tabulil form and analyzed descriptively.

The primaryand secondaryanalyses were repeated in
a post hocsubgroup analysis of95 patients.This subgroup
was obtained by excluding 15 patients with incomplete
data (eight receiving reference PLIS and seven receiving
PRT-PUIS) afier discussion with the DSMB.

VOlum●50,November2010 TRANSFuSiON 2365



THE M:RASOL CL:NICAL EVALυA■ON sTuDY GROUP

RESULTS

Six centers enrolled I 18 patiints into the study between
December 2005 and September 2007: 60 patients received
PRT-Ptjls and 58 received reference PLTs. Fou patient5 in
each treatment group did not receive PLI tansfusions
leaving ll0 patients that could be included in the
intendon-to-treat analysis, There were l0 of I l0 patients
who withdrcw from the study before Day 28 in lhe treat-
ment period (six in the PRT-PLT arm; fou in the reference
arm); hence, the proponion of patients completing the
treatment period in the PBT-PLT group wro 91.190 (51 /56)
and 98.1% (53/54) ln the reference gloup. Data ftom these
10 patients were included in the analyses up until the time
oftheir withdrawal. The proportign of patients complet-
lng the safety follow'up period was 73.2% (41 /56) for PXT-
PL:[s and 8l.5Vo (441541 for t}le reference ilm (median

duations both study periods being 45 md 44 days,
respectively). Patient flow through the study is summa-
iized in Fig. l.

川" 8中、

Baseline demographics for the study patients were
similar between th? two groups and are summarized in
Table l. Othe! bseline characteristics were docrmented
(data not shown) and showed a similar distribution in
both groups (physical findings, vital signs, completeblood
counL fibrinogen, albumin, alkaline phosphatase, ALT,
creatiline, urea, direct and total bilirubin, blood urea
nifogen, LDH, potassjum, and tota.l protein),

Ther.b were a tota.l of 6?8 PLI transfusions given to
padents during the study period: 368 PRT-PLI trmsfu-
sions (303 on-protocql; 65 off.protocol) and 310 reference
group Eansfusions (238 on-protocol; 72 off-protocol), The
frequency of off-protocol PLf trmsfusions was 17.7% tor
PBT-PLTS and 23.280 in the ieference group. Criteria for
o$-protocol trasfusions were prespecified in the
protocol; however, the data couection process did not
caPture the reason.

The prbspecified primary outcome anallsis for the
Cclrr- was based on a maimm of eight PLI transfu-
sions per patient occurring in the 28-day tleatment

period: 258 for PRT-PLTS and 209 for the
reference group (total 467). The test for
homogeneity of treatmeit effects
between sites for the CCIrhoq was not
si8nificat tp =0,1728), indicating t}at
data flom all sites could be pooled to
estimate the treatment €fect. The LS
mean CCL@ in the PRT-PLT group was
II,725 (SE, 1140) and in the reference
group 16,939 (SE, ll49), a diference of
:5214 (95% Cl, -7542 to -2887;

p<0.0001). The CI for the difference
lncludes the prespecined upper limit of
the zone ofhoninferiority (set at 20% of
the mem CCI anticipated in the refer-
ence gloup, ri'hich was 2940); hence,
noninfedority could not be claimed
since to do so would have required the
lower limit ofthis CI to be above -2940.

The CCLh- was also calculated for the
enended time period, adjusted for ple-
transfusion PLf count (continuous vari-

able) and site (Table 2). The CCIrh"u, data
for time-compliant and extended time
period transfusions arc illustrated in
Fig, 2 using b'ox plots.

Secondary oulcomea

The CCIrmor was analyied according to
the tine-compliant and extended time
periods md adjusted for pretrosfusion

PLII count as a continuous mriable and
site. The test for homogeneity of the
etrect oftreatment between sites for the

∞

Ⅲ
ng.1.coNSOr nOw alagram showhgthe now oFpatie“ts thF●ugh●●●tudy mm

thetlme oflandommtl●n to ll.nly019.
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CC124hωr Was not si"nca,|(p=0'336)allollng for data
to be pOoled The LS mёan for tlme‐compliant Cc1241our

was 6676`'o“)Ⅲ the PRT PLTs and9886 6E,910h
the reFerence grOuo(llfference,,3219,95%CI,一,160 to
■1260)The CC124hOur●Sultstare summar■ed ul Table 2
and Fig 2 Table 2 also contalns the results of the m挟ed
10gl■C"gression models and repOrts the odds rauos
(ORs)for aChiいing the desired CCI merement(7500 and
4500 for CC11卜。ui and CCI,41 0ur,reSpecuvelyl The odds of
achたⅢg a suctlsStt tesPons,ヽまgnncandy bttr h

the PRIPLTs arm forthe CCI,●.彎among ume_cO,pliant
transfusions(OR,0284;9570 CI,0.105 to 0 767;p=o‐0130)
but,Ot Sgruncant,bwer fOr tle CCL4卜ow Ⅲ9ng■m争
c o m p l i a Ⅲ t r a n s “s 1 0 n s ( o R , 0 4 8 1 1 9 5 % C I , 0  2 1 l t o  1  0 9 8 :

p■00822)Sim]ar results"ёre fOund when considermg
transhslonsゃvihin the extendedtime period although the
24‐hour Col reSult becopes signincantin his analysis

A meanin〔山l lnterval betweerl trans■説ons Was dli
nёultto calculate as PatentSinb。ぬtreaunent groups had
of‐protoёol tansisions ν颯ぬin the treathent perlod.
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TABLE t, Easatlne charectarlstlcr tor the Datlanls ln the PRT-PL's 8nd relennce orouri

Troatn6nt m

D€mographic characteristlc PRT.PLTS (n = 56) Ref6r6nce (n = 54)

Medlan age, yeffi (€ng€) 58 (2073) 53 (20.74)
SeX(mao/1emalo)
Mod an heighl,m(rangel
M O d a n  w e 1 9 h t . k O ( 7 6 1 9 0 )        |
ABO o10。d orOup,number(%)

0
AB
DiagnOЫsl numbo子(・/●)|
Acute lympいoり |。letkemla

獅|『lm:,わν
k'ma i:

Non`HOdgkll's lymphoma
Hoa9kin'slシmphorn,
01her・
Moan(SD dural。ぃoftいrombOCytopental,daySt
Medan(rang。)bas●lno lost resuls
H●mo91obin(g/cLl

PLT count lX10・Al
WBC count(×l o3/L)

34/20
17(151・193)
7361450‐1lo 31

3 2 ( 5 9 3 )
0 ( 1 1 1 )
16(29.6)

0 ( 0 . 0 )

2 ( 3 7 )
27(100)

2 ( 3 7 )
18(333)

0 ( 5 6 1
2 ( 3 ‐7 )
148(70)

95(7・15)
4aO 16 2001

1 3 0 ( 0 ‐5 1 )

3224
17(15・186)
715(4631210)

3 0 ( 5 3 6 )
5 ( 8 9 )
2 1 ( 3 7 5 )
0 ( 0 0 )

2 ( 3 o )
2 6 ( 4 6 4 )
4 ( 7 1 )
19(330)
1 ( 1 0 )
4 ( 7 1 )
163(72)

9i5(8‐14)
425(8・479)
1105(0‐14)

'Otherincludosswereidiopsihicmedul laryaplsia(1),biphenolypicacutoleuk6mia(1),chrcnlclynphoqyt ic lEukEmia(l) ,myelodysplEela.

r6lractive an€miiwith eicess blaSls {2), and madiaslinsl lerato€rcihoma (1)-

i Oudng treslment tFdod.

Allo$@d to PRT'PLT.
( F 6 0 )

Peaivd .llo.rd idttudD .
(r s6)

Didiin @dvc rl@rld iilwcntion
( t r -4 )

Rlr$trr PLT @tuioN nol

( F ` 8 )

( P , 4 )
Diu nOt receli allocaol hte■ent10n

( n…4 )

TABLE 2.Summatt CC:vl:uos by tleatment group ba●●d on thO rrst etght On‐pr。1。●o:lran3rus:●n31prlmary

Rgferenoe PRT・PLTs minos Roた rence

Oc|.sntinu@s out@mg' Number LS m@n (SE) Number LS m€n {SE) Oiffsronce 95o/. Cl
Analysis ba@d @ he flBl eoht on-ptolo@l ttansluslqs wilhk ka 28-day t@tmilt petud
CCll餃v
■me Oomp“ant
Extended ume
CCI`4・.,
■me comp‖ant
Exlonded ume

",7250.140) 164  16,390,149)
,1,766(1,072)  174   17,17o(1,057)初

・５４０　
・３２‐抑
　
・５６０仰一ｍ

(,754210-2887)
←77210-30881

(-51601o-1260)
(-52321o‐1542)

0 0 0 0 1
く00001

000141 7 5    6 , 6 7 6 ( 8 8 3 )   1 6 0    0 . 8 8 o ( 9 1 5 )
209      6,998(811)      179     10,386(011)

ccl,h. , z,'t 7,162 (831) 211 10;O7o (839)
Co|-iichotorcus outcme Number Nlmbor (%) Numbor Numbor (%)
AnalFis based q the li6l eight on-prctocol naElusians within lho 28-day t@tm6nt peiod
'llme 

compllant .

ⅢalyS●based"aJ●●prao●●l rransFusl●os lyr力ゎ"02o・day freatrne771 pen●d
CC11臓"′ 273  11,∞ 5(962)  220   16.614(9771

,95   ,39イ ン,31   ,o4
175   1031589   160

2 1 6      1 5 1 ( 6 9 9 )     1 7 4

(-7791 to-34271  00001
←48021o-10'3) 00027
0 5 % C I    p  v a l u ●

1010500767)
(0 21l t。1098)

(0 081 lo 0 667)
( 0 1 8 9 1 o 0 9 4 5 )

001`.ω′>7500
CC124hoり>4500

CCIlur>7500
CC124口″>4500

1 3 8 ( 8 4 1 )   0 2 3 4
109(681)      01481

147(845)      0233

∞

２２

　

６７

∞

∝

“

　

∞

∞2 0 9     1 1 8 ( 6 6 5 )   1 7 9     1 2 0 ( 6 7 0 )   0 4 2 3
' Besulls for the ll6t slghl s-prot@ol kanslusions are also presonled uslng CCI as a dlchotomous outcome.

Lostto fOl10w‐uo(■・0)
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bleedlng, two had Grade 3, and one had
Grade 4. The Grade 4 bleed was geni-
tourinary and the patient completed 4l

,study days. ThQ numbers of bleeding
'events 

by grade are summarized in
Table 4.

The results of the primary md sec-
ondary endpoints are also simmarized
for the 95 patients lhat were included in
the post hoc subgroup malysis (see

Supponing Appendix54, available as
supponing informauon in the online
version of this paper). For the primary
endpoint (CCI16-) noninferiority was
not. demonstrated. For all secondary
endpoints the results were very simllar
to the analysis lncluding all I l0 patients,

TIME COMPし IANT

MIRASOL REFERENOE  MIRASOL REFERENCE

l HOUR     . ‐    24 HOURS

EXTENDED WiN00W

Flg. 2, Bd plots of l. ud z4-hour CCI! for trilsfuslone.ln the tlme-@mpllant md extended tlme perlods by trcatm€nt group.The

llnes wlrhln the boxs rcprEent the Q7r (upper l|re), medld (nlddle llne) lnd qE ower lind), The diamond lndl@t9e th€ r6w

meus (the meu of fte nw CCI values). The hetght of the rectugulu box indlcstes the nlnlmum od maxlnm vdqe8.

MIRASOし REFERENCE  M RASOL REFEneNCE

l HOUR         24 HOURS

When both on- and off-protocol transfusions within the
28-day treatment period are included in this analysis the
mem number ofdays between transfusions was 2.16 (SD,

1.69) forPRT-PLTs and2.30 (SD, 1.48) forthe reference arm
(p = 0.2903). The niean number of PtI transfusions pei
patient-day during the treatnent period lincludes on-
md ofr-protocol tr-ansfusions) was not significantly
diferenl PRT-PLTs 0.24 (SD, 0.16) and reference group
0.20 (SD, 0.19; p = 0.2046). Summaries of seconduy out-
comes are given in Table 3. None of the differencs
obseNed were signifrcant.

RBC lequilements were similar in the two groups. ln
the PRT-PLT gloup 183 RBC units were trilsfused in the
ueatment and followup periods: 155 were given in the
treatment pedod with a mean (SD) perpatient of 2'8 (1.7).

In the reference group 142 of 160 RBC units were given in
the treatment group with a mean per patient of 2.6 t2.4i

P =0.72s7r.

Allolmmunlzallon and retractbrlness
TWo patients in the PRT-PIJI group (3.6%) became aloim-
munized and four patients in the reference group (7.45%)

2368 TRANSFUSION Vdumo 50. Nov;mbar 2O1O

developed HLA antibodies (p=0.4336; ,Fisher's exact).
Only5 of I 10 pa.tjents (4.5%) became refractory duringthe
study: three (5.4%) ln the PRT-PLII group and two (3.790) in
the reference group [p = 1.0000;.Fisher's exact).

Infections

There were a total of88 infectious adverse events reported
in 58 study patients. In the PRT-PLT goup 45 infections
were reported in 28 patients (1.61 infections/patient). Six
infections were categorized as severe advetse events;
c)'tomegalovilus (CMv; I), Kebsiella.(21, Bcherichia
urinary tnct (1), infection (l), ild sepsis (l). The one
patient who developed CMV infection had posiuVe CMV
serology before stem cell transplmtation and uansfusion,
In the reference group there wele 43 infectiotr in 30
patients (1.42 infections/patient): nine of these were cat-
egorized as severe adverse events: bacterial infedion (l),

bacteria.l sepsis (l), bronchopulmonary aspergillosis
(1), Clostridium colitis (l), ClosfiiAium irificile colitis (1);

herpes virus infection (1), urindy tract infection entero-
coccal (l), sepsis (I), and septic shock (1), but none were
comidered Eansfusion related. There were no significant

diferenes in t}le proponion of patients with one or more
infections (p = 0.5731'; Fishe/s exact.test), and the mean
number ofinfections/patients/group (p = 0.4571). Table 4
summilizes lates of adverse events md SAES.

Bleeding outcomes

Bleeding assessments were only performed for
on-protocol PLT . tlamfusioils with assessments done
before transfusio$ aftertrans-fusion at I and 24 hours, and
on the final follow-up visit. There were 19 paiients with
WHO bleeding of Grade 2 or higher: l? patients in the
PRT-PI,'I arm (21,4%) and seven patients (13.090) in the
reference goup. Eleven subiects receiving PRT-PLTs had
Grade 2 bleeding, four had Grade 3, and two had Grade 4
(both centnl neryors system bleeding: one patient died
on Day 17 md one patient completed the stualy). In the
reference group thete rere five patients with Grade 2

Safely outcomes

All patients receiving PRT-PLTS and 98.1% (53/54) of
patients in the reference group had at least one reported
adverse event; however, the maiority of adverse events
were not related t<j the PLI products trapsfused (Table 5).
There were nve adverse events (f,ve patients) in the PRT-
PLI group thar were categorized as "possible, likely, or very
likely" and eight adverse events (nve patients) in the ref-
erence Sroup that fell into these categories. For the severe
adverse events two patients in the,PRT.PLT goup (1.870)

had events that were "very likely" related to a [ansfusion
and two patients in the reference a.rtn had events catego-
rized as "very likely" related. Thes€ patients dwelopod
anaphylactic shock (one reference patient), hypersensiuv-
ity plus eyelid ederiia (one reference patient),, md refrac-
briness to PLI transfusions (orle PRT-PLT patien0. There
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TABLE 3, Summary ot the charscteflstlcs of the PLT transtuslons and the secondary outcomsa related to
PLT lranstusion

PLT lranstusions

On‐protoCOl.Imted lo"bt
eiohi transfuЫons wIЫn the o●prolocoL W:thin tho 28‐day
2 8 ‐d a v ●o a ぃo n l  p e " o d

PRIPLTs   ReFerenco  o valuo

Veatmenl Deiod
FFF:FF---E;E;;;6-ffi;

Totai number o子PLT transfuston0              258       200               303       238
NumbOr d aphoЮЫ●PLT tanguSons(・/.)   1801690 ‐  14971o       2241739  17817481
Nurnbor ol bЧ町。。d PLT trangudons(%)     78(3Q:2)  60(287)        79(261)  60(252)
Mod an number or PLT transrus ons/patient(range)   40(1‐8)    30(1‐8)           45(1‐ 21)   30(1,19)
MOan(SO)Pげ dOS●t●nsluSed(×101り      537(214) 5381210) 09615  o?3(2091  522(202) 09867
1aean age。(productはヽ颯nstuSoR(dayS)     23(11)  20(11) 0039  27(11)  26(1:1)  02210

Total numb6r of ABomisriatched lransfusigns (o/o)
Major mismatch
Minor mismalch

Numb€r (7") of kansfu6ions COliha, @mdianl
Numb€r (%) of lranstBions Cclrtu, @mdiant
Mean {SD) inieryal belweon PLT lransfusions'

4 1 ( 1 5 9 )    3 7 ( 1 7 7 )

39(151)     32(153)
2(08)        5(2:4)
195(3119)     164(354)
175(75o  160ψ30

50(16.5)
46(1,2)
4(13)
222(8131
196(7●4)
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The mean. lrdsryal between PLT transfuslons is qalculated basod on both on- and gfl-prolocol transluslonq
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by WHO gradg and adverse went rales

A‖analシzable paliOnts(n■110)

PRT PLTc  Roforonce

Number or subleOls Wlh bleedlng epSodOs         、
Crado 1                       28      19    0 128
Grade 2                        11       5    0 176
Grad0 3                         4       2    0 679
Grado 4                         2       1    1 000

l Grade t4                33    23   ● lη
Grades 2 4                       12       7    ● 315
Grados 3 and 4                     6       3    0 490
Mean(SD)rate・
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Adve6€ €vents

TA:[ξ∫こ趙 ,T『鰍壁]サ晰誰臨:lrTf翼昴l::畔
e"

PRT PLTs Reterence

Suり●CtS■“h al bo●。ne adverso evont
T●la,nunb●′o′adve7se aven●
Rela‖onship of adverse eventto Study transfu●on十

un‖k。ソ
Possiblo
Lik●ly
Ve夕 llk●ly
Sover●adverso●venls
Subl●●lS W“h al least One adverse●vent
Total nomber of edvers●ovenls
Relati●nshlp or adverso evont to sludy tranζfり●Onl
None
υnl'kelノ
Possib10
Likely
Very‖k●ly
SAEs        :

織悧 |ぶよ鋼 L甜
V̈サ

RoaJonShや。f ldVeree eventto sludy transfuSon¶
Ngng
Unllk€ly
Po$ible
Likely
Ve″

(n=

5 6 ( 1 0 0 )    5 3 ( 9 8 1 )

5961911) 4771941)
53181)  221431
3(05)   2(014)
0(00)       3(06)
2 0 0 )   ● 1 0 C )

38(678) : 30(5S61
110         00

1 0 0 ( 9 0 9 )  8 6 ( 9 S 6 1

i寵| :88
0 ( 0 0 )    0 ( 0 0 )
2(lo)§       3(33)‖

13(2312)   11(2041

12(7061
5(20:4)
O 1 0 0 )
0(00)
0001

12(8571

1(71)
0(00)
O 1 0 0 )
1 7 1 ) ・・

of the following; death; serious deterloratlon in the sibiect's hqllh r€sutting In lit€.
thraalBnhg illn€ss d injury, permanent jmpairment gt body slruclur9 or functjon, pro.
longed hospiiallzatlon, or m€dl€ysurgical lnleryenlion; and taillro to @mdets the
lransfusion.
As r€porl€d by the Invostigator; porc€nlaga based on ths number of advoEe gvenls
rgporled in gqch l@lmonl arm.
As cported by the invstigator; p€rcontage bas6d on the numbor of sevare adverso
ovent6 rap9rlod ln eaCh trsalmenl arm.
Refractorine$ lo PLT transfusion,
Ong patl€nl dev€loDed anaphylactic shock durtng lho transfusion; one pstenl d€vel
oped hypsrssnsitivity during on€ lraretusion and ayolid €d€ma durlhg another
lanstuaion.
As reportsd by th€ Invgsligator; pErc€ntage based on ths number ot SAES reporied in
ogch lreatrnenl am.
Ons palient dw€loped ansphyl4tlc ahock dirlng lh€ ransfusion.
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DISCUSSION

This study was designed to d€termine
whether the CCIrr"",.for PRT-PLTS ws
noninJerior to untreated PLt products.
CCI was selected as the primary
outcome because this has been the
outcome historically used for licensing
of new PLT pioducts reated with PRT
methods in Europe.tr When planning
the. study,. noninferiority would be
claimed if tle mean CCLh*, of the
pathogen-inactivated product did not
exceed a reduction in mean CCI of
more than 20% of the value obseryed
with untreated PLTS. The study failed to
demonstrate noninferiority for.ei0ter
the CCIrm- (pimary outcome) or the
CCIzin-. (secondary outcome), Why
pathogen inacti!€Uon of Pl;Is results in
a lower CCI is not clear; however, t}ls
has been a consistent finding ln several
other stridies. In a crossover RCT
eroouing normal subjects, Aubuchon
md colleaguez6 found that PRT-PLTS
had a reduced mein suruivjl tto.syo
Iower) and recovery (38 hr less) @m-
pared to untrdated PLT product. The
SPRINT study using amotosalen HCL
(S-59) and UVA light ro pathogen inac-
tivate also reported lower CCIS at both
I and 24 hous with the pathogen-
lnactivated PLI products. The mem
CCIs per treatment group reported
in the SPRINT study were almost iden-
tical to t}le values observed in this
study.r2

Metabolic activity ild expression
of activation markers increase in PRT-
PLTS dudng stonge;26 hence, one could
hypothesize more rapid utilization of
these cells at sites of iniury or dmage,

rere five thrombotic events reported; horever, none lffi
related to study transfusions: one event occurred in the
PRT-PLT arm (pu.lmonary bmbolism) and four occurred in
patients receiving reference PLIs (cerebra.l vascular
thrombosis lll, myorudial infilct [1], jugularvein throm-
bosis [ ], md veno-occlusive disease {l l). A summary of all
adverse events and severe adverse events categorized by
orgm system de summarired irl Table 6. The frequencies
of all adverse events and SAES were similar-between both
treatrnent dms. Most adveBe eyents weye categorized
according to the following organ systems: gasuointestinal,
general disorders and administrative site condi(ions, md -

blood and lymphatic disorders.
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due to their increased activation status. Similar efrecG
have been seen with dimethyl sulfoxide-cryopreserued
PLfs; however, despite demonstrating highly elevared
levels of P-seleitin expression and other actlvation
markers,30 {0 significmtly increased degranulation,rr ud
significmtly lower levels of recovery in circulation,a2 the
cryopresewed PLfs were associated with less bleeding,
fewer transfusion suppon needs, and fewer compllca.
tions compared to conventional, liquid-stored
Pll's.$icrq4 These findings emphasize the need for
studies asscsing the clinical impact of pathogen-
inactivated PLIS that cm clearly elucidate the relemnce
of the in vitlo findings.
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Although the mean CCI values for both I and 24 bours
were lowerwith PRT-PLTS, the mean values for both deter-
minations were abwe the 7500 and 4500 thresholds,
respecdvely, that have been used to define successfi.rl
transfusions.'s At I hour posttransfusion, 71.3% of the
pathogen-inactivated products resulted in successfi!
trmsfusion increments compared to 84.170 in the refer-
ence group. At 24 hous posttransfusion the proponions
successful were 58.9% for PRT-PL;IS and 68.1% for refer-
ence PLTs. Although the percentages of suctessfiI trans-
fusions are lower thm desired &oth groups), they are
within the nnges reported in other PLT trmsfusion
studies laising questions as to why 30% to 40% of PUt
transfusions are not considered successful based on
current established tfuesholds.a6aT Patient factors that
a.Eect increments and product variability may explain part
of this failure; hmever, our understanding of these poor
responses is still limited. Because ofthis observation, the
sensitivity of the CCt as a clinical outcome measure could
be questioned and indeed many studies have now used
bleeding as their prim&lr outcome.r2,{8,e' 

The tine to next trasfusion ad overall blood
product utilization ana.lyses provided information about
tle resource implications of using PRT-PLTs. The dme to
next transfusion ms determined for both study groups;
however, there were limitations with this ana.lysis as
.on-protocol tmnsfusions dudng the treatment period
were not always consecutive; hence, the interpretation
was problematic. The overall PLI and RBC utilizarion in
the two study groups ws not significantly differcnt, sug-
gesting that the lower CCIS with the PRT-PLTS did not
trmslate into significantly higher blood product use.

Safety information using PRT-PLIs was also obtained
from this study. The study was designed to capture all.
adverse events regardless ofwhether they were related or

.trelated to the tmnsfusion of PLIs. Over ll00 adverse
events occurred during the ueatmen and folJow-up
phases of the studt indicating the severe degree of
illnss and complications that occut in this patient
population. Horever, onJy four patients had adverse
gvents (two with PRT-PLTs and two with reference) that
were categorized as haying a very likely relationship to
PLI transfusion. The two events in the PRT:PLI group
were refractorinss to PLI uansfusions. The events in the
reference group included anaphylactic shock during a
transfusion, hlpersensitivity, and eyelid edema. All
adverse events were categorized by organ system. md/or
disorder. The most frequently reported events in both
treatment arms were gastrointestinat, general disorders
and administrative site problems, blood and lymphatic
disorders, and infections md infestations. These events
occurred with simila frequency in both treatment
goups suggsung an aqceptable safety profile with PRT;
however, additional safety data wou.ld be useful collected
either as posUnarketing suweillmce or as part of a larger
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clinical tria.l where bleeding could be used as the primary
outcome. Bleeding data were collected as a secondary
oulcome durlng this study but they were only actively
assessed duing the 24-hour time period around
on-protocol traNfusioN, Each Eeatment group had
Glade 4 bleedlng everits (two in the PRT-Ptjt group and
one in the reference group). The study was not power€d
to shm difference in bleeding and given the paucity of
data we do not attempt to make conclusions related to
risk of bleeding.

Them werd a number of additional limitations to this
study. The frequent use of ofr-protocol uansfusions made
it dimcu.lt to analyze some of the secondary outcomes
that involved measures over time. The rereons for the
off-protocol transfusions were not documented. This
information would have been useful to understand some
of the logistical considerations when using PRT-PLTs and
to provide futher insight into the challenges with pro-
ducing a standardized product volume and dose. The
responses to off-protocol transfusions were not available,
which also precluded traditional intention-to-treat analy-
ses. These data would have.been helpfu.l to provide a
more complete representation of the full transfusion
history. There were also a number of protocol violations
where posttransfusion samples for CCI determination
were collected outside ol the time-compliant period:
17;47o (861493) for the CCIrn.- and 22.89o 009/478) for
CCIzo-o. To avoid excluding these data, we prespecified
an odended time period 4 addition to the time-
compliant period and anallzed the data both ways;
however, this compliance issue iuustrates the challenges
with gefting CCI measuremdnts posttransfusion in this
complex patient population.

In conclusion, the noninferiority of PRT-PLIs com-
pdred to reference PUfs using the surrogate.outcome
measure of CCI166U was not demonstrated in this con-
trotled clinical trial in t10 patienrs. Safery data did not
identify any major adverse effects associated with the
transfusion of PRT-PLTS. Overall PUf md RBC utilization
in the two study groups was not significantly differeht,
suggesting that the lomr CCIS with the PRT-PUIS did not
uuslate into significandy higher blood product use:
Further studies re needed to show whether the lowerCcl
obserued with PRT-PLT$ is a$ociated with any change in
the risk of bleeding.
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