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[Abstract] Oral bacterial vaccines are currently a hot topic in vaccine research, owing to such advantages as ease of administration,
enhanced patient compliance, and their ability to induce mucosal immunity, humoral immunity, and cellular immunity simultaneously.
Nonetheless, the stability and efficacy of these vaccines are hindered by the complexities of the gastrointestinal environment and the absence
of efficient delivery systems. In recent years, the rapid development of synthetic biology and materials science technologies has provided
opportunities for addressing the above challenges. This review offers a comprehensive overview of the immunological mechanisms
underlying oral bacterial vaccines, recent research advancements concerning whole bacteria and bacterial components-based vaccines,
innovative engineering strategies adopted in their development, and their applications in tumors and viral infection. In addition, several
promising strategies for the delivery of oral bacterial vaccines have been thoroughly discussed, aiming to provide some valuable insights for
future research in this important field.
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Figure 1 Immunological mechanism of oral bacterial vaccines
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Table 1 Engineering strategies of oral bacterial vaccines

E# & B Y o i SR & 3 Sk
KA B N D NIB [39]
I ‘ S G AR A [40]
» e AR o
8 35 Fu T o R AR TR [41]
KA OMV N OVA £H BRI [50]
VI 1 G 5 5 A K 7 M 2 B Y1 R [48]
AL At AT DNA TEATH 3 L A i Eil [49]
K HL TR b KB (2 K Ll [56]

RBD: ZARGELMIE: OMV: HEIMERER: OVA: JIEEH

5 [ AR 40 &9 B A0 1 15 SR
5.1 0 H KA R IF R

1 3K F GEAE R 1 IR 20 T 5 i B M R
FORREEAEM N, Iy, I AE T R
T P B HEAR T 14 2869 o o 25 R 3R 2 BR o 11 Ao
(3836 15—, IRIREEA IR LA 7 i T v
P AT RA R S, S EOE R R IRR AR A R 4G
(R RBCRART e SRR, A8 170 ARAH PR P 1 40T,
1B I SR BB FE H A A T 28 RS, R 2% 40
SR FRE A — RS

AR 1 T T 790 3 326 U4 14 By 22 3 A AR
0 1, A I A R A T 1 1% SR 1) T A SR
4. Anselmo 55 'V QIFT O HIZRE BH B 75 MR
L R BELE 2R JAT T 2 ] PR, S 1 X B4
BRI ERE o 28 At ) 200 1 A g PAY A B R A iy
T 10 A5 AL, (R n] S i i 52 R AR TR
25 1 ) SR B B T A A 2 0 o 400 A B A9 g
Zheng 55 "7 S 1o - POASPRE A W e A 14 S5 (A
HAE, R A TR G T AR AR T51
SYSRRR, 2O AMERT MRS ) . Bk
BT, ] DL SRR T MR T & T A
JEEEIRIIR 7 . AR, WA R 1T
ML e S g 1 SR Y R A T Al
BN AR B S B 705, IR E Ak IR IE A
TFAHTY I AR e AR T R A T HA
5.2 40 S RESE M SRRk

FRTBFFE N AT % T — ZR 5 RE SR T4
Il 240 L ) DR AR A S IR L 2 R T AT Rl AR

PPS

Jiti38 i Dectin-1 SZHA N7y, 3175 5 FIRRE A I
ELgh, BT %, Lin % VK54 WO R ER
BEREN, (752548 WA RES R R B TR R ES
WRLZs . X — 3mSR T IiE Hh CD11c' DC.
CD4" T AL AN sIgA LR KFE, 51K T4 500%
B, BR T A S RSE b, it U R g Y
S5 AN AL AT DO b ) 20 DR ) o B, K
KA W R B AE R AR v, 38 5 TR A AR B 51 1)
Hefi, Al LSS AN ) I B i RS 3R B, (R 3% A
R RE S i IR SRR v 3 4R TR A B Y, il ad ob
X S DR HEA T RG A, A R Dy O IR A R
TEFTIR IR EE A R L5 22 RS ICHT R A 5%

6 KR
11 IR 20 P28 Vi T 380 5 — YRR AR, A

TRGE 0 A A R L AL T 1] LG A . MR
TOREE 0 TR L N, N I 240
SRR BHTRA B IR G TT FIR G U, SR,
1R 240 5 v A BT RN |l N
ST AT B R A IA) . (ERE BT, 2
RN A RIS 2O 24 1 101 i 4 B2 ek
REERTE, RN TR R = R UL bi g
TR B 2 B AR O, i 1 I 1 I 3 | A ) e e
K5 AERE IR Tr AT, TN S AR ) Bl A g
AR, B R PMEIT A B R ek
RERY AR A L s AR Ve Ty 1, H IR R iE %
AR S it 3z rP YT B, DA ELPE AR AR
LLBEIRAE S F B e PR i = A 3R YT T SR B

HFd A ooatre mask e



e, % omaEzewnsHr | 417

MR, TEARAR AT LAHE— 2P IR 56T 11 IR 40 T 22 1 1) £72
) SRPE P IT 1] o B & AR~ . MRS AL
TR AR 52 )R, FERLAITZERY H 23 R

Fellf RAKI Kb O35 2 AR, MG eI Rk
ERTy H NBAEE ) BRSE, IR 2 R R R
NFERAEE R L A TR TR o

Mazzotta V, Lepri A C, Matusali G, et al. Immunogenicity and
reactogenicity of modified vaccinia Ankara pre-exposure vaccination
against mpox according to previous smallpox vaccine exposure and
HIV infection: prospective cohort study[J]. EClinicalMedicine, 2024,
68: 102420. DOI: 10.1016/j.eclinm.2023.102420.

Thompson K M, Lauring A S, Pollard A J, et al. Polio eradication:
addressing the hurdles on the last mile[J]. Cell, 2023, 186(1): 1-4.
Pandey A, Galvani A P. Exacerbation of measles mortality by vaccine
hesitancy worldwide[J]. Lancet Glob Health, 2023, 11(4): e478-¢479.
DOI: 10.1016/52214-109x(23)00063-3.

Ye Z, Harmon J, Ni W, ef al. The mRNA vaccine revolution:
COVID-19 has launched the future of vaccinology[J]. ACS Nano,
2023, 17(16): 15231-15253.

Rosenblum H G, Gee J, Liu R, et al. Safety of mRNA vaccines
administered during the initial 6 months of the US COVID-19
vaccination programme: an observational study of reports to the
vaccine adverse event reporting system and v-safe[J]. Lancet Infect
Dis, 2022, 22(6): 802-812.

Saxena P, Pradhan I P, Kumar D. Redefining bio medical waste
management during COVID-19 in India: a way forward[J]. Mater
Today Proc, 2022, 60: 849-858. DOI: 10.1016/j.matpr.2021.09.507.
Holmgren J. Modern history of cholera vaccines and the pivotal role
of icddr, b[J]. J Infect Dis, 2021, 224: S742-S748. DOI: 10.1093/
infdis/jiab423.

Langel S N, Johnson S, Martinez C I, et al. Adenovirus type 5 SARS-
CoV-2 vaccines delivered orally or intranasally reduced disease
severity and transmission in a hamster model[J]. Sci Trans! Med,
2022, 14(658): eabn6868. DOI: 10.1126/scitranslmed.abn6868.
Bandyopadhyay A S, Zipursky S. A novel tool to eradicate an ancient
scourge: the novel oral polio vaccine type 2 story[J]. Lancet Infect
Dis, 2023, 23(2): e67-¢71. DOL: 10.1016/s1473-3099(22)00582-5.
LiCX, Qi YD, Chen Y G, et al. Tuning bacterial morphology to
enhance anticancer vaccination[J]. ACS Nano, 2023, 17(9): 8815-

8828.

HFt A 20246 Ha8E HoW

Zhang S M, Jin X K, Luo G F, et al. An engineered bacterium-
based lactate bioconsumer for regulating immunosuppressive tumor
microenvironment to potentiate antitumor immunity[J]. ACS Mater
Lett, 2023, 5(10): 2785-2798.

Zhao Z, Deng J, Fan D. Green biomanufacturing in recombinant
collagen biosynthesis: trends and selection in various expression
systems[J]. Biomater Sci, 2023, 11: 5439-5461. DOI: 10.1039/
D3BM00724C.

Cooper R M, Wright J A, Ng J Q, et al. Engineered bacteria detect
tumor DNA[J]. Science, 2023, 381(6658): 682-686.

Xu H, Zou K, Dent J, et al. Enhanced cholera surveillance to improve
vaccination campaign efficiency[J]. Nat Med, 2024, 30(4): 1104-
1110.

Shakya M, Pollard A J. Typhoid conjugate vaccines: a step towards
typhoid control[J]. Lancet Glob Health, 2024, 12(4): e535-e536.
DOI: 10.1016/52214-109x(24)00055-x.

Eshaghi B, Schudel A, Sadeghi I, et al. The role of engineered
materials in mucosal vaccination strategies[J]. Nat Rev Mater, 2024,
9(1): 29-45.

Kurashima Y, Kiyono H. Mucosal ecological network of epithelium
and immune cells for gut homeostasis and tissue healing[J].
Annu Rev Immunol, 2017, 35: 119-147. DOI: 10.1146/annurev-
immunol-051116-052424.

Kayama H, Okumura R, Takeda K. Interaction between the
microbiota, epithelia, and immune cells in the intestine[J].
Annu Rev Immunol, 2020, 38: 23-48. DOI: 10.1146/annurev-
immunol-070119-115104.

Takeuchi O, Hoshino K, Kawai T, ef al. Differential roles of TLR2
and TLR4 in recognition of gram-negative and gram-positive bacterial
cell wall components([J]. Immunity, 1999, 11(4): 443-451.
Lamichhane A, Azegami T, Kiyono H. The mucosal immune system
for vaccine development[J]. Vaccine, 2014, 32(49): 6711-6723.
Despalatovi¢ R B, Babi¢ M, Bratani¢ A, et al. The impact of

phenotype of inflammatory bowel diseases, inflammation activity and

Prog Pharm Sci  Jun. 2024 Vol. 48 No. 6



418 | k8, % URDESEHRHE

therapy on mucosal mature CD83" dendritic cell[J]. J Clin Med, 2024,
13(7): 2070. DOI: 10.3390/jcm13072070.

Tsai C JY, Loh J M S, Fujihashi K, et al. Mucosal vaccination:
onward and upward[J]. Expert Rev Vaccines, 2023, 22(1): 885-899.
Chen K, Magri G, Grasset E K, ef al. Rethinking mucosal antibody
responses: IgM, IgG and IgD join IgA[J]. Nat Rev Immunol, 2020,
20(7): 427-441.

Lavelle E C, Ward R W. Mucosal vaccines-fortifying the frontiers[J].
Nat Rev Immunol, 2022, 22(4): 236-250.

Fitzpatrick Z, Frazer G, Ferro A, et al. Gut-educated IgA plasma cells
defend the meningeal venous sinuses[J]. Nature, 2020, 587(7834):
472-476.

Neurath M F, Finotto S, Glimcher L H. The role of Th1/Th2
polarization in mucosal immunity[J]. Nat Med, 2002, 8(6): 567-573.
Batool R, Qamar Z H, Salam R A, ef al. Efficacy of typhoid vaccines
against culture-confirmed Salmonella typhi in typhoid endemic
countries: a systematic review and meta-analysis[J]. Lancet Glob
Health, 2024, 12(4): €589. DOI: 10.1016/s2214-109x(23)00606-x.
Webster E, Lopez P P, Kirchhelle C. Shifting targets: typhoid's
transformation from an environmental to a vaccine-preventable
disease, 1940-2019[J]. Lancet Infect Dis, 2024, 24(4): e232-¢244.
DOI: 10.1016/51473-3099(23)00500-5.

Syed K A, Saluja T, Cho H, et al. Review on the recent advances on
typhoid vaccine development and challenges ahead[J]. Clin Infect
Dis, 2020, 71: S141-S150. DOIL: 10.1093/cid/ciaa504.

Shaikh H, Lynch J, Kim J, et al. Current and future cholera
vaccines[J]. Vaccine, 2020, 38: A118-A126. DOL: 10.1016/j.vaccine.
2019.12.011.

Dash P, Hakim A, Akter A, et al. Cholera toxin and O-specific
polysaccharide immune responses after oral cholera vaccination
with Dukoral in different age groups of Bangladeshi participants[J].
mSphere, 2024, 9(3): €0056523. DOIL: 10.1128/msphere.00565-23.
Toyofuku M, Schild S, Kaparakis-Liaskos M, ef al. Composition and
functions of bacterial membrane vesicles[J]. Nat Rev Microbiol, 2023,
21(7): 415-430.

Liu Q, Li X, Zhang Y, et al. Orally-administered outer-membrane
vesicles from Helicobacter pylori reduce H. pylori infection via thy-
biased immune responses in mice[J]. Pathog Dis, 2019, 77(5): {tz050.
DOTI: 10.1093/femspd/ftz050.

Prog Pharm Sci  Jun. 2024 Vol. 48 No. 6

Cheng K, Zhao R, Li Y, et al. Bioengineered bacteria-derived outer
membrane vesicles as a versatile antigen display platform for tumor
vaccination via plug-and-display technology[J]. Nat Commun, 2021,
12(1): 2041. DOI: 10.1038/s41467-021-22308-8.

Harrell J E, Kurtz J R, Bauer D L, ef al. An outer membrane vesicle-
adjuvanted oral vaccine protects against lethal, oral Salmonella
infection[J]. Pathogens, 2021, 10(5): 616. DOI: 10.3390/pathogens
10050616.

Tonetti F R, Arce L, Salva S, et al. Immunomodulatory properties of
bacterium-like particles obtained from immunobiotic Lactobacilli:
prospects for their use as mucosal adjuvants[J]. Front Immunol, 2020,
11(2): 15. DOI: 10.3389/fimmu.2020.00015.

Liu Q, Yu Z, Tian F, et al. Surface components and metabolites of
probiotics for regulation of intestinal epithelial barrier[J]. Microb Cell
Fact, 2020, 19: 23. DOIL: 10.1186/s12934-020-1289-4.

Naciute M, Kiwitt T, Kemp R A, et al. Bacteria biohybrid oral
vaccines for colorectal cancer treatment reduce tumor growth and
increase immune infiltration[J]. Vaccine, 2021, 39(39): 5589-5599.
Kitagawa K, Gonoi R, Tatsumi M, et al. Preclinical development of
a WT1 oral cancer vaccine using a bacterial vector to treat castration-
resistant prostate cancer[J]. Mol Cancer Ther, 2019, 18(5): 980-990.
Yoon W, Park Y, Kim S, ez al. Development of an oral Salmonella-
based vaccine platform against SARS-CoV-2[J]. Vaccines, 2022,
10(1): 67. DOIL: 10.3390/vaccines10010067.

Sung J C C, Lai N C Y, Wu K C, et al. Safety and immunogenicity
of inactivated Bacillus subtilis spores as a heterologous antibody
booster for COVID-19 vaccines[J]. Vaccines, 2022, 10(7): 1014. DOI:
10.3390/vaccines10071014.

Lloren K K S, Jawalagatti V, Hewawaduge C, et al. Salmonella-
mediated oral delivery of multiple-target vaccine constructs with
conserved and variable regions of SARS-CoV-2 protect against the
Delta and Omicron variants in hamster[J]. Microbes Infect, 2023,
25(5): 105101. DOI: 10.1016/j.micinf.2023.105101.

Hahn J, Ding S, Im J, et al. Bacterial therapies at the interface of
synthetic biology and nanomedicine[J]. Nat Rev Bioeng, 2024, 2(2):
120-135.

Liu A P, Appel E A, Ashby P D, et al. The living interface between
synthetic biology and biomaterial design[J]. Nat Mater, 2022, 21(4):
390-397.

HFd A ooatre mask e



e, % omsEzemnzsg | 419

Diard M, Bakkeren E, Lentsch V, ef al. A rationally designed oral
vaccine induces immunoglobulin A in the murine gut that directs the
evolution of attenuated Salmonella variants[J]. Nat Microbiol, 2021,
6(7): 830-841.

Qiao N, Du G, Zhong X, ef al. Recombinant lactic acid bacteria as
promising vectors for mucosal vaccination[J]. Exploration, 2021,
1(2): 20210026. DOI: 10.1002/EXP.20210026.

Maeda D L N E, Tian D, Yu H, et al. Killed whole-genome reduced-
bacteria surface-expressed coronavirus fusion peptide vaccines
protect against disease in a porcine model[J]. Proc Natl Acad Sci U S 4,
2021, 118(18): €2025622118. DOL: 10.1073/pnas.2025622118.
Tourlomousis P, Wright J A, Bittante A S, et al. Modifying bacterial
flagellin to evade Nod-like receptor CARD 4 recognition enhances
protective immunity against Salmonella[J]. Nat Microbiol, 2020,
5(12): 1588-1597.

Hubbard T P, Billings G, Dorr T, et al. A live vaccine rapidly protects
against cholera in an infant rabbit model[J]. Sci Transl Med, 2018,
10(445): eaap8423. DOI: 10.1126/scitranslmed.aap8423.

Yue Y, XuJ, LiY, ef al. Antigen-bearing outer membrane vesicles as
tumour vaccines produced in situ by ingested genetically engineered
bacteria[J]. Nat Biomed Eng, 2022, 6(7): 898-909.

Wang C, Zhong L, Xu J, ef al. Oncolytic mineralized bacteria as
potent locally administered immunotherapeutics[J]. Nat Biomed Eng,
2024, 8(5): 561-578.

Wang W, Xu H, Ye Q, et al. Systemic immune responses to irradiated
tumours via the transport of antigens to the tumour periphery by
injected flagellate bacteria[J]. Nat Biomed Eng, 2022, 6(1): 44-53.
Cao F, Jin L, Gao Y, et al. Artificial-enzymes-armed Bifidobacterium
longum probiotics for alleviating intestinal inflammation and
microbiota dysbiosis[J]. Nat Nanotechnol, 2023, 18(6): 617-627.
Zheng D W, Deng W W, Song W F, et al. Biomaterial-mediated
modulation of oral microbiota synergizes with PD-1 blockade in mice
with oral squamous cell carcinoma[J]. Nat Biomed Eng, 2022, 6(1):
32-43.

Hu Q, Wu M, Fang C, et al. Engineering nanoparticle-coated bacteria
as oral DNA vaccines for cancer immunotherapy[J]. Nano Lett, 2015,
15(4): 2732-2739.

Zhang Y, Kang R, Zhang X, et al. A programmable oral bacterial

hydrogel for controllable production and release of nanovaccine for

HFt A 20246 Ha8E HoW

tumor immunotherapy[J]. Biomaterials, 2023, 299: 122147. DOIL:
10.1016/j.biomaterials.2023.122147.

LiY, Ma X, Yue, et al. Rapid surface display of mRNA antigens by
bacteria-derived outer membrane vesicles for a personalized tumor
vaccine[J]. Adv Mater, 2022, 34(20): ¢2109984. DOI: 10.1002/
adma.202109984.

Feng Q, Ma X, Cheng K, et al. Engineered bacterial outer membrane
vesicles as controllable two-way adaptors to activate macrophage
phagocytosis for improved tumor immunotherapy[J]. Adv Mater,
2022, 34(40): €2206200. DOI: 10.1002/adma.202206200.

Qing S, Lyu C, Zhu L, et al. Biomineralized bacterial outer membrane
vesicles potentiate safe and efficient tumor microenvironment
reprogramming for anticancer therapy[J]. Adv Mater, 2020, 32(47):
€2002085. DOI: 10.1002/adma.202002085.

Chen L, Qin H, Zhao R, ef al. Bacterial cytoplasmic membranes
synergistically enhance the antitumor activity of autologous cancer
vaccines[J]. Sci Transl Med, 2021, 13(601): eabc2816. DOL: 10.1126/
scitranslmed.abc2816.

Han S, Lee P, Choi H J. Non-invasive vaccines: challenges in
formulation and vaccine adjuvants[J]. Pharmaceutics, 2023, 15(8):
2114. DOI: 10.3390/pharmaceutics15082114.

Davitt C J H, Lavelle E C. Delivery strategies to enhance oral
vaccination against enteric infections[J]. Adv Drug Deliv Rev, 2015,
91: 52-69. DOI: 10.1016/j.addr.2015.03.007.

Jung C, Hugot J P, Barreau F. Peyer's patches: the immune
sensors of the intestine[J]. Int J Inflam, 2010, 2010: 823710. DOL:
10.4061/2010/823710.

Wu F, Liu J. Decorated bacteria and the application in drug
delivery[J]. Adv Drug Deliv Rev, 2022, 188: 114443. DOI: 10.1016/
j-addr.2022.114443.

Anselmo A C, McHugh K J, Webster J, et al. Layer-by-layer
encapsulation of probiotics for delivery to the microbiome[J]. Adv
Mater, 2016, 28(43): 9486-9490.

Truong T T T, Tran T T M, Tran T K C, ef al. Highly adsorptive
removal of molecular diclofenac and bacteria using polycation
modified ZnO/Si0, nanocomposites[J]. J Mol Liq, 2023, 386:
122538. DOIL: 10.1016/j.molliq.2023.122538.

Zheng D W, Li R Q, An J X, et al. Prebiotics-encapsulated probiotic

spores regulate gut microbiota and suppress colon cancer[J]. Adv

Prog Pharm Sci  Jun. 2024 Vol. 48 No. 6



Mater, 2020, 32(45): €2004529. DOI: 10.1002/adma.202004529.

peyer's patches[J]. Sci Adv, 2021, 7(20): eabf0677. DOI: 10.1126/

[68]  Luo H, Chen Y, Kuang X, ef al. Chemical reaction-mediated covalent sciadv.abf0677.
localization of bacteria[J]. Nat Commun, 2022, 13(1): 7808. DOIL: [72] Yang Y, Yang Y, Liu D, et al. In-vivo programmable acoustic
10.1038/s41467-022-35579-6. manipulation of genetically engineered bacteria[J]. Nat Commun,
[69] Wang X, Lin S, Wang L, et al. Versatility of bacterial outer membrane 2023, 14(1): 3297. DOIL: 10.1038/s41467-023-38814-w.
vesicles in regulating intestinal homeostasis[J]. Sci Adv, 2023, 9(11): [73]  Cui M, Pang G, Zhang T, et al. Optotheranostic nanosystem with
eade5079. DOL: 10.1126/sciadv.ade5079. phone visual diagnosis and optogenetic microbial therapy for
|70/ Wang L, Liu J. Dopamine polymerization-mediated surface ulcerative colitis at-home care[J]. ACS Nano, 2021, 15(4): 7040~
functionalization toward advanced bacterial therapeutics[J]. Acc 7052.
Chem Res, 2024, 57(6): 945-956. [74]  Buss M T, Ramesh P, English M A, et al. Spatial control of probiotic
[71] Lin S, Mukherjee S, Li J, et al. Mucosal immunity-mediated bacteria in the gastrointestinal tract assisted by magnetic particles[J].

modulation of the gut microbiome by oral delivery of probiotics into

Adv Mater, 2021, 33(17): €2007473. DOI: 10.1002/adma.202007473.

[ EFRNTE | 3% - PEPERIRE TERRIFR R, ERAEEEREESIREE (2022) , A2
TR E S E A, BEREAATIERERYR, REBFEGIMII R EEEPAE BRI, R
SUREZIRE T AR TR, HEAETER. ME. AESRKETR, WEEETH5ERT, HEARHN
HlE SR, A SRANER SR dEEs, NATHE. B, AREE5E. Hal,
PLEE — /1815 {'F # 1 Nature, Nat Nanotechnol, Nat Biomed Eng, Sci Transl Med, Nat Commun, Sci Adv,
Adv Mater, JACS ZFHATI% 3 SCLIESC 140 43ks, HIHE CNS IETI TR 17 F. LA 3 TIEPRAZ %
FFN 7 Wb E & BRER; 1 AR T 2R HGLE, 2 DB EshE R MAET 5. SRIINA R}
WF TAEE R TARINAL . shIRD R Ay R BURT R AL . T ENIR S B AR S — B | RER S A ST
FANABE,

[ ERNA ] PR PERER SR TR, A2l & 5k B AL iz F (T, #Ht
BEEXRAS, RERPERGRE TRERRITEAN (BEAT ) , 5 AEEIRET 2% TURBESRHR . 15T
TR T MR MM B HAE B RBRIET RO . B RTPLE—/ BIS/EE1E Nat Biomed Eng (3 %) ,
Nat Commun (3 55) , Adv Mater (6 55 ) ZHAT A #1020 5555, IR SE Nature . Science 25 HA T 1E
S| A, B The Scientist Z2E51FA B MRITIERIPURREMERR 2 — |, KIFPEGEEET R
TRER. ERFEE OFEREAIHETR .. PEES A T SR E R F IR R . o EEYPE
HEOPHERAR L PEAYIIEESAREFESSMETEEE . BRI, KRR TK
ARHEFERE,

piHELA

PPS $9°Fit Aoocatrer mask mom

. Prog Pharm Sci  Jun.2024 Vol. 48 No. 6





