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Serobiological Characteristics and Antibiotic Sensitivity of
Pseudomonas spp. Isolated from Spring Waters in Seoul Area
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Seoul Metropolitan Government Public Health and Environmental Research Institute, Seoul 137-130, Korea

ABSTRACT — In order to investigate the species, serobiological characteristics and antibiotic
sensitivity of Pseudomonas spp, we isolated Pseudomonas spp from 57 spring waters around
Seoul area for spring, summer and autumn and identified Pseudomonas spp by biochemical
characteristics and serological method. And also we tested the antibiotic sensitivity test by disc-
diffusion method. Of 57 spring waters tested, Pseudomonas spp were isolated from 33 spring
waters(57.9%). Isolation rate of Pseudomonas spp in spring season was 28.1%, summer 21.1%
and autumn 28.1%. Only 1 spring water was detected Pseudomonas spp in all seasons and 9 (15.
8%) were detected for 2 seasons and 13 (22.8%) were for only 1 season. Isolation rate of Pseu-
domonas spp at Mt. Cheonggye was 50% and followed by Mt. Bookhan 35.7%, Mt. Daemo 33.3%,
Mt. Dobong 29.6%, Mt. Surak 25.9%, Mt. Woomyun 22.2% and Mt. Bulam 7.4%. Of 44 Pseu-
domonas spp, 22 strains (50%) were identified by Ps. putida, Ps. aeruginosa, Ps. fluorescens and
Ps. mendocina were identified 6 strains (13.6%), respectively. 4 strains (9.1%) were identified by
Ps. aureofaciens. Of 6 Ps. aeruginosa, serotype A was 2 strains, B, E, G, and K was 1 strain,
respectively. Of 44 Pseudomonas spp, resistance rate to amoxicillin was 90.9% and followed by
chloramphenicol 84.1%, tetracycline 84.1%, carbenicillin 81.8%, nalidixic acid 68.2%, neomycin
38.6%, streptomycin 31.8%, gentamicin 4.6%, kanamycin 4.6% and colistin 2.3%. Ps. aeruginosa
was more sensitive to carbenicillin than other Pseudomonas spp isolated from spring waters in
Seoul area but more resistant to kanamycin, and Ps. aureofaciens was no resistant to strep-
tomycin. Among multiple drug resistance, resistance to 5 drugs was 31.8%, 4 drugs 15.9%, 7
drugs 13.6%, 1 drug and 2 drugs 4.6%, and 8 drugs 2.3%, respectively. The multiple resistance
patterns detected highestly were NA-CB-C-TE-AMC (18.2%), NA-CB-N-C-TE-AMC (13.6%), CB-
C-TE-AMC (11.4%) and NA-CB-N-C-TE-AMC-S (9.1%).
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Table 1. Detection rates of Pseudomonas species isolated
from spring waters in seoul area

Collection No. of spring No. of detection Detection

Season waters tested spring waters Rate
Spring 57 16 28.1%
Summer 57 12 21.1%
Autumn 57 16 28.1%
Total 171 44 25.7%
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Table 2. Detection frequency of Pseudomonas species iso-
lated from 57 spring waters in seoul area

Place isolated Pseudomonas species
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MEAIN kol A FE]8h Pseudomonasyt & 4459
T3 B ¥ = Table 33 2t} £ Ps. putida7} 225(50.0%)
2 714 Wol el FAR Y e, Ps. mendocina, Ps. aeru-
ginosa 2 Ps. fluorescens Z} 65(13.6%) 12|31 Ps. aureo-
faciens 4F(9.1%)=0)3th. AMEZEE BHde 5
1653 Ps. putida 757(43.8%)2 7} =k, Ps. fluore-
scens 45(25%), Ps. aureofaciens 35-(18.7%), Ps. mendo-
cina 25(12.5%)°131t}. AEA| = E2]F 127 F Ps. pu-
tida 65(50%), Ps. aeruginosa 45(33.3%) Z18] 3L Ps. men-
docina L Ps. fluorescens Zt 15(8.4%)y¥ o] t}. 71-2-H |
= Bg)F 165 F Ps. putida 957(56.3%), Ps. mendocina
35(18.8%), Ps. aeruginosa 25-(12.5%), Ps. fluorescens 2
Ps. aureofaciens Zt 15(6.3%)0] 31t}
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gy 8o

AeAY d5ollA B3 Pseudomonas& o] wEE
A 81etA A AR Table 49} 22T}, Ps. aeruginosa<= citrate,
motility, arginine dihydrolysis, growth on 42°C, malonate,

25 9-eS JElon, gelatin

xylose, mannoset=

Table 3. Classification of Pseudomonas species isolated
from spring waters In seoul area

Percentage .
Spring Summer Autumn g Species of Isolated Season Total (%)
1 1 1 1.8% Pseudomonas Spring Summer Autumn
4 4 7.0% Pseudomonas putida 7 6 9 22(50.0%)
3 3 53% Pseudomonas mendocida 2 1 3 6(13.6%)
2 2 3.5% Pseudomonas aeruginosa 4 2 6(13.6%)
8 14.0% Pseudomonas fluorescens 4 1 1 6(13.6%)
5 10 8.8% Pseudomonas aureofaciens 3 1 4(9.1%)
16 12 16 Total 16 12 16 44(100%)
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Table 4. Biochemical characteristics of Pseudomonas species isolated from 57 spring waters in seoul area

Biochemical test Ps. aeruginosa Ps. aureofaciens Ps. fluorescens Ps. mendocina Ps. putida
Indole -(0) ()] -(0) -(0) -(0)
Methyl Red -(0) - -(0) -0 -(0)
Voges-Proskauer ()] ~(0) -(0) -(0) -(0)
Citrate +(100) +(100) +(100) +(100) +(100)
Motility +(100) V(75) V(83) +(100) V(82)
Gelatin liquefaction V(83) V(75) (V)] +(100) —(0)
Arginine dihydrolysis +(100) +(100) +(100) +(100) +(100)
42°C growth +(100) +(100) V(53) +(100) V(46)
4°C growth -(0) +(100) V(67) +(16) V(41)
Phenylalanine -(0) - (0) - —(0) -0
Malonate +(100) V(50) V(67) V(67) V(86)
Sucrose ()] -0 ()] -(0) -(0)
Mannitol - (0) -(0) -(0) ()] ~-(0)
Dulcitol -(0) -(0) -(0) -(0) -(0)
Salicin -(0) —(0) -(0) -(0) ()]
Adonitol —(0) - -0 -(0) -(0)
Sorbitol -0 -(0) -(0) ()] -(0)
Arabinose -(0) -(0) -(0) -(0) -(0)
Raffinose - (0) -(0) - -(0) -(0)
Rhamnose -(0) -(0) - (0) ~(0) -
Xylose +(100) V(50) V(50) V(67) V(73)
Trehalose -(0) -(0) -(0) -(0) —(0)
Mannose +(100) V(50) V(83) V(83) V(68)
Mellibiose -0 -(0) -(0) -0 -(0)
Cellobiose -(0) -(0) -(0) -(0) -(0)
Sorbose -(0) -0 V(17) V(33) -(0)
Amygdalin - (0) - () - (0) - (0) - ()
Maltose -(0) -0 -(0) -(0) -(0)

liquefactiond 83%<] FAHFE-S Uehilonl, indole,
methyl red, Voges-Proskauer, growth on 4°C, phenylalan-
ine, sucrose, mannitol, dulcitol, salicin, adonitol, sorbitol,
arabinose, raffinose, rhamnose, trehalose, mellibiose, cel-
lobiose, sorbose, amygdalin, maloser= %5 2-A9k2-& 1}
ERNAT). Ps. aureofaciens:= citrate, arginine dihydrolysis,
growth on 42°C, growth on 4°Col| 4 2.5 okAdukL-& 1}E}
U331, motility, gelatin liquefaction& 75%2] okidukg
malonate, xylose & mannose:= 50%¢] %AIWHS-& L}E}
Rz, A ASBAEL B SATHS YERYQI
Ps. fluorescens= citrate, arginine dihydrolysisollA] 2.5 <
A k8- YERAS T, motility 9+ mannosel| A 83%2} 44
Hk-2-2 growth on 4°C%} malonateol| A 67%2] %kAJul-e-2
xylose 50%2] FAJuF-5-&-, growth on 42°Col|lA 33%<2] %
d9r-g-&, sorbosecl| A 17%] ¥AJuHS& e OH,
ez A8l Agee 2% 4veS JeERU
Ps. mendocina+= citrate, motility, gelatin liquefaction, ar-
ginine dihydrolysis, growth on 42°Co|A 2% Ajuleo
YEehR$1 2™, mannose 83%, malonate 2 xylose 67%, sor-

= o
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bonse 33%, growth on 4°C 17%2] %Aukg-& v}eligl e
o, el Asie gl A SN e ¢
A Ps. putida+< citrate, arginine dihydrolysisol| /| .5 %4
¥HS-S e 2™, malonate 86%, motility 82%, xylose
73%, mannose 68%, growth on 42°C 46%, growth on 4°C
41%4} FdukEES el oy vnx] Age Alde B
F 240 VERIAT

FERUAETS HBNLE AASHE F5E Ps. aeru-
ginosa, Ps. fluorescens, Ps. chlororaphis, Ps. aureofaciens,
Ps. putida 5oIth. ¥ A¥elN FFNLE U FERY
247 Aokeh S el 4B S4B 9
S gleh.

MEAIW 2f0IM HEE Ps. aeruginosa| EHSHH
&y

AM&AIU ekpollA HEE Ps. aeruginosa 659 W3k &
82 EAJL Table 59} 23k} & 559 P Fo] FalF
dom A¥ 25(33.3%), B, E, G © Ko} 7} 13(16.7%)
Holr}. x| HW 2= TH ALY ool A K&o] 15 &
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Table 5. Serotype of Ps. aeruginosa isolated from spring
water in seoul area

Table 6. Antibiotic resistance of 44 Pseudomonas species
isolated from spring waters in seoul area

Serotype Mt. Dobong Mt. Bookhan Mt. Woomyun Total

A 1 1 2
B 1 1
E 1 1
G 1 1
K 1 1
Total 1 4 1 6

Holom, B3l AE A, B, E, GHo| ZtZ 1574 34
477} Bl on, St oo s ARl 15
525t Ps. aeruginosad] 3RS A4 A~N7A] &
F5o] girh. webs 2 Aol olhzte] tgd Y
o] g AL gog AFsordt o] Wit Brhe e
AAFeEaL Qe wheEbd Ad@dA oA BElEE Ps aeru-
ginosad W3 B3Pl thit A7} vl Bol A= ofok
s, 914 L SEojA] 2|5 Ps. aeruginosaste] A3}
A AR S tS dysteiol dra Yzt

MEAILY 40|l HEE PseudomonasEHno| Y
H Z+4

AMGA okl AZE Pseudomonass T 4479] Y
A BEAE 2 A Table 634 2T F 1259
FAAE 2 23, AN P AULS B YL
Vel e, Amoxicillin 405(90.9%), Chloramphenicol
9 Tetracycline 2} 375(84.1%), Carbenicillin 365-(81.8%),
Nalidixic acid 305(68.2%), Neomycin 175-(38.6%), Strep-
tomycin 145(31.8%), Gentamicin % Kanamycin Z} 25
(4.6%) 18] 1L Colistin 15:(2.3%)°] %1t}

Massa 5'92- o]grg]o}e] natural mineral watersollA] ¥
23 2wy wptEsTe] FAA WA nalidixic
acid, chloramphenicol, tetracycline Z12]3l gentamicing <
2 WAL =i BRustgt. B AFP A E ampicillin

No. of Resistant

Name of antibiotics Resistance rate

isolates
Nalidixic acid 30 68.2%
Carbenicillin 36 81.8%
Neomycin 17 38.6%
Gentamicin 2 4.6%
Chloramphenicol 37 84.1%
Tetracycline 37 84.1%
Kanamycin 2 4.6%
Amoxicillin 40 90.9%
Colistin 1 2.3%
Streptomycin 14 31.8%

of tieteds RE #FF7F W8S VeI, chloram-
phenicol, tetracyclineo]] th3F WAdo] nalidixic acidE T} 35
A et} o]9ke A= Massa 52 FEEUA B
olula}, Acinetobacter, Moraxella 59} Mlitx Ztol A& 3}
%17] W2l Ao AZHaT,

AMe A ekrollA] B2l PseudomonasETel #EH
AR WAS Table 73 22Ut & Ps. aeruginosat
amoxicillinel] 3t 100% WAL, nalidixic acid 2
chioramphenicol Z}+ 83.3%, neomycin 2 streptomycin 2t
66.7%, kanamycin 50%, gentamicin 33.3%, carbenicillin 16.7%
o] YAE Jehli e, colisting WAool ISt Ps.
aureofaciens= carbenicillin & amoxicillinel] th3}d 100%
A48 chloramphenicol @ tetracycline 2+ 75%, nalidixic
acid 50%, neomycin 25% A2 YERA S, gen-
tamicin, kanamycin, colistin @ streptomycin< WAl o] 3}
UE 21dch. Ps. fluorescens= carbenicillin ¥ amoxicillin
o thale 100% A& chloramphenicol 2 tetracycline Z}
83.3%, nalidixic acid ¥ streptomycin Z} 50%, neomycin
16.7%2] A& JEhN2l 21}, gentamicin, kanamycin 2
colistin® Aol = {9} Ps. mendocina= nali-

Table 7. Resistance rates of antibiotic to Pseudomonas species isolated from spring waters in seoul area by species

Name of antibiotics  Ps. aeruginosa Ps. aureofaciens Ps. fluorescens Ps. mendocina Ps. putida
Nalidixic acid 83.3 50 50 66.7 68.2
Carbenicillin 16.7 100 100 66.7 95.5
Neomycin 66.7 25 16.7 66.7 31.8
Gentamicin 333 0 0 0 0
Chloramphenicol 83.3 75 83.3 66.7 90.9
Tetracycline 100 75 833 66.7 86.4
Kanamycin 50.0 0 0 0 0
Amoxicillin 100 100 100 66.7 90.9
Colistin 0 0 0 0 0
Streptomycin 66.7 0 50 333 227
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dixic aicd, carbenicillin, neomycin, chloramphenicol, tetra-
cycline, amoxicillinol] th3aled 66.7%2] WAL Vel 1,
streptomycin 33.3% ~12]3l gentamicin, kanamycin 2 col-
istinof] thate] WAddo] S glgich. Ps. putidat:= car-
benicillin®]] 3} 95.5%2) A&, chloramphenicol %
amoxicillinol] Z} 90.9%, tetracycline 86.4%, nalidixic acid
68.2%, neomycin 31.8%, streptomycin 22.7%¢] WHAl-& 1}
Eld B gentamicin, kanamycin 2 colistinol] 3 WAl
< 3= AT

TE A gt WAdFdl Zeirt e &
Ps. aeruginosa= carbenicillinol| o] 3} jAJo] & ubH ka-
namycino] & WAL & FFRTY EUT. Ps au-
reofaciensdl| X]= neomycin¥} streptomycinol] T3+ W)A]o]
o2 F2xurh ¥okth Ps. fluorescensol| A= neomycin®y
ek WAo] @t om, Ps. mendocinas FRE Td% 0
1o, Ps. putida'= neomycin®} streptomycinol] T3k W)
Aol ettt wat A7}t & chloramphenicolol]
3k UAdo] 2 Ho= Hol QA ¥ FEFIATRIE
AL Faad Aoz Azt ot 2 Agex EelE
FEEUAESTEL A 2 5294 fAE 2o ozt
Ao A AEsHE Fo 2 Azt

A A ofrol A 2] 5 Pseudomons& 1t 445-2] 12%
Gy thek A Fd& Table 83 2ttt & 34
A 5% i WeFol 1457(31.8%)=2 7HE 8o, 64
Aol 105(22.7%), 4AUAdel 73(15.9%), 7AHAgel
65(13.6%), TANAT 24WAd ol Z+ 25+(4.5%) 283t
3N 8ANA o] 2 15:(2.3%)0 e, Aol gl &
FE 1F2 14 oA 435(97.7%)019 29, dFAAME
24] o]Ate] ThAAL 93.2%01Q T} $E chAlA ¥
S NA-CB-TE-AMC7} 8F(18.2%)2 71 %eten, NA-
CB-N-C-TE-AMC 65+(13.6%), CB-C-TE-AMC 53(11.
4%), NA-CB-N-C-TE- AMC-S 43(9.1%), NA-CB-C-TE-
AMC-S 3%(6.8%), NA-N-C-TE-K-AMC-S 2%(4.5%)1%]
I N, CB, CB-AMC, C-AMC, NA-TE-AMC, CB-TE-
AMC-CL, NA-CB-C-AMC, CB-N-TE- AMC-S, NA-CB-C-
TE-S, NA-CB-N-C-AMC, NA-N-GM-C-TE-AMC, NA-N-
GM- C-TE-K-AMC-S Z} 13(2.3%)°] 1t}

AeA) ol A B2l Pseudomonas®] FEH A

Table 8. Multiple resistance pattern of Pseudomonas species
isolated from spring waters in seoul area

No of Resistance

Multiple Resistance Pattern
Isolates rate

N 1 2.3% 2 45%
CB 1 2.3%
CB-AMC 1 2.3%

2 45
C-AMC 1 2.3% %
NA-TE-AMC 1 2.3% 1 23%
CB-C-TE-AMC 5 11.4%
CB-TE-AMC-CL 1 2.3% 7 159%
NA-CB-C-AMC 1 2.3%
NA-CB-C-TE-AMC 8 18.2%
CB-C-TE-AMC-S 3 6.8%
CB-N-TE-AMC-S 1 2.3% 14 31.8%
NA-CB-C-TE-S 1 2.3%
NA-CB-N-C-AMC 1 2.3%
NA-CB-C-TE-AMC-S 3 6.8%
NA-CB-N-C-TE-AMC 6 13.6% 10 22.7%
NA-N-GM-C-TE-AMC 1 2.3%
NA-CB-N-C-TE-AMC-S 4 9.1% 6 13.6%
NA-N-C-TE-K-AMC-S 2 4.5% ’
NA-N-GM-C-TE-K-AMC-S 1 2.3% 1 23%
None 1 2.3% 1 23%
Total 44 44

A ThAA S-S Table 99F Ztth. & Ps. aeruginosa:
NA-N-C-TE-K-AMC-S 271, NA-TE-AMC, CB-C-TE-AMC-
S, NA-N-GM-C-TE-AMC % NA-N-GM-C-TE-K-AMC-S
zZ} 170}, Ps. aureofacienst CB-C-TE-AMC, CB-TE-
AMC-CL, NA-CB-C-TE-AMC % NA-CB-N- C-AMC 7}
1709t} Ps. fluorescens= CB-C-TE-AMC-S 27, CB-
AMC, NA-CB-C-TE-AMC, NA-CB-C-TE-AMC-S, NA-
CB-N-C-TE-AMC-S Z} 170]9t}. Ps. mendocina= NA-
CB-N-C-TE-AMC 23, N, NA-CB-C-TE-AMC-S, NA-CB-
N-C-TE-AMC-S 2 FuUAl z} 1do]9lY. Ps. putida=
NA-CB-C-TE-AMC 671, CB-C-TE-AMC % NA-CB-N-C-
TE-AMC 2z} 47, NA-CB-N-C-TE-AMC-S 27, CB, C-
AMC, NA-CB-C-AMC, CB-N-TE-AMC-S % NA-CB-C-
TE-S Z} 17100
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Table 9. Multiple resistance pattern of species of Pseudomonas isolated from spring waters in seoul area
Multiple Resistance Pattern Ps. aeruginosa Ps. aureofaciens Ps. fluorescens  Ps. mendocina Ps. putida
N 1
CB 1
CB-AMC 1
C-AMC 1
NA-TE-AMC 1
CB-C-TE-AMC 1 4
CB-TE-AMC-CL 1
NA-CB-C-AMC 1
NA-CB-C-TE-AMC 1 1 6
CB-C-TE-AMC-S 1 2
CB-N-TE-AMC-S 1
NA-CB-C-TE-S 1
NA-CB-N-C-AMC 1
NA-CB-C-TE-AMC-S 1 1 1
NA-CB-N-C-TE-AMC 2
NA-N-GM-C-TE-AMC 1
NA-CB-N-C-TE-AMC-S 1 1 2
NA-N-C-TE-K-AMC-S 2
NA-N-GM-C-TE-K-AMC-S
None
Total 6 4 6 6 22

220}

M gAY 2ol A Pseudomonasiol FRE, A3 54, gAsHe B4 4 IA A-Ee 24
8l7] 9l8la] ok 5770 Ao ik &, o F, 7Feell ZA ZARRIY & 5T FrE 2AR A, 3371(57.9%)
9] k5ol A Pseudomonasitto] AEHJYT. & AF 7ol BF AEd £ 13(1.8%)01UenH, 239 2
429 £ 97(158%)19 e, 13 AEd XL 132(22.8%)0lutt. AGE 2= HALto] 50%2 HE
22 Ve on, BEAl, 35.7%, tI2At 33.3%, =24 29.6%, FEHAt 25.9%, SAAY 22.2%, B4t 7.4%%
oldtt. Bald #E & Ps. putidav} 22F(50%)2 717¢ BSken, Ps. aeruginosa, Ps. fluorescens & Ps.
mendocins 2t 65(13.6%), Ps. aureofaciens 45-(9.1%)°11t}. 22l¥ Ps. aeruginosa 672 A 2%
5322 A% 2%, B, C, E 2 63 Z 134Ut ¥l Ps. aeruginosa®] sAASN i ulgde
Amoxicillin 90.9%, Chloramphenicol 84.1%, Tetracycline 84.1%, Carbenicillin 81.8%, Nalidixic acid 68.2%,
Neomycin 38.6%, Streptomycin 31.8%, Gentamicin 4.6%, Kanamycin 4.6% 2|3 Colistin 2.3%°|1t}. Ps.
aeruginosa= THE FERUATF] B8 carbenicillino]] th&l]l 7HAde] g1} kanamycinol] thgt WAde] &k
t}. Ps. aureofacienst= THE FERupAgol H|3] streptomycino] thdled WAde] gidich Eal€ Ps.
aeruginosa] FAA | gt GAUdFES sANE ol 31.8%= 7 w%em, WA FddlAE= NA-CB-C-
TE-AMC7} 18.2%2 7V &34t}
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