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Abstract

In recent years, the incidence of pertussis has a resurgence trend. Whooping cough in children,
especially infants, causes severe spasmodic cough, at the same time, children are easy to be in-
fected by other pathogens, resulting in prolonged course of disease, even lead to death of children
in serious cases. Whooping cough pathogenesis and children with pertussis after the merger easily
the exact cause of infection with other pathogens is not yet fully clear. The research on the patho-
genesis of pertussis and the infection after suffering from pertussis is gradually increasing. How-
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ever, there is still a lack of summary review reports, this paper summarizes the review.
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1. 518

H H W% (Pertussis) & 1 H H % &H4RFFF 18 (Bordetella pertussis) B G% 51 L) LARE A2 28 MEZ 0, LA S 2z ik
ZEAPEAT RGNS I A [ 75 DA e () PP A 1] H I AE 1600 24 RTSUH AR, P s Bt
JUEfERE GG EE T, 20 HAY), T HRAER)LPRSERREIE 10%. REHT 1940 MRG0T H
HZBE AN 1970 SEACRERT I, A ANECR IR D, Hid - RAER, 7 H AR B A A
B, EERREUNFADE, JiREEILMN 5 D UUN LRSS 1 LB, B LA 3 2
HOEBUREFFER A, A AR SERICC 2RO AELIL, ZERA IR ERIFAOE, A
SCHRARGE B A= )L™ BRGNS, R ik 3% MR T XS, H AT R RS 5 B LSRR S IR v A7 AE R R
PRI LR IR SS ,  Tov A vEE R0, e T PR AT A ™ B A bk e L A e L T e R A T
FH LR . BT AR ER A HZEHR” , X E H AR A8 T H W5 & RS AR T
B, HERZ B AEVECRRRIE, ASCHIEET B A5 ERiR .
2. B HRMESFERmENET

B H SR T 2 BRI OB N B R . BT A H SRR R ) LA EE ) R ) A
AR, HAHEE H %R R (Pertussis toxin, PT), BRI LEFEE 3= (Adenylate Cyclase Toxin, AC), R
IR 7E 8 25 (Dermonecrotic toxin, DNT) IS & 4l B 2 (Tracheal cytotoxin, TCT)*$ 8 3. 520 H H XA
I AR 2B HE R T S5 0, 5140 221K ifi #¢ 2% (Filamentous hemagglutinin, FHA). £f-#%(Filaments, FIM).
T H W% 18 K B 2R (Pertussis Bacillus adhesion, PRN). 1T 24 43 %2 4t Al s £ B (Lipopolysaccharide, LPS) LA
SAREHEE A (B140 BrkA. BapC H1 BatB). 7EH HIZERAT S, bvgAS RIS LR K7 1 3%
i%, f#5 PT, AC, DNT, FHA, TcfA, pertactin, FIM, BrkA, BipA, BcfA fl Vag8. 1 H %IRRT
(1) BvgAS XU IME 58 T RGE H HZEUR MR CHER 2],

2.1. B HZ & X (Pertussis Toxin, PT)

HRARA R E AR ERAAL, R —ME e EAR, 2 —MEAN A-BHHEARER, FAE
HEEEE A A fsss B Aadk. Rii, 5% A-B 8RR AR HAR, PT 2LRIAEN, H
TEAGTE YRR ST L EFI FAN VL% S2, S3 Al S5 & — N5 DTDA K WP I S4 1PN DD ALRL, 21 B 5%
RY), BRERNZIASGEHN 3], PT BIMREL, HEHZEPEPHARLER, HRHE=8E G
HE M) ADP #HESALFE IV 2 A0 M KT (15 5 5 SR TIRR) . HH b A R AR 15 RS B AR 175 bk 2 4
FS A, OB By 25 b, B BT 2R i AN FE At A O (R U o S R i AN FL A I 52 R B PT adid
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V) R S0 SR E R ] 208 A 240 L FR) % Rl A 0 SR B ST IR, B AR R v e 0 B T A B 274
PT 7 NG [F) 2 757 A I LE M0 i AT 48

2.2. BREBERIF{LESE E (Adenylate Cyclase Toxin, ACT)

ACT J2—FhoCst a7, B/ BURGerh oA DRV, 8IS o 456 KL M F R4 M2 %5
FAMARZ AR 3 (CR3, HERN CD11b/CD18), ACT &AW IIIRERE: C ingstil, M3 540
(285 G HAE R A R P 28 IR BEVE AL N om &5 M3 i ATP 4% 46 AFF AMP (cAMP) [4]. it H W50
KW, ACT RAEMHWEMAMRMAEEIER, thoh, XFEEZEME T gRrEHLl &k, B ACT
A5 R e G T R T 9 P I 4 A L O R B W RS T B JER  F 5 K R

2.3. SEPEFE(Tracheal Cytotoxin, TCT)

TEMEE R (TCT) R AR BE ) 0 - DU A, fEgi e Bt A A . RE RS AR KA
PEGE AT RIS, (E T H AT B SRR, IF A AN BERE O TCT. TCT A& ME— SR A
% BvgAS WIEHI T HZAT BRI (5], RAEH NN TCT A3 B4 B2 A B TR 1 H I ks
FEVERZ, AEATS SR ZAH R A SR Y [6].  #CHAE B HRZ AR ML A F AN 2E

2.4. BZRKIFFE B FE (Dermonecrotic Toxin, DNT)

A BRI RN, GRS R Y DNT #7742 52 3] BvgAS FIARAR A Y. DNT 20 #E 1#
ANTERE[T], AT RELE RS R] £E 41 1 4005t AR A, B AT R T (2 BEA0 T A4S 8 i £ AR, IR
AR

2.5. 1 847

Bordettella spp. Bsc III 24733k R Ge(T3SS)FE S VE WMUIMAT B A3 21 1 8/ 2 A 5[ 7], FEAE vitro75
(12 Bl 25 AL 5 T 3E caspase K PEIRFEIET., WEREE LKW Bse T3SS HAT (R IR IERE APEN
TP TR, (RX PRI AT A A B

2.6. 223K EE 3 (Filamentous Hemagglutinin, FHA)

e H H RZ RS 1 1) E R R, B H AT AR N TS I (FHAB) & %, #0N TR FHA 43
Fo FHA LLPHEATHI6IS0E RGE. T FHA 2 G000 E H 0% i R, DRI b f 2 1 4 v
AT AP Ve D0 1)
2.7. HEEFRERRE &L A4 (Filaments, FIM)

FIREBGA 2RI RIER . FIM 2 Al FIM 3 LU IR EDRS 2R WL 2E FIM D F 988 55 25 FRAIR 1 20 B 0] X 2
ML ARG PR, I FLASINZE A0 ARSI 5 5 S P 1 AR BRG B [8]. 5 FHA SR, £F BT BES S RGN
/B G BT AR SAE SN, AT REA BT B HAT B SERO A7 AE,  thBAT SR i ik

2.8. H HIZATE #5M E (Pertussis Bacillus Adhesin, PRN)

PRN £ LKA ER 1 H Fa A SRR A, A7 BT 1 H AT BORS PH 2F B RPIRGE BBz, W e R
PRN 2 54 GRS PRI T BT BR AOHEGT, R G B R4 BAT SR IR IR AL Bl 35 3 AR I 9]

29. HftsREER
HIBISM ) BvgAS T 2 DR 25 i OV 22 5 19 5 REAS A6 2 T 67 B 7t » B0 358 R0 FR) R R R B
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EAERIRHLE PRI TSR, ATRER IS ARMNE . ST 251k B BT 3 AT BR AR AL A
R A M EAKBALEL[10]

3. B BSSIFERRIRE

HIZH B FHA REFAERG B 2 V8 b R Al & — DN B ZOP IR, — BRI, i H SR
PR A AR =) B B0, U ST LEI (B, REBLLT BIEERA, PUR AN R IEARIR), I ERFIRGEAT
IR T R B A T A A BRI 11]e AR AR LR T LR, B4E BE AR S M
F o PS8 M e B A TR A A O R P o AR ™ LA S8 Lrh, TR A L PRI B B R IRIROE, RIS
SER, TREVERERT, FRE P L, SRR, A BRI RRRE, RS YTIK, rE ek
SCRE RN e A A EEPEEL T, XL S SO Eh K T, s, HEAE
2o Jiisl ik i 3 5 9k EL A B 0 22 (e 1 200 MO 2258 ) P8 PT IR B0 R DA RS, JLrb 8 LAl T 2T
AR 1 ¢ 107 48 /mm’ , 33X 8678 e 1) 19 40 M HSOPE T BT 2R v 7 A v S 0 SR, 0 L 484
FERA A HZE)LT, HRERGMZREM . SO s R B BT 245, Ik L 45 I L G2 A T
HAEEFEM[12] .

4. B HZE)LEHREHI ZHRER

TEIE 221 20 JLEERETE, AR Z R AMCT A Hx B & mblil . B, £)LER H%ERZ G
fth 75 i A S G DAL v A B A . — S8 B 0N BN, 5 50— SRR AR L, & B G 1Y) 255 1) NPA A1 IP-10
HPEGE, ARG MIP-1a KP4 B BAE T2 1 H AT RIS L3 NPA FEAR T A2
1 ZEA MR TR BT T R A i, FOGRRE R T R A B ) B . Ak, AR,
B HZ 012 7] B 5 AR SR AE MR R AR A TG G, TS B WA 11 1) HH B DA AT o A0 B8 1 3 2
WA R 5B GARBIAEI A EL, & IR GAH ST A Yo b S A=) s B S A 13
BEHERY, A HZAER ] RS AR R A ER A BERR, ML SFE 2L S WAV fE DL
JE R R A FER YA K[14]. Youyi Zhang S5 R HBLA RIGIT FEAEDRFAE S R, i —
A T EUR I H BT TR B 1 5 S G N[ 150 X H R R T R IR ATL I Bt — 20 A 5T, A REX T
G TRANETINES ol P w108 N A e A Al 7t a7 S i

TS N AT R I I B 2 TIL IR GL I/ H R ], 3 KIS/ NE L, HLG AR REIR B 4l e H
% E T, [/ HIZS PIV IS A% A0 A T E S, RSV YL R LLAZE N3, PIVIIT W LAE 224 &,
5HRHZmAENEES, et EERAGBENIEEZ —[16], fEINKM™EFMEE I, A. Frassanito
G N R RMUEE B H R SR AT B R G 1 228 ) LA I SR G 1 22 L AE I PR 5 T ™ B R B2 (LA PR 7™ B
T8 P R [ R Bty ) 5 T oK LW 55 % 57 o Nuolivirta 25 A R R B, TEIGIRERIL . AE B KB BE
AU EFFLMRFRTT I, MUK IR TE R B SR S I B H i i B A L 2 7. fE AR,
Schiavoni 55 NIERH, J6k55 4 H R SUBAT BB I 2 3F Th1/Th17 RBCRFE ] RSV IS 5] I A\ S 58
RN L DhRe . IR A B B AR A P 5 R 1) B PRV NP IR SR Y, P RERE S I/ D H 22 ) LIVF I T
BRI GG B S YR [17]

JUE SR LB E H R T BAERREYR T, AER R0 FARTG YT, DA RT& FR AR . R3E
PR SR 25 AT SR o RO T ) N SRR AT T 2450, T RO M5 MR S R s 2R 4 RT3 A R S R A G,
AT k2 [l B A o A 4%  (ETE IR BB ) L R IR R R o B H 02 A I LA 5 B A B G i o e A
M3 12 T AS /& IR T ZE 1% o 32 ot B H R SEREAT SURALH AT, B AN B H 0% A F e i ab
XFE HZ B LIRGRTT BA IR E .

DOI: 10.12677/acm.2022.126859 5955 I IR = =23t e


https://doi.org/10.12677/acm.2022.126859

ki, KB

SE K

(1]

(2]

(3]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Mattoo, S. and Cherry, J.D. (2005) Molecular Pathogenesis, Epidemiology, and Clinical Manifestations of Respiratory
Infections due to Bordetella pertussis and Other Bordetella Subspecies. Clinical Microbiology Reviews, 18, 326-382.
https://doi.org/10.1128/CMR.18.2.326-382.2005

Knapp, O. and Benz, R. (2020) Membrane Activity and Channel Formation of the Adenylate Cyclase Toxin (CyaA) of
Bordetella pertussis in Lipid Bilayer Membranes. Toxins (Basel), 12, 169. https://doi.org/10.3390/toxins12030169
TORE, A, HK, S LB T H AR R A2 W IR R 1 A I £ e PR S S 0], R LR S,
2017, 55(8): 580-585. https://doi.org/10.3760/cma.j.issn.0578-1310.2017.08.007

Frassanito, A., Nenna, R., Nicolai, A., Pierangeli, A., Tozzi, A.E., Stefanelli, P., ef al. (2017) Infants Hospitalized for

Bordetella pertussis Infection Commonly Have Respiratory Viral Co-Infections. BMC Infectious Diseases, 17, Article
No. 492.

Pandolfi, E., Panera, N., Alisi, A., et al. (2021) Cytokine Expression Patterns in Hospitalized Children with Bordetella
pertussis, Rhinovirus or Co-Infection. Scientific Reports, 11, Article No. 10948.
https://doi.org/10.1038/s41598-021-89538-0

Rocafort, M., Henares, D., Brotons, P., ef al. (2021) Exploring the Nasopharyngeal Microbiota Composition in Infants
with Whooping Cough: A Test-Negative Case-Control Study. PLOS ONE, 16, €0259318.
https://doi.org/10.1371/journal.pone.0259318

van den Brink, G., Wishaupt, J.O., Douma, J.C., et al. (2014) Bordetella pertussis: An Underreported Pathogen in Pe-
diatric Respiratory Infections, a Prospective Cohort Study. BMC Infectious Diseases, 14, Article No. 526.
https://doi.org/10.1186/1471-2334-14-526

Nuolivirta, K., Koponen, P., He, Q., Halkosalo, A., Korppi, M., Vesikari, T., et al. (2010) Bordetella pertussis Infec-
tion Is Common in Unvaccinated Infants Admitted for Bronchiolitis. The Pediatric Infectious Disease Journal, 29,
1013-1015. https://doi.org/10.1097/INF.0b013e3181£537¢6

Schiavoni, ., Fedele, G., Quattrini, A., Bianco, M., Schnoeller, C., Openshaw, P.J., ef al. (2014) Live Attenuated B.

pertussis BPZE1 Rescues the Immune Functions of Respiratory Syncytial Virus Infected Human Dendritic Cells by
Promoting Th1/Th17 Responses. PLOS ONE, 9, ¢100166. https://doi.org/10.1371/journal.pone.0100166

Ferronato, A.E., Gilio, A.E. and Vieira, S.E. (2013) Respiratory Viral Infections in Infants with Clinically Suspected
Pertussis. Jornal de Pediatria, 89, 549-553. https://doi.org/10.1016/.jped.2013.05.004

Halperin, S.A., Bortolussi, R., Langley, J.M., Miller, B. and Eastwood, B.J. (1997) Seven Days of Erythromycin Esto-
late Is as Effective as Fourteen Days for the Treatment of Bordetella pertussis Infections. Pediatrics, 100, 65-71.
https://doi.org/10.1542/peds.100.1.65

FOCHE, ARMRE. T H R KPR, B LEAAE, 2020, 47(5): 312-316.
https://doi.org/10.3760/cma.j.issn.1673-4408.2020.05.004

Locht, C. and Antoine, R. (2021) The History of Pertussis Toxin. Toxins (Basel), 13, 623.
https://doi.org/10.3390/toxins13090623

Burns, D.L. (2021) Secretion of Pertussis Toxin from Bordetella pertussis. Toxins (Basel), 13, 574.
https://doi.org/10.3390/toxins13080574

Knuutila, A., Barkoff, A.M., Mertsola, J., Osicka, R., Sebo, P. and He, Q. (2021) Simultancous Determination of An-
tibodies to Pertussis Toxin and Adenylate Cyclase Toxin Improves Serological Diagnosis of Pertussis. Diagnostics
(Basel), 11, 180. https://doi.org/10.3390/diagnostics11020180

Holubova, J., Juhasz, A., Masin, J., Stanek, O., Jurnecka, D., Osickova, A., Sebo, P. and Osicka, R. (2021) Selective
Enhancement of the Cell-Permeabilizing Activity of Adenylate Cyclase Toxin Does Not Increase Virulence of Borde-
tella pertussis. International Journal of Molecular Sciences, 22, 11655. https://doi.org/10.3390/ijms222111655

Melvin, J.A., Scheller, E.V., Miller, J.F. and Cotter, P.A. (2014) Bordetella pertussis Pathogenesis: Current and Future
Challenges. Nature Reviews Microbiology, 12, 274-288. https://doi.org/10.1038/nrmicro3235

DOI: 10.12677/acm.2022.126859 5956 I IR = =23t e


https://doi.org/10.12677/acm.2022.126859
https://doi.org/10.1128/CMR.18.2.326-382.2005
https://doi.org/10.3390/toxins12030169
https://doi.org/10.3760/cma.j.issn.0578-1310.2017.08.007
https://doi.org/10.1038/s41598-021-89538-0
https://doi.org/10.1371/journal.pone.0259318
https://doi.org/10.1186/1471-2334-14-526
https://doi.org/10.1097/INF.0b013e3181f537c6
https://doi.org/10.1371/journal.pone.0100166
https://doi.org/10.1016/j.jped.2013.05.004
https://doi.org/10.1542/peds.100.1.65
https://doi.org/10.3760/cma.j.issn.1673-4408.2020.05.004
https://doi.org/10.3390/toxins13090623
https://doi.org/10.3390/toxins13080574
https://doi.org/10.3390/diagnostics11020180
https://doi.org/10.3390/ijms222111655
https://doi.org/10.1038/nrmicro3235

	百日咳发病机制及合并感染机制研究进展
	摘  要
	关键词
	Research Progress on the Pathogenesis of Pertussis and Its Co-Infection
	Abstract
	Keywords
	1. 引言
	2. 百日咳鲍特杆菌致病毒力因子
	2.1. 百日咳毒素(Pertussis Toxin, PT)
	2.2. 腺苷酸环化酶毒素(Adenylate Cyclase Toxin, ACT)
	2.3. 气管细胞毒素(Tracheal Cytotoxin, TCT)
	2.4. 皮肤坏死毒素(Dermonecrotic Toxin, DNT)
	2.5. III型分泌
	2.6. 丝状血凝素(Filamentous Hemagglutinin, FHA)
	2.7. 博德特氏菌病原体产生的纤维(Filaments, FIM)
	2.8. 百日咳杆菌粘附素(Pertussis Bacillus Adhesin, PRN)
	2.9. 其他表面蛋白

	3. 百日咳鲍特杆菌致病过程
	4. 百日咳患儿合并感染的机制及研究进展
	参考文献

