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Abstract: Acinetobacter spp. are the common opportunistic pathogens worldwide and pose a
threat to the health of humans and animals. As the resistance rate to carbapenems aggravates,
tigecycline has become one of the last lines for the treatment of multidrug-resistant
Acinetobacter spp. infection. The rapid dissemination of tigecycline resistance genes tet(X3),
tet(X4), tet(X5), tet(X6), and other variants in recent years has seriously affected the clinical
application of new tetracycline antibiotics such as tigecycline, eravacycline, and omadacycline,
whereas there is a lack of review on the tet(X) genes in Acinetobacter spp. This article
comprehensively expounds the mechanisms of action, epidemiological characteristics,
transmission risks, and inhibitors of tet(X) genes in Acinetobacter spp. and evaluates the
diversity of their variants, bacterial hosts, geographical distribution, and sampling sources,
aiming to provide a theoretical basis for the prevention and control of tet(X)-positive
Acinetobacter spp.

Keywords: Acinetobacter; tet(X); insertion sequence common region 2 (ISCR2); inhibitor
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R1HH @OERFOTFHEBE KRR
Table 1  Strains of Acinetobacter spp. carrying tet(X) variants and their sources

tet(X) variants  Bacterial species Location Sampling References
sources
tet(X2) A. pittii China: Zhejiang Human [18]
tet(X3) A. baumannii, A. johnsonii, A. piscicola, China: Jiangsu, Shandong,  Cow, pig, [9-10,19-21]
A. towneri, A. indicus, A. Iwoffii, A. Guangdong, Guangxi, chicken, human,
schindleri, A. gandensis, A. Hainan, Fujian, Jiangxi, soil, sewage,
nosocomialis, A. pittii, A. variabilis Hunan, Zhejiang, Shanghai; dust, vegetable
Ivory Coast; Colombia
tet(X3.3), A. variabilis China: Guangxi Pig [20]
tet(X3.4),
tet(X3.5),
tet(X3.6)
tet(X3.7), A. schindleri China: Guangxi Chicken [20]
tet(X3.8),
tet(X3.9)
tet(X4) A. baumannii, A. indicus, A. towneri China: Qinghai, Jilin, Henan Human, [9-10,22]
migratory bird,
pig
tet(X5) A. baumannii China: Hebei, Guangdong  Human, duck, [6,23]
chicken
tet(X5.4) A. indicus China: Guangxi Pig [19]

tet(X6)/tet(X5.2) A. baumannii, A. indicus, A. variabilis,

A. towneri, A. johnsonii, A. Iwoffii, A.
schindleri
tet(X6) A. baumannii, A. piscicola
variant/tet(X5.3)
tet(X15) A. variabilis

China: Jiangsu, Shanghai,

Chicken, human, [6,10,19,24-26]

Zhejiang, Jiangxi, Hunan, pig, soil,
Fujian, Guangdong, Hainan, sewage, dust,
Taiwan, Guangxi, Qinghai vegetable, duck,

migratory bird

China: Guangdong, Zhejiang Chicken, pig, [10,24]

soil

China: Jiangsu Chicken [27]

/: Duplicate naming of the same tet(X) variant.

2.1 tet(X2)EEH
tet(X2)E 4K 1167 bp, Hogif & 5H
fl Tet(X) A8 5 4K 2 1177 4 AH Ll B2 7E 86.3%—
94.8%Z [0 . H B IKAEZ LW R i1 DLk,
1 2023 AEFEFR E WA AN RFEA S HiE T
1 Bk tet(X2) B % FCAR ST B (A, pittii)!,
2.2 tetX)EREKZEHIF
tet(X3)EE 2K 1 167 bp, H4wiE [ 5
b Tet(X)28 SRS FFSIARLEETE 79.9%-86.8%
ZIE. 2019 Lk, [ N AMIFFE N 52 7E i [
S 29 A AT E (A, johnsonii) . 75 fi A 5y
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FFH#(A. piscicola). 71 [RASBIFT I (A. towneri)
ENEEA ST (A. indicus) . FITR K FRASBIFT A
iGN S AT 14 (A, schindleri) . M 45 AN sh AT &
(A. gandensis) . 2 ir A8l #T % (A. nosocomialis)
B¢ BN B0 AT B RN AT A8 R 3l AT 1R (AL variabilis)
1 MASTFREBHET LI T tet(X3)H
R0 g PR R, tet(X3) I RS AR 3
FF TR R 40 T A0 2 tet(X) Y (4.9%) , 15 E
E[BE AR ST B A BRAS s HT o e (17.0%)
FEER T BB NDM-1 A BN ShAF I L B ERR
ST B A2 B ST Bt A5 G R 1020 e i
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VR &, SR (5.4%) FEREETH (4.9%)FE b
tet(X3) BH A S AT 3 8 AN A R B 5 s T
DN EFRE SR (0.1%) 0, sl A B &, tet(X3)
FHE BRI RRAE TR AR SR b X (AN AR TR
A2, T A E SRR BRI RS LR
ERERHOP geah, FRETRILR AR XA
1 MRAE TR AT AR ARSI B A IR ARSI 2 B
T tet(X3.3)—tet(X3.6) 1 tet(X3.7)—tet(X3.9)%, H
L tet(X3.3). tet(X3.4). tet(X3.5). tet(X3.6)
I tet(X3.8) R HL XS e 2k K A BB R AE , ARk
S ) 5 R 1 B 1 O T 2t 2K DU B 3 i AR R IR A
itk
2.3 tet(X4)EH

tet(X4) 5K 4K 1158 bp, Hogih & 11 5 H
fil TeuX) 42 5 & & M1 7 5 MH L E fE
86.1%-97.3%= 0], 2019 4, FEMFTARE
WIERGFFRE R T tet(X4)FENP, B,
NG ECORSIAF A . B[ BE N Sl B RN RO A
B RGN Y tet(X4)HE DR, oA 40 31k 3. [
HRBEEBRA . AT S LA
%%#ZIK[Q'IO’H]O
2.4 tetXSEREKZERIAF
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84.9%-95.6%= 0], 2019 4F, FREMFF AR E
UTE UG 8 FCAS Bl A B &k BUB Y tet(X) 28 S 44,
B tet(XS5)>, Bt , FATHEA R PR FEA (4 A
it 28 ) e [ A A D0 3 5  tet(XC5) 24 DR ) i A
TR BeAh, FRE TR A6 X0 TR
FERBHAT B R RIE T HAR SRR, B tet(X5.4)1",
2.5 tet(X6)EFEKRITRF

tet(X6)FE A 42K 1137 bp, 5 tet(X5.2)%: A
i —AE AR E R ar 4, g S A
FE b Tet(X) 28 (42 11 7 S AR BETE 79.6%—
94.7%2 Al . 2020 4, FEBFF A G E KIS

TEAFHEBANENGE T tet(X6)ILHP, HAT, %
FER CAEB AN ST . BPEEASIAT A L Al AEA
S . HERARAFR . ARSI . FIKR
FCAS B BRI R ECAS I B oA 1 111924260 i
SERU, AEhFFHEANFE P tet(X6) KL 14 HY
RALKTF tet(X3), FHHET 5 tet(X3)H M LT
TR — AR B A B T A A e R T
Ho THRMEEE 11 A R0 gish,
TR A BRI blanpw.: FHAE 6 A S
EHPR T 1A tet(X6) R H AR Sk, S fa
NEFFHE A A tet(X5.3)KE Ky [ — 728 A
A A 4 1O
2.6 tet(X15)EE

tet(X15)3: 4K 1 158 bp, HwmLEH Y
HoAlh Tet(X) 22 57 & M ¥ 40 A L E 7E
83.9%-97.3%= [0, #MZHH, 12021 FFAERK
FEVLIE RS IEAEA PR E T 1 SR 22 5
TR AT A AT 7

3 tet(X)FE F K -Tt5 FEALE

WHoE BT, Bk 4l AR S LR X 2
(insertion sequence common region 2, ISCR2)%}
AR E T tet)FE 1 KP4 1% K45
& LEBEMERI,

3.1 FRRANA S tet(X)BEE K %R

FURT, ANl AT i e 4 b i JSORE 3% 4 Y
tet(X3). tet(X3.7). tet(X3.8). tet(X3.9). tet(X5).
tet(X5.3) . tet(X5.4) 55 tet(X6) A K AH 4k ¥l 41
TR0 AR A 4 25 S A
tet(X)JE [K 19 A S AT 1 s ki) o0 o 6 2851,
Bl GR26 . GR31. GR41. GR59. GR60 #I
GR61™, (RIMES BRI, BRI
tet(X) 2k K-SR R R A K 2R, AU Rk
A 1] D1 R Bh AT T (A, baylyi) Fi i R 20 4T
AR, ROREH 1071010701000 200,
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I X1 3 TR Y AR R R 8 GE U o Chen
EREAE WoR, AR SR E AR 2,
HA 21.7%0) TR 5 B2 5 5 R S, R,
JORLA T tet(X) 3 R K54 55 e 1 n I L =
e, ATRE S BUR RS H R U A G,
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3.2 ANFHISCR2 M 580 tet(X)E A
KFHTZ

ISCR2 J&— R &L T 1S91 521 i) I it 75 4y
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JE A, 385 A% 4 2 o A2 A5 oriLS [ B
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ZRhhi A R 253 A KRR R0 BR TR A
741 ISAbal /15 1Y tet(X2)F tet(X15)3 K K-
AN, RNEhF B A P tet(X3). tet(X4).
tet(X5)Fl tet(X6) S A8 A IK 154K 5 ISCR2
WYIMG, HRESCREF 107107, %
AP I RS tet(X)HeF K VA& 85 1) e H T
PRIOIOIS2TI o tet(X3 )k R LAY ) 3 R 3R
5% &y ISCR2-tpnF-tet(X3)-hp-hp-ISCR2, I jiif
ISCR2 ‘# # i A 4] 1S26 5§, ISAbal4 !,
tet(X4) 3 N EA ST 7 & 4 i 5 R hr i . il
R0 TE A TR & B AT AR AR TR BT = AR R
FLRFREE, Bl ISCR2-catD-tet(X4)-ISCR2, Hfg
5 B AL G 0 KU 1O tet(XS) 5k [T i 7R () 5 IR
X #% &y ISCR2-tpnF-tet(X5)-hp-hp-ISCR2!' ;
tet(X6) L K 7EAS Sl FF 11 Ja 20 1 5 78 T8 - 1 ) 40
w o, NI ARL, ALy ISCR2-hp-
tet(X6)-hp-hp-ISCR21®!. [ itt, ISCR2 n[{f: 38
il tet(X) 2 PR 7K P-4 H A T 7 vl o A oo

4 Tet(X) M g B 1 %) 7|

M T Tet(X)H F & — 2 B FR AR B i 41
B, I R AR AR DU R RS AR, B,
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ek ik 4T 1 00 ) R Ry tet(X) B AS S AT T
AR AR k2 — Hp, ATEPHIR |
K IR R B2 AL S il 7] R 9 R
GFEERRICR 2 RIS N B B e
41 B

FIAEPHR 2 A T AE PHRHE P S B — Fh 2%
PR A =, HAPE . PURE . BRIl
FEFNE I A5 25 BRYE P . 2022 4F, [ ST IE
SEEAEFHER 5 Tet(X3) A1 Tet(X4)#E i1k
CASGE 4 MR 2 Ahy, DA 300 o e fie Tl
TEPE, J& Tet(X)JSREMEE ) I MHIF ;. F1E
FHIR S U REPAE R ZE, X Tet(X3)
FI Tet(X4) BH 1 B # HL A B[] 4% 1 4 R B2
tet(X4) FHPE R AT B /N B4 B B iy G Y7 245
R B, AEFHER A SEMb IR R MBS
BRI S AR IR T RICR A TR 2 R R A
7 40 F R PP R R PR SR P B U
PUAE 2T 295 DL B R L SR TR AT I R
EL e B MO 22 4 2 [ BUA Rk, DAL
St vy 5 vy i S L — 20 N R T AT RE
4.2 PRk UIRRRFEESBEMD

HAG, W55 A2 2R U 2 bk
R SR A SR, RIBK IR
TR Tet(X)ZEREAR B 1A 7000234,
K DU R DU IR R A 0 & AT, 2544
SRR EMML, B Co {7 ERBK kAR T HAY
%, EEMEEAKRP, T Tet(X)5 Tet(X3)
|, BOKPIRE | K45 R 50K ER
RERY A R MISIER, aeis s &
Tl B P G M0 A 3 A A 5 B K P 3R
5 Tet(X6)HE 1ML A — LB, K
W FE L E RS Gm I, BERIKT
Tet(X6)H [N VU R KA R IR EE, I
H. Tet(X) ] 25 11 HA BRAF 25 A 00 2 P
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1, B PUBRER K2 S AR A DU 36 3 2 i
A RTS8 5 T ELAT T B R

5 k2

BT, tet(X) 28 AL HZ tet(X3) P4
AN & AR IR PO AL R, AT
MET i L oA DRI ok TR 2 2R
1k, BEME B 35 A AL BN 2R | ARBLIR R AN
WO IRRIEN B ITA MR R LG UER, e
i DU 2R 2T A 2 I R IO o TR X tet(X) BRI
ANEFFE R A B 2 Z R BR, B8 kie
TCE T X R . EFI R TR, WA S
I F R B AT R, A By S B
5 T2 1) K6 5 S5 Bl T 0 2 2 B R 1 A R0
P, DI A o B i DT X ) T T g

J—J7H, AR oL ISCR2 J&
Z 5 tet(X3)., tet(X4). tet(X5)F1 tet(6)55 tet(X)
A8 SRR AL R 1 G50 . CRISPR-Cas9
A& H AT W IE R A i k2 —, R
i3S 4 CRISPR-Cas9 £E R Rk 22 e %t ISCR2
PEATHE [ R, A tet(X) A8 S AARTE AN [|] i b 22
AR5, (HIRTRAIRIE . 1A, F4EFE
[EAN Y I B2 N S ad (V7R 1 Bl D)
tet(X) A8 5 1A A B2 fife T 1k LA e B B PR
5 IR LG RIRA 5 967 RCR 15 31
WEUGE, ERE P, BRPCECR S =T,
tet(X) FH 1 AS h AT B J8 4l B A B 458 TAE 2 &
B, DR B B AR A ) 580 A A S TR R Y
s PR B (4L 1 JE I

(-

Brib: ieSCRAAHESR BB 1830 E S
B A—: BENE ST RS s RV
WSO R SRR RS BRI SCRUE
stk

1B & A 25 o KT W
{2 75 A A7 EAT (0 T R 2236 0 A SR
AR ML PR s AR

S 3k
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