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Studies on Bacterial Drug-Resistant in Aquaculture—I
Drug Resistance of Bacteria in Pond-Reared Eels (Anguilla japonica)

Houng-Yung Chen* and Guang-Hsiung Kou**

Abstract

The occurrence of drug-resistant bacteria isolated from internal organs of
cultured eel (Anguilla japonica) was surveyed by plate counting and their con-
jugative drug resistant plasmid was detected to estimate the drug resistant status
in eel farms in Taiwan. Sulfamonomethoxine(Su), tetracycline (Tc), chloram-
phenicol(Cm) and nitrofurantoin(Nf) were applied to select resistant bacteria.
Microflora in every organ, regardiess when and where the fishes were sampled,
were composed of a certain quantity of resistant bacteria. In average, 10 percent
of total population was resistant to Su, 8-6 percent resistant to Cm and T, only
1 percent was resistant to Nf.

Among the 649 drug-resistant strains randomly examined, 39 percent belonged
to Enterobacteriaceae, 18.2 percent to Aeromonas and 10.2 percent to Psexdomonas.
Flavobacterium, Achromobacter, Alcaligenes and other G(—') rods were also detected.
145 strains (22.4%) were found to have carried R factors. 45 percent of Su-resistant
bacteria, 24 percent of Cm-resistant bacteria, 8 percent of Tc-resistant and 2
percent of Nf-resistant bacteria were R* strains. 33.9 percent of Aeromonas, -24.1
percent of Enterobacteriaceac and 16.7 percent Pseudomonas examined carried R
factor. All the evidences studied in this research indicated that high incidence
of drug-resistant and R factor-carrying bacteria in cultured cel was encountered

and was assumed to have resulted from the abundant and frequent use of
antibiotics and chemotherapeutics.

# L1

RN RN E ST + JMSRN FEA 4 ERMZ S-S (0 penicillinase) » M
(ERRZRR - REEMRENITERZE%E (permeability)(Pollock, 1967; Anderson, 1968) ©
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EELE BRSO RE RN EE LS 5 FRFR (molecular level) 2258 RRESEIBHU A
AL LIRS - 1940 ERTH  EEEL BB YFRE BB (Abraham & Chain,

1940) LUz » FEFMEFRRCEFEFCAEBRRRKZER » EHAHEN AR ARES - I
EEHRCHEERER AT S (conjugation) REFEBAEE (transduction) » # A FAY
Rl TEECRNERNELE -

1959 BAWEE (Watanabe, 1963) BEEHTEEE ( drug-resistant determinant
gene) + EEFRTEMBER T (Resistant Transfer Factor, RTF) 2325 » WHagis & Shigellae (&
EREFRENZE. coli» THUHERDRBEEFEHBR R BF(Resistant Factor, R factor) »
R BFREMARER 2 HE(plasmid) » R iE DNA TR MU FERARES - £a8E
LRyrhitt 0 RENEE(PID) 24K - REFZEBEBRARE AR » ETHNIDEEHBR
E(donor YA X EW (recipient) BRSEER [BER] (Watanabe, 1967) -

Bl 2EAEMBERERE RN ARER 2 ARG ﬁ&?ﬁﬂ?]’\ﬁﬁmﬁgﬁﬁﬁﬁlh
» RRBREBEM o B2 A IETIRAR S - LREBYZ £ & (Stokstad, 1954) » <&
A RS BBEMEER » BREFASEHREME (multiple drug-resistant bacteria) fELE (
WA 1974) o 185E Aoki er al. (1971, 1973) HBA X WMBEARBEAAFEFTHHESHEE » BAA
ABRMAFRFEARL® R BRI ZARBLEARES + RERGAES R ARE BRYNSS -
Shotts (1976) 7% ENEEREERAEARRE L K ZHE - b R B 7 8t 2 Aeromonas
hydrophila Wi » & LL5%A—EBSMPR I » MRFI41ISZEHR R Bk o 2EE
ERERMAMER AISE 280

AECRTNN » ABEFERR > RUARRARERE » RUKES THEEE » VRSHE
RN Z 0 BETEEHEERDHAN + 1977) « BREE A ZHERNETERS - RPLIk
Ex3E%| (sulfa drugs) » [RRR{E¥ (tetracycline) « $ ¥ (chloramphenicol) Bkiim (Nitro-
furans) SEABRRYEE - AFENDBMLMETENSFERE » BEERM AW FMERN LM
BAERELFERFRBESREZIHNHS » XWX R BEFHBEZHEE ' LTRAERRR
PLEEARNTRAERNELNEZEY I REFRENEEEENETHR 2% -

HERFE
-~ RHIHRF

B 1977455 RZ 1978 3 5 » » DHIAEEE 3K (L, L L) » Asl 1 K (K,) %0
FHRE 2 SRAS (K, f K,) RRMARS  SFR87HARATR » SRERLLUARTE
EZBAT  ERBRAREBIAMERE (Table 1) o SREFEM 4—5 RER > HENWE
SRWEHd » TIWALES » 2 MERRERREETAEIN - SN » £HORE  RHR
BABERTAARR » MENEE NRARETRERS - RILZ A LHEARRSEARN W
# (Table 2) ¢



Table 1. Sampled fishes from six culturists

Culturist
Mon‘h —_— — — e e e e e sam s e —— - - - J— —_ - ————— -
L, L. L, ' K, K, : K,
May, 1977~ 0/5* - - 0/5 — T
Jun 0/5 - - 0/5 —_ —_
Jul 0/5 — — —_ —_ —
Aug - 0/5 - - 0/5 0/5 0/5
Sep 1/57=* 0/5 0/5 5/5% H 0/5 o/5
Ot 5/5 - - 474 0/4 0/1
Nov 174 0/4 0/4 1/5 0/5 0/3
Dec 0/4 — 0/5 0/3 0/5 0/4
Jan, 1978 5/50" ) 0/5 0/2 5/5° 0/5 0/5
Feb 0/5 - - 5750 0/5 0/6
Mar 1/5 . 1ysP 0/ 0/4 L o/4 o4

* Number of discased fish/Number of experiment fish
** Symptoms of apparently diseased fish

p: plistophorosis

r: red-fin disease or Edwardsicllosis

t: tail-rot

w: water mold

Table 2. Prophylactic and remedial drugs administrated by six culturists

roph lm:-i Remedial drugs
Culturist [:icpd:ugs 197777 1 . f 1978
| May | Jun. | Jul. | Aug. | Sep. 1 Oct. | Nowv. | Dec. | Jan. | Feb. l Mar.
L, Nf,Te — | Nf '@ — | — | — |NiTe Nf, Tc | Nf, Te | N, Te | — | Te
L, — | s | o ! @ . — — —_ - I .
| i ! ’ | | | | -
L, . —_ Il L] : » i . . —_ ! - i _ | Po— | =
IR A S I = [ g
K, | Cm ! *® B | — i — | TeSu = = ==
K; | — | . | . ]. . I Nf, Te | — | — 1 —_ - | - - | —_

Abbreviations: Nf, Nitrofurantoin
Te, Tetracycline' and its derivatives
Cm, Chloramphenicol
Su, Suilfa drugs (mainly sulfamonomethoxine)
—, No drug treatment
*, No sampling in that month

= kA A R

AHRFE RIS AE RN EREKERRNE A2 Sulfamonomethoxine (Su)»
Tetracycline (Tc), Chloramphenicol (Cm) FE P-7138 (Nf) £/qfE3EW - Nf HEER
Dimethylformamide, Cm HIEE R B RERELK » MHROEENEE 5B AREREKS
PR PSR (stock solution) » B EEMMAE®EZ 60°C Nutrient Agar (Beef extract g,
Peptone 15g, NaCl 5g, Agar 15g, Distill water 1000 ml, pH 7.0-7.2) » SFRWBE S HE Su
500 wg/ml, Tec 25 pg/ml, Cm 254g/ml, Nf 12.5 pg/ml (BARFOER » 1973 ; ®K » 1974;
Petersdore & Sherris, 1965) » TR A% * DPHEAERIAD ZWB T+ » EEHROALS »
FFEREWEISEE:  ENTIPLEEA -

g J'J‘
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EBRARIFIEY 4~5 BB B 5 » Il urethane 57 MS-222 FiBr#k » 7EEEBET - RH
B-F-FRESHRE i 4~5 BEZREFEGE—R '8 1g EEN 10 m]l BELER
Bk (0.85% NaCl) > Wi#bi9E# (Homogenizer) FTR3Z 8 » H5ES » I 1 ml RESPR
# 5 BEBrZ 10 (5FH® (ten-folds serial dilution) %%l > FIEAZARBEARELZE RN N
EEAERE 0.1 mb BERABTFOSRAT SR TFREREL » Ll conradi’s stick 355835 »
EREETH 28°C ZEBES » S48/ Behdk » LARHAERE L2EE - X 1 g ARKS
RNER—BEZ AR - BETHEEE FERZEESEE 400 @ AIRNTEIES o ht » 751
PEERE PREARZEL L SHEERNREERE LRTE ) LREERRZA -

@~ SME AR
EREMERTEE  AESEE S ERE LY + 2% Bergey’'s mannual (Krieg, 1974) »
Davis et al. (1973) + FRIM(1973)E~ FREE » MO RE /B Enterobacteriaceae, Aeromonas,

Pseudomonas, Flavobacterium, Achromobacter, Alcaligenes B Unidentified G(—)rods %+
TR

E~RHEF

4§ WA penassay broth (Difco) b ¢ 37°C THBREFNE (O.D.) K04 XIE
HERMR TSRS EE (Escherichia coli K12 7 substrain RC 85: lact*, Nalr, Tc*, Cm®, Su*
Nf*) 2 Penassay broth ¥ - REE (1~2 ml) HWERZEBIHRE K 37°C TREH
R24/PEEE 0 LB BOEER A SRIEEN 44 nalidixic acid 100 ug/ml Fof B MEZH
EW (WP ERAAIEMA) = MacConkey FigsgM¥ (Difco) - R 37°C EBFETHER
4B BEREEERE L RS ZHE - SOWER lactose positive » T MacConkey Fi L
EEFeRAWOe  MENSEEEERN EMB FiiegX (Difco) £ 37°C THEE 24K B
REE HREREENROWLR 0 NATESMES Rt EHMES lactosc negative B
MacConkey 8% - WK SWE &8 » AIEE EMB SXEZERER » HAHAEITMER R
| B o #fb#e MacConkey %% FRERAWLERE EMB XX P FESBARESFMB/T
2 R BF (R-) (Shous, 1976) « HMEFT ME6498e » F_HEKBE %= » BT RETRE
R 647 ¥k o

& R

— - REUZILRALH

EL ] %’!Eﬁ&ﬁZiﬁ%ﬁEﬁf@—ﬁﬂﬁmﬁ%ﬁﬁﬂ (% g ARBEFSTERAEE)
s ﬂﬁﬂiﬁﬁ:{ﬁ& B ETFRS A4 (Factorial analyses of variance) » Hg#in Table 3 By
T ZBBRRZAERERTMN » £ A 0H » RAEKMISHERENTA » I8 W FFREN
RERNECERSHE (RENE) FEXER  MEREXARZAR BREZAERFZEE B
BYM{L o —RYEE - Hi Su @ ~ #1 Tc ¥ - # Com WRH Nf EMURRF2ERZER -

BERENM 2% (OrganxDrug) » BT L, BB/ 2 5 KRPIHAEE » ET—BER
VBB ELBREHBES/CAZAL - T L, RMSZRTRRNZTRES A ETERRER

* 4: Positive; = Resistant; s Senaivive; RCES G B AEE XBEXERE M AEETHRHE




Table 3. Factorial analyses of variance for logarithmic numbers of

drug-resistant bacteria per gram of viscera from six sampling

culturists’ eels during 1977-1978

Analysis of variance

Cultusist Source of 1 Degress of Sum of Man T o
variation I freedom squares square
L, Organ : 3 289.27 96.42 102.48**
Drug ' 4 173.66 43.42 46.14*
Month 10 104.35 10.45 111"
Organ % Drug 12 23.57 1.96 2.09
Organ X Month 30 109.58 3.65 3.88°
Drug X Month 40 138.05 3.45 3.67"
_ Residual 120 112.90 0.94
L. . Organ 3 53.05 17.68 21.13*
. Drug . 4 3218 8.04 9.65°
| Month 3 32.82 10.94 13.13*
" OrganxDrug 12 22.42 1.87 2.24
OrganxMonth 9 31.27 3.48 417
' DrugxMonth ! 12 ; 13.30 111 1.20
" Residual : 36 ' 29.99 0.83
L, Organ 3 130.19 " 43.40 30.07*
Drug ‘ 4 46.51 11.63 B.06*
Month _ 5 48.84 9.77 6.77
Organ X Drug . 12 43.05 3.59 149
 Organ XMonth | 15 98 5.32 3.69%
| DrugxMonth 20 19.08 0.95 0.66
| Residual ; 60 ' 86.59 | L44
K, | Organ ' 3 8538 | 28.46 1423
" Drug ! 4 . 197.04 | 49.26 24.63%*
_ Month 8 10531 13.16 6.58°
 Organ xDrug 12 4708 3.82 1.96
_ Organ xMonth 24 101.74 4.24 2.12%
! DrugxMonth Rn 8353 . 2.6 1.31
]-, Residual ; 96 18146 | 1.89
K, I Organ i 3 . 35027 | 116.75 10747
Drug i 4 7435 | 18.59 17.11**
| Month ? 6 5256 | 8.6 8.06**
| OrganxDrug 12 : 29.02 2.42 222
- Organ XMonth 18 99.02 5.50 5.06**
Drug X Month 24 39.91 1.66 1.53
Residual - 72 78.21 109
K, Organ - 3 134.11 +4.70 18.21*
Drug 4 107.19 26.80 10.92*
, Month : 7 203.42 29.06 11.84%*
' OrganxDrug 12 40.24 3.35 136
' OrganxMonth | 2 31591 15.04 6.13%*
Drug X Month 1 28 53.30 1.90 0.77
. Residual i 84 . 206.17 245
s P05 P01
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* RPBHRAZ—RERA TREEL R T 2E L L EHRAGER - REERAHHZIE (Organx
Month) #Z3BHEX » HOFTES ARLBELRERENRL  EXREMARENHTE « BT
L, BRGHT - R 5SHRMRA H 22w (Drug x Month) HEFTREE » EETEXRRBTA
B 4 EHREN AR HRAFEREXER -

27 ERERES  LUBE 2 SHER® (Table 4) + EFNHRFLMERE (Duncan’s new
multiple range test) BRTHEARADBETIRERAMUBRTERS -BEROESEEXS  BF
R SWEAE LEFRER (ETMSE L, R KD ERES K, BRZTHEERM
KRS o FRFERZ SRR EVTNER » 6 RN+ E ¢ FEREEREN 7 2 KiTR
SWBEER  BURERE BB L, L, R K, 3 $TFRAN SRR T MERED| o B EARRT]
DEBEBTZNBEER-BRZEE URERS B -FRREIBEME » ARRIER > b
BAaERRARR T BB T ZENAE—EHEM -

Table 5 BEABRMSR AP E—RERFINERDONF - TEEFSBRURESRET » K
T L REK B84 AREBZH Su B~ Tc & H Cm HRHA Nf BZHRELEEE

Table 4. Results of Duncan’s new multiple range tests for logarithmic
numbers of bacteria from intestine, kidney, liver and spleen

Mean logarithmic no. of bacteria in

Culturist e - e |

Intestine i Kidney i Liver I Spleen
L, 4245 1979 1971 1171
L, 2.960 1.333 0.868 1.156
L, 3.358 2005 | orsz | 0946
K, 2672 Lss | 082 | 1.830
X, 4.846 2186 | - 0.732 1243
K, 3.488 1.957 ‘ 1475 1071

Any two means underscores by the same line are not significantly different.

Table 5. Duncan’s new multiple range tests for logarithmic numbers
of bacteria under the seiection of Sulfamonomethoxine(Su),
Tetracycline(Tc), Chloramphenicol(Cm), P-7138(Nf) and no
drug selection (Nt).

Mean Jogarithmic no. of bacteria resistant to

Culturist — — 1 -
Nt | Su Te | Cm | Nf
L, | 3783 | 2.880 1952 189 | 1263
L, '- 2.641 \ 1.756 1.603 1122 | 0.777
L, 2934 1735 | 1788 | 1.35% 1.129
K, ; 3.642 1018 1z | 1017 0.811
K, 3 3.662 I 2158 | 2005 | L7 1.691
K, 3.548 E | 1.852 1922 1468 1.198

Any two means underscored by the same line are not significantly different.
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HI7RE > BT Su BB SHGREREI0%E5  HHBETREMEEZ%4% (BHB L6 5
it Te EXMUBEFEETEYFEERHVE EEEZHBEEFRETHI Su B4 - R 8
THRENERE EBERE FXTEE o 5 NI B2 BREYE - THOGREREN 1% B
EERENCIT% 0 HFBEEE - 31 Cm BHEBERRK Tc BT —SaHBENER Sv BH
#ONf EHBEZR -

B Table 3-5 2@ 5o REERIBROERET . SEIEEBRCAG®L  EEERNE
» IR MAMET + TERFEEECBBETEW - By BTREAERREZLREFE
SRR ESES  AmEI9TTESBRI0A « L, B Nf @z UBRERER N FIREWE
F 7B b0 Furanzolidone [liE#iEfR (Table 2) TSI NI WA BRAIB%K -

=~ HEHHEN

HESHENNTRERETRRB A MEHE » B6498H - P Su 82048k » 1 Te Ei62
# 5 Cm 8 156 3% » 5 Nf 8 1278 (Table 6) « i Su 1 204 ¥ +» & 27% 5 Aeromonas »
i Tc Ehord 27% B Aeromonas+ i+ ¥ Cm BWHRH Nf B Aeromonas RiY 1% ;
Pseudomonas {551 Su Mz 5% » {54 Te 829% » AMAEH Cm W2Z15% » L NI E213% -

Enterobacteriaceae {5 Su %2 31% » {540 Tc B 235% * &30 Cm W2z43% » S NI &z -

519 o SMELEEREREY Aeromonas 3 Su B Tc 284U (sensitivity) H3 Cm B Nf H{E
&5 7B Cm B Nf BIEWZERE Aeromonas 3R AIER LI AR  3FEEY » Pseudomonas
Su B Te Z#MEE Y Cm B Nf X « Enterobacteriaceae SR TBER 2 8RS Su, Te,
Cm, Nf ZRFEIRME -

Table 6. Bacteria groups of drug-resistant bacteria selected
by Sulfamonomethoxine(Su), Tetracycline(Tc),
Chloramphenicol(Cm) and P-7138(Nf)

Number (percentage) of isolates resistant to

Groups of bacteria

Su : Te | Cm Nf
Aeromonas | 55¢ 27) 43( 17 1w n | 9o D
Pseudomonas ‘I 10 5) 15¢ 9 24015 | 17¢ 13)
Flavobacterium ! 16( 8 | 100 6 | 12 8 | 8( 6)
Enterobacteriaceae ! 64( 31) 57¢ 35) | 67 43) | 65( 51)
Achromobacter i 13 6 9 6 | uw n | 8 M
Alcaligenes : 4 2 2D kT I 3C 2)
Other G(—) rods ‘ 2021 | 50 1) 28( 18) 17¢ 13)
Total number 2040100) : 162(100) | 156(100) | 127(100)

ENERMBPZNEIEA =R (Table 7) AHBRE Aeromonas (EREHIEZ 18% »
Pseudomonas #3{% 10% + Enterobacteriaceae #1{ 39% » R 14 32% o BB AR RIEN
HE—PENEEE » — MBS Aeromonas {5 21.7% » Pseudomonas {t 8.6% » T Enterobac-
teriaceaec RIGL5%E %

(i



Table 7. Occurrence of major drug-resistant groups of

bacteria isolates from six culturists

Culturist

Groups - ] - Total
L, . L L K, K, K,

Aeromonas 45( 18.4) 15( 36.6) 11( 14.7) 10( 13.3) 16( 167) 21( 17.9) 118( 18.2)
Pseudomonas 30 12.2) 3¢ 72.2) 7C 9.3) 8( 10.7) 6( 63) 12( 10.3) 66( 10.2)
Flvvobacterium 13 54) 0 5 67) 9(12.0) 100 104) 9 7.7) 46 (LD
Enterobacteriaceae 107 43.7) 17¢ 41.6) 33( 44.0) 23¢ 30.7) 33( 34.4) 40( 34.2) 253 39.0)
Achromobacter M( 57y 1( 24) 3 40) B(10.7) 7C 12) 8( 68) 4l( 63)
Alcaligenes ( 2.‘9)' 1C 24 1 1.3y ¢ 4 42 0 13¢ 2.0)
Other G(~) rods 29( ID.I)I 4( 6.8) 15( 20.0) 17( 22.8) 20( 20.8)_ 27( 231y 112( 17.3)

Total ;-245(100.0) 41(100.0)1 75(100.0) 75(}00.0)i 96(100.0)j 117(100.0): 649(100.0)

* Number of isolates {percentage)
Z-#HE R AT

E210R 8 T8 64THEHIIE F » H 1418 (22%) R#® R BFZ R* Bk (Table 8)
o #rb » Hi Su W204EK (45%) % R BT » #94FTA R Wk 62.8% » REER
REP L AR  TcHIOKFH DK (8%) B R+ & » 1l Cm F1S6B-PH38% (24%)
#F R EF 5 Nf @2z R+ ExHBERE - 120%H Nf S+@R3% Q%) R R Bk

m4$ R BFHB2ASRE  RRAERSZ L, K, R K. ZFRMSARE® R™ Bk

- HBEDBIR26% + 30% + 25% (Table 8) » LEMBEEDPZ Ky B L, 2 RHBZ 1158 17%
B - RAKAHRERYZ L, RS B R RFZHRABRM4S » RAEEZ L, # (17%) i
. B DITESANRS T B ER0I ) MRS ZEERRE  RUAERYTER - X Su ¥

MESRETE » 5 L, R K. 2 RS HM4BISRE Su 2R BEHRAERNRETRE
«K; 58 L. BB Z R* FIEBEAILI Co BZHREREK ©

Table 8. Incidence of R* bacterial strains selected by Sulfamonomethoxine(Su),
Tetracycline(Tc), Chloramphenicol(Cm) and P-7138(Nf)

Bacterial strains sclected by,
Culrurist - Subtotal
Su | T | om Nf
L, i 41/65* ! 7/68 l 12/57 3/54 63/244(25.8%)
L, 513 1/15 Y 0/4 | 10/41 (244%)
L, 11/34 - o/13 | 215 o3 b sms an3e)
K, 18/34 . 2/16 ] 2/9 I oo/15 . 22/14 (29.1%)
K. 9/25 | 3/21 ]- 12/30 . 0/20 24/96 (25.0%)
K, 7/33 [ 0/29 \ 6/34 Lo L 13/117(11.1%)
Subtotal | 91/104(4416%)5 13/162(8.0%) l 38/154(24‘4%)} 3/127(2.4%) | 145/647(22.4%)
! |

- * Number of R+ isolates/Number of isolates examined

EBAHHEEE RS R+ BHBAZHAE » 2BM2EREX (Fig. 1) BHFELINIE
- R HRI1AHM » 6@HERKEMSS » R1978% » F4FRAUBLABLAFRAE -
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Fig. : Incidence of R+ drug-resistant bacteria strains isolated from six culturists, 1977-1978.
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NEEMEHIBRE » #9% R BTFeHZERR (Table 9), Acromonas # R BF2HERL »
ELBGEHBEE: Aeromonas 408 (33.9%) 725 R BT ; Enterobacteriaceae 3K » 253
BOBMESAOE (241%) B R* @t » BRKB Preudomonas 216.1% » 66k 7B hA 115
BABREF o Flavobacterium, Achromobacter B Alcaligenes S3EES » FE—FHEEBRET -

Table 9. Incidence of R plasmid in major groups of bacteria
isolated from eels of six culturists

Culturist

Groups - Total
L, L: L, I K, K, | K,

Aeromonas 19/45°(42)  4/15(29) 4/11(36) 4/10(40) 4/16(25) 5/21(24) 40/118(34)
Preudomonas '10/30 (33)  0/3 0/7 1/8 (13 0/6 | 0/12 | 11/66 (1T
Flavobacterium 0/13 0/ 0/5 o/9 . 0/10 | o/9 | 0746
Enterobacteriaceae C27/107(25) 3/17(18) 5/33(15) 9/23(40)' 11/33(33) 6/40(15) 61/253(24)
Achromobacter 0/14 |0/t 03 0/8 | 077 | /8 0/41
Alcaligenes 07 7 S 7 U 1 A 72 /13

1

* Number of R* strains/Number of strains examined (Percentage of R factor incidence)
H ]

AREMRIBETRNRMBRETAAREZSH  SARHAEHRA  BEH Su BEES - H{5EH
BERKEStZ— i Nf Bl AEESZ— i Tc ®H Co BZERERAMR LR X
ZM - ERERYHARL  REAKARDHAENAERNHR N ERYREP L  FIRENY
WEME 0 HRMKR Richmend (1972) BHHEE » DRPHBBEAAFTMEHERERE » Bik
* UEERT SRV AR fn » —EMGEENEE + AFEAREFREN » ARARENEARGES
EHREMHHREZRTE - HARES (1973) HERFRKBEANT Tc BRHT Co B0
LA Te BREA Con BEHERERS+22—  BREARRZERIEL » BHURS » RS
REFRREMEREA » SERZERERSAZE ) BRETEEZ Tc & Cm ZEARS
. BREZBERHEBRXERS - '

FARESRRELA Co HHABKH Tc BE » B Cm @+ R BFHRELEHR
Tc BERE - APRZHERET » fl Tc BRH Co Bz HRFERBREBEHTR - EEREKE
®BiE Tc 2ERE Co #iE» f Tc BZHABERH Cm BRK « EVERKEHN Cn ¥
#% R BFeviELH Te BER& > AEPHNE-H R BFAFH Cm Rigr Cm marker

(20 Cm determinant) HHREWEEH, Tc marker ERHEBS » BEESH Tc ERH Cm B
ZHBRE TR TozERABERNER Co 5 MARENHER - X » R BF Cm marker &
Tc marker 2 ZFRAME (genetic instability) (Abe et al, 1966) » 3 Cm marker ZEHfr®
B8 (linkage map) b2 48347 B Tc marker $EFRMMBET(RTF) (Watanabe, 1967) » 7R
WRBMURRER - BARRKER » Watanabe e al (1972) RRERET Cm marker LR HBR
E9EEH - B 0 2% R ETF PR (drug-resistant pattern) FEHINF] » EHSE—HHENR

i Su EH 27%R Aeromonas » i Tc EhHFE 21%B Aeromonas » it Cm EFHR
H1%% Aeromonas s FLNI EEFRAETS o L » ML Su B Te @z AE R BFE - Bl NI
EEEIE » FILIEERSN » T Su BRI Tc = Aeromonas ¥{E 30.7% Rk o B RETERE
FEFHRRENAERBRTT (FLFS0RES) AW - FARESR (1973) f Aoki e al
(1971) Hwtel B (Anguilla spp.) » T (Plecoglossus altivelis) 08 (Cyprinus carpio) R
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> Aeromonas hydrophila I8EDMEHBHEEE Su B Tc /& marker 2 R BF » {8R Cm,
Nf marker 27 R BFHEPHE - AHEAESFEEAEOEER » FERUERASE Su & Tc
marker R BFZ A. hvdrophila 3|} » RERBERE LM -

H# Enterobacteriaceae 8 Aeromonas — % » E— i ERAEHPFRGHOLKE - BT R A
FHotmes « LI TRERRAERENRSE - R BEFFHRe A £R « Enterobacter-
iaceac FO{SZEHIME230% » TE—WMEHE I LHER 15%~18% - RHRZ Enterobacter-
iaceae th24%M8% R BF » B—FHE » Aeromonas HBESHE18% » —BEHPZHBEER

21%  REWEF R BFEEZEBEHRIMY - HETTHER Acromonas PiBgtemEL » R B .

FATSAYHEAI B R 7E Enterobacteriaceae frphifr B « HRHARE (1972) aviE— - WK
R BFHEE/) » HE K EHEEF R Enterobacteriaceac T8 + e 2 B4 - RIVERRK
BiEEEEE (population gene pool) RAEEIHERFERR (resistance determinant) » JRED
Enterobacteriaceae Byfimts %5 BH (3K (natural resistance) (Aoki ez al, 1971) 5 R
BFEEF S HE » EERRERINELL -

R BFHEXREMSERIENZRELRFOMG - EERRYEAK%Z L 0 K, ﬁhz
FEENS R BTFHRESNS6% 1 30% » 25% > RUEFHEREOLESERL L, (17%) R
K, (11%) % » ERIEREEREYZ L, 8 R HBRERNY  WREETRE Aeromonas
WHBE » HEABRMBRKHRSFTIIEM « B Acromonas AZ#7 R BT ATHERBEM o 51 NI
&+ R RFUBHAEREE  $42%  ENSBAEREHER (Watanabe e al, 19715 K
$51972) 18 - L, RABETRHES R RF 2 Nf SHRERE > ERUBTER NI R
. %o REMWHE LA Su marker, Cm marker & Tc marker 2 R BFR%» NI marker

BOWE - Bit 0 SHEERPEREERZEL > PR NI RE » DS RAREEERERE
FRIGIE ERYEERE -

BERABA B R BEFHBOHWPETLENBEIEHE R Bk  HDREYREREXK
B - ZEIOT7E10 A A R 11 B - 6RRRMB IR RicavE » TEL1978£1 A RBAIFRAS R
ETFERES2EREN  ERER  ER0AHEKETRRE » M- AREREKRE  ZEXMBER
ERE » BT MBKFTNE -

BANSEELERMAEF DL 2H® Peudomonas & - ROBEKN R BTFHNE

(Watanabe, 1971) - ARBIBEALHME Pseudomonas & » H11%#M R BT » LA
SFEEREEEGE » RMMDAREL Pudomonas anguilliseptica BHIE » TRRRI171ER%E
*EFFT (BE » £BE) » 2BESHARRRNEREEDHNEY - BEZ > ARETHIZHE
25 REF2 Pseudomonas THESBBEHTHMH%E (Richmond, 1972) o

R WM Myrsise marker » B R BFa9EEE (gene pool) & KMRBLBMAER
BB B o 3 » £fEIT3E (multiple drug-resistance) 1§ R BF B8 » BEERNRZM
B \BERZFREE L 0 BREERoEREEN =R » ENER L RENER (K
#19726) o (BB R RF 2 » BT IE SR EBRERZ 4 - XRBEATA#E (Brinton,
1971) $IEIEE:  ERERFESRTCIECERF © BB ERR ) FREBENLSR (EE

19728 » (WY FRIRPTEELE Z S8 » BB R RTOMNE » FABEE )\ RERDEH

FEHAERNBS S B—ERBESEIRENFEER (B85 1977 ; BE» 1976 ; BE

11977 ; BN » FRE)  EREERKHEE > BEAR R BFOREFTR + AKRBOIEE
» T AT RREE R » 2E A AETEE » AR RRROBE S - HIEHRBEZ
AERLSH R RFRARSERMEMZEE - Bit » FERLKFENTRE » REKERMAMA
SR ISMTBTE > 85 R BFFAZVIEE (pattern) HRE—PHIRN » RUINMAEIR

2 M » BT AT R LR & BETHE N R « MR SRS

fey
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BITES REIIBE I A » ETHERRKEE 6 KERBS > Rie-HEEm (Su) [GREK
% (Tc) » Wi (Cm) FHBFE® (NI MREsswc it i@ bR » ROMHZHi%E 649%
F+ R BFzHEANKE - @TTZRE : O4RFEEFIHERE - RARAZEAREETE
BB E  EEREmAESINE L Su SHBRHES 51 Tc BRI Cm B3Rz - 5t Nl @k ;
BAEESNE » IiRE+HI% B Enterobacteriaceae S » t—A38 < Enterobacteriaceae
Bl 15% 2 ERHES » BRRB Aeromonas 2 18.2% » BRXE Pseudomonas 2 10.2% » 1|
Alcaligenes 2 2% REBAE o & BHMBIIERERH R BT HASEKEYGE BFEER R BN
ZRE BB KRB - O Su BEhHE4SSE R &8 3 Cm BH24% 31 Tc ®H8% ' T
P Nf BREZGET RET o WRDBEE T Aecromonas 38 R BT AHEERW » B33.9% » BX
B Entero- bacteriaceae 5 24.1% » BRXKE Pseudomonas Wy 16.7% » Hivin Flavobacterium,
Achromobacter # Alcaligenes E=FBE+ERETFRHGHEE -

] iR

AHRRRNRY 78-ARDP-5-3-0-158 HEIZERIKF - B ARRFTEEDFTRIE S FiRES
KB MR BN EARKED LN/ME - KUCMBR TN DB » EXBHGREIH )
EHEE TR RERFRAMRER - EELRAM -

2 ¥ XK
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