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Positive(1→3)"β…D‐gluCan in blood components
and release of(1→3)‐β‐D g̈luCan from depth‐type

membrane filters for blood processing
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B A C K G R O U N D :丁 he  f a l s e‐po s l i v e  e l e v a l o n  o f  p l a s m a

(1→3)‐β
―D―gluCan levёl,a serodiagnostic test for deep‐

seated mycosis,is suspected in patients administered

with blood components

sTUDY DESIGN AND METHODS:(1⇒ 3)‐β
―D―Glucan

and endotoxin ievels in blood compOnents consisting of

12 albumins,8 immunoglobu‖ ps,and 3 blood coagula‐

tion factors were measured by fungalinfection tests

(Fungitec G‐test,Seikagaku Co;the VVako WBoo3 test,

Wako Pure Chenlicallndustriesi and the Endospec ES

test,Seikagaku Co)ln vitrO release of(1-→ 3)―β‐D―glu―

can froln the depth―type filters made by cellulose mem‐

brane to process blood components was analyzed

th「ough an in vitro filtration process as a source of

(1→3)―β
―D-91uCan in blood components

RESULTS:The amounts of(1→ 3)‐β‐D―gluCan in blood

compOnents ranged from O to 7510 pg per rnL in the

Fungitec G―test,with wide variations among brands

The positive rates over 20 pg per mL llvere 75 percent

i1l albumin solutions,40 percentin blood coagulation

factors,and 63 percent in immunoglobulin solutions

(1→3)―β―D―Glucan leveis released from the lve depth

lners ranged from 5 to 2516 p9 per mL The(1→3)―β―D―

glucan level in filtration fluid vvas decreased by rinsing

vrith disti‖ed ハヽ′ater,but rebounded again during the aト

bunnin filtration process

CONCLUS10N:Depth iners are cOnsidered the source

Of(1→3)‐β‐D‐91uCan contentin some blood compO―
nents

he ftlngal cell―wall contains tl■e characteristic

constituent(1→3)―β―D―gluCan and recent stud―
ies han7e revealed tl■at plasma(1→3)―βD―gluCan
measurement is useful fol screening for inva―

s市e ftlngal infections l,2 Accordin」y,a ftlngal infection
test(Fungitec G―test,Seikagaku Co,To●o,Japan)haS
been developed to measure plasma concentrations of

(1→3)β―D―gluCan The Fungitec G― test is a highly sensi―

tive and speciflc test for invasive deep mycoses and fun―

gal febrile episodes in causative fungiincluding Ca72′Jαα,

/1sρθ7=′JJ“S C7yp′οθοθθ"s, and TI″θんοsβθrθん。2,3 There is

one other approved method oヽ 「akO Vυ3oo3,Wako Pure

Chenlical lndustries, Osaka, Iapan)to detect plasma

(1→3)―β―D‐JuCan;hOWever,Hossain et al.3 indiCated a

lower sensitiviw fOr the V√akoヽハB003 test tlDan the Fung―

itec G―test in systelllic mycosis patients A deep― seated

mycosis is a critical disease condition in inllnunoconl―

pronlised patients,including neutlopenic Patients■ vith

hematologic inalignancies,patients M″ ith solid tumors

undergoing chemotherapy or ilradiation, and nonneu―

tropenic patients in surgical intensive care units after or―

gan transplantation, vvith burns, or Ⅵ ′ith intravenous

catheters.4‐6 Patients suspected to suffer fl・Om a secondヽ

al■7 deep lnycosis flequentw require transfllsion of vari

ous blood components:Iヽ ■G against systernic infectious

complication, albunlin or plasma prOtein fl・actions
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against hフっovolenlia■～ith h1711oalbulllinel■ia,and blood

coagulation factols against bleeding diathesis

False―positive elevation of plasma(1→ 3)一β―D―gluCan

levels in patients treated by blood colllponents adnlinis―

tration is stispected, but the anlounts of(1→ 3)―β―D―

glucan presentin albunlins and blood coagulation factors
have not been reported. Ikel■ ura et a17 haVe del■ on―

strated a pOsitive L77777f:aS test in inllllunoglob■llin coln―

ponents caused by Lル 72“̀ιιs alneboc/yte lysate―reactive

materi〔1; that is, an indirect ineasurel■lent inethod to

detect(1→ 3)―β―D―gluCan tl■tt had been t虻 江市ely used as

tlle ftlngd indⅨ before de祀lopment ofthe Fun」teC G―test.

They indictte hiまerニブz傷′“s alllebocメe l17Sate―react市e

mate■ialleveL ill patient pl〔追ma unti1 l o■2 days a■er LttG

itteCtiOns alld suspected cellulose membralle as the source

of L′772“Jtts alneboclte lysate―reactive materialin immuno

globulin components.Ho、 √́eve■,the Ftlllgltec G―testis mo■e

sensitive ttan the fung・al index,It■Jl the correlation be―

Neen the Fungitec G― test and the fLIngal index being ex―

ponentia18 1t haS been repo■ted by Yamagallli et al.9 and

Yoshioka et al.10 that LJ/77“ι“S ameboc2yte lysate―reactive

materials are released fl・om a membrane dialyzer made

urith cllprophan Recently,the elⅣ 試lon of serum(1→ 3)―

β―D―gluCan levels to over 100 pg per mL in cases treated
by hemodialysis by use of a saponifled cellulose acetate

m e m b r a n e  h a s  b e e n  r e p o r t e d  b y  Y o s h i d a  e t  a 1 1 1

1n this study,we analyzed(1-〉3)―β―D―gluCan levels in

COIllinerCially available blood conllDollents in lalDan by

use ofthe bハ″o app■oved and loutinely used n■ethods,the

Fungitec G―test and the llVako lVB003 test Encloto対n lev_

els were measured by an elndoto対 n―speciic test(Enヽ

dospec Es,Seikagaku Co.)in the same blood conlponents

to ru19 out L'777 ιι′“s―positive materials WVe then llypothヽ

esized that depth―岬pe flltels l■lade by cellulose l■■elll_

brane used to clariサbloOd COmponel■ts were the so■lrce
of(1→3)―β―D―」uCall in blood cOmponents,al■d so the reヽ
lease of(1→3)―βD―gluCal■iom depth-57pe mters was ana
lyzed by tl■e Fungitc G―test in an in vitlo flltlation process.

MATERIALS AND METHODS

Blood components

Albunlin solutions,plasma protein fl・actions,blood co_

agulation factors, and globulin solutions comnlercially

available in Japan Ⅵ″ere quantitatively analyzed for

(1→3) β́―D―gluCan levels(Table l;names of rnanufactur_
ers are indicated in the table footnotes). COmponents

s u p p l i e d  i n  l 1 7 o p h i l i z e d  f o r m  w e r e  r e c o n s t i t u t e d  l t t t h  p y―

■ogen―free distilled v√ater attached to the component as

described in the package inserts

Method of(1・→3)…β‐D‐giuCan and
endotoxin llleasurement

The L′772傷JあS amebocメe wstte is composed of加″o co―
agulation pathlvays(Fig. 1) The ilst pathⅥ ″ay contains

Produci name Commercial name Percentage

Fungitec

G―test

(1→3)‐β‐D‐Glucan EndotOxin

EndoSpec

Wako WB003 test       ES test

TABLE l.Values of(1-→ 3)‐β‐D…gluCan and endotoxin in blood componentsカ

Albumin solulon

Plasma protein fraclon

Coagulation factor

Globし11in solution

Albuminl

Kenketsu albumini

Albumin§
Albuminar¶
Buminate‖
Albumin☆'

Albuminll
Albuminll
Albumin§§
Buminate‖
Plasmanate cutteF去
Plasma proteln fraction‖
Fi b r o g a m m i n  P I I
Anthrobin PII
Neuan十
Gamma―Veninll
Ven‖on§
SanC10por¶¶
Kenketsu Venoglobulin―H十
Venogiobulin-lHI
Gammagard‖
Globenin―l§§
Polyg10bin*'

40800± 7071

641± 06

6441± 7721

4067± 10

655± 289

1 7 0 ± 3 0

45450± 495

37800± 45255

1597± 16

1 3 0 ■ 0 7

1195± 919

95± 23

17250± 636

14375± 17046

00± 00

69300■ 8202

5600± 1980

993■ 21

375± 60

357± 243

1 9 4 ■ 1 9 6

24± 16

1 2 ± 1 0

2456± 14251

3538± 4224

715=2321

252=2671

55± 001

118± 001

2318± 49

1730=21551

441± 001

11■ 0,01

8 1 ■ 1 5

0 5 ■ 0 1 1

2544± 1005

747■ 926

04■ 00

6572± 477

624■ 200

401■ 1 8

220± 001

220± 001

220± 001

220± 001

472± 00

9 6 ■ 0 3

209■ 108

00■ 00

0 7 ■ 0 9

0 6 ± 0 9

0 0 ■ 0 0

0 0 ■ 0 0

183■ 147

0 0 ± 0 0

0 0 ■ 0 0

0 0 ± 0 0

1 1 ■ 1 0

5 3 ± 0 2

0 0 = 0 0

0 0 ± 0 0

2 0 ± 0 1

12± 18

3 4 = 0 3

3 7 ± 1 2

2 0 ± 2 7

3 4 ± 3 0

3 1 ■ 2 6

7 1 ± 1 3

Data are means± SD(n=2-4,pg/mL)IYoshlomi Pharmaceulcal industttes Ltd Osaka(MISubishi Welpharma Co,TOkyo,at present),

」apani l卜Лeasured value less than the value was assigned to the value lndlcated;§Kaketsuken,Kumamoto,Japan;¶ Centeon,Tokyo,Ja‐

pani‖Baxter Ltd,Tokyo,」apani黎
★
Bayer Yakuhin,Ltd,Osaka,Japan;|IJapanese Red Cross,Tokyo,Japan;|IHoeChSt Manon RouSSel

(Avenls Pharma,at present)Ltd,Tokyo,」apani§§Nihon Pharmaceulcal Co,Ltd,Tokyo,Japani¶¶FulirebiO inc(UCB Japan Co,Ltd,

at present),TOkyo,」apan
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A                           B                                   factor G by use of a chromogenic assay
E n d。l o、i n

い'ι 卜帥∽n     t _ _ W T T鳥
 い

つ・つ」 師̈  血 e  s a m e  a s  h  t h e  F u n t t e C  G t e■■2

脚

11正 lIIlivttI…

CTttTied7。

/面
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/               and the rnean was used for the analysis.

Extraction of(1→3)‐β…D中gluCan in

肛 Leu Cly毎 0∫

°

JArgPNA¨

呻 叩 c篇

鍔 冨 Hn譴 品 1潔

躙 m四 … 晩

…1酬口    l 鵬 島I補儒鸞理Absorbancc■405 nm                (TllrЫ
∫1,lassaガ   flom the companies).In宙tro iltration

by use of 47 1■ m diameter sterilized

菫g.1.SChematic diagraln of the steps involved in the Fungitec G―test(A)and      depth membra■ les w、■tn■lter holders rnt

lVよo WB003 test(B).The endoto対 n―speciflc Patll■vay in the VVakoルV■003 test can  an ambient temperature and a 2.5 1nL

be illhibited by tl■e preteatment sol■ltion oolwn,囃nBa■ld Triton■loO).     per minute flow rate by use of distined

water for intravenous ittectiOn(otSuka

factor C,an initiation factor in the L′フη“ι“s clotting sys―

te■l that is lnediated by endoto対 n,and factor B,a next

step serine protease z脚 ogen involved in the Lゴ 7737rιtts

clotting system The second pathl●
‐ay contains factor G,a

holseshoe crab coagulation enzpe that is extremely

sensitive and speciflc to(1→3)―β―D―gluCan 3 The Fungitec

G―test is speciic to(1→3)―β―D―gluCan,because hctors B

and C are elinlinated in the test.In briet each sample

(dilLlted to reach tl■e measurable range)v√ as added to

ねctor CJ dissolved in HEPES buffer and then incubated at

37°C for 30 rllinutes Activated factor G activated a pro―

clotting enzyme,and then the OD of■eleased p―

nitroanilide cleaved flollll the Chromogenic substrate by

the clotting enzynlcャvas measured by use ofthc hnetic

model of a cornputerized well― ■eader(SK6011 Seikagaku

CO)The recovew rate of(1→ 3)―β―D―gluCan was calcu
lated in each sample

The累 kゝo VVB003 test is based on the endoto対 n―

neutralizing effect of the pretreatlnent solution, ■vhich

consists Of polym)覆 n B and Triton aC and the turbidi―

metric measurement ofthe Lゴ ““J“s amebocyte brSate re―

agent in a gelation leaction of factoI G Increased turbid―

ity、へFas measured by use of a kinetic tube reader

(To瑾nOmeter A/1T251,lVako Pure Cheinical lndustries)3

The Endospec ES test(Seikagaku Co)waS perfolllled

to evaluate activation of factor C by endoto対 nvプlthout

d i s t i l l e d  w a t e r  f o r  i n t r a v e n o u s  i n i e c t i O n , o t s u k a , T o●o ,

Iapan)VJas employed.The concel■ trations of(1→ 3)―β―D―

glucan in 100 mL volume processed through each fllter
M″ere rneasured by the Fungitec C test and are sholtrl■ in

Table 2.(1→ 3)―β―D―Glucan levels at the point of each 25

of 100 1nL distilled Ⅵ″ater processed and after loo mL of 5

percent albunlin solution (f10m Bttter Ltd)were alsO
measured by the Fungitec G― test(Fig.4)

Digestion lvith(1-→3)‐β‐D‐gluCanase
To speci″the tte Of gl■lcans measured by Llle Fungitec
G―test,and to rule out to any Other type of glucans like

(1→4)βD―」uCan,in宙tro digestion by use of(1→3)β―

D―gluCanase as the speciic degradation enzyme for

(1→3)―β‐D―gluCan uras performed.F市 e different samples

of blood components and tM″o different in vitlo extracts

fl・om depth ilters,both of lvllich indictted hi31■ (1→3)―

β―D―gluCan levels,were prepared.Tl■ en(1→ 3)―β―D―gluCan
levels were compared before and after the digestion by

tl■e endo―(1→3)―β―D gluCal■ase prepaled iom Arめrοbαθた″

ι悦惚視s by use ofthe met13od descltted by T狙よa et■13

Statistical analysis

Data■ 、ァere expressed as lneans ±  SD, and l― test, chi

square test, regression ana,SiS, and Sheffe's multiple

TABLE 2.Re:ease of(1→ 3)‐β‐D‐g:uCan froln the depth fi:ters in an in vitro fiitration process・
PrOduci name (1→3)―βD―Glucan(p9/mLl Лヽaterials

Zeta Plus―SPI
Zeta Plus―LAI
EKl P§

EKSP§

25156± 56021

1317± 806

231± 58

5 4 ± 1 5

Ce‖ulose,perlite,resin,diatonnaceous ea■|¬

Highly purified ce‖ulose, resin,acid―washed diatomaceous ealth

Reclained ce‖ulose,diatomaceous earth

Reclahned ce‖ulose,diatolnaceous ealth
' Data are means±

SD(n=4‐ 5,Pg/nlL)(1→ 3)‐β―D―Glucan leve was measured by the Fun91ec C test

i KK Cuno,Yokohama,」 apan

l pく o o01 versus the others(Sheffe's inu‖ip e compa百son test)

S U S Filter」apan Co,Tokyo,Japan
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COllDpariSon test、へ″ere employed by use of computer soft―

v√are (StatView statistical soft、へ″are package, version

4511:Abacus Concepts,Berkeley,CA)StatiStiCal signifl―

cance M″as assured wvhen the p value Ⅵ″as less than O.05

RESULTS

(1→3)‐β‐D‐G:ucan and endotoxin concentrations in
b:ood components

(1⇒3)―β―D―Glucan and endotoxin concentrations in

blood components are summarized as nleans tt SD in

Table l(1→ 3)―β―D―Glucan concentratiois lneasured by

the Fungitec G―test ranged frol■O to 7510 pg perl■lL in

one lot of human normal inll■ unog10buhn (Gamnla―

Venin,Aventis Behringり TOkyO,Japan).The recovely rate

of the lneasurement vFas 100 2±  3.2 pe■cent.There ex―

isted a■71de range of variation of(1→3)―β―D―gluCan levels

among components The difference betvveen lots of the

same brand ranged froln O to 962.5 pg perrnL,29.9± 250

pg per inL in all components,except floHl one albunlin
,component that shovFed high variations in concentra―

tions ranging from 580 to 6980 pg per mL(mean,3780

pg/mLl.The pOSit市e rates of(1→3)―β
―D―gluCan over 20

pg perrnL,the cutoffvalue of a norl■al plasma level,M√ere

33 of50(66.0%)indiCating the numbers ofthe total conl―

ponents, 18 of 24 (7500/o)in albullllin solutions and

plasma protein fractions,4 of10(40.0シ6)in b100d COagu―

lation factors,and 10 of 16(62.576)in il■linunoglobulin

solutions(Fig、 2). The rates of(1→ 3) β̈―D―gluCan over

looo pg per rnL(a vely high level;lM7ice the rnean plasma

level in candidenlia patients),3.vere 8 of 24(33.35)in

albulnin solutions and plasma protein fl・actions,4 of 10

(40.076)in bloOd COaglllation factors,and 2 of16(12.576)

Albumin    COagulation
factor

Globulin

Fig。2.Positive rates of(1→3)―β―D―gluCan in blood compo―

n e n t s  b y  t h e  d i f f e r e n t  c u t o r  v a l u e s . ( 1→3 )―β‐D‐G l u c a l l  l e v e I

lvas measured by the Fungitec G―test.
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in ilnnlunoglobulin solutions For exanlples of blood cO、

agulation factors,fouI Neuart samples and bハ′o of four

Antl■lobin P salnPles sho、ハJed O pg per mL(1→3)―β―Dヽ

」uCan,but the residual“vo of four Allth■obin P and tlle
tv√o「ib■ogali■in sanlples indicated over 1000 1Dg per illL

(1→3)―β―D―gluCan
There、へ/as no signiicant difference in the positive

rates among the 57pe Ofblood components Recentけ,the

Japanese Red CIoss Plasma Fraction Center has illl_

proved its manufacturing process and decreased the

(1→3)―β―D―gluCan levelto 70 pg per rnL′fl・oll1 4645 pg per

mL This was done immediatelbr after consideration of a

report flom us.

(1→3)―β―D―Glucan concentrations in blood compo_

nents lncasured by the WVakoル Bヽ003 test ranged frorn o 4

to 690.9 pg pe■lnL in one lot of Galnlna―Venin(Table l)

There was a clear correlation beれ veen the(1→ 3)一β―D‐

glucan levels lneasured by the Fungitec G― test and those

by the VVako■VЪoo3 testin all samples(Fig、3): rヽ=33.473

+0.0629XI R=0.780,p=1l x 10-9,wl■ ere Y is the(1→3)‐

β―D―」uCan levellneasured by the Wako VげB003 test(pgノ

mL)and X iS the(1→3)―β―D―gluCan level measured by the
Fungitec G―test However,the difference be● ハ″een theち vo

lnethods in each ofthe blood components was not con‐

sistent Results for some samples, such as Plasmanate

cutter,indicated levels bvo orders hiεⅢer url■en lneasured

by the Fungitec G―test than wvhen rneasured by the VFako

l 電ヽ003 test.HovFever,results for some samples,such as

Gallllnagard,indicated allnost the same level、 、ァith botll

tests and results fol others,such as Kenketsu Albunlin,

indicated lower levels by the Fungitec G―test than by the

V rヽalco llVB003 test.

The endoto対 n concentration in blood components

1000   2000   3000   4000   5000   6000   7000   8000

(1-3)―β‐D‐gluCall lcvcl(Fungiec G‐Tcst,pg/mLl

Fig.3.Relationship betlveen the concentrations of(1→ 3) β́
‐

D―gluCan ineaSured by the Fungitec G― test and the lVak0

ЪVB003 test in blood components.Y=33.473+0.0629為 R`

0.780,pく 0,001.
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ranged fron1 0 t0 29 pg per rnL and the positive rate over

10 pg per rnL,the cutoff value of a no■lnal plasma level,

was 3 0f 50(6%)The recOvew rate、 ″as 96 7 ± 6.6 per―

cent The correlation betveen(1→ 3)―β
―D―JuCan and en―

dotOXin levels M″as lo■v:Y=1938+0.001χ  R=0.403,p=

o o037,V√1lere Y is the endoto対n level(pg/mL)and X iS

the(1⇒ 3)―β―D―gluCan level(pg/mL)measured by the

Fullgitec G―test(Fig.4)The endOtO対 n level was low in

b100d COmponents and the increased(1→3)―β―D―」uCan

leVelS llleasured by the Fungitec G―test did not correlate

with endoto対n levels

(1→3)―β―D―Glucan levels released flom thO filters are

shown in Table 2. In all filters, release Of(1→3)―β―D―

gluCan M″as ObSel■
red ranging from 5 4 to 2515.6 pg per

lllL during the same in宙tro iltration p■ocess(1→3)―β―

D―Glucan levels floll■the Zeta Plus―SP fllter vFere mark―

edly hitter than those flom the Zeta Plus―LA filter(p<

1.2 × 10~11, Sheffe's multiple comparison) (1→3)―β―D―

Glucan levels of each ilter indicated differences of ma―

terials used,such as perlite and resin,and also indicated

differences in the manufacturing process,even v′ lth use

ofthe same cellulose and diatomaceous earth.Release of

(1→3)―β―D―gluCan in a iltration process by use of distilled

water and then 5 percent albulnin solution is shovt7n in

Fig 5.The(1→ 3)一β―D―gluCan level in the irst 25 11lL of

water processed was 146 9 ±  23.O pg per mL and de―

creased gradualけtO 14.2±14.l pg per mL in thelast 25
mL during processing of 100 mL(p=o.0070).The mean

(1→3)―β‐D―gluCan level in 100 mL processed by use of
distilled IAlater v√as 37.6 ± 11.2 pg per inL indicated the

effectiveness of decreasing(1→ 3)―β―D―gluCan release
fl・ol■■the ilter by water rinsing.However,the(1→3)―β―D―

glucan level rebounded up to 143.1±22.7 pg per mLin

β‐D‐GLuCAN!N BL00D COMPONENTS AND FILTERS

25    50    75    100

Distilled watcl(mD

Distillcd  5%Albumin

vヽater      s01ution

Fig.5.Chal■ges of(1→ 3)―β―D‐gluCal■levels during in宙tro

filtration of the Zeta Plus―LA rllter by use of distilled water

and 5 percent albunlin solutiOn.Each 100 n■L of distimed

water and 5 percent albunlin solution was processed at a 2.5

mL per nllln flow rate at an alnbient temperature.The con―

centration of(1→3)―β―D‐gluCall was measured by tlle Fungi―

tec C―test.*pく 0.05 and**pく 0.01 versus the levelin 25 mL

processed or the mean level in distilled water stttistically

al■alyzed by t‐test,

the 100 mL processed by use of 5 11ercent albulllin solu―

tiOn(p=0031).

Seven samples indicating high(1→ 3)―β
―D―gluCan lev―

els,4993,593,4992,8536, and 6526 pg per nlL of blood

components or 37,633 and 4558 pg per lnL of filtrates

from depth filters, were digested by (1→ 3)―β
―D―

JuCanase,and thereafter no(1→3)―β―D―gluCan acti宙Ly
v√as obsewed

DiSCUSS:ON

The present study clea■ly demonstrates(1→ 3)―β―D―

glucan contentin blood components through the use of
depth ilters.

Quantitative analysis by specific measurement
methods revealed that 66 percent of blood components

contain (1→ 3)―β―D―gluCan and that its levels in sollle
blood components are extremely high The highest

(1→3)―β―D‐gluCan level of 7510 pg pel lnL is 15 tilnes

greater than that ofthe lllean plasma level,4947±448.4

pg perlnL′as lneasured by the Fungitec G―test in candi―

deinia patients reported by Hossain et a13 TraCe leve13 0f

endoto対 n in the same blood components indicate the

speciflc contal■■ination of(1→ 3)―β―D―gluCan in blood
components The colnplete reduction of high(1→ 3)β‐D―

glucan levels by endo―(1→3)―β―D―gluCanase also certililes
thatthe n■aterial in the blood col■ponents responsive to
the Fungltec G―test is(1→3)―β―D d́uCan itSelfand not al■y
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Fig.4・Relationship betteen the endoto対n lwels lneasured

by the Endospec ES test and the(1→3)―β―D―gluCan levels
lllCasurod by the Fungitec G―test in blood cOmpOnents.Y=

l.938+o.001為 R=0.403,pく 0.005.
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other nlaterial that lnight increase the number of false―

positive■esttlも The wide range of variatiol■s in(1→3)―β―

D―duCan levels among the different brands of the same
blood conlPonents and the deflnitive improvementin de―

creasing the(1→ 3)―β―D―gluCan level in the alb■tj j■in SOlu―

tion by changing the nlanufacturing process achieved in

the Japanese Red CIoss Plasma Fraction Center clearly

indicate that the presence of(1→3)―β―D―gluCan in blood
components can be avoided The information、 へ″e ob―

tained flom the Japanese Red Cross Fractionation Center

、へ″as lilllited.However,it is suspected that they changed

the kind of depth ilters in the three steps of tlle blood

puriication process, decreasing their(1→3)―β―D―gluCan
levelin albunlin solution flon1 4645 to 70 pg per rnL

The appearance of(1→ 3)―β―D―gluCan in illlrnuno―

globulin components shoM″ n in this study is comparable

to the reports of lkemura et a17 H。 .vever,there is some

difference bet■veen the values of(1→ 3)―β―D―gluCan lnea―

sured、、几th the Fungiec G― test in this study and thOse of

the ttJ772“JaS ŕeactive nlaterialin the reports oflkel■■ura et

al.that were tentat市 eけ uSed as a ftlngal index before

development ofthe Fungitec G‐ test The Fungitec G― test

is a direct lnethod that detects(1→ 3)―β―D―gluCan by use

of a(1→ 3)―β―D―gluCan―sensitive compOnent, factor G,

fl actionated fl om二′協況Jαs amebocyte lysate The level of

(1→3)―β―D―gluCan lneasured by tlle Fungitec CT―testin our

study indicates 307 percent in Gamma― Venin,2 percent

in Venoglobulin,68 percent in llenilon,l percentin Poly

globin,and 13 percent in Glovenin of fungalindex levels
noted in the report oflkemura et al.The discrepancy is in

accordance At■th the study of Miyazaki et al.,Mlllich indi―

cated thatthe G―test sho■ved a higher sensiti■71ty than the

fungal index in a rabbit rnodel of systernic candirliasis.8

False―posit市e elevation of plasma(1→3)―β―D―JuCan
levels in patients who are intravenously ittected with

blood col■lpOnents containing(1→ 3)―β―D―gluCan is
highly suspected iom our results and flom the report bf

lkemura et a17 The plasma(1→ 3)β―D―gluCan level might
reach 300 pg per mL after an intravenous illlection of

10g Gamma― Venin,because the plasma二 ′/77ιιJaS―reactive

materiallevelreported is Over loO pg per mL and the ratio

of the(1→3)―β―D―gluCan levelin the Gamma―Venin mea―

sured by tlte Fungitec G―testin tllis study was three times

greater than that of the L′ηz“′as―reactive lrlaterial indi―

cated in the previous study The level would be high

enough to lead to a misdiagnosis of deep mycosis

Comparison be● ハ″een the WVako VVB003 test and the

Fungitec G―test for the detection of(1→3)‐β―D―gluCan in
blood components indicates that data obtained by the

ヤVakoルVB003 test are one―eighth ofthose by the Fungitec

G test, even with a high cOrrelation between theれ vo

methods.Hossain et al reported a one order smaller re―

sult by the WVako～VЪ003 test than by the Fungitec G―test

in deep candidiasis patients'plasma and the high sensi

tMty ofthe Fun♂ teC G―test in detecting plasma(1→ 3)―
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β―D」 uCan in myCosis patients and rabbits with s「telllに

candidiasis.3 They suggest that the disc■epancy comes

ilonl the difference of the sensitivity of the l■leasure―

ments and the standard nlaterials used in the tM″o lnetll_

。ds.3赳s。,a hitter Sensiti宙打 Ofthe Fungitec G―test than

the AIVako lVB003 test frolll its ability to detect a single

helical form of(1→ 3)―β―D―」uCan iS reported by ttketa_

ga、″a et al14 The Fungitec G test has been used in Japc‐ln

since 1995,andthe V√ ako AIVIB003 test since 1997 A recellt

result of questionnaire in Japan Adult Leukelnia Study

Group indicates that over 70 percent of hospitals use the

Fungitec G―test as a diagnostic to01 fOr deep―seated ftln―

gal infection to measure plasma(1-〉3)―β―D―gluCan level
due to its high sensitivily BOth assays are not available in

the US yet.

The in wit■o■ ltration experilnent reveals that high

levels ofthe Fungitec G―test―positive lnaterials,specifled
as(1→3)―β―D―」uCan by the(1→3)―βD―gluCanase diges―
tion experilnent,are released froln the depth filters used

in blood clariflcation processes as the origin of(1→3)―β―

D―bOlucan in the blood col■ponents The great differences
in(1→3)―β―D―gluCan levels in different brands ofboth the
blood components and the depth fllters del■llonStrate the

inlportance of selecting both a suitable depth ilter and a

suitable flactionation process tO manufacture blood

components so that(1→ 3)―β―D―gluCan levels are lnini―
nlized in blood components More detailed in vitro ex―

periments to trace the■ltration conditions,the quantiサ

of filtrate■■lids,and/o■the rinsing p■ocess on the release

of(1→ 3)―β―D―gluCan are nowv being evaluated The re―
lease of二′777Z71"S―reactive material fl・om a cuprophan

membrane for hemodialysis9,10 and a recent report indi―

cating elevation of serlllll(1→3)一β―D―gluCan level in he―
modialysis patients by use of a sa13onified cellulose ac―

etate nlembranell suggest the elution of(1→ 3)―β―D―

glucncr_fl・onl cellulose materid.The nlain structure of

cellulose is(1→4) β̈―D―gluCan and the mechanism of

(1→3)β―D―gluCan elution from cellulose membrane
should be analyzed,together w■th the development of a

membrane ilter gi宙 ng a lesser release of(1→ 3)―β―D―

glucan in future studies 15 sourCes other than■lter melll―

branes are not completely excluded because there is no

published data to analyze the(1→3)―β―D―gluCan level in
each process in the lnanufacture of blood components.

Biologic effects of intravenous ittectiOn Of(1→3)―β―

D―gluCan in patients is d市erse.Inact市江lon of(1→3)一β―

D―gluCan by plasl■ a and serum p■ otein is reported by

Miura et al16 MoreOver, several soluble derivatives of

(1→3)―β―D―」uCan,CSpeciall17 β(1→6)―branChed(1→3)´

β―D―gluCans(1.e, lentinan, sizoilan, and grifolan)that
show potentimmunomodulato13/acti宙ty,have been de‐

veloped and are used in patients、″lth cancer or sepsis.17

However,(1→ 3)―βD―guCan remains in the liver and

spleen for a long tilne(mOre than l mOnth)■Vithout rna´

jO■structural changes because of the lack of a speciflc



101etaboliC path～vay of(1→3)―β―D―gluCanase in humans 16

The bi010gic acti宙L37 of(1→3)―β―D―gluCan released flom

cellu10Se lnembrane has not been evaluated and re―

1001ted VVe are at present evaluating these effects and
llaVe fOund that a iltration fluid indicated some biologic

acti宙7 0f prOin■ammatoly cメokine production iom

IIlacrophages and lb■nphocメ eS in an in宙tro condition

(llnanuscript in preparation)
In sumnlaly,by use ofthe speciic lnethods to rnea―

stlre(1→3)―β―D―gluCan v√e demonstrated thatsome blood

cO■lponents,and iltration lluids iorn depth ilters used

for b100d processing, contain (1→ 3)―β―D―glllcan. The

lllechanism of the release of(1→3)β―D―gluCan flom

depth fllters and the blologic acti171ty Of these lnaterials

needs tO be evaluated in tuture studies.
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