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HA R R

HATIZFHMIC HIV / AIDS EZM SN BEMEML T b, 2070, HAR B
FEDFERDBZ TEY, 20Z P~ OAMPIERRER CEH - AEMMTbIhTn 5,
HAROHMRBBIGEL, —a—FdAF AWML, A M ATOT A VARYESE, Hr Iy
fE, MEPTFEIRETH S, BARBRIEOFEIL R CD4 B X - T
ERSBBORBRESN TS, KETRHEBELEEOBHIABIC OV T L.

HH R REEDRIX

HIV / AIDS 13ROI X 0 H AR RGE 2 P 2 4
DIRLIEET 2 FEAROERTH o120, WALRPY LV AEE
(ART) OBAZL YOS —E L. LaL, HRCBWTIZHH
D HIV / AIDS BEHEOEMAH T WA 720, HFREIE D #m
LTw5., HRHIRBIIEDFIERIC HIV BEHTHEH T EHHHL
TWHRWI EDRE W20, RSTHORBEICBVCRE - 1SN T
WBRELBEDOHFMTH L. K1 idn 4 XHMEBELWREICAL B
RBEFEDMEBOERERTH L0, FA4HINLTVWEI LS
PTHAH. £E HIV BHFEMLFROWIIIC & 28457 @) 2858 -
A A RFECTHR S N BMRBIEOHEZR 2 (R Lz, =2
—E Y AF A% (PCP), 4 bAFTI AL VA (CMV) EYLHE,

| U, BEAHARC S 5 H R REEO £ 4 RETH B,

Ta—FYRAF AR
YA M XHODAIVR
HISEE

5

A RS S O FIERE, KAl CD4 BiEmiiugk (CD4 ) 1
FoThBBUGRBHEINTEY (B3), © REAEORPEISAHDS
NAFBRRL A RIANE, DD V5, @ CD4<200/ ul 75 &
bhs PCP, BBV VFIE, VRV TIATE, VT hay s
2HE, @ REAREDHEIT L CDA<50 / ul TH SN B CMV IEYE,
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Za1—FEYAF AR (PCP)

1. % &

PCP & HIV BEETIHCI R DD IEEREIIES LTIZED
HEM GV, ESWIZETTA20EANMET, AR ESIS
Pneumocystis jirovecii B2 HE TH 5. FHEALICHRAT L THRERD
RFEHMOMEPRONDIGENH B, CD4<200/ ul THRIET 575,
BEHZ VDI CD4L D 2 HiB TORIETH 5.

2. fERR - GIFFR

FEEL, BT/ WK EE L R A D e VWL REMEREER) ASEEIR
TH5hH., WFHERITHERT, TORETIIREXMTHL» 2EELY
BRTELVWEHELD LR, B/ 0k R 8 3R 3 IE O )
BT, WEXBTRPOZITIBHR I VIESALNS. BiERDL W
Babdl), attEEPHNIEERLE) 2L bbb, WMoz T
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2 AIDS IBISERABORIERE

BERMERY /N E 1.0%
ETUSHEEOENE 1.7%
BARAILARZ G A I X REAE 1.9%

REMER% 0.8%
7 )T AR Y DT LEE 0.5%

Z DA 1.3%
HIV HEEMAERRY 2.1%

JYT IV IR 2.7%
YT T ITIE 2.7%
R IE 2.8%
HIV BSE 2.8%

Za—EVRAF A
34.2%

HR AR 4.5%

FEHEIABREIE
4.9%

B
9.2%

YA RAHOT IR
14.1%

S FRBEIRL 202 %,
3. BEMER

KEERINAE O KM U CRERAFIEE (SpO2), BYIRILIE S X 54T
BRMEEEZSE (PaO:) OETHA LN, KEEEME L OBER
MR D TH D 2 OBIRILEEE Y ASE  (PaCO2) DB
ALY, TLABMKDZOET LWL I &P H 5L, MiRAEILSF
Tt LDH, KL-6, SP-D @ LRI A SN S, CRP 7% &R
I, EPrOEHRBRENZTNEPREES COLAZRY. AROMFE
XA —THbHL-D-FNVHyOEHIZ PCP BHIZHHETHY,
HIV B T3t pg/ml TTEATAHIL AR v,



73

70 m3IE BN R apE

3 HMBBSRORE CD4 R AE

o4 ks

AR AE 446 .
352 T A —INERE
54 332 333 AfEH T4
BN UATE 262
Za—F S RAFZHRE 240
JYT b3y U XEERER 198
NV TS XTRREE 133
BEMIEE R B EIE 91

EM 3 90

HA b XAOATANZEBER 57
TS B BB AE 36

AIDS BYIE 24 10 FANIX IV ZE

AIDS SfEEE (8 / )

(1986~1996 MR AFETHFMRATHI BHR)

WA RE L CIEWEBEMXECHMYEANTOH T ARE
(GGO) # &L, I HRCT THHi/NERA TO GGO 2SR b 5.
DAITEABICASNE D —ClE% L, A7 (BoHWIidE
W onfzry (K4).
4. Hfr
®4 PCP O HRCT 1% ' JaE X # - CT Hifg & miEo
B-D-Z N7 ¥ EEH, SRR
Wb, RS GERV
e, BRI OB
iR 71 PCR ZEOHEET
s (REEIEZ L) CHED
Brahsd. HIV BEEHE T, B
Lo TOWRWIEEED P jirovec
DM TERIEFRE?BGE & &
LBHERALND DT, HHE
DRI WL ERR A R & fF8TIT 9
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VEND 5.
5.8 &

ANT 7 APFFV =)V PYX T L (ST) AHIDE 1ER
DERETHL., PIAMTYLELT 15mg/ kg/ AMPEEETH
D, #kE 60kg T ST &Hlz 1H 128 (F/2id 12 770 %
FEH$AHZ L2k %. HIV EGEE T, ST AHITORE - 7L ¥
—OMEDE , BRREETLEMRERT (B KIE, K Na MfiE),
FIREEE IO FEEISLETH S,

ST GHIVEHTELRVHEREWERASA LN EE, <V
VUMY A, 4mg/ kg~ 3mg/kg PHEERETH L. B
F, PEREREREE T AE O RIS IR I X 2 Bk, RIEER R &ICiE
BOVLETHL. T2, LONE, FHICOEEO LUTNSHRERE G
WEPE L, BRPENLERCBFEEIMRTT LIRS, E00H
FEDHEE L HERFHRG TIE, Xr ¥ IV 300mg ZRATHE
59452 LbTES.

RS 21 HEITH Y, RIEAZ &I X D inEEEEcdh g,
FHRREGHECEEL TCZoOUMoBREET BigT. HHRTH
BHETHRGICBIT TS, BFREL LTCE, ZoIEH»IC atovaquone
WEAESGEE = 4 XIEBEENZEYE (http//labo- med.tokyo- med.ac.
jp/aidsdrugmhw/) S5 AFTE 5,

BEHFICHEE L Cid Pa0: KT (>70 mmHg) 250 LN A 841,
EHRBBRE A, CEIEREA T, FRVEYOHAZTH 2 L3,
MaDBEERAD, 7L FVOryBT 80~60mg/HALHIEL,
SHILITHFRL THRERT £ TITIERT 3¢5,

6. & ffiE

SHHENE - R TRIEOHESE V., A70A FAVEY 2L

72, M CMV i e B b3 25568055 5.

Ny

o

o

YA MAAODAILR (CMV) RRREE

1. " ¢

ANVRABIANVATHD CMV DRIIET, EBIRERLEIRED S
OFEMHLIC L D EET A, HIV BEETIEIHABELOBERS ,
KIGse, BEEEE, PRMRRYE, WEOIETH S, BEOHHE

il3
B
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EOHR SIEIK - SHHE

AL T CMV OFHEALIRES RN T & 5%, HIV 8T
DT LD BEPLELRBRSLVWOT, RBOPEETH L. CD4<
50/ ul TY AT DE,

HERIHIROBELE» ST 52 L 8%, BRI EL V.
CD4 #AENZ EAHBH L7265, BRBNBATHENBEETH 5.
2. EK - BRFR

MR TIIHERIE HEEETHL. REFRTRLEICH>T
RON2AHBMAERFET, HEfE) ZLdbdb.

KGR CIEFEE - T - B, BRI CETH - e EmE,
AR RS TR EE - R - R ECEREENALNDS., $,
MBSO AT CMV 12 & A {EYMBE 2 3ET 5.

3. BEMER

Mm% Hv7z CMV JligiEE LT, A M AT a T 4 L AHED
fE (C7-HRP, C10/Cl11) & & PCR ¥#4'% 5. HIV BEEE T
BT oo b3 CIHRBPLEL W bITTE R WD, CMV DiF
HALIKBEE R MA HiEE LTERTH A, HEIELTIE, IREHETH®E
OFFRAED N D, KIEHk, AHEEE CIXABREE THREEE T2
%, BT L YA AKRE o o BRG S B AR
S CHEBIR T A VAR SRR (BIRIES, & V3o LR )
R, i E AW/ PCR CCMV 2tk e %2 5.

4. % M

BB ORE / MIBBRE CEAE AR L EDIE, HESH
L. MBS CIEZIREET R 538 575, HURMIES PCR B
THNITHEETDH 5.

5. 8 &

Hryirzavn, FAANVEAy PEROBTCH Y Y 7uelrnsa
RS9 ZTHAENMT Y70 didhsb,

B1BIRIA Y 70N/ VY7 a N T, JRTHE
BB P OB LENETHAINVT Y208V AL v F§
L, Hriyruv¥lidsmg/kgx 1H2E, "V rir7udivid
1800 mg %42 THE5T 5. WAIT Rz Mm, BERGE»S
1EEIE S TARKRA T 20T, HROE=F —2SRpE%
vy,
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RAANI Y MEIF Y70 ENIPFEHTE Lo 72 D 3B R+
DREEWCHWS, Img/kg® 1 H2MES T4, BEE2ELD
L, BHCBELUTIRGEREZT) . BRERTRICEIRSELH
HisA2LEPDL, BRHIEISALNL Z LD 5.

WENROEHMD 2 ~ 3 BMOBRBERG L o THENAS LT
O, MERHE RESEELE 1EISRST) ICRE L, ART 12k 5%
MEE THERT 2 2 LT L, CMV IZRIERED T &3y 4
WAEBEMTIIEP LD L WERH L. ZOBE, BEOREIEIC
FoHLEbiz (ART HHLEREIND), FvyznbErtkx
Ald oy bOKFHE (1AOEERE +HHOMSE) LEESNL.
5. & BHiE

B T AREL R LM TORDEEEL 2V, RHER
AWBOTHEETH S, T/, WEROFBIER»SHEEHNEZR LT
W KRR EEEE T, SILRBEROREIRLBENH 5.
R TR REREE AR D 60D 5.

NIIHE
1.9/ R

BEREEE TH S Candida 1= & % ¥4 C, Candida. albicans %%
(& HDBENEDIIND Candida spp. bRON B, Ol - EH
VFREA R b AN , T - B VSRR L A NLD.
/2, AT—TNEELREICEAH VYV IMED HIV BEETIIH
FEARBE., CEBIUREES V¥R CD4 #h% 200 ~ 300 / ul HI
BroAbh, HIV OEREHKE 2L, BEY VIR CD4 B
200 HifE O A SN, AIDS BIEEERTH 5.
2. K - BRARR

HigEA > OV EIEONOBIIRRLERP S a6 H 55, %<1
BRCOBEATRTERSNL Z LD % v, D ¥V ¥ RIS TR
OEMBEARER, WEEER (WEBERORELBA) Th b7,
LEEILENRBERCEBARIEOBE, Bk, BVBEZEBRRE R
NEEENE. BES ¥ ¥V FIEIIEHOBERSTIERTH 5.
3. WREMR /K

WIRK S 5 VIZABRBEOFT R CHIITRETH 575, BB & 203

it}
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B CER - A0HE

HEOESE /MR THEAZOIILABIREROERE LY, BEIC
X v Candida spp. i ¥ 5.
4. B &

TV VRIERE (7vasy =), 4 bFatV—) Ofl
BEMFPRLTHL. 7TH (DO B ~14 B (BE) REOHH
BE45, OEAVIYEE PO —F a0y TN L HHFE LR
Thhb.

B

1. % &

FEHH  (Mycobacterium tuberculosis) %W AT 5 Z &1 & % B
ETH Y, EANREBE-ROFBBLALTH L. HIV BERE T
HOBEL I 2BORERSZLEPIENI e &, #7073 CRE
o A CHRREBICL 2RSS 2 BB RLZ T 5, $72,
SRS (BEOSFHE) PHBERE Vo NS OR G R
FiRsAEC MM - MERg Y o/ SHiEAR S TINEFINZS, M Jeikiai i L9¢
FERMPRROEEHE LR 5.

2. fER - BIEATR

—EDOIEEFHTH 5.
3. BEMR

MyEh X ik, prmo & By IR RSALNLHENEL %5
75, WA B - 2B - R CTERNR LR TR E, B
OEARWFTRIE HIV BETHEBTH L. RENZBIETHLY
A7 1) v (PPD) 13 CD4<200/ ul TRHBEHALT A Z ML, &
B MEEMR . BEREICH T A vy —7zuy y EEMEOFR
WaAhbrr vyt 7eny (QFT) MER, BEOMEET T
HEARREE 2505, PPD LB “Mmﬁ%#%%

4.
BHEOWEBIEFERTH A.
5. B &

AT R OEEEELRIUT, BOD 2 ABA V=7V F
(INH), Y77 ¥y (RFP), =% 7= (EB) (AL T
reA Ty iSM), ¥5YF Y F (PZA) @ 4FITHEL, BEERWM
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RVPBONEHFE TN EHHB L5, 4% Ao INH,
RFP GH 2B 5 6 » AEEREEZIT). BERMELOBENRLLH
BWREREPRLNIUL S » ARE, THMHRSE - g I3
~6» HREDRRER*EET 5.

6. & BtiE

HIV B3 Cld RFP % INH (233 2 #EH 0BIEH / B 0%
FERD T, BRERICHET LR kv, F72, RFP %
U7 77F Y (RBT) Tidfit HIV #E: OMHEAEHBRR SN S 70,
ART ZRME55 5 4 3 ¥ 7L BHEERIR - 5B IEESVLETDH
5.

JEHE I ER R IE
1. % &

Mycobacterium avium-intracellulare complex (MAC) (2 & 2 3%
MR MAEL» RS L {, ZDED MAC O Y oSEi%, i,

—#8 M. kansasii \Z & B WESSED A SN A, HRMRE ML CD4<
100/l THON, BRRAHOERTIIRDEZERINLINEHETH
5.,

2. fEIX - 1R R

MR AT AR T 5B TH Y, THREH L EBALNE 2
EWDB.

3. 1REMRR/BH

MiE 2 W HBERENLECH Y, BETHEE 2udEs L
b, ERIPRERAD S S N2 E, BELREOBIEL 1 5.
JEER CT R a—MAETEENOY Y SHEESR SIS 2 & 2%
WL MR TR 2 WY ALP BEDSH S ND T &S
H5b.

4. kR &

779AuxA e EB O2AEZPHERE L, ThiZ RBT,
TIAVY, Fi¥sury (YTruvaFxYyr  CPFX, LAR7oE
H3 Y ILVEX, A3 78 F4 3y  SPFX 4 &) #lASha
3~ 4ABWAHIEING, BEMEIEILEEL6~122 8T
D, ART IZ X B RIEDOYUEVERNR T OLESELE 5.
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BT SR - AHHE

& B E
REFELERBEIRDENCTVHMRBIEN 1 2 TH 5.

PV TSIV
1. 5%/ &

BB T D Toxoplasma gondii V2 & B P WMEKRETH S,
CD4<200 / ul THHAET 5. BRI OBINERIZH 5 BEIS WA,
BRI BBREN OET 28D H 5.

2. fEK - BFAR

FEEL, BEE, RERHIEEE L COMRRE, EREEEEEL L
WHHND,

3. WREMR /28

BERE el Tix, MED FF¥ V79 X~ 1gG kBB TH 5.
IeM FihP R L e b 2 L3R <, FHMEIZZ 0w, B
CT/MRI THIZZ RN HIERZE (SOL) 20, BRIk F
JEZPES . R T SOL Y v 7Kg 3 5 (ring enhancement).
PEMY VoS OEPNEETH 5.

4. 8 ®

Pyrimethamine & sulfadiadine (V3 dh T A XEBIEHRIEN S
He4s) DR 1 BIRTH 5. Sulfadiadine Db Y7 V¥~
AV yERCEE, BWEHOREN V. 2 BBOBBETENTD
TUE, S5 4 BB R BIIAREET .

gUT Oy IRE
. /R
HE THD Cryptococcus neoformans 2 & AREFESHNET, H#E
5 R E 25, JEHIV BICHESBVITERREDALNS.
2. fEWX - SR
PR TII s, TR, BMEE, EELRZEVALNL, HEH
BOERA LRI T, BEOHL P TRVWREA L SHFTENIN LER
BEICELFALDY, BITTHETEHENLVHILH Y IEBESLE
Thb.
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3. MERR/BZH

BEHMMIERE L COMBETRIEBMTHL by, HOR
THEIC L A ERBE, 8K o7 ) S ay 2 ARt T M7
VAVBMEPEETH 5.

4.8 &
TARTFUYYB+ 7Ny by VL BHRIE 14 HEOEEISH
A, TNAF— NI LD 4~ S M OMFHARIERETH 5.
5. & fBffiE

EITBI TR ESEHEIBELFRELARTH 5. HIEROZHEN
AL, BREBEECHKRELR EOBRBEIRSD.

- ETMHSRMEERE
1.5/ &
JCOANARBEIL L > T EBINIPMHEADERETDH 5.
CD4<50 / ul DEERIERE TR TV,
2. R - BUBATR
R 0 SRR,
3. 1RERTR /B
BEF MRI CHEW T2 BESE, 7L T7EETHERKT S, B
BTARAEREROIIRINLONEHMTH L. MiZER &8
WRONZ W, BRSPS, D JC v A NV ADFEERTIRBAEH T
H5.
4, & &
B MCIEA R R BREBRRIE RV, ART XA 0EDOREET, it
LT 0% T 5 L,

DA E,

T
L

_ BDbOI

HIV ® HH R ERIGE AR X AWEREBEILETH Y, &
FEOEBICBOWTHERBOD LEMEIHKT LI EHNET L,

=z ®E ¥
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Serum (1—3) B-p-Glucan

as a Noninvasive Adjunct Marker
for the Diagnosis of Pneurocystis
Pneumonia in Patients with AIDS

Tamayo Watanabe,'? Akira Yasuoka,® Junko Tanuma,' Hirchisa Yazaki,'
Haruhito Honda,' Kunihisa Tsukada,' Miwako Honda,'

Hiroyuki Gatanaga,'? Katsuji Teruya,' Yoshimi Kikuchi,'

and Shinichi Oka'*

'AIDS Clinical Center, International Medical Center of Japan, Tokyo, “Division
of Infectious Disease, Center for AIDS Research, Kumamoto University,
Kumamoto, and ®Infection Control and Education Center,

Nagasaki University, Nagasaki, Japan

High serum (1—3) 8-D-glucan levels are described in patients
with Preumocystis pneumonia (PCP). We evaluated the di-
agnostic value of 8-D-glucan in 111 patients with AIDS who
had PCP and confirmed its usefulness. However, it does not
correlate with disease severity and is not suitable for mon-
itoring response to treatment.

Preumocystis pneumonia (PCP) is associated with significant
morbidity and mortality in patients with human immnuode-
ficiency virus type 1 (HIV-1) infection {1, 2]. PCP is usually
diagnosed microscopically by identifying Pneumocystis jirovecii
in bronchoalveolar lavage fluid (BALF) or bronchoscopically
obtained lung tissue [3]. Bronchoscopy, however, is inva-
sive, especially in patients with hypoxemia associated with
PCP. Therefore, a minimally invasive method is desirable for
diagnosis.

Serum (1—3) B-p-glucan (hereafter, 3-p-glucan) is a com-
mon component of the cell wall of most fungi and is the major
component of the cyst of P. jirovecii. Therefore, it is measured
in patients who are suspected to have PCP, as well as in those
with deep-seated mycotic infections [4]. Although 3-p-glucan
has been used as an adjunct test for the diagnosis of PCP [5],
only a few reports have evaluated its level [5-7] and its cor-
relation with other parameters (such as lactate dehydrogenase

Received 4 March 2009; accepted 27 May 2009; electronically published 2 September
2009.

Reprints or correspondence: Dr. Shinichi Oka, AIDS Clinical Center, International Medical
Center of Japan, 1-21-1, Toyama, Shinjuku-ku, Tokyo 162-8655, Japan {oka@imej.hosp.go.jp).
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1058-4838/2009/4907-0024815.00
DOI: 10.1086/605579

[LDH] level) in mixed populations that included a small num-
ber of HIV-infected patients [6]. For this purpose, we analyzed
the correlation between -p-glucan levels and other parameters
among patients with AIDS who have PCP.

Methods. We evaluated data from 111 consecutive HIV-1—
infected patients with PCP at the International Medical Center
of Japan, an 885-bed tertiary care hospital in Tokyo, from April
1997 through July 2007. This study was approved by the Ethics
Review Committee of the hospital (IMCJ-H20-569). Patients
who did not undergo diagnostic bronchoscopy were excluded
from the study.

Medical records were reviewed, and the following data were
collected: age; sex; mode of infection; CD4" cell count; serum
levels of LDH, B-p-glucan, and C-reactive protein (CRP); and
alveolar-arterial oxygen tension gradient (AaDO,). Serum (-p-
glucan levels were measured using the Fungitec G MK test
(Seikagaku). Manipulation was performed described elsewhere
[4, 5], in accordance with the manufacturer’s instructions. Se-
rum 3-p-glucan levels in HIV-1-infected patients without PCP
determined during the same period were used as a control. If
serum f3-p-glucan levels had been determined several times for
the same patient, only the first measurement was included.
Although oral and esophageal candidiasis are superficial infec-
tions, they were included as an independent factor and ana-
lyzed. In this report, the term candidiasis refers to oral and/or
esophageal candidiasis.

The diagnosis of PCP was established by identification of P.
jirovecii in BALF. Each BALF specimen (100 pL) was centrifuged
at 900 g for 2 min by means of a Shandon Cytospin II device,
and a monolayer of deposited cells were stained using Diff-
Quik (Dade Behring) and examined microscopically for the
presence of P. jirovecil.

Data were expressed as means * standard deviations (SDs)
or as medians. Differences in categorical variables between pa-
tients with PCP and control patients were assessed using the
Mann-Whitney U test. The Mann-Whitney U test (for com-
parison of 2 groups) and the Kruskal-Wallis test (for compar-
ison of 3 groups) were used for analysis of differences in serum
B-p-glucan levels. A receiver-operating-characteristic (ROC)
curve was constructed to illustrate the cutoff value for §-p-
glucan. The relationships were analyzed by linear regression
analysis. Differences were considered significant at P<.05.
Statistical analyses were performed using SPSS, version 17.0
(SPSS).

Results. A total of 111 patients had a definite diagnosis of
PCP, and serum (-p-glucan level was measured in each. Of
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these patients, 67 also had candidiasis at admission. Of the
control group (425 patients who did not have PCP), 28 had
candidiasis, 3 had cryptococcal infection, and 394 had neither.

The patients with PCP were older than the control patients
(mean * SD, 42,3 £ 11.9 vs 38.7 = 11.7 years; P<.01), and
CD4" cell counts were significantly higher in the control pa-
tients than in the patients with PCP (mean * SD, 178.6
155.6 vs 49.1 + 63.1 cells/uL; P<.001). Sex and mode of trans-
mission of HIV were similar in both groups (P = .81 and
P = .53, respectively). All patients with PCP received treatment,
and 6 patients died of PCP.

Of the patients with PCP, 67 had candidiasis and 44 did not;
of the control patients, 28 had candidiasis, 3 had cryptococcal
infection, and 394 did not have any fungal infection. The me-
dian (range) serum S-p-glucan level in each group was 171.2
(14.9-2966), 209.6 (2.4-2469), 7.40 (1.0-73.0), 22.7 (9.3-69.7),
and 8.25 (1.0-310) pg/mL, respectively (Figure 1). The median
serum level of §-p-glucan among all patients with PCP (174.8
[2.4-2966] pg/mL) was significantly higher than that among
the control patients (8.2 [1.0-310.1] pg/mL) (P<.001). The
presence of candidiasis in both the PCP group and the control
group and of cryptococcal infection in the control group did

not significantly influence serum levels of §-p-glucan (P =
.53, P = .83, and P = .08, respectively).

With respect to the diagnostic value of 8-p-glucan, the area
under the ROC curve for $3-p-glucan level was 0.964 (95%
confidence interval, 0.945-0.984) (Figure 2). A -p-glucan cut-
off value of 23.2 pg/mL (which represented the technique’s
threshold of detection) had a sensitivity of 96.4% and a spe-
cificity of 87.8%.

There was no correlation between serum levels of -p-glucan
and AaDO, at room air (r = 0.125; P = .30), LDH (r =
.030; P =.76), or CRP (r = .002; P = .62). In 42 instances,
serum S-D-glucan levels were measured before and after treat-
ment. On the basis of a cutoff value of 23.2 pg/mL, normali-
zation of serum {3-p-glucan levels was noted in 7 patients. In
contrast, serum 3-p-glucan levels slightly increased in 9 patients
despite clinical improvement being noted at week 3. This find-
ing indicates that -p-glucan levels reflected the clinical course
in only 16.7% of patients (7 of 42) within 3 weeks of treatment.

Discussion. The present study has reported 3 major find-
ings. The first major finding is the usefulness of quantitative
measurement of serum f-p-glucan levels for the diagnosis of
PCP. With a cutoff value of 23.2 pg/mL, B-p-glucan level had
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Figure 1.

Serum levels of (1—3) B-p-glucan. Levels of B-p-glucan in serum were examined before treatment of Pneumocystis pneumonia (PCP),

candidiasis, and cryptococcal infection. The Mann-Whitney U test (1) and the Kruskal-Wallis test (¥} were used for comparison of serum 8-p-glucan
levels. Individual values are plotted, and horizontal bars represents medians. The presence of candidiasis in both the PCP group and the control group
and of cryptococcal infection in the control group did not significantly influence serum f-p-glucan levels (P = .53, P = .83, and P = .08, respectively).
Serum S3-p-glucan levels were significantly higher in patients with PCP than in those without PCP, despite the presence of candidiasis and cryptococcal

infection {(P<.001). NS, not significant.
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Figure 2. Receiver-operating-characteristic (ROC) curve for the (1-3)
B-p-glucan cutoff. The area under the ROC curve for B-p-glucan was
0.964 {95% confidence interval, 0.945-0.984). A 8-p-glucan cutoff value
of 23.2 pg/mL {which represented the technique’s threshold of detection)
had a sensitivity of 96.4% and a specificity of 87.8%.

a high sensitivity (96.4%) and specificity (87.8%) for the di-
agnosis of PCP. Interestingly, serum 3-p-glucan levels among
those with PCP were not affected by the presence of superficial
fungal infection (ie, oral and/or esophageal candidiasis). Deep-
seated mycosis other than PCP and cryptococcal infection are
quite rare in Japan, and no patients were suspected to have
aspergillosis in this study. Hence, we could not analyze the
effect of aspergillosis. According to our data and those of others
[4], B-p-glucan level increases during cryptococcal infection,
but the level is significantly lower than that observed during
PCP. The number of P. jirovecii organisms in the lungs of pa-
tients with AIDS may be significantly higher than that in pa-
tients without AIDS [8]. In a meta-analysis of 7 reports in
which PCP was diagnosed by staining, the average sensitivity
of induced sputum was 56%, whereas that of BALF was >95%
[9]. To eliminate false-positive and false-negative results, we
analyzed data obtained only from patients who underwent
BALF analysis and had a definite diagnosis of PCP.

The second major finding was that the serum level of §-p-
glucan does not reflect the severity of PCP in patients with
AIDS. Although Shimizu et al [10] reported that 3-p-glucan
is a negative prognostic marker for PCP in patients with con-
nective tissue diseases, there was no significant difference in 3-
p-glucan level between survivors and nonsurvivors in our study.
Furthermore, Tasaka et al [6] reported that serum levels of
LDH correlated with those of 3-b-glucan in patients with PCP,
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whereas our data showed no such relationship. These differ-
ences are probably the result of differences in the patient pop-
ulations studied, especially regarding whether the patients have
HIV-1 infection. Considered collectively, these results empha-
size the need for further studies to define the exact relationship
between $-p-glucan and prognosis as well as LDH.

The third major finding of the present study was that 8-p-
glucan level did not reflect the effectiveness of therapy. In nearly
85% patients, serum 3-D-glucan levels did not decrease to nor-
mal despite clinical improvement. Furthermore, 20% of pa-
tients had increased levels of 3-p-glucan during the early phase
of treatment. However, 3-p-glucan levels normalized several
months or years after treatment in all patients. These results
mean that §-p-glucan levels increase transiently early during
treatment and decrease thereafter but do not always return to
normal during treatment. The transient increase in 3-p-glu-
can level is probably due to lysis of P jirovecii shortly after
treatment.

PCP is usually suspected on the basis of chest radiographic
findings, clinical symptoms, and low CD4" cell counts in HIV-
infected patients. In the present study, a high serum level of
-p-glucan (especially >23.2 pg/mL by the MK test) was found
to be highly indicative of PCP in practically all patients with
AIDS. Therefore, the -p-glucan test is useful for the diagnosis
of PCP, especially in HIV-infected patients who are unable to
undergo bronchoscopy owing to severe hypoxemia. In conclu-
sion, the present study has demonstrated that §-p-glucan is a
useful, noninvasive adjunct marker for the diagnosis of PCP
in patients with AIDS. However, its serum levels do not reflect
the severity of the disease, and it is not suitable for monitoring
response to treatment.
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Sequence-Based spa Typing as a Rapid Screening Method for the
Areal and Nosocomial Outbreaks of MRSA
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Methicillin-resistant Staphylococcus aureus (MRSA) is the leading cause of nosocomial infection and MRSA
outbreaks have become a major problem. Therefore, the rapid and accurate typing of MRSA isolates is
important for epidemiological surveys and nosocomial infection control. Pulsed-field gel electrophoresis
(PFGE) is considered as the gold standard technique for MRSA typing, because of its high discriminatory
power, but its procedure is rather complicated and time-consuming. The spa gene encodes a cell wall
component of Staphylococcus aureus protein A, and exhibits polymorphism. Sequencing the spa gene is
expected superior to PFGE in speed and data interpretation. [n the present study, we evaluated whether
spa typing of MRSA is useful for nosocomial outbreak analysis and epidemiological investigations. We
analyzed 19 nosocomial outbreak isolates from 4 separate hospitals and 26 isolates from outpatients of
Toyama University Hospital. Either PFGE or spa typing revealed a single nosocomial strain that appears
unique to each hospital. Indeed, spa typing confirmed the four different strains, but PFGE demonstrated
only 3 strains. With the total 45 isolates, PFGE showed 16 different patterns and spa typing showed 12
patterns. Moreover, we were able to analyze the spa gene in about 2 days, from sampling to obtaining the
results, whereas it took about 7 days with PFGE. In conclusion, sequence-based spa typing shows
comparable sensitivities to PFGE, and is a rapid and easy handling method. The sequence-based spa
typing can be used as the rapid screening test when MRSA outbreak is suspected in areas and hospitals.

———— PFGE; MRSA outbreak; spa typing; single polymorphic locus sequence-based typing method;

rapid analysis.
Tohoku J. Exp. Med., 2009, 218 (3), 207-215.

Since methicillin-resistant Staphylococcus aureus
(MRSA) was initially identified in the early 1960s, it has
gradually spread widely, becoming a major issue in medical
practice from the late 1970s (Cafferkey et al. 1985). It is
now prevalent worldwide, and has become one of the most
important pathogens of nosocomial infection. In Japan,
MRSA became problematic in medical facilities throughout
the country in the late 1980s, but the estimated isolation rate
at that time was still low, about 10% (Tomizawa and Sato
1988). However, according to the data in 2006, 63% of
Staphylococcus aureus strains isolated from blood samples
were reported as MRSA (Japanese Nosocomial Infection
Surveillance: test section data 2006). MRSA patients
accounted for 91.7% of those infected with drug-resistant
bacteria in 2006; MRSA remains a major pathogenic organ-
ism in nosocomial infection and causes problems (Japanese
Nosocomial Infection Surveillance: all inpatient data 2006).

When an outbreak of MRSA is suspected, MRSA typ-
ing is essential to elucidate the origin of the pathogen and
simplify epidemiological surveys (Macfarlane et al. 1999;
Gialluly et al. 2003). Currently, pulsed-field gel electropho-

© 2009 Tohoku University Medical Press

resis (PFGE) is most frequently used. Processing without
DNA fragmentation facilitates highly sensitive polymor-
phism analysis, a very important tool for outbreak surveys
in hospitals. However, its procedures are too complicated
and time consuming to allow quick countermeasures, and,
in many cases, the outbreaks are likely to be under control
by the time the results are made available. Data analyses
were previously hampered by their lack of reproducibility
and data sharing among institutions (Heijne and Uhlen
1987; Brigido et al. 1991; Belkum et al. 1998) and, there-
fore, their availability in relatively small-scale surveys was
limited (Chung et al. 2000; Cookson et al. 2007). However,
at present, advances in standardized electrophoretic condi-
tions and the development of analysis software have made
them available for multicenter studies (Chung et al. 2000;
Oliveira et al. 2001; Duck et al. 2003; Cookson et al. 2007).

Typing by gene sequencing has recently markedly
advanced, enabling analysis within a short time. The spa
gene encodes a cell wall component of S. aureus, protein A.
The X region, a polymorphic region of the spa gene, is
located immediately upstream of a region that encodes the
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cell wall-binding sequence at the C-terminal (Guss et al.
1984 Uhlen et al. 1984; Schneewind et al. 1992) and con-
sists of a variable number of 21-bp to 27-bp repeats or point
mutations (Guss et al. 1984; Uhlen et al. 1984; Frénay et al.
1996; Shopsin et al. 1999). Sequencing of this region is
called spa typing (Frénay et al. 1996) and is superior to
PFGE in terms of speed, workflow capacity, ease of inter-
pretation, and comparison between laboratories (Wernitz et
al. 2005; Ruppitsch et al. 2006; Hallin et al. 2007). An epi-
demiological survey using spu typing has studied, and its
utility has been reported in a few papers (Shopsin et al.
1999; Tang et al. 2000; Koreen et al. 2004). We examined
the following in outbreak cases of Toyama, Japan: (1)
Correlation between the results of PFGE analysis and those
of spa typing, (2) usefulness of spa typing as an epidemio-
logical survey on outbreak cases, and (3) utility of spa typ-
ing as an analytical method of strain spreading in our area.

Materials and Methods

Samples

Forty-five clinical MRSA strains isolated at Toyama University
Hospital (TUH) and 3 acute care hospitals in Toyama Prefecture were
investigated. Twenty-six clinical strains isolated from outpatients at
TUH between January 2006 and October 2007 were used. Nineteen
nosocomial outbreak strains isolated at 3 acute care hospitals and
TUH were used: 6 outbreak strains isolated at Hospitals A in 2000, 3
at B in 2001, 3 at C in 2002, and 7 at TUH in 2002.

Polymerase chain reaction {(PCR)

Single colonies of MRSA strains grown on Mueller-Hinton agar
medium were individually cultured in 3 ml of brain-heart infusion
broth at 37°C for 12 hours. The culture fluid was centrifuged at 6,000
g for 2 min. The bacterial pellet was collected and combined with 3
11 of proteinase K (20 mg/ml) and 100 g of lysis buffer, and incubat-
ed in an aluminum bath at 60°C for 60 min and then 95°C for 135 min.
After cooling at room temperature, the sample was combined and
mixed with 600 g of phenol/chloroform, and centrifuged at 9,200 g
for 2 min. The supernatant was transferred into a new Eppendorf
tube, combined and mixed with 600 4 of phenol, and centrifuged at
9,200 g for 2 min. The supernatant was transferred into a new
Eppendorf tube, combined and gently mixed with 1/9 volumes of pH
5.2 sodium acetate and 2 volumes of 99.5% ethanol, and precipitated
at -20°C overnight. After centrifugation at 18,000 g for 15 min, the
supernatant was discarded. The precipitate was washed with 70%
ethanol and centrifuged at 9,200 g for 2 min. After removal of the
supernatant, the precipitate was completely dried, and dissolved in 50
1} of TE buffer as template DNA. Primers for the spa gene were pre-
pared referring to Shopsin et al.’s report (1999), but the resolution was
insufficient, such as multiple nonspecific bands appeared. Thus, we
designed original primers based on the sequence of GeneBank No.
101786, and spa-1 (GTA ACG GCT TCA TCC AAA GC) and spa-2
(CAA GTT CTT GAC CAG GTT TGA) were used for the latter
investigation (F888 — R1547).

The composition of the reaction solution was: DNA template,
50 ng; Taq polymerase, 2.5 U (TaKaRa Ex Taq'™, Takara, Shiga,
Japan); 10X Ex Taq Buffer, 5 gl (20 mM Tris-HCl [pH 8.3}, 500 mM
KCl, 15 mM MgCl,); dNTP Mixture (2.5 mM each), S gl Primer
Spal, 1.0 uM (final conc.); Primer Spa2, 1.0 #M (final conc.), and the

volume was adjusted to 50 g1 with distilled water. PCR was per-
formed using a thermal cycler (Gene Amp PCR system 9700, Applied
Biosystems, CA, USA) under the following reaction conditions: pre-
denaturation at 95°C for 5 min, followed by 30 cycles of 94°C for 30
seconds, 58°C for 30 seconds. and 72°C for 45 seconds, and then
postextension at 72°C for 7 min. The PCR products were subjected to
3% agarose gel electrophoresis, stained with ethidium bromide, and
single bands were confirmed by UV irradiation.

DNA sequence

The PCR products were purified using a QIAquick® PCR
Purification Kit (QIAGEN, Hilden, Germany), and subjected to cycle
sequence reaction using a BigDye® Terminator Ver. 3 Cycle
Sequerncing Kit {Applied Biosystems). The reaction solution consist-
ed of 5 ul of purified DNA, I il of spa-1 or spa-2 (1.6 pmol/ul), and 4
41 of Ready Reaction mix, in a total volume of 10 yl. The reaction
conditions were 25 cycles of 96°C for 10 seconds, 50°C for 5 seconds,
and 60°C for 4 min. For the primers, spa-1 and spa-2 used for PCR
were employed for both the forward and reverse directions. After the
completion of the cycle sequence reaction, the reaction solution was
purified using a DyeEx™ 2.0 Spin Kit (QIAGEN, Hilden, Germany),
combined with 30 4! of 95% ethanol and 5 yl of 3 M acetic acid,
stirred at room temperature for 15 min, and centrifuged at 18,000 g
for 15 min. The supernatant was removed, and the precipitate was
washed with 50 g1 of 80% ethanol. After removal of the supernatant
by pipetting, the precipitate was dried at room temperature for 15 min,
The precipitate was dissolved with 2 ul of loading buffer, heated at
96°C for 5 min, and subjected to gene analysis using ABI PRISM377
(Applied Biosystems). Consistency of the sequence data in the for-
ward and reverse directions was confirmed in each strain using gene
analysis software, GENETYX" Ver. 7 (GENETYX, Tokyo, Japan),
and then homology was analyzed.

PFGE

Single colonies of MRSA strains grown on Mueller-Hinton agar
medium were individually cultured in 3 ml of brain-heart infusion
broth at 37°C for 18 hours, and bacteria were collected by centrifuga-
tion (13,200 g). The precipitates were embedded in agarose blocks
using a Gene Path Group I Reagent kit (BIO-RAD, CA, Hercules,
USA) following the attached instructions, the bacteria were lysed with
lysozyme/lysostphin and treated with proteinase K. The DNA was cut
with 25 U of the restriction enzyme Smal (BIO-RAD), and electro-
phoresed at 170 V for 20 hours at 14°C with a pulse time of 5-28 sec-
onds using the GenePath™ system (BIO-RAD). After electrophore-
sis, the agarose gel was stained with ethidium bromide. The image
acquired under UV irradiation was analyzed. The PFGE patterns are
often evaluated visually based on the criteria proposed by Tenover et
al. (1995); however, we used Finger printing™ Il computer software
(BIO-RAD) for a more accurate identification,

Results

PFGE

The results from PFGE analysis of a total of 12 outbreak
strains obtained from 3 acute care hospitals, A, B, and C,
demonstrated one identical type for each hospital and, there-
fore, they were determined as outbreak strains. The analyti-
cal results of 7 outbreak strains in TUH demonstrated one
identical pattern, except for the No. 3 strain; the No. 3 strain



