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Abstract

Acinetobacter baumannii (AB) is one of the main opportunistic pathogens causing nosocomial infec-
tion. With the rapid emergence of multi-drug and pan-drug resistant strains, its clinical treatment
encounters significant challenges. Numerous scholars try to explore and develop vaccine in control
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of AB infection, including inactived whole cell vaccine, out membrane vesicles vaccine, recombinant
protein subunit vaccine, capsular polysaccharide candidate vaccine, DNA vaccine and adjuvant. In
this paper, the current situation of various vaccines for AB is reviewed, so as to elaborate on the
prospects of their development.
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1. 5|5

i 5 ANB)FT T (Acinetobacter baumannii, AB)J&—M BRI ZAFAERINSBURH, FESFBERN
TG, Ol g . MRS . TR UAE AN AR SURRG,, W T AR MR B5(ICU) [1]. 2022 4E R RT (M) )
P — IS TR & [2]FK, AB & FEUN 250 T EE AR 2 — o BT HPiA R R R ENS, it 7k
NH AR T IR R R [3]. ATk, ENAMEFE KT AB EHEINFHREET TADIRE, AOHZRE
P55 Vr I OB 10 PR — 250
2. IWELBE A (Inactivated Whole Cell, IWC)JEH

IWC SN K321 AB KiE )G, DREEEA PR BRI N F By, KGR 2 5
SEL NI RSN BETHUERPS, WM 4NESAR - Tk - BERR(MDP)E & W] LUK TR
FERMER AT, 2021 4E Dollery 25[5]e4it 73, 76 MDP E &WIHIVER T X AB B35 idttT p Kilk, 4R E
TNAZIE TR /N BB R AR (80%~100%) . 1 4FJE AT TR IR TWC S b7 VR4 [6], UCAA
4L C (UVC)FE IR —FEE 5 R K iE 751k, FHdE— S0P MDP R 1EM . 51K W, Uve
FRIE AT DLZE RN MDP (1500 R 72 A4 R R 80 TWC R, AR A 2 DRI e 4 B a2 1) /s
o Bk, T UVC R KIE vl B2 H %5 Ab-IWC FE 1 I P47 /715

B T RKIGTTIEAWTEH, P B AR G2 e AR IZ BT N o Khan Z56[ 718 AR IR A Gl il 46 77—l 4
BEARPUE (Lip-WCAgs)TE AT HI7) . WFF4E LW, Lip-WCAgs X H A/ NRA AR, (H]i%
SN R S e N o AN, A8 Lip-WCAgs HuyZ /I B A Bt ] 77 A5 B 22 1) TFN-y Al IL-
12, %t AB A5 BRI R AHCHT T R A SR AR AR A TR Ay, ELARIEER p (19 S REAR 7K
P, AHE CRP. IL-6 IL-158 F1 TNF-aio 3T AR FARTEZE B e IS, 2D 2l i e 2 R o e i
BE(GSLs) k% 7 HAHNAAME . [F4F Khan 55[8] X HFH GSL i€ 7 — Mo i) s 5 4% i il 77 (GSLs-Lip-
WCAgs). 45 RFWH GSLs-Lip-WCAgs T/ /N RAFIEZE AN 100%, 1M Lip-WCAgs (A2 GSLs)ff 1)
/NERAFIEZE A 60%;: ] GSLs-Lip-WCAgs Huf% (1 %)% 240/ N RAAE 24 50%, 1 Lip-WCAgs % 1) %
ST BAFIE RN 20%. BEAb, EAE GRS/ R A A B mACE PR R AIRR F,  REALE IFN-y /K

3. 5pIREE;B(Outer Membrane Vesicles, OMV)J&E i

AR AT LANAME B R AR, W E AR OMV. BEAERTFE[91IESE Ab-OMV RJ i i i & S

It
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TR P AR IR, HAE AB SR ERE PR IERIEM . 125 81k, k13 Ab-OMV 7t &
2 (177 15 T I PR A B0 25 A NGRS 77 s R 2 28, (HP= Bl IR . Li S 1017 & T il 4% Ab-
OMV B K 7%, AT AB 41 $2ELH) SuOMV (EEAEHZEL ] Ab-OMV)AT nOMV (KR Ab-OMV)
PAF TSR E, K, SuOMV 5% AB Brtideft 1A B Ry, i S WL R L, SN
il Ab-OMV $24t 7 R K AIRY . B Higham %[ 11 HIESE 7 5 Py G v] 25 /b < e A8 o B 1k
A AR AR EL, R AT DL S P B R AR OR Y 1A R0R A, AR BRI A AE T AB R G i) EE

AR, FTAYPKRBARTERE WL 7 R N H 2 30, R AR e e By b i R A DL SRS B
1% ZE A0 B HE S 25 A [12]. Bjanes 251318 Ab-OMV SZELE 4K Bkl (AuNPs) (I ShEEAL, it T —FiaT
T AB 0K BURLE 11 (Ab-NP). 455K Ab-NP 325 H EEFIAE G/ BRI S T 38K 1gG Pifk ik
R, HPUMiEfedE R AB A7), IF HAS10UER Ab-OMV FIRERR £5 22 m il (PBS) % HEZH
FHEE, 557 B A sl A 528, S0 TR SORM MG . R E MR, EMEH SR AB Rk
FRRFE 5 H , S LI 1 5 H 2 T Ab-NP 2 ¥ 119 5 3 B 028 e iR Z DR /) B 4 52 508 P T TR A ik 28 1) i
R, FENTEREN G AB FIE A 2 245 22 P M0 0 R AR 1 6, s itE OMV 59K AR 1)
SEEMFE—PIRE

R OMV TERURE USRI H ERIE Ty, (ATERIRAER 201, VIR A V2 i SR iR, FER
A R A & OMV HEZH(LPS) N BER AT, 7T LA S EBUE 3277 A2 s 2 2 B0 1 R .
[14]o PAEIHN LPS & OMV JERFT AT KT, K LPS 49N OMV /& AR BEFef. 4R, Pulido Z5[1511 K
MERLZ LPS 1) AB 1724 OMV, Ff H XL OMV X/ R T % e 45 R, 75 AB I F, 10ug
1) OMV $24t 7 75%HI1E- 7, 100 ug i1 OMV 24 T 100% R4, R, > OMV BT HNEFERIE
AU .

4. WRAGIEH

B e — A R SRS T B GRS R PV S O R e, B HeRRE. B
AR R I 5 G R S NS [16]. VR FFEH CAIRER T EX AB WAL v T AEBTR , I
H 4M L F (outer membrane protein, Omp). £f-4E £ [ A1 5% i £ #fi(capsular polysaccharides, CPS)AJ LA 2
TS AL SN, BN R SR R D BT [ 170 A, 8V SR A 2 v ) o] 6w A A 7 et T 2 ] DA
IR RIS i e B SR, 38 2 A S B VEIE TT DA s S e R, BRI, e 2 e 7R AT G 2 5 120t
DA DAL Ve N S
4.1. BRI E

4.1.1.OmpA REEHER

OmpA 1ENWEAZE LY, W) 2, 257 AB Filft. dRSEEMAEMIEERES R, 730
YRR b LA B G SR 18]. Ze R IT 7T[19] CUESE T 8 44k 1) OmpA #E4T Sy 5RN, WS4
5 R B ETUTA, M 5EX 2 EiZ) AB (MDRAB)ERGHI B R . SR, ST XFEARSEHE
FBIELEA PR R TAEH, Viale ZE[20]# A T OmpA FIRKEAR R, XA RERIET{ER
PSR Ve A I A R X ek, G 29 T e o ™ o R RSO T A — A A R . R R TR A
oA, JE e 1) B R HEAG = AR B 2 AN OmpA 925 12 75 0] LA 145575 A8 [F] OmpA B4R 1) AB PRSI
EERGE, GRS . R, TEGH T RS I 2 BRI HEA G T 0T KB 6T MDR 48 B 95 J5 A 1R 28 T
FORHEE,

BRAMEE H (BauA) 78 MR EA E 2, B ARE X AB BB G IE MR ERUR[21].
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Akbari ZF[22|7EWF 78 HIEFE BauA (1) =N lRPERR R IR (5. 7 A 8), H R MERA HAIANTLIF C-I(LCL),
FAE AB G/ RIS RS rh P4l T I ih 4, 25 R L 4H BauA BUZREHUEIR 7 SR/
BT AB RGP BA AR ER, M HARA A PUE IR EFH<100%. BT LCL SCAEE A R AL R e,
IE AT DR A 22 3 (AR 1E FH AR T BauA. RIIE, BauA MR NE S S 52 HURA A R EH .

FEH] AB BUmttEZESR, BPuUR AR R, RS RO I T B 2 R i A R
2RI KVE LT - Tamehri Z5[23]7EWF 7 H, {EH BauA 1 OmpA #EATAML AL, FFRARURnER & it F T
BALB/c /N o /N BRI TG 4 72 W BT AR 36 (LIS A UE SE T P & 35 38 0, 4 7 M I35 A6 0 21 OmpA  BauA
DA A5 A T e I ) G SR M R A R R, IR BT R L AR T G /N B AT PRI A
(A0 B A7 S0, HA52 BauA A1 OmpA 2145 14 ZE 1 R AR A o f 0 B 6y B S AR X6 R 4L
I, ZPURA S PG R AB A  RY, HA N T AB SRR MLIE .

4.12.DcaP HER R HEHEH

DcaP FEEE FITESS 1 ERILT AB () OmpA, 2 —FBA -4 IMAMNEER E, fEhiE RN MK
TANLEI R AR I [24]. Raoufi S5[251K I, EPIRE AR B, %52 DeaP R 1) BAIB/c /M 1
WNIAEIEZA 100%, H. ELISA %7K, DeaP %% /NRAER KGN 4 A H 50 ] 5 BEAR e H = A fofds,
KILH R0 e 4E+5

Fereshteh Z5[26]# OmpA 1 DcaP iX AT B2 L fUAHES &, B XA VS 7 OmpA + DeaP £
B AN NBLE R R e R, DL MDRAB 5|6 (4% B ik 75 1000 1) S RUR « W 50
OmpA. DcaP F£E F 1 OmpA + DeaP #8571 73 03 S B =40 C57BL/6 /NRAR, 45 R ER
DcaP HEAESF 1 mAKFRRE R 1gG, F HARGHE BT 5 5% /N BRI AR 2k 2] 100%. 2 28 K
ELISA 4R BoR, WG AR 1gG /K Fim, DeaP FEEFIRZ, X—@H4ER 7 AP
FEH . BRitbz 4k, OmpA + DeaP £ 2 78 G I 18] fit 0 F0922 /) BB FO it S A R4, HLA Rl v
PR 2 R 5 4T S BRGSO AE , HF5 3 5 R E LR D R MR 1 241 A SRR

4.1.3.0mp34 R HEHLEH

Omp34, tHFKH Omp33-36, @it 25 1E R 40K IS S AT, HEE IR F[27]. Naghipour
28)WF RN, FEL Omp34 (rOmp34) 7 sE 1) BAIB/c /) BB AE S 40 1 W Ja TG i 5 2 48
S A S AT ek, /0N BRI AR R U PR A0 R 4 8 AT R, I BAESUR AN MG S 3 1) 4 K, rOmp34 R
INRAFIEFE N 100%.

Golestani 5[29] )\ Omp34 Hik #8348 3, 9N LCL Hl RGP, IR0/ REAT e siin . 4R R
/INBRAFIE 3G 0 HLZH Z3H (A A S arf ek s, DRLGTIE S Omp34 3£ 3 1 sk e R4 E FH , tHIE 20 & 5
WG —Fh o477, Mirali &5[30]7E/ BRUMMAE B A A/ 5T 7 Omp34 F1 BauA A XS RIAE AT XS
AB ST AR, 45 SR R /N BRI TS 2R BB 3 AR £ e, BB 4252 Omp34 #1 BauA
(7N B RIAA T 229 100%, FEE « JF A0 it 350 0 400 A7 350 B O T B, LI S I M 2 1 1) /0N BRUA P 2%
BN A AT B B TR e PR R B /NBR . BB b, RS S A R A R R R AL /D
FRAFTE N 85.7%. KIAER] Omp34 #1 BauA 1204 EE Omp34 5k BauA [ PE S, LR T & 1E
NIRRT EIATT AB L5 %% B R B R A

4.1.4.0mp22 REEHFH

OmpK/Omp22 ZF|H AB # OmpK Al Omp22 1X PR e Hi)if , il i 1A FIA AR M — PR G & .
BEAEREFE[31 ] A IESE, A BB T S e xS Tl AB I AL 1 5 98 KI{RY . Yang 55[32]iH
WAE N, BVl T AR v o A s P R R MFS9 RSB S B AT g3 A
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OmpK/Omp22 Flfiif MF59 571 OmpK/Omp22 5 Balb/c /NRIEATAENEFR. 4R ER, 5ae:
Filt OmpK/Omp22 e (/N RAHEL, {8 44 MF59 #2751 OmpK/Omp22 7= 45 [R5 S LB ik K 58
MR AT 2R rb (R 4 B 6 A BRI, IR SR 20 M PR /K BRI, A7 E 265 191(83.3%) . [l MF59 7T
B FHAE AB i RIS AR 71 o

I 45 0 B A7 25 1 7 ) 45 i R b S s R BN P, Du 2533 i it h i as & T A Wis B Fi gk
HiAR, WIS b S B 536 3% . B(FLIR - 4L - 2 —E9)BR(PLGA) W] LABIEHU B, 5B BE(CS) a4y 1%t
KGR 13835, WK PLGA 16 CS, JEA CS-PLGA 49Kk, 4 Omp22 $ 2% 78 55 BRE(CS) 4k
FRLH, RN RGEAT g, Bl S AR AB RAREAT B . 45 R EIR A CS KB H Omp22 FuE 1)
/NELH TgG A TFN-y K3 T RIBIZI Omp22,  H )% 4735 5 50 35 B IN(42%~60%) , L A i
(T 7T 52 B3], X 2k Sy AB RS A T BUR(57.14%~83.3%)

Sabzi 8¢ [34] PP 1 2 ELIAKBURL(PDANPs){F o S 4T R 45 245 ik TR A 2k . 45 5R BoRAE
rOmp22 1% [¥] PDANPs %% /N, 1gG2a/lgGl Fl IFN-y /KB & s TR 2, HiES 76 AB KL
A RARY, AL ZE 25 B 2 Ao DU R B0 H BE IR I 254, IEBH T PDANPs 11558 0 0% SR LA
AB B GKAERE S B2, ZRAEAMGPOREE ARG G2 A Q8T 7

4.1.5. BamA

AMEE -RIR 22 R 1 (BamA) & —Fh Omp 4151k, 5 AB B R RSF. Singh Z£[35)f# /N Rt
R FE T BamA X1 2 250 R 2 BRI S R E 45 R A BamA (rBamA)7E/N A
51K T T 1gG PoiiE , LRSI 0 BIES" T 80%F1 60% 11/ iR o 52 B i 7 B 1) AB £ Py e,
[F I B A R 4 /) BRI B 40 T 5 FAAEAE 248 400 DR (B0 AL 375 A0 i 4 23 5 3 o ) TNF-a IL-6 1 IL-18)7KF,
L TL-10 7K {14 18 R0 e 3508 o 0 B P k2D A B T e pr s

Vieira 5[36] M H rBamA #y% /N 7= AE SPuiR L, 51 &% RIR AB-BamA HIHTAIR A, 1EH rBamA
PUAR T /N AR BEET 6T AB YR N . 7E AB JikiJa, R/ NRAETERIEE T 40%, 'BHEHgn
FIERR M T . SR, fFH rBamA %R IFAEE 24N AB, HOW g E AR 4 T Rgm, 3
AEARE T BIRERT S0 JE AR T R 2 1% — R R 5] DRSS, (R AR IE R AR R 1 R
i 2 AN B X o

4.1.6. OmpW

OmpW =& — Py XA AB Bt Jit, H LA Dy RE AT 2 78 70 N A0, BAT T AE 1) % R PE[37]. Abdol-
lahi 55 [38]%) OmpW2 HEAT 7 S R PEAr AT, 157 H1 S50 okar I 31 8 5 3R A, FEAR 1k e SR A7 A= BT 5
PRI PRET « ELISA 253 R, H OmpW2 4 HEILT L i BOmsE % BALB/c /NS, 1gG 0 3%
Fhi e TSN G N RAC T ST R B REUE (% 40 B 67 A7 250 2 PRI . [RIEAIE 5 Omp W2
A A S Bl 3 1E E RIS, A 2T AB gk, Rk, B2 05T AT DLAE R E X
e BT ) e SR R R LG, USRI K ) S 8 B S AN AR A A

42. SFEITE

AB SR 5 53T F MR 2 B (CPS) L L, 3X 6 22 W2 7 A L) A A 4 B A FH ) = B2 55 ) R (39
CPS ] il 545 78 I 5 [N, N R W 4 6 92 i ) 348 H AR [40]

Rudenko 5[4 1 @i R £ 8 E G ik 3 MiEtEEiAEE 95 AB o K9-CPS B &S &4, 1551
TEHPEE BRI PR (EE R 1g6), %A S AB ) K9-CPS R AN 1 b, I B A B K i,
e FBUR /BT 2 W R PRI DU P 72 A2, DA IR AB BRYY N RIAETS . 22 R A5k
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ICR-1 /MR TS Thl BUEMN RN Z, %)% BALB/c /MR AT RS S8R A4 i 0 R B Ae /1. L0
SYEPUARTIAKCE B DR BEET X AB YL II RS 1 S, H45 1% 05 20 T B i R M I
Karatovskaya Z¢[42]F & K9-CPS F B MFEZ G 2% T —FEXT AB 1) K9-CPS Hoa B4

PPLREA LG CPS, FMRIA L AB, MR BRI BN 52 G . Wbk K9 S5 M7E K& b £k
Frfase, 70 BYL /N BB B o3 b IR RN AB A7 7E IS5 SRR, KPR s /N R Bk e 4 FH
1B TN, BAEREAS SRR, MR PR HAH B . K Ab-CPS FLik 5| NS IR, FiliZH 4k
(AN T By B 08D o TEZBDUVRIESS i, 4 FH Ft CPS-407 SEUMSE S 5E 4Bk Hknl i, CPS
A RUFH R JE v, BEETH 25 BRI N, LU CPS ¥ S ik 5h S vl I TI6 97 i 25 vk R e, {H
PR — W 5L CPS a1

5. DNA &8

DNA R Hi /&l B i N e b 2 R IRk, TERRANAE N BERIA B INE A NS . FS2iEW], DNA
P2 DR B AL P T B E N B A SR GE M P SR LR P G B R A AU . SRS AR, EATITER AR
PR REtE. R AEMRESOTE S S T B A BT [43]

Ansari Z5[44]% AB [f] OmpA JE[H 5 [ 2| BAZ RIAHAA b, WEEH] OmpA 7E HAZ AR A 453 21 T
BRI, TR A SRS /N R A b ) S S, RIS LIS IgM. 1gG. IL-2. IL-4. IL-
12 A INF-y AKF397s, BAEEEEOEAIE T, EABERRZEE /D RIOAERE TXRA, R8N
60%. % B OmpA-DNA ¥ i 1] A5 5t sk 5 A2 VRN 200 G928 S L, SO IE 5 3E— 2D SR8, {R 45 SEESE OmpA
ST DL A A /& DNA 92 1 S0 b A 3@ I S5 1A

Pal J& — PR EBEAH R IE R Y, H C ui & — 4381k OmpA [Z5HIEL, 78 AN 58 Bt b k4G H
YEF[45]. Lei & [46]8F 7&K T OmpA Fl Pal BFHHLIE XU DNA $18, Hadk— B iPAh 1 I i it A
PRI . S5 RW, 1% DNA JZEHH/NR ST AB BB mE B Ry EH, 5% T mACE AR %
J5 NZ AN Th1/Th2/Th17 VR4 BUAH AL e BT, ELIE e PR i 2 23 H (1) 248 8] 97 fmr ARG BR A5 007, ks> 9 5 [
TFRIEMAE VMBI, TRV 2 SR E S . i DNA TG AB &G 4T
{1, OmpA F Pal $u{E AT LEMEIEDUR .

T DNA S i T2 — 0 2 2 T 9K HR[47]. Hosseinnezhad 55[48]i%#% AB H B A 5
JE G SRR SF TR I EE A esuC AR R MEIEDUIR, I A= P15 J5. 255 R0 G 328 2R R To0 A0 5 A L B R R A
FEF A7 R H DNA 75, 2R S5 I CS 9K BTRL(NPs) 34T (3T, il £ CS-DNA 49Kk BALB/c
INERBHT BRIV . S5 ER, SAEaE DNA AL, 850 CS-DNA %11 BALB/c /N RE L
Hb g R mACE R 1gG, RGN 2R R B Bk TFN-y, H 5 2SOt E N AB
SRR L, 54 R A B B mr kb, DR SR Y IR Y G 7(87.5%) . FHILTT I, DNA 1T
(R R 45 T R OR AR R S FH A2 A 2T AB G-I 7 T

6. BLEMRETR

MDRAB R ) 2 AL LR SR Z WL 25, BRI T 410 % i e il %, TFACH R K
MBI R RETZHERFZHITN O EMSEE AB gL i 725571, HigH ik, 1
B T2 SE Bl RS O R BE W . AB B RT3 i€ 52 1) 22 TP i A BELAS [49] [50]: AB 377
P75 AR L 2 18] R 2 AR A A Fr e e 8L AB SRS BT ZREIE AR E I, BT
M AR H Sl PR R AR R, B R EARAN T I BLAE . P DU PR R
7N BERSERE L AR R R AN G R RN B AR ST AR T AR L, AB B AL AR B AT R
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BB B BORES KR, AB BRI AT SR BN Bl A BB A 23R AL okt
R AR EPBIHRGOREIR . e E BAMEI B HraE, IF RS U A 1 =
R IR AL TIERIRAE[S51] [52], AB EHBHHIEEZ I AA KR LS Q. BAESRKEE . N
AU s 1 A AR R R LA T 7 SR A, B i AR AR iSO AR, RORZE B (I 1) g o
KHZ KR ENLIA

S5k

[11] Ayoub Moubareck, C. and Hammoudi Halat, D. (2020) Insights into Acinetobacter baumannii: A Review of Microbio-
logical, Virulence, and Resistance Traits in a Threatening Nosocomial Pathogen. Antibiotics, 9, Article 119.
https://doi.org/10.3390/antibiotics9030119

[2] Antimicrobial Resistance Collaborators (2022) Global Burden of Bacterial Antimicrobial Resistance in 2019: A System-
atic Analysis. Lancet, 399, 629-655.

[3] Rosini, R., Nicchi, S., Pizza, M. and Rappuoli, R. (2020) Vaccines Against Antimicrobial Resistance. Frontiers in Im-
munology, 11, Article 1048. https://doi.org/10.3389/fimmu.2020.01048

[4] Peana, M., Gumienna-Kontecka, E., Piras, F., Ostrowska, M., Piasta, K., Krzywoszynska, K., et al. (2020) Exploring the
Specificity of Rationally Designed Peptides Reconstituted from the Cell-Free Extract of Deinococcus radiodurans to-
ward Mn(II) and Cu(Il). Inorganic Chemistry, 59, 4661-4684. https://doi.org/10.1021/acs.inorgchem.9b03737

[51 Dollery, S.J., Zurawski, D.V., Gaidamakova, E.K., Matrosova, V.Y, Tobin, J.K., Wiggins, T.J., et al. (2021) Radiation-
inactivated Acinetobacter baumannii Vaccine Candidates. Vaccines, 9, Article 96.
https://doi.org/10.3390/vaccines9020096

[6] Dollery, S.J., Zurawski, D.V., Bushnell, R.V., Tobin, J.K., Wiggins, T.J., MacLeod, D.A., et al. (2022) Whole-Cell
Vaccine Candidates Induce a Protective Response against Virulent Acinetobacter baumannii. Frontiers in Immunology,
13, Article 941010. https://doi.org/10.3389/fimmu.2022.941010

[71 Khan, M.A., Allemailem, K.S., Maswadeh, H. and Younus, H. (2022) Safety and Prophylactic Efficacy of Liposome-

Based Vaccine against the Drug-Resistant Acinetobacter baumannii in Mice. Pharmaceutics, 14, Article 1357.
https://doi.org/10.3390/pharmaceutics 14071357

[8] Khan, M.A., Allemailem, K.S., Maswadeh, H. and Younus, H. (2022) Glycosphingolipids (GSLs) from Sphingomonas
paucimobilis Increase the Efficacy of Liposome-Based Nanovaccine against Acinetobacter baumannii-Associated Pneu-
monia in Immunocompetent and Immunocompromised Mice. Molecules, 27, Article 7790.
https://doi.org/10.3390/molecules27227790

[9] Cai, W., Kesavan, D.K., Cheng, J., Vasudevan, A., Wang, H., Wan, J., et al. (2019) Vesicle-Mediated Dendritic Cell
Activation in Acinetobacter baumannii Clinical Isolate, Which Contributes to Th2 Response. Journal of Immunology
Research, 2019, Article ID: 2835256. https://doi.org/10.1155/2019/2835256

[10] Li, S., Chen, D., Ji, L., Sun, S., Jin, Z., Jin, Z., et al. (2020) Development of Different Methods for Preparing Acineto-
bacter baumannii Outer Membrane Vesicles Vaccine: Impact of Preparation Method on Protective Efficacy. Frontiers
in Immunology, 11, Article 1069. https://doi.org/10.3389/fimmu.2020.01069

[11] Higham, S.L., Baker, S., Flight, K.E., Krishna, A., Kellam, P., Reece, S.T., et al. (2023) Intranasal Immunization with
Outer Membrane Vesicles (OMV) Protects against Airway Colonization and Systemic Infection with Acinetobacter bau-
mannii. Journal of Infection, 86, 563-573. https://doi.org/10.1016/].jinf.2023.02.035

[12] Lung, P., Yang, J. and Li, Q. (2020) Nanoparticle Formulated Vaccines: Opportunities and Challenges. Nanoscale, 12,
5746-5763. https://doi.org/10.1039/c9nr08958f

[13] Bjanes, E., Zhou, J., Qayum, T., Krishnan, N., Zurich, R.H., Menon, N.D., ez al. (2022) Outer Membrane Vesicle-Coated
Nanoparticle Vaccine Protects against Acinetobacter baumannii Pneumonia and Sepsis. Advanced NanoBiomed Re-
search, 3, Article ID: 2200130. https://doi.org/10.1002/anbr.202200130

[14] Cecil, J.D., Sirisaengtaksin, N., O’Brien-Simpson, N.M. and Krachler, A.M. (2019) Outer Membrane Vesicle-Host Cell
Interactions. Microbiology Spectrum, 7. https://doi.org/10.1128/microbiolspec.psib-0001-2018

[15] Pulido, M.R., Garcia-Quintanilla, M., Pachén, J. and McConnell, M.J. (2020) A Lipopolysaccharide-Free Outer Mem-
brane Vesicle Vaccine Protects against Acinetobacter baumannii Infection. Vaccine, 38, 719-724.
https://doi.org/10.1016/j.vaccine.2019.11.043

[16] Yang, N., Jin, X., Zhu, C., Gao, F., Weng, Z., Du, X., et al. (2023) Subunit Vaccines for Acinetobacter baumannii.

DOI: 10.12677/acm.2025.1551367 273 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551367
https://doi.org/10.3390/antibiotics9030119
https://doi.org/10.3389/fimmu.2020.01048
https://doi.org/10.1021/acs.inorgchem.9b03737
https://doi.org/10.3390/vaccines9020096
https://doi.org/10.3389/fimmu.2022.941010
https://doi.org/10.3390/pharmaceutics14071357
https://doi.org/10.3390/molecules27227790
https://doi.org/10.1155/2019/2835256
https://doi.org/10.3389/fimmu.2020.01069
https://doi.org/10.1016/j.jinf.2023.02.035
https://doi.org/10.1039/c9nr08958f
https://doi.org/10.1002/anbr.202200130
https://doi.org/10.1128/microbiolspec.psib-0001-2018
https://doi.org/10.1016/j.vaccine.2019.11.043

[19]

[22]

[23]

[24]

[27]

[28]

[29]

Frontiers in Immunology, 13, Article 1088130. https://doi.org/10.3389/fimmu.2022.1088130

Gellings, P.S., Wilkins, A.A. and Morici, L.A. (2020) Recent Advances in the Pursuit of an Effective Acinetobacter
baumannii Vaccine. Pathogens, 9, Article 1066. https://doi.org/10.3390/pathogens9121066

Nie, D., Hu, Y., Chen, Z., Li, M., Hou, Z., Luo, X., et al. (2020) Outer Membrane Protein a (OmpA) as a Potential
Therapeutic Target for Acinetobacter baumannii Infection. Journal of Biomedical Science, 27, Article No. 26.
https://doi.org/10.1186/512929-020-0617-7

Zhang, X., Yang, T., Cao, J., Sun, J., Dai, W. and Zhang, L. (2016) Mucosal Immunization with Purified OmpA Elicited
Protective Immunity against Infections Caused by Multidrug-Resistant Acinetobacter baumannii. Microbial Pathogen-
esis, 96, 20-25. https://doi.org/10.1016/j.micpath.2016.04.019

Viale, A.M. and Evans, B.A. (2020) Microevolution in the Major Outer Membrane Protein OmpA of Acinetobacter
baumannii. Microbial Genomics, 6, €000381. https://doi.org/10.1099/mgen.0.000381

Ramezanalizadeh, F., Rasooli, I. and Owlia, P. (2021) Protective Response against Acinetobacter baumannii with Ferric
Iron Receptors HemTR-BauA in a Murine Sepsis Model. Future Microbiology, 16, 159-173.
https://doi.org/10.2217/fmb-2020-0133

Akbari, Z., Rasooli, 1., Ghaini, M.H., Chaudhuri, S., Farshchi Andisi, V., Jahangiri, A., ef al. (2022) BauA and Omp34
Surface Loops Trigger Protective Antibodies against Acinetobacter baumannii in a Murine Sepsis Model. International
Immunopharmacology, 108, Article ID: 10873 1. https://doi.org/10.1016/j.intimp.2022.108731

Tamehri, M., Rasooli, 1., Pishgahi, M., Jahangiri, A., Ramezanalizadeh, F. and Banisaced Langroodi, S.R. (2022) Com-
bination of BauA and OmpA Elicit Immunoprotection against Acinetobacter baumannii in a Murine Sepsis Model. Mi-
crobial Pathogenesis, 173, Article ID: 105874. https://doi.org/10.1016/j.micpath.2022.105874

Smani, Y., Fabrega, A., Roca, 1., Sanchez-Encinales, V., Vila, J. and Pachdn, J. (2014) Role of OmpA in the Multidrug
Resistance Phenotype of Acinetobacter baumannii. Antimicrobial Agents and Chemotherapy, 58, 1806-1808.
https://doi.org/10.1128/aac.02101-13

Raoufi, Z., Abdollahi, S. and Armand, R. (2022) DcaP Porin and Its Epitope-Based Subunit Promise Effective Vaccines
against Acinetobacter baumannii; In-Silico and In-Vivo Approaches. Microbial Pathogenesis, 162, Article ID: 105346.
https://doi.org/10.1016/j.micpath.2021.105346

Fereshteh, S., Ajdary, S., Sepehr, A., Bolourchi, N., Barzi, S.M., Haririzadeh Jouriani, F., et al. (2023) Immunization
with Recombinant DcaP-Like Protein and AbOmpA Revealed Protections against Sepsis Infection of Multi-Drug Re-
sistant Acinetobacter baumannii ST2P* in a C57BL/6 Mouse Model. Microbial Pathogenesis, 174, Article ID: 105882.
https://doi.org/10.1016/j.micpath.2022.105882

Rumbo, C., Tomas, M., Fernandez Moreira, E., Soares, N.C., Carvajal, M., Santillana, E., et al. (2014) The Acinetobacter
baumannii Omp33-36 Porin Is a Virulence Factor That Induces Apoptosis and Modulates Autophagy in Human Cells.
Infection and Immunity, 82, 4666-4680. https://doi.org/10.1128/iai.02034-14

Naghipour Erami, A., Rasooli, 1., Jahangiri, A. and Darvish Alipour Astaneh, S. (2021) Anti-Omp34 Antibodies Protect
against Acinetobacter baumannii in a Murine Sepsis Model. Microbial Pathogenesis, 161, Article ID: 105291.
https://doi.org/10.1016/j.micpath.2021.105291

Golestani, F., Malekan, M., Rasooli, 1., Jahangiri, A., Ramezanalizadeh, F., Chaudhuri, S., et al. (2022) Immunogenicity
of Loop 3 of Omp34 from A. Baumannii in Loopless C-Lobe of TbpB of N. Meningitidis. International Immunophar-
macology, 110, Article ID: 109013. https://doi.org/10.1016/j.intimp.2022.109013

Mirali, M., Jahangiri, A., Jalali Nadoushan, M. and Rasooli, I. (2023) A Two-Protein Cocktail Elicits a Protective Im-

mune Response against Acinetobacter baumannii in a Murine Infection Model. Microbial Pathogenesis, 182, Article ID:
106262. https://doi.org/10.1016/j.micpath.2023.106262

Guo, S.J,, Ren, S., and Xie, Y.E. (2018) Evaluation of the Protective Efficacy of a Fused OmpK/Omp22 Protein Vac-
cine Candidate against Acinetobacter baumannii Infection in Mice. Biomedical and Environmental Sciences: BES, 31,
155-158.

Yang, A., Yang, H., Guo, S. and Xie, Y. (2019) MF59 Adjuvant Enhances the Immunogenicity and Protective Immunity
of the OmpK/omp22 Fusion Protein from Acineterbacter baumannii through Intratracheal Inoculation in Mice. Scandi-
navian Journal of Immunology, 90, e12769. https://doi.org/10.1111/sji.12769

Du, X., Xue, J., Jiang, M., Lin, S., Huang, Y., Deng, K., et al. (2021) A Multiepitope Peptide, rOmp22, Encapsulated in
Chitosan-PLGA Nanoparticles as a Candidate Vaccine against Acinetobacter baumannii Infection. International Journal
of Nanomedicine, 16, 1819-1836. https://doi.org/10.2147/ijn.s296527

Sabzi, S., Habibi, M., Badmasti, F., Shahbazi, S., Asadi Karam, M.R. and Farokhi, M. (2024) Polydopamine-Based Nano
Adjuvant as a Promising Vaccine Carrier Induces Significant Inmune Responses against Acinetobacter baumannii-As-
sociated Pneumonia. International Journal of Pharmaceutics, 654, Article ID: 123961.

https://doi.org/10.1016/j.ijpharm.2024.123961

DOI: 10.12677/acm.2025.1551367 274 I A [ 2 3k


https://doi.org/10.12677/acm.2025.1551367
https://doi.org/10.3389/fimmu.2022.1088130
https://doi.org/10.3390/pathogens9121066
https://doi.org/10.1186/s12929-020-0617-7
https://doi.org/10.1016/j.micpath.2016.04.019
https://doi.org/10.1099/mgen.0.000381
https://doi.org/10.2217/fmb-2020-0133
https://doi.org/10.1016/j.intimp.2022.108731
https://doi.org/10.1016/j.micpath.2022.105874
https://doi.org/10.1128/aac.02101-13
https://doi.org/10.1016/j.micpath.2021.105346
https://doi.org/10.1016/j.micpath.2022.105882
https://doi.org/10.1128/iai.02034-14
https://doi.org/10.1016/j.micpath.2021.105291
https://doi.org/10.1016/j.intimp.2022.109013
https://doi.org/10.1016/j.micpath.2023.106262
https://doi.org/10.1111/sji.12769
https://doi.org/10.2147/ijn.s296527
https://doi.org/10.1016/j.ijpharm.2024.123961

[35] Singh, R., Capalash, N. and Sharma, P. (2017) Immunoprotective Potential of Bama, the Outer Membrane Protein As-
sembly Factor, against MDR Acinetobacter baumannii. Scientific Reports, 7, Article No. 12411.
https://doi.org/10.1038/s41598-017-12789-3

[36] Vieira de Araujo, A.E., Conde, L.V, da Silva Junior, H.C., de Almeida Machado, L., Lara, F.A., Chapeaurouge, A., et
al. (2021) Cross-Reactivity and Immunotherapeutic Potential of Bama Recombinant Protein from Acinetobacter bau-
mannii. Microbes and Infection, 23, Article ID: 104801. https://doi.org/10.1016/j.micinf.2021.104801

[37] Heidarinia, H., Tajbakhsh, E., Rostamian, M. and Momtaz, H. (2023) Epitope Mapping of Acinetobacter baumannii
Outer Membrane Protein W (OmpW) and Laboratory Study of an OmpW-Derivative Peptide. Heliyon, 9, ¢18614.
https://doi.org/10.1016/j.heliyon.2023.e18614

[38] Abdollahi, S. and Raoufi, Z. (2023) A Novel Vaccine Candidate against 4. baumannii Based on a New OmpW Family
Protein (OmpW?2); Structural Characterization, Antigenicity and Epitope Investigation, and /n-Vivo Analysis. Microbial
Pathogenesis, 183, Article ID: 106317. https://doi.org/10.1016/j.micpath.2023.106317

[39] Sianturi, J., Priegue, P., Hu, J., Yin, J. and Seeberger, P.H. (2022) Semi-Synthetic Glycoconjugate Vaccine Lead against
Acinetobacter baumannii 17978. Angewandte Chemie International Edition, 61, €202209556.
https://doi.org/10.1002/anie.202209556

[40] Yang, F., Lou, T., Kuo, S., Wu, W., Chern, J., Lee, Y., et al. (2017) A Medically Relevant Capsular Polysaccharide in
Acinetobacter baumannii Is a Potential Vaccine Candidate. Vaccine, 35, 1440-1447.
https://doi.org/10.1016/j.vaccine.2017.01.060

[41] Rudenko, N., Karatovskaya, A., Zamyatina, A., Shepelyakovskaya, A., Semushina, S., Brovko, F., ef al. (2022) Immune
Response to Conjugates of Fragments of the Type K9 Capsular Polysaccharide of Acinetobacter baumannii with Carrier
Proteins. Microbiology Spectrum, 10, €0167422. https://doi.org/10.1128/spectrum.01674-22

[42] Karatovskaya, A., Rudenko, N., Zamyatina, A., Zvonarev, A., Oleinikov, V., Shpirt, A., et al. (2023) Protective Capacity
of Monoclonal Antibodies against Acinetobacter baumannii K9 Capsular Polysaccharide. Microbiology Spectrum, 11,
e€04141-22. https://doi.org/10.1128/spectrum.04141-22

[43] Li, L. and Petrovsky, N. (2015) Molecular Mechanisms for Enhanced DNA Vaccine Immunogenicity. Expert Review of
Vaccines, 15, 313-329. https://doi.org/10.1586/14760584.2016.1124762

[44] Ansari, H., Tahmasebi-Birgani, M., Bijanzadeh, M., Doosti, A. and Kargar, M. (2019) Study of the Immunogenicity of
Outer Membrane Protein A (ompA) Gene from Acinetobacter baumannii as DNA Vaccine Candidate in Vivo. Iranian
Journal of Basic Medical Sciences, 22, 669-675.

[45] Song, J.H., Lee, W.C., Park, J.S., Kim, S.I., Lee, J.C., Cheong, C., et al. (2012) Cloning, Purification and Preliminary
X-Ray Crystallographic Analysis of the OmpA-Like Domain of Peptidoglycan-Associated Lipoprotein from Acineto-

bacter baumannii. Acta Crystallographica Section F Structural Biology and Crystallization Communications, 68, 1351-
1353. https://doi.org/10.1107/s1744309112038924

[46] Lei, L., Yang, F., Zou, J.,, Jing, H., Zhang, J., Xu, W., et al. (2019) DNA Vaccine Encoding OmpA and Pal from Aci-
netobacter baumannii Efficiently Protects Mice against Pulmonary Infection. Molecular Biology Reports, 46, 5397-5408.
https://doi.org/10.1007/s11033-019-04994-2

[47] Pati, R., Shevtsov, M. and Sonawane, A. (2018) Nanoparticle Vaccines against Infectious Diseases. Frontiers in Immu-
nology, 9, Article 2224. https://doi.org/10.3389/fimmu.2018.02224

[48] Hosseinnezhad-Lazarjani, E., Doosti, A. and Sharifzadeh, A. (2023) Novel CsuC-DNA Nanovaccine Based on Chitosan
Candidate Vaccine against Infection with Acinetobacter baumannii. Vaccine, 41, 2170-2183.
https://doi.org/10.1016/j.vaccine.2023.02.046

[49] MatRahim, N., Lee, H., Strych, U. and AbuBakar, S. (2021) Facing the Challenges of Multidrug-Resistant Acinetobacter
baumannii: Progress and Prospects in the Vaccine Development. Human Vaccines & Immunotherapeutics, 17, 3784-
3794. https://doi.org/10.1080/21645515.2021.1927412

[S0] Lau, Y.T. and Tan, H.S. (2023) Acinetobacter baumannii Subunit Vaccines: Recent Progress and Challenges. Critical
Reviews in Microbiology, 50, 434-449.

[51] Mba, LE., Sharndama, H.C., Anyaegbunam, Z.K.G., Anekpo, C.C., Amadi, B.C., Morumda, D., et al. (2023) Vaccine
Development for Bacterial Pathogens: Advances, Challenges and Prospects. Tropical Medicine & International Health,
28, 275-299. https://doi.org/10.1111/tmi.13865

[52] Ud-Din, M., Albutti, A., Ullah, A., Ismail, S., Ahmad, S., Naz, A., et al. (2022) Vaccinomics to Design a Multi-Epitopes
Vaccine for Acinetobacter baumannii. International Journal of Environmental Research and Public Health, 19, Article
5568. https://doi.org/10.3390/ijerph19095568

DOI: 10.12677/acm.2025.1551367 275 I A [ 2 3k


https://doi.org/10.12677/acm.2025.1551367
https://doi.org/10.1038/s41598-017-12789-3
https://doi.org/10.1016/j.micinf.2021.104801
https://doi.org/10.1016/j.heliyon.2023.e18614
https://doi.org/10.1016/j.micpath.2023.106317
https://doi.org/10.1002/anie.202209556
https://doi.org/10.1016/j.vaccine.2017.01.060
https://doi.org/10.1128/spectrum.01674-22
https://doi.org/10.1128/spectrum.04141-22
https://doi.org/10.1586/14760584.2016.1124762
https://doi.org/10.1107/s1744309112038924
https://doi.org/10.1007/s11033-019-04994-2
https://doi.org/10.3389/fimmu.2018.02224
https://doi.org/10.1016/j.vaccine.2023.02.046
https://doi.org/10.1080/21645515.2021.1927412
https://doi.org/10.1111/tmi.13865
https://doi.org/10.3390/ijerph19095568

	鲍曼不动杆菌疫苗研究新进展
	摘  要
	关键词
	New Progress of Research on Vaccines against Acinetobacter baumannii
	Abstract
	Keywords
	1. 引言
	2. 灭活全菌体(Inactivated Whole Cell, IWC)疫苗
	3. 外膜囊泡(Outer Membrane Vesicles, OMV)疫苗
	4. 亚单位疫苗
	4.1. 蛋白质亚基
	4.1.1. OmpA及其重组蛋白
	4.1.2. DcaP样蛋白及其重组蛋白
	4.1.3. Omp34及其重组蛋白
	4.1.4. Omp22及其重组蛋白
	4.1.5. BamA
	4.1.6. OmpW

	4.2. 多糖亚基

	5. DNA疫苗
	6. 总结和前景
	参考文献

