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Abstract: Respiratory infections, as common diseases, along with other respiratory system diseases such as
asthma, rare diseases including cystic fibrosis, chronic obstructive pulmonary disease, and lung cancer, can be
prevented using vaccines. Taking respiratory infections as an example, vaccines are mostly administered via
intramuscular injection, inducing the production of serum IgG, thereby neutralizing viral infectivity and alleviating
COVID-19 symptoms. However, due to the lack of secretory IgA and IgG in muscle tissues, intramuscular vaccines
cannot quickly provide protection to the respiratory tract. To overcome the shortcomings of intramuscular injection,
some vaccine candidates for nasal or nebulized inhalation are under development or have been approved. Clinical
studies show that inhaled vaccines can induce antibody responses similar to those of intramuscular vaccines at
much lower doses. Inhaled vaccines can simultaneously induce humoral, cellular, and mucosal immunity, providing
triple protection. With the application of new vaccines (e.g. mRNA vaccines and DNA vaccines) in inhalable
formulations for COVID-19, inhaled vaccines have been proven to have broad application prospects in the
prevention of lung diseases. Given this background and the known abundance of immune cells in the lungs,
increasing research efforts are devoted to developing single-dose inhalable nano dry powder vaccines. This article

discusses the roles and advantages of inhaled vaccines in mucosal immunity, their potentials for treating different
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diseases, and prospects for the future development of inhaled vaccines based on nanotechnology.

Key words: respiratory infection; inhaled vaccine; mucosal immunity; delivery vectors; delivery device

I R R e Rt 5 3L T A ) R, M P AR
e A AR it AR R AT X 4y, W S e ] Ay
R b R S GRS B I T U ) R K
P ARG B A8 I 58 L0 DY, T IR T R G 2R R Wk
PLUTR (WP TE , 045 U R SOV R VSRR RAN
SUTEM R o TR, B E RN (SARS-CoV-2) [
FEREIR T ERALBAEH . 2 EIFECTIE
W R e, 7 B A LR R 5] R S R G LR A Y
B 7 BT R 1 R AR M A 2 B R 2 R
A, TR T R T J% e (18] — A B L it el A P e A
R R W e A SR, & P B RS B T R T
HE/EA,

LG DR B 45 253848, i) 2 T
4 B, A I W JER G AT 1 24 ) s 2k = RO AR
DR ST B 8 9 1R YR T ROR, A AT 7R A R = 2,
DAPRAIETE R I 38 G B B IGA RBOR B2, SRTT, 1X 39
TEGARRMNEAMTTREMET . 52 M, A%
RS 25 ) L e Ik BRI, RSP IR R Gi 2
VI B[RS, BRA 250 1 4 B B /Ko RN P
1) 70 B A R A 5% M, AN AL T A B P R R e R
P77 A A R S 8 A IO, 3 R AR A T R T 6
B ENES T E MR AR, WOE 4 5 % RS,
RIET 2 BFF A B R E R o WP R 20 23 5%
F1C1Z T 41l (tissue-resident memory T cells, TRM) X
PRST IR A 0 285 /) 2 1 R AR 25 0 B B B R Sk, 2 4R
P73 3 S G 1) EE BB 2k, I B3GR AR R S M 4R L A
ABTARE S FERE AT AT | 748 D) e O T B R AR R &
MNAREE e HORBLR, FIREE R N 1 S 5 4% G % i adh s
75 FC TR R0 T e 2 KR T B RN AT 8
T R 2 A D 2 R e I B 98 S 22 PRI K B
P8 N, A BT 0 S A I e A, Al RN 3
163 BPUKEAR AR, G % 3k — 0 5 & RN % B 1
IR LR B PTIR, WRON S AE TR i A8 BE
FE I i AR I T U L S IR I R 9 T T, e B
BRI
1 WANEENMERRME

FE W W T S G T T 1) T 58 A, AT BIF S AIE S
NGRS AT ROF 2 R AR A 2 Bk EE A (immuno-
globulin A, IgA), DA 51 [y WP Il 3 Jak el B gt
Kurosaki ZF"' DL B & A (ovalbumin, OVA) & A 4
Ji, 55 2RFL S AN p- SR TR A R4 oK ORI Jie 35

HIARE T BREY, 5T INTES AL, N
R E R TR R R ), R AT R WA HAE
Jils A FR 2 AT B G B O i A L T 1, H 32 B Ok
a3 P8 G P8 S5 N AE il N R AR Y

R G Y8 IS 7 e 5 5 il 20 I 3l e Y TR A R R B
1 A (secretory immunoglobulin A, sIgA) ) 5 8 HL ],
sIgA J2 il B I % R RO % O S BREE 1, 1 — R AR
IgA EREE (JBE) M WAL o3 4k, 5 I3 Bk IgA A
A, slgA LA & T A7 A2, i@ ad b R 40 i 32 ik 1) &
IgA 52 Ve i 2 2 i e T, HLAE 2k R W Il i 4 2 A
ARSI M R PR EAE . A IR W T A e
a2 v B EOE I LA S R 5 A T S % . B
HhOR9 B, E R LA 28055 5 bR G 58 I 8 W Il 2 ST
SRAT 77 ) G i B T RN B B A RO G
G IS, RIVZH SR e 1 R0 M6 A 3 S 5 3 et R 92
F G A B G 2 S R, 3K s 2 S NS K B R B
T2 55 1 RN 51 AEC 1 51 RN, A5 W N P2 ¥ 1E S 2 AR
7 TG TS B

LR A R T G 2 Jse L5 T, WRN P2 3 3 R
BB R A2 (i 3 B SV H ORI R 4L 4Y)
WO R IR R A % RGP, A LR g, AR
TE T BEA L5 T sIgA B AR R, 72 RS G 1R i B
ELEAORAP . BN Be 8 5 3 R R A PR R
P TRM 41, Jt 3 & CD8'#1 CD4" TRM 41, i L4 iy
REFE RGN PR S B G S L, 77 A2 -k 9 REAE 4
BT, M5B GAHTI R BE 0, I A SR B S e
K7 308 295 8 G P R 48 T T, P R AR A v i, T
DA i 08 1 ok i e e Y o ks ) 380 R e P Tg AR X R
B B0 S5 S B 4 RE 8 AN 175 5 57 3T 8 22 7 i R M
WML, NI K S8 w u . BF T R I, PR
il DX 3 ) AR B 898 S0E 470 S 2 R I 1), 3 5 e %
SN, A3k 4 B F % BREE H G (immunoglobulin G, 1gG)
MRS IgA B AR B, 3% — RSN T 23 A% s JEL AR 1) 4
PEIC B2, A 4x By G fie J5 P T T, TR\ S B MY
RS 5 3 Jm) B A M G 2, 30 P LA 5 UL PAY VA S5 28 1 A
R G S, HLR B I TR S v Y, I Rl 0 E
G S N A R N2 AR R RE AR T A% e A o 1 7
TEBHP) LG rh, 3l I B 45 T G v ) S AR R e
% 5 37 AL SR AL TS A S S, AN A AT RAAE il s
2| 1gG Fl IgA, T H =4 T 58 my K [ i 1gAPY

g% b, S A R AR L, TN T AR A AE T



NI W NRE T T - 877 -

Deposition distribution of drug particles in
the lungs

Ciliated cell /A PNEC ’ Tuft cell

%
N
| o G
Basal cell @ Clubcell (@) Bcell
0 ]

@ Tcel . Macrophages

Figure 1

Innate immunity

Pathogen
Bagteria X

' yo'
il <
T %
—

Mucosal immunity

Pathogen .
YA . {‘é}u,
ks {é}' e Bo o @Z v18A/SIgA
Cilia wiggle . s B

ENTERY

cells

| E—|
[¢]
g L
&8
g g
[SIE=R

IFN-aB .,

* Antigen w2

Schematic illustration of the deposition distribution of inhaled vaccine particles in the lungs and subsequent immune activations.

Drug particles with greater diameters are primarily deposited in the upper respiratory tract, while smaller particles (1-5 pm) reach the alveolar

regions. Inhaled vaccines trigger mucosal immunity through mucosal epithelial cells, ciliary movement, and the secretion of secretory

immunoglobulin A (sIgA), providing a defense against pathogens. Various lung cell types, including ciliated cells, pulmonary neuroendocrine
g gA), p g g p g g yp g p y

cells (PNECs), tuft cells, basal cells, club cells, B cells, T cells, and macrophages, contribute to the orchestration of immune responses

following inhaled vaccine administration. (Created with BioRender.com)
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Figure 2 Physiological barriers and challenges to the delivery of inhaled vaccines. The major obstacles include mucociliary clearance in

the respiratory epithelium, which expels foreign particles from the lungs, and the presence of multiple cell types such as ciliated cells, tuft

cells, pulmonary neuroendocrine cells (PNECs), club cells, goblet cells, basal cells, and pneumocytes (type I and II). Blood vessels facilitate

rapid systemic absorption, potentially limiting the retention of vaccines in the lung tissues. Additionally, macrophage phagocytosis of

inhaled particles poses a significant barrierby rapidly clearing foreign substances, thereby reducing vaccine bioavailability and efficacy.

(Created with BioRender.com)
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