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B B AR H IR E AR T AT Acinetobacter baumannii 69 & 2 AU, A R B Je 45 ) RO R A FE
JA P RALE RIE, RAFBHREERREASHEEELNAE S F.8 12 /MR T 20 RERIE R B4 94 #R3E
FH AR E R T R AT H 49 AKIT B KL (Minimum inhibitory concentration, MIC), & A % 4% % & 71
2% (Multilocus sequence typing, MLST) #R#ATH T AT R FAHA, A eBURST #4F3+ MLST 4 Ri#t 474
A5 A PCR Ao fr AR AT Lt 25 K B (blaoxa-soliker blaoxa-ssiikes blaoxa-zsiikes blaoxa-siikes blanom-1), 5%
An A W 2 AR K 69 P HER A AE A B adeR Av adeS 69 R AL & trm ey R L5 5. BN 94 o0 T R AT H bt %
A5 H F B 100%4K 2 . A RIEIRE SR F 255%0, HAILH ey SR R KT 35%, LM df kTR B
A RA 1.1%,. MLST 5% 135 124 ST 4, w4 ST195 (45 +k, 47.9%). ST208 (19 #k, 20.29%) #= ST457 (10 .,
10.6%) # %, eBURST 447 K IHF 8 4~ ST 2 ¥ BT L& A 44k 92 (Clonal Complex 92, CC92); 99%H &
blaoxa-2siike B A% Fr B M B Ak B PR 3 R4 3% o blawow.y 2k B 5 ShHE R A 42 2k B adeR A adeS#9 42 h & 5| & 73.4%
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#7 91.5%, Asp26Asn = Ala97Glu £ %] # adeR #= adeS #) S M K Tz b ; £ 12 %hé6Z A E T4 M 2] T adeS
A F 4 1SAbal, AR A E; trmAEBHEF 240 S FEBMA AL R T, B LR, B ETHANG
FHAFAANRSZHE R BIMIR S HAB M EA RGO H 1, AdeABC sMHER Lifay R 442 4 4 adeR
foadeSHE LA F R E, ttMBERXARERFHAZ THF AT E MR ZHBARERG T ZRE.
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Molecular epidemiology and resistance mechanisms of
tigecycline-non-susceptible Acinetobacter baumannii

Xiujuan He, Henan Li, Qi Wang, Chunjiang Zhao, Shuguang Li, Xiaojuan Wang,
Yawei Zhang, Ruobing Wang, Yuyao Yin, Longyang Jin, Feifel Zhang, and Hui Wang

Department of Clinical Laboratory, Peking University Peoplés Hospital, Beijing 100044, China

Abstract: To investigate the resistance mechanisms of tigecycline-non-susceptible Acinetobacter baumannii and for providing
the evidence of the control of nosocomial infection and rational use of antibiotics. The minimum inhibitory concentrations (MICs)
of 94 non repetitive tigecycline-non-susceptible A. baumannii from 20 hospitals in 12 cities of China were determined by agar
dilution method and broth microdilution method. The molecular epidemiology was studied by Multilocus sequence typing
(MLST) and eBURST software. PCR and sequencing techniques were used to analyze the resistance genes (blaoxa-so-iike:
blaoxa-sslikes blaoxa-23ikes Plaoxasiiikes Dlanpm-1), 1SAbal, and the mutation sites of adeR, adeS and trm. The activity of
polymyxin B and minocyclinem against tigecycline-non-susceptible A. baumannii were 100% and 25.5%, respectively. The
sensitivities of other antibiotics were less than 3.5%, and the sensitivities of imipenem and meropenem totigecycline-non-
susceptible A. baumannii were only 1.1%. A total of 12 ST types were identified, including ST195 (45, 47.9%), ST208 (19,
20.2%) and ST457 (10, 10.6%). EBURST analysis found that 8 of the ST types belonged to the clone complex 92 (Clona
Complex 92, CC92). The blagxa_23.iike type carbapenem gene was identiefied in 93 strains (99% positive); and none of the strains
contained the blaypy.1 gene. The detection rates of adeR and adeS were 73.4% and 91.5% respectively and high frequency
mutation sites were located in adeR (Asp26Asn) and adeS (Ala97Glu); The 1SAbal located upstream of the adeS gene was
detected in 12 strains of A. baumannii, mainly from the northern region of China. The 240 nucleotide deletion of the trm gene
caused a frameshift leading to a premature stop. So the tigecycline-non-susceptible A. baumannii showed high resistance against
most antibiotics except polymyxin B. The deletion and mutation of adeR, adeS and trm were the main resistant mechanisms in
tigecycline-non-susceptible A. baumannii in China.
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2016 (The Chinese PCR
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MALDI-TOF blaox/.\_51_|ike [12] PCR
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121 adeR adeS trm
[13-14] PCR
(Minimum inhibitory PCR | SAbal-adeS

concentration MIC) MIC
(Food and Drug Administration FDA)
( MIC<4 pg/mL
MIC=4 pg/mL MIC>4 pg/mL)
a:1 /

B MIC
(CLSI) 2016

http://journals.im.ac.cn/cjbcn

5-ATGAAAAGTAAGTTA
GGAATTAGTAAG-3 5-CTCTGTACACGACA

AATTTC-3

2 BERSAM

2.1 BEERERIFE

94
2013 2014 2016

(TNSAba) 1



A58 SBMAERHEREETHTEND FRTFERMEH 1221

94 49% 18-65 46 49% =17
(43 45.7%) (30 31.9%) 2 2%
@4 43%) 3 32%) 22 HHIABRLER
(3 3.2%) ( 94 B
) 11 11.7% 25.5%
59 62.8% 3.5% 94
35 37.2% =66 46 2
K1 UREMTAZTIHRGEEIHHTEMX 2
Tablel Theregional distributionsof 94 non repetitive tigecycline-non-susceptible A. baumannii
TNSAba TNSAba ()
()
2013 30 18 5 0 0 5 1 1 0 0 0 0 0
2014 45 6 8 9 4 3 3 3 3 1 2 2 1
2016 19 1 3 3 5 1 1 1 0 3 1 0 0
94 25 16 12 9 9 5 5 3 4 3 2 1

T2 URBMARTHRLSFINTEAHRRAM

Table 2 The susceptibility rates of antimicrobial agents of 94 non repetitive tigecycline-non-susceptible
A. baumannii
R (%) S (%)
R(%) 1(%) S(%) (:Y:;I/%If) (:Yglﬁfl‘_’) “:I:L;/ml_) 2013 2014 2016 2013 2014 2016
(30 ) 45 ) (19 (30 (45 (19
/ 713 255 3.2 64 64 16-256 66.7 80.0 57.9 0 22 10.5
/ 98.9 11 0.0 256 256 32-512 100.0 97.8 100.0 0 0.0 0.0
98.9 0.0 11 256 256 8-512 100.0 97.8 100.0 0 22 0.0
100.0 0.0 0.0 128 256 16-512 100.0 100.0 100.0 0 0.0 0.0
98.9 0.0 11 64 64 1-128 100.0 97.8 100.0 0 22 0.0
98.9 0.0 11 64 64 2-128 100.0 97.8 100.0 0 2.2 0.0
97.9 0.0 21 256 256 2-2048 100.0 100.0 89.5 0 0.0 10.5
100.0 0.0 0.0 64 128 8-128 100.0 100.0 100.0 0 0.0 0.0
92.6 6.4 11 16 16 2-64 100.0 88.9 89.5 0 22 0.0
B 0.0 0.0 100 0.25 0.5 0.125-0.5 0.0 0.0 0.0 100 100.0 100.0
340 404 255 8 16 0.5-16.0 33.3 311 42.1 6.7 40.0 211
/ ( =16 pg/mL 64 =pg/mL) R
S I
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23 MLST 7 BIZER 25 BMHEMAHBXIERER
MLST 12 ST ST195 25.1 AdeABC
ST208 47.9% 20.2% adeR  adeS
adeR 69 734% adeS 86
91.5% adeR adeS 69
ST457 (3 10.6%) ST540 (2 BM4454
5.3%) ST369 (3 4.3%) ST191(2 AdeR Asp26Asn (5 )
3.1%) 3 eBURST 8 Met197Thr (1 ) His210Tyr (1 ) AdeS
ST 92 (Clonal Complex 92 Thr66Ser (1 ) Ala97Glu (10
CC92) ST ) 11el00Asn (2 ) AlalO7Ser (2 ) ArglO8lle
(gpi) (A ) Serl36Phe(l ) Phel77lle(x )( 4)
24 BEBHBSSEHEERMLER 252 1sAbal
94 94 adeS IsAbal
blaoxa-s1-like (100%) 93 12 12.8% 6 )
blaoxa-23-like (99%) blanpm-1 3 ) ax ) 1 )
blaoxa-ao-ike  blaoxa-se-like AB90 1 ) 12 MIC
blaoxa-23-1ike MLST  ST368 Apg/mL MLST ST208 11 1
MIC 1 2nug/mL ST369

R3 UKRBMARIHREEANTE ST RRBXDH

Table3 ST typesand regional distributions of 94 non repetitive tigecycline-non-susceptible A. baumannii

MLST
(%)
ST195 45 (47.9) 7 7 2 6 17 6
ST208 19 (20.2) 5 1 6 3 1 3
ST457 10 (10.6) 0 0 1 0 5 4
ST540 5 (5.3) 0 2 0 0 0 3
ST369 4(4.3) 2 1 0 0 1 0
ST191 3(3.1) 1 0 2 0 0 0
ST368 2(2.2) 0 0 0 2 0 0
ST136 2(2.2) 0 0 0 0 2 0
ST445 1(1.2) 1 0 0 0 0 0
ST469 1(1.2) 0 0 0 1 0 0
ST784 1(1.2) 0 1 0 0 0 0
ST-NEW 1(1.2) 0 1 0 0 0 0
(%) 94 (100) 16 (17.0) 13 (13.8) 11 (11.7) 12 (12.8) 26 (27.7) 16 (17.0)

¢ ) (
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# 4 AdeR 1 AdeS I ERBERTI A
Table 4 The amino acid mutation sites of AdeR and
AdeS

MIC (ug/mL) AdeR AdeS
AB7 4 / Phel77Ile
AB8 4 Asp26Asn  /
AB21 8 / Thr66Ser
AB25 4 Asp26Asn  /
AB27 4 / Ala97Glu
AB57 4 Met197Thr  Argl08lle
AB61 8 Asp26Asn  /
AB74 8 / Ser136Phe
AB77 8 / Ala97Glu
AB79 4 / 11€100Asn,
Alal07Ser
AB80 4 / 11e100Asn,
Alal07Ser
AB85 4 His210Tyr /
AB93 8 Asp26Asn /
AB9%4 8 Asp26Asn  /
AB96 8 / Ala97Glu
AB97 8 / Ala97Glu
AB98 8 / Ala97Glu
AB99 8 / Ala97Glu
AB100 8 / Ala97Glu
AB101 8 / Ala97Glu
AB102 8 / Ala97Glu
AB103 8 / Ala97Glu
253 trm
trm 240
3 Jt#k
2017 2 27 (World

Health Organization WHO)

“ ”

(Carbapenem-resistant  Acinetobacter

baumannii CRAB) “ "
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ICU
[15]
[16-17]
[18-19]
2013CARES 2014CMSS
2016CMSS 12 20
94
MLST
12 ST ST195 ST208

479%  20.2% eBRUST

ST195 Founder ST208 (1-3-3-2-2-97-3) ST191
(1-3-3-2-2-94-3) ST368 (1-3-3-2-2-140-3) ST540
(1-3-3-2-2-160-3) ST784 (1-3-3-2-2-107-3) ST136
(1-3-3-2-2-16-3)  ST369 (1-3-3-2-2-106-3)

ST195 (Single-locus variant
SLV) gpi ST195 $445
(1-81-3-2-2-16-3)  ST457 (1-15-3-2-2-157-3)
ST469 (1-12-3-2-2-103-3)  ST195
(Double-locus variant DL U) gyrB
gpi ST195  ST208 CC92
CC92

50
[20-23]
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(Res stance-nodul atian-
cell division family RND)
AdeABC AdeFGH  Adel K4

AdeABC [18,25-26]
adeRS adeABC
adeS adeR
AdeS AdeR!?
adeR adeS 69 73.4% adeS
86 91.5% adeR adeS
12
adeS |SAbal
adeS |SAbal
AdeABC
ISAbal

(Tigecycline-related-methyltransferase gene  trm)

S
DNA
[28]
trm
Trebosc [
trm
trm
trm
[14]
RND
|SAbal
REFERENCES

[1] Wang H, Ren JK, Wang MG. Clinical Microbiological

http://journals.im.ac.cn/cjbcn

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Examination. Beijing: People’s Medical Publishing
House, 2015: 417 (in Chinese).
, 2015: 417.
Li Y, Lv Y, Deng B, et a. Antimicrobial susceptibility
of Gram-negative organisms: results from China
antimicrobial resistance surveillance trial program,
2015-2016. Chin J Clini Pharmacol, 2017, 33(23):
2521-2542 (in Chinese).
2015-2016
, 2017, 33(23): 2521-2542.

Gordon NC, Wareham DW. A review of clinical and
microbiological outcomes following treatment of
infections involving multidrug-resistant Acinetobacter
baumannii with tigecycline. J Antimicrob Chemother,
2009, 63(4): 775-780.
Stein GE, Babinchak T. Tigecycline: an update. Diagn
Microbiol Infect Dis, 2013, 75(4): 331-336.
Keeney D, Ruzin A, McAleese F, et a. MarA-mediated
overexpression of the AcrAB efflux pump results in
decreased susceptibility to tigecycline in Escherichia
coli. JAntimicrob Chemother, 2008, 61(1): 46-53.
Sun Y, Ca Y, Liu X, et a. The emergence of clinical
resistance to tigecycline. Int J Antimicrob Agents, 2013,
41(2): 110-116.
Chen YH, Lu PL, Huang CH, et al. Trends in the
susceptibility of clinically important resistant bacteriato
tigecycline: results from the tigecycline in vitro
surveillance in Taiwan study, 2006 to 2010. Antimicrob
Agents Chemother, 2012, 56(3): 1452-1457.
Hawser SP, Bouchillon SK, Hackel M, et a. Trending 7
years of in vitro activity of tigecycline and comparators
against Gram-positive and Gram-negative pathogens
from the Asia-Pacific region: Tigecycline Evaluation
Surveillance Trial (TEST) 2004-2010. Int J Antimicrob
Agents, 2012, 39(6): 490-495.
Chen HJ, Li CR. Research updates on the mechanisms
of tigecycline resistance in Acinetobacter baumannii .
Chin J Infec Chemother, 2017, 17(3): 336-340 (in
Chinese).

, 2017, 17(3):
336-340.
Clinical and Laboratory Standards Institute. M100S26



A5E SENFEFHERERDTENS FRITHBZRMESHE 1225

(11]

[12]

(13]

(14]

[15]

(16]

[17]

(18]

[19]

[20]

Performace standards for antimicrobial susceptibility
testing: twenty-sixth edition. Wayne. PA: CLSI. 2016.
Lee HY, HuangCW, Chen CL, et al. Emergence in
Taiwan of novel imipenem-resistant Acinetobacter
baumannii ST455 causing bloodstream infection in
critical patients. J Microbiol, Immunol Infect, 2015,
48(6): 588-596.

Woodford N, Ellington MJ, Coelho M, et a. Multiplex
PCR for genes encoding prevalent OXA carbapenemases
in Acinetobacter spp. Int J Antimicrob Agents, 2006,
27(4): 351-353.

Peleg A, Adams J, Paterson DL. Tigecycline efflux as a
mechanism for nonsusceptibility in Acinetobacter
baumannii. Antimicrob Agents Chemother, 2007, 51(6):
2065-2069.

Chen Q, Li X, Zhou H, et al. Decreased susceptibility to
tigecycline in Acinetobacter baumannii mediated by a
mutation in  trm  encoding  SAM-dependent

methyltransferase. J Antimicrob Chemother, 2014, 69(1):

72-76.

Consadles G Gramigni E, Zamidei L, e a. A
multidrug-resistant Acinetobacter baumannii outbreak in
intensive care unit: antimicrobial and organizational
strategies. J Crit Care, 2011, 26(5): 453-459.

Visca P, Seifert H, Towner KJ. Acinetobacter
infection—-an emerging threat to human health. IUBMB
Life, 2011, 63(12): 1048-1054.

Paterson DL, Harris PNA. Editorial Commentary: The
new Acinetobacter equation: hypervirulence plus
antibiotic resistance equals big trouble. Clin Infect Dis,
2015, 61(2): 155-156.

Hornsey M, Ellington MJ, Doumith M, et al.
AdeABC-mediated efflux and tigecycline MICs for
epidemic clones of Acinetobacter baumannii. J
Antimicrob Chemother, 2010, 65(8): 1589-1593.
Dhabaan GN, AbuBakar S, Shorman MA, et a. In vitro
activity of tigecycline against Acinetobacter baumannii
isolates from a teaching hospital in Malaysia. J
Chemother, 2012, 24(2): 87-92.

Fu YQ. The study of multilocus sequence typing and the
carbapenem resistance mechanism of Acinetobacter
baumannii from partial regions of China[D]. Hangzhou:
Zhejiang University, 2012 (in Chinese).

& 010-64807509

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[D].
, 2012.

Zhong Q, Xu WD, Wu Y], et a. Clona spread of
carbapenem non-susceptible Acinetobacter baumannii in
an intensive care unit in a teaching hospital in China.
Ann Lab Med, 2012, 32(6): 413-419.

Huang L, Sun LY, Yan Y. Clonal spread of carbapenem
resistant Acinetobacter baumannii ST92 in a Chinese
hospital during a 6-year period. J Microbiol, 2013, 51(1):
113-117.

Zhou JJ. Molecular epidemiology and drug resistance
mechanism of multidrug-resistant  Acinetobacter
baumannii [D]. Shanghai: Fudan University, 2014 (in
Chinese).

[D]. : , 2014.
Li HN, Wang XJ, Zhang YW, et a. The role of RND
effux pump and globa regulators in tigecycline
resistance in clinical Acinetobacter baumannii isolates.
Fut Microbiol, 2015, 10(3): 337-346.
Deng M, Zhu MH, Li JJ, et a. Molecular epidemiology
and mechanisms of tigecycline resistance in clinical
isolates of Acinetobacter baumannii from a Chinese
university hospital. Antimicrob Agents Chemother, 2014,
58(1): 297-303.
Krishnamoorthy S, Shah BP, Lee HH, et a.
Microbicides alter the expression and function of
RND-type efflux pump AdeABC in biofilm-associated
cells of Acinetobacter baumannii clinical isolates.
Antimicrob Agents Chemother, 2015, 60(1): 57—63.
Yoon EJ, Courvalin P, Grillot-Courvalin C. RND-type
efflux pumps in multidrug-resistant clinical isolates of
major role for AdeABC
overexpression and AdeRS mutations. Antimicrob
Agents Chemother, 2013, 57(7): 2989-2995.
Kumar R, Rao DN. Role of DNA methyltransferases in

Acinetobacter baumannii:

epigenetic regulation in bacteria//Kundu T, Eds. Epigenetics:
Development and Disease. Subcellular Biochemistry,
vol 61. Dordrecht: Springer 2013, 61: 81-102.

Trebosc V, Gartenmann S, Royet K, et a. A novel
genome-editing platform for drug-resi stant
Acinetobacter baumannii reveals an AdeR-unrelated
tigecycline resistance mechanism. Antimicrob Agents
Chemother, 2016, 60(12): 7263—-7271.

(K354 RN T7)

B cjb@im.ac.cn



