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Preparation and anti-Vibrio vulnificus hemolysin A of macrophage membrane
hybrid liposome
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Naval Medical University, Shanghai 200433, China)

[Abstract] Objective To prepare a biomimetic nano carrier macrophage membrane hybrid liposome by heterozygous
macrophage membrane and liposome, which could be used for the clearance and toxicity inhibition of Vibrio vulnificus hemolysin A
(VvhA). Methods Macrophage membrane was extracted and hybridized with liposome by thin-film evaporation combined
extrusion method. The hybridized liposome of macrophage membrane was constructed and characterized. The in vitro detoxification
ability of the hybridized vector was evaluated by hemolysis test and cytotoxicity test. The detoxification ability of the vector was
evaluated by mouse skin infection model. Results Anti toxoid studies in vivo and in vitro showed that the anti-hemolysis rate of
macrophage membrane heterozygous liposomes in vitro reached 97.03%, which could effectively inhibit the skin ulceration in
subcutaneous infected mice and make the survival rate of abdominal infected mice reach 80%. Conclusion The constructed
macrophage membrane hybrid liposome had high detoxification ability, which could provide a potential solution and research basis
for the prevention and treatment of Vibrio vulnificus infection.

[Key words] Vibrio vulnificus; hemolysin A; biomimetic nanocarrier; bacterial infections

20 AT B TR — 2 8 A AR ES LR, 11T
2R GRS 28 2R DU A R AR Tl ok 1 IR B, T
1) 2050 4Ffif 25 240 13 YLK T B4 Bk BT U7 AL
oMo BUAER BN 1 R 25 B HA IR B 0 A
R CHEPREIR T, BV B A, ARG SiE R
PER (97 N0k WS ) AP e R P o4 e a i
ST 2y 245 S LUK A R 2 0 2 RS Y
BT FIETFRCR o

[(E€mMB] EEAARRERES (82273487); £ EEFFHHEFHF
K& I (21QNPYO051)

[eERA] i 5, 8+ 5K 4, Email: m18368029712_1@
163.com

[EEEE] v 18, 14, Bl BoE 05 1) DA gk 254 e
1] SR ARG YT , Email: pharmyuu@]163.com

B3 9K & ( Vibrio Vulnificus) , J&— i #g £h 1k
G B, J I AR AR T R 0 R i, A e I
VL RN ARV IR A oA . DGR R
PR B RRIRBE | i ORI, 7™ R e o 5 KT
FUE O B B 0™ H 0 25 5 | e T A 1 D ot
i, U EE I AR R AL SR T 50%, Bk
0 L AR 493 I B ) 22 e T 24 DA A ) R 1Y
M 257, a7 b E A R X R L IR K&
FR K AR ) T 254 3 31135 45.45% . 93.94% Al
100%, A % By i3 61 473 51K B JR e 7 AU 7 kx4
Ml R B S AIER MR A(VvhA)
SRR 1] J PR ME— PR R, R LT
2 CDC ZJG i — G, B[ B B i FL R
ST RN, HAR N EER T BLER


https://doi.org/10.12206/j.issn.2097-2024.202207001
https://doi.org/10.12206/j.issn.2097-2024.202207001
mailto:m18368029712_1@&lt;linebreak/&gt;163.com
mailto:m18368029712_1@&lt;linebreak/&gt;163.com
mailto:pharmyuu@163.com

S 2023 4E 1 H 25 H 41 SR
Journal of Pharmaceutical Practice and Service, Vol. 41, No. 1, January 25, 2023 27

20 R R 1 R HL T R HE T AR, VvhA
T 7R AR AR RIE AT R E AR 29 1 nm B9/
1L, SRS E A AS . BT, 50 B
7 O A B A e 24 B i ATk o BHLT
B F AN UREEE G O BILAAR 7 AR i 7™ B4 T RERH
T AR AR N AT o X R eE 1 B OF
JEEEA KR, HAZ kAT IR, (RIMF
T T VvhA Xt E R AR Rk N R At
I A4 L N AR L 200 A 45 1) LA — o i Al g v
Qin % & B VvhA 1] L) fih 2 5 W 41 Jifl RAW264.7

(A S, 2013 4F, Zhang S5 48 H “ 44 K g4

AR R L, BEA R L R < 2 (0 R A BRI 10 AL T
FONME R ABETOR: E i i A A
TARFUIEA A, LA VVvhA Ry AL R, il T
P R A A R4 T AT, 8 I 2
B2 5 R AR R N AN RERE T, it — 2B B4
PG GE R BTRE 2R T PR LS IR o

1 HRFFE

1.1 FEALE At

520 137 (B EallBio 22 F]); RPMI1640 $5 5%
JL (& Gibeo 22 H ); DMEM 5574k (€ [F Hyclone
Nl BN O R 2R A BR /A 7] ) ; DSPE-
mPEG2000(Laysan Bio /2] ); CCK-8 il & (Jb 5t
FEIHRFEFPHLABRA T ; BRFUASS 4% (32 E Avanti
Polar Lipids 2 7] ) ; Synergy 2 i £ 1X ( 32 [E Bio-
Tek 2~ w] ) 5 Hy JR SO HE A7 AX (%€ E Malvern) ;
R206D Jie % 7% &AL (1 o A= 23 W] ) s H2050R-1 15
KRR OHLOBI AL A R . VvhA TR
FHALR RGN DERE VR4 Raw 264.7; A
45 b 40 (NCM460) (BB F 96 40 I )26 ) 5
BALB/c /N (M, 6 ~ 8 S, 8 18 ~20 g, I
TS LI S A IR TR A D), sh i g 485t
T ZE T R R S0 23 D o O HIEE, I IR sh 1 3
AT
1.2 EvEZm o2&l Rk eg 4 &
1.2.1 Raw 264.7 FLVEANAET 37 K A0 i B

Fil DMEM = RE 423, 10% FBS, 5% CO,, i
B 37 °C IEH 1555 Raw 264.7 BG4I, 22 Sk
J7 R R W 00 ), 4 ) T AR B A e, 4 C
AR TM S 0Pk A 40 2 Yo TR 40, flik
BEZh 2.5%107 4 ffd/ml. K 4 A2 E T80 C,
SR 3%, PRk S B AE 4 A (5 min, D)%
44 WSR3, A 1 mol/L AYREREAK, 4 C
2 000 g B.0> 10 min F3BR 40 A% AR 244 40 i, -

T 4 °C 3000 g B5.0> 30 min LAWCEE AR 40 i
B & 4 0.25 mol/L i HE 1Y TM-buffer H & K ,
4 °C 3000 g &0 1 h ik, 20004 PBS HE,
—80 C f#4%-

1.2.2  EWEZHMRE s & e oA fil 45

SR FH IR K Ak -5 H 12 il % 5 s 4 B i 4 5 g
FiiA (MM-PLs)!", 4 8 B B # AR (EPC) | JIH [ it
(CHO) 1 DSPE-mPEG2000 A 4 : 4 : 1 [ EE/R [t
& e ot 4z, A 100 ml BB, =l
IS IEATIERS 26 & B — W bt (IR AT RHE i
TEHUBE Fp R, 58422 — S F e Je I AT
YRR AN 2liK KAk, AKALIG PKIRE 7S S min, 814
B #8505 SR A 400, 200, 100 nm K
FRTE R4S 20 YK LA % MM-PLs.

Xof 2 W 20 A R 9 (MMLVs) IR 4
(PLs) [ £ [ L s 4 M S 2% 5 g A . 3 /e
I 1 BB & R K AL 1 b, KU S Y S A
2| MMVs, R8BI 6l 28 A R A AE, PR Tk
[

1.3 B 2 &8 FU Ak 69 R AE

IR SCRLAR AU 5 MM-PLs, MMVs, PLs [
AR HN Zeta LN, P8 W 1) MM-PLs Jié il 2|
T SRR TS CR I ) L, A e 1 P O T 8 e 7K S TR
(1%, w/vy ATt G, BB (TEM) METE A
1.4 Ev#ZmIoE 2 M8 R Sh o Fo Ak J1 9040
141 PRGINES I S50 DT 05 200 e B 2 5 i I
FRAT VvhA fig

BALB/c /N (MY 16 ~ 18 g, 6~ 8 IR ), H
3% SEEUGERREE 2 ~ 3 min J5 N AR & Pk HTEEHUL,
IR 250> 5 min(300 g), 7 FVE WS A PBS
B, S E/ N 40, PBS TR AL 2.5% 2140 il B
(V/v),4 C frfrs .

43 E VVhA (2 mg/ml) 5., 10, 20, 40 ug, £
AMHR R PBS EZE, FHAIA 1 ml 2.5% 140
WIRAL, BT 37 C BFF 1 h, 2.0 Smin(2 000 g)
Je BB E W, 1xPBS 12 1 H B T B AR 5 H
7E 540 nm b 4 H(n=3) . B 40 pg VvhA, 5351
JIARTR] MM-PLs f 5 (38, 190, 380, 760 pg), &
B FREE M SCE (n=3), PLs F1 MMVs 7 k% B4,
% 5% MM-PLs % 2 2 WA 5 80OC & o TritonX-
100 ZH A g BAH: %6 B (100% %5 1M ), PBS 2H 4 K B
PEXTHR(0% WML o AREE LT AU AR i 1 3
AR AR IR

WML (%) = [(Ape g, — Agipeniim)/
(At — Apipeaim)] X 100%



il 2571184
28

202341 H25H 414 1

Journal of Pharmaceutical Practice and Service, Vol. 41, No. 1, January 25, 2023

142 ZHEFETESCR PN 2R A B R AR

SCHRFE B VvhA X I Rz 4 A — 2 1 4 i 2
PEUY, ARSCE R I Z5 1 T B 40 (NCM460) S 2 i
TS, CCK-8 il 41 3% 71, LAWFSE MM-PLs ()
YK S B RE J1 . NCM460 % 5 000 4~/ 4L FEF
F 96 FLH, 37 °C. 5% CO, ¥ Fad % o ¥ 50 pul
MM-PLs. PLs, MMVs F14= £ /K 4351 5 A [R] e
FERY VVhA(10, 50, 100, 200 £l 400 pg/ml) % LI
H 3 ho MJEMA 96 fLik 1, 5 NCM460 7£ 37 C
THBEE 12 he WEEEEE LA 10 pl CCK-
SV, 4k%E 37 °C T A 1 h, BEpn{ i 450 nm
b OD {H, T4 MAFIE 2

1.5 E¥mMpie &0 RIS AR A& h
GO
1.5.1  JZfkfiigae

Bt BALB/c /N B (MM, 18 ~ 20 g, 6 ~ 8 J]#%)
30 H, BEMLA R S (A HER K4 . VvhA 4 |
PLs 41 . MMVs 4 Fll MM-PLs 2H) . /MG BB
b P, Az B ER K 20 A BT T R S50 20K 80 g
VvhA 3 5T 5 205 B, F90 50086 A B AR K
PLs. MMVs fll MM-PLs 7£ [f]—3 457 fz T 5, W
R IR LU A A E DL, 72 h JRARFE/INER, B
TS B K R ATAILE, H 4% 2R RS, A
ISAHEY) R 5 AT H&E Jufh,,
152 /NRUERITN

Bt BALB/c /)y L (MEME, 18 ~ 20 g, 6 ~ 8 JAIR)
40 H, BEHLS> K 4 2H(VvhA 4. PLs 20 . MMVs 41
1 MM-PLs 2 ) . /) BUJIE B8 0 2 8088 7 & 1Y
VvhA (10 mg/kg), 5 min J5 43 50 i s 1 55— e 751 o
Ay AEFEEL 7K . PLs, MMVs F1 MM-PLs, W2$4%2H
/N EURS FIRIRAS Bt B 0L, Ifie s/ N RUE AR
1.6 %it® i

K H GraphPad Prism 8.2 Gt 1T4 11

A 150 o B 0.20 -
0.15 -
100 ~
E —
E 2 0.10
250 4
0.05 —
0 - —  0.00 -

MMVs PLs MM-PLs MMVs PLs MM-PLs

&1

a

Zeta HLV (mV)

O3HT e GO IR SRS ¢ K655, P<0.05 R
ERAGIFE L.

HR

B v 2m RLJBE 2 B A5 AR 0 R AE

MMVs 26454 120.6 nm, PLs AYFHki4E
4 93.9 nm, MM-PLs [1PF3444554 101.1 nm(J] 1A),
MMVs, PLs £l MM-PLs {0 i #4484 (] 1B) o 7E
Ze B B AR, MM-PLs Zeta HLAV{E(—22.9mV)
T MMVs(-10.4 mV) 5 PLs(-37.7 mV) Z [d]
(4 1C) . TEM 253 875, MM-PLs 2 LIS ERIE,
KN —, Kif2 25 100 nm(& 1D), 5 PLs FIIEZS |
HRANZEARL, U B W5k 240 B R o AR i B4R 1 4 oK
(R REA D RTE AT
22 EvEmRaE R AR AR Ao A R
2.2.1 WM A ARE

LR IR, 40 pg B9 VvhA T LIE 1 ml 2.5% 21
MR 5S4 I 380 pg Y MM-PLs JLF- ] LL5E
4l 40 pg (Y VvhA B2 &, B IR A F]
97.03%, 1] PLs Fll MMVs 43477 AL s M4, o
MEER AT (K 2),
222 {RIMEEEEPERTSY

SRR, MG 15 VvhA 2R,
5%} HRZHAH He MM-PLs £ i 25 48 e i i i /1, B
—E W FEPEINEIVE A, M PLs 44 F MM Vs 20t H
A —E ) EE ZE W RE T, (H R A B 20 B AR,
PR RIRE T B RIS (A 3) .
23 B Ao B8 AR R A AR AE

2

2.1

23.1 RS
2R R (K] 4), BT B8 AR FHER 7K 2H 1 535

DF R G 528, BRI EZH VVvhA 50N A
B B0 Bz B 2H 2 ks, MMIVs 2H 11 PLs 20 5 FH -
0 D

-10 4

_20 -

_30 -

740 -

=50

I 1 I
MMVs PLs MM-PLs

MM-PLs BB 1% FRRAE (n=3, its).

A. MMVs. PLs Fl MM-PLs (#J474%; B. MMVs, PLs il MM-PLs f¥4>#{ % %1; C. MMVs. PLs Fl MM-PLs 1 HL.{i7;
D. MM-PLs [1i& 5§ AR RIS



Yt SRS 202341 25 H 4% H1

Journal of Pharmaceutical Practice and Service, Vol. 41, No. 1, January 25, 2023 29
B 150 —
100 —
S
B
=
s 50 —
0 e

’éy_

,§~4§4@2§'4 N
& ¥ Q% & @*
Lo RN N &0
D 150 —
_ 100 =
s
M
=
% 504
0 I I h ]
S <) Q
Q\) Q\) Q\) Q
‘b
S
OOQ QQ Q oY <
F
150 —
_ 100 —
E\i
=
£ 50 4
O kksk

% 4% Q{\)% Q,\/% QQ
° ..\o
&

B2 INAMSELE (n=3)
A, B: VvhA [ IMEREOEZR; C. D: MM-PLs WZFff VvhA 2 H ARV ERAIER; E. F: MMVs, PLs fll
MM-PLs 5 VvhA 55 75 5 X 21 40 5935 1M 7 43 Lk
“P<0.001, 5 MMVs, PLs 41 4%,

XiF HE2EL 1 B 2 AL, A T RRUR T Y B R RS 5 MIML-
PLs 20 J¢ ik JC W] & 4 15 . H&E J% 8 45 3R R W,
VvhA 41, VvhA+MMVs 2 Fll VvhA+PLs 41 i K ik
FIAFH AR AL PR 41 2R 55 K A 1 S 0 i 4 V2 ¥ K 4141
MR SEIE T4, T VVhA+MM-PLs 2H2H 21254
TERE, TERIER T M TR A

2.4 VvhA i 30 R A B EFN

B K4 . MMVs 40 fil PLs 41/ RAES T
VVhA 6 h Ji5 Bl 1 IURS # 2R 5E . BB R80T . B AR
1B P RESERE IR, TR R S 72 h INREZ5E
T2, i MM-PLs 41/NRAESS T8 %K )5 24 h INFET:
1 2,48 h WILFET. 2 H, HoAR e EBArs, fA06 %N



I SIS 20234E 1 H 25 H 41 E SR
30 Journal of Pharmaceutical Practice and Service, Vol. 41, No. 1, January 25, 2023

80%(151 5) o WA L A% 5 Jig A A S5 e 1y v
BERACR, MRSy A PR a1

3 WHEENE

ARG AR TR, BT T I (AL
) XML R B EPEAE TR R, A R
T 2R REAZ A ) 24 B8 A4 77 105 15 B0, [T/ HOG 2
LU e PURE I BEXT AR 20 b ) 7 T 1A
5, AN BN AR AR A, NI 2 7 A 1

G, ORI RFLEE R S A —, (HA AR
150 4
MM-PLs MMVs
PLs mm Saline
100 — *

AHEIG ST (%)
|

I I stk
0 T T |I |I_V_l

VVhA (pg/ml)

B3 NCM460 ApEFZENELER (n=3)

Saline: 4= FHEL7K; MMVs: I 40 I B4 0 PLs: i B AA;
MM-PLs: B WA AR A A IR B A
*P<0.05, “P<0.01, " P<0.001, 5 MMVs. PLs. Saline 41 H4% .

Saline VvhA
B H&E =
aF Ana \?fﬁh ~
L ] B
N ot q
¥ }'7!,_ .
Skin
H&E = =,
—
Muscle

MMVs

20 P TR, Ao 5 40 4 T ) e e A2 A
458, RAIY MLALIE, AT 2l 40 L (4 3 a2 1 O 5
KFFPE RSO BRI S R RS, BESE
SR EREAIIAE R VvhA B 28 285 11 1 K IR0 AS,
FLAM I BAT R A IR R AR BE LS G RE ST, Sk A%
TN TR B R 2= R T AR R A =5 (8] 418
¥ PEG i 5 BLGA K B R e T - BIE ™ 1 i, ik
ﬁa RES ZRGEHYAHER, HEMPEI R E k. Brifil &
2 BARBERS TR VvhA, BT EE R % AR
ﬂléﬂﬁlﬂ’ﬂﬁ; PEAEHT, FA TR A IR 2255 1 B g 41 i
A YO N Joe At A — i AT ) 240 2 A (—
E BT LA ), A0 e 240 5 T o PR RE R
ELICHE A 2 R T 28 A W B 2 ), i A F 5 3
W1, iR XUy 2 BA 3 B AT AR, TR
TR T IR B R 2R (ELR R A R i
RAEABIE ST R G . SCHE D], VvhA
Xt b R AN TP Wﬁéﬂﬂﬂ@iﬁﬁﬁ~f€éﬁﬁ
PEUT, 2 SR A SR R W IR A A 2% 5 A E
AR R b A R TR, DR AR R ﬁ'ﬁ/J\
BROBZ IR AR | /N SRS R 3R A AR AT i R R R
W28 A G AR TR R I IS &, TEIR N BE AR S
EI’JFP?FH VvhA Tt XS RA TR R E R AR

MM-PLs

4 INREEBKBERIRIFOUR K& BKFIALA H&E & 415 B (<200, um)

(T4 4% 55 M)



LS g5

20234E 1 H25H 4134 1

Journal of Pharmaceutical Practice and Service, Vol. 41, No. 1, January 25, 2023 55

[14]

[15]

[16]

(17]

S-S S S S TS S S S S S S S S S S S S S S

FH IR, FRAASC, R T T, 5. T5 2N HE PN TR I 110 388 1 B3 P PR
[J]. Z52R 32 2R, 2016, 34(3): 215-218.

e, MaRE, A, 4. Wentilactone AR Z T H
(V). 22250k aas, 2020, 38(6): 533-538.

R, TS 24T, RICUE, &, Shma ok hr T R 2 77 59
RGP [I]. FE 7R WA - AR, 2022, 34(2): 149-157.
RE, SRR, TS, & L1 5 R S RO AL B A B

(E#% 30 M)

" E

s ]

g 50 -~ Saline

#Ho ] ﬁ: -& MMVs
] —&— PLs
] MM-PLs

0 T T L T T T T

0 24 48 72 96 120 144 168

B8] (#/h)
5 NRATE-EFRZ (=10)
Saline: = BHEL/K; MM Vs: 20 i JEC4300; PLs: A5 A
MM-PLs: B WA A A 8 Tl

(&% 30K

(1]

(5]

(6]

(7]

GENOVESE C, LA FAUCI V, D'AMATO 8§, et al. Molecular
epidemiology of antimicrobial resistant microorganisms in the
21th century: a review of the literature[J]. Acta Biomed, 2020,
91(2): 256-273.

LEE CR, CHO IH, JEONG BC, et al. Strategies to minimize an-
tibiotic resistance[J]. Int J Environ Res Public Health, 2013,
10(9): 4274-305.

HORSEMAN M A, SURANI S. A comprehensive review of Vi-
brio vulnificus: an important cause of severe Sepsis and skin and
soft-tissue infection[J]. Int J Infect Dis, 2011, 15(3): el57-
el66.

LTS, PN, OB, GBI IR e TR AE 12T T &R
(2018) [J]. P BE2eA%i, 2018, 27(6): 594-598.

KIM H R, RHO H W, JEONG M H, et al. Hemolytic mechan-
ism of cytolysin produced from V. vulnificus[J]. Life Sci,
1993, 53(7): 571-577.

LOS F C, RANDIS T M, AROIAN R V, et al. Role of pore-
forming toxins in bacterial infectious diseases[J]. Microbiol
Mol Biol Rev, 2013, 77(2): 173-207.

YUAN'Y, FENG Z, WANG J. Vibrio vulnificus hemolysin: bio-

(18]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

TR 24240455 505, 2009, 9(4): 279-281.
HANNAN M A, AL-DAKAN A A, HUSSAIN S S, et al. Muta-
genicity of cisplatin and carboplatin used alone and in combina-
tion with four other anticancer drugs[J]. Toxicology, 1989,
55(1-2): 183-191.
[ BHE] 2022-06-09 [fEEIBHI] 2022-09-21
[AxmiE] FER

S S S S S S S S S S S S S S S S S S S S S S S S S S-S

logical activity, regulation of wwhA expression, and role in
pathogenesis[J]. Front Immunol, 2020, 11: 599439.
QIN K W, FUKF, LIU JF, et al. Vibrio vulnificus cytolysin in-
duces inflammatory responses in RAW,4,; macrophages
through calcium signaling and causes inflammation in vivo[J].
Microb Pathog, 2019, 137: 103789.
HUC M J, FANG R H, COPP J, et al. A biomimetic nano-
sponge that absorbs pore-forming toxins[J]. Nat Nanotechnol,
2013, 8(5): 336-340.
CAO H Q, DAN Z L, HE X Y, et al. Liposomes coated with
isolated macrophage membrane can target lung metastasis of
breast cancer[J]. ACS Nano, 2016, 10(8): 7738-7748.
HE Y W, LIR X, LI H C, et al. Erythroliposomes: integrated
hybrid nanovesicles composed of erythrocyte membranes and
artificial lipid membranes for pore-forming toxin clearance[J].
ACS Nano, 2019, 13(4): 4148-4159.
DAL PERARO M, VAN DER GOOT F G. Pore-forming tox-
ins: ancient, but never really out of fashion[J]. Nat Rev Micro-
biol, 2016, 14(2): 77-92.
QIN S G, XIAO W, ZHOU C M, et al. Pseudomonas aeru-
ginosa: pathogenesis, virulence factors, antibiotic resistance, in-
teraction with host, technology advances and emerging thera-
peutics [J]. Signal Transduct Target Ther, 2022, 7(1): 199.
ALLENR C, POPAT R, DIGGLE S P, et al. Targeting vir-
ulence: can we make evolution-proof drugs? Nat Rev Microbi-
ol, 2014, 12(4): 300-308.
BISCHOFBERGER M, TACOVACHE I, VAN DER GOOT F
G. Pathogenic pore-forming proteins: function and host re-
sponse [J]. Cell Host Microbe, 2012, 12(3): 266-275.
MOLINARO R, CORBO C, MARTINEZ J O, et al. Biomimet-
ic proteolipid vesicles for targeting inflamed tissues[J]. Nat
Mater, 2016, 15(9): 1037-1046.
KIM Y R, KIM B U, KIM S Y, et al. Outer membrane vesicles
of Vibrio vulnificus deliver cytolysin-hemolysin VVhA into epi-
thelial cells to induce cytotoxicity [J]. Biochem Biophys Res
Commun, 2010, 399(4): 607-612.
[KFEH]  2022-07-01
[FxFE] THE

[1EEHH] 2022-10-09


https://doi.org/10.1016/0300-483X(89)90185-6
https://doi.org/10.1016/0300-483X(89)90185-6
https://doi.org/10.1016/0300-483X(89)90185-6
https://doi.org/10.3390/ijerph10094274
https://doi.org/10.1016/j.ijid.2010.11.003
https://doi.org/10.1016/0024-3205(93)90714-E
https://doi.org/10.1128/MMBR.00052-12
https://doi.org/10.1128/MMBR.00052-12
https://doi.org/10.3389/fimmu.2020.599439
https://doi.org/10.1016/j.micpath.2019.103789
https://doi.org/10.1038/nnano.2013.54
https://doi.org/10.1021/acsnano.6b03148
https://doi.org/10.1021/acsnano.8b08964
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/s41392-022-01056-1
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1016/j.chom.2012.08.005
https://doi.org/10.1038/nmat4644
https://doi.org/10.1038/nmat4644
https://doi.org/10.1016/j.bbrc.2010.07.122
https://doi.org/10.1016/j.bbrc.2010.07.122
https://doi.org/10.3390/ijerph10094274
https://doi.org/10.1016/j.ijid.2010.11.003
https://doi.org/10.1016/0024-3205(93)90714-E
https://doi.org/10.1128/MMBR.00052-12
https://doi.org/10.1128/MMBR.00052-12
https://doi.org/10.3389/fimmu.2020.599439
https://doi.org/10.1016/j.micpath.2019.103789
https://doi.org/10.1038/nnano.2013.54
https://doi.org/10.1021/acsnano.6b03148
https://doi.org/10.1021/acsnano.8b08964
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/s41392-022-01056-1
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1016/j.chom.2012.08.005
https://doi.org/10.1038/nmat4644
https://doi.org/10.1038/nmat4644
https://doi.org/10.1016/j.bbrc.2010.07.122
https://doi.org/10.1016/j.bbrc.2010.07.122
https://doi.org/10.3390/ijerph10094274
https://doi.org/10.1016/j.ijid.2010.11.003
https://doi.org/10.1016/0024-3205(93)90714-E
https://doi.org/10.1128/MMBR.00052-12
https://doi.org/10.1128/MMBR.00052-12
https://doi.org/10.3390/ijerph10094274
https://doi.org/10.1016/j.ijid.2010.11.003
https://doi.org/10.1016/0024-3205(93)90714-E
https://doi.org/10.1128/MMBR.00052-12
https://doi.org/10.1128/MMBR.00052-12
https://doi.org/10.3389/fimmu.2020.599439
https://doi.org/10.1016/j.micpath.2019.103789
https://doi.org/10.1038/nnano.2013.54
https://doi.org/10.1021/acsnano.6b03148
https://doi.org/10.1021/acsnano.8b08964
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/s41392-022-01056-1
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1016/j.chom.2012.08.005
https://doi.org/10.1038/nmat4644
https://doi.org/10.1038/nmat4644
https://doi.org/10.1016/j.bbrc.2010.07.122
https://doi.org/10.1016/j.bbrc.2010.07.122
https://doi.org/10.3389/fimmu.2020.599439
https://doi.org/10.1016/j.micpath.2019.103789
https://doi.org/10.1038/nnano.2013.54
https://doi.org/10.1021/acsnano.6b03148
https://doi.org/10.1021/acsnano.8b08964
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1038/s41392-022-01056-1
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1038/nrmicro3232
https://doi.org/10.1016/j.chom.2012.08.005
https://doi.org/10.1038/nmat4644
https://doi.org/10.1038/nmat4644
https://doi.org/10.1016/j.bbrc.2010.07.122
https://doi.org/10.1016/j.bbrc.2010.07.122

