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F a cto r  G , a  c o a g u lat io n  p ro e n zy m e o f th e  Jap a n e se
h o rsesh o e cr ab  ( Ta ch yp leu s trid en ta tu s) , is  ex t rem ely
sen sit ive to  (1 ®® ®® ® 3)- bb bb b -D -g lu ca n , w h ich  is a  ch a r a cterist ic
cell-w a ll  co n stitu en t o f  fu n gi. U sin g  th is  fa cto r a n d  b y a
d ig est ion  st u dy  w ith  (1 ®® ®® ® 3 )- bb bbb -D -g lu ca n , w e sh o w ed  th a t
blo o d  f ro m  p a t ien t s w ith  d eep  m y c o sis  c o n ta in s th e
g lu ca n . It  w a s d e tecte d  in  3 9  o u t o f  4 1  fu n g a l feb rile
ep iso d es ( sen si t iv ity  90 % ), bu t in  n o n e o f  th e 5 9 n o n -
fu n g a l fe b rile  e p iso d es (sp ecif ic ity  1 0 0 % ).
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Introduction

(1 ® 3 ) - b -D -g lu can - like  ch itin  is a  ch arac te r is t ic  ce ll -

w all co m p o n en t o f  a lm o st a ll  fu n g i [1 ]. O th er m ic ro -

o rg an ism s su ch  as b ac ter ia ,  r ike tts iae  and  v iru ses a ll

lack  th is po l y sacch ar id e ,  as d o  the  ce lls  an d  ex trace l-

lu lar f lu id s o f an im als. T h is m ak es it  a  g o o d in dica-

to r o f  system ic  fu n gal infec tio n s, if  d e tec ted  in  the

b loo d  o f  an im als.

A  m eth o d  th a t can  d e term in e  th e  co n centra tio n  o f

(1 ® 3 ) - b -D -g lu can  w ith  h igh  sen sitiv ity  an d  sp ec ifi-

c i ty  h as recen tly  b eco m e availab le. T h e  te st  uses th e

sp ec ia l co ag u la tio n  fac to r o f  th e  Jap an ese  h o rsesho e

c ra b  (Ta chyp leu s tr id en ta tu s)  w h ich is extrem el y  sen -

sitive  to  th e  p o ly sacch ar id e . T h is  p a p er o u tl in es re -

su lts  o bta in ed  b y  ap p ly in g  th e  test to  th e  d iag n o sis  o f

d eep  m yco sis.

M aterials and methods

(1 ® 3 ) - b -D -g lu can  w as de term in ed w ith  th e F u ng itec

G  te st (S e ik agak u  C or po ra tio n , To kyo , Jap an)  acco rd -

ing  to  th e m an u fac tu rer ’ s in stru c tio ns. T h e stand ard

(1 ® 3 ) - b -D -g lu can  w as th a t d erived  fro m  Poria  co co s .

Reactivity of the G test to polysaccharides extracted
from different fungi

C ells  o f C a n d id a  a lb ica n s,  M icro sp oru m  ca n is ,  T ri-

ch o p hyto n  m e n ta grop h ytes , T. ru b ru m ,  S a c ch a ro m y -

ces cerevisiae , A sp ergillu s f lav u s , A . fu m ig a tu s an d

C ryp to co ccu s n eoform a n s  w ere  au to claved  at 1 2 1 ÊC

fo r 9 0  m in . T h e  h o t-w ate r  ex trac ts  w e re  th en  cen tri-

fu ge d, an d  th e  su p ern a tan t w as su b jec ted  to  th e  G

test. T h e  su g ar co n ten t of  th e  su p ern atan ts  w as d e ter-

m in ed  w ith  th e  p h en o l- su lfate  m eth o d  [2 ].

Plasm a (1 ® 3)-b -D-g lucan assay

(1 ® 3)- b -D -g lucan  concen trations o f p lasm as o bta ined

f ro m  p atien ts w ith  fu n g em ia  w ere  d e te rm in ed  an d

co m p ared  w ith  th o se  o f  p a tien ts w ith  en d o toxem ia

an d no rm al ind iv idu als . S am p les w e re p r e tr ea ted  w ith

p erchlor ic  acid  as d escribed  e lsew h ere  [3] .

Digestion of G test-reactive plasm as with (1® 3)- b -D-
glucanase

P lasm as th at sh ow ed  a  po sit ive  reac tion  w e re  d igested

w i th  (1 ® 3 ) - b - D -g lu c a n  p u r ifi ed  f r o m  Z y m o ly a se

(S eik agak u  C o rp o ra tio n , To k y o, Ja p an )  to  co n fir m

th at  th e  r e a c t iv e  su b sta n c e  in  th o se  sa m p le s  w a s

(1 ® 3 ) - b - D-g lu can .

Sensitivity and specificity of the G test for the
diagnosis of deep m ycosis

P lasm a (1 ® 3 ) - b -D -g lu can  c o n cen tra tio n s w ere  d e -

te rm in ed  in  b lo o d  cu ltu res taken d u r in g  2 0 2  feb rile

ep iso d es in  1 7 9  p a tients. T h e  stan d ard  req u irem en t

fo r  a  d iag n o sis  o f  d eep  m y co sis  w as an  au to p sy or  a

m ic ro b io lo g ic a l  ex am in atio n  o f  ap p ro p r ia te  sp e c i-

m en s su ch  as b lo o d an d cereb ro sp in a l  flu id .

Results

Reactivity of the G test to fungal polysaccharide
extracts

T h e G  test r eacted  in  a  d o se-dep en d en t m ann er  w ith

every  fu n g al ex trac t , a lth o u g h  th ere  was a  d if fe ren ce

in  reac tiv ity  b e tw een  th e  spec ies (F ig . 1) .
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Table 1. Comparison of plasm a (1® 3)- b -D-glucan concentrations
(pg/m l) be tween fungem ia  and endotoxemia

Fungemia Endotoxemia

1 269 1 1.4
2 1733 2 0.6
3 329 3 1.2
4 1719 4 0.2
5 167 5 0.8

6 0.9
7 0.2

Normal (n = 20): 0.2 ± 0.3 pg/m l.

Table 2 . G-test reactivity  of p lasma from patients  w ith deep m y-
cosis be fore and a fter d igestion w ith endo-(1® 3)- b -D -g lucanase

Before digestion After digestion Residual
Case no. D A 545/30 m in D A545/30  m in activity (%)

1 1.244 0.016 1.3
2 1.627 0.008 0.5
3 2.185 0.013 0.6
4 1.245 0.000 0.0
5 1.215 0.001 0.5
Normal 0.005 0.001 –

F IG . 1. Reactiv ity  of the  G  test to  var ious fungal po lysaccharides.

F IG . 2. Plasma (1® 3)- b -D-g lucan concentra tions in febrile hospi-
ta lized pa tients. Group 1 , o ther funga l infections (6), funga l m en-
ing itis  (2), fungal ca th  fever (2 ), fungem ia (22), fungem ia  +
bacterem ia (2), invasive  deep m ycosis (7); g roup 2, tum or feve r
(4), co llagen d isease  (3 ), non-fungal non-bacterial in fection  (3),
other bacte ria l infection  (26), bacterem ia  (21), bacte r ia l cath  fe -
ver (1), system ic bacterial infection (1); g roup 3, fever of unknown
etiology (59), cu ltu re-negative ca thete r fever (5), antifungal treat-
m ent effective  (12), an tibacterial treatm ent e ffective (26).

Plasm a (1 ® 3)- b -D -glucan concentrations in fungal
infections

(1 ® 3 )- b -D -g lu c an  co n c en tra tio n s w e re  e leva ted  in

fun g al in fec tion s, wh ile  th ey  w e re  n o rm al in  en do -

to xem ia  an d  in  hea lth y  co n tr o ls  (Tab le  1 ).

Digestion study w ith (1® 3)-b -D-g lucanase

T h e h igh  ab so rb an ce  o f  p lasm as f ro m  p atien ts  w ith

fu n g al in fec tio n s b ecam e a lm o st  n u ll a f te r  d ig estio n

w ith  (1 ® 3 )- b -D -g lu can ase  (Tab le  2 ) .

Sensitivity and specificity of the G test

O f 2 0 2  feb rile  episo d es, 4 1  w ere  p resen t in  p a tien ts

w ith  deep  fu n g al in f ec tio n s, 5 9  w ere  o f n o n -fun g a l

e tio lo gie s an d 1 02  w e re  u nk now n . W ith  a cut- off  v alue
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a t 2 0  p g /m l, 3 7  o f  th e 4 1  fun g al in fec tio n s w ere  p o si-

t ive , an d n on e  of  th e  5 9  n o n -fun g al fe b rile  ep iso d es

w e re  p o sitiv e . T h e  sen sit iv ity  w as thu s 9 0 %  an d  th e

sp ec ific i ty  1 0 0%  (F ig . 2 ).

Discussion

H o rsesh o e  cra b s ap p ear  to  d ef en d  th em selv es from

fu n g al  in va sio n  w ith  a  sp e c ia lly  d e sig n ed  p r o te in

s to red  in  th e i r  h e m o cytes. A lth o u g h  th e  p r in c ip a l

fu nctio n  o f  th is p ro te in  (fac to r  G )  lies in  h em o stasis ,

th e  d efen se a ga in st fu n g al invasio n  is  ac tiva ted  w h en

(1 ® 3 ) - b - D -g lu ca n  is r e lease d  f ro m  fu n g i an d  th en

blo o d  co ag u la tio n  is  in itiated  to  p reven t th e  sp read

o f  g erm s in to  the  c ir cu la tio n . Fac tor  G  h as recen tly

b een  ap p lied  to  th e  de tec tio n  o f (1 ® 3 ) - b -D -g lu can  in

b iolo g ica l  f lu id s, an d  co n seq u en tly  to  th e  d iag n o sis

o f d eep  m y co sis .

T he  G  test  r eac ted  d ir ec tly  w ith  su g ar  ex trac ts  from

d ifferen t fu n g i. I t  y ie lded  p o sit ive  resu lts w ith  b lo o d

sp ecim ens f ro m  p atien ts d eep ly  in fec ted  w ith  fun g i,

bu t n o t w ith  th o se  fro m  p atien ts w ith  b acterem ia .  T h e

d isap p earan ce  o f th e  reac tiv ity  fr om  th e  b loo d  af te r

treatm en t w ith  (1 ® 3 )- b -D -g lu canase  con f ir m ed th a t

(1 ® 3 ) - b -D -g lu can  w as p resen t in  th e  b lo o d sam p les

[4 ] .

B ecau se  these  pre lim in ary  resu lts a l l in d ica ted  th a t

th e  test  w as va lid  as a  d iag n o stic  a id  in  d eep m y co -

sis , w e  ex am in ed  it s sen sit iv ity  and  sp ecific i ty  aga in st

feb rile  e p iso d es in  h o sp ita l ized  p at ien ts [5 ]. A lth o u gh

n o rm al con cen tra tio n s o f  p lasm a (1 ® 3 ) - b - D -g lu can

n ever  exceed ed  1 0 p g /m l, fun g al febr ile e p iso d es ap -

p eared to  b e  m ost c lear ly  sep ar a ted  from  n on - fu ng a l

ep iso d es b y  a  cu t- o ff  line  a t  2 0 p g/m l. W ith  th is  cu t-

o ff  va lu e , th e sen sitiv ity  was 9 0 %  an d th e  sp ec ific ity

10 0% . T h is  h ig h  sp ecific ity  w ill  h e lp  p reven t in d is-

c rim in a te  u se  o f an tif un gal a gen ts  an d  avo id  th e  d e-

ve lo p m en t o f resistan t str a in s. T h is  is  ve ry  im p o rtan t

tod ay,  as th ere  are  o n ly  a  few  antif u ng als a t  h an d  fo r

treatm en t. U n fo r tu n ate ly,  th e  p o sit ive  an d  n ega tive

p red ic tive  va lu es w e re  d ifficu lt to  d e te rm in e, b ecau se

n o  stan d ard s a re  ava ila ble  th a t can  c lear ly  d if fe renti-

a te  fu n g al fro m  n o n -fu n g al in fec tio n s. D evelo p m en t

o f  su ch a  stan d ard  an d fu r th er accum u la tio n  o f th e

d ata  w il l estab lish  th e  va lid ity  o f th e  te st .
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