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IE—
(1] MRRAEBRPI & BMT S N 7 ERIDBRPIR % FIL V=438 broad-range PCREEDE &% B
=P BRBES #8165 ANA $%, =8 PCR HRER BAER
: BAREEA L 1.3 X 107 copies/ml R (Psuedemonas sp,) 55 LBaftem |
2 B AR A % 1.5 X 10° copies/m/ Batk Btk
3 BMIRAA 1.4 X 10° copies/ml 814 (Enterococcus) 75 L BRtE R
4 B IRA % 1.1 X 10* copies/m! Bt 77 L BERE
5 WHRBRMRA%A 2.8 X 10° copies/m/ B4 (Staphylococcus) [~k
6 WHRRMERA & 8.1 x 107 copies/m/ Bate BatE
7 HiB R IR % 1.7 X 10° copies/m/ Bat BaTE

MR F D PCRIC K BHWEIE, 25F FS54 v —% I
(VT 16S rDNA O F:#1500bp & f#HT T 2. ¥ O
MIELU7- PCREWMESTA( LI > —HT 229 3,
Y—=OIL2VOTICIEABI 7 FSAH—BHOT
ALY % AT U, ¢ D genebank blast T— 3 &
R#FETS. 100% K (H20IE98%LLLE) T30~
FEWELTOS. bhbhOiikTld, BEEoh
TIRFBLEMA B WESINEZH O IFETANNFE
JVZD18S rRNA i# =T #HIK D broad-range PCR
HIT->TL 5.

B IRARBAR % B U -#iE broad-range

EE PCROERM DR

REGMEHR N R DI (3 — 409 IZ IR N i DR
®, BREEARLTENTONZD, bhvbhld it
MR %% 6 DR A % BT O CMI B broad-range
SEfR PCREAMITL, ¥NBIZDOOTHEIFLL.
RIS, HRPIFH RS 1% O RS IR P %5 & Ba bk
BN TIROBREMEIRNREZE T, ¢S OIR
NHE (B F AR K 72 IS RTBEK) S DNA M8, 1
i broad-range E#t PCR& 7> 7=. F1-Atk%
FIRFICHE 3, BIWBEAR (A AT)REBITHT1

RMRDREDIIRTIRT. BPHERAI RO 7R
FTANT(100%) THIAE —HMOME DNAD BRI &
N7=(1.7 X 10° ~ 2.8 x 10° copies/ml). Z DR&ets
RARDT7IR TR EBMIEIBT, BYET4BITS
o7 [ERIC, BIEATEIBITRHYE, 46 TR
HTHH7o(RD. &, COREMIRK % 7RG

— |
BEFRECMA CHRAIA & OWR S h - 7EGIORTH % - 2 FTBA £ L THIE broad-range PCR £ 117 L 7-. EHRHEDIERE & ZHRIRELIT L 1,

6IRISHHEDE S HE RIS (CKURHRL
T=. CNOORKREKY, BAMEIRA ROIRN % H
W CREPRIFME TIIRMEICEEC L6
U, CO#MHE16S broad-range & it PCRZ: (34 H
E#ZHN3. ChiquetBICLd &, WkERR
P28 B ORI D % < (ZR WD DA R
BESNTHUERRETIIBEICEEZ LN
<., UMUK DNAIZFEAEL TV S = EN'S broad
-range PCRIZEHTHD EHEL THLEY. kD
JH{TZ D broad-range PCRH E M TH > 14l %
M T 5.

M broad-range PCR & H T o ITcARIER|

FERI 1

425, KM WA 8O TR BIR PEA
+ IOL #5417, ¢ D#HEMEBNE T EHE L.
HIRCESR, WENT « TV > ERimER% kS IR
WRIEN AONT=(R2). WTE%EHOIRETIS.
X3 TS, aureus VI D Staphylococcus DRI & h
=S, ®IKIGBRME > 7. HIHE16S rRNA 1
broad-range 5& #& PCR T, #ll § DNAN® 2.8 x 10°
copies/m/ EBpME A R L TV, SRR BI85
BRI E L, TR (87 AW+ IOL kg
=+ HI B P + 7 b A W R (SRR
OG-,

fEBI 2

53m%, Btk EXNUBOIRNEEEO TR, 23,
GIRFHR, WEEMOBL ORNRENHS N1
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(E3). HFHERZHOIZRETIE, 52%T Entero-
coccus RO MM SN, BIEKTT S LBHERBENFE
N7z, [ broad-range PCR C, #i® DNAH'1.4
% 10° copies/ml/ EE A E—FAERL TOV . Fily
RO R E % ETIIIRNEDH R TE LN o7
B, SIS RREIRN R E U, ¢D#
DTS5 A M@ENTIZT Enterococcus faecalis ¥R % &
nit..

Mbroad-range PCRIEE Y X7 LDS & D&

FRE

COHFUOPCRRREY X T LI, HMEIE16S
rRNA $#H1%, B (3 18S rRNA#HRAMIESIH 5 C
EDTEBERDB TIIZVICRICED S ENHEES
nd. ChoIMTOEETHIEbArSE<TEIN
POERABET D ENTE, HREOBPOLH AT
O14 FOREDIERTEFTIEIC NS D PCRHA L
FHENAELDICHE-TETWD., FIREMIZIE
TS5 MEHOMAEHE TEELIUEEBICEHD
FEETITADELDICEDTHAD. SHOHEE
(&, EFBAEHMPL THEDEERF T 2LENHS
c&, FI-PCRTHBHUTH-IHE, OIHIR—
YA EREPUREDHBINEREELSD. MATHE
DOMARREO—HM, PASHERETKRESIN
T-WMEPCRTRIZESNT-WED—FMH, HHUIE
BRPR I L & O — Bt ©iEHeRh R & O— Btk iz ERGY
ERRY S i(F A A Y

STk

1) Takai, K et al : Rapid detection and quantification of
members of the archaeal community by quantitative
PCR using fluorogenic probes. Appl Environ Microbiol
66 : 5066-5072, 2000

2) Chiquet, C et al, French Institutional Endophthalmitis
Study Group : Eubacterial PCR for bacterial detection
and identification in 100 acute postcataract surgery
endophthalmitis. Invest Ophthalmol Vis Sci 49 : 1971~
1978, 2008

[ 2] broad-range PCRH'E BT o fcARAEH) 1
MR MEMRARDES. HFEEMBLCHEE16S rRNA
$81% broad-range 8 PCR T, #I& DNAH 2.8 x 10°
copies/m! EBBEERUT.

[R3] broad-range PCRH'E R T o I LRI 2
SHBM BRRM RN OIS T, B4 D broad-range T8
PCR T 1.4 x 10° copies/m/ LB I —¥=ERUT.
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multiplex PCR

RERERR R RERER e ocsmee S H

Emultiplex PCR}&&1E?

polymerase chain reaction (PCR) & (& /R U A
S—FHEBERIEDZ ET, DNARY AS—ERIE
ZRHEUT-#E DNADOHMIBEFETH 5. 2HED
DNABH DTS4 3 —% ()T DNA O¥ & & 4r
T RMTIED'S DNAZAKT A DNARY AS—+F
MEZHOTDNASOERK B AR_SES. C
DREIED#HRYUEUIZEKY, HBYD DNA K EZRA %
MBETEEEZ THIBES Y ENTRETH S.
CODNAEGRDTOERIZE S UHADHLBEN
CEMHB, COPCROFANBEICIEE>TLS.
PCREFEETFRINOBRELREFOERL L,
BEFHEOEREMECTHIINATOS. KK
DFTIE, IANMNRX, USITU7, Ml EREGE
DEWHEEUTHASNTO S, REIEBTIEAR
EDBS, BRAY NEICIZZHBNT, &NED
2O IEHEE AR ESE CRIERBREFRENSEWT
LKA ESNTOLS. BE, REDEE, FICOA
W ARG THEEZ WM D=0 1Z1% PCR A Rh LR 2
FREGH-DTOLD. EBIMILZADNADOT ILAHD
BHE TICEHFH TRETHD L, SHICHY
>70v b&EFTAIE, BREREASERZEEHTE
.

EE, COPCREBHEUTHRESINT-DN
multiplex PCR(% ¥ H & # PCR) & T % (H
1)'~%. Z @ multiplex PCRRE D& KX D K813,
BAERE O DA IV 215 E DM REHUR % 8 B (2 R (2
BIETES. DRIO—BBIZITHNTUL /= PCROD
EOETIVHONY R THET 2D TIEEL,
R H AR TRt D ORI E AT S (F2). dhi
HREOHEA, DNAENSOLZENDHYUEER
TEBFEN'HS. Y TIAKNHS PCRIZHD
S ERMEIE DI H 2HRMES EHERD PCROP T
HARET, BEICE->TIFI0EE UL LD/ et
J& DNAD'BHED, 2 OIEBRELIOHENTES.
ARABL RIS T ORI S, BRI S iE M e B (f i 4%,
KGR 215 &) ORBAAE IS EB O £ R BN
Sh5WEetEN'H YU, Z O multiplex PCR AT A
AEBDNS(X2). 7=, BRBRENZ < OREH

| PCR # - e
! PCR %175 BABHEHRHH |&ﬁ#b DNAmwj»

L ¥ l:'?l)_—:

| 4
P v
I ED ﬂ

 PCRERSE _| | i |

| |
U e

- *¥ 4w ES1)— A:HSV1, HSV2, VZV, CMV, HHV6
}. ¥vES 1 —B:EBV, HHV7, HHV8

[ 1] multiplex PCRI&E%
Z 0 multiplex PCR (ZIEETE PCR) RE(F, HiEE(EWL
B3 10 EELLEDT]) DDA JVREE DARMERRZRR
[CRRICRHETEDHF UL PCRREVATLTHS. BR
Pr#{ED S DNA ZHiH#, Accuprime Taq ZAWVWTENE
NOYAIIVAKRNTSAI—ZRELT, multiplex PCR
Z175. BEEOOAILAZ2DDFvESU—ZBLTH
BICHRET . PCRRS#, /\ 1 TUF1 -y 3> T0—
JDERERE PCREMEESL, melting Curve i (RIf#
BRIROHAT) Z1TL), DAL ADRARZETS. NS Tm@
(melting temperature, BEZBRE) NELESKLKS [CRE
LIe7O0—TI&E>TOAINWADBEZHET 5.

THETHDIDT, COFEBIRFEROITOLCD
BB TREDHTHATHS.

BHEBKLUFIR - "R

multiplex PCR I & U ##8 & L7~ DNA Wi} H* B
HOBIZFICHERNTHIN EHET S1=0IC, ¢
O PCREWIIRIZFHEN TO—-TH#HOTNA
TNHAE—2 3 ICLBBRBAETD. FEAET
NTOPCREYWICH L THAEOIO-TLEAT
CE#HRTO-TOmMAEBOTHERSINS. kL
UA%ERH Y (C multiplex PCR #4737, Accuprime
Taq (1ENOD T MHEE) #HOT, ¥n€
NOBHUEOEMOMBEEEN TS —%RE
UTPCR%A4TD (W1). ¥D#, NATUSFAE—
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[E2] multiplex PCROD#ERTS T

RORRERAR — T TR BN OHEZETS. TOEMRBNINIMEEERBEVBEORREA VT4 —L RIVEY FOBERRUT,
BIRRBN S5 HSV1-DNABMRIHE Nz, HSVI-DNA(F Tm BN 55°C THBORIHEND XS ICRELTWLS. MA T, EREHLS
HHV7-DNABHRIHENT L Z. flDNILRZ DA JUZ DNA(HSV2, VZV, EBY, CMV, HHV6, HHV8) [3 9 X T4 T, RIBDORRKIZ
HHV1-HHV8 I X TP TEH ofz. B-globin - REMIY hO—ILT, #EH'S DNAH+HBNTVBT &ERY.

a2 7O—-T7OREHMEPCREWARAL,
melting Curve f##T (Bt AR 5547) 247 5. melting
Curvef#tr & 13, EBIZIZST TPCRED %= 14K
BUICL=ECADHLTCICEREAZTIFTCIO—-T
ENA TSI A XS % E FRET (fluorescence
resonance energy transfer) [C & UBEHEEHN
5. BORMEZRAICEASI LGN OHNBELZT
ZH)ITUTWK EFRETICKURT 28N
FRABECKIUSERE7O—-TEED TmlEIZE
UImECATFRETHEUMEET S, BEMICH
TOHNBET S 72U THRONTCRLESEHE
REZ7O—-TOE— I &> THRBERE A E
TBHENTES.

COPCRORFIE, BHED PCRRISH FEKIC—
DORBRTHELLIICT D=0, T5AI—Dik
&, TIAMI—RELOBERITRENLETHUY,
PWERMAETS. £7-, BHEONREURREG
TmEIC L >THESIND/=0, BT S Tmilld
NAT)T7O0-T0O TmEICEKFELTLS. Z0O
Tm O A B TIERELZRRETICIEE < DIEED
DEEEDS.

—#H 72 PCRIGEE, FENLGTEYZMIET S
T34 —%1EUMEHLTORL. —7F,
multiplex PCR IERIFREICE < DERF| & HEIE T 7=
DEBHMDTSA T —%ERT 3. BRADOF AL,
IF] B | 2 SRR (LB DAL et B R & B U 7o S 2
TLNMELTES. ULHL, 1DOF1—THIZE
HOPCRTSAI—HHELET D &k, =TS

1X2JPCREYW, T53A43—-547— HO
DNA MR ICR > - HIER EDZ < DREDF K IC
2NN H 5.

Emultiplex PCREZAVEIREFIR

(BEF—214IVAZAIU—=27 PCR&EE—)

1. fERI

FEBS 581, . REARHOEIRAE D EHX,
HREETATOA( FEIREBRERTEOSREZE
BICRREINTOL. BREERESBEEODE TH
i, Z#&. AUy MRET, BEkARZRILED
HNOFABRICHEL TO=(E3). GRICERESE
EBEDRBARENHONTS. T4 ARG % B
O, 1274#—=LFI2EMILBREBOE ER
BAK0.1ml Z$RELL 7.

2. ¥ESH

AIE AN SZBMEF v b (EZ1 Virus Mini Kit
(F75 24)) & & U B Bh% B H 2% & (BioRobot
E2) O THEEEZME U7

3. multiplex PCR &%

NINRZATANWAREZEZ, £ AR DA
JU 2 )& HSV1(HHV1), HSV2(HHV2), VZV (HHV3),
EBV(HHV4), CMV (HHV5), HHV6, HHV7, HHVS
ZME U7, multiplex PCRZH WO T LMD
DANZA%2MICHTTFRD2DODF+vESY —
FRAOTHEAKICZOU—-Z225071"1). F+E
< ) — A:HSV1, HSV2, VZV, HHV6, CMV,
F+ESU—B:EBV, HHV7, HHVS. PCR &f4%
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(3] BRI ZERBULT multiplex PCR E5E{T U =R

EBIS S8R, it REFRHOINE SBK, BMIREETATOA KRS RER TRORREBYICRIRENTUE. XYy MIET, B
ROLSERESABGEABYNIUEAMCHELU T . MBI UIETREKD S HSVI-DNABRIE NIz, Bi&ED S EBV-
DNABRIEEN, HVAIVAEOWIRERHE®, 25701 RARTOHTHERLL.

(¥, denature 95C 2%, PCR 95C 2%, 58 15%#,
72C 158 % 401 D), extension 40C 3047 -
o, (D%, NMMTVIAMHE—23>T7O0—-TDR
B & PCREW AR A L, melting Curve @ %
1O, IV 2AOKEAIT>7=. ChHold TmiE
(melting temperature, BUFIREE) HELZSEO L
DICHRELETO—TIZL>THOA I AOFMERE A Y
LTS, 108, HSVORMICBL T, 7543 —
(X HSV1 & HSV2 D1l 5 O (Z @85 IR E L
TWa. LML, 7O0-TI>HESV2D5 J LEF| &
FEE—HLTOLADIZH L, HSVIOS J LEF)
EF2HEER—FEL->TWS. ¥D71=, HSV2
D% EE HSVIBHEOBE L UE TmEL'S &
EBCTELS Y, MEEHEICHNTESZ LI
L.

4. IREHBR

B BB K 5% multiplex PCR #:% C, HSV1-DNA
M I n-("3). F-FRHKEMAEH, S EBV-DNA
HRESINTI=. ¢ DM HSV2, VZV, CMV, HHVS,
HHV7, HHV8-DNA[Z I NTKRHETH -7-. H#E
CNSTOOENLHARETFH AL HIBAERHO
TYHTHEUT.

Emultiplex PCROS#DEZ
WEDPCRY AT LDEBIZEY, ZHEDYA

WA EDHRETR B ICHA DREICZ D —
ZHULT, ¥DBRESTETIS(I—&T0-=
TOMAGDETIAINZABROERILKRE 7
WEALPCR) ZTHREY AT LORMESNATH
270 tOMORFELT, HLOBREMERED
BRRPIRNAZEETSHTHATE, HROF
OGHOATO1 FOREIBEFTHTEINSD
PCROTESERASNS LDICHE>TEaTL S, H
an Y (CIE T NT O/ RMESRZ PCRTRINT S
ENUTRET, SRISHRABIEYED B S kLY
EINTHRRTEZOIREY AT LORARBH RN
3.

SCHK

1) Sugita, S et al : Use of multiplex PCR and real-time
PCR to detect human herpes virus genome in ocular
fluids of patients with uveitis. Br ] Ophthalmol 92 : 928~
932, 2008

2) MH EIZA  BMEBRETEBZ RO S HE RE
AWVAPCRBIUY TNV A LPCREICEAANNNRR
T ANVABEFRE. HIRE&EE 112 @ 30-38, 2008

3) Kido, S et al : Association of varicella-zoster virus
(VZV) load in the aqueous humor with clinical
manifestations of anterior uveitis in herpes zoster
ophthalmicus and zoster sine herpete. Br J Ophthalmol
92 : 505-508, 2008




6. REDE

K1) AT —EEHEKIE (PCR) #iE, DNA K
) AT —ERIS % FIH L2 E DNA O IR &
Tdhb. 2HEBEODNAWH, 774 ~x—%HW
TDNA DHFEERML A B A% H 5 DNA 2 ST
LEFE (DNAEY A5 —¥) 2 HWTDNASHD
BRI RE &5, TOREORYELIZE
D, HEODNASFERM % K+ H~%E HhERE
BECHIEXEALILOTRETHS. TDDNA
ERO 7O AR EFT L2262V Eh
5, MEZOPCRECFIHFTERIILTE 572,

PCR % 3 BIZFEH D RER BIZTFOER R
E BIEFHROEERTM & L THIZINA TS,
BETEBEKDET, YANVA, 275377,
W &R EOBMAERE LTUSHINTW S,
RBME TIX, REIHBEE, BV AV ARBREE,

® 274

B FEEME CIIERBZTFRESENT

HAahTwa, BfE, REHER Y

TEGIE TIL R R 2 REEZ W O 729 1213 PCREE
ELDOTHEYLBREFEL 2> Tn5. EEY
Vv Z DNA D7 VA O £ Tl i3 B T
ThHbZ & (). &5i2Southern 71 v bk
21, BEZ ERSELILLTED, 4

LT, BEORKRNZPCREICOWVWTED
BRRHE, TOFE - REZEZBRS.
EHEPCRIE

LIRTIR% < OIRMAAERRR T, REIUFHIRE
B (IRBAT) »ombShIciwo T Igks

NTWRREH o7z, S BERO%E, RE

EiEPCRER

PCRERETCEMIhZEMANLNIIAINZ1E
(HSV-1) B CSL2BERESERDIER. 11
PEICERINRIEKZELSS VRO 330bp
NDEZAIZHSV-DNA DS/ R R EHEN TLS
(E54WVEH). A5 NVERIZBREB OB KR
HEMEZBORFEFERLTHSV-1 EHSV-2%
2B TEB TS/ v—%{EMALT PCR %51T
L7-#2R. HSV-1-DNAY IS LUBRED
FIEKDOEE CHEMY (106 bp), HSV-2 (2paM.
M :100bp ¥—#—, N :negative control (B&tE
>hO—Jv), Pipositive control (BBtEaba—IL),
S: HIEKRE, S1:HiEKk&E (BRE), S2:
BB K&E (F028).




Frir oo AV A 7% EDOHREDUE DNA 23[F % T
ENE, VANVABUREIERLEZHTE, 20
WERBMED R < %2 5. ZWHRE B I3 EER
BARBHVLNE DS, 36 N02REEIZ01mLE
EThbILhLTRLREIROND. HTH
DB EI1RFH05 ~10mL B Y, PCRESTTidk
hutkiflse, MR, B8R LS OBREIThE
THsH. MR TEIZ, FVHIZBERONY F
PR S L [kl SHirsns.
PCREDOEMIZVZ AFIEE LT, HMEKRGE
THRETRETH AL EDDITONS. IREHREIZ
ETEK, AR, B, TS 5 Vi
¥, AEEAYL: CORMEELR EBH L. TR
bALETH DD, PCREOKMAE L L Tid+412
1T2%. $7-, BELEMELTBIHE HEFE
THILLTELDT, Bb L WREIIFERE
LCBEBAATE .
BAROBESL LT, ZORGOKREIL, HIE
HRDNA & 754~ —DEERT], H4 2 )Lk
DERERE - B2 SIWHKFET B, FROR
BWY %6, ERERZDNARY ZEIELY,
HHVIIHENR LN AV EXbE. 70, M
BEREOEGEIZERDEMEPCRETIZIZL { DIF
HOMBRZ @ENIZIIMETE 2w, E612, £
DIFRFED S PCRETHED DNADKRE Sz &
LTh, TOBHE V) FERIZIPCREDKEMN
IwidizaryyIx—a v EPEETFSNL
WZ ERL, BEEIEEINDEEERHLDTHE
EAIULETHD.
'RT-PCRi%
L MEEEE- K AT — UG O R,
'RT-PCREEIE CDNA 7 11— = ¥ 7 0 IET S5
cHERLFETH S, IS, 5 RNA %
Vil L7o%, 754 ~— DNA, WEEREC L
D eDNA% &K T 5. TODNA%RT ¥ 7L —
B LT RO X S % —#2H % PCREEZ 47 .
CDNA & Hi b & PCR ¥ T % M L T/ H ik
onestep:) &, cDNA&H:X PCROAF v 7%

multiplex PCR(§EEE§E§ RE) %

s
multiplex PCR i, MIEEO Y A NABEDHRMEEEFs
ICHRRICRHETESHLVWPCRREVAT L. RBAiE,»S
DNA %%, Accuprime Taq 2BV TEThThOBERY TS
1Y—%REL, ST M 1U5—%vEFY—£BAVTPCR %5
%5. PCRRIC#®, NMTVH4E—2aT7O0-TDREES
PCR EMERAL, MBRERBITETI. Th5id Tm fl (melting
temperature, AR E) Y ELSHVWEIICKRELAETO-T (0L
TIMNWIDEERHTET 3.

BBAT ) HEE (two-stepi:) &A% 5. RT-PCR
EEfE) FlEiE, DNAFRSRERbETh TV
BB, AT T4V THRENIBORNAERT
AZEHRLAEIN TV RVOT, BEL-VEE
DEABEBERFBITTELHETHS. BAOK
HiZ, RNADARRESIZHAD. FHBEE LM
RONTIZ 2V EEROBEEICRITS.
multiplex PCRi%

E, FAEINZO»%EEREPCRKRE
(multiplex PCR#) T& % (H)*®. multiplex
PCREDHRADIFEIZ, BEEOTVANVALRLED
A REFURE % RIS RBICRHETESEZETH
5. LRETO—ZEIATh L TW/2PCRED L H %
TVADNN Y FIRETHET 20 TR, M#
MM CThHREIrBEEIrOHEEZIT) (B). RS
KEVEE, TANVABDBENWI LD EE
BCELFELDHBH. ¥ 7 IVA%EH S PCREIC
DAL ERMIID T 2HEMEE L BET, BE
12X - TIZ10IHB DL E oAk HUE DNA 365
PEEIPHETE L. ZoMoOR X, RERA
EMRE (AKX BERLLE) ORBREIE
BONRMEFR;RE SN D TREMED DY, 20
multiplex PCREIIERHEBbNh L. KAk, #

275@



6. REDE

Pt T S e AR Tt oo e T
O e R TR S 3 SR, T
) sded vl B

O PCR UL FRIC—D2DO ISR THEDL L I 12
T5:0, 7794 —0O%E, TIA4A7—REK
DEMELBREPLETH Y, S L RMEET 5.
7, BHEOHREPERE L TmEIC X > THE
ENB7-0H, MHT 5 TmfEINA 7)) To—7
DTmEICEKFLTWAE. ZOTmEOE A HE
MECIEMEZBRENC R Z S DIFEP VL EE 42 5.
real-time PCRi%

4, BBROE%L ERILT 5 PCRIREDE, re-
al-time PCREMVPHB L7z, v T VRELS
PCRIZ» 2T EHIZB B L £ 5KHT,
DNAEMERIIZHBHAT 2 Z L PR AROKIIT
»5 (=Pointl). KAz, PCRIEROFHOHE
LS LERBPCRETHOLNIBTFTORKTH 5.
72E 2T, BEESE)BERBEZORMBAD S
VZV-DNA 7512 % 10° copies/mLAEH E N 7254,
COTAINVAENE T F CTRARIEDRKRREIZD D
boTWwWabDh, ETHAL EEPCRETH
ONAEHMFIEHLETHIANAY ) ADaE -
BIZBTH5EHRTHY), 74 VAOEREM L ITE
BRI, B0 TEAEZELQTHRE
REZRETHLENH 5.
broad-range PCR

PCREZHWHREOF K E LT, BEMESR
E)BERARCIRAXEZGETHEHMTHEHATE 5.
WL TIX, 7 A IVAIFTTid% <, broad-range
PCR & v ) M B ° B & 0 3@ R A 5718 % PCR
THIRS 2 FEFHRESATVWDY. Ml

® 276

multiplex PCR% 1§
RIAEH

RUAR IR S — T THRMED M2
5. ZOEFIIETIFERRE
BB EREAT IR F
BLTWE ZOBFEHED
PRRHEN, VZV RS ER
¥rL7-. £/-FEktEHS EBV-
ENTUV VZV i Tm {5
PREINZLICHELTVT, B
ICBEh TV EBV I3 61°CTHE
I RBHENBESICHELTLS,
EOHDAILARZHALILZ DNA (H
HSV-2, CMV, HHV-6, HHV-7,
8) I RTREMETH-7-.

16S ") A '— 2 RNA faI%, EH3185") K= A;
RNA M AMIES €5, 1L D OBET
PEDBEE T, TROOBRETETAE
LHTE, ﬁﬁ@@u#ZTU4F®$tvﬁﬁf
SEHTIRE n%wmm&#r<ﬁménazvﬂ
WK%>TETWVA, ﬂ%%kﬁ?«f@ﬂ%ﬁﬁ
JF% PCREETHRIET 5 Z t#ﬂ%ﬁA&uﬁﬂ
%éﬁ@%%ﬂ%ﬁﬁi%%?«fﬂ%(%%ﬁ
E/ZTA@ﬁ%#ﬁfn5
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Diagnosis of bacterial endophthalmitis by broad-range
quantitative PCR

Sunao Sugita,' Norio Shimizu,? Ken Watanabe,? Miki Katayama,? Shintaro Horie,’
Manabu Ogawa,' Hiroshi Takase,' Yoshiharu Sugamoto,’ Manabu Mochizuki'

ABSTRACT

Aim To measure the bacterial genome in ocular fluids and
to analyse the clinical relevance of infectious
endophthalmitis.

Methods Nineteen ocular fluid samples (eight aqueous
humour and 11 vitreous fluid samples) were collected
from 19 patients with suspected bacterial
endophthalmitis. Fifty ocular samples from uveitis
patients were also collected along with 40 samples from
patients without ocular inflammation and used as
controls. Bacterial ribosomal DNA (16S rDNA) was
measured by a quantitative PCR assay.

Results Bacterial 165 rDNA was detected in patients
with clinically suspected bacterial endophthalmitis {18/
19, 95%). With the exception of one case, high copy
numbers of bacterial DNA were detected
(1.7x10°~1.7x10° copies/ml) in these patients. There
were 10 samples (53%) with positive bacterial cultures
while there were nine samples (47%) with positive
Gram-staining. Real-time PCR detected bacterial 16S
DNA in three {6%) of the 50 samples from the control
uveitis patients. In addition, none of the samples from
the control patients without intraocular inflammation
were positive.

Conclusions Quantitative broad-range PCR of bacterial
16S 1DNA is a useful tool for diagnosing bacterial
endophthalmitis.

INTRODUCTION

Bacterial infectious endophthalmitis occurs due to
exogenous infections, such as those arising from
trauma and intraocular surgery, or from endoge-
nous infections, such as systemic infectious disor-
ders. Previous studies have used PCR to
demonstrate the presence of bacterial DNA in the
ocular fluids in patients with infectious
endophthalmitis.! '® PCR has often been used to
provide evidence of bacterial involvement in the
eyes with suspected intraocular infections.® These
suspected infections include idiopathic endoph-
thalmitis and uveitis. Recent advances in molecular
biology along with the use of real-time PCR have
made it possible to determine quantitative
measurements of the viral load associated with
viral diseases in the eye.'' ' Several studies have
recently reported finding the bacterial ribosomal
RNA gene (16S rDNA) in the ocular fluids of
patients with infectious endophthalmitis.* ¢ 7
With primers of the bacterial 165 rRNA gene,
broad-range PCR can be used to detect the presence
of bacteria within the samples. In endophthalmitis
patients with previous intravitreal administration
of antibiotics, PCR methodology has been shown

to be more effective than bacterial cultures in
detecting bacterial DNA in the ocular fluids."”
However, even broad-range PCR has not been able
to determine quantitative information for the
bacterial genome in the ocular sample.

In the present study, after collecting ocular
samples from patients with suspected intraocular
infections, which included bacterial infectious
endophthalmitis, we attempted to detect and then
measure the bacterial genome using real-time
quantitative PCR with primers for 165 rDNA
amplifications.

MATERIAL AND METHODS

Subjects

Based upon medical history and clinical observa-
tions, 69 patients with endophthalmitis and uveitis
were consecutively enrolled in a prospective study
that was conducted from 2008 to 2009 at the Tokyo
Medical and Dental University Hospital. Samples
of aqueous humour and vitreous fluids were
collected from all patients. Nineteen patients (19
eyes: eight aqueous humour and 11 vitreous fluids)
had bacterial infectious endophthalmitis. Of these
19 patients, six had acute postoperative endoph-
thalmitis, four had late postoperative endoph-
thalmitis, one had post-traumatic endophthalmitis,
five had endogenous endophthalmitis, two had
keratitis-associated endophthalmitis, and one had
endophthalmitis after intravitreal injections of
bevacizumab.

The second patient group was also a prospective
study, and 50 ocular samples were collected from
various patients with uveitis. The underlying
pathology included idiopathic uveitis (n=21),
herpetic keratouveitis (n=3), herpetic anterior
iridocyclitis (n=3), acute retinal necrosis (n=5),

cytomegalovirus retinitis (n=2), toxoplasmosis
(n=3), toxocariasis (n=2), sarcoidosis (n=2),
HTLV-1-associated uveitis (n=1), toxic lens

syndrome (n=1), Candida endophthalmitis (n=2)
and intraocular lymphoma (n=5). In this study,
fungal endophthalmitis cases such as Candida
endophthalmitis were classified as being part of this
patient group. All the patients displayed active
intraccular inflammation at the time of sampling.

In addition to the patient groups, we also analysed
samples from a control group. These patients were
enrolled in this prospective study in 2009. Forty
samples (20 aqueous humour and 20 vitreous fluids)
were collected from patients who did not have any
type of ocular inflammation (age-related cataract,
macular oedema secondary to branch retinal vein
occlusion, retinal detachment, idiopathic macular
hole or idiopathic epiretinal membrane).

Sigdpyright AR duthbP(d PAtsire Rolel) D10, 2890 d6¥ed by BMJ Publishing Group Ltd under licence? ©



Downloaded from bieubmj.com on November 14, 2010 - Published by group.bmj.com

For the ocular sampling (asepsis), the following procedures
were performed in all subjects. In all of the eyes that were
sampled, the ocular surfaces, including the conjunctival sacs,
were rinsed once with an aqueous povidone iodine solution.
Subsequently, all of these eyes were then rinsed once with
a balanced-salt solution. A 0.1 ml aliquot of aqueous humour
was collected aseptically in a syringe with a 30 G needle. Half of
the sample was then transferred into a pre-sterilised microfuge
tube and used for PCR.

In patients with endophthalmitis/uveitis who were under-
going vitreous surgery, uncontaminated non-diluted vitreous
fluid samples (0.5~1.0 ml) were collected during diagnostic pars
plana vitrectomy (PPV). Immediately after collection, 100 pl of
the sample was transferred into a pre-sterilised microfuge tube
and used for PCR. None of the asepsis samples used for analysis
came from patients being given systemic antibiotics or from
patients who were receiving intraocular antibiotic injections.

Conventional microbiological investigations

The Bacteria Work Station of the Tokyo Medical and Dental
University Hospital processed all specimens (aqueous humour
and vitreous fluids) within 1 h after the sample collection, with
standard methods followed for the isolation and identification of
the aerobic and anaerobic bacterial cultures. The culture
methods followed conventional techniques that have been
previously published.'® '* Cultures were incubated for up to
7 days, with those lacking growth designated as culture-nega-
tive. Cytospin smears of the specimens were stained using
Gram'’s method for detection of bacteria.

Quantitative PCR

DNA was extracted from samples using a DNA minikit (Qiagen,
Valencia, California, USA) installed on a Robotic workstation for
automated purification of nucleic acids (BioRobot E21, Qiagen).
The real-time PCR was performed using Amplitaq Gold and the
Real-Time PCR 7300 system (Applied Biosystems, Foster City,
California, USA). Primers and probes of bacterial 165 rDNA
and the PCR conditions are described elsewhere.'® The sense
primer (Bac349F) was 5 -AGGCAGCAGTDRGGAAT-3" and the
antisense primer (Bac806R) was 5-GGACTACYVGGGTATCT-
AAT-3". The TagMan probe (Bac516F) was 5 -FAM-TGCCAGC-
AGCCGCGGTAATACRDAG-TAMRA-3'. Products were subjected
to 50 cycles of PCR amplification, with cycling conditions set at
95°C for 10 min, followed by 50 cycles at 95°C for 15 s and 60°C
for 1 min. Amplification of the human B-globulin gene served as
an internal positive extraction and amplification control. Bacterial
copy number values of more than 100 copies/m! in the sample
were considered to be significant.

Sensitivity of TagMan real-time PCR

To confirm the real-time PCR assay sensitivity, the 458 bp
fragments were amplified from the DNA of Staphylococcus aureus
(NBRC 12732) with Bac349F and Bac806R. The PCR fragments
were inserted into the pGEM cloning plasmid with the pGEM T-
Easy Vector Cloning System I kit (Promega, Tokyo, Japan). The
plasmid was digested with restriction enzyme Scal. Linearised
plasmid was controlled by gel electrophoresis and quantified by
using the Smart Ladder DNA size and mass marker (Wako,
Tokyo, Japan) and the OD260 measurement. Standard curves
were constructed from serial 10-fold dilutions of linearised
plasmid DNA with 10ng/ul MS2 RNA (Basel, Roche,
Switzerland). The detection limit and standard range of the
TagMan real-time PCR were determined by using serial 10-fold
dilutions of linearised plasmid. The standard range of DNA was

20f5

linearly quantified from one to nine log DNA copies, with
a detection limit of 10 copies. The negative control (nuclease-
free water) was not detected.

PCR FOR 16S rRNA GENE AND SEQUENCE ANALYSIS

PCR mix (50 ul volumes) was prepared from Low-DNA
AmpliTaq Gold DNA polymerase LD (Applied Biosystems). The
mix comprised dATP, dGTP, dCTP, dTTE, 2 mM MgCl, and
IXGold buffer, along with each of the primers (500 nM)
(forward primer fD1-ACAGTTTCATCCTGGCTCAG; reverse
primer rp2-ACGGCTACCTTGTTACGACTT).”

Template DNA, 1.25U of AmpliTag Gold DNA polymerase LD
(Applied Biosystems), and nuclease-free water were added to the
sample. The PCR assay was performed using the Takara Thermal
Cycler TP-400 (Takara Bio Inc., Shiga, Japan). The cycling
conditions used were: 95°C for 10 min, followed by 35 cycles at
95°C for 15, 42°C for 30 s, and 72°C for 4 min. Gel electropho-
resis was performed using a 0.8% agarose gel (Takara Bio Inc.) in
40 mmol/1 Tris, 1 mmol/1 EDTA for 30 min at 100 V, followed by
ethidium bromide staining. Before cycle sequencing, amplicons
were purified using the Qiaquick PCR purification kit (Qiagen)
according to the manufacturer’s protocol. Cycle sequencing was
performed by forward and reverse priming using the Big Dye v3.1
Terminator Reaction kit (Applied Biosystems). The PCR assay
was performed using a Perkin Elmer 9700 with cycling conditions
set at: 95°C for 30 s, followed by 25 cycles at 96°C for 10's, 50°C
for 5s and 60°C for 4 min. Electrophoresis was conducted in
a 3130xI genetic analyser (Applied Biosystems).

We used the DNA sequence analysis to examine patients
suspected of having bacterial endophthalmitis (patient samples
that only had high amounts of total DNA and detected high
copy numbers of bacterial 16S rDNA). Basic local alignment
search tool (BLAST) analysis was used to examine the DNA
sequences. The 16S rDNA sequences obtained were compared
with those available in the GenBank BLAST database (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). Using a previously published
method,® positive identification of the species level was defined
as identification of a 165 rDNA sequence that had 99% simi-
larity or greater with that of the GenBank BLAST strain
sequence.

Prevention of bacterial contamination

To ensure that no contamination of the PCR preparation
occurred, the DNA amplification and the analysis of the
amplified products were done in separate laboratories. The
preparation was performed on a laminar flow workbench and
employed single-use aliquots of reagent and dedicated pipettes.
Microfuge tubes and mineral oil aliquots were carefully sterilised
prior to use.

RESULTS

Our initial PCR results indicated that bacterial 165 rDNA was
positive in 18 ocular fluids of the clinically suspected bacterial
endophthalmitis patients (18/19, 95%, table 1). These positive
patients had high copy numbers of 165 rDNA ranging from
1.7%10° to 1.7x10” copies/ml, which indicated the presence of
bacterial infection. In the one PCR-negative case (case 16 in
table 1), PCR did not detect any bacterial genome in the vitreous
fluid (<100 copies), although Klebsiella pneumoniae was detected
in the biopsy sample of the liver abscess.

In the conventional bacterial cultures, 10 (53%) out of the 19
samples were positive {table 1). In addition, positive Gram
staining was found in nine (47%) out of these samples. There
were only two patients (cases 2 and 4 in table 1) that received
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Table 1 Detection of bacterial 165 rDNA in suspected bacterial endophthalmitis and uveitis

Case Diagnosis Sample Bacterial 16S rDNA Culture Smear BLAST analysis Treatment
1 Postoperative (acute) AH 2.8x10° copies/ml Staphylococcus spp. Negative nt PPV, 1Al, SA
2 Postoperative (acute) VF 1.5 108 copies/ml Negative Negative nt PPV, I1AI, SA
3 Postoperative (acute) AH 1.5%x10° copies/ml Staphylococcus epidermidis G(+) Staphylococcus epidermidis PPV, 1Al, SA
4 Postoperative (acute) VF 7.5%10° copies/ml Negative Negative nt PPV, 1Al, SA
5 Postoperative (acute) VF 9.0x 107 copies/ml Negative G(+) nt PPV, 1Al, SA
6 Postoperative (acute) VF 1.9%107 copies/ml Streptococcus sanguinis G (+) Streptococcus sanguinis PPV, 1Al SA
7 Postoperative (late) VF 8.1x107 copies/ml Negative Negative Bradyrhizobium elkanii PPV, 1Al, SA
8 Postoperative (late) AH 1.7%x10° copies/ml Negative Negative nt SA
9 Postoperative (late) AH 3.9%10* copies/ml Negative Negative nt SA
10 Postoperative (late) AH 8.6x10* copies/ml Pseudomonas aeruginosa G(-) nt PPV, 1AI, SA
n Post-traumatic VF 1.4X10° copies/ml Enterococcus faecalis G(+) Enterococcus faecalis PPV, SA
12 Endogenous VF 1.3x107 copies/ml Pseudomonas sp. G(-) Pseudomonas sp. PR PPV, IAl, SA
13 Endogenous VF 1.7%10° copies/ml a-Streptococcus G(+) Streptococcus mitis PPV, IAl, SA
14 Endogenous AH 1.1%x10* copies/ml Negative Negative nt IAl, SA
15 Endogenous VF 5.5x10° copies/ml Staphylococcus aureus Negative Staphylococcus aureus PPV, 1Al, SA
16 Endogenous AH <100 copies/ml Negative Negative nt PPV, 1Al, SA
17 Keratitis AH 3.1X10° copies/ml Streptococcus pneumoniae G(+) Streptococcus pneumoniae IAl, SA
18 Keratitis VF 6.8%x10* copies/ml Negative Negative nt 1Al, SA
19 Intravitreal injection* VF 1.8%10° copies/ml Streptococcus oralis G (+) Streptococcus sp. PPV, IAl, SA
20 Idiopathic uveitis AH 1.4x10° copies/ml Negative nt nt 1Al
21 Idiopathic uveitis VF 6.1%10* copies/ml Negative Negative nt SA
22 CMV retinitis AH 4.2x10° copies/ml Negative nt nt IAI, SA
AH, aqueous humour; BLAST, basic local alignment search tool; CMV, cyt galovirus; 1Al i | antibiotic injection; nt, not tested; PPV, pars plana vitrectomy; SA, systemic antibiotics;
VF, vitreous fluids.
Using broad-range quantitative PCR, bacterial 16S rDNA could be detected in the ocular of the db ial endophthalmitis cases (18/19, 95%). Broad-range quantitative PCR

was also used to measure the bacterial genome in the ocular samples collected from the uveitis pau‘entsr(n=50) and from the three patients (6%) that were positive.
BB s atat :

of bevacizumab.

dophthalmitis after intravitreal inj

intravitreal injections of antibiotics prior to the PCR analysis. As
shown in table 1, after examinations that included PCR, all
patients received antibiotics (systemic and/or local medications).

With the exception of three out of the 50 uveitis patients, real-
time PCR indicated the patients were negative for the bacterial
16S rDNA. Details for the three exceptions are shown in table 1.

The 16S rDNA was detected in two patients with idiopathic
uveitis and one with cytomegalovirus (CMV) retinitis. Clini-
cally, all of these patients were diagnosed with unilateral uveitis.
Bacterial cultures were negative in all of the tested samples. In
addition, bacterial 16S rDNA was not detected in any of the 40
control samples collected from the patients without ocular
inflammation.

To identify the specific bacterial species, we used BLAST
analysis to examine some of the bacterial infectious endoph-
thalmitis patients. Analysis was only possible when the
patient’s samples had high amounts of total DNA and there was
a detected high copy number of the bacterial 16S rDNA. As
summarised in table 1, BLAST analysis identified Staphylococcus
epidermidis (case 3), Streptococcus sanguinis (case 6), Bradyrhi-
zobium elkanii (case 7), Enterococcus faecalis (case 11), Pseudomonas
sp. PR (case 12), Streptococcus mitis (case 13), Staphylococcus aureus
(case 15), Streptococcus pneumoniae (case 17) and Staphylococcus sp.
(case 19). The results of the BLAST analysis were identical to the
results of the bacterial culture with the exception of case 7, who
was found to have a negative culture. However, even though the
bacterial examinations such as bacterial cultures and smears
were negative in this patient with late postoperative endoph-
thalmitis, broad-range real-time PCR analysis of the vitreous
sample yielded positive results (8.1x10” copies/ml). In the
present study, once we were able to determine the bacterial
species via the BLAST analysis and conclusively diagnose
bacterial endophthalmitis, we were then able to begin treatment
with antibiotics.

Case report

As seen in table 1, case 7 was a 75-year-old man who was
referred to the uveitis clinic at our hospital during July 2007 due
to keratic precipitates, cells and fibrin in the anterior chamber
along with hypopyon and anterior vitreous opacity in his right
eye (figure 1). The patient had undergone cataract surgery in his
right eye 1 year prior to being seen in our clinic. Although visual
acuity of his right eye at the time of his initial presentation to
our clinic was 0.8, 2 months later, his visual acuity was less than
0.1. A vitreous sample was collected during the pars plana

Figure 1 Case 7 (late postoperative endophthalmitis). Slit-lamp
photograph in suspected bacterial endophthalmitis. In the right eye,
cyclitic membrane, height of the hypopion, and severity of vitritis were
seen. In this patient, broad-range quantitative PCR revealed a high copy
number of the bacterial genome (8.1x 10’ copies/ml). Basic local
alignment search tool (BLAST) analysis detected Bradyrhizobium elkanii.

Sugita S, Shimizu N, Watanabe K, et al. Br J Ophthalmol (2010). doi:10.1136/bj0.2009.171504 3of5
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vitrectomy. While bacterial culture and the Gram-staining of the
vitreous sample were negative, broad-range and real-time PCR
detected 8.1x107 copies/ml of bacterial 165 rDNA (table 1). In
addition, the BLAST analysis detected Bradyrhizolinm elkanii.
After the patient was given an intravitreal antibiotic injection
{vancomycin and ceftazidime) and systemic antibiotics (levo-
floxacin), inflammation in his right eye completely disappeared.
After receiving treatment, visual acuity in his right eye recovered
to 0.9 and there was no severe intraocular tissue damage noted.

DISCUSSION

In the present study, with the exception of one patient, we
detected bacterial 165 rIDNA in all of the cases that were clini-
cally suspected to have bacterial endophthalmitis. In these
patients, high copy numbers of the bacterial DNA were
detected, which indicated the presence of a bacterial infection. In
the single patient who was suspected of having infectious
endophthalmitis but had no bacteria in the ocular sample, K.
pneumeniae was detected by biopsy culture for liver infection.
Thus, we were ultimately able to diagnose the patient as having
endogenous endophthalmitis.

On the other hand, conventional microbiological investiga-
tions of the ocular fluid samples, such as bacterial cultures and
smears, were negative in about one-half of these patients. Only
three of the 50 samples collected from the patients with other
clinical entities of uveitis were positive for the broad-range real-
time PCR analyses of the bacterial 16S rDNA. In addition, no
bacterial 165 rDNA was detected in any of the samples from the
control patients without ocular inflammation.

The potential advantage of using PCR is that minute numbers
of bacteria can be detected from the very small specimens that
are required for the analysis. Chen er /' developed this PCR
detection method for the eubacterial genome based on the
conserved regions of the 16S rRNA sequence (165 rDNA) of
Escherichia coli. As the universal primers chosen from 16S rDNA
have a large amount of sequence information and highly
conserved regions of the gene, primers can be synthesised for
a wide variety of bacteria. In addition, the eubacterial primers
used had both a high specificity and sensitivity, which was
comparable to previous studies.” * Hykin e a/' examined 29
control vitreous samples and found four that were positive for
the eubacterial genome using PCR. In a further study by Therese
et al;® only a single control sample (5%) was found using the
eubacterial-based PCR. In the present study, we did not detect
any bacterial 165 rDNA (<100 copies/ml) in any of the samples
from the control non-infectious patients when using our broad-
range real-time PCR. Thus, another potential advantage of our
PCR system is that it provides quantitative information for the
bacterial infection. In the present study, we found false positive
results (1—100 copies/ml) in only two control samples that we
tested, a result that could be due to contamination caused by the
conjunctival ocular flora present during the collection of the
samples. Other possible causes of the contamination might be
related to technical errors that occurred during the PCR prepa-
ration or perhaps due to bacterial exposure when collecting the
ocular sample.

In cases of bacterial infectious endophthalmitis, it is often
difficult to differentiate between inflammation caused by non-
infectious and infectious agents. For example, to determine the
cause of postoperative inflammation in the eye, we must
consider many different possibilities, such as surgical manipu-
lation, toxic lens syndrome, recurrent uveitis (especially if the
patient has a previous history} or bacterial endophthalmitis. In
the past, microbiological investigations of the ocular fluids have
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often failed to detect the infectious agent in bacterial
endophthalmitis, resulting in a clinical dilemma regarding
therapy. Deciding to use antibioctics and steroids necessitates
determining whether an inflammation is infectious or sterile.
Therefore, an aetiological diagnosis is essential in such cases. The
use of PCR with universal eubacterial primers, which possesses
broad specificities for all Gram-positive and -negative bacteria,
has been recently found to be much more useful for detecting
the eubacterial genome in ocular samples of postoperative
endophthalmitis cases compared to the routine microbiological
investigations.” * © ¢ 719 I the present study, our broad-range
real-time PCR for the eubacterial genome showed high correla-
tion with the bacteriologically positive samples. This suggests
that bacteriologically negative samples may include the bacterial
genome. In a recent report by the French Institutional
Endophthalmitis Study Groups, eubacterial PCR was found to
be much more effective than bacterial cultures in detecting
bacteria in vitreous samples from patients with previous intra-
vitreal administration of antibiotics.’” Although the previous
administration of antibiotics in the PPV vitreous fluids may
inhibit bacterial growth, it is assumed that PCR may still be able
to detect bacterial DNA of either living or killed bacteria.

As revealed in this study, real-time PCR found only three (6%
of the 50 ocular samples from patients with unilateral uveitis to
be positive. However, high copy numbers of bacterial DNA were
detected in these uveitis patients, which included idiopathic
uveitis {n=2) and cyromegalovirus retinitis (n=1). Endoph-
thalmitis and uveitis positive cases with low quantification of
DNA {eg, 1x10°—1x10° copies/ml) cannot be differentiated
according to the number of copies. Although topical or systemic
steroids were administered for long periods in the idiopathic
uveitis patients, the inflammation remained uncontrolled. It has
also been reported that viral PCR has found cytomeﬁalovims
DNA in the eyes of cytomegalovirus retinitis cases.”> When
these patients were given intravitreal administration of an anti-
viral injection (Ganciclovir), an anterior vitreous opacity was
subsequently observed. There were three cases that received
antibiotics (intravitreal injection and/or systemic) in our study
and the intraocular inflammation, such as vitreous opacity, was
well controlled by this antibiotic therapy. Although bacterial
DNA amplification in such cases usually suggests contamina-
tion, antibiotic administration proved to be effective in our
study. Thus, the bacterial PCR-based evidence suggests bacterial
involvement in eyes that have a suspected intraocular infection.
While PCR for eubacterial detection is necessary for rapid and
accurate diagnosis in patients suffering from an unknown
intraocular inflammatory disorder, it can also be used to accu-
rately determine samples that are not infected. In our study we
found 47 samples (94%; that had negative PCR results. Overall,
our results suggest that a sensitive and rapid diagnostic test not
only allows for confident verification of the diagnosis (non-
infectious inflammation vs infection), but also allows for early
commencement of specific and appropriate treatment. In addi-
tion, PCR analysis is able to exclude bacterial infections as the
potential cause of an ocular disorder.

In conclusion, this new PCR system is an excellent diagnostic
system for intraocular specimens and can be used as an alter-
native to further examine specimens determined to be bacterio-
logically negative by conventional methods. Our study also
clearly demonstrated that a new diagnostic PCR system using
eubacterial detection with broad-range PCR along with quanti-
tative evaluation with real-time PCR could be extremely useful
for detecting bacterial DNA within ocular samples. Recently,
Goldschmidt ¢t al reported that a new diagnostic test for
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Propionibacteriacear was designed using TagMan real-time PCR.*
Therefore, the ability to be able to collect quantitative informa-
tion on bacterial infections in the eye should be useful in helping
to determine clinical diagnoses and therapeutic follow-ups.
Moreover, using a combination of the quantitative PCR method
and the BLASTanalysis to detect bacterial species is a very valuable
rool for diagnosing suspected bacterial endophthalmitis.
However, the DNA in 10 of 19 samples could not be sequenced
using this technique and thus could not identified, which could
potentially limit the clinical usefulness of this technique at the
present time. In order for clinicians to be able to obtain bacterial
identifications, we may need to consider additional options for the
sequence analysis. In addition, in the future we will need to
further verify whether this broad-range PCR can detect candidate
bacterial DNA including K. preumoniac in bacterial endoph-
thalmitis.
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Abstract

Aim  To establish a two-step polymerase chain reaction
(PCR) diagnostic system for ocular toxoplasmosis.
Methods A total of 13 ocular fluid samples (11 aqueous
humor and 2 vitreous fluid) were collected from 13 patients
with clinically suspected ocular toxoplasmosis. Ten ocular
samples from other uveitis patients and 20 samples from
subjects without ocular inflammation were used as con-
trols. Two polymerase chain reaction (PCR) methods, i.e.,
qualitative multiplex PCR and quantitative real-time PCR,
were used to measure the toxoplasma genome (T. gondii
B1 gene).

Results  Qualitative multiplex PCR detected 7. gondii Bl
gene in the ocular fluids of 11 out of 13 patients with
clinically suspected ocular toxoplasmosis. In real-time
PCR, we detected high copy numbers of T. gondii DNA
(5.1 x 10%-2.1 x 10° copies/mL) in a total of 10 patients
(10/13, 77%). Only ocular toxoplasmosis scar lesions were
observed in the three real-time PCR-negative patients. PCR
assay results for the samples from the two control groups
were all negative.

Conclusions The two-step PCR examination to detect
toxoplasma DNA is a useful tool for diagnosing ocular
toxoplasmosis.
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Introduction

Ocular toxoplasmosis is a sight-threatening intraocular
inflammatory disorder prevalent in many parts of the
world. In clinical practice, ocular toxoplasmosis diagnosis
is made based on Toxoplasma gondii (T. gondii) serologi-
cal tests and on the findings of typical ocular manifesta-
tions, for example old retinal necrotic lesions with
pigmentation and fresh retinal lesions adjacent to chorio-
retinal atrophic lesions. However, there are many asymp-
tomatic sero-positive individuals in the area in which
T. gondii is endemic, with atypical lesions of ocular
toxoplasmosis that resemble other necrotizing retinitis, for
example acute retinal necrosis and cytomegalovirus reti-
nitis. It is, therefore, necessary to perform laboratory tests
to confirm toxoplasmosis infections in the eye. Ocular
fluids, which include the aqueous humor and vitreous fluid,
are ideal samples for this test, because they can be used to
examine local specific antibody production (Goldmann~
Witmer coefficient; GWC) or 7. gondii DNA by poly-
merase chain reaction (PCR). Previous reports reveal that
GWC and PCR assays performed on ocular samples can
play a prominent role in the diagnosis of Toxoplasma
infections [I1-12]. Because local specific antibody pro-
duction is often unpredictable in immunocompromised
patients, the PCR assay is reported to be a better diagnostic
tool [10]. In addition, the PCR assay can also be used to
examine ocular samples for the purpose of diagnosing
ocular toxoplasmosis in immunocompetent patients [11]
and the atypical strain of 7. gondii [12]. Moreover, previ-
ous studies found that PCR is a rapid and sensitive method
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for detecting T. gondii quantitatively in clinical specimens
{13~16}. However, no previous studies have screened other
pathogenic agents that could cause necrotizing retinitis in
conjunction with 7. gondii.

In this study, we attempted to measure the Toxoplasma
genome in ocular samples of patients with clinically sus-
pected ocular Toxoplasma by using a two-step PCR system
with specific primers and probes for 7. gondii DNA
amplification (7. gondii B1 gene). To screen for the human
herpes virus and T. gondii, the first step used qualitative
multiplex PCR 1io detect the toxoplasma genome in the
ocular sample. In the second step, quantitative real-time
PCR was used to measure the genomic DNA of 7. gondii.

Materials and methods
Subjects

This research followed the tenets of the Declaration of
Helsinki, with the study protocol approved by the Institu-
tional Ethics Committee of Tokyo Medical and Dental
University. Ocular fluid samples were collected only after
each patient had provided written informed consent.

Table | summarizes the clinical findings observed for
patients with ocular toxoplasmosis at their initial presen-
tation. The first patient group was examined between
January 2008 and September 2010 at the Tokyo Medical
and Dental University Hospital. This group included 13
consecutive patients clinically suspected of having ocular
toxoplasmosis based on the serological test for T. gondii
(serum anti-Toxo IgG: PHA method) and characteristic
ocular manifestations. Of these 13 patients, 10 had active
intraocular inflammation, that is, there were anterior
chamber cells, vitreous opacity, retinal vasculitis, and fresh
retinal exudates (focal retinal necrosis). For the other 3
patients, only inactive ocular toxoplasmosis lesions in the
form of old pigmented retinal scars were found. For the
PCR assay, we collected intraocular fluids from 13 patients
{11 aqueous humor and 2 vitreous fluids).

In the second group, we collected 10 samples (8 aqueous
humor and 2 vitreous fluid) from 10 patients with other
clinical entities of uveitis. The diagnoses for the subjects
included idiopathic uveitis (n = 7), acute retinal necrosis
{n = 2), and cytomegalovirus retinitis (n = 1). At the time
of sampling, all members of this group had active intra-
ocular inflammation.

In the third group, we collected 20 samples (15 aqueous
humor and 5 vitreous fluid) from 20 patients with non-
inflammatory diseases. The patient diagnoses included age-
related cataract {(n = 15), primary rhegmatogenous retinal
detachments (n = 1), idiopathic macular hole (n = 1), and
idiopathic epiretinal membranes (n = 3).

@ Springer

The sampling procedures were performed in accordance
with the method reported in our previous studies [17-19].
Briefly, we used surgical microscopy to aseptically collect
aliquots of approximately 0.1 ml aqueous humor in a syr-
inge with 2 30 G needle. Non-diluted vitreous fluid
(approximately 0.5 ml) was collected during the pars plana
vitrectomy.

Polymerase chain reaction

DNA was extracted from samples by use of a DNA Mini
Kit (Qiagen, Valencia, CA, USA) installed on a robotic
workstation for automated purification of nucleic acids
(BioRobot E2i, Qiagen). For the DNA extraction,
approximately 0.1 ml aqueous humor and 0.2 ml vitreous
fluid were used. DNA was eluted with 60 pl elution buffer,
the amount of DNA used for PCR was 5 pl.

For the PCR assay, we used standard toxoplasma DNA
strains for the 7. gondii RH strains. To detect the toxo-
plasma genome (7. gondii Bl gene), we used two PCR
assays, the qualitative multiplex PCR and the quantitative
real-time PCR. Multiplex PCR was designed to qualita-
tively detect genomic DNA of human herpes viruses, i.e.,
herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2),
varicella zoster virus (VZV), Epstein-Barr virus (EBV),
cytomegalovirus (CMV), and human herpes virus type 6
(HHVG6), type 7 (HHV7), and type 8 (HHV8). PCR was
performed using a LightCycler (Roche, Basel, Switzer-
land). Primers and probes of HHV1-8 and the PCR con-
ditions have been described elsewhere {17, 18]. In addition
to the herpes virus PCR, we calibrated the primers and the
probe for detecting toxoplasma DNA (7. gondii Bl gene)
as shown in Table 2. Specific primers for the virus were
used with AccuPrime Taq (Invitrogen, Carlsbad, CA,
USA). Products were subjected to 40 cycles of PCR
amplification, Hybridization probes were then mixed with
the PCR products. Real-time PCR was only performed for
T. gondii when the genomic DNA of T. gondii was detected
by multiplex screening PCR.

The real-time PCR was performed using AmpliTaq
Gold and the Real-Time PCR 7300 system (Applied Bio-
systems, Foster City, CA, USA). The PCR conditions used
for the T. gondii Bl gene were: 95°C for 0 s and 60°C for
20 s for 50 cycles. The PCR conditions used for the human
herpes viruses have been described elsewhere [17, 18]
When more than 10 copies/mL were detected, the sample
copy number was regarded as significant.

Results

Figure 1 shows representative PCR data (Case 1, Table 3).
The multiplex PCR performed in order to screen all 8



Diagnosis of ocular toxoplasmosis by PCR

Table 1 Clinical findings at initial presentation for patients with ocular foxoplasmosis

Case Age Sex Eye Initial findings and inflammation of AC Duration of Vitreitis ~ Retinal Retinal exudates

the symptoms vasculitis  —————
VA IOP Granulomatous  AC: cell AC: flare Old Fresh
(mmHg) KPs

{ 58 M L 0.1 19 + 3+ 131 2 months + + + +

2 70 F L 03 21 + 24 76 3 weeks + - + +

3 68 F R 08 14 - 24 34 2 months + + - +

4 4 M R 1.0 12 + i+ 17 1.5 months + - + +

5 56 M L 07 22 + 24 43 3 weeks + + + +

6 65 F L 1.0 15 + 1+ 26 2 weeks + - - +

7 48 M R 04 14 + 34 124 3 weeks + + + +

8 35 M L 0.6 18 - 1+ 14 I month + + + +

9 49 M L 09 18 + 2+ 29 1 month + + + +

10 59 F R 05 20 - 1+ 23 1.5 months + - + +

il 47 M R 12 17 - - 8 None - + -

12 53 F L 1.2 13 - - 12 None - - + -

13 71 M R 09 16 - - 11 None - - + -

All patients were immunocompetent. “Old retinal exudates™ indicates inactive ocular toxoplasmosis lesions in the form of old pigmented retinal

scars

VA visual acuity, JOP intraocular pressure, KPs Keratic precipitates, AC anterior chamber

Table 2 Design of primers and probe for detecting toxoplasma DNA
(7. gondii B1 gene)

For muitiplex PCR (qualitative PCR)
Primer F—TCCCCTCTGCTGGCGAAAAGT
Primer R—AGCGTTCGTGGTCAACTATCGATTG
LCRed640—GGTGTATTCGCAGATTGGTCGCCTG-P

Probe—CGAAAAGTGAAATTCATGAGTATCTGTG
CAACT-6FAM

For Real-time PCR (quantitative PCR)
Primer F—TCCCCTCTGCTGGCGAAAAGT
Primer R—AGCGTTCGTGGTCAACTATCGATTG

Probe—6FAM-TCTGTGCAACTTTGGTGTATTCGCAG-
iowaBK

We designed the primers and probes for the multiplex PCR and real-
time PCR. The design of the primers is the same for the two PCR
methods, although the relative positions of the TagMan probe in the
Bl gene were changed

human herpes virus DNAs and the 7. gondii DNAs were
positive for the 7. gondii DNA (Fig. 1a). However, this
sample was negative for all human herpes virus DNA tests.
In addition, quantitative real-time PCR revealed that there
were 1.1 x 10° copies/mL of 7. gondii DNA in this
specimen (Fig. 1b). Figure 2 shows the ocular findings for
the patient. At the initial presentation, we made a clinical
diagnosis of ocular toxoplasmosis based on both the clin-
ical features and the serological tests (serum anti-Toxo
[gG: x640). Based on these findings, we treated the patient

with systemic acetylspiramycin and prednisolone for
3 months. The treatment was effective and the active
ocular lesions in the left eye completely disappeared. Two
months after the treatment, a subsequent PCR indicated
that the T. gondii DNA in the aqueous humor sample was
now undetectable.

Table 3 summarizes the PCR results. Qualitative mul-
tiplex PCR for the 7. gondii Bl gene was positive for 11
out of 13 patients with clinically suspected ocular toxo-
plasmosis (Table 3). Real-time PCR detected the B gene
but not the human herpes virus DNA in the 10 patients who
were clinically suspected of having ocular toxoplasmosis
(10713, 77%). In addition, high copy numbers of T. gondii
DNA were detected (5.1 x 10°-2.1 x 10° copies/mL) in
all of these 10 patients, with active ocular inflammatory
lesions that were compatible with ocular toxoplasmosis,
e, focal retinal necrosis, vitreous opacity, anterior
chamber cells, and choroidal edema with possible old
scars. The only factors in the three PCR-negative patients
that were compatible with an ocular toxoplasmosis diag-
nosis were the inactive scar lesions, i.e., old pigmented
retinal scars. Of note is the finding that in one of these three
patients 7. gondii DNA was detected by the multiplex
gualitative PCR in the aqueous humor sample (Case 12 in
Table 3), even though the real-time PCR showed negative
results (<10 copies/mL). A fundus photograph of a patient
with inactive ocular toxoplasmosis is seen in Fig. 3. For
this particular patient (Case 11 in Table 3), the PCR results
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Fig. 1 PCR results for a patient with ocular toxoplasmosis (Case 1 in
Table 3). a After DNA extraction from the sample, multiplex PCR
was performed to screen for T. gondii, and for HHV1 to HHVS using
LightCycler capillaries. At 66°C, a significant positive curve was
detected, indicating the detection of T. gondii genomic DNA in the
agueous humor, Using other LightCycler capillaries, human herpes
viruses HSV1, HSV2, VZV, EBV, CMV, HHV6, HHV7, and HHV8
were negative for this sample. The flat line indicates the negative
control. b Quantitative real-time PCR of the same sample shown in
a. We calculated the copy number of the 7. gondii genomic DNA in

were negative. In the serum of all of the ocular toxoplas-
mosis patients, the anti-toxoplasma IgG was positive
(Table 3).

Negative PCR results were obtained for all the control
uveitis patient samples (Cases 14-23 in Table 3) and for
the control non-uveitis patients (data not shown).

Discussion

Using intraocular fluids for PCR gene amplification is
helpful in diagnosing various ocular diseases, because it is

@_ Springer
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the sample. We measured both the tested ocular sample and control
DNA (10°, 10%, 10, and 107 copies/mL) by real-time PCR, and then
established the standard curve using the results of the control DNA.
The standard curve was used to calculate the DNA concentration for
the cycle threshold (Cr) value of the sample. The final copy number of
genomic DNA in the sample (copies/mL) was calculated on the basis
of the obtained sample volume and final dilution volume. Values were
regarded as significant when more than 10 copies/mL were observed.
The real-time PCR revealed there were 1.1 x 10° copies/mL of
T. gondii DNA in this analyzed sample

possible to detect an exceedingly small amount of nucleic
acid in a small ocular sample volume with high sensitivity.
We report here a new PCR assay system that uses two
separate steps, multiplex screening PCR and quantitative
real-time PCR. With this new system, it becomes possible
to detect 7. gondii and rule out human herpes virus-related
necrotizing retinitis. For these two PCR analyses in this
study, oligonucleotide primers and a TagMan probe were
designed to amplify the T. gondii Bl gene. Our results
clearly demonstrate that the PCR assay system succeeded
in detecting the 7. gondii DNA in the ocular fluid samples
of the 10 patients with active ocular toxoplasmosis lesions,
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Table 3 Detection of T. gondii DNA by qualitative multiplex PCR and quantitative real-time PCR in ocular samples from clinically suspected

ocular toxoplasmosis

Case  Disease Sample  Multiplex PCR Real-time PCR (copies/mL)  Serum anti-Toxo  Treatment
1eG
| Toxoplasmosis (active) AH T. gondii DNA+ T gondii DNA: 1.1 x 10° 640 ASPM, PSL
2 Toxoplasmosis (active) AH T. gondii DNA+ T, gondii DNA: 1.6 x 10° 320 ASPM
3 Toxoplasmosis (active) AH T. gondii DNA+ T, gondii DNA: 5.1 x 10° 640 ASPM, PSL
4 Toxoplasmosis (active) AH T. gondii DNA+ T gondii DNA: 3.0 x 10* 2560 ASPM, PSL
5 Toxoplasmosis (active) AH T. gondii DNA+ T gondii DNA: 9.4 x 10* 5120 ASPM, PSL
6 Toxoplasmosis (active) AH T. gondii DNA+ T gondii DNA: 5.5 x 10* 2560 ASPM, PSL
7 Toxoplasmosis (active) AH T. gondii DNA+  T. gondii DNA: 9.9 x 10° 640 CLDM
8 Toxoplasmosis (active)  VF T. gondii DNA+ T gondii DNA: 1.1 x 10* 640 ASPM, PSL, PPV
9 Toxoplasmosis (active) AH T. gondii DNA+  T. gondii DNA: 4.2 x 10° 2560 ASPM, PSL
10 Toxoplasmosis (active) VF T. gondii DNA+  T. gondii DNA: 2.1 x 10° 1280 ASPM, PSL, PPV
Il Toxoplasmosis (old) AH - <10 2560 None
12 Toxoplasmosis (old) AH T. gondii DNA+ <10 320 CLDM
13 Toxoplasmosis (old) AH - <10 640 None
14 Idiopathic uveitis AH - <10 320 None
15 Acute retinal necrosis VF VZV DNA+ VZV DNA: 8.3 x 10° <160 Valaciclovir, PPV, PSL
16 CMYV retinitis AH CMV DNA+ CMV DNA: 9.0 x 10° <160 Ganciclovir
17 Idiopathic uveitis AH - <10 <160 None
18 Idiopathic uveitis VF - <10 <160 PSL, PPV
19 Idiopathic uveitis AH - <10 <160 None
20 Acute retinal necrosis AH VZV DNA+ VZV DNA: 9.9 x 10° <160 Valaciclovir, PSL
21 Idiopathic uveitis AH - <10 <160 PSL
22 Idiopathic uveitis AH - <10 1280 PSL
23 Idiopathic uveitis AH - <10 <160 None

We performed two PCR examinations using qualitative multiplex PCR and quantitative real-time PCR. Qualitative multiplex PCR was per-
formed to screen for detection of the DNA of human herpes virus (HHV1-HHV8) and T. gondii. All samples from ocular toxoplasmosis (Cases
1-13) were negative for HHV-DNA. Anti-toxoplasma IgG was positive in the serum of all ocular toxoplasmosis patients. We collected a second
ocular sample from cases 1, 2, 6, 7, 8, and 10, and performed PCR examinations. The results were all negative for DNA of human herpes virus

and T. gondii

AH aqueous humor, ASPM acetylspiramycin, CLDM clindamycin, PPV pars plana vitrectomy, PSL prednisolone, VF vitreous fluids

but not in the three samples with inactive lesions. In
addition, PCR did not detect any of the human herpes virus
DNAs in any of the samples, nor did these PCR methods
detect 7. gondii DNA in any of the control patients. These
results therefore suggest that when intraocular fluid sam-
ples are examined by a sequence of multiplex PCR and
real-time PCR, the results can be used to diagnose ocular
toxoplasmosis.

In this study, there was one case (Case 12 in Table 3) for
which the results were positive when using qualitative
multiplex PCR and negative when using quantitative real-
time PCR. The qualitative PCR examination is extremely
sensitive and, as such, is able to detect DNA released from
inactive parasites. This may be the reason for the dis-
crepancy seen between the qualitative and quantitative
assays. However, because the amounts of intraocular DNA
are so low in such patients, these situations can be regarded
as innocuous. Thus, when attempting to diagnose patients,

both qualitative PCR and quantitative real-time PCR
should be performed to ensure that any positive results are
a result of active disease and not related to older non-active
lesions. When using real-time PCR, we found there was a
correlation between the high DNA loads in the ocular
fluids, which translates as a high copy number of T. gondii
DNA, and the intraocular inflammation in the uveitis
patients with ocular toxoplasmosis. In fact, the case that
was positive when using qualitative PCR and negative
when using real-time PCR (Case 12) turned out to be a
patient with inactive uveitis (old pigmented retinal exu-
dates without inflammatory signs). In this particular case,
before determining the actual reason for the positivity, we
did administer clindamycin to the patient in order to pre-
vent any possible recurrence.

Although both the Goldmann-Witmer coefficient
(GWC) and PCR are useful for clinical specimen analyses
[1-16] and can achieve similar levels of assay sensitivity,
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