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Prevalence of Multi-drug Resistant Bacteria Belonging to Gram Negative Enterobacteriaceae Isolated from a Domestic
Stream
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Enterobacteriaceae is one of the major families responsible for public health threats. Due to the emergence of pathogens with
antibiotic resistance, great concern has been raised regarding the prevalence of antibiotic resistant bacteria in natural environ-
ments. Therefore, the diversity of Gram negative Enterobacteriaceae was investigated in water samples collected from five
streams in Korea using the cultivation method. Profiling of multi-drug resistance was conducted with isolates via disk diffusion
assay. The results indicated that the Gram negative Enterobacteriaceae consisted of the following genus; Citrobacter, Entero-
bacter, Escherichia, Klebsiella, Kluyvera, Pantoea, Plesiomonas, Raoultella, Shigella and Enterobacter. These latter strains
represented 49% of identified isolates. In addition, 78.3% of the identified genus exhibited resistance against more than seven
out of thirteen tested antibiotics, suggesting a high prevalence of multi-drug resistant bacteria in natural environments.
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Fee FYW AT A FEEYTHe, 13]. T} oloh &
S94) Yold R A SET £ 258 7
J $HAE BT Sehan|Eo) dolo] 7
oha maEglon], A gt =g NEs A WA
US4 2 ke £ X2 Agdtha BaE s
[2,9]. B3 24 57F FAAS} M FAAY B0 RN

b B |

Ab 57 FAAE T3 E. coliol A 24 o449 =& WS
Helo. o]gg dats A4 w7kl FAAE BIHsHA A
3ol whet ag FAALY A =E RIET} FobR 7] o
2ol Uetute 232 4% 4 03]

A WA EAe TR tiEAQ] FFEE Staphylococcus
aureus, Enterococci, Pseudomonas aeruginosa, Streptococcus,
Enterobacter, Klebsiella, Acinetobacter, Salmonella 5 ©|
dHA slon, g FFEo] HAWAES ERStL A %
S AT ZAE 2T 5= TS, 14]. o] oAM= I &
A Enterobacteriaceaex}2] n|AEZ Q13 7+ ZA3ke gt
A= BRste] A AA Aoz & AFol HiL oA |
Ao sl A Aoj7t oA YA Itha, 7).

1% SA] Enterobacteriaceae= L2 Z+g, €% 744, 1
H, 54 49 59 F8& 90| He #F2 P-lactamaseE
A A8le] penicillin, carbapenem, cephamycin 59 B-
lactam Alg FAYA o gt WS =11

22 ZgA gEoA 50% oY YUY BAZEE thA|
WA 2 24 Bedel HEHAUL05], 5L =54
A A WAe 2= 2" 24 v EC] AEH Tt
olof o3t A AHY AAS AaLsta oH12]. B=9
7Hg FE27E 2 g Pol M= carbapenem of AgdS 2t
+ 1% 34 dH o7t A& Eavt o, 38A WA
ghe| 2loto] gat W A} A& BYE PO ool
732 E| AL QlTH10].
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Ay A 9 A A A ZARFAATE AEEHAE =
W 329 S HE%E7t BEAY A2 8% oA 12, o)
FAFA L] AT A 87 H 13T A HFHE sk
ARZ2HE 3 34 Enterobacteriaceae 3 ZAE vl ¥
He Bl AAsHTh AR fFH = 20139 9¥ o] o] R0l
om A 29| o|3}sa 74 At Table 13 2} 231}
pH, 2% & oA &ZH (Thermo, USA), pH 1| H
(Thermo, USA), @ &% 7| (Hach, USA)E o]-&3ts] 243}
Aot ol Fol29 £4& fJ8) ARE 0.45 um A
A g E o] &3t o1t &, ICMetrohm 761 Compact
IC, Switzerland)E ©]-&3to] Zt &5 FHsHT 2ol
AL Metrosep A Supp5(150/4.0 mm, Switzerland)E A}
Gl om ol FA o AHEEH Y2 Metrosep C4 150
(150/4.0 mm, Switzerland)®] 1t £Z AR 2] BOD &4
FHH FEAFTH A w2t BAS dAstglen, 3
o &35 o] 9l DO(dissolved oxygen) ¥E+ DO meter
(HI 9146, Hanna Instruments, USA)E o]-&3}o] =33}
Aok Al 2o SHAREM, Y, )& $A ABIHH o
HEE HYlom JARY A URed EHOR Qs
Haol2 F=7F & AR H|3 11-338) A S4H
At

I3 34 Enterobacteriaceae Alat-& Wi¥at7] Yo 1%
Aol A4 a1r} 9= vancomycin(40 ug/ml, Sigma,
USA)©] 715 Enterobacteriaceae Enrichment(EE) 1A
B A] (MBcell, Korea)E AFE-3}9th SHHAAIZE 0.85% A&
4egs golo] A&y o 4ol A WA e T
of =Eakgich. 2P ar 25°Co Al 48A17HE <t A A v st
ARE 2= FolA 507H8 S Adstgitt

AdhE #59 16S rRNA FAAE $E3517] 9% PCR
WSS AAISHETE 50 ulo WS Aol 1 o] #3 FE
T} 0.2 uM2] 16S rRNA primerQl 27F2} 1492R universal
primer(Cosmogenetech, Korea), 12|11 25 ul®] Taq mastermix

Table 1. Characteristics of water samples collected from domestic streams.

Sampling site o H Turbidity DO TOC BOD NO* PO cr

(latitude/longitude) P (NTU) (mg/l) (mgf/l) (mg/l) (mg/l) (mg/l) (mg/l)
H

(37.24.06 / 127.55.50) 200 76 2.03 7.7 10.00 0.4 3.06 0.375 32.9
Y

(34.47.11 1 126.27.52) 210 76 41.70 8.0 12.19 1.6 1.34 0.910 99.6
N

(35.53.15 / 128.38.31) 210 83 4.65 9.1 11.08 1.7 9.02 0.068 435
|

(35.54.01 / 127.01.41) 200 7.8 39.30 7.6 15.55 6.9 1.23 1.073 43.8

J 210 741 13.80 46 16.60 5.8 1.60 0.752 303.6

(35.52.38 / 127.06.02)
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Fig. 1. Diversity of bacteria isolated from domestic streams.
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H A& A= Enterobacteriaceae®} Aeromonadaceae”}
27} 47.6%2 B EZ 519 Yo N A R 9| A= Aeromonadaceae
7} 44.5%31 41.7%2 A3tEtt I AR A= Entero-
bacteriaceae®}t Pseudomonadaceae?} 36%2} 44%= S-A}s}
A Bxstgon, J A BoAE Enterobacteriaceae?} 70.4%
= Sarch

3" #FE FoIA Enterobacteriaceae®l| 438t= 41%
o] FFE Sof wet £738 A= Fig. 13} 2t Citrobacter,
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TWE § A t23E S 25°ColA 1647 FA|
AR o] Aol dAE Y AAFE ST
A 28] A S BASH A A A
Y3 13%9] A Z4A HIAE ty2 3 (Liofilchem, Italy)
E AR en A i3 TR sEe oS 2
t}: penicillin G, 10 IU; ampicillin, 10 ug; lincomycin,
15 pg; clindamyecin, 2 ug; tetracycline, 30 ug; gentamicin,
120 pug; kanamycin, 30 ug; erythromycin, 15 ug; tylosin,
30 pg; 30 pg; 50 pg;
trimethoprim, 5 ug; ciprofloxacin, 5 pug.
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Fig. 2. Multi-drug resistance of bacteria belonging to Entero-
bacteriaceae.
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