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Abstract: Objective To assess the prevalence of pertussis infection in children with asthma across different stages and
subtypes and to analyze the correlation between the two diseases via a multicenter prospective investigation. Methods
Information was collected from children with asthma who had a cough =1 week through questionnaires, and pertussis
toxin (PT) IgG antibodies levels and/or pertussis nucleic acid tests were performed to interpret the results. The distribu-
tion of pertussis antibody, infection and clinical characteristics of different groups were analyzed according to different
age, asthma stage and pertussis infection. Results Among the 1,049 asthmatic children, the positive rate of PT-IgG
was 26.22% , and the rate was significantly higher in =6 years old group compared with 3 months -< 3 years old group
and 3 years -< 6 years old group (both P<0.001). The overall rate of pertussis infection in asthmatic children was
25.17% , with an increasing trend in infection rates corresponding to advancing age ( P<0.001). The incidence rate of
cough variant asthma combined with pertussis infection was significantly higher than classical asthma (28.00% vs.
22.59% , P=0.040). According to the clinical characteristics of 656 children, the incidence rate of pertussis infection
was higher in patients with acute asthma attack than in chronic duration and clinical remission (26.15% vs. 10.46% , P<
0.001; 26.15% vs. 8.00% , P=0.042). There was no significant difference between newly diagnosed and recurrent cases
of asthma (P=0.189). Asthmatic children with pertussis were more likely to have spasmodic cough, facial redness,
chickenlike echo and vomiting symptoms than those without pertussis (all P< 0.05). Morning cough was more common
in asthmatic children without pertussis (9.36% vs. 4.20%, P =0.047). There was no significant difference in other
cough phase characteristics at night, morning or night, day and after exercise between the two groups (all P>0.05).
There were no significant differences in leukocyte count, neutrophil count, lymphocyte count, eosinophilic count, and
IgE levels between the two groups (all P> 0.05). Conclusion The pertussis detection is prevalent in children with
asthma, especially during acute asthma exacerbation. Clinical symptoms have certain significance to distinguish the two
diseases, but laboratory examination results show no significance between the two diseases. It is recommended that rou-
tine screening for pertussis should be conducted for asthmatic children with cough for more than 2-4 weeks to better
identify or judge and guide treatment.
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Table 1 Distribution of PT-IgG levels in serum of asthmatic children of different ages
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Table 2 Pertussis infection in asthmatic children of different ages
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Table 3 Clinical characteristics in different staging and diagnosis time for 656 children with asthma/n( %)
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Table 4 Clinical characteristics for 656 children with asthma/n( %)
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H [ 6(4.20) 21(4.09) 0.003 0.957
B3E 6(4.20) 17(3.31) 0.257 0.612
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Table 5 Laboratory results of children in asthma with pertussis group and asthma without pertussis group
ity BEh A oA H Izl B AN G E H izl P
H 44/ (x10° /1) 8.30(6.79,10.15) 8.35(6.87,10.02) 0.989
Rk 4 B8 (x10°/1L) 3.49(2.57,4.96) 3.46(2.51,4.75) 0.442
WA %0 (x10°/10) 3.77(2.95,4.58) 3.79(3.01,4.70) 0.603
WE R R MR8 (x10° /1) 0.19(0.10,0.36) 0.22(0.12,0.39) 0.128
IgE/(IU/mL) 115.00(42.60,359.50) 99.10(58.05,214.00) 0.124
LI 26.48% (Bdite & 3R) , [FEF CVA BILEIT
3 9% i SE T I I ) L 91 25 v T SO o L 4R

I i e — o P A5 T R RE PR , 22 o D Je%
Y 55 Mg AH G AR H 0% 55 2 R 119 0 2R v A B A
TR T 2 RGE 25 [ 18 % LUTF L 38 B2 2 0 R
(1980—2007 4F) FNEIG K B H %G (1976—2012
AR) BRI i — 3 A ST R A, 0 e T
I LEE ARG 1 ) AU, 1 B N R A 2
FEARSNE M Macina % BFST & B, B 2 A5
AR B H I E R N R
v [ ) BB 9 Y40, BRI A B/ A N2
W % 14 AR 3R R XU B T AR 5T R A A
NH#E 142 B E KR E H RS R s n i
KA TR —T s S S R RTIEY: g
5T, 5 SR R IR 174 Ry LR AF7E H H %
VT3 R | [ 2018—2021 4F F [ 5 A BE 4R
I H %R RAUA 0.32/10 J7 ~2.15/10 J11
R , 262 M PR A VR L, A H B ge R B
1o TR RS ) R PR 2 A 31, B2 1 H 0% 5 2 iy
SMEEEREVIM, ZEIERN T . O & HEFE
5 H A R (A4 s 2 SRR S0 el i
S5 R PR R A ;) BN AR L AT fig R o A 4R
SEPECE SRl fe s 2L B R ROE B TR
RE PSRN ER G REE B> A%
FARFGE % BE A H 0 RIE I 2 8] JCAH G0 L
ZAFFE I EH A E G R R A BT, ]
B2 WO R B — 5 ()52 ], PR LG X R 3 22 ) A 56
PEFALEA T ZiE— R ABEGE

CVA Z5 1 JLE M E 2 RN 2
e %O A Y 32.6% ~34.2% 2 OH %2
51 ) L 12 M i i) B B PR 2 — |, i LS PR %
WK 22.3% ~24.53% "2 CVA DLW i — %
FERI, MR A H %R LA AT A I A 18 P %
WK, P T RS, BEAE SCHR Y 1A CVA %2 N
HHE AR KB, H L 8k

NA HZYE CVA HA AR NGRS S, 5 T
TRVE ELTBEA IAAE , R, O 18 i )L
7% 18 CVA 1281 vl G BB N hnois B H i A, Ak
— BRI RS FIRIT .

— LISk, A H 0 MR 5 B 2 AR A e AE b
NZIE W% XGRS RE R R A AR A T A, R
2 R KA HARE N AR R T
TCAEAR AN Ay et v > Tt 2 s R g L LR
Ik 45 i DR, 7 A 1) R B3 R A IR
AWFT R IRERG A I T H 0% R e 2R M | T
g XGRgAE M MKk SRR R A RS TARITE
H %5 (EL[R] A H 300 558 2 A 2 i S X g 4[] 75 3
115 6.29% , SAC IR 2 R A TR 45 257 | 1
PEnE H ez R B D UL LS e i R DL
) o XoF v b DX A T S R A ke B, RN R
H %A L3 il A7 e, A, AR ST iR &
PZM LR N E S FEILT ARG A HZJLE,
{HA ] 32 B J W Mk 5 N s AR PR 25 B B S 2R
o B, ST H ONZAER A AS SR FEE iy 52 2% 1Y)
I R A3 7 S R B, WX TR F 2 JE DL b g
Mg SO H FLHERR & H %,

AN, ARBFIE IR IR, S A FF 1 H 0BG
Wi F LY SE B0 Z 48 bR T AR A B B 52 e, 523 1
P TS BIXERE . TgB 7K T s 2 175 & I g 119 B 22
DA G FOLZ A 1B KT, BB
TERFSE I A H WEFT A 5 A 1gE o753 1 | 8k
P JF S 1B KR THE DY, BOEE g A
A HZEGL LM 1gE K ETRES B ETHE ., R
BT LR W RPN 5 T E H %4 IgE /KPR &
TARGIFA HZE (BERTSEIHHE X, FIEA L
TR @ T T AN BE R g L, A
BT REAAAE IgE KT m ka8l H iz g1k
1t IgE K BT @ A9 E H YL,
Al BE T EUR LR RE RN, T 2 2 W 2R



=4 LR LE H O R

A S 39

I, IV 2 i 2 A 0L FH AT BE 2 G TgE AKAEP
gﬁ‘%”ﬂﬁ%%%@ﬁﬁ?&?ﬂiﬁ@ﬁ%,ﬁﬁ H %z & H Al
R IE B MR A0 M T4 /NI RN S B R
Je MR A0 M th A AR (A R R B, B
HI N2 e HB L 8 T P 20 B 0 A M s 7 e e
HHRTE ) AR R NG AR EH g
*ﬂ%ﬂ%@&‘rﬁﬁﬂﬂﬂ’@fré‘ﬁtﬂiﬁﬁﬂﬁ HEREGHBRYH
EFTLGEIFE L, L TWAM LR E kAL L2
SEGEE X, hn?ﬁmﬂ%ﬂm%%ﬁ H 1% i i A 0
SREEEL N A 2 R R e 2B LA e H RS N 5
B EE SN 30 B Bl e D H R i
RIS ]
AT R Z AL O RAEZIFFE e 2l
T HJE T 2212 WK E RS2, 45 s 199 il
BA— WS — & AR 2 ; @ TR 1Y
1112 22 508 e A I i A 2 0 1 A BiF 5% v 22 4y
JLE AR /D ] BB A2 AN R4S B A H % &
RN ]
AWSE R D AR Z bl TREP RS, 2 H
R RN B K W 2 0 JLTE 58 H R 149 1 PR UL 28 AT
5%, O HUS s A B . LB Ry 0 L 2 2
VERA A S PR i 5 E H S UIA G, BLIGARAE
PR S S 56 2 A X P ) S S S R, PR, S
FE HZHWATT B9 5 2 | @i g i KT
2~4 JEry R LT R A H R A, DU B b
A TS BT, 48 SR T R T )

SEH .

(1] FEZF0 RSB I K B A5 L, PR 2L
P VP o 2 e g P2, R IR B 25 3| h 2 L
B Z i ey, . o EDLE BT i R &
FIGR[T]. RAESEHDLBHIR R A4 3, 2021, 36(7) :
484-490.

China National Clinical Research Center for Respiratory
Diseases, Cooprative Group of Asthma, the Subspecialty
Group of Respiratory, the Society of Pediatrics, Chinese
Medical Association, China Medicine Education Associa-
tion Committee on Pediatrics, et al. Expert consensus on
clinical application of China Children’s Asthma Action
Plan[ J]. Chinese Journal of Applied Clinical Pediatrics,
2021, 36(7) . 484-490.

el P 2R e B I R B2 2 Py, AR R 2 )L
Blepr ol r e i R, T EBESEF 2L
Bl Z 2, % hEDLEE TR A R EE
[7]. RS FHLRHIG IR Z4 3, 2021, 36(7) : 491-513.

China National Clinical Research Center for Respiratory

[2

[}

Diseases, Cooprative Group of Asthma, the Subspecialty
Group of Respiratory, the Society of Pediatrics, Chinese
Medical Association, China Medicine Education Associa-
tion Committee on Pediatrics, et al. One hundred key
issues on Chinese Children’s Asthma Action Plan[J].
Chinese Journal of Applied Clinical Pediatrics, 2021, 36
(7): 491-513.

[3] Decker MD, Edwards KM. Pertussis ( whooping cough)
[J]. J Infect Dis, 2021, 224 ( Supplement_4):. S310-
S$320.

(4] rpAETp; B2 o iR AR TR IS 2 20 v 5 e 7 22 vk

T H AT st ) L LR 1], R AR AT o R,

2021,42(6) : 955-965.

Chinese Preventive Medicine Association, Vaccine and

Immunology Branch of the Chinese Preventive Medicine

Association. [ Expert consensus on the China Pertussis

Initiative[ J]. Chinese Journal of Epidemiology, 2021, 42

(6): 955-965.

AT, FREF, T T H LS R R S

JELT]. FW“JLﬂ,W 2020, 58(8) : 686-689.

JIA Jihang, GUO Qin, WAN Chaomin. Resurgence and

vaccine strategies of pertussis [ J]. Chinese Journal of

Pediatrics, 2020, 58(8) : 686-689.

R, ShALSr, TEIE, S 205 0 SR RN Sk KA

B L IGE g S ARG ) B e R AR AE 20 A [ 7] op R 254X

JLRHE, 2020, 22(11) : 1198-1203.

XIE Tian, ZHONG Lili, HUANG Han, et al. Detection

of respiratory pathogens and clinical features in 225

(5

[a—

[6

—

children with acute exacerbation of bronchial asthmal[ J].
Chinese Journal of Contemporary Pediatrics, 2020, 22
(11), 1198-1203.

WPRLL, THAZS, SR, S R aeE g B L E H
WK B0 1 i 2 2 [T ] SRR R 222 4,
2017, 42(11) ; 1292-1296.

MENG Qinghong, DING Mingjie, SHI Wei, et al. Sero-

prevalence analysis of pertussis infection of hospitalized

—
2
[

children with clinical diagnoses of pneumonia or asthma
[J]. Journal of Guizhou Medical University, 2017,
42(11) : 1292-1296.

[ 8] Bhavsar A, Aris E, Harrington L, et al. Burden of pertussis
in individuals with a diagnosis of asthma; a retrospective
database study in England[ J]. J Asthma Allergy, 2022,
15, 35-51. doi:10.2147/JAA.S335960.

[9] B LR A s W 2 2] (AR LBHRR) 2w
WMEG 2. JLEUE N I2 W5 PG 5 (2016 4F
B (7], shee LR, 2016, 54(3) : 167-181.

[10] HARBEo LR B2, (PARILRRRE) S
B|EG 2 PEDLEE H 2B &iayr il [1]. e
JURHR, 2017, 55(8) : 568-572.

[11] Tanriover MD, Soyler C, Ascioglu S, et al. Low sero-



40 R OK F o M (E W 62 45 7 #
prevalence of diphtheria, tetanus and pertussis in ambula- ates protective immunity against nasal infection with Bor-
tory adult patients; the need for lifelong vaccination[ J]. detella pertussis by mobilizing neutrophils, especially
Eur J Intern Med, 2014, 25(6) ;: 528-532. Siglec-F+ neutrophils [ J ]. Mucosal Immunol, 2021,

[12] Rubin K, Glazer S. The pertussis hypothesis; Bordetella 14(5) . 1183-1202.
pertussis colonization in the etiology of asthma and disea- [24] Hammad H, Lambrecht BN. The basic immunology of
ses of allergic sensitization[ J]. Med Hypotheses, 2018, asthma[ J]. Cell, 2021, 184(6) . 1469-1485.

120, 101-115. doi:10.1016/j.mehy.2018.08.006. [25] Kessie DK, Lodes N, Oberwinkler H, et al. Activity of

[ 13] Burgess JA, Abramson MJ, Gurrin LC, et al. Childhood tracheal cytotoxin of Bordetella pertussis in a human
infections and the risk of asthma. a longitudinal study tracheobronchial 3D tissue model [ J ]. Front Cell Infect
over 37 years[ J]. Chest, 2012, 142(3) ; 647-654. Microbiol, 2020, 10; 614994. doi: 10.3389/fcimb.2020.

[14] Macina D, Evans KE. Pertussis in individuals with 614994,
co-morbidities ; a systematic review[ J]. Infect Dis Ther, [26] Sundqwist M, Trollfors B, Taranger J. Pertussis in
2021, 10(3): 1141-1170. infancy does not increase the risk of asthmalJ]. Pediat-

[ 15] Macina D, Mathur S, Dvaretskaya M, et al. Estimating the rics, 1998, 102(6) ; 1496-1497.
pertussis burden in adolescents and adults in the United [27] B0, e, 491 15 JL3E M8 g 5 S LG PRARRAIE 43
States between 2007 and 2019[ J]. Hum Vaccinlmmu- Mrid]. Aeidgmae s (R R) , 2022, 15(4) .
nother, 2023, 19(1) ; 2208514. doi:10.1080/21645515. 542-544.

2023.2208514. YANG Yang, SHEN Jun. Analysis of etiology and clinical

[16] Liu BC, MclIntyre P, Kaldor JM, et al. Pertussis in older features of 491 chronic cough children [ J]. Chinese
adults; prospective study of risk factors and morbidity Journal of Lung Diseases ( Electronic Edition), 2022,
[J]. Clin Infect Dis, 2012, 55(11) ; 1450-1456. 15(4) ; 542-544.

[17] Chen J, Shin JY, Kim H, et al. Incidence and healthcare [28] MR IR FE PR, (TIPS 4
burden of pertussis among older adults with and without WMER 4 JLEEMEWS K SR T (A7) [T].
pre-existing chronic obstructive pulmonary disease or rhdg JLRlRER, 2008, 46(2) : 104-107.
asthma in South Korea [ J]. COPD, 2023, 20(1): [29] Ding HM, Xu XH, Wen SW, et al. Changing etiological
126-134. frequency of chronic cough in a tertiary hospital in

[18] ST, Mo, 2=, 5. P E 2018—2021 45 H H i Shanghai, China [ J]. J Thorac Dis, 2019, 11 (8):
TR R AE [ ], o 2 M i, 2022, 28 (6): 3482-3489.

638-643. [30] Lai KF, Chen RC, Lin JT, et al. A prospective, multi-
WU Dan, ZHENG Wei, LI Mingshuang, et al. Epide- center survey on causes of chronic cough in China[J].
miology of pertussis in China, 2018-2021[ J]. Chinese Chest, 2013, 143(3) . 613-620.

Journal of Vaccines and Immunization, 2022, 28(6): [31] Z=FRE, BEIF, mTFHR. 83 ez s JLE H i
638-643. ST DU R o B [0, b A & AR 4, 2022,

[ 19] Rosas-Salazar C, Chirkova T, Gebretsadik T, et al. 37(20) ;. 3781-3784.

Respiratory syncytial virus infection during infancy and LI Cuitong, HUANG Yufen, XIANG Yujun. Clinical
asthma during childhood in the USA (INSPIRE) : a pop- analysis of pertussis infection in 83 children with chronic
ulation-based, prospective birth cohort study [ J]. Lan- cough[ J]. Maternal and Child Health Care of China,
cet, 2023, 401(10389) : 1669-1680. 2022, 37(20) ; 3781-3784.

[20] Luo JY, Chen HA, Zhang QY, et al. Metabolism char- [32] BiWk, Zobeh. A H R AE L8 P ik b 1 1l PR
acteristics of Mycoplasma pneumoniae infection in asth- RIS T]. ESZHEZY, 2021, 16(1) ; 26-28.
matic children[ J]. Allergy Asthma Immunol Res, 2022, LYU Xi, LI Weihan. Study on the clinical characteristics
14(6) ; 713-729. of pertussis infection in children with chronic cough[J].

[21] Liu D, Tan YR, Bajinka O, et al. Th17/IL-17 axis reg- China Practical Medicine, 2021, 16(1) . 26-28.
ulated by airway microbes get involved in the develop- [33] BeERaT, £, MRSy, %, JLE MR Bfﬁi%”ﬁﬁb&p
ment of asthma[ J]. Curr Allergy Asthma Rep, 2020, 20 JEEAHTT]. ImRRIZIRIE, 2020, 33(7) .

(4): 11. doi:10.1007/s11882-020-00903-x. TENG Ruihong, FU Li, LIU Junfang, et al. Analysis on

[22] Kapil P, Merkel TJ. Pertussis vaccines and protective misdiagnosis causes of children with cough variant
immunity [ J]. Curr Opin Immunol, 2019, 59. 72-78. asthma[ J ]. Clinical Misdiagnosis & Mistherapy, 2020,
doi;10.1016/j.c0i.2019.03.006. 33(7). 1-4

[23] Borkner L, Curham LM, Wilk MM, et al. IL-17 medi- [34] Eo50, Koe. & HZEHFFRBAR[T]. B2k, 2018,



=4 LR LE H O R

I 41

[35

[36]

[37

[38

]

]

[

24(6) . 174-1717.

WANG Zongrun, MI Rong. Research status of whooping
cough[ J]. Contemporary Medicine, 2018, 24 (6):
174-1717.

AR gy AR R b PR R s R R
or4s AE. RE R IE)Z 2T RS (2018 4E) [T].
e RLEIfZe, 2018, 17(10) : 751-762.

Chinese Medical Association, Chinese Medical Journals
Publishing House, Chinese Society of General Practice,
et al. Guideline for primary care of bronchial asthma
(2018) [T].
2018, 17(10) ; 751-762.

/R, BB RigEHIXLEE H ﬂ?ﬁ@ﬁﬂ-#i
PUAR LS AT A A& [ T].
2018, 18(6) : 585-591.

JING Xiaoyuan, LU Min. The seroepidemiology of anti-

Chinese Journal of General Practitioners,

% 1gG
B ST,

Bordetella pertussis toxin IgG antibodies among children
in Shanghai[ J]. Chinese Journal of Infection and Chem-
otherapy, 2018, 18(6) : 585-591.

Novosad J, Krémova I. Evolution of our view on the IgE
molecule role in bronchial asthma and the clinical effect
of its modulation by omalizumab: where do we stand
today?[ J]. Int J Immunopathol Pharmacol, 2020, 34.
2058738420942386. doi:10.1177/2058738420942386.

=4, 2/, B LB NG 5 E H I R BLEN
WEGE It [T ]. 45 4% 5 Ml g s 22 7k, 2023, 4(1) .
78-84.

[40]

[42]

YAN lJinyan, LI Xiaomin, MA Xiang. Research pro-
gress on the mechanism of the relationship between
Journal of Tuberculosis and
Lung Disease, 2023, 4(1) . 78-84.

e, Wt BOd, A%, ERROBE BOTURER R 1 i R
DB KR W AGE RAE RN RSZ [T]. h R BE 2y,
2022, 17(11) ;: 1634-1637.

LIANG Lei, CHENG Mengyu, DUAN Wei,
Effects of oral glucocorticoids on systemic and local air-
China

asthma and Pertussis [ J ].

et al.

way inflammation in patients with asthma [ J].
Medicine, 2022, 17(11): 1634-1637.

RN, FEHR, PRI, . T H AR e B
PERE WAL B S U T AR T LT ] WL R i (R
W), 2008, 37(4) : 351-356.

DU Xiaogang, DONG Xinwei, CHEN Jigiang, et al.
Immunoregulatory effects of pertussis protein on allergic
asthma in mouse [ J ]. Journal of Zhejiang University
(Medical Sciences) , 2008, 37(4) : 351-356.

Belcher T, Ait-Yahia S, Solans L, et al. Live attenuated
pertussis vaccine for prevention and treatment of allergic
airway inflammation in mice[ J]. NPJ Vaccines, 2022,
7(1): 66. doi:10.1038/s41541-022-00494-w.

Nicolai A, Nenna R, Stefanelli P, et al. Bordetella per-
tussis in infants hospitalized for acute respiratory symp-
toms remains a concern[ J |. BMC Infect Dis, 2013, 13
526. doi:10.1186/1471-2334-13-526.

(%% . A8M%)



