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The genus Acinetobacter has recently been shown
to be comprised of many species and genomic species
including A. baumannii, A. calcoaceticus, Acinetobac-
ter genospecies 3, A. haemolyticus, A. junii, Acineto-
bacter genospecies 6, A. johnsonii, A. lwoffii, Acineto-
bacter genospecies 9, Acinetobacter genospecies 10,
and 11, A. radioresistens, Acinetobacter genospecies
13TU, 14TU, 14BJ, 15BJ, 15TU, 16, and 17, A.
ursingii, and A. schindleri as defined by DNA-DNA
similarities and 16S rRNA gene sequence analysis
(Berlau et al., 1999; Nemec et al., 2001). Many strains
described so far based on phenotypic characteristics
and the Biolog system have remained unclassified
(Bernards et al., 1995; Bouvet and Grimont, 1986;
Bouvet and Jeanjean, 1989; Gerner-Smidt et al., 1991;
Juni, 1984; Tjernberg and Ursing, 1989). The phyloge-
netic analysis using protein-encoding genes in Acine-
tobacter species was also reported (Yamamoto et al.,
1999; Yamamoto and Harayama, 1996). However,
there is still a limitation to the identification of Acineto-
bacter strains from clinical specimens in our country. In
this study, photobiotin labeling DNA-DNA hybridization
including phenotypic characteristics and ubiquinone
analysis were used in order to identify Acinetobacter
isolates.

Of 125 isolates, 46 isolates were kindly provided
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from the Department of Microbiology, Faculty of Medi-
cine, King Chulalongkorn Memorial Hospital and 79
isolates were obtained from the Division of Bacteriol-
ogy, Department of Microbiology, Faculty of Medicine,
Siriraj Hospital, Mahidol University. They were ob-
tained during a 3-month period between July to Sep-
tember 1999 from clinical specimens, which were
urine, sputum, blood pus, body fluid and cerebrospinal
fluid as listed in Table 1. Furthermore, the type strains
of A. baumannii JCM 68417, A. Iwoffii JCM 68407
(Japan Collection of Microorganisms, Saitama, Japan),
A. calcoaceticus DMST 22707, Acinetobacter
genospecies 3 DMST 22727, and A. junii DMST 22747
(Department of Medical Sciences, National Institute of
Health, Nontaburi, Thailand) were used. All the iso-
lates were cultivated on trypticase soy agar (Difco,
Laboratories, Detroit, MI, USA) supplemented with 5%
sheep.blood at 37°C for 24 h.

The isolates on blood agar or MacConkey agar plate
were examined for cell form, cell arrangement, colonial
appearance and Gram stain. Catalase, oxidase, triple
sugar iron agar reactions, motility, indole production,
nitrate reduction, utilization of citrate, and oxidative-fer-
mentative in glucose were tested as reported (Baron et
al., 1994). The ability to grow at 37°C, 41°C, and 44°C,
and at pH 3.5, 4.0, 4.5 and 5.0 in Tryptic Soy Broth
(TSB) were determined as described by Bouvet and
Grimont (1986). A utilization test of the different carbon
sources of each kind at the final concentration of 0.2%
(w/iv) was performed as described by Barrow and
Feltham (1993) and Juni (1984). Acid production from
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Table 1. Isolate number, sources, DNA groups and identification.
Isolate number Source Hospital DNA group Identification
SuU1-1, SU7-1, SU7-2, SU9-3, SU11-12, SU1-2, Urine Siriraj | A. baumannii
SU1-4, SU13-9, SU2-1, SU11-16,
SuU11-10, SU6-22, SU11-6, SU13-2,
SuU11-25, SU11-27
SU11-33 Il A. calcoaceticus
CU3-22, CU3-21, CU3-3 King Chulalongkorn | A. baumannii
CuU3-11 Memorial I\ A. junii
S§85-3, SS6-5, SS6-6, SS6-7, SS4-2, Sputum Siriraj | A. baumannii
S§S4-7, SS4-9, SS6-3, SS4-3, SS11-20,
S§S1-18, SS11-19, SS1-3, SS4-8,
SS5-8, SS6-8
SS6-4 \ A. junii
SB7-1, SB4-1, SB6-15, SB1-3, SB4-5, Blood Siriraj | A. baumannii
SB7-2, SB6-13, SB6-14, SB7-3, SB1-4
SB5-4 Il A. calcoaceticus
SP5-6, SP8-2, SP8-5, SP9-9, SP1-1, Pus Siriraj | A. baumannii
SP1-2, SP13-12, SP11-5, SP3-5, SP3-6
SP9-8A, SP9-8B Pus Siriraj v A. junii
CP3-4, CP5-1, CP4-9, CP5-2, CP5-3, Pus King Chulalongkorn | A. baumannii
CP5-5, CP3-5, CP5-10, CP5-16, CP5-7, Memorial
CP5-9, CP4-3, CP5-13, CP4-1, CP4-2, CP5-17,
CP2-4, CP3-8, CP4-4, CP4-15, CP1-5,
CP4-27, CP3-25, CP3-1, CP3-24, CP4-21,
CP3-13, CP2-10, CP1-15, CP4-10, CP5-4
CP5-20, CP4-8, CP4-24 Pus Siriraj Il A. calcoaceticus
CP4-12, CP4-13, CP3-12 Pus Siriraj v A. junii
CP3-2, CP3-20 Pus Siriraj I A. Iwoffii
Un3-4, Un3-1, Un11-6, Un11-20, Un11-34, Pus Siriraj | A. baumannii
Un11-36, Un12-1, Un12-4, Un12-5, Un10-5,
Un10-31, Un10-35, Un10-3, Un10-19, Un10-25,
Un10-30, Un10-39A
Un10-21, Un10-22, Un11-27 Pus Siriraj v A. junii
Un10-39B, Un3-10 Pus Siriraj \" Acinetobacter
genospecies 3
CBF4-26, CBF4-25 Body fluid King Chulalongkorn | A. baumannii
Memorial
CCSF3-23 Cerebro- King Chulalongkorn \" Acinetobacter
Memorial genospecies 3

spinal fluid

carbohydrates was also determined (Baron et al,,
1994).

DNAs were isolated from cells grown in 50 mi TSB
shaken at 200 rpm for 24 h and were purified as de-
scribed by Tamaoka and Komagata (1984). Photobi-
otin labeling DNA-DNA hybridization was carried out in
2X SSC (saline-trisodium citrate) and 50% formamide
solution and incubated overnight (15 h) at 43°C (Ezaki
et al., 1989). DNA-DNA similarity was determined by
the colorimetric method (Tanasupawat et al., 2000).
Quinones were purified and examined by HPLC (Shi-

madzu model LC-3A, Shimadzu, Kyoto, Japan)
(Collins et al., 1977; Tamaoka et al., 1983). The abbre-
viation (e.g., Q-9, Q-8, etc.) used for ubiquinone indi-
cated the number of isoprene units in the side chain.
All isolates were Gram-negative rods or coccobacilli,
0.5-0.8 um in diameter and 1.0—1.9 um in length. They
occurred singly, in pairs or in short chains. They were
nonmotile and nonsporing. Colonies on blood agar
were gray to white, convex and entire, 2-3mm in di-
ameter, and on MacConkey agar were slightly bluish
tint colonies. Among the 125 isolates, 111 isolates



259

Acinetobacter from clinical specimens

2003

‘uonoeal aanebau 10 aAsod BUIMOYS SURILS JO Jaquinu 8y} ajedipul sesayjuaied ul siequuny "surells peisel Jo Jaquuiny ,

+ + (€-)+ + - - + + (@-)+ + 8s0JAx-a
+ + - - - - + + (e-)+ + asoulgely-1
+ + + + - — + + + + 8soqly
(b+)— - - - - - - - (er+)— - 92010Ng
(b+)— - - - - - - - 61+)- - 8s0y0e]
(1+)- - - - - - - - (h+)- - loyuuep-a
(L+)— - - - - - - - @L+)— - oso)e
(-)+ + - - - - (-)+ + + + 8soon|H-a
woly pioy
- - - - - - - - (ee+)- + auluoaiy |
(+)- + (@+)- - - - @)+ + (es—)+ + auluefejAusyd-1
- - - - - - - - (e+)- + auIyNUIO-T
- + - - - - - - (+)- + auloNa-1
+ + + + (-)+ - + + (8-)+ + BuIPASIH-1
+ + (-)+ + - - (@+)— + (9-)+ + aulubiy-1
+ + (5—)+ - + - + + rL-)+ + auiue|y-
(b+)- + - + - - =)+ - Or+)- - ojeJue] -1
+ + (L-)+ - + - + - (8-)+ + 81euloong
+ + - - - - - - (S2-)+ + sjeuoidoid
- - - - - - - - (rv—)+ + alejaoejAusyd
(h+)— + (@+)- - - - e-)+ - (re—)+ + Sjeuole
(L=)+ + (e-)+ + + + (L=)+ + (§-)+ + ayefeN-d
+ + + + + + + + (g-)+ + ajeoe-1a
(1-)+ + - - - - - - (1—)+ + sjeinddiy
(-)+ + @)+ - (-)+ - @-)+ + (6—)+ + sjesenio
+ - (-)+ - - - + + (r-)+ + slenio
- - (e+)— - - - - - (re+)— + aleozuag
- - - - + - (L+)— - - - sjeyedsy
+ + (L=)+ - + + (L=)+ + + + ajejeoy
jo uonezijnn
+ + - - - - - - + + S Hd
(+)- - - - - + - + (@-)+ + ot
(b-)+ + r-)+ + - - - - (-)+ + Do ¥ 18 IMOID
(1-)+ + (e+)— — — - + + r-)+ + BAllEPIXO
sired uy 10 ABuis ul wawabuelse |89
10eqo0200 wuo} 1180
(€) 12222 1SNd (o1) 1bL2e 1SNa (@ 1,0¥89 INOP (9) 1022 1SN (SOL) LHV89 WOr
¢ saloadsousab sonsusoeIey)
Adnoiny  usjopqoBUY Al ANOID nunf v jil dnougy Hnyom| v 1 dnol  snonsoeooes ‘y | dnolg nuuewneq 'y
'S8)e|0S| J8]0BqO}8UIOY JO SoNSUaloRIReyD g dlgel



260 PONGPECH et al.

Vol. 49

Table 3. DNA-DNA similarity of Acinetobacter isolates.

DNA group Number of strains ~ JCM 68417 DMST 22707  JCM 68407 DMST 22747 DMST 22727
| 105 70.1-99.2
] 5 71.2-99.4
HI 2 70.3-70.5 22.6-30.5 .
v 10 72.1-98.7
\ 3 20.4-57.5 20.2-31.7 81.2-84.9
A. baumannii JCM 68417 100
A. calcoaceticus DMST 22707 100
A. Iwoffii JCM 68407 100
A. junii DMST 22747 100
Acinetobacter genospecies 3
DMST 22727 100
(groups 1, I, V and IV) were glucose oxidizers and 14  which was different from A. baumannii ATCC 9955
isolates (groups I, lll and V) were nonoxidizers. All  (=ATCC 17961) (Yokota et al., 1992) that contained

showed negative reaction to oxidase, nitrate reduction,
utilization of L-valine and acid production from fruc-
tose, but showed a positive reaction to catalase and
utilization of pyruvate. They could not grow at pH 3.5,
4.0 or 4.5. All grew at 37°C and most of the isolates of
group | grew at 41°C and 44°C. A utilization test of
carbon sources was variable and few isolates pro-
duced acid from carbon sources as shown in Table 2.

On the basis of DNA-DNA similarity, 125 isolates
(Tables 1 and 3) were divided into five groups (groups
| to V) when 70% or greater DNA similarity with the
type strains of Acinetobacter species were shown
(Wayne et al., 1987).

Group | (105 isolates) showed a high degree of DNA
similarity (over 70.1%) with A. baumannii JCM 68417,
and was identified as A. baumannii. Most isolates in
this group oxidized glucose, and grew at 41°C and
44°C. However, a variable of growth at 44°C was
found in 12 isolates (i.e., SS4-2, SP11-5, Un10-35,
Su2-1, SU6-22, CP2-4, CP4-2, CP3-8, CP3-13, SS11-
19, Un10-39A and CP4-10). All grew at pH 5 (Table 2).
The utilization of citrate, glutarate, pL-lactate, malate,
malonate, propionate, {-alanine, arginine and histi-
dine, and acid produced from D-glucose were the
same as previous reports (Bernards et al., 1995; Bou-
vet and Grimont, 1986; Gerner-Smidt et al., 1991). The
growth at 41°C and 44°C were confirmed to be useful
in the separation of A. baumannii, A. calcoaceticus
and Acinetobacter genospecies 3 as reported by
Kampfer et al. (1993) and Berlau et al. (1999). The
tested strains in group | and A. baumannii JCM 68417
had Q-9 as the major ubiquinone component (Table 4),

Q-8 as the major component. In this study, A. bauman-
nii was isolated from many clinical specimens, particu-
larly from pus. Of 105 isolates, 46 isolates were found
in pus, 19 in urine, 16 in sputum, 10 in blood and 2 in
body fluid (Table 1).

Group 1l consisted of 5 isolates (i.e., SU11-33, CP5-
20, CP4-8, CP4-24 and SB5-4) (Table 1). They had a
high degree of DNA similarity with A. calcoaceticus
(over 71.2%) and were identified as A. calcoaceticus.
They could not grow at 41°C or 44°C, which can be
differentiated from group | isolates (Bouvet and Gri-
mont, 1986; Gerner-Smidt et al., 1991). All isolates uti-
lized citrate, pL-lactate, succinate, B-alanine and L-his-
tidine, but did not utilize benzoate, hippurate, phenyi-
acetate, propionate, L-leucine, L-ornithine or threonine.
Variable reactions are shown in Table 2. The strains
designated as CP5-20 and A. calcoaceticus DMST
22707 had Q-9 as the major ubiquinone (Table 4).
Three were isolated from pus, 1 from blood and 1 from
urine (Table 1).

Group Il isolates (CP3-20 and CP3-2) showed a
high degree of DNA similarity with A. Iwoffii JCM 68407
(over 70.3%) and were identified as A. Iwoffii. All iso-
lates were nonoxidizers and could not grow at 41°C.
They utilized acetate, aspartate, pL-lactate, p-malate,
succinate and B-alanine, but did not utilize benzoate,
citrate, hippurate, malonate, phenylacetate, propi-
onate, t-tartrate, L-arginine, histidine, L-leucine, or-
nithine, L-phenylalanine or threonine (Table 2). In this
study, some isolates could utilize glutarate, B-alanine
and L-histidine, but the study by Bouvet and Grimont
(1986) indicated that A. Iwoffii could not utilize these
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Ubiquinone system of Acinetobacter isolates.

Ubiquinone (%)

DNA group Strain - - - — —
Q-7 Q-8 Q-9 Q-10
Group | SuU1-1 5.3 14.4 77.5 2.8
SP9-9 2.6 104 82.5 4.3
SS4-9 ND 19.1 79.2 1.7
CP5-1 5.0 10.0 81.8 3.2
CP1-5 3.8 10.3 81.6 4.1
CBF4-25 1.0 1.2 85.4 24
CP3-25 2.4 11.6 83.5 25
§S1-3 6.3 6.2 83.0 45
A. baumannii JCM 68417 32 . 16.3 77.6 2.9
Group I CP5-20 6.1 11.0 79.8 3.0
A. calcoaceticus DMST 22707 ND 10.4 86.4 3.2
Group Il CP3-20 15.7 5.6 78.6 ND
A. Iwoffii JCM 68407 8.2 7.5 82.8 1.3
Group IV CP3-12 3.3 15.4 79.6 1.6
A. juniiDMST 22747 ND 39.5 60.5 ND
Group V CCSF3-23 2.7 12.7 82.5 2.1
Acinetobacter genospecies 3 DMST 22727 ND 10.1 82.5 7.4

ND, Not detected.

three carbon sources. The tested strains, CP3-20 and
A. Iwoffii JCM 68407, contained Q-9 as a major
ubiquinone component, which agreed with the results
reported by Yokota et al. (1992). Both isolates were
from pus.

Group IV consisted of 10 isolates (i.e., SP9-8A,
CP3-12, SP9-8B, SS6-4, CU3-11, Un10-21, Un10-22,
CP4-13, CP4-12 and Un11-27). They showed a high
degree of DNA similarity (over 72.1%) with A. junii
DMST 22747 and were identified as A. junii. Most iso-
lates did not produce acid from D-glucose. Six tested
strains grew at 41°C. This group can be differentiated
from group Hll by the utilization of L-arginine, citrate
and growth at 41°C. In the study by Bouvet and Gri-
mont (1986), A. junii was differentiated from the other
glucose nonoxidizers by utilizing pL-lactate and L-histi-
dine and the lack of utilizing glutarate. However, in the
present study, the isolates failed to do so. The tested
strains, CP3-12 and A. junii DMST 22747, had Q-9 as
a major ubiquinone component (Table 4), which dis-
agreed with the results reported by Yokota et al.
(1992). Most of the isolates were also from pus (eight
isolates), one from sputum, and one from urine.

Group V contained three isolates (i.e., Un3-10,
Un10-39B and CCSF3-23) which were isolated from

pus and cerebrospinal fluid (CSF). All isolates showed
a high degree of DNA similarity (over 81.2%) with
Acinetobacter genospecies 3 DMST 22727 and were
identified as Acinetobacter genospecies 3. In this
study, their phenotypic characteristics could not be dif-
ferentiated from the group Il isolates except for the
ability of growth at 41°C by two isolates. All three iso-
lates utilized citrate, pL-lactate, propionate, B-alanine,
L-arginine and histidine, which was similar to Acineto-
bacter genospecies 3 in the study by Bouvet and Gri-
mont, 1986. The isolates CCSF3-23 and Acinetobacter
genospecies 3 DMST 22727 contained Q-9 as a major
ubiquinone (Table 4).

In this study, the isolates belonging to the genus
Acinetobacter could be divided into five groups. They
were clearly identified as A. baumannii (105 isolates),
A. calcoaceticus, A. Iwoffii, A. junii and Acinetobacter
genospecies 3 based on DNA-DNA similarity. This
technique showed to be useful for differentiating the
Acinetobacter strains as it has been recommended by
other investigators including Bouvet and Grimont
(1986), Tjernberg and Ursing (1989), and Fox et al.
(1992). In addition, Stackebrandt and Goebel (1994)
reported the resolution of 16S rRNA sequence analy-
sis was insufficient to closely distinguish related ge-
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nomic species and could not replace the DNA-DNA
hybridization method. Therefore, we would like to rec-
ommend that DNA-DNA hybridization is the most ap-
propriate method for differentiating Acinetobacter
strains from clinical specimens in Thailand.
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