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Abstract

Acinetobacter baumannii is an important cause of healthcare-associated infections and is
resistant to almost all antimicrobial agents, with strains recently reported to be resistant to
colsitin. In this study, we aimed to identify the risk factors associated with colistin-resistant A.

'.) baumannii infections by comparing colistin-resistant and -susceptible A. baumannii isolates.
- We retrospectively reviewed the medical records of 51 and 100 cases in which colistin-
updates resistant and -susceptible A. baumannii were isolated, respectively. Univariate analysis
showed that compared with patients with colistin-sensitive infections, patients with colistin-

@ OPEN ACCESS resistant A. baumanni infections had a combined pulmonary disease (P = 0.017), were
PISSN : 2288-0585 admitted to intensive care unit (P = 0.020), and had prior mechanical ventilation (P = 0.003),
eISSN - 2288-6850 tracheostomy (P = 0.043), percutaneous drainage (P = 0.070), hemodialysis (P = 0.002); use
Ann Clin Microbiol 2023 June, 26(2): 29-36 of colistin (P = 0.000), carbapenem (P = 0.000), and teicoplanin (P = 0.004); and co-infection
https//doi.org/10.5145/ACM.2023.26.2.1 (P = 0.035). Multivariate analysis indicated that eight variables were related to the likelihood

of colistin-resistant A. baumanni infections: use of teicoplanin (Odds ratio [OR]: 3.140, 95%

Corresponding author ] ; ) . . ] . .
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0.560-3.435), and prior tracheostomy (OR: 1.102, 95% CI: 0.344-3.527); however, no statistical
differences were observed. Although colistin use could not be proven in multivariate analysis,
the possibility of being a risk factor cannot be ruled out.
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< Hol= AW (multidrug-
resistant) A. baumannii2] ¥1%=7} o9 S7H=| Q1 0, £5] Sl 4% 127 Al A9 2
/do)a Y A| = B 8] 7Ad Q1S3 @] kAUl /] (extensively drug-resistant) A. baumannii®] H]
£0] 70%-80%01l °] 231 th2]. THAIUAS A. baumanniioll 2J3t A ZHst o] 3k 7hdQl 9=
| EAI7F A2 glom D 7HA] Al E BEketo] ARES BAY: colistin 5] FtAlE AHEE
o] glTh3].

Colistin> 1970\t A A5/ A5 22 ARgol FA1H eFAloltt. 2000 Hh ] %
AZFsE thAUA] O34 Mlet7 (551 Pseudomonas aeruginosa, A. baumannii % Klebsiella
pneumoniae -5)°l| H] 1A -2 X 882 HRIThl A ARgo] F7HIth4]. L2ju 2ol =
CEAUAL A. baumanniiZ} colistin7HA] U1AdS Hol= F3250] B %11 QITH5,6]. A. baumannii
9] colistin &2 T2 Z7IollA] 5%2 o= WA Bax|3 Qlovy 37k = 2
o] Q1o colistin®l] U/l ¢ tiF-2 2E FatAlol WS Hol= MU/ (pandrug-
resistant) A. baumannii®| B2 x| S| 2 AHE-SH A7} glofA] Alzbet A7} E A Qi

Colistin U4 17 578 2ot 7rd e 1 ltol] tigh 7] A+1E2 F= Klebsiella
pneumoniacS T/ Q.2 O]F] % O™ colistin®| L} carbapenem 52 T4 2| 3, carbapenem
U+t 2] ole, 22 A A7, S8 A2 5ol AFIAE A= JATH7-9]. Colistin U173
A. baumannii 744 2] YA}l thgt A At o]} fAFsHY, iR &2 429] colistin
U3 A. baumannii-s E35to] A5 01, obA] 2t 57 W] o2 Aol TH10-14].

2 AFof| A= colistin WA 74 A. baumannii 7+ SARE2] B] S 55Y colistin W/
A. baumannii 7+ 2] 9|12 olelstarzt oAt

20149 19 129 5E 2018 12 31Y47HA] ol 55 LS W &2t F colistin U/
A. baumannii7} 2% 5190|2} colistin 74 A. baumannii 77} 22| E A} 1000 E of
Jo B F3FA o g o|RY|ZES HESIS Colistin U/J A. baumanniiZ} £2]H A= 7
718E 1 (0=20), 2 (n=17), 2¥(n=9) 5] AT} Colistin ZH4d #3=7F £2|H 100 2] o
22 colistin WA wF7F 28 E At} H| =gt Al 7)o o] B3] %13, A. baumannii
7h 22 A 79 vl o] fAFSHEE A4 53T

Lo, A, A, 714 deh(Fls, o T A
o 3571 Aol 7199, A. baumannii #F
A. baumannii w5+ 22| 71 28% o]uf A 2152
370 oluie] 714l &, A8 Ak, 718
& %, A, baumannii 7 57 3% o|U] 5 A 52 EF FAolA tHE
= A5

Colistin W8 A. baumannii 74 9] /g2 19 A 242 218l L), A. baumannii HZ ©]712]
UL 7]7tol| thsl A= Students t-test == Mann-Whitney U-test=- A1 34531, A9, L=, 7]14 A
(T, &, T A1 2% v 7H Sk A A A7 |A A S&71A Aol 7193, 1

=
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Risk factors for colistin-resistant Acinetobacter baumannii infection

o|ufe] 71A| &, AT A, 71 8 a7le, F o v, Al £ 5ol IEA A& o1,
Z8 74 o5 gdA A 85 Oﬂ &l A<= Chi-square test 5=+ Fisher's exact testS 53l colistin
A5G T EF 2 (univariate analysis)©l| A4 -3-2] 3 2jo]
(P<0057t J=HSEES PQE T2 2] AH 5] EA (multivariate logistic regression analysis)
= ARSI P-value 0.05 BIRHRI 739 F-oJ3t Zto]7} Qle= Ao &2 Hrlsiint. &7 2412
SPSS 23.0 4 X E 9J|o{(IBM Corp, Armonk, NY, USA)Z- ]85}t
Colistin W/J A. baumannii 51992} colistin 234>/ A. baumannii 1000]1E5 B] 1345 o colistin U}43
oA Al et HE Aol thsl -f-2lobA| WA Eol= 7 &Fo] AUATH Table 1).

Table 1. Antimicrobial resistance of colistin-resistant A. baumannii and colistin-susceptible
A. baumannii groups

Colistin-resistant Colistin-susceptible
Antimicrobial group (n=51) group (n=100) P-value
No. (%) No. (%)
Amikacin 45 (88.2) 55 (55.0) 0.000
Ampicillin/sulbactam 33 (64.7) 51 (51.0) 0.000
Cefepime 47 (92.2) 60 (60.0) 0.000
Cefotaxime 50 (98.0) 60 (60.0) 0.000
Ceftazidime 47 (92.2) 60 (60.0) 0.000
Ciprofloxacin 46 (90.2) 58 (58.0) 0.000
Gentamicin 46 (90.2) 56 (56.0) 0.000
Imipenem 51 (100.0) 58 (58.0) 0.000
Meropenem 48 (94.1) 59 (59.0) 0.000
Minocycline 23 (45.1) 25 (25.0) 0.004
Piperacillin 49 (96.1) 62 (62.0) 0.000
Ticarcillin/Clavulanic 48 (94.1) 59 (59.0) 0.000
Trime thoprim/sulfamethoxazole 44 (86.3) 55 (55.0) 0.000

Lol g, Ak S5 ol o 2 A A 717, AL, "EA Als of 1, A AR,
S5 7 59 913 UALE 24 5to] Table 201 AAISHATE TRl B0l A= S5 7]A Aghel
719 (P=0.017), 7 22 YL 717HP = 0.004), LA AL (P =0.020), °]F 2] 7]A =P
=0.003), 7| A& P =0.043), EHEA] (P =0.002), colistin AFE-Z](P = 0.000), carbapenem A| L Tt
A A8 (P = 0.000), teicoplanin A-8-2(P = 0.004), 55 ZFH (P = 0.035)°] colistin U/} ZH~/d
ol A Fel gt &fo] & H ATH(Table 2).

53] A0l A<= teicoplanin AF2-2(Odds ratio [OR], 3.140; 95% confidence interval [CI], 0.529-
18.650; P =0.208), |21 2] HHEA(OR, 2.722; 95% CI, 0.851-8.709; P = 0.091), 57| A Z&H9] 7]
L (OR, 2.286; 95% CI, 0.998-5.283; P = 0.053), carbapenem A€ T4 A8 (OR, 2.199; 95% CI,
0.863-5.603; P = 0.099), S ZFI(OR, 1.706; 95% CI, 0.746-3.898; P = 0.205), ©]7Z12] 7]#] SE(OR,
1.614; 95% CI, 0.684-3.809; P = 0.275), S 2tAHA AL (OR, 1.387; 95% CI, 0.560-3.435; P = 0.480), |
Z19] 7)1 AE7NE(OR, 1.102; 95% CI, 0.344-3.527; P = 0.870)°] colistin t/Adw-ol|A] Y& =7} =ko
U, 25 SR 0 = F-o|6kA] = ek TH(Table 3).
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Table 2. Univariate analysis of risk factor for development of colistin-resistant A. baumannii infection

Colistin-resistant Colistin-susceptible
Factor group (=51) group (n =100) P-value
No. (%) No. (%)
Age (yr) 68.9 (1-94) 69.4 (1-97) 0.850
Sex 0.806
Male 23 (45.1) 43 (43.0)
Female 28 (54.9) 57 (57.0)
Admission department 0.496
Internal medicine 31 (60.8) 48 (48.0)
General surgery 6 (11.8) 9 (9.0
Pediatrics 1 20) 1 (1.0
Orthopedics 3(59) 3 (3.0)
Neurosurgery 5(9.8) 17 (17.0)
Neurology 2 (39 7 (7.0)
Rehabilitation medicine 1 (2.0) 4 (4.0
Other 2(39) 11 (11.0)
Co-morbidity
Diabetes mellitus 11 (21.6) 22 (22.0) 0.952
Cancer 19 373) 23 (23.0) 0.064
Chronic kidney disease 7 (13.7) 13 (13.0) 0.901
Chronic liver disease 2 (39) 4 (4.0 0.981
Cardiovascular disease 17 (33.3) 49 (49.0) 0.066
Gastro-intestinal disease 5098 9 (9.0) 0.872
Pulmonary disease 20 (39.2) 21 (21.0) 0.017
Length of hospital stay before
A. baumannii infection (day) 38 21 0.004
Hospitalization (last 1 year) 17 (333) 26 (26.0) 0.448
Previous antibiotic use (last 28 days) 20 (39.2) 32 (32.0) 0.109
ICU stay 21 (41.2) 23 (23.0) 0.020
Invasive procedure
Mechanical ventilation 31 (60.8) 35 (35.0) 0.003
Central venous catheter 18 (35.3) 36 (36.0) 0.932
Tracheostomy 12 (23.5) 11 (11.0) 0.043
Percutaneous drainage 6 (11.8) 4 (4.0 0.070
Hemodialysis 13 (25.5) 7 (7.0) 0.002
Previous antibiotic use
Cephalosporin 13 (25.5) 32 (32.0) 0.408
Fluoroquinolone 7 (13.7) 12 (12.0) 0.762
Carbapenem 20 (39.2) 14 (14.0) 0.000
Aminoglycoside 3(59) 2 (2.0) 0.207
Penicillin 18 (35.3) 27 (27.0) 0.292
Colistin 10 (19.6) 0 0.000
Vancomycin 17 (33.3) 22 (22.0) 0.132
Teicoplanin 7 (13.7) 2 (2.0) 0.004
Macrolide 1(20) 0 0.160
Linezolid 1 2.0) 0 0.160
Tigecycline 1 (2.0) 0 0.160
Co-infection’ 38 (74.5) 57 (57.0) 0.035
Values are presented as the median (range) or n (%) or n.
“Other bacteria are isolated from the same or other samples within 3 days of A. baumannii isolation.
Abbreviation: ICU, intensive care unit.
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Table 3. Multivariate analysis of risk factor for development of colistin-resistant A. baumannii infection
Colistin-resistant A. baumannii infection

Variable OR 95% CI P-value
Use of teicoplanin 3.140 0.529-18.650 0.208
Hemodialysis 2.722 0.851-8.709 0.091
Pulmonary disease 2.286 0.998-5.283 0.053
Use of carbapenem 2.199 0.863-5.603 0.099
Co-infection’ 1.706 0.746-3.898 0.205
Mechanical ventilation 1.614 0.684-3.809 0275
ICU stay 1.387 0.560-3.435 0.480
Tracheostomy 1.102 0.344-3.527 0.870
Length of hospital stay before 0.991 0.978-1.003 0.143

A. baumannii infection (day)

"Other bacteria are isolated from the same or other samples within 3 days of A. baumannii isolation.
Abbreviations: OR, odds ratio; CI, confidence interval; ICU, intensive care unit.

1z

Colistin WAJ A. baumannii 51912} colistin 7+4>"3 A. baumannii 100915 8] 23 A3}, thzk 2
X T571A Hgte] 7193, o e A 77, o]He] S8k A, o]He] 71A B, 7]
WaNE, a4 sdulds, H FA, o] 9] colistin Tt Al AHE-2], carbapenem A|E &+
A&, teicoplanin AFHE-2, S5 0] §-2J3t 20| & EATHP < 0.05). TFa-2] A= Al
23} teicoplanin AHE-E, T8 7]A] A2ke] 7|92, carbapenem A G FtA| AHEE, 5 4, oA
O 71A| 5F, TR A, o] 2] 7]3HA7]£0] colistin WA ZHH el HFHES &ol= A0
&2 HJOLKOR > 1), 25 BAEFH 0 2 foloiA|= gttt 574 Aghe] 7|92 e] 3¢ 9
9] 95% A ZTL7k] FFto] 10 Z75111(0.998) P-value 005322 2|3 012ke] 7HsA o] =2
Ao & Y7kek 4= Qi

Mantzarlis S10]12] FLol| A= colistin YA A. baumannii 492 93 AAE A6t =,
carbapenem 52| L& 573wl FtElo] = FA ARE, 71A| S5 7IRE AEA Als, 718
7N& 5ol A do] AL, E5] carbapenem AHE-0] ZHA QI A FHAAHA-S B3t $HH Yilmaz
511118 A7) k=2 I3 343529 A. baumannii, 18 P, acruginosa, 9 Klebsiella spp.)°ll 4] colistin
U A ] a2 f-o) ) st &A= 370 o]Wi 2] quinolone, colistin AFE-0] STt EECHE
Aol M= & 337782 FAt F 1 2FA| /g (pandrug-resistant) A. baumannii 7+ HA}7} 127 25}
=)=, colistin (OR, 155.95; 95% CI, 8.00-3041.98)7} carbapenem (OR, 12.84; 95% CTI, 1.60-103.20)
AREHo] st QgRIxtZ BT ATH12]. Acinetobacter w5+ 670E 2SSt colistin WA 15
S/37S o2 oF Aol A= s BEAJof| A= o] 9] colistin AF-E-, monobactam A|E &
A A, FAIHA] AREONIA] colistin W w2t ZH4=d woll Al Zol & B, thAeF EA ol A=
colistin AF&-E{FHo] 3-2]5t x}o| & HQITH13]. 2 Aol A= THHTF 4] oll A carbapenem, colistin,
teicoplanin AF&-2 0] T - 7t F]gt xto| 5 B o, thE3] A Aifolis SHA
A RJIRFZ EREA] QAT TR, colistin A2 2] 749, THATF Aol A Fe] gt 2o 7} gl oL,
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& Aol A= colistin U0l A colistin AFE- HIE:(19.6%)°] /g 5] W2 ol 3iTt. 7] &
colistin W/3 A. baumannii®] 913 JAAHE 2413 A7-501| A colistin AHE-2©] colistin U4 -of| A1
F30%-80%% 2R Zh= thE Folgltt ol e AN 2=, A. baumannii7 | 22] = ATkl 3
A B 2Hd2 oy AL, etakE] o] 1= 7d-H(colonization) &= 5] A7 whzoll, F+Al A 55

2 | Shek i A T A2, BAG YR G H 0| ko
3 wi4g Alojahs o S} QIglom Hapie] 75Adol Ik 714 Fet S colistin
%17] wh2o] o] AAQ) Bat TR Iy SRt EAJo] foft

—
= 9k A FAI0) 79 Fofe, Hal 8 52 A HsHA AHg I
=1

S
A tHE2] A S AlEsHA] et A et AlgHoloh

2 A A3} colistin W43 A. baumannii 74 7-2J3F &AL B A A= 9koL), &
Al Aghe] 7199, S8R deE, oA Q] 7B aE, 71A S8, @Y B, o HE 28Y
carbapenem Al G &t A| AFEE, teicoplanin AHE-E, S5 7H 0] colistin W/ A. baumannii 7+
IHEE =Y 4 A2 & 4 ASATh T3 colistin AREH Q] ¢ THE8] A 0|A] 5

AR, AL 7HA L B 4 i,

S ol
N

o2
4 1o L

ot
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Acinetobacter baumannii= 2] 532 741 9] 95t Ql4to|H, Ao BE okxof AJS Ho|
™, ZZoll= colsitin®ll &= U/d Q) #57F Hark| 3l Qlek 2 1ol A= colistin WA 244 A.
baurnannii 748 EAH2] H] 15 55 colistin U1/ A. baumannii 7+9 2] 913 IS ofelstalzt ot
St Colistin W2 A. baumannii?} £2]F 510012} colistin 244>/d A. baumannii w57} 22| 2Hx;
10001 & o2 S3FA 0= ol R7| 52 HESIGIT,. Tl EAlolM= 574 dgte] 7]
LEP=0017), 7 227 2L 717HP = 0.004), A AL (P =0.020), o] F 2] 7|A S&P=
0.003), 7| HEZNEP = 0.043), SHEA (P = 0.002), colistin AFE-Z(P = 0.000), carbapenem A|Y &
A AR (P = 0.000), teicoplanin AF&-Z(P = 0.004), & 7FA(P = 0.035)°] colistin W3-} 7+
gl Al zfolof| A 2tol & H it thE3] F2-A] ol A= teicoplanin AF8-2}(Odds ratio [OR], 3.140;
95% confidence interval [CI], 0.529-18.650; P = 0.208), ©]%1 2] FHEA(OR, 2.722; 95% CI, 0.851-
8.709), 5714 A&2] 7] (0R, 2.286; 95% CI, 0.998-5.283), carbapenem A|E Al AFE-H
(OR, 0.199; 95% CI, 0.863-5.603), = ZFH(OR, 1.706; 95% CI, 0.746-3.898), ©]%12] 7|A] TE(OR,
1.614; 95% CI, 0.684-3.809), T2 AL=Z(OR, 1.387; 95% CI, 0.560-3.435), o] 59| 7| &7 &
(OR, 1.102; 95% CI, 0.344-3.527)°] colistin /g0l A =7} oot B SASH 0 = {-9]
SEA] = AT Colistin AFH-212] 732 tha-3] Aol A ST 4= SUUAIRE /1 1A 7Hs/d

= HiAIE 4 ik
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