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PCR-RFLP %I X 2 7 7/ 7 4 W AKEWER D\ adeis W

mEE B, OB, B X0, KT =m,KE 2
KA EF, RIS REY, B BERYAG ER,ER IEY
DT S K B IRRLE BE, V S © — v — b, O RERIRRY

2 80

EEAARITTT /74 LA(Ad) ORE & RAE &
75 =812, polymerase chain reaction (PCR)& &
restriction fragment length polymorphism analysis
(RFLP 94%) ## &4 &H 8 1= PCR-RFLP Z%2HMHE L
- AdOA~F Y EBRAD—-F T 3EERIZTH 956
EH Y 51818 T 5 nested-PCR %, T L #EEEE O Ad
miER(3,4,8,11,19, 8L UITR) 2 SCHREEK 14
MERCX L TIT o 1. ¥ DR, T TOMBERTEN
T AHBCFIEBBREYAEBS LA TE, ZOBIRE
Wizt L, 3 FEEOGIPREEFE Eco T 141, Hae 111, 5 &
U Hin fl O/ 5 —> 5 HEhHE 5 RFLP 24k
575125, 1AMBROSHEAFEETH 7. L E
DFE%E 1994 £ 6 B S 8 BORIZLED 5 IRFHFE
T A L AMAERE S & 32WT & h - BEORERZEY) 70
BREICITA L, AR C RS E—PARR ATV, BERE
HE L 1. 70 4% 5 B, PCR T3 38415 (54.3%) '
AdBBEETH V), DEEEEE T3 3314 (47.1%) L BT

Hot-. DEHEEANBM TH 1= 33 #%EFEIETLTPCR
BB TH 1=, PCR B4 38 #8140 PCR-RFLP &M
BRI, Ad 378 H44.7%, 3 B H39.5%, 11 &L A
7.9%, 8 BAY5.3%, ¥ L CA4BIA2.6% ThH-7-,PCR
BT HBEEN RN TH -1 5 #%1F D PCR-RFLP
FICL HMETIT Ad 37 BUAY 3 #1k, 8 BUA 2 4R1FT
Hots. DEEEEEIEM O 33 #{F T2 PCR-RFLP EZ®
R PRRBORRII—E L 12, 1z, DREEE 0
RRIBERABIE IO e 28U LEEZEL:
®izxt L, PCR-RFLP 3£ T3 #HHIA 53 BT
Ad DREHTTEETH > 1. LA EH B, PCR-RFLP %I
& 3 Ad ORHEEEIZHFEODRHEE— PR I
BLTERETHY), METH-1-, (AIRREE 100:
163—168, 1996)

F——F I TFT /AR, RS, RS K, PCR-
RFLP %, f&fEiE84)
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Abstract

Polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP) analysis
were combined for detection and identification of
adenovirus (Ad), a common agent of conjunctivitis
in Japan. Nested-PCR with two primer sets that
hybridize to the conserved region for hexon protein

of 14 prototypes of Ad serotype 1 to 8, 11, 14, 19, 37
40, and 41, amplified 956 bps DNA fragment. The
amplified fragments from 14 prototypes were com-
pletely differentiated with the combination of three
restriction endonucleases, Eco T141, Hae 1II, and
Hin f1. We applied this new method to 70 conjun-
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ctival scrapings from patients with conjunctivitis,
and compared the results with those of the combina-
tion of culture isolation and neutralization test.
PCR was positive in 38 out of 70 samples (54.3%),
wheras 33 of 70 samples (47.1%) were positive by cell
culture. Compared with cell culture isolation, the
PCR method had a sensitivity of 100%(33 of 33).
Positive PCR samples were further classified into
Ad 37 (44.7%), 3 (39.5%), 11 (7.9%), 8 (5.3%), and 4
(2.6%) by PCR-RFLP analysis. Of five samples that
were PCR positive and cell culture negative, three
samples were Ad 37 and two were Ad8 by PCR-
RFLP analysis. These differentiations of cell culture
positive samples were identical to the results of the

neutralization test. It took only about three days to
detect and identify Ad by PCR-RFLP analysis,
whereas it took at least two weeks by culture isola-
tion and neutralization test. Our newly developed
method of detecting and typing human Ad by PCR-
RFLP analysis is more sensitive, accurate, and
prompt than the conventional cell culture isolation
and neutralization test. (J Jpn Ophthalmol Soc 100 :
163—168, 1996)

Key words: Adenovirus, Conjunctivitis, Rapid
diagnosis, PCR-RFLP analysis, Con-
junctival scrapings
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774N (AT, Ad) B A i3, IRBHEE I B Vv
THHE IS HEHAT I2RPETHSE.AdRYVANVADE
PIFERIRHEC & > T, A~F B % T 6 Bl L 49 O I
BaBahTwua BPEICBIT 2 FTEREBAR
Hom#EE X Ad 3, 4, 8,11,19,37 B Th 22, Ad i
P X TATIED & <, LIE LIEFEN, A, BERN, B
L UBEABRROEE 22, L L, G175 Ad FEs3E
FIN Tz, Ad FSEE 2 RE 2k L, BE %
Pl L CTRERE TR 5 2 i3, RIS FEE L NE
TH 5. 06K, Ad B[R E O 7z O FIHEHL 13 53 3 3%
—rh IR TH o7z, Lo L, S BEREE: T 13, 35w Ad
8 B DMIZ RN RS Z 012 L, RIE 2 B Eo
HMELBEET 24, &7, PHFABR TIZE CHEBEEA (5
WZHEEE D) TREMSFET 505, L ¢, R TR
MELSTREL TS0, HRYEO S S IcfIESH -
7z B, Ad # RS o EERH 5 2 TRE2 R
ELTT77 /70 @nftsn, BRIEHAIRTnS
B3, (RREMESI D Ae < 7 < SPMERSIREL & B L 7o B — B
EVBEHHETAT.8% L ORE R H -T2, 2Dz o,
HEBRICB VT L D EANDRRZEEORISYE :
Tz,

JTHE polymerase chain reaction (LLF, PCR) #4350 %
S, HERRERE L CEHShTE 2, PCREEM
T 5 DNA LT THEET LI, BRI R
IGETD 2 LNTE 2EBE, AEEREELETH Y, BN
@O DNA iZx T 25 R NG 774 ~—3 2hhid, HE
b HEETH %, & /o, restriction  fragment length
polymorphism analysis (2 F, RFLP)#: i3, DNA @ %
K2 SBT3 AL LU TEWEOSFCEELR
HEzRLLTEL. SERLIZ,AAD~F Y VHEHE %
I— F 3 2 WERE T O T iM% &1 956 HiHont 2 HE
3 % nested-PCR #BFE L. ¥ LT, 2D FE% Eco
T 141, Hae 111, B £ U Hin fl @ 3 O HIFREES % H»

bl

7:RFLPELEABDLE B LT Lo T, T Ad B
RECHEO 6 MFER(3, 4, 8,11,19,37 8) & & ¢ 141
BHEMERIET A Z LN TER, 3610, ZOHERE
R IG A U, KDY Ad FEIEE 0 TERE 72 TR 2 W i
THEEWIRRZELOT, 22 IcET 3.

I KB 5 &%
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1) EfpRHR R

1994 4 6 A2 & 8 B OBz AL, &5, 24K, 210, 8
L UHEAR D 5 IRBHER T, 7 A VAR 2 5E-7- B
HOREBHELEY 70 ik 20t R e Lz, 2RO/ L -
TR 2 BB L 724, 1 &Iz 4.5ml & ¥ 5t
e r72Fvr8l(Ek~~2774 F)DOPCRHA
F 2 —7 (10 mM Tris, 1 mM EDTA[pH 8.0]1.5 ml i&
W ICRFL, o 1 RiZFEEC o HBEEHRER 7
Va—F v v 7ffF 2—7(FALCON) (0.5% 7 > IliE
FWT E2,0.6% 743 220.01% £ rd=d 32225
ml ) TR FEL 2.

2) Ad fEHefk

Ad 1~8 8,118, B X 0F 19 BZ ELFBH T Ewrse
Frip S S L7z, Ad 14 B, 37 BV, 40 &, 5 L OF 41 B3
American Type Culture Collection #» & B A L 72, Ad
1~88,11 8,14 8, 35 £ 0719 Blix 2 % 745 R I
(CSL Limited) &7 > # = A ¥ > %& A7 e-MEM H5#h
(=vAA) CHsE /> HEp-2 iR L 72, Ad 37
Bk, 2% F4-BERMEE ¥y ~v4 v v 2 & A e
MEM B Th53E & 7> HEL S i 8288 L 7. Ad 40
BB 2% FFRAMBEEY VI~ 4 > %28
A7Z e-MEM Bt TREFE & 4172 293 fIFT I BEfE L 7,

2. 5 &

1) DNA %

i) RO DNA A H

B » S DNAZBH S ¥ 579, PCRHA®
Fa—FIERE NI 1.5ml DFEEO I 5,200 x] D
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HE1L5ml OMERLECHEL,12,000%g, 4°CT
30 SrFEELOAEE L 7z, PR 98 p] O H R (10
mM Tris-Cl[pH 8.3],1mM EDTA, 0.5% Tween 20)
& 15.5mg/ml @ proteinase K # 2 ul Z T 55°CT 1
BRI IG S 7, £ 0, 95°CT 10 4RMM# L DNA &
HEET L,

i) Ad#E#¥ERED DNA #iith

Ad1~8 ®,11 &, 14 B, 19 M, 37 B, 40 &Y, 8 & O
41 MR DNA ORI 217 - 7z, SEESRR O Li§
200 w1 w23t LT, #hiH&EE# (0.1 M Tris-HCl[pH 8.0],
0.01 MEDTA, 1% SDS) % 174.2 gl £ 15.5mg/ml @
proteinase K # 25.8 gl iNZ,42°CT 4 BFEIRIG 2 {T-
P2 Z0®, 7T/ —vroaksrAHEL, Ly 2 —
W A T-o7. B % 50 p]l OB W (10mM  Tris
[pH 8.0],1mM EDTA)Z#EMEL, 2h% 20 f5HR L
72 H DD, 260 nm 12 B 1T 2 MR & HIE L7z, 260 nm 2
B AWNEEOMEH1.00 ZWBEH 50 ug/ml TH S &
L, EHERE DNA BT OBE % 10 pM/pl 1B L 72,

2) Ad#H

i) ToA o

Nested-PCR 2175 7z, T TICHs L IZENA T W B
Ad 28I, 589 40 B9, B L UM 41 BIOD A~ F Y HHEKD
GRS 2l LR OR LS WAEE2 774 v —0
MTEELTERL.E—BREPCR 21T 774 v—
& b (AATU 7 & 5 UGCEACCT TCT TCCCCATG-
GC-3'B & " AdTU 4’ : 5-GTAGCGTTGCCGGC-
CGAGAA-3) 1x Ad2 BB EFEF1c 5 T 20,734
Hafh o 21,737 HEETHCHY T 2 1,004 HEN & HIE
L, Kl PCR 2175 77 1 =—+t vy b (AdnU-§" :
5-TTCCCCATGGCNCACAACAC-3'5 X Uf AdnU-
A 5-GCCTCGATGACGCCGCGGTG-3)ix Ad 2 Bl
HERHIC BT 20,743 HEX D 5 21,698 HEEEX I
T % 956 HEE R IIE T 5 & D ICRREFL 7.

ii) Nested-PCR

774 <—+%y b+ AdTUT & AdTUA R k> THE—
BRETW, 774 3—%y b AdnU-S'& AdnU-A
X o THE R PCR 21T 72, PCR KIGIC 3D 5
¥ &7 DNA O] £ 72 3B T 100 5751
L7z#EOL0ul 2FRDNAE L THWT,0.5mld
Fa2—7 TfT-72. PCR K JGH#E 50 pl 12 4% 10 mM @
Tris-HCI[pH 8.3],50 mM @ KCI,1.5mM @ MgCl,,
200 uM O dNTP (9 & b 5 dATP,dGTP,dCTP,
dTTP), 0.5y M D EFRhFID T 74—, BLUT 12
—w b® Taqg DNA polymerase(Roche Diagnostic
Systems) 7% & % #L T W 7z, PCR ¥ I Perkin-Elmer
Cetus ¢ Cetus 9600 % A>T, DNA £ 94°C 1 4
M, 7 =—1 > 2713 50°C 1 438, DNA R 13 72°C 2 4%
EE1%14270EL,57364% A 20T 1pg/RIG
Fa2—7 0 Ad5 BFEHRERE DNA % PCR Kt @ B 45

7T/ A v AGER S O RGREEHT - TR 165

e L, @EAoREEAY 2R E UTER L.
PCR KIG#, KIGH D 9 B ® 5ul # 0.5 ug/ml O x F
AT uvA FEEGBELEZIR THAR—ASVICE
SEEL, HUORE SO/ > FOBFE(,004 HHX X /-
1& 956 HaE) & SRS T TRIZ L Je.

o, AdPA ORBEICEET 3 BEEOR VY A v
A (herpes simplex virus 1 #& & OF 2 #J, cytomegalo-
virus), B & (Candida albicans) L U # & (Sta-
phylococcus aureus, Staphylococcus epideymidis, Strepto-
coccus pyogenes, Neisseria, Haemophilus influenzae,
Pseudomonas aeruginosa, Mycobacterium tuberculosts,
Corynebacterium, Escherichia coli, Proteus wmirabilis,
Klebsiella  pnewmoniae, Chlamydia trachomatis) @
DNA # w7, 2 @ nested-PCR gD Ff B4 2 HEFE L
z,

& 512, nested-PCR DB E 2 HE S 5 7: 0, BEHIO#
FED Ad 5 BIEERERR S & HliH L 72 DNA i L PCR K&
G#EfT-7z, 7 /=7 aakvaAiBE, =¥/ —n
W #1772 Ad 5 BUIBEHERRD 7 1 )L 2 DNA # 2 ot
EroEHL, Ll 10°@rs 1EE TIREZFRL
7z, ZOFTIc T LA PCR B2 T 72#,0.5 pg/ml
DXFIvL7uwA FEFLIB THO—AF MK
£ B ERIKEN 21T\ 956 I D3> F 2 /MR T 8
ZL7,

iii) Ad 7R3

Ad ©4rEERE 313, HEp-2 §ifg & HEL il = Hw T
ol MEESESHROEZ S ol b DD I b,
PCR BB TH » 72 L T ik 6 ROk E %
17w, ZoMIcHilEZEMRIRO A LM G P b DES
MR aERatE & L7 MRS S 3T HEp2 #ifas L U
HEL #ifi %2 v T{iT- 7. PCR #3fatE Th - 1ot
wf LTk 2 okt %277\, Chemicon International #f:
O Ad €/ 7 u—F HikEBRWTREL .

3) Ad s [EE

i) PCR-RFLP ¥

Nested-PCR #3[5 Td - o ffkicxt L, 3 FO iR
B#3% Fco T 141, Hae 111, 8 X Uf Hin {1 OYI# 7 — >
A EHE % PCR-RFLP #: %1757 . PCRZEIC L -
TH & N7z 956 HiFEnt OB (R FIEEEY) & 3 FDHIFRE:
ETYIM L7805 ug/mOF Iy TaxA FE
EHLIZ3% THu—RA VICBERKE L, Tk S5 —
D s U R T = S B

i) HhHIEER

SYBEREEE THINE I Z R A & s BiRic T L, Bt Ad
BEHEME I & 2 MEREEETo /2.

IIT & e S

1. 754 v—0is8M
F AdFERAEROMER (3 8, 4 8, 88,11 H,
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a) H1EBE PCR

1234567 8111419374041 M

1,004 bps

b) ZB2EfE PCR

1 2 345 6 7 8111419374041 M

956 bps

1 HEAEHk 14 MiERIZ (TS polymerase chain
reaction (PCR)HEDHEE,
a) % 1 EhE PCR O, Ad fEHERE 14 MAEE 4~
TIZBWT, 1,004 HENLOMIREEY D & 6 5 (B
#5).b) 5 2 ERRE o PCR O#E 5%, Ad BE#EEE 14 I
BF_NTICBWT, 95 HENOWIBED A S R
5. Fr—rolFiR AdomiE ., M 4
TFRY—Hh—0 ¢X 174-Hinc 11 2587,

19 7, 37 BY) 2 & de 14 MR OFEXERR T T O DNA &
BWT{,F—HBFEPCRS4 v—+vy b(AdTUT &
AdTU 4)12 & - T 1,004 H 5085 T EW 3 HElE 2
., BB PCR 75 4 =—+% v b (AdnU-§' & AdnU-
A ko T 956 SR E N DM ETEY HHEIE S iz (]
3N

Ad DISNOREBICHFAET 2 REEOE WY A VA B &
U E @ DNA % v T, & O nested-PCR 3 0 4 52 14
BHER LI AABUADWBTROEYD DNA » 5 b1
RIS IR BE S Lo 7z (ERIERT).

2. PCRZEDEE

SEOPCRIEICED, 1 RIGF2—7%7-0 103AD
7AW ADNAED S ORIEBEEETH - 1= (FEHE IR
).

3. Adi&H

R E» s OEHEPCR TR 7084 b 38 # 4
(54.3%) T Ad BB TH oo, —FH, DEEERE TR
70 Bfdh 33 ®ifk (47.1%) B3 T H - 72, PCR #8514
THolzED S5 b,86.8% (33/38) b3 43 Mt 8% # [H1E T
Ho7z(F 1), HHERSEE TR LHE S Ll BRI EY
24.6 HET Ad A3t & iz, PCR M T H - 7otk
BRI RToEERETHo 2 (F1).

4, Ad MBFRRE

1) PCR-RFLP 12 Xk 2 Ad BE¥eR O IMiERIE E

BENEREYIE Eco T141 TIX 789 — >, Hae 111 T

HIREEE  100%

(%]
afn

# 1 Polymerase chain reaction (PCR) %

EDBHEEE E OEE
PCR

i
. 33 0 33

SRS i
TRERTR 5 32 37
-1 38 32 70

a) EcoT 14|

M1 2 3 45 67 8 111419374041 M

— 1,000bps
500

— 250
— 100
b) Hae lll
M1 2 3 45 67 8 111419374041 M
— 1,000bps
— 500
— 250
— 100
c) Hinfl
M1 2 3 4567 8 111419374041 M
— 1,000bps
— 500
— 250
— 100

2 FEHERE14MIBEE(ZE S PCR-RFLP (rest-

riction fragmet length polymorphism analysis)
DFER.
Ad EHERE 14 MIER @ nested-PCR EY) #,a) Eco
T 141, b) Hae 111, ¢) Hin fl1IZX > TYKL -5
B,Eco TI4ITIE T /8% —>,Hae Il TIiZ 12 /%
& — Hin fl TIZ63% —> DUy — 2 hi %
hEREsh. L — 08T Ad OMmEE, M
BT E~—4—0 ¢X 174-Hinc 11, HimD 1
DNA o4 FREEFRT,

12235 —  Hnfl T 6 87— fllra iz, 20
SEHOHREROUN Sy — > 2iladbE s 2 Lick
D, Ad BHEMRD 14 MEBR T X TOREVTRETH - 72
(F2).

2) PCR-RFLP #:12 X 2 B RMRAE O i H 6] &

FE I ERY) 70 Fefdh, PCR 2380 T & - 7= 38 ko
AR OB 13, Ad 37 B2 17 ¥k (44.7%), 3 BUAT 15
MR (39.5%), 11 8 % 3 #RAK(7.9%), 8 B 2% 2 Rk
(5.3%), T LT 4B 1 BER.R)Tho72(£2).
PCR 251 T BERT S BRE TH > 12 5 ko PCR-
RFLP iz X 2155813 Ad 37 BUA% 3 Kefk, 8 BUAS 2 kR
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#2 PCR-RFLP (restriction fragment length poly-
meraphism analysis) ;EDER

TR < 11} ) % n=38

B 3 39.5% 15
1 7.9% 3
D 8 5.3%
37 44.7% 17
E 4 2.6%

wThoiz,

3) thAIERERIC L B Ak OB H

SR DB T H - 72 33 M I L TH Ad HEHe
M & 2BFEAEZITo72. FORKE,Ad 3 B A 15k
#4(45.5%), 37 B A% 14 AR 4 (42.4%),11 BY %% 3 Mtk
(9.1%), Z LT, 4 B 1 & (3.0%) ThH - 7z, 2 HEERS
#iEM T H - 72 30 ik PCR-RFLP #: & h 1348 1
L 2MERFEEOHRIZ T T—HLL,

PCR-RFLP & TR AL 54 3 HRE T Ad 0l
HHEE  TARETH- 1288, DiEE—h AR TR
MRS SRIEE TRIETS 2:8HZLEE LT,

IV # %

4[|k %4 1%, PCR-RFLP g5 % T Ad ® DNA %#1E
Mz, 7 L CREICRI T 2 BREOH L Wik E
LTz, 2 OFEEGBEERY 70 REICEHE L, EkD
Syt —chAIRER L HEBE L 72 & 2 B, 38 BRiA (54.3%)
TPCR BB TH o7z, 272, D EEM TH - 72 33
Bz R TCPCREBMETH-, & 512, PCR 5
Thol- 3B MEIITHR, SH,IIB, 8B, BLU4H
@ 5 MERIZ S W, SRR D 33 Bk o HHIE
B - PCR-RFLP Z0Of5R b e —H L 7z,

7 A A DNA BEEBOGE» S HE L7 Ad 5 BIfH
BElz, 2 @ nested-PCR 2{TWEEAHIE LT & 23, 1
RIGF = — 74720 10ME D 7 4 v A8 & O 23]
fETHotz. THIBEKBREIC BT 5 PCR & MR %
BEOMEFRA B LU ERE» S B, ERH LR BE L
Fzohi, LHL,Ad BSEEEE LY A v AKEET
NITHEBEAERET 200 3ERE L TCHABETH L2
W, EH PCR 28018 R 5MEBLETH 3,

PCR RGO ®ic, TTIcHehicEN T3 Ad 2
B, 589, 40 B9, B & OF 41 BIOD~F Y HEER OEIER
Fl| % o U, M FEE O & a4 2 2 A T nested-PCR @
T4 v—%BH LIz ~AFY VEEEAWLZAID
PCR & L T i3, Allard 5723 308 # 3£ #f, Kinchington
5993 306 HMEM OWIBRIE 2 T>TWw 5. HESD7 7
A =—izxt L, B2 D7 F 4 = —I3 956 HEIT & BE0E K
IEHE L, BRI 2R Z TR LF Z ol L
L, BPFFEOF 1 2 B, fEEE FK 2 3 Ad O
MERORIEETI 2 & Thole EEALRERD Ad

T TS A v ARG R OIS - R 167

OmEMEA < &b 6 FIH(AD 38, 4 5, 8§ 8,11
0,19 &Y, 37 B) BT % 728, PCR RGO #% 1 RFLP
A 217> TIMBE R OFE 21T 72 D2, RWIGIEE
VMBBLEErEZ SN, ZOPCREZEE»S LIZL
e ans AdS O A VA B X UH#IEO DNA
HLiTok e 23, A DOBThOMEY DNA T
LIBERCRBEE ST, RRESHEI L. —7, Bk
B 774 v— 2B LT Ad OBHEIEERRAAI LW
IRED botr, EHTAREMBERLLTHLTH 25
SR BENS A~ LIREREHATHD LF 2
5h5. LoL, EELERO Ad MERIZP 2L LD 6
HENEET B0, FhThicHBRN T4 ~—%
AL, BT IEEY O E S S W BIREY O K
STMERRELZTD L ERETH Y, AdBEED
MEREE: 13 PCR-RFLP 2@ L TWwWa £ 2 5
o,

Ad BELSEC B 2RBEEO R LIWETDH 5.
ek, Ad #EER OZKT L BRI IC X 2 Ad O & 8T
Ad M & 2 MERORE TH- 1z, REHER»
& OEIL, 36, WECRZ L L3R 0, PCR KIGH
EMENIIEAEFEELEVED, FmRKHELE L TE
BEPCRESWRETHY , RBER AL EFZONT &
7z, PCR L3 RS RO BRI B 0 £ O Ad MO 4MFH
FtrcrEAs T, REEERHE T2 LN TES
PRItk BHMEL 2 HRECBWTHFHWERE
PR T X B, 1A TAWZE® PCR-RFLP #13, B R
AHcBLToMEEE L KL 2B —BEH 100% T
Hot:Z b, RIETHH 28 %2 T T 2 MR
HBcH L TH 3 HET Ad O MBAIEETH - &
6, Ad EEAORERKEE L TOFAERR S
fo. SEF 2 G, ZOHER HERENS L UHERESHICE
7% Ad R OELHABECLICH LR T2 TFETH
%,

ARG BB L, AR CH O He o TR
4, SEIRIE— S, BRI, HBRBEARB L 12 E < AL
mLEFET,

X #
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