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研 究 報 告 の 概 要

チ
ク
ン
グ
ニ
ア
ウ
イ
ル
ス
(
C
H
I
K
V
)
流行
は
、
以
前
ア
フ
リ
カ
、
イ
ン
ド
洋
賭
島
、
南
ア
ジ
ア
と
東
南
ア
ジ
ア
の
一
部
に
限
ら
れ
て
い
た
。
し
か
し
、
2
0
0
7
年
に

最
初
の
土
着
の
C
H
I
K
V
伝
播
が
欧
州
で
報
告
さ
れ
た
。
高
い
レ
ベ
ル
の
ウ
イ
ル
ス
血
症
、
欧
州
や
米
国
の
大
都
市
地
域
に
も
存
在
す
る
媒
介
蚊
、
及
び
生
理
化
学

的
な
不
活
化
工
程
に
対
す
る
こ
の
ア
ル
フ
ァ
ウ
イ
ル
ス
の
抵
抗
性
に
つ
い
て
の
不
確
実
性
は
、
血
漿
分
画
製
剤
の
安
全
性
に
つ
い
て
の
関
心
を
惹
起
し
た
。

使
用
上
の
注
意
記
載
状
況
・

そ
の
他
参
考
事
項
等

CH
IK
Vに
関
す
る
血
漿
製
品
の
安
全
性
の

る
た
め
に
、
普
遍
的
に
用
い
ら
れ
る
ウ
イ
ル
ス
不
活
化
工
程
(ヒ
ト
血
清
ア
ル
プ
ミ
ン
(H
SA
)の
た

め
の
低
温
滅
菌
、
活
性
を
無
視
し
て
い
る
第
Ⅷ
因
子
抑
制
剤
の
た
め
の
蒸
気
カ
ロ 熱
、
静
脈
免
疫
グ
ロ
プ
リ
ン
(
I
V
I
C
)
の
た
め
の
溶
媒
/
界
面
活
性
剤
(
S
/
D
)

処
理
、
l
V
I
C
の
た
め
の
低
p
H
イ
ン
キ
ュ
ベ
ー
シ
ョ
ン
)
の
こ
の
新
興
ウ
イ
ル
ス
(
C
H
I
K
V
及
び
密
接
に
関
連
し
た
シ
ン
ド
ビ
ス
ウ
イ
ル
ス
(
S
I
N
V
)
)
に
対
す

る
不
活
化
効
果
を
調
べ
た
。
得
ら
れ
た
結
果
は
、
西
ナ
イ
ル
ウ
イ
ル
ス
と
よ
く
使
う
モ
デ
ル
ウ
イ
ル
ス
:
ウ
シ
下
痢
症
ウ
イ
ル
ス
に
つ
い
て
以
前
の
研
究
と
比
較

さ
れ
た
。

生
成
さ
れ
た
デ
ー
タ
は
、
評
価
し
た
不
活
化
工
程
が
S
I
N
V
と
同
様
に
C
H
l
K
V
に
も
効
果
的
な
不
活
化
効
果
が
あ
る
こ
と
を
示
し
、
そ
れ
に
よ
っ
て
モ
デ
ル
ウ
イ

ル
ス
が
使
わ
れ
た
初
期
の
パ
リ
デ
ー
シ
ョ
ン
研
究
か
ら
の
結
果
を
裏
づ
け
た
。
こ
の
こ
と
は
血
漿
製
品
の
安
全
に
揺
る
が
ぬ
安
心
を
提
供
し
、
そ
し
て
こ
の
結
果

は
、
新
興
ウ
イ
ル
ス
の
物
理
化
学
的
特
性
が
良
く
特
徴
付
け
ら
れ
て
い
る
場
合
に
は
、
そ
の
ウ
イ
ル
ス
の
不
活
化
特
性
を
予
測
す
る
の
に
モ
デ
ル
ウ
イ
ル
ス
の
使

用
が
適
切
で
あ
る
こ
と
を
実
証
し
て
い
る
。

代
表
と
し
て
ヘ
ブ
ス
プ
リ
ン
I
H
静
注
1
0
0
0
単
位
の
記
載

を
示
す
。

2
 
重
要
な
基
本
的
注
意

(
1
)
本
剤
の
原
材
料
と
な
る
血
液
に
つ
い
て
は
、
H
B
s
抗

原
、
抗
H
C
V
抗
体
、
抗
H
I
V
-
1
抗
体
、
抗
H
I
V
 
2
抗
体
陰

性
で
あ
る
こ
と
を
確
認
し
て
い
る
。
更
に
、
プ
ー
ル

し
た
試
験
血
漿
に
つ
い
て
は
、
H
I
V
-
1
、 B
V
及
び
H
C
V

に
つ
い
て
核
酸
増
幅
検
査
(
N
A
T
)
を
実
施
し
、
適
合

し
た
血
漿
を
本
剤
の
製
造
に
使
用
し
て
い
る
が
、
当

該
N
A
T
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
。
本
剤
は
、
以
上
の

検
査
に
適
合
し
た
高
力
価
の
抗
田
s
抗
体
を
含
有
す

る
血
漿
を
原
料
と
し
て
、
C
O
h
n
の
低
温
エ
タ
ノ
ー
ル

分
画
で
得
た
画
分
か
ら
ポ
リ
エ
チ
レ
ン
グ
リ
コ
ー
ル

4
0
0
0
処
理
、
D
E
A
E
セ
フ
ァ
デ
ッ
ク
ス
処
理
等
に
よ
り

抗
l
l
B
s
人 免
疫
グ
ロ
プ
リ
ン
を
濃
縮
・
精
製
し
た
製
剤

で
あ
り
、
ウ
イ
ル
ス
不
活
化
・
除
去
を
目
的
と
し
て
、

製
造
工
程
に
お
い
て
6
0
℃
、
1
0
時
間
の
液
状
加
熱
処

理
及
び
ウ
イ
ル
ス
除
去
膜
に
よ
る
ろ
過
処
理
を
施
し

て
い
る
が
、
投
与
に
際
し
て
は
、
次
の
点
に
十
分
注

意

:
る

こ
と
。

報
告
企
業
の
意
見

今
後
の
対
応

チ
ク
ン
グ
ニ
ア
ウ
イ
ル
ス
(
c
h
i
k
u
n
g
u
n
y
a
 
v
i
r
u
s
:
C
H
I
K
V
)
は、 
ト
ガ
ウ
イ
ル
ス
科
ア
ル
フ
ァ
ウ
イ
ル
ス
属
に
分
類
さ
れ
る
直
径

7
0
n
m
の
エ
ン
ベ
ロ
ー
プ
を
有
す
る
球
状
の
R
N
A
ウ
イ
ル
ス
で
、
蚊
(
ヤ
ブ
カ
属
の
ネ
ッ
タ
イ
シ
マ
カ
や
ヒ
ト
ス
ジ
シ
マ
カ
)
に
よ
つ

て
媒
介
さ
れ
る
。
万
一
、
原
料
血
漿
に
チ
ク
ン
グ
ニ
ア
ウ
イ
ル
ス
が
混
入
し
た
と
し
て
も
、
3
V
I
D
をモ
デ
ル
ウ
イ
ル
ス
′と
し
た
ウ
イ

ル
ス
ク
リ
ア
ラ
ン
ス
試
験
成
績
か
ら
、
本
剤
の
製
造
工
程
に
お
い
て
不
活
化
・
除
去
さ
れ
る
と
考
え
て
い
る
。

本
報
告
は
本
剤
の
安
全
性
に

影
響
を
与
え
な
い
と
考
え
る

の
で
、
特
段
の
措
置
は
と
ら
な

い
。
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in northestern kaly,3 with four smaller clusters of loel
trmsmission detected up to 49 km away from the initial
introduction by a presmably single individua.l.e Of 337
suspected CIIIKV cases, 306 rere exmined and 217 were
laboratory confirmed.ro later, autochthonous trmsmis-
sions have also been reported from southeastern France.rr
As a consequence of these recent outbreaks, CI{IKV fever
is no longer considered a disease that is restricted to tropi-
cal counuies, but has developed into a worldwide public
health concem 2

While cases of CHIKV trmsmission via blood prod-
ucts or organ trmsplantation have not been reported
so far, such trilsmission events arc possible,t'? m duing
an epidemic the risk of viremic donations is sub-
stantia.l,'with approximately one in four CHIKV infec-
tions dymptomatic,B ild the viral load duing the
acute phase of infection, which typicaly l6ts for 2 to 4
days, c Ngh as lOs copies/ml.7 These facts have mised
suincient concerns about the safety of plasma pro-
ducts for the Us Food md Drug Administration to
include the subiect in the agenda of a workshop.r'
Dedicated virus inactivation and removal steps rc
integrated into the manufacturing processes of all frac-
tionated plasma products tlrat rc licensed by advmced
regulatory authoritles to ensue their safety.tl These
process steps have been validated for their effec-
tiveness in inactivating a broad rmge of physicochemi-
cally diveme viruses, including relwant (e.g., hmim
immodeficiency virus, hepatitis A virus) md so-called
model viruses.r6 One of these model viruses, bovine
viral dianhea virus (BVDV) of the P$tiuiru genus
(Flavivirde\ is like CHIKV a lipid-enveloped RNA
virus and similu in size. As BVDV 6 well as the closely
related Flavivijus West Nile virus (WNV) have been
demonstmted to be effectively inactivated by the virus
reduction methods commonly used in the mmu-
factre of plasma products,tTr8 high margins of safety
re equally presumed for CHIKV Experimental evi-
dence for CHIKV itself was, however, not pwiously
available. To provlde adequate assumce of virus
safety, particulilly for the irdivjduals who crltically
depend on plasma-derived therapies, a well as
regulatory authorities who need to guaantee the
safety of such producs on the milket, the present

mrk investiSated CHIKV inactivation experimentally.
In addition, some of the inactivation methods were
waluated using Sindbis virus (SIIW), a virus closely
related to CHIKV and also WNV with the aim of
genemting funher supportive evidence for the inactiw-
tion capacity of these dedicated virus inactiEtion
steps with respect to CHIKV The results confirmed the
CHIKV inactivation behavior expected ftom eillier
model virus data md thereby show that concerns for tJre
safety of plasma producs with rmpect to CHIKV are

uwuranted.
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MATERIALS AND METHODS

Vlruses and cells

CHIKV strain "Ln2006-OPYl" was originally isolated in
2006 from a 73-yetr-old patient returning ftom [a
Rdunion, a French overseas depiltment,? and was
obtained from the Centre for Emlogy and Hydrology
(Oxford, UK). virus identity was confirmed by partial
sequencing ud sequence alignment with the whole
genome of strain "LR2006-OPYI" (GenBmkAccession No
DQ443544), wtrich showed greater thm 99% sequence
homology. CHIKV working stock was produced on Vero
cells adapted to grffth in sem-ftee medium md
titratedonvero cells (ECACC No 84113001, European Col-
lection of Cell Cultures, Salisbury, UK)

SINV strain tu-339 (ATCC VR-68), was propagated on
Vero ells (ATCC CCL-8f) or on baby hmster kidney
(BHK-21 [Cl3]) cells (lee Biomoleculu, Sm Diego, CA).
TCID$ (tissue cultue infectious dose 50%) titration of
SINVwas done onVero cells, whereas BHK cells were used
for plaque assay.

WIIV was obtaired from the liver of a snowy owi
found dead in NewYork in 1999. The virus wo isolated by
filtradon of the liver homogenate, passaged on Vero cells,
md lyophilized ("Isolate 385-99") The Isolate 385-99 m
characterized by sequencing parts of the genomers and
provided by Dr Robert E. Shope (University of Texas,
Calveston, TX) WNV was propagated and titrated on Vero
cells (ECACC No 84t13001).

Infectlvity assays

Virus-containing smples weie titrated on the respective
indicator cells byTCID$ assays (CI-IIKV SINV WNV) or by
plaque assy (SINV) using seriaj 0.5 or I log dilutions of
samples. The cytopathic effects induced by the vtuses
were waluated after incubation of the ells with the
samples for 3 da]6 (WNV Slf\Iv plaque Nay), 5 to 6 days
(SnWTCID$ ffisay), or 7 days (CHIKV) at 36 I 2"C. Virus
concenEations were calcu.lated according to the Polsson
distribution (CHIKV Wf{V) or according to Reed and
Muench (SIfw) and expre$ed as log(rcID$)/ml. Virus
concenuiruons determined with the plaque assay were
expresed m plaque-foming urits/ml. To lower the limit
of detection (LOD) for the smples uten during CHII(V
andmWm a-ft er 600 tuinutes of pasteuiation, after 30
md 60 minutes of solwnt/detergent (S/D) treatmmt il
well u on Days 14 md 20 of low-pH treatment, lerge-
volume titration (bulk) ms performed.

Downscaled manutacturing processes foa
plasma derivatives

All virus inactivation steps investigated apply to mmu-
factuing proesses for Baxter Hea-lthcare (Westlate

vilage, CA) products. Domscaled models were estab-
lished to mimic themilufacturingprocess steps m closely
as possible. Except for Sllw-spiked runs, process vuiables
were adjusted to worst case conditions to investigate
robutness of viru6 inactivation. The equivalence of the
laboratory models to the respective larBe-scale processes
was demonstrated by compaing critical process md
selated product variables. Temperature as a cdtical
pmces variable forvirus inactivation wc monitored con-
tinuously in all procsss invatigated. Process intermedi-
ates obtained from mmufacture were used 6 starting
materia-l ild spiked at a ratio between l:I0 to I:20 with
virus stock suspensions. From the spiked stajting materia.l
(SSM) sampleswere talen and titmted to verirythe mount
of virus added Further smples were collected dudng md
at the end of the virus inactivation processes md titrated
imediately. Corresponding unspiked or mock-spiked
smples were taken from control runs without virus and
tested for their potiltial cytotoxicity for indicator cell lines
ud for their potential interference with the detection of
low virus titers. virus reduction factors (log) were calcu-
lated in accordance with regulatory guidelines.t6

Pasleurization of human serum albumln

During miluftrturc, hman serum a.lbumin (HSA) is heat
treated as solution in the final container at 60"C for 600 to
660 minutes. The heatteatrnent is done for different con-
centrations of HSA, ranging from 5% to 25%. In the dM-
sca.le, the virus inactivation capacity ofthe heat treatment
step was investigated by incubation of the CHIKV- or
WNV-spiked albMin solutions at 58 1 l'C for 600
minutes. To show the robustnes8 of the obtalned virus
inactivation, pasteuiation of HSA ms done at low ild
the highest protein concentration, that is,5 ild 25%.
Sllw-spiked HSAm heated at 60 a I'C for 600 minutes,
at a protein conc€ntration of 25% orrly. To show the
equivalence of the dmscde to t}te mmufactuin8
prces, selected biochemical vuiables such as aggregate
concentration, purity, trdnsfenln, md c-l acidic glyco-
protein lcvels were monitored and compred to sample
results fmm manufacture.

Vapor healhg of antl-lnhibitor coagulant complex,
that iB, Factor Vlll inhibltor bypasslng activity

Duing the mmufadre of FactorVIII inhibitor bypassing
activity {FEIBA), a freee-dried bulk intermediate with an
adfusted midual moisture of 7% to 8% (wt/M) is heat
treated in a first phase at 60'C for a mirfmum of 510
minutes, followed by a saond phase at 8o'C for a
minimm of 60 minutes. For the downscaled ms,
prccess intermediate wm spiked with vLus and heere-
dried in 3-mL aliquots (z-ml aliquots for SlNV-spiked
intermediate). The residual moistue Ms adiusted before

CHIKV AND SAFETY OF PLASMA PRODuCTS

heat ueatmentby dre addition ofwater for injection, using
the method of Karl-Fischer. Heat ueatment of CrIIKV md
WT\IV was done at 59 5 = 0 5'C for 505 mihutes followed
by 79 5 + 0.5'C for 55 minutes and a residual moisture
content of 7% (wt/wt) md 87o (wt/wt), respectively. Sll\Iv-
spiked intermediate was adjusted to a residual moisture of
7 to8% (wt/wt) after freeze-drying md wm heat treated
at 60 t 0.5'C for 600 minutes followed by80 ! 0.5"Cfor60
minutes. FEIBA activity (clotting assay), Factor (F)II (clot-

ting assay), md FX activity (chJomogenic assay) were
determined for the domscale intermediate before and/or
after the mpor-heating process, and the results were com-
pared to the respectiw values for intermediates from
muufacture, to confirm equivalence ofthe different scale

Processes.

S/D trealment of inlravenous immunoglobulln

For S/D treatment of intravenous immunoglobulin (MG)

products Gmmagud S/D ild Gamnragard Liquid/
KIOVIG (Bdter), a mixture of ui-n-butyl phosphate,
Octoxlnol-g and Polysorbate 80 (Merck, Darmstadt,
Germany) was added to target concentrations of 0.3%
(vol/vol), l% (vol/vol), and 0.3% (vol/vol), rcspectively,
for at least 60 minutes at l8'C to 25"C and a pH value of
5.2. Dowmcale rms for CHIKV.rcere done at l8 = l"C
for 57 to 60 minutes. Concentrations of S/D components
for CHIKV (Gmaged Uquid/Klouc) md sltlv (Gm-

magud S/D) spiked runs were adiusted to 50% compmd
to the stmdud manufactuing conditions and the
klnetics of virus inactivation further investigated using
only l07o of the standild S/D concentrations. To pr€wnt
further inactivation of virus by the S/D reagents after
sample drawing, S/D-containing samples were diluted
immediately l:100 or l:20 (CHIKV 50 or l0% of nominal
S/D concentration) or l:10 (SINV) in cold cell culture
medim The mourt of S/D reagents added ms mea-
sured by weighing md the conentration of each S/D
rcagent in solution wm memured by specific assays in
uspiked control ms. Protein concentration, conductiv-
ity, and immmoglobulin (IdG concentiation of t}|e
respecdve intemediates of the two process scales were
measured md compared to support the equivalence of
the doMscale to manufacture

Low-pH treatment of lVlG (Gammagard
Liquld/KlOvlG)

During the Gammagard Liquid/KIOVIG manufacturing
process, the final product is incubated at a lowpII of4.4 to
4.9 and at a temperature of30'C to 32'C for 2l to 24 days
To investigate viru inactivation ofthe low-pt{ incubation
step at.labomtory scale, CI{IKV-spiked process intermedi-
ate was incubated at 29 = l'C for up to 2l days The pfl,

adjusted to 4.4 md 4.9, was monitored md incubation
temperatue continuously remrded To prevent further
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ilactivation of virus after sample draw-
ing, smples were diluted inmediately
l:3 16 with cold cell cultue medium.
Selected biochemical vriables such as
moleculil size distdbution, gamma-
globulin purity, md functionally intact
lgc were determined md compared
to rsults of the luge-scale process
to veriff the equivalence of the two
Drocess scales.

RESULTS

For each of the fou dediated virus
inactivation steps as performed in
domscaled wrsions in these verifica-
tion studies for virus inactivation, the
results for selected biochemical vari-
ableswere always equivalent to those of
the rcspective smples obtained from
the mmufactuing sca.le processes (data

not shoM), thereby confiming wlidity
of the different scale processes. Gener-
ally, conditions least favorable for virus
inacti%tion were chosen.

Pasleulizatlon of HSA

As a dedicated virus inactintion step,
the final HSA product is pasteurized
lnvestigation of the virus inactivation
capacity in dorvnscale rms was done
belw the lower limits of temperatue
ud incubation time specified for
milufacture, and robwmes of the
heat treatment step wtr further shom
through the use of HSA with protein
concentrations at the exuemes of the
specified mmufacturing rilge. CHIKV
was completely ild Rpidly inactivated
to below the tOD within 30 minutes of incubation at
58 I l'C in both 5 and 25% HSA (Fig l, Table l). SINV
which like CHIKV belongs to the Alphaviruses, showed
very similar inactivation kinetics and was a.lso completely
inactivated to below the LOD within 30 minutes of pas-
teuization at 60 t l'C using 25% HSA (Fig. lB, Table l).
Significant reduction factore (Table l) and similil inacti-
vation kinetics were sm for WNV with complete inacti-
vation achieved after 30 minutes in 25% HSA and after 60
or 180 minutes in 5% HSA (Fig. I, Table l). Comparing the
results of the current study to eelier published BVDVpas-
teuiation data,I6 this model virus for small enveloped
RNA viruses m one ofthe most resistant against inacti-
vation through pasteuization. Whereas CHIKV, SINV and
\/vl\lv infecdvity was already significantly reduced duing
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Flt, l. Psaeurlzatlon of IISA.Vlru lnacdwrlon klnetlB for pGteulratloo at

58 ! r'C (60 t l"C fo! SIIW) of 5% HSA solutlon (A) ud 25% HSA solutton (B).

Mo oulta for duplt@te run6 wlrh CHIKV md W?W and 6lngl€ m for BVDV and

SliW @ shM. SSM ls vlrus-cplked HSA- For kln€tlc smpls wtth no detccbd

infctlvtty, the LOD ls shoM; (V) ffmt tlme polDt aa whhh no lnfedvlty w det@red

ln all rua,lrwerdetetlon lhtts forvlrs tlter t@ard the end of mtment ls due

to large-wlum€ Nays Oulk). (a) CfiftV; (O) BVDY (O) SINV; (O) WNV

TIme lminl at 79.5。C(80。C ror sNりTtme [minl at 59.5oC (60oC for SINV)

the heating phffi to target temperatre, BVDV wtr more
resistant to heating (Fig l) and a longer pasteuization
period was necessary to inactivate the virus to below the
LOD (I20 and 60 minutes in 5 and 25% HSA, respectively;
Fig. t, Table l).

Vapor heating ot FEIBA

The critical miables for the vapor heating process with
respect to vfuus inactivation ile temperature, time of
heating, and rsidual moistue. FEIBA intermediate
spikedwith CHIKVoTWNV was vapor heated at labomtory
rale to the lomr limit of tempemhm for just bdm the
lower limit of the incubation lime specified for the mmu-
facturing process, To evaluate prcess robustncs, the

Fig. Z. Vapor hcartng of PEtBrA. Vlru6 lnactlEtlon ktnetlcc W heatlng ofvlru6-splted, tyophlllzed, 8nd molotue-adJusted (7%-8%

tn/ul) FEIB{ ar 59.5 c 0.5"C (60 = 0.5.C for St!W), fotlow€d by 79.5 t 0.5"C (80 = 0.5'C for SINU bcatlng (tempeat@ prcffle

rcpFi€nted tn graph by the Eny llne). Mem of w mple per lilnetlc dme tDlnt for a.ll vlru6 eept SIIW (rlpll@tq). The ldt

SIIW smpte at 60 = O.s"C M6 raken sfter 600 minuts but shom tn graph at 505 mlnutG lor slmpllclty. SSM = vtru6-oplked FEIBA

before lyophlllzatloni "after lyo" = cmple afier lyophlttatton but before lnltlstlon of the heatlng procs6. For klnetlc 6mpls wlth

no detsted trdf@rlvlry, rhe II)D 16 shl'mi (V) 0r6t tlme polnt at whlch no IrGcdvlty w6 detected h ..lI ruN. RT = room temPera-

turc. (a) CHIKV; (o) BvDv; (O) sINv; (tr) wNv.

residual moisture ms adjsted to the upper and lower same limits of temperatre and residual moisture as

Iimisofthemanufactudngmnge.Usingconditionsleast specified duing mmufacture showed inactivation to

favomble for virus inactivation (tempetatre, time), the below the LOD aheady after 2 hours in the first heat ueat-

vapor heat ueatment step in combination with the pfe- ment phase (Fig.2, Table l). Comparing the results ofthe

ceding freeze-drying inactivated CHIKV and WI{V to cment study to eillier published BVDV vapor heating

below the IJOD within 6 hom of the first heat treatment data,ro efficient inactivation of the model virus was seen by

phme at a temlreratre of 59.5 t 0.5'C (Fig.2, Table l). thisprccedure,withnoresidualinfectivitydetectedafter6

tleat $eatment of SlNV-spiked FEIBA intermediate at the hous in the first phase of heat treatment, similar to
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TABLE 1. Reductlon tactors (log) and llme poinls at whlch no remalnlng vlral Intectivity was detected (values In
Darenlhese6l ln the currenl and orevious lnacllvallon studles

WNV             BVDV・

Pasleu"za“on o′HSA,t5・/.        >70/269(0‐ 1/30 min)    ND     >80/>83(60/180 min)

Fre●20‐dryinυヽapOr heaun9 ol FEIBA,17●/.

S7D lrealment of iViG,§50%

Lo,pH inalbalbn oi IVIG,¶pH 4 4

>53(1‐2 min)        N0
>53(1‐2 min)        ND
ND      >60V>5 ql(3080 min)
N D       > 5 5‖1 4  d a y s )

お 4 ( 1 2 0  m i n )

お 2(60 min)
>56(360 min)
>56(360 min)

お 1/お2(1‐2/1‐2 min)
ND

> 5 8 ( 1  2  m i n )
> 5 4 ( 1 4  d a y s )
)59′>56●4′14 daysl

>59/>50(0‐ 1/30 min)  >55(30 min)  >80/p77(30/30 rnin)

>69(360 mh) >59ゝ 52/147      お 2(360 mm)

>73(360 min)   (12α 12α120 min)   郷 0(360 min)

ジ 21267(1-271‐2 min)
>72(1‐2 min)

>7 9 16 days)
>74(14 days)

●ono using a solutlon wlh a conconlra“on o`5 or25%HSA

Done¨ ing producl with residual moisturo(Wウ■")。fフ。r8%oxceptfOr SINV Where residual moisture was adiusted t0 7%to 8・ /.

O o n o  u Ыn g  5 0 . 1 0 , o F  5 % O r  s p e c i “O d  S 7 D  c h e m  c a  s

Oala from Kd!ot a1 17

¶D o n o  u g n g  l V l G  a d l u s l e d  t o  a  p H  o f 4  4  o ′4 9 , 輌t h  t h e  e x c o p b o n  o f  W N v  r o r  w h i c h  s o l u 1 l o n  a d l u s t e d  t o  a  p H  o i  4  5  w a s  u s e d

ND     お 0/2611(214

Volurrle・
・
・
~・・ TRANSFuS10N 5



LEY00LD ET AL

CFIIKV and WNV (Fig. 2, Table l) Inter-
estingly, whereas the preceding lyo-
philiation step had only a marginal
efrect on the infectivity of CIIIKV SINV
md WIW (Fig.2), the infectivity of
BVDV was more affected by this proce-
dure, m obseryation that has been
reported before e

S/D lreatment of lVlG (Gammagard
Llquid/KlOV|G or Gammagard S/O)

At a final S/D concentntion corre-
sponding to only 50% of the manufac-
turing process, CHIKV and SINV were
a.lready inactivated to below the LOD
after t to 2 minutes of S/D treatment
(Fig 3, Table l). At l0% of the stildild
S/D concentntlon, CHIKV and ShJV
were alsb conpletely iDactivated after I
to 2 miDutes of S/D treatment (Table l),
mderlining th€ emcacy and robustness
of the S/D treatment step Compiling
the rcsuls of the current study to ealier
published BVDV S/D treatment data,rs
mpid md emcient inactiwtion of this
model virus rvas seen at both 50 and
5% of the standard S/D concenuation
(Fig. 3, Table l). In compilison, already
anilabld data for onditions deliber-
ately chosen to be by fil less stringent
than the actual manufactuing process
indicated that inactivation by S/D Eeat-
ment was somewhat slower for wNV
than for BVDV as no infectious virus
couldbe detected after I to 2 minutes of
ueatment with 5% of the standard S/D
. ^h^ant ra r l ^h  f ^ r  R tml /  h r r r  cnma lnur

level of inftrtivity wm detectable for
WNV util 30 minutes of treatment
(Flg. 3, Table l).'7

Low-pH lreatment ol lVlG
(Gammagard Llquid/KlovlG)

ln the dmscale investigadon of the low-pH ueatment
step of the MG intemediate, Cl{lKV was inactiEted to
below the LOD on Day 6 for the run at pH 4.4 ild on Day
14 for the run at pH 4.9 (Fig. 4, Table l). Comparing the
results of the cment study to earlier published BVDV
low-pH tmtment data,r0 BVDV was similnly inactinted
in the low-pH treatmmt, where by Day 14 mmplete inac-
tivation m accomplished in all three experiments (Pig 4,
Table l). tn comparison, available data forWNVT showed
that this Flavivirus was most rapidly inactivated by
low-pH ueatment ln one run at pH 4 9 WNV was aheady

6 TRANSFUSION Volume ". " "

sll) h!@d ri50% of 5l..&d S/D co*.ffitior

‐―■ ,―   ―  ――  ―  ― ― ・―       t

SID"■…nt●15%oVDⅥ WNりor 10%にコⅨV SIND Or3t8血H SrD●oncentndon

s
3 8 M t t 0 a b

l!crbd.. dD. ldrl.n!t dl6..f S i.{.it

Flg. 3. S/D t@tment of MG. VlrG Inactlwdon klnetlq for 50* (A) md 5% or

f 095 (B) oJ sudad SrD @n@ntradon for MG S/D tMtmcnt. VlruE titeB N

log(TCIDs/mI) for CHIKV,IVNV dd BVDV ud log(plaqueformlng ultr/ml) for

SII{V Mem culb for dupllcate run6 wlth CHIKV and BVI)V at 50% 5/D concentn-

tlon ed wlw at 5% S/D conccntratlon ild slnSlc M rcsultr for dl other qpert-

meni'6 &-€ shrffi. SSl,l = vlruE-Eplked IyIG. For ldnedc smplq b'llh no derGded

lnfetMry, rhe Il)D ls .ht'mt (V) ffEt dnc polDt st $'hhh rc lnf@tlvitywu dct@tcd

ln oll ruE Irwe deEtlon llriltr for vlru tlter tqard ilrG Gnd of tratDcnt Ir due

to l.rt€-wlum€ NaJ6 (bult). (O) CIilKV; (O) BVDV; (O) SINVT (E) Wr,Iv

inactiEted to below the tOD on Day 2 of incubation
(Table l). tn the other two runs, one each at pH 4.5 and
pH4.9, no WNV could be detected in the first kinetic
samples that were taken on Day 4 (Table l). Complete ild
efrective inactivation for a.ll t}lree viruse ws thereforc
achieved at tle two difremt extremes of the milufadur-
ing specifietion for pH, demonstrating the robustness of
the low-pH treatment step.

DtscusstoN
Over the past few yeils, the fist autochthonously rrms-
mitted CHIKV infections have been teported in Europe,0nt

Fig.4.bw‐pH treament oflvic.Virtts hactivatlon kinedcs for:ncubation atPH 4 4
and pH 4.9 md29■ 1。C(CHlKV)or 30■ 1。CCWЩ  BVDV).Me寧 蒻 ultS Of mO

runS(pH 4.4′pH 4.9)ror cHlKV and three run3(pH 44′pH 49′pH 49〕For BVDV and

WNV(pH 4.5 Llstend ofpH 4.4)are shOWn.SSM=vlnls‐spktt MG.For klne“

samples with no det∝ted Lrecuuty7the LCID ls shown:(▽)6htuhep・ int at wblch

no infectlvity ns detected in di run●.IDwer detectlon lLnits For urus ttter toward

the end oFtreamttentおduc to large‐volulne assay6 0ulkl.(0)CHlX鶏(◇)BⅧ 叫

(E D (、

demonstrating that there is potentia.l for the global spread
of the virusT md that CHIKV hro become a worldwide
public health concem.' Similarly, spread into md subse-
quent autochthonom transinission of CHIKV would be
entirely possible in dre United States, where the mosquito
vector A. alhoplchs is widely distributed in uban arem,s6
a senilio quite similar to the advent ofwlw in the United
States in 19992r and the epidemics since. Although reas-
suing data for the efiective inactietion of small lipid-
enveloped RNA viruses by the virus inactivation methods
commonly used in the mmufacture of plasma products
shts,r?J8zE this work sowht to experimentally confim
the expected behavior for CHIKV m Alphavirus and
therefore a virus genus that ls curently not typically used
as a model viru.

CHIKV was subjected to viru inactiwtion methods
commonly used in the manufactw of plasma products:
pastewization for HSA, vapor heating for FEIBA, S/D
treatment for MG, ild incubation at lw pH for IVIG. In
addltion, some of the scperiments rere done with the
closely related Sll.Iv md the relatively recent concern
WNV md the obtained results were compued to eillier
published inactivation data for the model virus BVDVT'
and for \4/NVr7

Psteuriation of HSA resulted in efiective inactiva-
tion of all the viruses tested, both at the low and at the
uplrer prctein concentration relewnt in manufacture. It
was shom that this method inactiuted the Alphavinses
CFIIKV md SINV more rapidly than BVDVand WNV

Duing vapor heating of FEIBA, all the virures inves-
tigated were already inactiEted during the first heat
treatment phe. Vapor heating wm therefore confumed

CH:KV AND SAFETV OF PLASMA PRODuCTS

as very effective, with the second
heat treatment phase providing extra
margins of safety. tn addition, rhe
results indicate that CIIIKV SINV and
m{V are more stable duirtg lyophiliza-
tion than BVDV (Fig.2), confirming
again the sensitivity of BVDV to this
process stepzo This is important to
keep in mind should an investigation
of virus inactivation for an isolated
lyophilization step be desired, rvhere
BVDV as a model virus may not neces-
silily repHent a woGt-case choice of
wu.

S/D treatment re again confirmed
m being highly effective for the inactiva-
tion of all the yirNes investigated.zs
Even only 5 or l0% of the S/D concen-
tration specified for the manufacturing
prccess was suffcient to npidly md
effectively inactivate all the viruses
tested, ild the results are thus in line
with the original findilgs establishing

this method as most effective in inactivating lipid-
enveloped viruses.E Data from two different MG S/D
treatment processes, Gmmagild S/D md Gmnragard
Uquid/KIOVIC, ae included as they use the sme S/D
reagents at identical concentntions. All available data
show that there is no difference in effiacy of virus inacti-
vation between these two MG S/D treatments when
tested at process conditions c specified for mmufactur-
ing scale.

Complete ild efrective inactiEtion of all viruses
investigated ms obtained at the two different extremes of
the mmufactuing specifications for the low-pH treat-
ment, where CHIKV and BVDV showed similar inactiva-
tion kinetics and WNV was most rapidly inactivated, m
obsemtion that is in line with the knom acidic
pH-dependent fusion machinery of Flaviviruses.'7 Com-
piling the resistance toward physicochemical inactiva-
tion across the different methods used in the manufacture
of plasma products, CHIKV was very similar in suscepti-
bility and virus inactivation kinetics to SINV the other
Alphavirus inwstigated, 6 rell s to membem of the Fla-
viviridae family, WNV and BVDV Regarding the overall
virus inactivation capacity, all the CHIKV spiked into
sperimental dMscales ms completely inactivated well
before the end ofthese processes, indicating a great safety
magin of these dedicated virus rcduction techniques.
Reassuingly, the inactivation methods tested were shom
to corrpletely inactivate all the virus that was spiked irito
the respective product intermediate and the data pre-
sented alleviate any Cl{IKv-associated concerns about the
safety ofplasma derivatives Altogether, the CHIIOy' results
obained in this ilvestigation provide solid reassumce of
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血 safety of plasma derivatives ln adddon,our results

verry that modei vnses that are chosen“ ∞rdlng to

suggestions of the relevant guideLnes16 and if they are

sumciently we■ understood to be sirnllar to trandLsion‐

related●ruses―are an adequate tool to predict ule

behawior of new vlruses ofinterest
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DISPATCHES Chikungunya in Guangdong Province. China, 2010

Figu.e 2. Phylogenetic analysis of partlal
envelope 1 gene sequen@s of chikungunys
viruss, Guangdong, China, 2010 Numbffi
abng bBnches indi€te b@lstEp values
G€nBank acGsion numbers are indi€ted in
Da€ntheses S@le bar indicales nucleotide
substitullons oer sitg

:1
2 0

unusual for CHIKV. However, we obserued the effect of
C6/36 ell fusion on 3 specimens. We speulate that a virus
mutation ews m incme in virulene or changs effecLs
on infrcted C6B6 ells.

Phylogenetic malysis ws perfomed for partial El
sequences (7 frcm this study md 24 from GenBank) by
using MEGA5 (13). Nuclotide se4uilces were septrated
into 3 subgroups orrsponding to the 3 globally circulating
subgroups (Figure 2). Sequenm of the 7 PCR prcducts
obtained in this study showed few differenes from erch
other. Paired sequence identity mged from 98o/o to 99Vo
at the nuclotide level. Genetic malysis of the 325-nt
fmgment of El gfles obtained in this study showed that all
7 sequences clust€red in a mique bmch within the lndia
Om clade of the EasVCenFal/South Afiim (ECSA)
gmotype, and close to Thailand (cQ870312, FJ882911,
GU30r78l), Malaysia (FJ998173), Taiwan (FJE07895),
md China (GUI99352, GU199353) imlates (987199%)
The trmslated El goe fngment fmm I of thc 7 islats in
this study (China/GDl12010) had m expeted 2-codon
deletion This deletion was also pres€nt in the ESCA clade
but wd not fomd in the othcr 6 islates-

On the bris of sequence analysis, the highest dege
of identity wm obseiled with outbreak isolates and the El
sequme from the Thailmd strain (FJ8E29Il) isolated in
2009. Paired idatity valuc werc 99o/o at the nuclotide
lwel ad 1007o at the amino acid lwel. Nucleotide
substitute analysis showed that a clmrton nucleotide
substitutis ws obswed at partial El gene site 250 (T'C)
in oubrcak i$lates and FJE829Il. This substitution m
not obswed in other analyzed rcqumces frcm GmBmk-
Thee reults zuggested that the virus eusing this outbrcak
% likely tranmitted from a source in Southast Asia md
prcbably evolved ftom a strain that originated in Thailand.

掛

Ｉ
Ｌ
Ｉ

“̈̈
¨̈! ? I . C 6 t ! e rortt2!31.t96tt16t9m21?n486?AB{ | 2

s e d

Flgure I Cases of chikungunya infection in Guangdong, China,
September 1-Oclobet 1, 2010 Black bar s€ctlons Indi€te cllnical
€ses and white bar sectiss €ses @nfimed by molecular
analysis.

There wcre 3 case-patienls in whom CHIKV nucleic rcid
and antibody wue found at the sme time; 2 of these were
in sem smples obtained 3--4 days aftrir thse mples
were found !o be positive for CHIKV IgM. We infer that
high cross-ractivity in the ELISAS might @ntribute to
thse ruults

For phylogenetic malysis, RT-PCR wc pqfomed
m dscribed (12), nd 7 mplicons were sequenced. The
l0 nucleic acid-positive speimens were plac€d on C6i36
md BHK-21 ell lines to islate CHIKV. Sem sample
wm 2-fold serially diluted 6 times (l:50-1:1,600) in
minimal essential medium, and I mL of diluted smple was
added to sch well of a 24-well culture plate. Specimens
wqe incubated at 33"C in m atnrosphere of 5% CO.
md obswed daily for j days for cytopathic effcts
(CPEs) (online Appendix Figure' wwc.cdc.gov/ElD/
article/I8/3/114034-FAl.htn). After speimens wm
insbated foll-7 days, 3 CPEs were obsfled on C6/36
and BHK-21 ells. Developnent of CPEs in C6/36 ells is
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Conclusions
CHIKV w6 not endmic to China before 2010.

Howevet in r@nt years, CHIKV stmins from Southeast
Asia with $e ECSA genotype have b€s u-esmitted by
infected persons !o Gumgdong hovince We report m
outbreak of CHIKV fever in China. The low severity of
the disme md nisdiagnosis of dengue fever has likely
enmuraged widespread trilsmission of the virus High-
density mosquito populations md m immunologielly
uninfected population wm 2 mntributing factors in this
outbreak.
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厚生労働省処理欄

一般的名称
①②ポリエチレングリコール処理抗破傷風人免疫グロプリン

③乾燥抗破傷風人免疫グロプリン
研究報告の

公表状況

公表国
アメリカ

販売名

(企業名)

①テタノプリンIH静注250単位  (ベ ネシス)
②テタノタリンIH静注1500単位  (ベ ネシス)
③テタノプリン筋注用250単位   (ベ ネシス)
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研

究

報

告

の

概

要

胃腸炎による死亡が2倍

C difficileとノロウイルスが主要な原因である

疾病管理予防センター (CDC)による検査によれば、胃腸炎 (嘔吐と下痢を引き起こす胃と腸の炎症)で 死亡した人の数は、1999年から

2007年までに2倍以上になった。調査結果は、本日、アトランタでの新興感染症に関する国際会議で発表される。

CDCの科学者は、米国における全年齢層の間で 1999年から2007年までの胃腸炎関連の死亡を特定するために、全国健康統計センタ‐か

らのデータを使用した。
「胃腸炎は、世界的に死亡の主たる原因であるJと CDCの ウイルス疾病部門の執筆者アロン・ホール氏は言つた。「胃腸炎関連の死亡の

原因及び危険に曝されていることを知ることによって、我々はより良好な治療を開発することができ、医療従事者が人々が病気になる

のを防ぐのを手助けすることができる。」
8年間の調査期間で、全ての原因による胃腸炎関連の死亡は年間ほぼ7,000から17,000以上まで増カロした。65歳以上の高齢者が死亡の

83%を占めた。クロストリジウム・ディフィシール (C difficile)とノロウイルスが、胃腸炎関連の死亡の最も多い感染原因であつた。

保健医療の現場にしばしば関連した細菌の一種、C.difficileのために、年間死亡数は約 2,71111から 14,500まで、5倍増カロした。下痢

を引き起こす C diflicileは、死亡の 2/3を 占めた。C.difficileの発生率と死亡率の最近の増加の多くは、過剰毒性、耐性株の

C difficileの出現と広がりに起因していた。
ノロウイルスは毎年約 800の 死亡と関連し、流行がウイルスの新しい株に起因した年には 50%以 上多い死亡数となった。ノロウイルス

は高い接触感染性がある。それはヒトからヒトヘの接触と汚染された食品、水及び体表面を介して広がる。人々は年間を通してノロウ

イルスの病気に罹患するが、症例は 12月から2月の間にピークに達する。ノロウイルスは毎年 2000万以上の病気を引き起こす、そし

てそれは米国での胃腸炎流行の主要な原因である。
「C difficiloが胃腸炎関連の死亡の主要な一因であり続けると同時に、本研究はノロウイルスがおそらく第二の主要な感染原因である

ことを初めて示すJと ホール氏は言つた。「我々の調査研究は、特に高齢者の間のC difficileとノロウイルスによる胃腸炎を防止、診

断し、管理するための有効な手段の必要性を強調する。J

使用上の注意記載状況

その他参考事項等

代表としてテタノプリンIH静注 250単位の記載を

示す。
2 重 要な基本的注意

(1)本剤の原材料となる血液については、HBs抗原、

抗HCV抗体、抗HIV-1抗 体、抗HIV‐2抗体陰

性であることを確認している。更に、プールし

た試験血漿については、HIV‐1、HBV及 び HcV

について核酸増幅検査 (NAT)を実施し、適合し

た血漿を本剤の製造に使用しているが、当該

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。本剤は、以上の検査に

適合した高力価の破傷風抗毒素を含有する血漿

を原料として、Cohnの低温エタノール分画で得

た画分からポリエチレングリコール 4000処理、

DEAEセ ファデックス処理等により抗破傷風人

免疫グロプリンを濃縮 ・精製した製剤であり、

ウイルス不活化 ・除去を目的として、製造工程

において60℃、10時間の液状カロ熱処理及びウイ
ルス除去膜によるろ過処理を施しているが、投

与に際しては、次の点に十分注意すること。

抗破傷風人免疫 グロプ
ヒ ノ
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報告企業の意見 今後の対応

クロストリジウム・ディアィシル (Clostridium difficile)は、大きさ05～ 1.9×30～ 16 9μmの偏性嫌気性の
グラム陽性拝菌である。万一、原料血漿にC difficileが混入したとしても、除菌ろ過等の製造工程において除去
されると考えている。

また、ノロウイルス KNoroviruS)は、カリシウイルス科 (Caliciviridae)に属する直径 :30～38nmの正二十面
体 (表面に32個のカップ状の窪みが見られる)の エンベロープを有しないプラス鎖の一本鎖RNAウイルスである。
万一、原料血漿にノロウイルスが混入しても|、EMC及びCPVをモデルウイルスとしたウイルスクリアランス試験成
績から、本剤の製造工程において不活化・除去されると考えている。

本報告は本剤の安全性に

影響を与えないと考える

ので、特段の措置はとらな

い。

抗破傷風人免疫グロプリン
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Deaths from gastroenteritis double
C. difficile and norouirus are the leading causes

The number of people who died from gastroenteritis (inflammation of the stomach and
intestines that causes vomiting and diarrhea) more than doubled from 1999 to 2oo7, according
to a studyby the Centers for Disease Control and Prevention. The findings will be presented
today at the International Conference on Emerging Infectious Diseases inAtlanta.

CDC scientists used data from the National Center for Health Statistics to identify
gastroenteritis-associated deaths from Lggg to 2oo7 among all age groups in the United States.

"Gastroenteritis is a major cause of death worldwide," said lead author Aron Hall, D.V.M.,
M.S.P.H., of the CDC's DMsion of Viral Diseases. "By knowing the causes of gastroenteritis-
associated deaths and who's at risk, we can develop better treatments and help health care
providers prevent people from getting sick."

Over the eight-year study period, gastroenteritis-associated deaths from all causes increased
from nearly 7,ooo to more than 17,ooo per year. Adults over 65 years old accbunted for 83
percent of deaths. Clostridium difhcile (C. ilifficile) and norovirus were the most comrnon
infectious causes of gastroenteritis-associated deaths.

There was a fivefold increase, from approximately 2,7oo to 14,Soo deaths per year, for C.
difficile, a type ofbacteria often associated with health care settings. C difficile, which causes
diarrhea, accounted for two-thirds ofthe deaths. Much ofthe recent increase in the incidence
and mortality ofC. difficile is attributed to the emergence and spread ofa hypervirulent,
resistant strain of C. difficile.

Norovirus was associated with about 8oo deaths annually, though there were So percent more
deaths in years when epidemics were caused by new strains of the virus. Norovirus is highly
contagious. It spreads through person:to-person contact and contaminated food, water, and
surfaces. People can get norovirus illness throughout the year, but cases peaked between
December-February. Norovirus causes more than zo million illnesses annually, and it is the
leading cause ofgastroenteritis outbreaks in the United States.

"While C. difficile continues to be the leading contriSutor to gastroenteritis-associated deaths,
this study shows for the first time that norovirus is likely the second leading infectious cause,"
said Hall. 'Our findings highlight the need for effective measures to prevent, diagnose, and
manage gastroenteritis, especially for C. difficile and norovirus among the elderly."

U.S. Department of Health and Human Services

CDC uorks za/z sauing lives, protecting people from health threats, and sauing money
throughprevention. Whether these threats are global or d,omestic, chronic or acute, curable or
preventable, natural disaster or ileliberate attack, CDC is the nation's health protection
agency,

contqt sur@: oflie of the Asiate Dircctor for commui@tion. Division of Nrys and Electronic Media

Notie: Link to noD-twernmental sits do not neNrily rep$ent tbe vifls of the CDC

Centers for Disease Control and Prevention 16oo Clifton Rd. Atlanta, GA 30333'
USA
80o-CDC-INFO (8oo-232-4636) TTY: (888) 232-6348, New Houn ofOpention
8am-8pm ETlMonday-Friday
Closed Holidays - cdcinfo@cdc.gov

Higori@l D@umst: March 12.2or2
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Ӥ Ｏ 計 ● と い Ｌ ば ヽ ヽ ８ お い こ ｏ ヨ ロ う ｏ α ‘ Ｒ ｏ ， ｏ コ ４ ０ ■ ３ ｇ こ ８ 檜 ョ

一 ０ ヽ ０

０ ● Ｌ ¨ ョ ¨ ０ 臓 ぉ い ｏ ュ ０ い

ｏ ｏ 澪 ョ ● Ｃ ュ 庁 ０ ∽ ● お ，

「 “ 一 ３ ５ ” ¨ Ｏ Ｐ Ｏ つ Ｌ け ３ ● ■ ● お 嗜 “ ヨ 議 一 ３ ヽ Ｏ ｃ ュ コ ” 一 ０ ヽ ０ １ Ｎ Ｘ ３ ● ３
ａ

畢 ¨ 紳 鞘 轟 爾 轟 畿 轟 講 群 れ 質 聾

一 ■ ず ， ０ ５ 　 ヽ ０ 庁 う 雪 Ｌ ｏ ０ 〇 一 ■ ｏ ８ ｏ ｘ ｎ 一 Ｅ α ｏ 」 ヽ ” 〓 つ ０ オ ３̈ ０ う ″ ０ ０ コ ｏ ａ

お い ” ａ ３ ● ¨ ２ ６

を ｒ 儡 〓 ３ ヨ ｇ Ｆ ¨ ０ 一 一 ■ 一 ｃ ａ ０ ７ ● 、 〓 ８ ■ 旨 ｏ 」 ０ ３ ０ ● Ｒ ｑ α 一 ３ い ざ

諄 〓 書 ３ ８ ９ ８ ０ Ｒ ３ 一 〓 ０ い ， お Ｒ ヾ 〓 卦 き̈ ，

” ｏ ● 〓 い ， さ い ０ ■ ● ヨ ご い ０ ３ ， ０ い ０ ０ ● ８ ０ ” ヨ ざ ａ ヽ ｎ ３ ９ ■ ｏ ８ ゴ （ 一 Ｅ Ｑ ０ ３

α ｏ コ 曾 一 １ ０ ８ 一 ３ ■ 一 ８ ６ ａ ざ 『 一 ω い ０ ０ Ｓ ） ↓ ｒ ● ６ ● ０ ０ 摯 一 。 ３ ●
． ヨ ０ 」 一 ● ３

甲 夢 契 酬 華 ｒ ・卍 詐 馨 」 「 詳 」 碧 詢 塾 ¨

ｇ ｏ ｏ ， ３ ● ＆ ， μ ュ Ｆ Ｏ Ⅸ ９ ８ ８ 『 『 ＆ ョ 笙 一 ● 脇 ３ ９ ● ３ 一 ヨ Ｎ

（ Ｒ ω じ ヽ ｏ ， ， ０ 日 ヽ Ｎ ぷ （ ハ Ｎ 、 ６ Ⅸ ９ ） Ｒ ｅ ヨ と ａ ｃ ュ ヨ ¨ 只 ０ ９ も Ｒ ３

● 燎ヽ い Ｏ ｏ ｏ ｃ ■ ｏ α ョ ニ ０ い ● ″ ´ Ｏ Ｃ ” ∞ Ｎ ヽ 含 ω ∞ ｏ 日 ９ ） ‘ ０ お ョ ９ ｏ Ｎ

ヨ Ｌ つ ” 　 ヨ ざ δ ヽ ― ● ヨ Ｏ ① ヨ お い Ｓ 庁 ´ ５ ヒ^ ３ 一 Ｏ Ｐ ω “ 　 ヽ ヽ コ Ｃ ミ Ｎ^ い ３

だ ２ ｏ Ｏ Ｑ ピ ヨ ０ コ ヽ Ｑ ョ モ 雲 を ”ヽ う え ” ” ０ い

Ｌ ヨ 一 Ｓ “ δ ヨ Ｈ コ ｏ ｏ ｘ 庁 コ ´ ざ 〓 〓 ｎ ， ｏ 酬 ｏ ｏ ｌ ｑ Ｏ コ ０ ″ Ｑ ”̈ ¨ コ ０ ３ ， ョ く ３ ，

〓 ¨ ， ３ ３ ８ ０ ｏ ■ ８ ， ９ 〓 ｏ 會 ｇ ョ ｏ 」 ● ｃ コ ″ う ｏ ｌ ３

ハ Ｏ Ｒ 一 Ｆ 一 Ｏ Ｐ Ｏ ● ３ 『 Й 『 ０ ９ 一 コ い ４ 性 ｏ Ｌ Ｏ ， 摯 ョ ニ ヽ ぉ 多 ｏ ュ 寿 δ ヽ

Ｓ コ 一 ど 一゙ ０ コ ● ３ 一 ュ ■ ８ ” ８ ３ ａ ａ 一 ３ ｏ И 一 ｏ ， ， ８ こ ｇ ヨ ｏ 一 ａ ＆

一 コ Ｌ ｏ Ｌ ■ ● お コ Ｅ Ｌ Ｏ “̈ ¨ う ０ い Ｏ ｑ ｃ う ｏ ｘ ｏ 画 員 と 一 ０ い 〓 ” ヨ き い 一 ｏ ３ 了 ① ヨ ９

一 香 一 〓 ● ョ デ ｑ か を Ｒ お ” ａ 一 ３ い ス ， ｏ ３ ８ ８ ● ヽ ｃ ぃ お ” 一 ９

， ヽ̈ ヨ ” ０ 「 ｃ ヨ ３ ヨ ¨ ゛ ｏ 〓 ｏ ， Ｚ ｏ コ ”

如 難 計̈ 轟 轟 鋼 黎 一 総 躙 統

ミ Ｒ ヽ Ｌ ” ● ヽ い 、 ヽ ヽ Ｒ ヽ ヽ （ ♂ 『 ヨ Ｑ ギ ・

多 ゐ “ Ｓ ′ Ｔ Ｏ 『 ｏ 芍 “ 『 夕

一 ８

冒 ｐ 　 【 】 ） ‐ ― ， ， ― げ ｏ ３ ¨ ３ ｏ ｏ ｏ̈ 営 ｏ 」 モ 一 針 ∝ ｏ ” ， 一 Ｓ コ ● ヨ ″ ∽ ざ コ

単 卸 錆 納 鋼̈ 電 醐̈ 中 響 輔 ｄ 工 弓 ぎ 溶

聯 襲 灘 整 獅 一聾 珈 難 ¨

１ ３ Ｌ 営 ＆ い ヽ や ミ ヽ ８ 晟 ３ Ｒ Ｅ Ｒ

」 す ″ き で 手 Ｅ ｌ ａ Ｆ 】 つ い つ

営 ヽ 序 ヨ ｐ Ｏ 「 ８

７ キ 含 Υ 】 ｙ ， ｏ Ｆ 〓 Ｌ ¨ ” き Ｎ ヽ ユ Ｓ ，

謙 擁 灘 爾 昨 一一 辮 商 事

理 薦 罫 聯 郡 一 山 辮 踊 誡 叩 導 動

” 詠 や 誇 計 雪 翼 努 ≦ ≠ 蝿 ■

馨 誕 導 』 ”島 聾 計 蹟 誼 れ 齢 聾 播 難 鴨

ヨ お 興 紺 縄 努 神 討 製 デ 絆 ¨̈ 弘 」 ギ 諾

Ｃ ∽ 「 ８ ヽ Ｂ ヽ ∪ 想 ゝ

醸 ま 許 目 計 口 η ｕ じ つ 〉

「 ｏ 一 ■ ８ コ ∽ Ｐ ∽ ざ ， ∝ ” げ ９ ざ ∽ ″ ゴ ３ ヴ ｏ ｏ ， す Ｑ ｏ 以 ア 」 ヽ ８ ｏ ｏ 『

コ ご ｏ ∝ （ い １ っ ・ 】
∞ ― い ０ ） 】 ェ ｏ ■ ０ く ｏ ● ● ” ” 一 ０ コ Ｌ ヽ ， Ｓ ， コ 」 「 ｏ ａ ” ｏ ｏ ヽ

” す ｏ ， ∝ ｏ 」 ” 【 ， Ｏ Ｃ ∽ 　 げ ● 【 」 ｎ つ ｏ 「 ０ 以 ３ ア “ く ｏ σ ｏ Ｏ コ 〓 ０
こ コ ¨ ↓ ｒ ｏ

Ｏ ｏ 日 Ｑ ∽ ♂ 『 ∪ 一 Ｘ Ｏ ｏ Ｏ ｏ ｌ ８ 一 ｐ ● 」 「 Ｈ ２ ｏ ヨ ざ コ （
０ ∪ ０ ） 】 ｏ 」 ”

ｏ ２ 一 ， ∝ ｏ 『 “ ” ７ ｏ ｏ ● ヽ ８ く ｏ 「 ” ｏ 以 ∩ Ｏ Ｒ 』 ● 健 ■ ｏ ｏ 日 ”
」 ｏ 」 Ｐ Ｓ ｏ コ Ｃ ，

覗 疑 請 晴 鴫

¨
請 瀬 錯

¨
漏 時 勢 鍵 鄭 謙 計

● 〓 ∽ ¨ 跳 び ７ 以 ６ 年 〓 Ｌ ” ヽ い ０ や ９ ， 多 髯 超 い 以 Ｒ 『 Ｓ
す ０ ， マ̈

Ｌ 乱 一 出

計 キ 告 旨 一 Ｆ ” 一 ｏ ３ マ も ｏ ｏ ″ ・
」 日 ０ 営 」 「
一 ， ８

を 話 「 工 ０ ０ ∽

０ ● ” ● い Ｏ ｃ ８ ｏ ｏ

∽ ヨ ｏ ｏ ， ｏ 】 つ い Ｐ ・ ， ｏ ０ ０ ０
．
∽ ” Ｒ ３ 〓 ｏ ∪ 一 鴇 夕 ３ ［ ヽ げ ？

富 ６ 史 ア タ ∝ ８ つ ” ● 営 【 ｏ コ Ｌ 需 お 需 コ ８ ご ∝ ｏ ８ ８ 喪

♂ 【 』 ヽ い ０ や

澪 ∽ 一 ５ 中 Ｈ ， ｏ Ｏ ∪ ０ げ ｏ い ｏ コ ｏ ｏ コ Ｓ ８ ｏ
」 需 ¨ 罵 針 つ ¨ 聾 ” ¨ ● ｏ ，

い ０ ヽ ヽ い ０

「 ユ ヨ ”

理 一 ６ ● ． ２ ２ ０ ， ■ 〓 　 　 　 ‥ 　 ・ ¨ ‥ 　 　 　 ・ 　 　 選

。

一 巳 一 ３ 「 己 ｎ Ｏ ■ ■ 一 ■ ‥ 　 　̈ 　́ 　 　 　 　 一̈ 　 　 　 ‥
　 　 　 ｕ い ０

Ｓ Ｆ げ ， ０ ユ ヽ 　 　 　 　 　 　 　 　 　 　 　 ・

＞ 「 つ ｏ コ α 一 ｘ 「 一 ” Ｅ 『 ０ 　 　 　 　 　 　 　 　 　 　 　 　 　 　 一

い ０ コ Ｓ ， 一 ０ コ Ｒ 町 ３ 〓 瞬 ョ ８ 」 ミ ■ 　 　 一

一 ∞ Ｏ ｎ ｏ ０ １ 一 ∝ 〓 一 ＞ ・ コ 」 い 。 コ ヨ ・ つ と く ｏ ● ２ つ 上 く ュ ‘ ヨ^ ¨゙゙ ・ Ｚ ｃ ヨ ｒ ■ ∞ 一 ぃ ｏ ・

＞ ∞ 」 い ０ 一 Ｎ Ｎ Ｏ コ



O Mα N A L  R E S E A R C H I T… 品 … d  B a b C S Lヽ

C●ater            ' '      1

Tm転 おn3oo週 &園 ‐L10劇 α NAL RESEARCH

t ic, clinical, md epidcmiologic i lpects of transfusion-
usociated ud other Babcsia sa In addition to CDC
records (such r reords of tat rsuls, onsulations, ud
mc invatigadons), data soucs for this cndcavor included
hcafth dcpmmenrs, blood collccdon md tmnsfirsion ser-
vics, other halth professionals, md published materials
md absracts. Thc data avai-lable via helth depanments
wried by jurisdicdon and pcriod; babeiosis w'not a re-
porhblc disoc in all stata md m not nationally noti6-
able mtil Jmuary 201 L A-lthough data wcre not systemx-
ielly collcctcd, some health depanmcnts, induding those
in babsiosis-odemic statc, havc routincly notificd thc
CDC of potendal msfiuion qs ud have submittcd
Babctia sawelllne &a to thc CDC Dcpitc thc inherent
limiatioro of psivc sureillma, ollabontive relation-
ships with public hqlth md other pcrtinent agcncia frcil-
iated oc ustainmcnt and daa ollccrion. Wc compilcd
and compucd information obtained from multiple soure
ro muimizc the quantity md qualiry of dau and to min-
imire doublc counting.

Case Criteria and Classification
For thae analyses, we otablishcd selccion md chsi-

fiqdon critcria for trufi.sion-seiatd Babait qs.
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more likely thu transfirsion. We also required that linked
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r8 ocmttr zoil lAnnals or t*."4 u.au*lva'-. I5t . Nuhbd 8151r

Pretem Infant

Prebm lntant
Pctem lnf.nt
Prcterm inlant
Pr€term lnlant
Prct€m nlant
Ptetun lntanl
Prctm hfrnt

Prctqm lnfMt
Fulftem intanl

P.etem inrant

Smea/PcR:positNe

sn!tr/"CB.p€scive
Sdear/PCR-poiiuve

PCR'positive
PCR posittu€

Smeu/PCR.posltVc
Smea/PCR-positire

Smear/PCR'pdtu
Sm.a/PCR-potitiv€

5m€ar/PCR-positive

Smear/PCR potitive

Smes/PCR-pGitlve

PCR poritive

"P.oven infedion'

"Proven infedon"
5mea./PQ-positile

PG-podtive

PCR-p03itive

PCR-pribve
Smed/PCR-posittue

S€ropodWe

PCR-poritive

Selopbsrtive

_ne fdffOrs

FL Qffi) hd.r {F.buiry FB dffit n Agc 83 v; Cl bhcdinS Sm.tr/PcR'pdirtue No g9Ri'cnB

L i*iaocir iileitud,'r'q&S*'4';t , .Aiotitiiculmh 
- 

sm.a/PcR+6ed ,N.66G6ri,b(6kbrd:Rlc,spr.nt
, 'r 

't, 
,. ",.,i..:1.:,':;,.s;-*; 

' , .: ' jffi31't*'mv*""me1*
. o , . ,..#F-4,.S{ilF8; F,:1.'.* "'ry*" .n"T1po 

'

CT=Conff i iocFL=Flor id+GI-grtoinwinLMA=M8eA'!sMN=MincqNY=N*YorlcPCR-p"ry-rod: inraioo;RAC=rcdblood

indirr €uoroanr mribody rcstin3.
* For rccipicnts othcr r-h.o cs. pr(icns,'Ei.d ncgetivc" dcnorcs sooncSrriviry, .(. minimum
5lE ff (1, in irhnts md 5 in rdulc)t 2-3 ss Fr duil.r.
I 12 as (dl in.dult!)i t 6c p€r don.tioni 2-,{ donetionr pcr dusrcr.

By typc of sc (drrc $. roq hdq w. nod od by dc of iodc cu (dc6airc pobrblc or p6ibh). Thir 6gurc, in onjrmior with Teblc I,
ooviic remiw rbour thc ciqie for ud tf,c olliq of rc, donor, td donationr. Thc 159 R nimti s iodudc l4l inda s ud l8
honindd ducr e. Eech indq ec w agiatei with a diffcror donor, whcthcr impliatcd (z = ll8) or vinurl (a = 23; w Mchods sion),
Thc 6l indc e cluiGcd r dc6nie indudc rhe indq eg for tf,c 12 multi<* durc CI$lc l), whidr cn@ftps l8 edditiond es, for a rool
of 79 s, Thc 3 B, dsmni w * rct iadudrd in rf,c 6guc

5rol rs 0...6- 2or I 
l^.n1, 

of r.rcnl vcd;am 
lvohm 

I tt. Nu6bd 8 w,ffi!n



8上 : I ( l L  R E S E A R C H I■ 郡 転疏 A s o c t t d &臨 “
T r a n s L b n  A s s O d a d  B a臨品s 1 0Щ α N A L  R E S E A R C H

5"un● ¨n ofin“出― ."CL=6(■ ‐141,

M.dir. agc (i.ntei IOR). Yt
Pttenb lgd <1 Y;, (%)r

PaAcfr agA >1 y to <$ y, n (%)

PaU.nA 4cd >50 Y, a (%)

I n@w;il;6.tdE. tubtoEl n (%)

Nodcilt (CT, U, Nr, NY, or Rl), t
UPF Mtun(MN or wr),.

Ob.t tub, tubbul n (%)

Nd an .St sut . n

lediiei
19&199
1+p:i6s4
1%-1W
z@z@
2G2@

trnb ol rtrybh..rd ot dl{n6lr, n5

Hd tu hrftdo lo dl.Fodr. 4
&dn hnte: IOR). d

tBidgddtofld4h@4 n (xrl

su l r id .pbdq.dd ; "

Pedffid,n
> l m a h r t n + u ! o n , .

ψ"“ⅢⅢ“tOnd""|:'lteit'「`響"引On`lP,Pattenり.1

614,

13っo′と

't,5'

46167'

7005(1,昨20091

イ|●1)

●“")

10o(68)

huは ゎ■Of All““ り、ぃ ("・159,

０
。一̈
一呻赫一中

HⅢ 101♂こ■,r●1:"・●′η  l

:認富盟苗=

辮群畔 む■“ ‐
=冨 計欄撃躍群isurge,
盤蹴鷲織躍響

'…げ・

Nttα郡出 拙鵠
鵬 」r.。ni亀 Ⅲ",

l b o d  d●―. ●̀%●|
れ中Ⅲψ∬鵠籠|:『ヴ

"

町 1こ:鳳 胤 1滝 認 盤 n、鴫は ∝腱Mx"dD電 "“ r應… bab6h“ L“ ““n』 d bloodおmrr4f Ю 品 ,39oard“ ふaは Pccentag●

鞭藍螂儡職薄l翻難憾i輔憾百jttiⅧ
祠 翻 織嚇 椰僻 』詳椰讐螂 撤器 夢柵鷺m∬晨織制
“21:8 0cЮ時 20:IAhnJ`“昴にm“MttanelもLne“'・Numけ 8                   岬 mnd“o●

言 I
編耳猟蘊 蔦網i榊難躙鯉楡瑞よ:需酬靱

wrmds 04 lE ocrobcr 2ol l  
lAnnalsof 

lncmn McdiciElvolum. I5t .Nuhb..  81sl3



O nrcrwar Rrspe nc rr I Tmfu sion-Ascirad Babsiosis

nors teted negative If multiple oes wcrc linked to thc
mc donor, wc dcfined thc intcrrclarcd crs r a clutcr,
thc first idotified sc ro thc indq crc (I pcr donor),
md the othcr rucs in the clustcr o nonindq cas (Fig-
ue I and Table l). To facilitace bookkceping, wc dcfrncd
all oa that were not clustcr-ssociatcd u indcx oo (l
per donor).

In genem.l, indq cues werc paruitologielly con-
firmcd (Table 2) (30, 3l); their detcction promptcd a
transfi,uion invatigation; and rhe linked donors and non-
indc crcs, ifany, that were identificd had parritologic or
scrologic widencc of infection. Vc dcfincd paruitologic
ryidence u detection of Babcsiz paruita (on blood smear
or by oimal inocularion) or Babcsia DNA (by a molccular
method). Scrologic widene of B. nhroti infcction re-
quircd positive roults cidrcr by indircct fuorsccnt mti-
body (IFA) testirg for total immunoglobulin or IgG or by
immunoblot for IgG.

Indq Babaiit qa that firlfillcd thc sclection critcria
wsc dqsiEcd ro dc6nirc, probablc, or possiblc rmsfusion-
sociated oa (Figure l). If no donor wc implicated
mong thc subset of perdnent donors who could bc tsted,
m indq ec w dcfincd x a posiblc cc, ocn if trm-
fusion m thc only known risk factor for infection. All
indq ssa that wsc linkcd to a donot wcrc clasiFcd u
definite or probablc oc. An indq cu w dcfincd u a
definitc (w. probablc) trufision cc if at lcut I of thc
following additiond critcria ru fulfillcd: l) Trmsfusion
re the only known or plauible risk factor for infrction
(for umplc, rhere w no hisrory of rsidence or tnvcl in
babeiosis-endemic ueu); 2) a multicc duster w iden-
ti6cd, with at lcot I noninda ac bcsidc rhc indq sc
(Table t)l 3) the linlcd donor's infrcrion was paru.irologi-
cally confirmcd by tcting an aant scgm€nt from thc orig-
inal blood unit; or 4) orher donor widcncc indiqtcd active
infcaion at the dme of donation (for mple, a polym€r-
sc chain raction [PCR]-posirivc spccimcn that rc.flcctcd
the donor's sknrs at donation).

Data Analysis
'r$7e 

conductcd univariate malpc for descriptive pur-
poses by sing Epi Info, version 3.5.1 (CDC, Admta,
Gcorgia), md SAS software, version 9 2 (SAS Instirute,
Cary, North Carolina). Proporriom were compucd by w-
ing the chi-square tst, or ifexpeced ccll couns wsc lss
thm 5, thc Fisher mct test. Thc Wil@xon 2-smplc rct
wu wd ro @mDile the ranked distriburions of ondinal
nriabla. Stetistiel signifimc m dcfincd as a 2-sidcd P
value lss than 0.05

Unls othcmisc spcciGcd, wc stradfied 6s by pe-
riod and sate of umsfrsion (Table 2 ud Figue 2) (32).
'We 

refer to 7 sara wirh wcli-cstablished foci of rconoric
trmmission a "8. miaoci-cndimic statc": 5 sates in the
Nonhsr (Connecticut, Mrschusetu, Nw Jcrscy, Nw
Yorlq md Rhodc Island) md 2 in thc upper Midrct
(Minnaota md lJ7isomin) (1, l2). The distincrion be-

sral tt ocbtd rlr I lbi.k o{ lnkrnrl Mcdidm 
lvoluhc 

rti . Nunbd 8
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Mecn these and othcr srats (for mple, in Figue 2) is
not mcot to imply that dckborne trmsmision occurs
throughout thce 7 stats, rhat it occurred in all 7 statq
throughout 1979-2009, or that thffi ile the only stata in
which it did or doe occu Of norc, during w sclection
ud cl*sifietion, wc onsidsed thc wolving focaliry of
ti&borne trmsmission wirhin md mong sats.

Role of the Funding Source
Thc study reeived no aternal funding.

Resulrs
General Perspective and Summary

For thc period of 1979-2009, we included 162
uusfiuion-ssociated m: 159 B. mimti mes md 3 8.
duncani wq, which re dscribed sepuately. The f 59 8.
mictoti qs include 12 muldoe clurers enompassing
30 oeb: 12 indq mes (l per cluter) ud 18 nonindq
m (5, 8,9, 20-25) (Figue I md Table l). In toel, l4l
B. mimti m wqc dcfincd o inds ma: thc 12 clutcr-
uociated indq rc ud 129 additional rc (Teble 2).
Figue 2 show rhcir disuibution by period md stare of
tmsfrrion. During the inirid ll yw (1979-19891,7
indq qa occurred in 5 stata (14, 17, 324A. h sn-
rrut, during rhe rhird deade (2000-2009), 109 indq
wa (77Vo of l4l) md 122 total m (77o/o of 159) oc-
cured in 18 stats (5-9, 18-21,24-29,37-42). The
uociarcd blood donations occured in all 12 montlu (Ap-
pendir Figue, available ar w.mnals.org); 590/o werc
during July-Ocroba.

Ovemll, 122 (879o) of the indq ss (138 toml m

[87%]) wre usrciated with trusfruions in the 7 main .B
nimti-cndenic satc (Figure 2 ud Tablc 2), although
not ncawily in ilcs of cndemiciry. The other 19 hdq
es (130,6) gencnlly were attribumblc to intcrstatc move.
menrs of donom or hlmd omponents (Figurc 2) Various
sccmios uc qcmplificd by thc 4 oo not in otcrn sats
(Table 2), 2 of which rcrc anributablc to donor travels:
A Rhode Island resident donarcd while rnining in Vuh-
ington (26), ud a Taas rcident donarcd in that statc aftcr
spcnding the sutnm* in Muwhusetts (5). In concrur, the
other coc in Texr and rhe ec in California wse Iinked
to donadom in Nw Jmey md Maine (27), respcctively.
Local distributions of components ollcctcd in Nw Jcrsey
also accounted for 2 ws in Pennrylvmia (8, 37) and I in
Dclawc (18).

Cese Characteristics
Table 2 summrirc sclccad chmcteristia of the

66, scatificd b)' ryic of ec (inda w. nonindc) md by
du of ind* casc (dc6nitc probablc, or possiblc). Table I
provida additional pcslEctive on the cluter-mociarcd
so, which nmsitated distinguishing bctwan indu md
nonind* 6s. Ovcrall, thc w pariens had a mcdim age
of 65 yws;329t wqe either very old (33 wrc in the ninth
or tenth desde of life) or veryyoung (18 wre infans, 13

of whom wcrc clusrcr-Nociated). The 19 pariens with
herediury blood disordcrs aount For 73o/o of the 26 pe-
tients in rhc age Enge of 4 to 43 yars. Thc 19 patients
include ll with sicklc all dises (8, 9, 28), 7 widr thala-
semia maior (35, 43), nd I with Diamond-BlacKan ane-
mia (18); tlcy acout for at lzur 9 of thc 32 paticna
known to havc undergone surgicd splenectomy Thre el-
dcrly paticnts with hematologic disorders underuent post-
tmfusion splcnectomy (32, 134, or 2lJ d2p later), ud
their Babetia qcs were diagnosed thereafrer (Figue 3 and
Table 2) For 2 of thoe patients, p{aJites were nored
during rctrosprcrive reviw of prcsplcnectomy blood
smars, a finding that rcfocucd thc invetigations on car-
licr uamfusions od donors thm on thosc initidly
targcted.

Fivc patios with trmfiuion oe had been mns-
plmtcd with solid org'us wichin the prwiou 3 monrhs
(Tablc 2). In addirion, indirect evidene sugtese rhat a
kidney donor who rceived multiple tmsfusions thc day
ho died scwed u a onduir of Babdia pmits from I of
his blood donon to both of his kidney recipienr, who
dwclopcd pffiirologielly onfumed infection (40). No
B. nienti mtibodics were detrcted by IFA testing of u-
chived prcmsplantation serum from the kidney rrcipients
or of pretrmfuion serum ftom the kidney donor (Table
2). Howwer, posrdonation specimcns ftom I of his blood
donon wcrc seropositive (24).

The mcdim intwil from trusfirion to onse r of clin-
ical muifstations w6 37 deys (mge, ll ro 176 days)
among 84 index patients with available data (Figure 3)
Although babaiosis genemlly is omidered a febrile illness,
l3 (of 105) inda pariens were afebrile (9, 26,32), includ-
ing * lrut 4 aduls who had qcr or wcre rcciving
immmosupprcsivc therapy. The medim interval from
symptom onser to diagnosis of indq ocs wu 6 days
(rangc, 0 to 54 days; n = 84). Babaiosis often wo diag-
noscd incidcntally, in some insme during routinc our-
paticnt cvaluations (6), duing hospitaliations for unre-
latcd rsons, or after thc patient had raovered (30) or
died (daa not shom). Typically, Babesia prrcire were an
m*icctcd finding whcn a blood smeu wr mined,
usuelly in rhc ontat of a ompletc blood count wirh a
manual diffcrcntial (9). Vhen intnerghrocyric ring form

]v€rc norcd, mahria wc the firsi diagnostic @nsidcration
for morc than 20 indu patienrs, at leat 14 of whom were
initially treated for mdaia.

The mininum all-ause moruliry rare among indq
pati€nts % l9o/o (6-9, 18, 19, 32-34, 40, 44) (Tzble 2);
Figuc 3 provids wiou intenals to dcarh. Somc paticnts
had a blak prcgnosis wm without tlie porendal com-
pouding cffats of babcsiosis. The 27 ind* patiens
knom m havc died indudc rhe kidney donor dffilbcd
dicr, whosc posnmum dath on rhc day of tramfrrion
claly wzs unrclated to babaiosis. For orher paricnr with
anilablc drta, therc m a sptrtrum of likclihmd that

mel&dt

By pcriod ud stetc of umshuion Thc datr are limitcd to thc l4l
B mimti indq @, 12 of which wcrc ssociatcd with muldre dus-
rcrs (Tablc l) Dra fot thc 3 B. ltnctaj m. which occurrcd in Wrh-
ington (in 199,1) rnd California (in 2000 and 2008), are not included
Thc r-uis induds onc 6.ycet pcriod (1979-1981), followcd by 6w
5-ya ocriods. Sc thc Mcthodr sation for thc distinction bcecen the 7
mio li. nicmt-<adnic stete end "othcr sret6"; within ach etcgory,
for thc tallis by satc (by pcriod), rhc seta gcncra.lly arc lirtcd in the
ordcr ofthcir firt idcntified ac.
* lacd end inrrarcgional movocnts of donor md blood componcnrs
wcrc ommon both-in thc Norhcrt md in thc uppcr Midrct (data not
shwn).
f Among thc 19 indcx oo in 12 "orhcr srt6," thc Nonh Caolina
oc rnd I Floti& ec wrc not linkcd to donors, rhc othcr Florida oc
ws linkcd o a Visonsin eidot who donerd blood while wintcrins
in Floride (clutct K in Tablc l), and I of 3 Pcnnsylmia ces mi
linkcd to a Pcnnwlqoia donor who rcmncdlv had not uarclcd to a
knom B. zr'oa:cndcmic aa in morh'cr ssrc (8). Information on thc
donor linhcd ro rhc othcr 15 inda ec is prcvidcd in thc tst or thc
foornote below for 7 and 8 m, ropoctircly.
I Thc donor ws soqcd in Mschuts (32),

$ Thc 4 inda ao in Marylud ud Mrgioir wrc linkcd to donatioro
in th+ stetq Thc linlcd donor citlrcr wc or ould hevc tnn qoo*d
in thc Norrhq.
ll Thc ec in Ohio (r = 2) and Indiene (z = l) wcrc linkcd to dom-
tions in Iodiae (z = 2) ud Ohio (r = l) by donors aposd in
R rrrti-cndmic aut6

l8 ocFbt. Dr I 
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iry of public health authoritia to detat, moniror, and
prwent rrmsfixion md tickborne rus, babesiosis hu
bco daignated a nationally nodfiablc ondidon, effcctivc

January 20ll; ro such, oc reponed m health dcpart-
milB uc nodfablc to thc CDC.

For thc 3l-yru period of 1979-2009, wc includcd
159 B. miroti uansfuion-uociated sa, which were dis-
persed in dmc (all 4 sruons and 22 yws) md place (19
states). Protracted puuitemia in some infated donors (5,
6, 16, l7), donor travels to md from are of endemiciry

{6, 26), and disuibutions or shipments of blood compo-
ncn$ ac@unt for rhe poantia.l for y*-round traromission
mywhcrc in the counry Donor travel also acounted for
the I reporred rransfi.rion-rrcciared se of babesiosis in
Canada, which m linked ro a Canadian donor infeced
during a mping trip in Masachuetts (4@. The majority
(87Vo) of. rhc 159 idcntificd U.S. es ociurrcd in thc 7
mzin B. miooti-qdmic mtc, which probably rcflccs
higher risk ud grater aweniss. The annual 6e counts
fuctuarcd, both ownll md by loele (daa nor shown); thc
limited awilablc risk admates for trmsfision tnnsmission
also havc vuied in timc md plae (2, 3, 8,9, 3O,19). Even
so, that thc m{oriry (77Vo) of thae 159 ss ocurrcd
during 2000-2009 is notryonhy, reg{dl6 of whcrher
somd of drc agpgarc inaat rcflats improvcd rogni-
tion md reporting. In ompuison, for the period of 1979-
2009, thc CDC's National Malria Sweillmce System
tallicd 49 ffi of tffifrsion-uociated maluia, only 5 of
which mrred duing 2000-2009 (Arguin P. Pcmnal
communiation). Babaia mimti hu bcomc thc most frc-
qundy rcponcd tmsfirion-tmmiacd pmitc in rhc
Unitcd Stetc (2, 3). In gocn[ public halth rcpora of
tickbornc Brtaiz ss also harc inarued in atgrctate,
with toponl md spatid Sucnratiom (CDC. Unpub-
lishcd dea); a national srreillanc dcfinition m fist im-
plcmcntcd in Jmuary 2011.

In addition to &c I59 B. minti w, w indudcd 3 8.
dtwni qs in wstm sates (16, 45), for a mal of 162
tmfrxi,on-asmciarcd 6s. The B- dtmni as,like tlose
aued by B- mimti, wffi in patimts who mged from pre-
rcrn to eldcrly md who had omorbid onditions. Thet in-
fccdon with B. dwni-ud, wirh other U.S. rconoric
Babcsii egents dscribcd since the 1990s (47, 48)-is not
detected by serologic or molecular msays for.8. mirotihas
implicatioDs for diagnostic tcsting, transfision investiga-
tions, and potmtial futue donor sceming.

As apected, alnost dl as for whicl thc rypc of
component ru determined were rsociated with RBC
transfuiom. Red blood cell componcnrs of ell stongc ago,
including grmter than 5 weelc, were aswiated wirh tnns-
mision, r wcre omponcnrs rhat had bcm lcukoreduad,
irradiated, or frozcn. Although we ilid not conduct risk
md;ns, our Gndings mdcnorc trzt Babait parsita an
swivc blood bank proccdure and storage ondidons for
RBC omponots. Thc 4 idcntificd qe linkcd to wholc
blood-dcrivcd platclcs spm Fom 1979 (rhc fusr dsribcd

frrm$ 0q
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transfusion oe) to 2000 and praumably were attributable
to rsidual RBCs or to extracellulu parcita in rhe plateler
units (4, 5, 14, 49).These 4 qe-and the rues in infanrs
tmnsfued with small RBC aliquotsandersore thar small
inocula an sufficc to eue infecdon. Howwer, even a
segment from an implicated unir may test negarive by
PCR: Thc small volumo tated do nor approximare the
volumcs rransfuscd (1, 2).

Somc of thc demographic and otber characrcristia of
thc ec paticna rcflet thosc of tramfused paticns in gen-
cnl (2, 4) but may have parricular importance in the con-
tqr ofbabcsiosis. For uample, advanced age is a risk facror
for severc babeiosis, cven in ochesise healthy persons;
transfusion rccipients often have omorbid condirions that
qn increre their vulnerabiliry ro the conpounding effecr
of babciosis ud intcrrelatcd complicarions (such c muJri-
organ dysfunction and deth) 6,1, 8, 19, 33, 34). On
thc other hand, wcn somc of the adult inda patiens were
afcbrile, including swcral paticnr reeiving immunosup-
prsivc thcnpio that may affect the host response to in-
fection. Although mo$ indq c6s with available data were
diagnoscd within 2 months of trmfusion, a norryorrhy
minoriry of cs were diagnosed montls lacr, such u ir
thc ontqt of postumsfirion splenectomy (Figue 3).
Thae poina not only have diniel relmce bur also may
affcct transftsion investigations ud se ounts: The like-
lihood that trmsfrsion mmision is onsidcred and is
invatigated sucssfully may be lowcr for ea wirh longer
inrcrvals from rhc patinent tmrofixion ro symprom onst
or diagnosis.

Thc 162 transfmion-iusociarcd cases we enumerared
undoubtedly rcprcsent a fracion of thosc thar omrred.
The cxtent to which es€s wcre not derccred, invesri-
gatcd, or reponed (to the CDC, to other public health
authorities, or in publicaticins) is unknowa, both in gen-
eral and with respect to pcriodg, regions, and various
case charactcristics and outcomes. As underscored by the
incidcntal diagnosis of Babcsia infection, even severe
6es in babsiosis-endemic reeions can be missed or
misdiagnoscd, not just cascs th-at arc uymptomatic or
mild or that occur in othcr U.S. rcgions. Even if a qse

is diagnosed, a transfusion invesrigation might not be
considered, conducted, complcted, or conclusive. The
cascs we included thar were not linked co a donor (Fig-

ure I and Tablc 2) highlight the challcnges usociated
wirh contacring all pcrrincnr donors and obtaining posr-
transfusion spccimens for tcsting; segm€nts from the
original donations rypically arc not sri l l  available. Our
tall ies probably constirute undercounrs even of docu-
mented transfusion cses (for aample, those that did
not come to our artention or did not mect our sclection
criteria) but inadvcrtcndy mighr include some rickborne
cascs. As with all survcillancc, cue ascertainmmt, sclec-
tion, and clusificadon dcpendcd on thc compleencss
and accuracy of thc available data.
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babsiosis had a qusd or @ncibutorl rolc (6, 7); quss of

datlr often were prsumpdve or ucla (&ta not shown).

Blood Donors and components

A linkcd donor with laboratory aidence of B. mictoti

infation wu idmtified for lt8 indq ec (8{%), which

en@mpss 136 totd se (86%) (Figuc l). Among the

117 linked donon whose B. microti IFA tct rsults wcrc

known, the medim recipmcd mtibody titer wu 256
(wge, 64 to 4096; interquartile ruge, 256 ro 1024).

Twcnty-tbu donors (20%) haci puisitologically confrrmed
infection (Table 2). The 20 donors with posidve PCR

rsulr include 12 (71%) of 17 fot whom blood rctaincd

&om the original donation wro tored compared wi:h 8
(14%) of 56 for whom only postdonation spccimcns werc

available (P< 0.001). The median age of the 80 donors

with amilable daa m 49 yem (rnge, 17 to 72 yars); 18

donon (23%) were at leest 60 yets of agc. Althoirgh clin-

isl' information typielly wro anccdohl or unsPccificd,

some donors had pre- or postdonation symPtoms or ane-

mia of potendal relware (5, 24-27). Fot ffimPle, the

donor who had 4 consautive donations linked to uans-

mision (cluster H in Tablc l) had ben temporerily de-

fcrrcd bceusc hc m mcmic whcn hc first encmptcd to

donate after qposure (5).

Among the l5l ss for which the rype of blood

component ws determined, 4 cc wcre linkcd to whble

blmd-dcrived platclca (4, 5, 14) md 147 wcre rsociated

with red blood ells (RBG). Thc mcdian agc of liquid-

stored RBG at the rime of tramfusion m 16 days (mgc,

srsl rs o.bh- 20r l 
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4 to 40 dap; u = l0O; 4 w patiots rcivcd RBCs that
wsc 35 to 40 days old. Ar lm 4 padena reived frm-
ddycerolial (s. liquid-stored) RBCs (18,35,43). Mmy
patients rccived leukorcducd RBG (daa not shryn); at
lst l0 rcivcd irndiatcd RBCs.

Babesla duncanl Cases
The 3 domcnred B. durcni 66 wre linked to

RBC tmfrriom in Vrohingto4 (in 1994 [16]) md Cal-
ifornia (in 2000l45l md 2008). In ech irotance, thc sc
paricnt and implietcd donor lived in the sme snte md

had puuitologielly confrmcd iofrction. The ee padens
include a prererm inAnt (45), a59-yw-old, mu with a
hcmoglobinopathy (Bloch EM, Herwaldt BL, kiby DA,
er al. Unpublished data), md z 76-yar-old mm with a

myelodysplstic ryndrome who uderuent ardiac surg€ry
(16) .

Drscusstol
Babesiosis is m uncommon but potentidly lift-

threatening complietion of ransfrxion that ho ben in-

crcsingly rccognizcd sincc the first dacribed U.S. ec in

1979 Donor-screening pradics do not yet include rou-

tinc resdng for ryidcna of Babesia infection. In rhis con-

rqr, prompt deteccion, tratmml, invatigation, md re-

portingof Bubait rc ae ssential. Babsiosis should be

includcd in rhc differcntial diagnosis ofunaplained post-

trarofiuion hcmolytic memia, with or wirhout fwcr, rc-

gardles of rhe mon or U.S. region To enhua drc abil-
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Our f indings undcrscorc the year-round vulncrabi l -

i ry of the U S blood supply-especial ly,  bur not only,

in and near babesiosis-endemic areu They also high-

light the importance of mukiagency collaborarivc effors

to detect, invcstigatc, and document transfuion cucs;

to usess rhc risla for trmsfusion rransmission; and,

thereby, to inform thc scopc of prcvcnt ion meuurcs. In

2009, the Transfusion-Trmsmitted Discases Committce

of AABB (formerly, thc Anerican Association of Blood

Banks) categorized babesiosis in the highcst risk level for

blood safety to bc pr ior i t i red for intervent ion (50).  Do-

nors with subcl inical  infcct ion are nor idcndfcd by ex-

isting meuures (such c tcmporary deferral of pcrsons

with systemic symptoms, fcver, or memia), no Babaia

assay for screcning donors ho been approved by the

FDA, and pathogen reduct ion techniqucs for RBCs or

platclers are not avai lable in the United Statcs (1, 2,  J0)

Thc FDA's Blood Products Advisory Committee that

wu convcncd on 26 July 2010 supported thc concept of

rcgional donor testing for Babesia (51). Thc increasing

recognir ion of t ransfusion cscs strengthens the impctus

for screening stratcgics that mit igare rhc transmission

risk ( l -3,  50, 5l) ,  including test ing approachcs implc-

mented under FDA-approved protocols (1, 3,  5l)  and

longer-term straregies with dcvelopment of a high-

rhroughpur Babuia screening *sry.

Ftom t}rc Ccnrcrs for Diw Conuol md Prrycntion, Atluo, Gorgia;
Nw York Satc Dcprrmcnt of Halth, Vadmnh Cotcr, Albeny,

No York; md Rhodc Island Blood Ccntcr, Providcne, Rhodc Islud

Dlsclaimer Thc fndingr ud onclusioro in tfiis rcpon uc thosc of tlc
authors ud do not nqarily rcprcnt thc offciel poition of thc CDC
CDC Humm Subjc sulf dctuminci that thc uivity daoibcd herc

&d nor ouirurc rgch, u dcincd undcr 45 C.R-F $ 46 102(d)
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早
産
新
生
児
に
お
け
る
鴨
l
l
l
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関 連
バ
ペ
シ
ア
症
の
幅
床
F
E
状
と
治
療

米
国
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東
部
の
新
生
児
集
中
治
療
室
で
起
き
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児
輸
血
関
連
バ
ベ
シ
ア
症
の
7
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例
を
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告
す
る
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い
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あ
つ
た
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児
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の
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療
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果
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は
長
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を
伴
う
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の
交
換
輸
血
が
必
要
で
あ
つ
た
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あ
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fective in neonates with mild and asymptomatic infection; however,
doublevolume exchange blood transfusion with prolonged muttiOnrg
trestment was required forthe 2 most severe cases The risk of BoDe
sia micrcti infection is not eliminated through current blood-bank
practices Neonatolo€iists jn endemic areas should have a high index of
suspicion for babesiosis in premature infants exposed to blood trans-
fu sions. Ped,otr,?s 201 1:128:e1019-e1024

Babesiosis is a zoonotic protozoal ilF
ness transmitted primarily by ,xodes
scopuloris ticks in North America
The majority of cases in the Northeast
and tho uppeP MidwestePn reEions
are attributed to Eabesia. micrati.l
Transfusion-associatod bsbesiosis is
well documented in adults.H The clin-
ical manif€stations rantle from asymp-
tomatic infection to fulmlnant disease
and death.l Babesiosis in neonates oc-
curs through blood tran8fusion or
transplacental transmission.F2 Pre-
mafure infants are at increased risk
for babesiosis; they are immunologi.
cally compromised and may require
multiple blood transfusions during
thein hospitalization.r$rs We review
here a series of neonatal transfusion-
associated babesiosis cases and em-
phasize the clinical presentation and
mEnagement stiategies fon severe
disease

METIIODS

These cases occumed in 2 clusters- In-
dex cases wore identified clinicallyand
diagnosed by using periphenal blood
smear8 performed for manual white
blood cell count and differential
Blood-banktracing identined other ex-
posed infants. All follow-uptesting and
quantificstions of parasitemia were
petformed by ushg thick and thin
blood smears. Blo0d samples fon poly-
meras€ chain rcaction (PGR) were 0b-
tained for confi rmation of diagnosis on
the day of initial positive smear result
forthe index pEti€nts and attietime of
initlal evaluation fon other exposed in-
fanb. PCR testing was performed at a
single r€ference laboratory (Mayo
Medical Laboratofies, Rochester, MN)
using licensed methods (Roche Molec.
ulsr Bioch€micals, Indianapolis, lN). In-
fants in cluster I had additlonal confir-
matorf testing by PCR and blood
smears perfonmed at the CenteF for
Disesse Control and Prevention (At-
lanta, GA) using preriously neported
methods.t6 and all PCR results were

clmo S0i10[S€fl et al

concordart Demographic and trans-
fusion details of all but 1 infant (Table
1) have been included in other
reports 6Jr

Gaso Eeports

Cluster 1

This cluster of cases included 4 very
low birth weigtt (s1500 6) infants
with gestational agesthat ranged from
24 to 27 weeks. Ihe index case was a
25-week-gestational-ags twin with a
birth weiEht of 760 g.I!.e_!0lad!_din.
icsl course was siEnificant for respira-

ouired multiDle Dacked red blood cell
(oRBG) transfusions The index tfans-
fusion occurred on day of life (DoU 3

0n DoL 56, the infanfs clinical status
deteilorated with worsening respira.
tory status, poor perfusion, hyperthen-
mia, generalized edema, and hepato
8plenomegaly. laboratorytests revealed
anemia (homoElobin: 104 l/dt),
thrombocytopenia (17000 cells per
r!L), and conjugated hyperbiliru-
binemia (14.4 mg/dl) The infant
empirically received ampicillin, gentir-
micin, and amphotericin B while evalu-
ation foF sepsis was performed. A!
noutine bacterial. viral. and fun{al
slud!, results were neqative. A poriph.
ersl blood smear psrformed on D0[ 51
revealed that l7% oferythrlqftes con-
tained intra€rythrocytic parasites con-
Bistent wfth Sooesra sp. The infant be-
Ean 20 mgkg per day of clindamycin
intravenously in 3 divided doses and 25
mg/kg per day of quinine orally in 5
divided dos€s ogtDleyg.|lJtrg-g-
change blood transfu
@ia
levPl,decrPespd to 3.1% By day 5 of
therapy, parEsitemia increased to
5.8% erythrocftes. The infant receiv€d
a second exchange transfusion, and
azithromycin (12 mg/kE per day intra-
venously) and atovaquone (40 mE/kg

per day orally in 2 divided doses) were
added to the antimicrobial reEimen
The parasite load decreased signifi-
cantly after the second exchange
transfusion; however, low levels of d*
tectable parasitemia persisted Quts
nine was discontinued after 8 days of
treatment, and all other antibiotics
were discontinued on treatment day
28 after 2 peripheral blood smears oo-
tained 3 days apart tested neEative for
EaDes,osp (Table 1)

Three infants who_reciitlrd_-0g8c_
lransfrrsions from the Same donor
blood as the index case were identi-
fi ed. Pedqhgra!!!p9d_C!q9elC-hom..A!l
J infants revealqd parqs.itgs. anq tFe
infants were treated with antDiotics
(Table D.att The peripheral blood
smears from the mother and twin sits
ling ofthe index patienttested negative
for intraerythrocytic parasites. An in-
direct fluorescent antibody (lFA) test
on the plasma obtained from the do-
nor pRBC sample was performed at
the Centers for Disease Contnol and
Pievention (C0C), and the resufts were
positive for Em,broti (1:256). However,
the results of PCR testing and periph-
eral blood smears .from donor blood
performed at the CDC were negative.

Cluster 2

The second cluster ofbabesiosis cases
included 3 low birth weight (=2500 g)
infants who received pRBC transfu-

. sions from a sinEle infected donon The
index case was born at 25 weeks' ges-
tatlonal age with a birth wei€ht of 770
g. The infant's clinical course was sig-
nificant fon respiratory distrcss syn-
drcme, chronic lung diseaso, intraven-
triculan hemorrhage, and fungat
sepsis The infantreceivedthe infectsd
pRBC transfusion on 001 l.0n 001 33
the infant's clinical status acutely de-
teriorated with hypotension. respira-
tory distress, and splenomegaly Labo-
ratory evaluations revealed anemia
(hemoglobin: 7 6 g/dt) and thrombocy-
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was discontinued when the patient
remained symptomat ic whi le on
therapy ln critically ill premature ne-
onates, enteral absorptionthrough the
immature gut may be unreliable, and
intravenous ouinidine should be con-
sidered an atternatiye. None of the in-
fants in this series had evidence of re-
cuf rence of infection before discharge
from the Nlcu

Exchange tnansfusion is indicated for
severe babesiosis associated with par-
asitemia of >10% or significant organ
dysfunction rsu2 Four adutt patients
with babesiosistreated with red blood
cell exchangetransfusion had a 50%to
9096 redusti0n in Darasitemia.zs We le-
port here successful use 0f exchange
transfusion fon the treatment of se-
vere babesiosis in 2 EI-BW infants who
presented with initial parasitemia of
'17% After double-volume exchange
blood transfusion, the parasite load in
these infants decreased by 83% and
47%, respectively. Eabesia parasites
suNive almost exclusively within
erythmcytes; thus, exchange transfu-
sion is benencial by rapidly reducin€
the parasite burden and the circulat-
ing proinfl ammatory cytokines.2.

In endemic areas such as Rhode lsland
in the n0rtheast United States. an esti-
mated 1 in 21 000 red blood cell units
are infected with EdDesia,r which
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Neonatologists, especially those in en-
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Centers of the Pacific (San Francisco, CA), 34 provided
specimens for testin$ no segments from the originaJ units
were available

None ofthe 34 tested donors had detectable antibod-
ies to B. microti. Only one donor-Donor A (the impli-
cated donor)-tested positive by B. d,uncani IFA (see
below). The RBCS from Donor A were collected in April
2008, when his Hb value ws 15 2 g/dl^ The RBCs rere
transfused to the patient 25 days later, in May. The interual
from this transfusion to the patient's diagnosis ofbabesio-
sis (in late September) was 130 days, mdthe inteval from
traNfusion to the patiends fust krom positive smear (ih
mid-Iuly) was 56 days. The ase patient wm the only
recipient ofa cellular componentftom theApril donadon.

I\uo specimens from Donor A were collected in
November 2008 and Mach 2009 for BaDesu testing. The
B. dumnilFAtiterwas l:4096 for both specimens, which
were tsted in ptrallel, on the sme day. Molectla maly-
ss md blood smeas were negative. Howwer, he had pro-
fracted, parsitologically confmed infectioN aliquoG
from the Milch 2009 specimen (>I0 months after the
indq donation) were inoculated into two jirds, both of
which were demonstrably parasitemic when enmined on
Day 2l postinoculation.

DonorAwas a healthy6T-yea-old resident ofthe San
Francisco BayArea, who m m avid hiker and moutain
biker, inchdilrg in the Bay Area, elsewhere in Califomia
(e.&, in the centnl Siem Neyada foothills md in multiple
regional md national paks), md in rhe NorthwsL His
inteFtate tnvel included hiking trips inWashington md
British Columbia (the fall of 2004) and in Wyoming,
Montana, andldah6 (the fall of2004. Atthough he didnot
recall my tickbites, he reported having a possible tick bite
reaction on his right shoulder after a hike in the rual Bay
tuea in April2008, the month of the indexblood donation.
He recalled having a mlld llu-like illnessi in October 2007,
after a hike in the southem Bayfuea Although his wife had
notaEompmied him on that hike, she developed asimilu
illns; abloodspecimen sheprovided in May2009 didnot
react to B. dumni ntJBens in IFA testing at CDC.

Since 2007, Donor A had donated blood five times;
the index donation in April 2008 was the third in the series
of five. The two subsequent donatioDs included one in
enlyAutust 2008 (the recipientwas lost to follw-up) md
one in late September (the blood wu discajded when the
trusfusion investigation ws iEitiated). After DonorAm
implicated, he was indefinitely defened from donating
blood. His two previous donatiom were in November 2OO7
(the blood wc dis.crded duing procssing because of
incomplete filtation) md intuuary2008. RBCS &omhis
Jmuary 2008 donadon rere umfused to an oncology
patient in northern Califomia, who reportedly was
asymptomatic when evaluated in March of the following
year. In April 2009 (415 days posttrmsfusion), a blood
specimen from the recipi€nt ms collected for Babuia
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testing: the B.dumi IFA titer w6 l:256, molecular
analyses and a blood smea were negative, md two jirds
inoculated wirh 22-day-old blood did not develop demon-
suable pil6itemia

DISCUSSION

We investigated a case of B. durcani infection tlat was
diagnosed in late September 2008, in a chronically tans-
fused patient who had become refractory to trilsfusions.
The patient had three reasons for heinolytic anemia: sickle
cell disease, which previously had been well controled;
warm-antibody autoimme hemolytic anemia, which
wm diagnosed in AugNt 2008; ud B, duruand infection,
which was diagnosed more thm 4 months after the May
2008 tansfsion that % implieted in rhe multiagenry
investigation of the RBC tlmfusios md donors sine
September 2007. In retrospect, rue piltrites were fomd
on m extant blood smeu from mid-luly 2008, approxi-
mately 2 months after the impli@ted May trusfusion.
The interyal from the impliated tnNfusion to onset of
clinical mmifestations is ucled. Howwer, if the patient's
only documented febrile illness, which occurred in early
Jme 2008, wc caued by babesiosis, the incubation
period m approximately 2 weels. His Babsu infection
responded to therapy with dindmycin plus quinine,
which rcmains the stmdard of care for swerely ill
patients.t However, his dinical come wm complicated by
prolonged morbidity ftom multifactorial renal failure md
polyneuropathy,

Both the patient ald the implicated donor (DonorA)
were residents ofnorthem Califomia, wer€ seropositive by
B. dunwi IFA (but seronegative by B. miaorl IFA), and
had pucitologibally confrmed infection. Donor,{, who
was othemise healthy, had no orert mmifBtations of
Eabsra infection wen though he ms 67 yeus old (B yeus
older than the recipient). Althpugh tbe duation of his
infection is not hrmn, Ns cce uderscors that8. dun-
wi, like B. miqotL can be Nociated with pmtracted,
trymptomatic pffiitemit B. dun@niwas isolated from
a blood specimen mllected in Mach 2009, more thil I0
months after his index donation in April 2008. Similarly,
for the fust docurd ented. B duncmi lfnsfusion cme, the
pasite was isolated ftdm a specimen obtdtned ftom the
donor in Mdch I 995, 7 months after the index donation in
Augmt 1994.17 A.lthough linited data si,sgest thatB. dun-
c4ni may be more pathogenic thm B. mrcn,i in erryeri-
mentally inoculated mice and hmstss,rs the potential
relema of these animal data to hmm infectlon is
unkrom.

For Donor A, the posibility that rcipients of cellular
components ftom other donations became infected could
not be prwen or mluded. Although Donor A undoubt-
edly was infected when he donated again in August 2009,
no information was available about the recipienl Donor

A's infection status back in Januily 2008 is unknown, and
the Babesr4 test results more thm l3 months posttransfu-
sion for the recipient of RBCs from that donation (il
oncology patient) are notewrthy but not definitivFin
particular, the patient's B. du@nilFA|iler of I:256. The
threshold for considering a B. durcani IFA result posirive
has not been well established: to ouloowledge, fewer
thn lO B. duwni caes have been pmsitologically
confmed md monitored serologically. The oncology
patient's possible case of B. durcani infection was not
parilitologically confumed, only one specimen was
tested, md llmited epidemiologic and clinica.l informa-
tion was available. However, the negative results of pCR
aralyses md mimal inoculation do not *clude the pos-
sibilities that the patient either had been or still wc
infected, regildless of the mode of tmsmisslon; these
methods ue not su-Eciently semitive for reliable detec-
tion of low-level paaitemia

Much remains urknon about .B. dunani. such m
the interrclated issues of its geographic distribution, tick
wctor, md resewoir host(s),rs aswell as the incidence ild
prwalence of infection in hmms, including blood
donors and recipients. The cme we decribed, the thlrd
domented tmtrfsion ase caused by B. dwtani,
undeFcorcs that the difrculties inherent to detecting md
investigating Babcu cce ae conpounded ln patients
whb have been chronically tntrsfused, have mu.lticause
hemolytic anemia, ud m irfected with species othu
thn B. misotl. Hmm infection wi'dr B. duncani adlrd
oths novel EaDsia agentt'r is not detected by serologic or
moleculu rosays for B. mhroti, wNch has ramifiations
not only for diagnostlc testing ild transfusion investiga-
tiom but also for potential future screening of blood
donors.z Efiective measures for preventing trmsfusion
trusmission of Babesiz fiffisites re needed. Although
the highst nea-term prlority is the development and/or
implementation of FDA-approved donor-screenlng test(s)
fff 8. uicrofi, there Rlso is a need foi 8ah?sra senus- fvc
specis-) level assays.
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BL00D DONORS AND BL00D 00LLEOT10N

Deconstructing the risk for malaria in United States donors
deferred for travel to Mexico

Bryan Spencer, Steuen Keinman, Brian Custer, Ritchard Cable, Susan L. Wilkinson, Whitney Steele,

Patrick M. High, and Dauid Wright for the NHLBI Retrouirw Epidemiology Donor

Study-II (REDS-II)

BACKGROUND: More lhan 66,000 blood donoE are
delerod annually in the United Stales due to travel to
malaria-endemic areas of Mexico. Mexico accounts tor
the largesl share of malaria travel deferrals, yet il has
extremely low risk lor malaria transmission throughout
most ol its national lerilory, suggesting a suboptiml
balance between blood safety and availability. This
study soughl lo detemine whether donor deferal
r€quirements mighi be rolded tor parts of Mexi@
without @mpromising bl@d slety.
STUDY DESIGN AND METHODS: Travel destinatim
was .ecorded lrom a representative samplE ol present-
ing blood donorc defered for malaria tmvel lrom six
blood cenleF during 2006 Wb imputed lo lhese donore
.eporling Mexican travel a risk lor acauiring malaria
eouivalent to Meximn residents in lhe destination lo@-
tion. adjusted lor lenglh of slay. We ennpohted the$
resulls lo the oveall US blood donor populalim.

BESULTS: Risk lor malaria in Mexim vari6 signifi-
mntly aqoss endemic areas and is greatest in aEas
inlrequently visiled by study dono6. More than 70% of
bl@d donor delerrals were lriggered by lEvel lo lhe
stat6 of Quinlana R@ on lhe YmHn Peninsula, an
area of rery low malaria lransmissim, Eliminating lhe
lEvel deferal rcquirment lor all areas except lhe stale
ol Oaxaca might resun in the recovery ol almosl 65,000
blood donots ilnully al risk of approximalely me 6n-
taminated unit collected every 20 years.

CONCLUSION; Dete.ral muiremenls should be
relded for presenling donors who traveled lo areas
within Mexico that conl8r exceptionally small risks tor
malaria, such as Quintana R@.

msfusion-trmsmitted malaria (TTM) is a
potentially lethal outcone of blood trmsfmion,
but one that is uncommon in the United States
On average, the pmt two decades have seen less

thm one cce of TTM per yeil, representing a mte of less
thm 0.I per l06redbloodcell tmnsfusions.r'3TTM prwen-
tion cmendy relie5 on *lusion of donors who might
prsent risk for malilia infection. Based on requirements
md recommendations of the Food md Drug Administn-
tion (FDA)| ud the AABB,S the deferral period is 3 yeils
for those who repon a history of malria infection or of
prior midence in a maluia-endenic comtry m defined
by the Centes for Disue Conuol md Pr€vention (CDC),6
whereas it is I yeil for donon with tmwl to pars of coun-
tries considered endemic for malilia by CDC.

The nmber of prsenting or productive donors with
nonrero riskfor huboring malnia pdasites is essentially

ABBREVIATIONS: API - amual p@itologrcal inderq number

of 6es reported pq I0o0 midenb per yeu; BCP = Blood

C€nte6 of the Pacific; BCW = Bloodcenter ofwi$odsin;

HOX = HoMorth Blood Center, UniEsity of Cincinnati;

ITXM = Instiilte for Ttmsfusion Medicine; NETRC = Amerien

Red Cr6s, Nw Englmd Regtoni SARC = Americd Red Crcss.

Southm Rdon; TTM = tufusion- tramhined malaria
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unknown, as is the relative likelihood for infection across
the different maluia deferral categories. Howeve! empiri-
cal evidence in theUnited Statesr:,? and other coutries0-rr
cleely implicates donors from sub-Sahum A.ftica in
cases ofTTM over the past three decades. While many of
thse donors were improperly accepted due to m e[or
duing health history screening, others were rile biologic
outliers whose semi-imme statu allowed for Plasmo-
dium ptasite caruiage for several years. This occuned
most often with Pr6modium fabiparuu ild also with P
mlarire, a more benign species knom to remain unde-
tected for decades12

ln contrut to those with long-tem residence in sub-
Sahum Africa md a few other higNy endemic arero,
donors reportingroutine tmvel to malaial areas appearto
confer relatively lw risk for trffimitting matuia to recipi-
ents ofblood products. In fact, ovet a 28-yeil period, only
one donor out of32 implicated in TTM cases m a native-
bom US resident on routine travel.r2'TWhile denominator
data that would allow for accmte risk compuisons
acrcss the different defenal categories are lacking, there
cm be no doubt that the l-year defenal period for short-
term traveleF h6 a significmt impact on blood ani.labil-
ity. A recent analysis by ou consortiurn estimats that
ahnual deferals by US blood centers might surpcs
150,0O0,13 ild unpublished data suggest that sereral times
that mmy might self-defer.r.

Tb 6sess the risk that donors who repofi a travel
history requiring maldia deferal might actuaily be
infected with malilia pmsites, ow prior srudy detailed
the travel destinations of a representative smple of blood
donors with malaia travel deferal.t3 Using public data
sources on imponed malilia in the United Statesrs'4
md on nmbem of traveleF to different countries ild
regions,zrP we dweloped region-specific risks for maluia
infection that suggested a l000-fold greater risk for tmvel-
eF to Aliica versus Mdico. Tnveler risk to Milico w6
estinated s rcughly I in 800,000 for those who visited m
arca triggering malaia defena.l. We oncluded that these
data supported the relmtion or elimination of rhe yeil-
Iong defenal period for Fflel to Maico, with a negtigible
maginal increce in risk balmced by the nicwery of tens
of thousands of donors annually13

Given the lage number of deferals after travel to
Mexico, and the long-term trends in malaria incidence
there, this article reports a follow-up malysis focusing
only on dlis counEy. Mexico is a muntry oI lorry md
decl.ining risk for malaia, one where the remaining ueas
ofnatural transmission ffi chilacterized as scattered foci
in rural ueas populated by indigenous inhabitmB.23
Although fum data are unavailable on how mmy US tour-
ists visit any given location within Mexico, US malaria
suneillance figures support the interpretation that most
(avelers visit ileswith very lowrisk for maluia. For each
year from 2@O to 2N7, m average of approximately six

DECONSTRUCT!NG THE R:SK FOR MALAR:A:N uS DONORS

and a muimum of I I US residents have acquired malaria
in Mexico that was diagnosed following retun to rhe

.United States,Tr5'a2a out of an average of roughly 20
million visitors mnually with at least an overnight stay.r2
Furthermore, a disproportionate share of these malaria
cases occued in Mexicm citizens now residing in the
United States,'zs so the risk for routine, US-born travelers
appeus exquisitely low.

To dewlop risk estimates for malaria infection in
blood donon that ile independent of the travel destina-
tion within Mexico for overall US travelers, this article
adops m alternate method that derives donor risk from
maluia risk figures for the local populations of rhe areas
visited. Specifically, we recorded destination(s) of travel
within Mexico for the sme cohort of deferred donors
dessibed in the earlier analysists and used ma.laia sur-
reillmce indicaton developed by the Mexiff Ministry
of Health for the sme ares during the sue time frame
s a neilw of potential malilia dsk faced by blood
donore defered for travel to Mexico Because the
Mexicm morbidity data reflect risk for year-roud resi-
dents, re adjust the donor risks for dumtion of exposure.
To provide a bsis for selective alterations to curent
deferal requirements for Mexico, we disaggregate rhe
rcsults by state, since distribution of dsk across the
county wies signiEcmtly.

MATER]ALS AND METHODS

Source of data on presenting US blood donors
deteared for lravel lo malarla-endemic areas
in Mexico

Six blood centers participating in the Retrovirus Epide-
miology Donor Study-U (REDS-ID prcgrm sponsored by
the National Heart, Lug, md Blood Institute (NHLBI)
provided data for this malysis. These centeB represenr
geognpNcally md demogaphicaly dive$e popu.lations
md collectively accout for more thil 8% of amual
allogeneic blood collections in the United Stares.s The
REDS-II blood centerc include the Blood Cmters of rhe
Pacific (BCP; Sm Fmcisco, CA); Bloodcenter of Wiscon-
sin (BCW; Milwaukee, wI); Ho$orth Blood Center, Uni-
vercity of Cincinnati (HO)C Cincinnati, OH); the lnstitute
for Ttmsfusion Mediclne (ITXM; Pittsburgh, PA); the
Americm Red Cross, New Englmd Region (NEARC;
Dedhm, MA); md the American Red Cross, Southern
Region {SARC; Dbuflawille, GA). Each center retrieved
blood donation records from the firsr 60 donors deferred
for malatla uavel in either rhe even-numbered (BCW
ITXM, SARC) or odd-numbered months (BCP HOX,

' NEARC) thmughout 2006 to ensue that seasonal pat-
terns in uawl were captured. Data were recorded on
donor demographics, date ofpresentadon, dates of travel
in malilia-endemic regions, and the destination country
or comtries with malaria risk for up to five countries
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TABLE l.Maiarla travel dererra:s to mex:● ●at s:x REDS‐:I Blood Centers.2006

WOth10d extrapo alon
BCP   BCW   HOX   ITxM  NEARC  SARC   Tota     to un10d slates

Numb€r of lrav€l deferals sampl€d
Oel€rals to Mexi@
Travel d€lerals due to lGvel to Mexico (%)
Mexi@ defe..a's with identiliabls l@lion (%)

130  125   885    66.554
ｍ

‐‐９

“

”

“

５９

“

９９

“

”

６

９

“

２３

３６

６２

TABLE 3. Malarla casss al nalional and stale level and populatlon al rlsk in Mexlco, 2000 throuqh 2OOg
20∞  2001 2∞ 2 2∞ 3 2004 2005 20∝  2007 2003 2009

Popuほlon at nsk(mm10n) 28   28   28  ‐ 28
Num“ rd“ tes repomng≧l maana cas“) 16  17
Number or alun“es repOrung≧l malala casolS) 234   202

「

ＮＡ

‐４

‐６

″

４３Nutr|b€r ol P telcipaw weg
Indvidual stats

Campshe
Chiap6
Chihuahua
Colim
Du.mgo
Gs@ro
Jalis
Mk$@cdn
Morelos
Nayaril
Oda@
Pueua
Ouinte R@
Shd@
SdoE
Tabas
Ve6cruz
Yu€tdn

Totat malaria @es

654  285  260  699  1083  1432  575  369  804  896

297    219    139    167    145     97     86     86     12      8

50      0     33     15      5      0      0      0      0      o
7272   4867   4552   3607   3268   2966   2413   2307   2357   2595

Populatio●adlusted nsk.
Population,    PopuatiOn    Number ot coun輌 es    Malana cases,     APl land 95・ /.Cr),

Stat●            2∞ 5    at nsk,20“    roponhg casOs,2∞ 5    2∞ 5      1or mma‖ a,2t105

Durango         l,554,948    14.126     3o'39        114      8071671‐ 970)
Oaxaca         3,716,837   193,669     19 of 57●       1432      7391702・ 779)
Chhuahua         3,432,510    33.126      8o167        181       5461472632)
Sonora          2,487.066     5,777     4 of 72        29      5 02(349‐ 722)
Tabasco            2.069.522     119,497       9 of17          97        0 01 10 67‐ 099)
C h a p a s        4 , 4 1 7 . 0 8 4   1 , 0 6 2 . 4 5 5     6 5  o f  l 1 9       8 5 2      0  0 0  1 0  7 5 0  8 6 1
ShJoa          2,771.148    559,254     10 of 18        208      0 3710 320 43)
Ouhtana Roo       l,091,496    127.003     2 of8         11      0 00(00S‐ 0161
Nayatt and Othor sates  24,466,964    684.288      13 of 667        42      0 06(004‐ 0081

46,007.503   2.0∞ ,000     133 of l.577       2966       106(102・ 110)

' Cls do not a@unl for lemporal or geog.aphic vadalion, and hence inferen€ is to only lh€ yoar 2005 and is speific to oach stale

derives ftom chmgingfrom a macroregional to a cowtry-
based analysis, for wNch Mexico wtr the coutry of
higher risk

Rlsk for malarla infeclion in US travelers to Me{co

Population-adjusted risks for malnia at the state lwel
are shown in Table 2, supporting the chaacterization of
risk ile6 within Medco as mostly scattered foci rather
than large swaths of the national landscape md demon-
stnting that most residents of endemic arere face very
low risk for maluial illness. First, of the 2 8 million
Mexicm rcsidents living in risk areas, fewer than l0%
reside in areas with an mnual risk for maluia greater
rhm I per 1000 (m mnual pansitological index {APII of
I mems one c6e is reBorted per 1000 residents). Ewn in
these regiom-Duilgo, Chihuahua, ud Sonora in the
Northvst and Offica in the South-the population at
risk represents a small proponion of each state's popu-
lation, ild the number of couties with cases is low
compued to each state's overall number of counties.
Although the risk faced by rcsidents of these four states is
large relative to residents of the other endemic states,
thls elevated risk is confned to a very small fraction of
the population. For Quintila Roo and four other states,
which collectively accout for 53 reported cses, the risk
is less than I per 10,000 residents per irmurn.

Table 3 mntextualires the malaria risk across states
in 2005 within a long-term trend of increreingly lower
malaria risk in fewer md morc circumscribed geographic
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reas. Compred to 1985, when more thm 133,000 Gses
were rcported ftom all but two Mexicm states,B the
number of css declined by 95% by the yeu 2000, md
within the pdt decade hu been rcduced by an addi-
tiondl 60%. Active trmsmission of Plasmodium parBites
is now limited to ll5 couties distributed across l0
states, dm from 234 comties in 16 states in 2000, md
applies to less rhm 3% of the popu.lation of morc than
100 million. The coutry h6 not reported a malaria fatal-
ity in more than l0 yees (data not shoM), md the
nuber of cas of faki4arum maluia-the most malig-
nilt species md at constant risk for importation ftom
neighboring counEieFhas been rcduced to zerc for 3
conssutive yeils. Across those aec wlth active Ums-
mission, risk is nonmiform, with two states-Chiapas
md Omca-accouting for morc t}lm 75% of all
reported cases in each of the pct 5 years.

Rlsk for mala.la infection in US donors doferred
lor travel to Mexico

Table 4 combines the results for travel destinationwithin
Mexico reported by the REDS{I dolors with the prory
risk attached to the identified locations. Overall, the
information provided by a lage majority of donoB (85%)

was suffcient to identify location of tnrel at least to the
state level. For morc thm half of the remaining donoB
(n = 69, 7.8%), information on location ms either alto-
gether lacking or insufficiently specific ('went horoeback
riding, visited ru.ins, drwe through rual area') to exclude

potential exposue to ma.laia, thus triggering deferral;
Hords weE no longer available for mother 60 donors
(6.8%). The adjusted d.istribution in Table4 md the cal-
culations bced on them mume the distribution of
tmvel by the 15% missing m rmdom, md locations for
f}lme obsemtions were rcalloeted according to the pro-
poftion mi$ing for each blood cmter. Notably, morc
thm nine of l0 donors in this analysis provided sumcient
detail on their tnvel destination(s) within Mexico to
identiry both state md county visited.

Duation of exposurc wm estinable for 284 donors,
md the distribution was binodal Nineteen percent of
donors reponed a duation of exposue of 0 days, which
rcflects day trips to risk are6 Another 24% reported 7-day
stays in ileas with malaria risk The medim md mode
both were 7 days, and the mem w6 7.4 days. Togerher,
73% bfthe 284 donors reponed a dumtion of exposure of
7 or fewer da)E, ud thls duntion re amordingly used to
estina.te the risks for malaia infection. discussed below
md shom in Table 4.

Asignificmt majoriry-72%{f REDS-II donors were
defe[ed tbr uavel to the state of Qulntana Roo. hcated
on the Yucatdn Peninsula, Quintana Roo draws heavy
trmb€rs of iowists miving by both plmo ild cruise ship.
As indtated in Table 3, the number of malria cmes
reported in quintma Roo has been reduced by more thm
95% over the past decade, and in 2005 (Table 2) only two
of the eight counties in the state had my cases The infor-
mation prwided by travelers to Quintm Roo m sufr-
ciehtly detailed to ldentify location at the couty Ievel for
98% of the dmors defered for Eavel to that state
(Table 4). Risk for infection in donos with uavel to Quin-

tma Roo is derived from a weighted summation of loca-
tion risk (county lewl for 98%, state level for 2%)
muJtiplied bythe nmber of US donors extrapolated from
the REDS-I donos Clable 5). From these calcu.lations,
two figues stmd out. First, Sl%visited aerewith rero risk
for maluia in 2005 (Table 4 md Fig.2a), mosdy in the
area of Cacun, Playa del Carmen, md other cotrtal ile6
of the northem thfud of the state. Second, after adjusting
for duation of exposure (see above), we would expect the
proiected number of 47,939 donors deferred mnually for
travel to Quintana Roo to acquirc maluia infecdon at a
mte of 0.0080 per yee, or one infection every 125 yeils.
This estimate 6smes no significmt alteration in' the
degree or disnibution of risk within the state, both of
which seem remonable inferences bmed on the number
of croes reported statewide duing 2006 though 2009
(Table 3).

After Quintma Roo, the states responsible for the
second- md third-largest number ofdonor defenals also
represent very-low-risk travel. Both Guerero md Naydit
account for more than 6% ofravel deferals to Milico. but
Gueffero reported no more thm three cmes of malaria
(either zerc or three, depending on the soure) in 2005,
md travelers to both states owmhelmingly reported
tmrel destinatioro in couties with zero malria croes
throughout 2005 (see Fig. 3 for NayariP). Accordingly, the
more thm 8400 US donors projected to have been
defened for travel to these two states would be expected to
acquiE 0.0007 inftrtions altogether, or oneper l4O0 yeffi.

Continuing in like fmhion across all the states rcspon-
sible for donor deferrals, the results indicate that 76%
of donors did not enter an area with wen one malilia c6e
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rlg.2.Mttcall State oFQuhtatl●Roo,mth 200S county.l―l malarla r16k and gened d“」bu」on oFREDS‐II malaria tnvel

d… deSunadonO.M.p adapted tom lmdtuto Nacional de tttatfsum e CeO…´ICOmctlon added aftけonline publlcadon

12‐May‐201■defe‐lnum随"dded』

in 2005, md the weighted awrage location risk fd all
deferred donom is 0.2ff11 infections per 1000 year-rcund
residents. Adjusted for dumtion of orposue, this estimate
implim rcughly a l:250,000 maluia risk for US donors
defered for tnvel to Mqico. Given the 100-fold rlsk gra-
dient across shtee shM for Medcm rcsldmts in Table 3,
the donor dsk categorized at the state level gives similil
reoults ln fact, 8l% of the risk attrlbuted to donors
defened for tnwl to M*ico (0,2170 infections annually,
or roughly one case per 4.6 years) is for tnvel to the state of
OffiJ3, a risk asoociated with only I 847 donors. Omifting
them ftom the analysis, ttre remaining 64,707 dono$ col-
lectivdy incur risk for malria infection of roughly one per

20 yeils. lncluslon of Oaxaca yields m estimated 0.2676

expected infections in 66,554 deferred donore per year, or
rowhly one inftrtion every 3.7 yem.

These frequencies en be uderstood c the
maximm theoretica.l risk ftom h.rlly repealing the donor
defenal for travel to Medco, which 6smes that all
donors present for donation immediately upon retun
Given that 50% of vivax malaria infections in US trawlers
become symptomatic within I month md 70% witNn 3
months,r3 the actual risk uder the expected distribution
of intervals between retun and presentation would likely
be quite a bit lmr. Moreover, as discussed belil, imput-
ing to US ravelerc a prorated risk for ma.lilia infection
equivalent to M*icm rcsidents a.lmost certainly over-
states risk by a significant, albeit unqumtifiable amount.
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SPENCER ET AL

Flg, 3. Mexi@ Sate of Naydlt, wlth 2005 @unty-level molarla ri$k dd dsthatlon location of lute marortty of REDS-u malub

trawl defermls. Mep adaptsd from Instltuto Naclonal de E6tat(sttca e Geo8taf{a! [Corectlon added after onltne pqbllcatlon

l2-May-2011: defena.l numb€rr added.l

!t is notewonhy that donors rere defered for ravel to
19 states, plus t]le Federal Distdct (Mexico City), whercG
only 13 states re listed by nme in the Yellw Book To be
sue, these occunences represent a small minority, but
some of the states responsible for deferals (Baja Califor-
nia Sur, Colima) had not reponed a malaria 6se in several
yea$

DrscussroN

While blood centerc in the United States have previously
explessed concern that the donor defena.l for ma.laria risk
in Mexico reflects a poorba.lmce between riskaverted and

2406 TRANSFUSION Volume 51, November 2011

impact on blood awilability,s no systematic effon had
been undenaken to qumdry eiths metric in a joint
ssessment of safety and aEilability. Ou consortim's
f$t analysis suggsted that the rlsk for malaria infection
associated with tmvel to Mexico might be low enough that
the curent l-year deferral period could be scaled back
with negligibte impact on blood safery. Giwn rhe apparent
size of the popu.lation of willing donors tumed away after
tRvel to Msico, there rc indeed significilt potential
gains in blood availability to be weigh€d in the assessment
ofrisk and benefits that might.follow anychange in donor
eli8ibility requirements. To addr€ss the potential concern
that ou estimates for ma.laia risk in US travelers to

Mexico might not have been based on accurate estimates
ofpopulation at risk, we sought m a.lternate measure for
maluia risk that wm independent ofUS traveler patterns
werall The resuls presented herein support the condu-
sions from the original paper, while providing a more
nuanced perspective on donor travel patterns and atten-
dmt malaia rislc

Based on the recognition that traveler risk md donor
acceptmce might be only looselyassociated, this malysis
purposefully did not restrict its focus only to the donor
population that entered il area in Mexico with active
malilia tmsmission. While a donor who reports having
entered a risk ilea is clearly excluded from donation,
other donors who did not enter such m uea but who
cmnot provide sumcient detail to exclude the possibility
of maluia qposure ile a.lso deferred. Thus, the critical
population for the curent malysis is the donor popula-
tion who entered m ilea of Mexico that would trigger
their ilclusion from blood donation, independent of the
level ofrisk theymight have faced As indicated inTable 4,
a ldge maiority (76%) of dono6 rere deferred fortravel to
ileas reporting zero malilia cases in 2005

The discrepancy between risk areas described in the
CDC Yellow Book md actual donor deferrals could have
more thm one explilation. Fint, the deferral of donors
for uavel to arem with no maluia could simply reflect the
natura.l time lag between m rca within M*ico having
been determined to be free of acdve tnnsmission, this
information being published in the next version of the
Yellciw Book md the newest version of the Yellow Book
being integrated into blood centers'documentation for
donor screeningfor malaria risk. lndeed, the version of the
Yellow Book subsequent to the one referenced for this
study rcmwed fou states from the llst of those comidered
risk reas: Campeche, Guemro, Jalism, md Michoacdn. A
second, perhaps more imponmt factor, might be the
.limited mount of detail ayailable in the Yellow Book
coupled with limited information provided by the donor
hlm- or herself. Consider, for emmpJe, the fact that the
state of Nayilit has reported neu$ all its maluia from
the sme six comties-Huaiicori, Acaponeta, Del Nayd,
Rosmorada, Ruiz md Tepic-between 2002 md 2005s
(see Fig. 3), but 85% of REDSJI donom were defened for
visitin8 Nuew Vallarta and Sayulita in the munty of BahJa
de Banderas in the southem part of the state, where no
malaria case has been reported since at least 1999.30 A
simi.lar dynatriic prevails ln the states of Guerfio and

Quintma Roo. The breadth of risk implied by the phrme
"risk in ruiz.l ueas" follwed by a long list of stats implies
that risk is incured by my tmveler who leaves m urbm
loale in any of those states, md a high lack of specifcity
is the result. The issue of timeliness of risk infomation
could in theory be partly remedied by the online maluia
risk map CDC has dweloped,3s ifsubsequent iterations of
this application were to provide more detailed or more

DECONSTRuCT:NG THE R:SK FOR MALAR:AIN uS DONORS

recent infomation than the print version of the Yellow
Book. In sm, while the information provided by the CDC
is valuable in assessing risk, it is often insumcient to
exclude the need for defenal for mmy presenting donors

The risk estimates presented herein should be evalu-
ated interms ofhow realisticallythey reflect the actual risk
incmed by deferred donors The intent of this ilalysis, as
with the prior one, was to develop a conseryative model
that ensued that risk estimates r..'ere not arinciCy !c's
We are confident that the fust model is successful in this
sense, most notably by its prediction of one case of TTM
flery 6 yeils from a routine traveler, whereas empirical
obsemtion has identined only one such case in the past
three decades. We believe that the low risk estimates for
travel to each state in the current ilalysis also are consel-
vative ild provide a significmt milgin of safety. This is
probably best illustrated by the data from the state of
Omca, which is responsible for the largest shue of cmes
within Meico md the second-highest population-
adiuted risk in 2005. Notably, less than 5% of the state's
population lives in risk areas, md only l9 (3 3%) of the 570
counties reported cases in 2005 (Table 2). Combining
census and reported malaia data,3oJr one sees that Oil-
aca's 1432 cases ile scattered across 265 different toms or
hamlets (of 1249 in rhese lg couties), which by simple
ilithmetic implies an average of five malaia ctres per
tM orhamlet, each with mem popu.lation of 700 inhab-
itmts. A.ltogether, ihe data suggesr that the popu.lation-
adjusted risk of 7.39 cases per tho6md residents, or l:135
residents annualJy, applies to a very small shile of the
population md the lmdscape of Oaxaca. If tourists to
Omca faced malula risk equivalent to those of local resi-
dents, one shodd expect fil greater numbers ofUS tou-
ists to retum with malilia. Offica accomts for rough.ly
l% to 2% ofair trafic from the United States to Mexico536
md is Gsociated with 3% of the deferrals in the REDS{I
cohort. Ifewn l% ofUS overnight tavelerc to Mexico visit
Oilaca, stay I week, and face the malaria risk shom in
Table 4, one would expect almost 24 malaia infections
from this state alone, fou times the average over the past
8 yem for the whole comtry (200,000 rravelers x l:163
risk + 52 for l-week exposm = 3.6 infections). In sm,
use of local resident risk 6 a pmxy for traveler risk
undoubtedly overstates the risk in ou donor population.

Whether the predicted level of risk suppons a com-
plete or pdtial revereion of cunent deferra.l requirements
for U:rvel to certain parts of Mexico is a question that has
been reviewed recendy by pctlicymakerc.3T ln a discrssion
fomsed only on Quintma Roo, Mexico, the FDA Blood
Products Advisory Committee recommended 17 to I in
favor ofallowing donation from donors with tavel to that
state. Ou ilalysis reinforces this conclusion and suppors
extending a similar policy to other ileas of Mexico with
exquisitely low risk for malilia infection. Both within

Quintana Roo md elsewhere, most donors reported travel
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to areas with zer-o-reported malaria ctres in 2005, and
those that traveled to areas with theoretical fisk generally
inmed risks of very low magnitude. Specifically, three in
fou deferred donors were csociated with uero that were
ma.laria-free in 2005, md 85% of the remainder faced esti-
mated l-week risk of less thm l:&0,000. Onlythe 3.5% of
donors deferred for uavel to Offica Chihuahua, md
Sonom faced potentid risks that could beconsidercd non-
trivial. This finding replicates that from our comortiw's
fimt malysis, a.lbeit here on a subnational rather tlan
global scale, the lugest shae ofmalaria travel defenals is
ssociated with travel to the aea of lowest estimated risk
Iist as Mexico reflects about a 1000-fold lwer risk than
Africa, donors who visited Quintana Roo appeil to have
faced m average I in I t5,661 (annualized) risk, comparcd
to tmvelers to Oilaca, with its estimated risk of I in 164, a
700-fold difference. Adjusting each for a l-weekexposure,
that leaves us with absolute risks on the order of I per 6
nillion for Quintana Roo versus I per 8510 for Odaca.
Retuning again to the earlier article, the absolute traveler
risk for Quintma Roo is less thil 8000 times that of the
estimated traveler risk to Africa. we believe that at a
minimm Quintma Roo shotdd no longer be considered a
defenable $avel destination, and strong consideration
shou.ld be given to enending such a metrue to other
locations in Mexico with very low malaria risk-

This study is subject to a nmber of potential limita-
tions. FiFt, donors from the REDS-ll blood centers might
have uavel pattems that ile not rebresentative of US
donors overall. In fact, given the lack ofREDS-II data from
the southrcstern United States, one mitht asswe that at
lest that region's donors corddhave a differentmout of
trawl to Meico or udertake travel of a different natue
compiled to REDS-II donon. While such data are sparse,
a parallel study to this one was presented to the FDA'S
Blood Products Advisory Comittee. Using 2008 deferal
data from blood centers in the border states of Terc,
Arizona, and New Mexico, dre study found a similar per-
centage of donors deferred for malaria navel cms found
in REDS-II donors (0.9% vs. l%), but fomd that a higher

lercenta8e were defered for tmvel to Msico (60% s.
429o)-The distribudon across states differed ftom that in
REDS-ll donorc, with more defenals for travel to border
states Chihuahua and Sonora within Mexis (15% vs
<l%); hMever, Quintila R@ still represented the state
responsible for the largest shile (37%) of defenals. More
bmadly, the study suggested that amaiorityofborderstate
donors ile also defened for visits to areas with very lw
risk (<l:250,000 Gsuming l-week exposure).38

Another potential limitation is that location data were
not available from 15% of the donos in this study who
rcre deferred for travel to Mexico. To cause domwrd
bias in our risk estimates, howerer, the missing data
would have to be from donors with higher malaria risk
while uaveling to Medco thil other donors ftom the
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same blood center, m unlikely scenaio. If anyhing, the
missing data ue likely to come from relatiwly low-risk
tnveleB. Since by 2008, 100% of malaria in Mexico h8
been chilacterized m ocmning in indigenous popula-
tions in scattered runl aleas,2r one should expect these
are6 to be visited by the more adventuroN md/or
sophisticated trawler, who almost certainly would be able
to nme at le6t the state they visited In uy case, bemuse
the missing data are adjusted for by weighting the avail-
able data for each center, uy diffdence in risk for donors
asoss REDS-II centers is adequtely accouted for.

A third onem might be that the rcports of lower
levels of malria within Mdico cou.ld reflect diminished
suneillmce capacity rather than reduced naluia trans-
mission. Awilable evidence, howrer, suggests this is not
the 6e. Mexico accouts for less thm 0.5% of malilia
cres diagnosed rcross all endemic coutries in the
Americs, yet cffiies out more thm I8% of all blood
smean mmined for diagnostic purposes 3e A slide posi-
tivity Ete that is a fraction of other countdes' together
with a higher proportion (36% vs.2t )Q of cases found
t}rough active 6e detection confi.ms that Mexim's
ma.laria swillance is both robust and committed to
identi$ing all potentia.l cases of infection.

One final possible limitation is rhat ou estimates for
tisk and benefits associated with modifying the deferal
guidelines to Mexico ae bmed on risk estimates from
2005 only, md detai.led comtyJevel data re not amilable
from 2006 onward. Thls could haw implications for the
reliabi.lity of the estimates presented herein a well as for
in-ferences applied to subsequent time pedods.Wh0e two-
thirds of the donon in ou malysis actually traveled in
2006, we haw no a priori re6on to assme that relimce
on 2005 malaria surueillmce data prejudices our risk esti-
mates. First, b€trcen 2005 ild 2006, the overall nmber
ofcrces declined from 2966 to 2413, theAPI declinedftom
1.06 to 0.90,6 md tluee of the fou states with t}le hiEhst
API in 2005 all reported fewer casesin 2006: Chlhuahua
frcm l8l in 2005 to 122 in 2006, Offica ftoni 1432 to 575,
md Sonom from 29 to l7; Duango, rml<ed highest in risk
in 2005, m only sllghdy higher in 2006, increming from
l14 to l2l c6es. Goin8 foryed, one might be concemed
that the lack ofcountylevel data beyond 2005 could mem
that my relaxation of deferral guidelines might not have
recent surueillance data of a high level of gmulility to
support iL While rhe ideal scenario muld inwlve the
availab[ity of Eal-time, tom- or hamlet-ld data, the
data presnted here are part of a long, dMwild trend in
risk for malilia in Mexico, md most of the ileas shown to
be malaia-fre (or wry low risk) in 2005 were also
malaria-free or low-risk for sweral prior yem. Funher,
malaria croe repofts at the state level are currently awil-
able on a weekly basis, with only a 2- to 3-rcek time lag,3l
so that my significmt change in malaia $msmission
rculd likely become mpidly detectable. Unless the nanue

of donor tnvel patterns to Mexico were to be reoriented
towd risky travel in rcmote ileas and away from beach
resorts, the estimates of risk described in this malysis are
likely to remain relatively stable.

Bced on the preponderance ofblood donor deferra.ls
Elggered by visits to mm of zero or very limited risk for
malaia, re recommend that the deferal policies for
donor travel to Mqico be revised in a my that balmces
rlsk averted with the signifi cant donor loss. while multiple
pemutations of new regulatlons might reasonably be
considered, re believe that the data from this malysis and
amilable online ue su.Ecient to infom these eEorts.

APPENDIX

The Retrovire Epidzmiologt Donor Study-II (REDS-0 is
the r6porcibility of the following persorc:
Blood centec:
Americm Red Cross Blood Services, New Englmd Region:
R. Cable, J. Rios, and R. Benjamin
Americm Red Cross Blood Services, Southern Region/
Department of Pathology and laboratory Medicine,
Emory University School ofMedicine: J.D. Roback
Hovonh Blood Center, Univesity of Cincinnati Aca-
demic Health Center: R.A. Sacher, S.L. Wilkinson, md
PM. Carey
Blood CenteF of the Pacifrc, Uniwrsity of California San
Frmcisco, Blood System Reseilch Institute: E.L Muphy,
B. Custer, md N. Hirschler
The Instilute for Tlm-sfusion Medicine: D. Tri,'lti, R.
Kataiya, md I. Kiss
BloodCenter of Wis@nsin: I. Gottschall ild A Mfft
Coordlnatint enter:
westat, Inc.: J. Schulman md M. King
Natlonal Healt, Lung, md Blood Institute, NIH
G.l. Nemo
Central labontory
Blood Systems Research Institutq M.P Busch ild P Nonis
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中 ｏ 日 Ｎ Ｏ 一 〇 ６

８ Ｒ Ｎ ８ ， 〓 ” ２ ８ ８ ８ ０ こ を 自 ３ ● Ｆ ） 目 ０ ” ｒ ， ● 一 ¨ヽ

Ｅ ｌ 一 キ ０ １ ” 、 口 讐 ● ゴ 、 ａ ミ Ｂ ヽ ８ 日ヽ 半 富 “ ・ ８ 日 ３ ．ヽ ３ 〒

Ｎ ●

， ， Ｎ ８ 一 ■ ，

で こ σ ユ ０ 工 Ｏ Ｌ 』 】 ０ コ ヽ 日 ぼ ド Ｌ Ｏ ● Ｐ 口 ０ 【 】 ‘ 【 ０ 国 ” Ｆ̈ σ ュ ● 【 口 Ｌ ， ■ ，

電 だ ｏ 口 Ｎ ● 。 ９ （ ざ ● ９ ８ 〓̈ ０ ■ ● 〓 ０ と 」 】 ０ 凛 ヽ 口 Ｆ “ ¨̈ ｏ 口 ¨ Ｎ ｏ ｏ ，

Ｎ ● 卜 ●

Ｆ ａ ｇ ｇ ｚ 〓 ０̈ り Ｌ ● ｏ ● ３ ， Ｆ́ ユ ８ ● ０ ８ 鳴 』 ， ２ ８

一 Ｚ ， ” ざ 口 Ｌ 【 口 降 〓 日 ０ ● 『 摯 ● ” げ Ｌ ｏ ● ２ 】 口 Ｏ ｏ ｏ 『 ● ● ， Ｌ て お ■ ８ ５

〓 ８ 日 ｅ 詈 ュ ， 日 目 ●̈ ● 』 ε 諄 ９̈ ｏ ８ ８ 互 ８̈ ８ ８ ８ ０

こ ＞ ５ 」 ● 匡 ● ｒ 〓 Ｐ ｃ ” ｒ ｒ ” ■ ミ̈ ８ ｎ ｉ 日 、 ョ ｏ 雫 ● 潔 』 ， ヽ

日 ， ● ３ と Ｏ Ｆ 二 ， ３ ● ヽ ８ ヨ ” ＝ Ｋ

” ” 口 ビヽ ロ ０ ■ ０ ， ロ エ ご ュ ■ ¨ Ｏ Ｈ̈ 巴 Ｌ ゛ ， ュ ｏ ロ 　 エ ” 一 ， ュ ” ∽ ” ２ ６ 口 一ヽ ● ｏ ｏ

● ２ Ｐ 、 マ 〓 ｏ ， こ 』 日 ま に ∽ ● お ０ ● Ｒ ， 置 ， ” イ オ ｏ 「 Ｆ じ ∽ ヨ ３̈ ざ ●

ｇ 、 ８ ■ ８ ぼ ュ ０ ュ Ｌ ８ Ｎ ８ Ｐ 〓 ″ ８ ８ ８ Ｆ ● ■ ， く 』 ３ ざ

中 ● ヨ ¨ Ｃ ” Ｆ 口 ”̈ ● ミ 嘔 一 ３ ■ 一 Ｌ 】 ９ ｏ 温 ヽ 口 】 咀 げ コ 、 ， ０ 、 ０ ● ｏ ０ヽ 一 ヽ 口 Ｌ ・

ｅ 日 ● ■ ｏ ” 一 ， Ｎ ８ ヽ 「 ０ 「

【 ， ， ２̈ ０̈ ２ ● ２ ０ ， Ｌ ０ ０ ∽ 』 ｃ ● ” ヽ ０ 一 お ヽ （ 蜜 Ｒ ） 〔 Ｚ ” Ｌ ｏ 口 Ｌ 【 已 ” ■

● ５ Ｒ フ し 〓 ２ 常 ２ ， 一 ２ ３ ｏ Ｌ 日 Ｒ σ ● ■̈ ８ ， ３ Ｆ ｐ Ｒ ● ８ Ｐ

い ０ ０ ヽ 一 ９ ８ ０ Ｎ Ｏ 】 ● ∽ ０ 「 一 ｝ ” く 餞 ， Ｅ ｏ 中 ９ 日 ¨ Ｃ ” ｒ 口 言 ， ミ

Ｌ 翻 Ｌ ● 。 〓 ● ， ョ こ ● ８ ｔ̈ 日 ， ” げ 〓 Ｑ ２ ● ｏ 日 すヽ 更 Ｏ ｒ ヽ コ 自 己

Ｆ ∽ 口 ａ ６ ｚ ８ ざ り Ｌ Ｏ ｏ Ｆ Ｓ Ｆ Ｌ Ｓ ● ０ ８ 口 』 ド ？ ， 〕

一 Ｚ ， ６ ０ ● 巴 ピ Ｂ 口 日 常 ｏ 『 ∽ ， ● ｏ 〓 ３ ミ ュ （ ざ Ｒ 「 も 〓 ヽ 〓 。 ） ● ６ ｏ 一 ｏ

● ｏ σ 一 Ｒ ０̈ 口 ヽ そ ュ ご ォ 冒 〓 ヽ ９ ８ ■ ０ 「 Ｌ と ５ ， ● 口 ０ コ σ 易 ヨ ”

ｏ ｏ 暉 口 ■ Ｎ ０ ０ ， お ６̈ 一 い ０ ８ ∽ ０ 一 〓 」 ‘ じ ， 〓 ０ 雪 リ ヨ ¨ Ｃ 包 Ｌ

〓 Ｃ ミ̈ ≦ ≧ １ ， 網 ¨ ｏ お 首 ■ ● 〓 ｏ ョ Ｂ ざ ゴ ， さ ８ ヽ ■ ９ じ 亀

０ ０ ヨ ∽ Ｃ 澪 Ｐ ３ ● 一 ● ＝ 】 Ｏ Ｎ 【 ９ ， ｏ ＝ ” ０ ∞ い ” ” ∽ １ ０ 〇 一

Ｏ Ｆ ｏ ａ Ｏ ヨ ● ８ ９ ● Ｅ ● ” 一 ８̈ 日 ● ８ Ｆ ？ Ｂ 二 〇 ９ ８ Ｌ Ｏ 訂 や

‥́ ‥́ 【 Ｊ 評 ユ 〓 望 ′ δ ５ Ｊ Ｆ 晏 〕 σ 害 層 語 啓 ▼

ざ 鳴 ｏ Ｌ ” 嘔 ぉ̈ 一 ● デ Ｎ ● ” Ｐ 一 ９ ８ ０ Ｎ ● ” ● い ｏ ● 〓 ｔ ぞ ● 〓̈ げ ご ５ ３ 日 ¨

ｃ ” ｒ ， ヨ ０ ミ̈ 〓 ξ Ｆ 一 零 Ｏ ｒ Ｏ Ｌ 暉 ０ 電 。 日 こ σ ュ ０ ● ｔ げ ｏ お 口 ｒ Ｆ 日

０ 中 ｏ ｏ ， ０ 口 Ｏ ｏ ヨ ２ ● ¨ ● ● コ ， ａ 口 Ｌ ｏ ざ 咀 Ｆ 一 ≦ わ 【 ０ ● ヨ ｏ 【 Ｌ Ｏ お̈ ，

８ 日 富 ● 〓 ぜ 〓 ｏ 日 ざ ざ ● ｝ ‘ 営 ｃ μ Ｏ ， コ ご ‘ Ъ ” ● ｏ ， ｏ ， ０ ，

日 ０̈ ま Ｌ ８ ● ２ ● 巴 Ｌ Ｏ オ ８ ９ ● 一̈ ● 一 Ｎ ８ ● ∽ ８ 〓 ＞ Ｓ “ ● げ ″

や ９ ■ Ｃ ” ｒ ｒ ● ， ミ 〓 １ ｌ Ｌ ” ｏ 「 ｒ ● Ｌ ‘ 。 い ｏ げ ヨ ｘ̈ ヽ Ｌ ｄ ｏ つ く

日 ” 口 Ｆ Ｌ Ｏ ｔ マ Ｆ 口 ， ， 彗 只 序 自 ８ ヽ く ” ● Ｎ 〓 日 ¨

∽ 口 ● 曰 ● 【 ∽ ｒ Ｆ 一 ● ｏ ｏ 〓 ■ ｒ 日 ５ ， ユ ヽ ｏ ｏ 【 お ュ ロ ” つ̈ Ｌ お Ｃ ∽

百 ｏ 口 ｏ 漏̈ ■ ８ ， ｏ Ｆ ぉ ョ ２ ” Ｒ ， 自 ■ ３ 平 ｃ ， ざ ＆

ｐ 口 Ｏ υ 日 “ ， 一 日 ゴ 矛 Ｆ ａ Ｏ ， ｏ ｏ ● お 【 ご ” り ざ ざ 鳴 ８ ” く Ｌ ‘ ● ● ｏ ●

８ 一 ” ｏ ８ 留 Ｌ 員 ｏ ” 口 ） ， ３ 一 ５̈ ０ υ ョ ” ≧ ヨ Ｌ ユ ， ８ Ｌ Ｏ ●

Ｎ ８ ｏ 一 ３ ８ ● Ｎ ８ 一 ２ 一 『 ８ ｝ を Ｌ 一 ３ ″ 雪 ｏ 日 ⊆ 召 ¨ 〓 ０ ミ̈

〓 三 二 Ｅ Ｐ 惧 そ ヽ 口 ε Ｏ 鳴 ， 口 ｏ Ｒ 蜜 Ｒ ３ ８ ｔ Ｚ ８ ６ り ａ ユ ｔ

〓 σ 【 ″ 口 ０ ● ● 〓 ● ２ 叶 薇 Ａ ピ ユ Ｆ ａ り ｏ ｏ ｔ ｒ Ｏ 日 Ｒ ■ Ｎ ８ ， ｇ ロ

Ｏ Ψ ｐ を 【 ■ヽ 喘 〓 ヨ ● ● ● 一 ■ ｏ̈ Ｒ ｄ Ｐ 口 ， ３ ヽ ● ｏ 一 ヽ Ｌ ● ● 日 ・ Ｏ ｏ ● 【 鳴 ，

Ｃ ， ¨^ ０ ヽ ∽ い ， 一 Ｏ ｏ ０ ０ 口 Ｒ 野 一 や Ｈ Ｕ け ● ● ｏ ｏ ０ ０ 口 ， ｏ 〓 日 え 一 ， ａ ｇ 熙 ●̈ ０ 口 ¨

８ ８ ｏ ８ ９ 〓 〔 ＆ ８ ８ Ｆ 「 ギ を ■ Ｆ 〓 ｏ ， 日 Ｓ Ｆ 〓 ８ ミ

‘ こ Ｆ Ｏ ● ● “ ９ ミ ヨ 晏 ュ ミ ロ ５ 「 Ｆヽ ， Ｘ ， ｇ ３

ピ 諄 口 ０ ８ ヨ ー 望 ま Ｆ ８ ８ 一 ョ ６ ヨ 旦 Ｐ ， ュ ロ ４ ，

（ 〓 Ｏ Ｌ ８ ） ぁ Ｒ ８ Ｅ 訃 一 ■ ｇ 『 オ 日 ９ 〓 Ｆ 】 ８ ８ Ｆ 一 ω ｝ を Ｅ ・

じ ″ ｒ り 日 ¨ ⊆ β ¨ 〓 ご ミ ８ 一 ” ●̈ 〓 ｏ 日 員 器 ゴ Ｅ Ｓ き ８ヽ ● 〓 ミ

目 ， ヨ ρ Ｌ ρ ５ ８ 日 Ｒ ３ Ｐ ■ ８ モ 豆 Ｍ

望 ｏ ８ ξ ａ Ｒ Ｆ 己 静 ｏ 口 ９ 自 己 〓 ， ゴ ５ Ｒ 暑 ） ８ 【 ８ ，

日 ８ ６ “ ０ 「 口 ｏ ｏ Ｌ ， ● 一 １ 詠 ＞ ９ 〓 ０ ● ９ 日 日 Ｆ ８ ， Ｃ ● 興 る ０

Ｑ ● 口 Ｅ ” Ｅゝ ヨ す 計 嗜 ” ピ̈ Ｆ ヽ ８ ｏ ２ ２ ” ９ ● ８ ｐ ｕ ０ ３ ， こ ０

Ｅ ｐ 〓 ， ３ 日 〓 ‘ 「 ８ 】 ・ を 』 ３ お Ｆ ） ヨ ¨ Ｓ Ｆ 〓 ８ ミ

ー ー ■ 計 品 ？ ，ヽ 電 ２ ８ ， さ Ё 二 ８ ｔ ， 肖 目 目 員 こ

９ 日 日 ■ ８ ● 〓 ８ ● “ 〓 ● ３ ュ 辟 日ヽ ８ ● ぎ 員 け ， 自

０ ， ｏ ３ す ざ 咀 ８ 口ヽ ｏ ｏ 鵞 ｆ こ Ｆ ● こ ユ ３ ａ Ｏ ） 営 ョ Ｆ ｅ Ｑ

Ｃ Ｏ 蜜 一 ］ Ｐ お 一 ９ ● ０ 「

２ ｏ ｌ ” ピ ユ̈ ざ ユ ３ 日 営 〓 邑 巳 日 丼 ヨ ｃ ョ ８ ∽ ｓ ，

３ ● ｏ ， ｒ 日 ， ３ ８ ９ ｇ ａ ｇ ｉ ¨ 〓 ， Ｆ 〓 ８ ８ 冒 罵 【 ● お ・

８ 日 ＆ ２ ８ ， ヨ ８ 躇 一 ” Ｒ 口 ８ ２ ョ 社 Я け ， 〓 ８ 颯 ｏ ｏ ヨ ‐

ユ ♂ ０ ・ ｃ ● Ｊ ａ じ ０ 口 “ と ヨ ョ ∽ ｇ ａ Ｆ ８ ８ ‘ ζ ５

” ｏ ● お Ｒ ド Ｌ ‘ Ｕ

Ｐ ● ｇヽ 扁 ユ ８ ５ 〓 ● Ｌ Ｅ Ｏ 劇 留 そ ” 口 ｏ ” 〓 巴 Ｒ Ｆ ● ξ 篇 〓 自 】 ８

一 営 Ｆ 澤 き 富 ● ３ ａ 巴̈ げ ざ ● Ｏ Ｌ ●̈ ９ ９ Ｅ 日 Ｆ ● ０ ● こ コ Ё ヨ げ ｏ 『 ０ 「

● ９ ¨^ マ ● ● ● ９ げ ヽ ” ２ ● ｏ 喘 日 』 Ｒ げ ■ ５ 絆 ユ ３ ざ コ Ｎ ０ ０ メ 百 ８ 一

Ｎ Ｏ 〓 「 ｏ げ Ｎ コ ン く ， Ｌ じ ″ ● ｏ 日 ■ 、 Ｆ ¨ ｒ ” ６ ミ̈ 〓 Ｅ ｌ 一 ， す ０ ● お 、

” 口 讐 り 、 ａ ａ 窮 お ｔ 日 学 ” 日 ３ ｏ Ｏ ・ ざ Ｓ ヽ Ｒ

一 ビ ３ ヨ ｑ 〓 自 〓 ０ ２ ， ０ “ 髯 〓 三 ｄ Ｐ 〓 辟 巳 ” β 巨 ０ 日 目 ３̈

一 “ Ｓ 　 を ● Ｆ ● ■ ， Ｍ ● ● 目 け ｏ ● σ ９ ■ ， 肖 ● 段 ゛ マ ● 巴 口 。 ， ｏ Ｌ で Ｏ ｏ ● ｏ ０

０ ① ” ８ 一̈ ● コ Ｎ ８ ｏ 一 ２ 一 ｏ Ｏ Ｎ ８ 【 澪 げ ８ 】 ＞ ― 暉 ｐ σ 〓 中 ０ 日 ¨ Ｇ ” ）

ヶ ８́ ミ̈ 〓 〓 １ ■ ， ｏ Ｏ 漏 ”ヽ 口 Ｌ ● ｒ 、 ０ 、 ０ ● Ｑ ● 一 日ヽ Ｌ ，

営 尽 ユ １ ７ Ｎ ８ Ｎ ● Ｒ ロ

Ｎ ら ‘ ０ 　 一 コ ＞ Ｚ ∽ 「 Ｃ 望 ０ ２ 　 く ０ こ ３ ● ９ ■ ２ ９ お ヨ ０ 曾 、 ０ 〓

Ｏ Ｎ
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Epidemiological update: Malaria in Greece, October 2011
28 0d 20tt

Mtdlrp b dtc wdlable ddedolqEal a,fl etontuglal lafo,madq. snd he a,rMng winv w, ttq htunCty ol
mlada ttMbslon In Ar&zs, Lakmia In Gffi ls belbrd ao be very low aod b WM b Ms shoity. tur this
w, dwgqfulans for @larla E not ffiffiqdd hr vlstws to the aH. The e of sbrdad noqu,to UAng
peau@ ffi @d,rcto bea@ngd,

B€tuen 21 M?y aod 26 Odobq, 2011, 61 ffi d P,an dum vtwlnftdo hff ben reported tn G.m. Thktfthe
otthsc6EG.€ekdttssswidDuttrddhffirybanenden{cdntsy. TwdtyssGrecoortedircmure
il6 ot htrobs, a m km? riE delb e, h@ted In the dsfict of L.konb In pellopone. oud|m g@ (€ map).
Thc Mrl.ilng sh @ are fiom the mmldpalltlB of Atdkl (n=2) Br{ta (n=2), viotia,(n=l) and Lals (n=1). In artduon,
28 G of P. ylvax Infedio h mtgEnt wdts tEve b€$ rcpo.tld nm the !e of Evro6. Of tG Ze ;ala;! G
ld$died In !ffiigtrts io Euotas, likq{r, thc roro.ty (n=2f) qbhat€d ttw mtadh endsnk qrbl€ ffi thqEh a
d€ar hnpo.tattoo ffi6 @dd not be detsmhed; 19 sblEted ftm PakEtan aod trc frm Afghant*t. for Oe mmfq
strn hrdgErt rc, fre rerc Fw Romnta (trc w d|lgnc€d h Romanb), m im Mm, and m frm
Pobd. E CrouH be noted tl|at a[ reported 6g h tnmlgnrts (hdrdng thc trc @ dhgnoed h Romb) arc h
pdss thlt mrt h ttE agrkultural acds ln thb part of Grc.
l'frp3 ilunfdpaffty 6f Eill€ld@ ol Plafroilum vilx malrd.w$, crc, € ot tZ OctotEr, 2Of t (n-61)

The fiEt nported @s In Bffotas had symdom onsets In epldemlologkat mek 2f (8-29 May) and tie h* two @ had
reported symptom qE€t du.ing week 42 (17 - 2! i)(ffir), A peak In rcported sympbn orE€t mrcd durlng weks 3G
and 37 (5 - 18 S€ptember). Sin@ tien a stedy &dtE h reportrd as h6 b€en obssEd &sp[e tie ot{oi.q acuve
c$ nMlng In thc aEa, Atr c repofted ltw drd !6 In gre cpot sym*om on*t bcfo.€ Se@nbq ml 1.
cls r€Frted ln the la* txD re€ls rcdd hrc flkdy b€t lnlbcEd dudng September or sty Octobs. Al 6s aE
diflred P. lddlff€diore ard ill ww nJH, apa.t ftm ff! f&l @ h a mle ag€d ffi m t6E who had pdMary
@hftdoo and uderlying nedcl ondrtbrE,
Oata ltm qtqmlogkal willare ind6t6 OEt th@ he b€s wy btr hrval ffij6 &tEded tn nm6quto bE€dlng
sits and an ab6se of addt /4n4dEhs mqdtog @pt!€d h dbm dod& [g0t b.ps in Bmtls; t-rkoda h @t
roki She sdy Octobs, ternpga0rE h the aea hac dnppcd bddv A.C ed the \tasr Fpdadoo b Eptdy mntng
s ege&d tor auhm and winbr mtdls.
FlgNr Dl*lbudon of rcport€d iEs of P. vtuu lofcrdm by drta otoet sd dd4nrhtp jtahs, trksla,
Gc€c., wek 21-43, 2011 (n=53).
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trr,tud ae w a n&idt n* Arc'r;i;;ffi?iJ E #Tiii! ii*a' n a'y'.
cootsol |EE lnphnsted hddc ahand|g shrcnaE h t rc afi€ded ffi to 6ddy l.lenut rc; ac!re 6*
nndng In Bftaas, La*oola (trc b hde vls|ts slr I 6bs 2011) foll6,Ed by mfrosoy dlaglodc 6r mla.la and
gJps!|s€d bednqt a@d.€ b the mtbnd prot@l (6boqulE ild p.inaquire tor tlMpfi@H P. vialnfecdon);
Inbrnilm h€.tfi @c profesdoDls d drt mhdr dl4n6ls afd tEtHt EHng pub6c ilare, ud sbagtlElng
Hood $frty. A dFe G isred by UE G.€€k l"OH to fldnlte 9.mpt dhgnois and beaurenl tnbndfled mcquito
@nbd |l1sc have also befi cd)d qn by l@l ntMd6. Ail P. }idlnftdrc m sNitiE to dlorcqire.

Maldb ls u Inftdor6 diss caGed by the Aarudlrn pa6lte, ild transrnxied by ,rqpheres n$quito6. Th€
l@bdo pedod Ed6 betsHr 7 and 15 d46, hn bog lrubaum perlods of ffil tmths (ild ydE) have been
oberyed for P. yid mlaria. Mdaria is 6a6derbed by f*r and Inf|ffi{ke symgtore; indidlng drlq h@dadre,
mydgla, ard malalse; th6€ symptoms 6n @ at Interyrls. More hfromtlon an b€ fsM on the ECDC factshet.

Followlng the trc vlgb of ECDC and WHO c)(pelts to the afieded aru6, ECDC h6 mt chang€d lts dsk affint of thls
emt d@ Odober 11, 2011, and @ndds the flmt dd( for mllda Infedo ln Gt* to be to peFons rsldlng and/or
wtrklng In the affected arcas of GreG, parE@lart that of Evrctat tak6r{a. Thls is a geogEphlally dellmlted area, havlng
a mll populadm and ls nct a toudSc dstlnatlon. A@rdlng to the nalable epidemiologicrl and entoml€lcal
IntonEdm, and tlE arMng whts w, the lntenCty of mlarla ban$rilrilon in Frctas, Lakonh ls belhved to be very
lil and ls spected to @ s'trrdy. For thb !!as, dEmfophylads for mala.la is rDt t@moded fur vlslto6 to t'le
am. The use of stan6rd mcqulto tridng prew$on re$E @nonu€s to be er@69ed.

Rerd morc!
ECDC R8pld REk Awrt mlaria Gre@ 2011.
E|J@reilare at de d6aiHrE the odtcak
Flore Infurnatlon ls ilailabb m KEELttlO w€bdte
E@C lbclstEt
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atlergic reactions. The treatment was followed on day
1,  3,7,  14 and 21 wi thout  compl icat ions.

A lumbar puncture performed oh day z of therapy
revealed a normal cerebrospinat ftuid (CSF) pattern
and a PCR with trypanosomo spp, specific primers
was negative from CSF as opposed to the peripheral
blood, where it was found to be positive. The patient
had leuko- and thrombopenia, an elevated complement
regulatory protein (cRP) and asDartate and alanine
transaminase levels two times the upper lirnit of nor-
mal. Electrocardiogram and echocardiography did not
show any pathologlcal findings.

The fever subsided on day z of treatment and no
parasites were detected from day 3 of the treatment
onwards. T. b. rhodesiense antibodies were detected
by immunofluorescence testing performed at the refeF
ence laboratory (Eernhard Nocht Institutb, Hamburg,
Germany) on day I of treatment, 12 days after the
first symptoms whilst having been negative on day r
of treatment. The patient concluded his treatment as
planned on day 21 witho-ut any residual problems and
left the hospital.

Discussion
Followlng the detection of a case of Human African
Trypanosomiasis (HAD we screened the literature for
recent alerts ofHAT in Kenya and only proMED had pre-
viously published a report on the occurrence of HAT in
Kenya. This however, was documented almost 11 years
before the current case [r,zl. About a month after the
occurrence of the case described here, there was a fur-
ther case of HAT from the Masai Mara area described in
this issue of Eurosurveillance l3l,

FI6URC 2

A literatule research on PUbMed revealed two publica-
tions that reviewed the epidemiology of HAT In non-
endemic countries. A review of HAT cases imDorted into
Europe between zoo5 and 2oo9 included 11 cases, five
of which were infected with li b. rhodesiense. There
were no cases described from Kenya, but two infected
patients had travelled to the Serengeti, which directly
borders Masai Mara [41. In another report, the bibtio-
graphic data were supplemented by the World Health
Organization (WHO) data on requests of antitrypano-
somal drugs from hospitals in non.endemic countries
treating travellers. These data showed that 94 cases of
HAT were identified between 2ooo and zoro, 7z06 of
which were caused by L b. rhodeslense. Although 59y.
of the cases were identified in Tanzanla, with the vast
maiority of cases being tracked back to the Serengeti,
no cases have been reported from Kenya [51.

Trypanosomiasis is a disease that occurs in tocal
clusters, and one such cluster was identified in zooz
through the TropNetEurop Sentinel Surveillance net-
work when two index and seven consecutive cases
were ldentified in non-disease endemic countries in
Europe and South Africa [61. These cases originated
in the Serengeti and Tarangire National parks in close
proximity to Masai Mara, but with no documented case
originating from the latter.

The above mentioned reports documented imported
cases that were diagnosed in non-endemic countlies.
There are data on the cases dlagnosed within the coun-
try however. The Kenyan reference hospital for steeplng
sickness in Alupe, which is on the Ugandan border north
of Lake Victoria, reported 31 patients wlth HAT caused
by T. b. thodesiense between zooo and 2oo9. Twenty-
two of the patients were diagnosed at the late stage of
the dlseases and coinfections and comorbidities were
frequent [Zl. Additlonally, WHO extensively rnapped the
epidemiology of HAT in Africa between zooo and zoo9.
For Kenya, sporadic cases were described in the very
western provlnces Bungoma, Teso.and Busla, again on
the Ugandan border, as well as in the Nyanza province.
Epidemiological analysls of HAT in Kenya between r95o
and 2oo7 showed that infections occurred exclusively
in these Western provinces, and the prevalence ls alto-
gether estimated to be low wlth only sporadlc infec-
tlons the 199os onwards 18, 91.

Conclusi,on
We identlfled a case of HAT due to T, b. rhodeslense
infection in a traveller who had returned from the Masai
Mara area, Kenya. After thls case, another report of an
imported HAT infectlon from thls area was dlagnosed
one month later and communicated worldwlde lrol.
This is noteworthy, as there were no cases described
from Masai Mara in the last decade, previousty, there
was documented disease actlvity In Kenya whlch was
timited to the western provinces, as welt as Serengeti
which is essentlally in direct vicinity to Masai Mara.
This report should aleit clinicians to be aware of HAT
when deating with travellers from the area concerned.

We have been in contact w■ぃ WHo in ceneva,
Switzeriand,whO confirmed that the local authorities in

Kenya have been:nfOrmed and a WHO team of experts

has been sent to the area to elucidate the situation.
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諄■９コ３８ｃｃｏ日１０目ＯΣび口，ｆｇョヽ”〓∽ＯＦζ３●ｆｂ●●コ

●て営ｏｌ●）０つく（̈０一日●３ｏ４曽そ●１（じ電ｑ∽̈ＺＯＦくン̈ｕｃ●●“

・３●０口０一宦５ｏ

つｏ●一つ　一「¨〕０　●０「●一一“【●「ぁ【躍‘ロョ　００つ０”】ヽ“ＯＣ　●一“●‘

ｏ一●〓口りｏ〓●¨ｏｏ■ｏ菫一ｏ，●】“口０口００日●ｏ

●●０【つ０、●ｏｏ当Ｊげｏ』

０口”

・
Ｃ５ョ一̈●口】】“「〓一〇０●Ｈ“３一ｏう０一●】”ロョ宏ぁ●一●０」０∽】０＞●【

毬盟」ｏｏ３聖２●〓一■ね２“】ｏ〓ｏ（υ甲じ】「ｏ「●２一一営

●¨●２８●「日”““「３０●■●ｏ′“僣一口貿目扁出“紹５●雪６３ｐエ

ト
０一口０●００日Ｏｏ　００●【つ
　」ｏ　一●０●●●ｏコ一　口０「●ヨ●Ｈ綱　¨口「綱●ｏ一

●●●●０●ｏ●一●】０出口●一〓“●●Ｂ嘔）ｏ】．‘ｏ
つ口０２留００ｏ●ｏｏ一一“Ｏｏ〓

あつ‘０，ルヽ誌　「ｇ“もｏ，こ，●２２】ｏ●●●　¨〓弓ヨ
「●一　．３ｏ
一】ｏ

ｏ助£９日Ｅ́Ｅコ』εなど“●●り●０「●ｏ，日ｎ“員Ｆヨｏ２〓¨
３●口ｏ「

‐０●０●●●〕“Ｏ̈ｏＣ口‘ｏ●ョ●しＦ●ＯｏＨり＞「“「●“（ＥＦ”一つて´●ｏ一”一〇Ｏｏ●●

窃０８´）“「ｏ「ｏｐつｏ〕■３「●一一ｏ８ｏ【つ”ド●日，ｏ●０¨２●‘ロ

ｏｏ電ド●ｏ●３　●口０●●０日δｏ　●ｏ●【０　一日「一̈「ｏ　●　̈●ｏ「”〕
コ０２『

●０̈●００̈「）●暉」０●ｏ「一́〓一３【
■】●０●０一ｏ摯“ｏＯ（口ＦＦ」０００４ョ“ｏ

弓「ｃｓｏ〓“Ｐａｏ【０“「●′●〕ｏ口０営¨紹ｏＯ“●ｏ∽口ｏＯ一■「〓̈３』や一

●ＣＯ¨●■●ヽ，ヽｏｃ』０００口●¨】ｏ口一ｏ
ｏ口●．●３ｏ一¨口
「』０”】ｏ∽“●ＯＨョ´●

】ｏ口ｏ「００ｏ̈一』００「●口●エリヽ６『〕つ』●´日ヨロト一●ｏ●出●●●一３０【

●¨●●■●一●ｏ９、ＣＯ
●●●一●●」ｏつ０■ｏ●Ｆヽｏ●●●ＦＯ■

●「つ■５ｏ●●●●口０一一〇０【“喩綱０口０』【”目ｐ一●一一０●●●

一層β３毬編８８“ｏｇ〓“●ｏ日０■１８】●ｏ８

ぢ覇】ｏＯつｏいい）ｏ●■ｏ紹●●ｇ名日′記●・●２０〓ｏＥＥ

ビｐ罵ＥＥｐ≧３重〓司ｏ●ヨ０こ“０●コ００Ｓ”メ●ス０９

』ＲＩ寺”』ｐｃ〓９〓０●ＯｃＯ「一●０くＯＬＯＦＯ̈ＥＩｂ口２ｏ

一ｏ■̈●０い０』０〓●ＣＯ●●ｏｃ雷¨』ｅＯコ■一ョ●さ■■ちう，ｏＥ

Ｏｃ●さ■ｏ【いｏ一０一の卜〓０●』ｏ３●００，ビＯＣＯ〓●２もａＣ一Ｃ●一０
‘罵０

ｏ０９∽●‘Ｄ二ｏコ０２ａ０９０ｏＯ∞∝∽̈ＺＯの̈Ｄコ０２００

６２も●２ｃＯｃ９ｏ，ｏＯ●ｒ●ｏ，ｏｏョ００，９ョ●ち

豊Ｉ３凛〓０おＥｏｏ９〇一一くぁ０●∝ち０一ちｃρｏヨニ０５』０“●

ｏ●ョ「＞む２●ｏＯコ罵ＥｂｃＯｃｔ●＞理０さお０‘うｏＥＥＯ〓

ｏｂＦＦぁＯｍ匡一ｅｔＯｏ』ＯＸ３●ｃ■メ一ｏ一ｏ●〓ｏＯ∞“ｏ‘

Ｓ，３ｏち●≧３ｏｏ〓」０つＥョ●２●ｏ‘Ｅ史と０３菫●５８Ｅ

ｏ‘ｏ一一〓〓σ卜●０一０つｃ●卜０一０」０３００ｍＣ，ｏ“ＯＥ■〓ヨｇｏ

ち（８しＣ●０●

２一一ｃ“うＯＥＯｃ●ｃ●●ｏコ一一二●父こ９ｏ菫つ

ｃＧＯＥＯＦトメ〓●コ＞０∞∝』ｐＯ●ｃ●コう０（く０」）ｃｏ「雷¨

‘́ＥＥつく０２００ｃ●つ００」０‘〓〓３〓２●一ｏｃＯ●留０３●ｃ●

ｏＯｍＣ一９〓００〇一』コ一Ｅ●９●３ｏＯ●Ｃ３９〕ｏコｏ´９ヒ０〓

Ｏｃ●と０か００２０●“５ｏ■●Ｎｃ●●ＥＯＥＴ∽トコつの口“

つｏＮ´●Ｃ●

ｏ」０３ｏ聖０口■●＞≧一一●●＞Ｏｃ●，う０，ｏＥ２一５Ｃ一Ｏｃ●ピ●０゛

０〓０∞∝〓ご０＞０●ｇ」ヨｏ〓・●ＮＯＦ卜●００コ一●ＳＥ“ｏ●３ｏＯ●」

００５０コｐＯＳ一ｏ０̈３，「ｃ●ｏＥ〓〓ｐ〓３お″´うい０」ｐ

０２０ちＯｃ●ｏＯｃ●ヨ０●ＯＥＯつＣＳｃ〓８」●０８α９ｏ３ｏＯｍ∝

一ｅ〓０●』０（窃ｐｒＲ）？∽●８●コ∽´菫ｏ●‘卜ＮＥおョち

■９９３９０ざ０〓２〓ｏｏざｏ●Ｅｏ，お〓とピや０ちｃ「ｅゞｃｏ●

Ａ３２●ｏお３ｏ〓卜∽̈●０エトロ〓０２く２０の̈四０”●コトの

あヽ●０●０』９，８２ｏ

ＯＥ●２３９８０ｏＯ∞，∽ｃｏ一̈雷ＯＣ●ＰＯｃ００●ｏ●５〓̈０２雲岩こ０

ぁ０●Ｃちむ一一６●＞ｏ‘，Ｎ〓ｏ３Ｅ雪もおうちｏ〓卜６一〓２０

ｃＯもｇこｃ●００こ〕●０ちヨ●２●ＯＥき２６●Ｐ一̈型●■聖一コ

Ｓ一３』０もＯＬｏと０こ二一と０■ド●０５５Ｃ口』●２ｏ００，∽メ３「あ

ｃ，ｏコ●ｃ四〓Ｑ６ａＥ一ヽ９セコ０〓ｃ●ＥＯｐ赳６●』聖ビヨ２●

２県ど００ＥＱ９０●Ｃ』ｐ●ｐｐｕち，も，ｃ２●ョ●ｇ照６●５０Ｌ

一５，ヨちＥＩ（ｏ∞∝）■３Ｒ重一〇２ｃ一ＥＯ●■８●“ＯＥＱ

ｏｏゝ費〓ＯＥら■ヨコｏｏ』０（「，一ｏコ０９Ｌｏｐ●０９３ＥＥ

つｃａ∽ｃ喜^，翠Ｅ「ＯＥＥ●ｃ饉，̈ｃＯ彎〓一ｃｇＦ●̈２つ０“０】０くｍ

ミξおｏｓ撻ミミ騒ゝξヾ導ヽヽミヽヽヽ苺Ｓｒ詈ヽくｓＦζゞざミミ∽（ミミヽｏ

ヾヽヽ０くヽミ●く０●ヽ，ヽｓ噸ミヽゞｏ出ｏｔ『、Ｅ５、、ミヽベヒｅｓミ０おＲパ］゛ミミヽミい０熙一●”ミ∽ミミく

ヾミｏ２一ヽ噸ミ当゛愕ミｅｔｅ、ミミ∽ヾ“ミミ餞一ヽＮ゛▼ヽミミヽ
・一ミ０、８Ｑヽさに劇ｔでヽ８ミ０くおミ

∽ｏ０００】ｎＣＯ「“＞■ｏ”目【目ｏ”Ｏｇ”ｎ∞ｏ∞‐∽目０「”油０目Ｏｍ‐
●目Ｏｏｏ∽“

■ボ３●目２日〕“９Ｊ】９囁●●０目「■目「Ｈ目∽Ｔむ石「０”ぢ′目０００００【０「０】●０】０一∽

∽卜〓自〓一』〓一一〔一一口“

〇ヽＯ・臼ＨＨ〇一０鍼ヽ

r「
シ
lJoA r/VUOp。

四

′
Y
r
⑫
g
l
l
ョ ⑫
島
G
r
Э
A

M
溜
⑫
金
▼
当
｀軍
畔

｀ア
4
イン
4
9
準
↓
7
コ
Ψ

Ψ
灘

影
筆
「平
日
」
と
■
―
y
w
撃
馘
郷
擁

「平
日
l
u
■ ―
普
w
製
当
郷
盤

0
9

φ
螢
コ
l
当
血
⑦
獲
聾
)
、
1
0
コ
l
当
“
9
エ
コ
ル恩
ψ
&
Y
4
/
レ
乙ゝ
図
耐
q
現
↓
ユ
削
■
9
準
辱

9
8
豊
畜
)
、
l
C

°9
9
ユ
畢
番
⑦
マ
7
0
脅

]
即
囀
襄
摯
η
回
M
彰
プ
ワ
コ
マ
7
η
軍
腱
コ
1
砂
日

,
1
漁
■
l
r
望ッ
q
秘
7
,
レ
摯
ψ
」
当
望
【9
0
9
_
q
J
■
7
雀

郷
瑯
0
磯
6

百
撃
cattu早

酵

°γ
O
“ヽ
↓
′1
駈
撃
茅ヽ

図
1
譴 ラ
Z
｀̀
鉾
)
■
襲
コ
l
W
囀
コヽ
1
申
髯
り
■ヽ
1
印
業
藤
干
｀形
輩
当
⑦
劃
日
9
8
■l
Эg
u
マ
鶴
マ
題

づ ]義
雉
炒
鼎
鷺
警蒙
雉
翻
1灘
警

V
⑫
炒
」1
い
Ч
■
■
°7
■
軍
隠
そ
園
鷹
摯
干
Э
8
u
ぉ`
抑
回
園
割
ラ
Z
■`
Ψ
騨
■
当
コ
l
早
喘
職
・

醸
マ̀
ユ
ὴ
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CANCELAS ET AL.

Immmologic complications of transfu sion, including
trilsfusion-related alloimmunization and immuno-
modulation, have been ssociated withWBC mtigens md
WBG-derived compouds. While implementation of
universa.l leukoreduction hm resulted in a slgnificant
decreroe in infectious complications,ro residual WBCs are
believed to be a major souce of alloimmunization md
immuosuppression after transfusion.rrt! Some biologic
data have suggested that use of pathogen inactivation
methods may reduce alloimunization associated to
WBC iltigen presentation r.'r?

Tleatment of RBCS with 5-303 has been shom to
eEectively (>4 log reduce a wide range of blood-borne
pathogens and imctivate residual WBCs.rB a 5-303 con-
tains m intercalator $oup that inse(s into the helical
region of the nucleic acid, m efrector group that allows
covalent modincation of nucleic acid, md a central fran-
giblebond that allom degadation ofthe compound.Acti-
vation md soss-linking ocflrs on transfer from a low pH
environment to the neutral pH of blood. The process is
completely light independent. The primary byproduct of
5-303 degndation is 5-300, a nonreactlve specis that is
ercreted. Glutathione (GSH), a naturally oauing sub-
stil@ present in most cells of the body at milliinolil
concentntions, is used in conjmction with the 5-303
Eeatrnent to quench nonspecifc reactions of 5-303 such
as surface modi0cation ofthe RBC.

The first-genemtion 5-303 treatment process for
RBCS (0.2 mol/L 5-303 md 2 mmol/L GSH) was eyalu-
ated in a seris of six clinical studies Fou of these studies
werc radiolabel recovery studies in healthy subjects,ar.
md two were Phce lll studies in patiens requiring thera-
peutic RBC trarsfusion supporr.sr6 The Phse III clinical
study of chroDlc RBC transfusion was teminated before
completion when mtibodies to S-3o3-treated RBCs were
detected in two patients rcqulring chronic RBC transfu-
sion supporL2? To eliminate the imuoreactivity of the
treated RBCS obsered in the Phase III study, the 5-303
featment procss m modifi.ed to reduce the mount of
acridine bound to RBCS by incresing the concentradon
of the quencher, GSH, to 20 mmol/L and increastng rhe
pH of the GSH by using a disodlum salt form.

An initid in vivo kinetic study with RBCS ueated
under these modified conditions showed a reduced
packed cell volue due to moderate dehydration and
reduced 24-hou RIC recovery of S-3o3-treated RBC
stored for 35 days compared to controls 2.The S-303 treat-
ment process wre then optimized by replacing the hyper-
tonic GSH containing supernatmt after $eatment wlth a
standild, isotonic solution before storage. This report
desqibes the in vitro chdacterization and viability ofRBC
prepred with this second-generation 5-303 treatment
procss that incorporats the pmcess modifications of
fteatment widr higher pH md GSH concentration fol-
lowed by a volme acchange step before storage.
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RBC V:AB:LITY WITH S‐ 303P!PROCESS

MATERIALS AND METHOOS

Study deslgn and enrollment

This was a mdomired, single-blind, contmlled, two-
period crosswer study, desigred to eyaluate 24-hou pos!-
trufusion recovery and life spm in healthy adult
subjects of autologous RBCS prepiled ming the second-
generation 5-303 ueatment process md stored for 35
days. A total of 27 subjects were eroolled md onsented
using m informed consnt document approved by the
local institutional rwiil board, at two study sites, the
Hovorth Blood Center, University of Cincinnati, and
Diltmouth.Hitchcock Medical Center. The order in which
each subiect ms trusfused wit}l S-3o3-teated (test) and
conuol RBCS w4 randomly assigned at the time ofetroU-
ment. Each treatment period consisted of autologous
blood donation, prepmtion of RBCS ecording to treat-
ment assigment, infusion of radiolabeled autologous
RBCs, and collection of blood smples for asssment of
RBC recovery md life span (Fig. l).

The primilyendpointwas compilison oflhe 24-hou
posttmsfusion RBC remvery. Additional endpoints were
mem life spm, medim life spm (Te), md uea under the
RBC clearane me 6UC); the incidane of mti-S-303
dwdoprnent after trmsfrrsion of test RBCS (with or
without S-3Gt RBC specificity) memued using a gel
wd crossmatch may agaimt 5-303 RBCS; incidence
of adrerse emts (AEs); md the in vitro chmcteristiG
oftst and conuol RBCS.

Donor eligibility siteria included age 18 yeils or
older, meetingAABB physical mm guideline for alloge-
neic blood donation, no prior $303 exposure, negative
direct antiglobulin test, a predonadon blood hemoglobin
{I{b) levelof 13.0 g/dlforfemales md 14.5 g/dLformals,
and healthy by history ud physical eraninadon.

Sample size was determlned to reach gO% power and
detect a trcatment difference of4.il% {absolute difference)
and 5.2 da)6 in RBC rccovery md Te at the two-sided 0.05
signifi.cuce lwel, rosumlng a standard deviation (SD) of
7.5% md 8.8 days forthe paired diferene in RBC rccovery
md T$, respectively, based on a previous sosswer study
of 3-303 RBC recovery agd life spm.!.

Preparation of 5-303 RBC and control componenls

On Day 0 of Tr€atment Periods I ud 2, I unit of auto-
logous whole blood (500g50ml) was dram from
the subject lnto a primary collectjon container contain.
ing ciuate-phosphate-dextrose anticoagulmt (Temo
ImuflexWB-RP blood bag system with in-line leukoreduc-
tion filter, Tbrmo Cory., Tokyo, Japm). Collected blood
was leukoteduced and proessed by centrifugation into
RBCS by removing plmma md adding AS-S (Optisol,
Terurno Medical Corpomtion, Somerset, NJ) to achieve a
final hematocdt (Hct) rmgrng from 50% ro 65%. Borh test

Treatment Period 1 Treatment Period 2
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Time from b;o●d cOl:edon

Flg. I ' Schcm of the strdy dsigu. Subjecb wer cEolled In tw Gahdt prrlods (?o d8yr e4h) wherc sutologos @nrol or rst
RBCI' rudomly, werc radlolabeled ud lnfrrsed.

Treat RB0
¬me from bl● ●d co‖ection

and contrcl RBCS w sNpped to Ceru Corp. whue the
test RBCS were treated with the 5-303 treatment pro6s
(Fig, 2) within 5 days after donation, and the conuol RBCS-
were unteated"All uits were stored at I to 6'C in moni-
tored reftigerators util retum shipment to the studysites.
All shipments rcre on wet ice, maintaining temperatures
of I to lo'C.

ThstRBCswercprcparcdbydilutingRBCs in a solution
containbg Ssmmol/L dqtrcse l.3mol/L admine,
55 mmol/L mannitol, and 20 mmol/L sodim citrate, to
reach EHctof approdmately40%in aclosed processingset
(Awail Medlcal, INing, TX). GSH sodim salt (TAD 2500,
BioMedica foscma, Ferentino, Italy) md 5-303 (AMRI,
Albany, l.IY, and I(P Phamaeutical Technologies, Bloom-
ingdale,IN) dlssolwd in 0.9% saline for injectionwas ued.
Approximately l5 mL of each ws added to achlwe final
concentrations of 20 and 0.2 mmol/I. respectively. The
RBCS were trmsfeired to an incubation and storage con-
tainer aDd stored at20 to 25'C for approximately I8 hours.
Afterbeing lnilbate4 the RBCunitswere centdfuged for 6
minutes at 4100x& and approximately 25OmL of the
supetnatant was remowd md replaced with 100 mL of
AS-5, followed by storage at I to 6'C. Each RBCunit Ms
returned to the respective study site within 14 days after
5-303 treatment. Unlike the fust generation of 5-303 pro-
cess,a the use of an exchmge procms avoided the need for
a compound adsorption device.

Because the srudyRBCs had been out oftheir control
when shipped off-site, each study site confrmed and
documented that the study RBC uits retuned to them

Transfer RBCS into Processing Set
I+

Reconstitute and add Reagents
(GSH and 5-303) to Processing Set

T
?

MixRBCwith Reagents
then transfer to Incubation Container

I
t

Incubate for up to 20 hours at 2G.25'C
T+

Remove Treatment Solution and Transfer RBC to Storage
Contalner contalnlng Additive Solution

Flg. 2, Dlagm ol the treatment @nnguratlon used to

prepuE 5-303 RBC!, Th€ RBC unlt and dlluents solutlon ae

truclerred to the ml)dng container of the processing s€t. The

GSH ud 5-303 are r4onstttuted dd then steri.lely trms-

f.rred to the mlxlng contalner of the procerslng set rFultlng

ln c flnd concenuatlon of 0.2 mmolrl 5-303 md 20 mmol/L

GSIL After betng mlxed wlth cSH ud 5-303 wlth the RBC

ind dlluent solutlon, the treated RBC ult ls ttilcfered to

an lncubatlon contalner. The RBC unlt ls Incubated at room

temperatue (20-25'C) for up to 18 hour6, At rhe end of the

hcubatlon p€rlod t}|e RBC ult 16 qtrlfuged tie superna-

tmt ls qprus€d, Md the RBC unlt ls stored ln fsh addirtw

6oluuoI
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were those donated by the subject recipient. The identiry
of each returned uit was confumed by compaison, md
verification ofthe RBC extended phenotype using apanel
of RBC major ud minor mtigens compaing preship-
ment smples to postshipment smpls.

Chromium-51-labeled RBC 24-hour recovery

Samples for bacterial culture were taken ftom erch mit at
lerot 5 days before the plmned reinfusion date On Day35
of Tleatment Periods I md 2, the day of reinfusion, each
study RBC mit (either test or contml) w6 inspected for
signs ofhemolpis, clottin6 or discbloration, and the bac-
terial cultue m @nfumed negative. The unit m cross-
matched against afresh subjectbloodsmple.The mitwas
mixed by hmd md m aliquot of the RBCs was collected
from the uit md labeled with l0 to 20 pCi of 5rCr ming
standud technlques.26 The labeling agent, sodim
sl-chromate, was mixed aseptically with the aliquot of
RBCs at room temperature for 30 minutes followed by a
wash step to remove my unincorpomted label. An atiquot
of the fina.l volume was resened for assay as a stmdud.
A.lso on Day35 ofTleatment Periods I ild 2, afresh sample
of hepainized blood (approx l0 mL) wro collected from
the subiect md treated with a sterile tin pyrophosphate
solution, containing approdmately 2.0 pg of tin. After a
s-minute incubation atroom tempemtwe, the autologous
RBCs were mhed with 2 volmes of cold saline; 20 pCi
of technetim-ggm edTc) penechnetate m then added
and incubated at room temperatw for l0 minutes. After
m additional cold saline wash, approximately 4 mL of the
Iabeled RBCs was dram up irto a syringe. The s-Tc-

labeledRBG were carcfully addedto the5tCrJabeled RBCs
md the two populations of labeled RBCs werc in-frrsid for
asessment of subject blood volme md RBC recovery ud
suilival, rcspectiwly. The mount of RBCSmd the anost
of radioactivity infused were determined bmed upon the
methods of Morofrmd colleague# md the Intemational
Committee for Standddiation in Hemtology,a

The lnfuslon of the radiolabeled allquot md subse-
quent sampllng w6 ca[ied out according to study site
studad operatingprccedues md as described byMoroff
and colleagues.rt Brlefly, after infusion of apprcximately
l0 mL of siored srCr RBCs mixed with fresbly collected
$-Tc-labeled RBCs, swen blood smpleswere dram over
the first 25 to 30 minutes after completion of thp infuions
mdone at24 hours (Day36).Additional bloodsample for
srCr activity csessmentto mesue life spmwere collcted
at48 hous (Day37),72houB (Day38), andT days (Day42)
postirifuion md then weekly through 35 days postinfu-
sion (Days 49, 56, 63, ud 70). The Rdioactivity of the
smples was counted in a garDna couter to detemine
srCr- and eTc-cpecific activity. The merorement of srCr

providedan assessmentof RBCtecovery mdthe memue-
mentof sdlcffi used to meaure bloodvolurne.aAll5rCr
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specimens Ned for swival ilalysis were couted at the
sme time and corrected for deey.

RBC hematologic and chemlcal analysis

An aliquot was removed from the RBC units immediately
after collection (Day 0 of Tbeatnrmt periods I md 2) and
on the day of ini.sion (Day 35 of lteaiment periods I md
2) sing closed-system smpling methods Ttres smples
wre assessed for RBC physiologic finction mesued by
in vitro variables (pH at 37'C, fte Hb, adenosine 5,-
triphosphate [ATPI, z,3-diphosphoglyceRte l2,3-Dpcl),
extacellula potassium, extracellula glucose, trtacellu-
la lactate, packed cell volume, ud mem corpuscular
Hb concentration (MCHC) d previously described.$ In
addition, a complete blood cout with differential was
obtained on all study mits on Days 0 and 35.

lmmunohematdloglc analysls

Sera from the subjects obtained before infusion on Day 35
ofTreatment Periods I and 2 were tested for antibodies to
autologous conuoland autologou test RBCS usingacom-
mercial mti-human immunoglobulin G gel card assay
(Ortho Clinical Diagnostics, Rilitan, ND. tn addition, test
and contol sera, co[ected and frozen on Days 49 and?O of
each period, were smened against thEe individual units
ofs-3o3-Eeated md untreated allogeneic RBCS to detect
mtibodies to 5-303 RBCS. The allogeneic RBCs (with the
phenotype O, Rh cde, K-) were prepred re conwntional
RBCS md G S-30}reated RBCs. Allogeneic RBCS were
utilired to test the sem sample ftom Day 49 and Day 70.
These msays were conducted at a central reference labom-
tory (American Red Cross Blood Seruices, Pomon4 CA).

Calculatlons and statlstlcal analysis

RBCllfe spm m stimatedby dividingthe srCrraw coruts
(adrustedforHct) fortime points greaterthm 24 hom (NJ
bythe comts attime zero (No).Theestimateofthe p€rcdnt-
age of swiving cells mi conected for lheloss ofslCrlabel
ovcr time by uslng an elutiotr multiplicatiw factor (emfl .sr
Linear md exponential functions were used to flt the data
distrlbudon and a welghted nem approach was wed to
derire a single estimate of T$ and mean life spm. The
estimates of meillife span mdTefrom emhmodel{finru
and exponentlal) were pooled m folm:

Mean llfspan (htetgh6d) =

whde MSE stilds for the mean square enor md ! and
rir represent tle means for each of the models flinear or
eryonential).

The AUC was determined by the trapezoid ruler
where the survival cune is divided into a seris of trap-
ezoids (between tim€ points), ild the area of each trap-
ezoid is caloiated by the product of the width md mean
height.The overallAUC isthesm of theuapezoida.l mas.

For RBC remry malysis, carrywer efrect w6
deemed insignificant (p > 0.10) so that a pedod-adjsted
t test was used to test for treatment difference in mean
recovery vdlus. Unless otherwise stated, statistlcal analy-
ses were perfomed using u malysis of viliance (ANOVA)
model with terms for sequence, period, treatment, and
subject nested within sequence, where subiect nested
within sequence wm a mdom efiect, while the others
were fixed effects, and except when stated otherwise, sta-
tistical tests were conducted uing a two-sided alternative
hypothesis at a signifimce level of 0.05. The one-sided
95% confidence inteNal (CD for proportion of patiens
with a movery of at le4t 75% m determined via the
Clopper-Pearson method.

RESULTS

Demographics and basellne sublect characteristics
Table I displays the demographic chuacteristics of the
study subjects including ABO/Rh blood group A total ot

RBC V:AB:LrrY W「 HS‐303P:PROCESS

27 subjects, 1l male ad 16 fema.les, mging in age from
25 to 66 years, met entry criteri4 and 26 completed both
phases of the in vivo recovery and swival studies. Dlect
mtiglobulin tsts and iltibody screen were negative for
all subjecs eroolled at screening.

RBC conient and preslorage hemolysis of
S€o3-treated units

S-303-treated RBC products, imediately after process-
ing ild before storage, had a net weight of 297 a l0 g,
with a Hct of 59 ! 1.8% md a Hb concentration of
I8.8 + 0.8 g/dl. corresponding to a total [Ib content of
53.1 = 3.6 g. The mem prestorage hemolysis level was
0.1 r 0.0%.

Twenty-lour-hour posttransfusion recovery

The meu postumsfusion recoveries were 88.0 and 90 I%
for test md control RBCS, respectively (Table 2) These
meus were greater thil the Food md Drug Administra-
tion (FDA) guidance for a minimrm mem recovery of
7590. The SDs for recovery in test and control were 8.50
and 6.88%, respectively, consistent wirh the FDAcriteria of
a milimm 9%. There m one subject in each treatment
group with recwery lss than 75%. The lower bound of the
CI for the proportion of subjecs with a recovery of75% or
greater exceeded the minimm of 70%. The lmer confi.
dence bomds for test md con$ol rcre both 83.6%. The
modest difference in meil 24-hou postinfusion recovery
of test md conuol RBCS re not significant.

RBC survival

The mean life spm mdTo of RBCswre shorter compiled
to thatofconool RBCs (Table 3). The meil life spans (cal-
culatedby theweighted mean method) for test mdcontrol
were 75 md 88 days, respectively. The mean diference in
mean llfe spm between test md control was -t4 days
(p = 0.0008). The mean Ts (calculated by the weighted
mean method) for test and control were 33 md 40 days,
respectively. Similu to the mults obtained for mean life
spm, themem medimluespmwssignificantlyreduced

and

in test compred to control for bothsites
combined (p < 0.0001.). The meanAucs
for suwiving cells, for test md contol
groups, were 23 and Z4%, rcpectively
(p = 0.0124).

Poststorage blochemical varlables

In vitro Eriables indicative of RBC
qua.lity rere malyzed for test and
control RBCs (Table4). On Day 35,
meil hemolysis levels were 0.24 and

TABLE l. Sublscl and lmmunohematologlc
demogEphl€ at scr'eenlng (lndlret

antlqlobulln iest)'
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Male tl (i().7)
Fsmala td (59 3)

Bbod grcup
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AB | (3.4
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N60ative 3 (1 t.1)
Pslttuc 24 (88.9)

' Dala {e cporl8d as nmbe, (%),

(MSE中 _xlt― +MSEL略 "xll__dal)
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TABLE a 24-fiour Ct'Tc poattransfuslon rocovery ot FBCS l%)
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TABLE 3.
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subjects before in-fusion on Day 35. After
the infusion, on Days 49 ild 70 sera
from all subjects wse collected ild
wre tsted agaiflst allogeneic RBCS. All
crossmatch analyses were negative,
rept for one subject with a wbally
positive rcaction (l+) for only one out of
three test RBCS, on Day49 after infusion
of contol RBCs in Ptriod 2, suggesting
that this rcactivity ms not likely to be
speclfic for S-303-teated RBCs. The
subject's Day 70 sem sample for the
interyal after infusion of S-3o3-teated
RBCS ws negative. Beanse thse were
no positive qosmatch tests to 5-303
RBCS after RBC *posue, no further
testing ws done.

AEs

Orerall, l2 A.Es were recorded for ll
subjects. During the 24 hous after infu-
sion, eight subjecs experienced AB
after test RBCS ild two subjects experi-
ened AEs a.fts the conuol RBCS

DrscussroN
5-303 is derived from a new class of fmgible mchor-
linked effectors with labile alkylating activity.E The 6rct
generation of the 5-303 RBC $eatnient system demon-
stratad inactiution of a lage spectrum of pathogens md
WBCsss' md was evaluated in a serie of six clinical
studies. Fou of these studi* were radiolabel recovery
studies in healthy subjects,as md two were Phme III
studies in patients requlring therapmtic RBC trilsfusion
suppon.E,' The Phase I[ clinical study bf chrcnic RBC
Emfusion was teminated before completion whe4
mtibodies to S-3o+treated RBCs werc detected in two
patients requiring chronic RBC transfsion support.t
l,ow-titer mtibodies against acridine, present oD the
membrme of the S-3o}-ueated RBCS werc detected by
positive crossmatch reactions ofthepatimt sera to 5-303-
teated RBCS. Antibody titers decllned to udetectable
levels in both patients dudng the tollow-up period md
were shom to be mable to react against S-3o3-teated
RBCS which werc prepred with a modifled protocol
simild to the one presented in this article$ A second
clinicd tild of patients receiying t-ilsfsion of 5-303-
Eeated RBCJ duing rudiac sugery showed an identical
frequmcy of crcssmatch reactivity to 5-303 RBCS (2 of 74
patients in test md control).E

A second genention of the 5-303 treatment process,
whichwas foud to reduce thepotential forimnune rcac-
tions and maintain acceptable RBC in vitro quality
thoughout 35 days of stomge, ms tested in this Phase I
cltnicd tlid. The primary objective of this study ffi to
evaluate the posttmsfi$ion viabiuty of autologous RBCS
prepued using the seond generation 5-303 pathogen
inactimtidn proces ud stored for 35 days. The studyuti-
lized a crossover design, whichhm the major adwtage of
allowing intrasubject compilison between treatments by
minimizing the intersubject v{iability from the compui-
soLThe primary endpointwc the posttransfusion tecov-
ery 24 hburs after infusion of test md control RBCS- This
primary endpoint was selected because 24-hou post-
trilsfusion recovery represents the most comonly used
criterion indicative of RBC tnnsfuslon efcacy. The
24-hour recovery wds not significantly different between
test and control RBCS. The 24-hour recoveryfor tst RBCs
was 98.0 a 8-5% and that for contol RBCS Ms
90.I = 6 88%. These results fall withln the FDA guldmce
criteria defining the quality ofXBC omponents bmed on
z4-hour posttnnsfirion RBC recovery with rspect to
both the absolute propordonal recovery and the
muimm allmed wiability in the 24-hou rccmry
meswments.

Meatr life span, T$, md AUC rcre evaluated as addi-
tional meclJm to drmcteriz the viability of S-30:}-
treated RBCS. These variables were assssed by ANOVA
statistlcal anal)6is for a two?eriod $ossovet study design

RBC V:AB!L:TV WiTH S‐ 303 PiPROCESS

md by clinical relevuce bued on the criterion of
bioequivalence applied to orherbiologic vuiables defi ned
by a biologic wriable within approximately 20% of its ref-
erence value.s Approximately I% of RBCs (senescent
RBCs) are normally cleued from the circulation each day
and endogenous RBCs survive for approximate\ 120
days.3t The model used to calculate the clemce of srCr-

umsfused RBCS affects the measuement of RBC Te ild
life span.37 Lineu clearmce is thought to be most consis-
tent with senescence, that is, the oldest RBCS preferen-
tially leaving the circulation. Exponential deamce is
thoutht to reflect cleuuceby a rmdom process, perhaps
due to physica.l or metabolic changes that afect viability.rs
Following the Intemational Corirmittee for Stmdedia-
tion in Hematologyrecommendations,a we nodeled RBC
suruival through both a linear md m exponential math-
ematical function and ued aweighted mean model when
neither the oponential nor linea regrsions demon-
strated superior fiLa The mem test and control RBC T5o
values were 32.7 md 39 5 days, respectively (p < 0.000f).
For mem AUC, test nBCs were 22.5%. while contrcl RBCs
were 23.9% of cells swiviag (p = 0.0124). The mean life
span for test RB Cs ws 74.6 days, while that for control was
88.3 days (p = 0.0008). ofnotice, the mean life span resulrs
are probably subject to a higher wiation due to the
intdnsic limitation of srCr suruival analysis which ses
data extrapolation to calculate the ilis intercepL For addi
tional acturacy of RBC suruival, rc re plming further
determinatiom of long-term RBC suruival in the context
of allogeneic uilsfusions of biotinylated R!Cs. Dcpite
thse statistical differences, it is ofnote that all these indi-
catoF of RBC viability fal within the general guideline of
20% variation ftom the conuol consistent with the critd-
rion ofbioequivalence. The mem Te falls wittrin the pub-
lished reference range of 28 to 35 days for conventional
autologos RBC infusions.se

In addition to in vivo neasues ofviability, a series of
in vitrc vaiables were used to 6sess the quality of 5-303
RBCS stored for 35 days. Mlnimal hemolysis, measured by
plsma free Hb, is an index of RBC quality. On Day 35 a.tl
RBC units (both test md control) had hemolysis levels of
less thil l%. The mdimum hemolysls on Day 35 Ms
0:6I% in test and 0.66% in control RBC components. Mem
hemolysis on Day 35 ws not statistically different
between test and conEol RBCS (0.24% vs. 0.22%, p = 0.44).

ATP is an importmt reflection of RBC glycolgic
metabolism md orrelates with postEmsfusion RBC
recovery. By Day 35 of storage, the mean va.lues of AIP for
both test md contol were well above rhe thrshold value
of2 pmol/g Hb, which is considered aceptable for uans-
fusiona and the muginal decrece in AIP concentntion
of test RBCS m not associated with dininished Z-hour
recorery or incremed hemolpis.

To a$e$ RBC hydEtion, MCHC was mbasured using
il automated hematology analyzer. This is an importilt
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0 22% for test and control, respectively, with a maximum
lwel of hmolysis at of 0.61% in t6t ild 0.66% in control
RBCs.

Biochemical variables measued on Day 35 showed
glucose levels of 28.7 md f4.6 (mmol/L), for test md
control, respectively, while mean lactate values in-
creased to l8.l md28.8 (mmol/L) and pH dropped to 6.40
and 6.48 for testand controlRBCs, respectively, suggesting
increased glucose catabolism in S-3o3-treated RBCS.
Mean potassimvalues on Day35 were significmtly lower
in the test group as a consequence ofthe exchange proto-
col. The *chmge protocol did not slgnificantly modify
thelevels of 2,3-DPG orATP imediatelyafter processing.
On Day 35, the mem levels of ATp werc 3.34 ild
3.6 lrnol/g Hbfor test md contml RBCS, respectively, ud,
il e4rected, the intracellular concenEation of 2.3-DpG
m completely depleted by Day 35 ofstorage.

lmmunohematologic analysis

In the context of a small-dose infrsion, the resuls of the
crcssmatch Nays on subjects' sen rcre negatiw for all
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(p = 0.2266, Table 5)- One severe AE m due to hosFital-
ization for sevirc knee inflmmation 27 days after the
infusion of test RBC infusion in TleatEent period 2.
However, this lafter event was consistent with an *isting
condition and wil considered unlikely to be related to Ori
study teatrnent. Three modemte AEs weri reported by
two subjects witNn ,f4 days after infusion of test RBCS.
These events included nonhemorrhagic, papular rash in
extremities of unknmn etiology after receiving the RBC
infusion in one subject md moderate stomach pain and
diarrhea after receiviag the BBC lnfusion in another
subJect. Both events were judged as mlikely related to
study treatment by the loca-l invetigator: mild AEs withtn
24 hous afts S-303-tEated RBC infusion included mild.
tr'ansient, decreased ditrtolic blood pressue, hyperhy.
drosis, iron deficiency, md dizziness. Mild AEs within 24
hours after ontrol RBCinfusion included local skin reac-
tion at infusion site md increued blood lactate dehy&o.
genase. The overall AE incidence was not different
between the test md control goup hfusions (p = 0.23,
McNema/s tsr) and not differmt forAE possibly or pmb-
ably ils@iated wirh{Eatment {p = 1.0).

TABLE 4.RBC characterls■●s(mean± SD〕
Test(D●y35)

EttracdL!ar pdassum(mm。に)
Homoiysls(%)
FreO Hb(rng/dLl
Extraca“uhr OlucoSe(mm。 に)
Extrace‖uiar laclate(mm。肛)
pH at 37・C
2.3‐DPG olmoVg Hb)
MCHC(υdL)
Spun Hct(%〕

Cha.aclgristic Control(D●ソ35)
ATP(μ mO1/9 Hb)

395=356     く 0 00ol
0 2 4 = 0 1 3 2    0 “
10443■ 558      02628
287■ 545     ● oc●1
101=272     く 0∞ ol

0 1 2 ■ 0 1 3 7    0 o 2 0 2
3 3 9 = 1 6 8   ● ∞o l
624=36     (0 0ool

1069=64“
146■ 211
280■ 344
6403=0122
029■0200

597■24

――――――――    TABLE 5.Summary of AEs by sublect

議 t

i n = 初

8

0

Ov●口‖

Poten“a"y ntO threatening(G爬“o4)
Possibりor prObably relaled AE
Aner donaliOn and be,Oro in●sbn
,os"nfuson
AE ieading to stu"diSCOnlinuatlon
SO10us AE

AEり,e
AnソAE
Mld(Grado l)
Nloderale(Grado 2)
Severo(Grado o

Oonlol

ln=27)
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variable because RBCS with altered hydration status may
exhibit diminished life spm. For fteshly dram RBCS, rhe
MCHC reference value is 34 g/d! with 2 SDs lower being
3l g/dL3'3 For contol RBCs, the Day 35 MCHC was
32.5 g/dL and that for testwas 33 9 g/dL (p < 0.0001). Both
of these va-lues ile within the reference rmge for fresh
RBCs. Overall, these in vitro data indicte that RBCS prc-
pared using the 5.303 treatment process remain viable
md metabolically suitable for tmsfu sion though 35 days
ofstorage.These data are also consistentwith the 24-hour
posttrilsfusion recovery results md with the tfuee indi-
cators ofRBC Me spm indicatingbioequiva.lence between
test md control RBCS.

AEs were rccorded for 24hous after autologous blood
donation md for 24 hours after each studytransfusion. No
AE led to study discontinuation and no signincantAB was
found to have a temporal or causal relationship to tlE
infusion of test RBCs. There rere eightAEsin the test group
and three AEs in the control group (p=0.23). Most AEs
were mild to moderatewith the erceptionof one severeAE
in the test period that wtr considered not related to the
infusion of. S-3o3-teated RBCS. Because of the small-
wlume exposure to the test article md specifc design to
define the in vivo RBC recovery this study had limited
power to asess safety events. Despite that, we did not
obserue mysigrifcantAEs with a temporal or caual rela-
tionship to the infusion dfs-3o3-Eeated RBCS.

l\ryo patients in the RBC chronic transfusion trial with
the first-genention S-303 proce$ dseloped mtibodies to
S-3o3-teated RBCS. The immoreactivity obsercd re
due to the acddine moiety of the 5-303 molecule md the
lack of involwment of the RBC surface in this rcactivity
was confrmed by complete inhibition sing acridine
a.lone, consistent with the absence of neomtigens on the
RBC surface. These mtibodie did not indue detectab.le
hemolyiis in vivo in either of the two patients. In addition,
a monocyte monolayer resay showd no incrcced RBC
phagocytosis in the presence of sera of these two
patients.26,2tts This second-generation process was
designed to reduce the lwel ofacridine bound to the RBC
surface, thus reducing the potential for immune response.
This hm been supported by in vivo studies using a rabbit
model of chronic RBC transfusion.ar In these studies.
chronic transfusion of RBCs with high levels of acridi$e
(simild to the fust-generation prccess) elicited an
acridine-specifi c antibody response, wheres transfuslon
of RBqs with lry l€vels of acridine (similu to the second
generation proGs) did not. 

'

In the contdt of infusion of small dose of 5-303-
treatedrRBG, there wasno evidene of imue response
to 3s-day-stored RBCs prepaed uingrhe 5-303 exchange
Eeatment process. S-3o3-teated RBC antibodies were not
detecled in my of the subjects' specimens when followed
for up to 70 days postin-frrsion. Although the overall
amount ofinfised RBCs m small, the absene ofdetect-
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able mtibody formation supports progression to studies
ofrepeated tmnsfusions offuIl units for recognized then-
peutic indications.

In sunmary, in this Phase I two-period crossover
study conducted in healthy volunteers, the 24-hour post-
transf$ion recwery of RBCs prepared using the 5-303
pathogen inactivadon process was not significantly differ-
ent thm the recovery of control RBCs md complied with
the FDA tuidance criteria for 24-hou RBC recovery md
hemolysis at the end ofthe storage period, with no silnifi-
cant difference between test md control RBCS. RBC su-
vival assessed through three di.fferent variables fell within
20% of contol RBCS, indicating bioequivalence of RBC
viability. Therc were no significant imbalances between
test and conuol RBCS with respect to safety. pathogen-
inactivated RBCs produced uing the 5-303 treatment
process show broad bioequivalence with control RBCS
md the product appeils suitable for admced clinical
development.
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個別症例報告のまとめ方について

個別症例報告が添付されているもののうち、個別症例報告の重複

を除いたものを一覧表の後に添付した (国内症例については、資料

3に おいて集積報告を行つているため、添付していない)。

個別症例報告概要
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感染症発生症例―■

番号
感ll症のll鳳

発生回 性Яl 年齢 発現時期 に帰 出典 区分 備考

■官BII大分類 薔本II

第 :B回
,彙症および寄生虫症 ヨ型肝奥 米国 男 8畿 20'!/12/12 不明 症例報告 外国製品

暇別番号3-11000046

日床検童 工中免疫グロプリンM増 加 米国 男 8餞 不明 症桝報告 外国製品
年12月27日 _______ __ 1

血対課lD 受理日 番号 報告者名 一般名
生物由来

成分名
原材料名 原産国

含有区

分
文献 産例

正
置
告

適
情

報

'20031 24 Ap■:2 120'00
グ

に燥pH4処理人タ
疲グロプリン

人免疫グロプ
リンG

ヒト血腋 ドイツ 有効成分 あり あリ なし

120037 24-Apr12 : 2 0 1 0 0 ペプシン プタ冑粘臓 米ロ 製造工雹 なし あり なし
グ ン
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感染症発生症例一覧

番号

感染症の種類

発現国 性別 嚇
ω

発現時期
(年/月/日)

転帰 出典 区分

備考

器官別大分類 基本輌 餞別番号 報告日 り:!?RII

第18E 18-1 臨床検査 C型 肝炎抗体陽性 米国 男性 2012/2/29 未回復

囃̈
外国製品 12000001 2012/5/4

Ю12年4月27日の初回報告後に追
n報告をおこなったため、最新情

霰に更新 した.報 告回数 :2回

第 18回 18 -2 感染症および寄生虫症 C型 肝炎 米国 男性 20:1/:2/26 未回復 自発報告 外国製品 1:000048 2012/3/1
Ю12年1月26日の初回報告後に追
旧報告をおこなったため、最新情
重に更新 した。報告回数 :2回

第 18囮 18-3 臨床検査 B型肝炎コア抗体陽性 米国 女性 4 不明 不明 自発報告 外国製品 H000049 2012/2/6

第 18ロ 18-3 臨床検査 B型肝炎e抗体陽性 米国 女性 4 不明 不明 自発報告 外国製品 1:000049 2012/2/6

第 1 8回 18 -4 臨床検査 検査‖1果偽陽性 | 米国 |男性 不 明 不明 自発報告 外国製品 l1000045 2011/12/27
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120001 22-」un-12 120216 … …

1珈

人免疲グロブ

リンG
人血漿 米国 有効成分 なし あり なし

120002 22-」ur12 :20217 パクスター
由プリン

え血清アルフ
ミン

人血漿 米国 籠加物 なし
り

　

一

あ なし



追加資

献血後の水分補給と休憩の徹底について

血液対策課

1.背 景

○献血後に交通事故に遭遇し死亡される事例が発生。

2. 献 血時の現状

○献血者に対して献血前に、献血後の水分補給と休憩の必要性など

の注意点について説明資料を手渡して、献血終了時までに一読して

もらっている。

O献 血終了後、水分補給と休憩の必要性などについてあらためて説明

してし,るヽ。           、

O献 血終了後、接遇担当者が献血者に対して水分補給と休憩を促し

ている。

3. 今 後の対応方針

O献 血者に対し、献血後の水分補給と休憩の必要性などについての

周知を徹底する。


