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Identification System of Nonfermentative Gram Negative Bacilli Using
Microplate

Young Uh, Hyun Mi Cho, In Ho Jang, Kap Jun Yoon, and Dong Min Seo*

Departments of Clinical Pathology and Medical Information Development*,
Yonsei University Wonju College of Medicine, Wonju, Korea

Background: The accurate and rapid identification (ID) of nonfermentative gram-negative bacilli
(NFB) is essential for diagnostic and therapeutic purposes and for epidemiologic studies of hospital
infections. Commercial identification systems of NFB are easy to use but too expensive. The aim of
the study was to develop a simple system for the identification of NFB species which are frequently
isolated from clinical specimens.

Methods: Eighteen biochemical tests used in NFB microplate ID system were pyocyanin in Tech
media; pyoverdin in Flo media; glucose fermentation, acid formation from glucose, maltose, lactose,
sucrose, and mannitol in oxidation-fermentation media; Nitrate and nitrite reduction in nitrate media;
ornithine decarboxylase, lysine decarboxylase, and arginine dihydrolase in Moeller decarboxylase
media; acetamide, urease, citrate, 42°C growth, and oxidase test. For the establishment of NFB' s
biochemical data in microplate ID system, 175 consecutive isolates of NFB from clinical specimens
isolated during the period of April 2000 were simultaneously tested by microplate method and API
32GN.

Results: Ninety-two percent of clinical isolates of NFB were identified to the species level by NFB
microplate ID system.

Conclusions: The NFB microplate ID system is simple to use, rapid and economical. Further
modification are needed to improve the accuracy and identification rate of NFB isolates.

(Korean J Clin Microbiol 2002;5(1):26-34)
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07ho] o] Astst Aol o
NFB #3877} B thFet #Fo] Ee= = WA=
FEIE FHHS TR ARSI T2L 22y, dEs
H THHE Mo v o] 9lom U NFB #F
e FEFe 275 B W= oh1.2]. EH<
WS o] &% NFB 54 & AstsiA g 55771 271
of Art HALL A FFA o' AE-Sl7] ol = o 7
Ao, G A A EelE = NFBE 10572
A 2] F2] 90%0] /42 AAekH, NFB % 7}
2] ¥ & Pseudomonas aeruginosa, Acinetobacter
baumannii 5 7} FEL SE3 Y38k £ o] 9lo]
At Al o g BlwA Pt 8 5 vk 1
gug Yoo webr = A7 AP o2 54 % ¢ NFB
T35S B AY v =3 Al Fel2 383 & 2
2 AP S F7kske ol B A W S AHEE = g
oH1-5]1. 22, ol gk 3teF S 3 E R 544
QS HolA] @5 Afdde Z2BRE st A=
A4 o] Aot

olof] & AFolX = ddAAAA == o it
NFB # &2 588 & A= Agd Agde=z 44
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1. BHA] & A[AIHIQ] "=

NFB &7 & microplate < microplateo]] A A] & 3} &=
pyocyanin®} pyoverdin®] A 221 &, glucose ¥ & 9} A3}
Al&, maltose, lactose, sucrose 2 mannitol AF3H(E3}) A]
3], nitrate 2 nitrite <Y A] &, ornithine decarboxylase
(ORDE ¢Fgh), lysine decarboxylase (LDCZ <F3}), arg
inine dihydrolase (ARDZ <¢F3) A] &, acetamide
deamination A] &, urease A| &, citrate ©] 853} 42°C A A+
5 2 oxidase A g 2] 18714 2 T4 3}

Pyocyanin 2} A~ A] & 2 Tech vl X (BBL, Cockeysville,
Md., USA), pyoverdin A &~ A] & 2 Flo ¥} A](BBL)E- ©] £
3} 2 F v A o] = glycerol 2 # 713} t}. Glucose 28,
glucose AF3} 2 maltose, lactose, sucrose 2 mannitol 53]
A& v ] = OF basal medium (BBL)ol| & &9 S- syringe
filter2 o 23t & HF 57t 1%7} ¥ =5 A £33
t}. Nitrate 2 nitrite 2 A] & Nitrate broth 1} 2] (Difco,
Detroit, Mich. USA)¢]] g3 (BBL)S & 7}3F v A = A&
31t} ORD, LDC ¥ ARD A] & -& Moeller decarboxylase
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broth base (BBL)ol] 33 3} L-ornithine (Merck Co., NJ,
USA), L-lysine (Sigma, St. Louis, Mo., USA), L-arginine
(Sigma)e] 0.5% s=7} ¥ =5 A 23 A& ] &3
a1, 7] Aol H71E A & Moeller decarboxylase broth
base W x| & 2 &AL Al o] of v 2 A&l
Acetamide deamination A] & -& H]X] 1 Lol acetamide
(Sigma) 10 g, a3 15 g, NaCl 5 g, K,HPO, 1.39 g, KH,PO,
0.73 g, MgSO, - 7TH,0 0.5 g, phenol red 0.012 g& A 7} 3+
Z A9 pHE 6.9% 2331t} Urease A & & Urea agar
base W] X (BBL)E WHE urea 89S syringe filter2 o] 3}
sho] gl = (BBL)ol|  7}Fgh vl ] & AF&-3F L AL, citrate
A] ¥ -& Simmons citrate agar 8] X (BBL)Z o] &3} ). 2+
A = A x5 ke AFU R A x£3 & pHE 23
&l 87] 2] microplate wello] &+ =2 @712 A H 96
well microplate (Nunc, Denmark)el] 250 pL2] #3231 5 )
olz g W& th Hld Friyo] Yol 4T WAale] B
sttt 42C A A Al E L Mueller Hinton Hj ] - o] &
3}$3 31 oxidase A] & & Kovacs A] 2F& o] 835} ¢}

Nitrate A& S 9 3+ A A A & 0.6%2] dimethyl-a-nap
hthylamine &< ¥} 0.8% sulfanilic acid &<} 2! zinc dust
(Sigma)E AH8-3F31

FaAmA o] 2ol o FelE A fde 4
A AF A& o] &5t microwellell HFsH3l o, %
iz o] Fgo] Hof S A-Fole dRbAQ HE A=
o] &3to] HE3 5 glucose BE Al ul x|, EebALE} A
& o] tf Zuj#], ORD, LDC, ARD Hj %] 2! urease A] & HJ

Aol oil& FA e "t ths 30T 714 vl g7
A 2 FE vl et A i =33l th Microplate
ol wEE §A87] ato] B A4 A=E w3tk
Microplate HJ 2] €] pyocyanin¥} pyoverdin A] & -2 A4
2 945 Y, T S4 e 2 B35 T OF ]
A Mo FEA DS wdd e FAolH G, A
Aol Ao 2 5319 T Nitrate 2 nitrite 2+ A] &
£ nitrate X A] A 91 0.6% dimethyl-a-naphthylamine -8- 4 3}
0.8% sulfanilic acid %42 FA]d] X Y 55U
o] 2 A& B o] nitrate $HY A, nitrite Y SA O 2
F=sta, AHs7L Qlow zine €78o] 5-1070S ¥ s
ulel AR STt A & dEete] A4 0 2 Wskd uf
AW o] nitrate7} HFol) LS o|n| st E & nitrate 2 nitrite
99 g4 o2 BRI o], A} §loR ninae 2
nitrite Y FA 0 2 FE3}TE ORD, LDC 2 ARD A
Ao @Rt Uz A o) vl majel AalolR A, ek
Aol} Aol S o7 =39}, Acetamide S}t
urease A1 & A4S = by, FAo] W &40 % BE
S 3L, citrate A] -2 A A o] WH G, FA ol FAH R

Al
F=3FA T} 42C A A1 E -2 Mueller Hinton 33 vl %] of]

d
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A FE Ao S W YR AEIFAL 90%°] 73l #EW S 7|52 2 microplate® 2] 1L vl &F
oxidase Al g2 Kovac Al & "t & 155 o] &} o] 2 2du o] FFH A A FHAES T3S

T o2 HES Tl Microplate 53 H e 3 = (Table 1). Microplate™ ] NFB 5% Z 2 132 187}#] 2]

g5 98te] uA] © AJeFE A E A 2F wjeith ATCC A4 A 275 FAAS + 4L -2 gEd
25608 Burkholderia cepacia$t ATCC 27853 P. aeruginosa I =TS FaH FEHo] FolH 2 FpHS 7
EE=TFE APt Aot ol Z2ad o g A3ty §ste g4
1, 582002 A3 T A FTAU R 3708 Fol

3. Microplate SE¥| 75 0-774A 9] 18] =22 vhto] B5F 6xbe8] o] A= @

7= 7% 3= 2 2 (bionumber code book)<S 2] 513
A 1R = t}. Microplate ol ¢]3F NFBS] # ¥ I 222
20001 4ol AFHA NN EejE TEBHEE O zh #Fe] A5t vh-g FHEH 4 Eol 90%0] ol
TS AT 17575 7 . 2 microplate H 3} A& 3w ZvZ; 13} 0.2 Hsta 11-89%/\]—0].4 Ok W22 13 0
Z=2 A &< API 32 GN (bloeMerleux sa, Marcy-I" Etoile, < 747t FoJetAt) k3 #THEE FEH e $P I
France)S TA] o] A] 83+ & API 32 GN9| #54 FE9| = A9l 3ksd ot
Table 1. Biochemical reactions of NFB isolates during the period of April 2000
Biochemical % positivity of biochemical tests
Tests PAE PPU PFL BCE CAC SMA  ABA AJO MLA AXX CIN MY-
(82) (5) (h (20 (h (17) (42) (h (2) (H 2) (1
PCY 34[43] 0 0 0 0 0 0 0 0 0 0 0
PVE 34[42] 80 100 0 0 0 0 0 0[50] 0 0 0
GLF 2[28]  40[80] 0 85[90] 0 0[6] 12[57] 0 0 0 0 0
GLO 74[99] 100 0[100] 100 0 6[71] 100 0 0[50] 0[100] 0O[100] O
MAL 0 0 0 55[95] 0 88[100] O 0 50 0 0 0
LAC 0 0 0 75[95] 0 0[12] 19[74] 0 0[50] 0 0 0
SucC 0 0 0 90 0 0[6] 0 0 0 0 0 0
MAN 13[45] 0 0 10[20] 0 0[6] 0 0 0[50] 0 0 0
NO; 92 20 0 45 100 29 0 100 100 100 0 0
NO, 66 20 0 0 0 0 0 0 0 0 0 0
ORD 0 0 0 20[25] 0 0 0 0 0 0 0 0
LDC 0 0 0 80[95] 0 100 0 0 0 0 0 0
ARD 88[92] 100 100 0 0 0 2[7] 0 50 0 0[100] 0
ACE 83[92] 40 0 70[75] 100 0 5[10] 0 50 0 0 0[100]
URE 35(82] 0 0 0[40] 0 0 0[5] 0 0[50] 0 50 100
CIT 91[96] 100 100 90[95] 0[100] 59[71] 91[93] 0 50 100 0 0
42G 100 0 0 0 0 0 93 0 0 0 0 0
OXI 96 100 100 70 100 0 0 0 100 100 50 100

The number in () means the number of isolates.

The number in [] means the % positivity of biochemical reactions at 48 hr incubations.

Abbreviations: PAE, Pseudomonas aeruginosa; PPU, Pseudomonas putida; PFL, Pseudomonas fluorescens; BCE,
Burkholderia cepacia; CAC, Comamonas acidovorans; SMA, Stenotrophomonas maltophilia; ABA, Acinetobacter baumannii;
AJO, Acinetobacter johnsonii; MLA, Moraxella lacunata; AXX, Achromobacter xylosoxidans subsp. xylosoxidans; CIN,
Cryseobacterium indologenes; MY-, Myroides spp.; PCY, pyocyanin; PVE, pyoverdin; GLF, glucose fermentation; GLO,
glucose oxidation; MAL, maltose; LAC, lactose; SUC, sucrose; MAN, mannitol; NO;, nitrate reduction; NO,, nitrite reduction;
ORD, ornithine decarboxylase; LDC, lysine decarboxylase; ARD, arginine dihydrolase; ACE, acetamide; URE, urease; CIT,
citrate; 42G, 42 growth; OXI, oxidase.



MicroplateS 0|23t ZEEH|dE OZSAM7HFo| SHH 29

B.2X 715 API 32 GN9| 574 Augts 7 Z39th 4538 A 59
Microplate™] o] <] &t NFB £4 &< 3 7}3}7] 938t A AIE %ID7F 90%°)dY Aol HF HFPeR
2000 89 ¥-E] 2001 39 71%] AAHA A A Eald 319 1 %ID7} 90%1| kol F3= NFBZ ] &3} t}. &
NFBE t]’3 S & microplate & A3 3t § 244 3t uf < 39] 4817k vl ok 3e] Ay sst At g B 24417 vl <

oA FAHIZEEZ gle TFc] £8d 4= API HT} 5% 2ol 71 9l = 74 7 EAI 8 T
32 GN3} &7 microplateS 24 7+ vl %k 3F 5 API 32 GN2J

Z 3} 9} microplate 2] 24A] 73} 4841 7F vl k5] B 2 1
ABRE 7S At L FHL R 7F F
microplate® ol ] 24A] 7Hel| o] BAHE R P FEL 1. Microplate SE®Q| 1X 75

Table 2. NFB isolates between August 2000 and March 2001

Organisms No.(%) of isolates

API 32 GN Microplate method
PAE 937(43.6) 927 (43.1)
PPU 22(1.0) 16 (0.7)
PFL 11(0.5) 10 (0.5)
PSZ 2(0.1) 2(0.1)
PLU 1(0.0) 1(0.0)
BCE 193(9.0) 168 (7.8)
RPI 4(0.2) 1(0.0)
CAC 9(0.4) 9(0.4)
CTS 1(0.0) 0(0.0)
BVE 2(0.1) 2(0.1)
SMA 287(13.3) 287 (13.3)
ABA 515(24.0) 509 (23.7)
AHA 2(0.1) 1(0.0)
AJU 19(0.9) 6 (0.3)
AJO 5(0.2) 1(0.0)
ALW 3(0.1) 2(0.1)
AFA 5(0.2) 3(0.1)
AXX 16(0.7) 12 (0.6)
ADE 1(0.0) 0(0.0)
CIN 6(0.3) 4(0.2)
CME 1(0.0) 1(0.0)
MLA 10(0.5) 5(0.2)
MOS 5(0.2) 2(0.1)
SPU 4(0.2) 4(0.2)
SPT 4(0.2) 4(0.2)
NFB 85(4.0) 173 (8.0)
Total 2,150(100) 2,150 (100)

Abbreviations: PLU, Pseudomonas luteola; RP1, Ralstonia pickettii; PSZ, Pseudomonas stutzeri; BVE, Brevundimonas

vesicularis; CTS, Comamonas testosteroni; AHA, Acinetobacter haemolyticus; AJU, Acinetobacter junii; ALW, Acinetobacter
Iwoffii; AFA, Alcaligenes faecalis; ADE, Achromobacter xylosoxidans subsp. denitrificans; CME, Chryseobacterium

meningosepticum; MOS, Moraxella osloensis; SPU, Sphingomonas paucimobilis; SPT, Shewanella putrefaciens; NFB, Glucose

non-fermentative gram-negative bacilli.

Other abbreviations: see Table 1.
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2000 4¥ =t A3 1750 F= 5 2dF0 24
o] = P. aeruginosa (47%), A. baumannii (24%), B. cepacia
(11%), Stenotrophomonas maltophilia (10%), Pseudomonas
putida (3%)°] 57tEo] AA Fe]TEF] 95%E 2= 5+
TH(Table 1). &4 = 552 Chryseobacterium indologenes
9} Myroides spp .4 52 0000442 =9} Pseudomonas
Sfluorescens®} P. putidao| A 58 210015 Z == A &3}
Row L dF4rt 3dFolsiel #EEY] s AEE
22 A9t A. baumannii, P. aeruginosa, S. maltophilia,
B cepacia®) 4 2% D 63744 9] $H = E P3G
c}.

Hi

2. Microplate SAHQ| 2i} +

2000 84 58] 2001 3€7bA] A A A Ee2d
NFB #%£< 1,988% 9] 3hatol| 4] 2,150 757} ¥2] 5 S
o, o] Z microplate H2| 12} 5 A= FEof 9|5}

TAEJD dFL 17767 T2 A 82.5%°] 4 &I
th 23t FHIAEEZLE dFTEHE FEE AU NFBE &
e THAEE AAT F HATAH R 21457 9] #F
H =228 2143519t} Microplate 9] 231 &
HIACEB2o AA EaFF9 92.0%(1,977/2,150)
TTENA 4T T UE A2 o S5 A K(Table 2).

Microplate ¥ o] 4] 2] pyocyanin A4 & P. aeruginosal A
WomAE oG BB 17%2 v} ko
pyoverdin A3 2 P. fluorescens, P. putida®} P. aeruginosa
o)A 7+t 64%, 41% 2 20%2] A Eo| 9o Achrom
obacter xylosoxidans subsp. xylosoxidans 17t F(6%)7} %
Argola e #FS BT A oI Ak P. putida}
P. fluorescensi= th -2 A3}t AJ7do] frAlstA v
mannitol 3| A & A P. putidar 25 /40| P.
fluorescens = 82%°l| A F4d o] A tH(Table 3). B. cepaciat
maltose, lactose, sucrose, LDC, acetamide 2 citrate A] &5
of g ol 70| oA ThE FE e ol 415
o FEstd s AFC vlell dEE S &9 ¢l
E A7 250 F(1.2%) 22 7 2 9kth(Table 2, Table
3). 8. maltophiliax= maltose 3 2} LDC A] & o] z}z}
99%, citrate 2] @2 91%°] FEIAL TFE AP
BRo] &Aoot} 4. baumannii= glucose, citrate, 42°C
A A A - o A 98%°] A}, lactose HE-3I A1 & 55%2] FAE
o] AL thE Al & o {0l 54 o] A tH(Table 3).
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NFB+= o2 o|dAQl #&< J3FAZA 16S rRNA
@71 1Q e FE ol ek B TEP e WAk
st A 2 gFo] A& FrtE e 828 #3550
t}. NFBS] 7}#F th A Q1 Pseudomonas= rRNA2] A=

Aol uh2} 578 2] Pseudomonas *+F4] w+(homology group)

|:|| xlo| Z

le]
y O L-—,

0l
0
M

g, = . M3
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oz UHzoen A Aed +& NELE 75U
Burkholderia, Ralstonia, Comamonas, Acidovorax,
Brevundimonas, Stenotrophomonas® 5% %31, o] & o
Pseudomonas 7%°) QA P. putrefaciens, P. mesophilica$}
P. paucimobilis'= 2} Z} Shewanella, Methylobacterium 2
Sphingomonas T2 2 A EFE U™, Chryseomonas
luteola$} Flavimonas oryzihabitans= Pseudomonas©l 7|
% A TH2-4]. P. aeruginosa= LFAAANA B2 EH =
NFBe| Awt& A st= #F 2 A][1] NFB #F 5
pyocyaning A4 8h= L g F o] BZ[6], pyocyanin
k] ol P. aeruginosaZ 573 4 YTt P. aeruginosa
9] pyocyanin A4 2] H| &2 Al @ v A o] F/F} uf
F712H6-8], T 549,101, FTA AHE (1] Tl
et 2e2bx] 58-98%0°] tH[6-8,12,13]. AFA A o EA 5=
phenazine 2} 4>= 5057 o] O B=A i F-ES &
2 Aol GA S, oA Az whep A A X
(pyocyanin), Z = Al 4~ (chlororaphine) A} 5% A 2~ (iodinin),
= @A 2~ (phenazine-1,6-decarboxylic acid), T3+ 4 (2-
hydroxyphenazine-1- carboxylic acid), &2 4~(pyorubin)
2 U A tH14]. Al o] Al 8l phenazine A A= Al E
7ol = HolstA ot shstetd B o oty =
QA 2718 sk g 482 Form S 3
QAN AN ] HEH o] FobA = g ArHI4]. P
aeruginosa®] pyocyanin (1-hydroxy-5-methylphenazine) A
Ae g7 2de] ST w o v 2= 2ol
A7 o] && 5 = G WA phosphatee]] o] 3}
AA =, A ZZEo] A3 wf o} =l 2% e
magnesium chloride, potassium sulfate, sodium citrateol] 2]
al S7tE B2 w Ao F Rk wFrI b whet
pyocyanin %A] &o] &2} t}7,8,14]. Pyocyanine &7t
g Yor e HAZ HARE A A= FH2 A
= g, gk o3 T m W & da, Aol A
A pyocyanino] A] gto] Z st W x= g Ao |-
hydroxyphenazine © 2 3}8} - 27} upyjo] A Z Mo g ¥
o} 14]. =2 J A A R o] P. aeruginosa= pyocyanin
S AABA RE AU Boen® o)’ 75l Ee
H]&o] % oW pyocyanin FA Eo] StobA] Al HH[2.8],
Alhul ¥ vhEstA A g o] F7HETHI0,13]. H 4
A A & Eo] 59 erythromycin AlE FTA Y FoA =
pyocyanin A A & 2 A 8} [11,14], &3] azithromycin-S 8
mg/Le] & ko] A &= pyocyanin A/ & €3] A A2 Th
[11]. B AT A P. aeruginosa®) pyocyanin A & o]
17% = vl -¢ & o] = FH FA wiA] 2ke] HEFH o] &
a1 A Zho] o Bt Al & AbESka e dE gt
A el 7 B2 A Fol delem A
Pyoverdin (fluorescein)2 G=-8-4] o] A1 Al A 2 A 22
AL v FH FFS Y= Aot} Pyoverding Ao

oX,

3
b lo

o 10 J

A F4 71%5 < 5} siderophored] U F 0 24 W =] o
Hofsty st FxA o 2= 40F 7/ ATHS,16].
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Pyoverdin® 2] &I = T2 2|7t 37 A of
A £2] 5] = NFB ‘El" = pyoverding A3l TFL
A=}

st
ft

]

P. aeruginosa, P. ﬂuorescensﬂr P. putida7} ) F- 5o
ol Al &9 FH el w¢ &3ttt
[2]. =, pyocyanin<- A A] 3} R| &= NFB 1 <©] pyoverdin
= AP e dole e S WA B 42c dFe
st = Ao} T3 P. fluorescens 2}
oot AL AT &
SR AL P. fluorescens/P. putida=. 5]
A Bad £ 7] W EoltH1,2]. L3 Y, P. fluorescens
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AT pyocyaning} w] 23 Qelo] Agahe Aoz A7t
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£ #FES AgenA QAN Bl e 2Fe
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3Lt Aol GARAG wab L I 2 IV §x38 & B.
cepacia, 7+ 8 11& B. multivorans, 2 & B.
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-

=
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¥ & Zo] 7} @}, Henry S5[25]°) 23 B. cepacia®l
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Ralstonia pickettiiz=1995'd o] A7} X| &= Pseudomonas
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A & Ealste Bl JEY 299 ool n, R
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