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Drug Resistant R* Bacteria in Eel-Cultured Pond
G. H. Kou and H. Y. Chung*

Abstract

A total of 748 strains of drug-resistant gram-negative becteria were isolated
from the viscera of cultured eels and pond-water. One hundred and two strains
were demonstrated to possess R factor (R*). Among the R* strains there were
23.4% Sulfamonomethoxine (Su) resistant strains, 9.6% Tetracycline (Tc) resistant
strains, 15.4% Chloramphenicol (Cm) resistant strains and 2.9% P-7138 (Nf)
resistant strains. The incidences of R* strains in Salmonella, A. hydrophila and
E. anguillimortifera were 88.9%, 20.6% and 22.2%, respectively. No R* strains were
detected in Proteus, Hafnia, Alcaliagenes and several unidentified becteria.

Most R* strains (68 of 102) possess 2 (Su, Tc) or 3 (Su, Sm, Tc) resistant
markers.
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2. BRE FZiHkk

SHEE R factor ZgH » {RE Escherichia coli RC-85nal (methionine requiring, nalidixic
acid-resistant F-derivative of E. coli K-12 » ## Su, Tc, Cm %k Nf HEEENE) STEH
o ST BEE U AE N FIHE RN Penassay broth (Difco) s~ # 37°C FiEBERNE (OD) 5
0.4 (3 4x10° cells/ml) » AREMERITBRBRAE » R 37°C TR 24/ BEHERS
Nalidixic acid 100 pg/ml H&ZFHE 2N (BER L EER) 2 MacConkey FifiERE
(Difco) b » # 37°C THEE24/\ » £ MBS Lactose negative » HgvE 2B AWM » BIF
HESEERRE o ESHEZAEAS Lactose fermentativest » QI EEHHEER EMBE
wuEgkE (Difco) b5 R 37°C TiEE 4/ B ERAEEEELB RS » KM ELSER
R R* 8o Hflife MacConkey FfiEHi FHERSMAGEREE EMB Fiisas LRER
ESBEBEERR Ho

3.R factor Z B Wiz

TAREET R factor #% 5 ) 37°C TLUREEREEH Penassay broth EREE (0.D) &
0.38% » IO. ImIZ IR FEBNYBELUSEE | » b Conradi’s stick ¥55%$k4% » ¥ Streptom-
ycin (Sm), Cm, Tc, Nf, Aminobenzyl-penicillin (ABP), Kanamycin (Km) & Su Zg#

(R HMEHE 7 37°C THE 18-24/ % o IRTEMKEIEETER » B E 2 04aE »
LIgREGBERES (Resistance marker) ZEifE (Pattern) o fh—THEER KB AZHET o
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HENEMCFRIEREF S ZH Su S UEEER Mgt 748 k> Hopor Su 2148 - #i
Te&E219%#k » £ CmE 175k » 55 NEE 14048k o ST 35 Aeromonas hydrophila, Edwardsiella
anguillimortifera, Citrobacter freundii, Enterobacter cloacae, Escherichia coli, Huafnia, .
Klebsiella, Proteus, Salmonella, Unidentified Enterobacteriaceae, Alcaligenes, Pseudomonas
% Unidentifided gram negative strains £513%7 (Table 1) o HchkIBE E. coli #J{&[EQZ—

(190 #) » Keh ¥ EMGZ A. hydrophila FRi% 1268 » B HEKRNE. coli.Bg A. hydrophila Tt
Pseudomonas 4t » #8 XD EEMIE K Z IS M R AT R o
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Table 1. Incidence of R* resistant strains in medium suplemented with
Sulfamonomethoxine (Su), Tetracycline (Tc), Chloramphenicol
(Cm) or P-7138 (Nf).

Species or genus

R+ resistant strains selected by

Su (%) Te (%) Cm (%) N (%) Total (%)

Aeromonas hydrophila 16/58 (27.6) 4/41 (9.8) 5/16 (31.3) 1/12 (9.1) 26/126 (20.6)
Edwardsiella 0/4 (0 1/6 (16.7) 3/14 (21.4) 2/3 (66.7) 6/27 (22.2)

anguillimortifera
Citrobacter freundii  8/21 (38.1) 2/26 (7.7) 3/24 (12.5) 0/22 (0) 13/93 (14.0)
Enterobacter cloacae 1/5 (20.0) 1/19 (5.3) 2/12 (16.7) 0/14 (0) 4/50 (8.0)
Escherichia coli 10/65 (15.4) 1/47 (2.1) 6/32 (18.8) 1/46 (2.2) 18/190 (9.5)
Hafnia 0/7 (0) 0/9 (0O 0/7 (® 0/6 (0) 0/29 (0
Klebsiellla 0/10 (0) 1/7 (14.3) 0/9 (0) 0/6 (0) 1/32  (3.1)
Proteus — 0/8 (0) 0/3 (0 — 0/11  (0)
Salmonella 5/6 (83.3) 17/8 (87.5) 4/4 (100) — 16/18 (88.9)
Unidentified 4/13 (30.8) 0/15 (0)  3/10 (30.0) 0/4 (0) 7/42 (16.7)

Enterobacteriaceae
Alcaligenes 0/9 (0 0/8 (0 0/11 (0) 0/3 (0) 0/31 (0
Pseudomonas 6/9 (66.7) 4/21 (19.0) 1/30 (33.3) 0/24 (0) 11/84 (13.1)
Unidentified strains  0/7 (0) 0/4 (0 0/3 (0 0/1 (0) 0/15 (0

Total 50/214(23.4) 21/219(9.6) 27/175(15.4) 4/140(2.9)  102/748(13.6)

2.R factor #H#=2#&b

1B ERPAEERETFEAI028:(13.6%) » HpHSuiitkz214khA504 A% R factor
' BT BEAERE » 23.4% o 140851 Nf ik 4 % B % R factor» (L 2.9% » K& TcXK
Cm BBEIOGER - SHERENE » Hafnia, Proteus, Alcaligenes B Unidentified strains &
TS HEEABERYEH c RYEBESKHREREER Salmonela & » 3#88.9% » Klebsiella R+
BB ABRER3. 1%  BBEGERES A. hydrophila B E. anguillimortiferaz R¥5 8882
WIHAREEI0%EL » THRLZE 3 55 Nf 2 E.anguillimortifera =4 2 #:E74 R* factor s K4
B RYZHAERIEIOS LT o
A SR Z 269 #HEEMESAE 27 #HABRETF » (510% » HEERRBO R R Z 479%
HEEMES s 75 HRABREF 5 15.7 % BB ARE c ABRMANARS R 2SS
» BERFEFEZHRAE  LREBZ 7.7% &E THEFSEER 51ER 15% » &R 14.6
%o KOWMEZEINMEARPEAERETFZHEMEETER A. hydrophila, E. anguillimorti-
fera, Salmonella 7 Citrobacter Bi Unidentified Enterobacteriaceae FH¥io B Salmonella
T Citrobacter — Bz R* HHEHENED o Salmonella 7z R* BHBARZE 88.9% » X+hE
B HRALEARE o REEAERER2 A. hydrophila BHARABSMZ 72 BHAEE SRS
26.4% R RY&» Heb SR Z128+F8 9 %ARRETF » LA 75.0% o B BESY 2 2005
b1 ¥ (5%) BEREF o BRAMAKIHEZ A. hydrophia HiBEES4KG > #7 B EERE
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F (13.0%) » HHEBREZE o B—KEE E. anguillimortifera QIS A. hydrophila 215
MARE » REEHBEZE SFEZ 33.3%B%E » 152 30.0% K2 » MHBAIE2JREET « X »
S AEBNERLAEESEE E. anguillimortifera Z 45351 (Table 2) o

3.R factor 2 i # ¥ #2304 & (marker pattern)

102 # R* ISR 2 HEEM S A8 4 » 8] Su.Tc., Su.Cm., Sm.Cm., Su.Sm.Cm.,
Su.Sm.Tc., Su.Tc.Nf., Su.Cm.Tc., P& Su.Sm.Cm.Tc., (Table 3) o BHMMEERE » Ll

Table 3 Drug Resistance pattern of R plasmids isolated from the
viscera of cultured eels and pond-water.

Category of bacteria  Resistance pattern of No. of strains from Total
R plasmid Eelviscera pond-water
Aeromonas Su, Tc 3 3 6
hydrophila Su, Sm, Tc 12 4 16
Su, Sm, Cm 3 0 3
Su, Tc, Nf 1 0 1
Edwardsiella Su, Cm 1 0 1
anguillimortifera Su, Cm, Tc 2 0 2
Su, Tc, Nf 2 0 2
Su, Sm, Cm, Tc 1 0 1
Citrobacter Su, Tc 4 2 6
Sfruendii Su, Cm, Tc 0 5 5
Su, Sm, Cm, Tc 2 0 2
Enterobacter Su, Tc 0 1 1
cloacae Su, Sm, Cm 0 1 1
Su, Sm, T¢ 0 2 2
Escherichia coli Su, Tc 2 0 2
Su, Cm 2 0 2
Su, Sm, Tc 6 1 7
Su, Sm, Cm 3 0 3
Su, Tc, Nf i 0 1
Su, Sm, Cm, Tc 3 0 3
Klebsiella Su, Tc i 0 1
Salmonella Su, Sm, Tc¢ 1 L 1
Su, Sm, Cm, Tc¢ 15 15
Unidentified
Enterbacteriaceae Su, ‘I'c 1 0 1
Su, Sm, Tc 3 0 3
Su, Sm, Cm, Tc 1 0 3
Pseudomonas Su, Tc 1 i 2
Su, Sm, Tc 3 3 6
Su, Sm, Cm 1 2 3
Total 717 25 102

Su: Sulfamonomethoxine, Sm: Streptomycin, Cm: Chloramphenicol, Nf: P—7138.
Tc: Tetracycline, L: 2 strains lost.
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Klebsiella W RAAZ R ERERD » i—F (Su.Tc.) » M E. coli ZEEER BRI SR L0
M2 A=A o R 2 102 R kR B4 3 B E Aok A2 @K 4
MREEFRECH T AR » &7 220 R 244k o REA 3 A2 S61R &ich » LIEE Su. Sm. Tc.
PRIEZ WMk S » 51408k » 15712 NIRRT S » FTERRZ RY &8> 54 Su 2 ATe
PREc& 47891, » Ji Sm EIEEA74#: > JU Cm fI0&S39%: » B Nf REEHEE 4o A Nf
FRECEAE Su. Te. Nf. ZHHERHT o

by
A
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FHE1959% » BABERFRAFAEMRRARETFTHEREM B, THEREFZIRE M
B R™Z E. coli BERERFRHRAE EHET REOER  MOEORET BEEREs G
RACERIRE®  AZEBAEFEATESERTFRAERALNBI ek ENEE %k
BRRE - EXERFHEVKRENIE » MRAMEHEE 213190 19734 Smith EE%EE
BT ZMENENERIAERORER  aSBEENES HREEGNMEE R LS
HEERER o Davis HOREHANRER (Te) #4# » £RETH Episomal DNA i E
' REREH SRR E » TR Te Wkt BASEL > Watanabe £ wIEs5 To Sl
M R RETHEARIE « ARAFEZER  FERS Tc 2EMES » 2198 »
IEFTRRET48£229.3% » 1 Watanabe &Zi8MHA—3 o B Su 2 EKiE 2144524 »
1528.6% 8441 Te W2 29.3% WEAIEE o EATMP/AIHST Su EikZ HBmsEs To Bz
FE EREIR T EMEHZER W o Aoki 4 O WA AR AR ISR » 0BT
| Sulphanilamide fi# Te ZE#k» EHIR - HEHE N hE - BAEMEI 2 L EEgER 51
FRRFBZER—E o

EARES  GRETREHRZLA UEEERES  $£88.9% TEPEEEZHE
EREE A BEZ 18P EISRB YRR » HRES2.4% RUNE R B G
ZLELTEE o KGE E. coli ZAitsiskf190 » MBI 25. 4% BB % » NBHFEER
R ZEHARD » #1805 » HBER 9.5% » WRADEREHR » TEREEZ 8 L EZ (B
NEE  FRHEERFEMFEZNR FBR  8HFRES A. hydrophila MR RT
EHRZHRABENME» £ 16.8% (126/748) R 20.6% (26/126) » T L Eh SRS 53 2 B BB 8 e
RYBIBRCHGIR26.4% (19/72) » BAFFAMEZ 13% (1/54) TS » Shotts SEOLME &
REFEK » #1T A. hydrophila HEEE T RYEHHT » IR Z LG o Uil PR 250
BRARERGRE  DATEEY o 5—0BRERE » E. anguillimortifera I REEEE
133.6% (27/748) » BRHREMHAEAAER » £522.2% (6/27) o Aoki & DEEHHEEM
~ K EBWRABUETR MY E. anguillimortifera Ech RGN H LI e T 5 2 e e
o AN AIRERBNZ LW E o BREENRABITS M2 P ERBE RY 3 » e
i E. anguillimortifera 7 R*UE#: L OUR & ST fESE A EIBHAIME Bk » 44845 BT B R —
HOmEAR St » R EIR 2 45 FAIE % INTE T, o

X » Shotts 4 9 JRHEFGIREE » 2 W4T MU EAHERETT » AFRE T » FET&
AWMLY marker HE2ELE > BA 3~4 MUNEHDRS o FRAREET S
BELACZ R GUBEE MR o ST Su 2B BINESTR 5 PO~ T o
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ER I Tt K R BR AR OB 43 1Y 748 BREEE o

] 2
H+=%83: A. hydrophila, Alcaligenes,

Pseudomonas, Unidentified Gram negative strain R ALBBAME » HPEEREFH 102 # »
MEFEMNEHR PR EHCHBE » £754 Sulfamonomethoxine #£523.49% » 3 Tetracycline
#7R9.6% » £ Chloramphenicol Z£515.4% R4 P-7138 #£722.9% o + =X A2 HBE b » JLEEH
I R+ & » Hbll Salmonella 7z R* EHHREEE » & 88.9% s HxS A. hydrophila % E.
anguillimortifera s S518 20.6% B 22.2% o Hafnia, Proteus, Alcaligenes B Unidentified
strains Fh4% R* &3 o & Enterobacter cloacea 4} » RSB HE 2 BEBEATSTEESS o X
FRR RSP > D2 F 3 EHREERZESES o A2 EEREL Su, Tc ZH#E&R% » A3@E
HEECERILL Su, Sm, Te ZHEE% o
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