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a b s t r a c t 

Recent months have seen an increase in pertussis cases in several countries across the Northern and 

Southern hemispheres. The lack of immune stimulation during the COVID-19 pandemic due to the re- 

duced circulation of Bordetella pertussis , the pathogen responsible for pertussis, is likely to have led to in- 

creased population susceptibility which has been magnified the typical three to five yearly cyclical peaks 

in activity. Maternal immunization for pertussis proves highly effective in protecting infants under three 

months of age. It’s also critical for immunizers and parents to maintain high and timely immunization 

uptake to ensure infants receive maximum early protection when they are most at risk of severe disease. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Pertussis is a highly contagious respiratory infection that is eas- 

ly spread through droplets via coughing or sneezing [ 1 ]. It poses a

ignificant risk to neonates and young infants, and, in the absence 

f vaccination, may lead to severe illness and even death. 

Symptoms onset is 7-10 days after infection but may manifest 

p to 21 days later. The illness can initially resemble a common 

old, with symptoms of sneezing, runny nose, low-grade fever, and 

 mild cough. This may then progress to persistent cough with 

 characteristic whooping sound that gave pertussis its common 

ame, whooping cough, as the patient breathes through a swollen 

lottis. During coughing episodes, the patient may turn blue and 

omit, with several coughing fits occurring in quick succession and 

ausing exhaustion. These coughing fits can be triggered by eat- 

ng, laughing, or crying and are usually worse at night. Pertussis 

s feared for its potential to cause permanent disability or death 
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ue to complications, including neurological and pulmonary. In- 

ants under six weeks with pulmonary hypertension are at the 

ighest risk of death. 

Infected individuals are most contagious during the first three 

eeks of coughing, although coughing spells can last for several 

onths (“100-day cough”). Treatment involves antibiotics to man- 

ge the infection and prevent further spread of the bacteria which, 

o be most effective, must begin early in the course of disease, ide- 

lly during the first one to two weeks before the episodes of rapid 

oughing occur [ 2 ]. 

There are no pertussis vaccines licensed or recommended for 

ewborns at birth. To protect young infants, maternal pertussis an- 

ibodies are transferred transplacentally [ 3 , 4 ]. The best prevention 

ethods include vaccinating mothers during pregnancy, ensuring 

eople around the infant are up to date with their pertussis vac- 

ines, and administering the childhood pertussis vaccine series on 

ime [ 3 , 4 ]. 

ertussis resurgence after COVID-19 

Measures implemented to control the spread of COVID-19 be- 

ween March 2020 and July 2021 also affected the transmis- 

ion of other infectious diseases, including Bordetella pertussis , the 
ty for Infectious Diseases. This is an open access article under the CC BY license 
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Figure 1. Laboratory confirmed cases of pertussis in England, US, and EU/EEA: January 2018 to March 2024 (2023, 2024 provisional data) . Sources: Pertussis epidemiology 

in England 2024—GOV.UK ( www.gov.uk ) and ECDC Surveillance Atlas of infectious diseases EU/EEA ( ECDC ) and Pertussis cases by year—CDC . 
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athogen responsible for pertussis. The increase in population sus- 

eptibility as a result of reduced transmission of B. pertussis , com- 

only termed immunity debt, has been proposed as a potential 

eason for the current resurgence of pertussis after the removal of 

ll COVID-19 mitigation measures [ 5 ]. 

In 2019, the World Health Organization reported a prepandemic 

ertussis incidence rate of 29.8 per million [ 6 ]. These rates signif- 

cantly dropped during the pandemic, falling to 9.2 in 2020 and 

.6 in 2021, before rising to 10 in 2022 and 22.8 in 2023 [ 6 ]. In

urope, pertussis cases surged, with over 25,0 0 0 cases reported in 

023 and already more than 32,0 0 0 between January and March 

024 [ 7 ]. Such high annual numbers were reported in the previ- 

us peak years of 2016 (41,026) and 2019, highlighting the typical 

yclical nature of pertussis (34,468) [ 7 ] ( Figure 1 ). 

Between 2011 and 2022, a total of 103 deaths were reported, 

ith 69 (67%) fatalities in infants and 25 (24%) in adults aged 

0 and older, in the EU/EEA. Notably, 64 infant deaths occurred 

n < 6-month-olds, with most deaths occurring in one-month-old 

nfants [ 7 ]. From January 2023 to April 2024, there have already 

een 19 deaths: 11 (58%) in infants and eight (42%) in older adults. 

n Finland, the diphtheria-tetanus-pertussis vaccine is also recom- 

ended, preferably in late pregnancy [26] . In Norway, new pol- 

cy changes have been recently implemented, such as offering the 

ertussis vaccine to pregnant women during the 24-week prena- 

al check-up starting in May 2024 [27] . Similarly, in Bulgaria, free 

mmunization of pregnant women against pertussis between the 

7th and 36th gestational week of pregnancy has been recently ap- 
2

roved [28] , and the Slovak Republic has also recommended per- 

ussis vaccination for pregnant women [29] . Table 1 lists the vac- 

ination coverage (%) in EU/EEA countries, Serbia and the UK, from 

018 to 2023. 

In Europe, Denmark initially reported a resurgence of pertus- 

is cases in May and June 2023, sadly with the death of a prema- 

urely born infant at two months of age [ 8 ]. In England, on a back-

round of a small and gradual decline in childhood vaccine uptake 

ver the past decade alongside falls in maternal vaccine uptake 

nd additional short-term declines in vaccination rates during the 

OVID-19 pandemic [ 9 ], the UK Health Security Agency (UKHSA) 

eported that there were 4793 new pertussis cases diagnosed in 

ngland during January and April 2024 [ 10 ] ( Figure 1 ). This is no-

ably higher than 858 total cases reported in the entirety of 2023 

nd marks the re-emergence of pertussis after a prolonged period 

hich included historically low levels instigated by COVID-19 con- 

rol measures [ 10 ]. 

According to the UKHSA, eight infants in England died after de- 

eloping whooping cough during the first four months of 2024 

 10 , 11 ]. The first infant death since 2019 was reported in the last

uarter of 2023 in England. Additionally, the Netherlands has also 

eported 4 infant deaths within a six-week period in 2024 [ 12 ]. In

orthern Ireland, there were 72 confirmed cases of pertussis by 

arch 11, 2024, 527 cases by April 21, 2024, and 1425 cases by 

ay 26, 2024, compared with only two cases between 2021 and 

023, with the Public Health Agency urging pregnant women and 

arents of young children to get vaccinated to help curb the cur- 

http://www.gov.uk
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=2713HealthTopic=38
https://www.cdc.gov/pertussis/php/surveillance/pertussis-cases-by-year.html
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Table 1 

DTP vaccination coverage (%) in EU/EEA countries, Serbia and the UK, from 2018 to 2023. 

Showing the percentage in the target population who have received one dose (DTP1) or 3 doses (DTP3) of the combined diphtheria, tetanus toxoid and pertussis-containing 

vaccine in a given year. Countries are instructed to report routine immunization coverage using the administrative method (ADMIN), based on registry data of administered 

doses; only doses incorporated in the national immunization schedule are included. Immunization coverage figures from the administrative system can be biased or 

inaccurate. OFFICIAL estimates may be based on administrative data, surveys, or other sources. WHO/UNICEF Estimates of National Immunization Coverage (WUENIC). 

Source: WHO . 

3

https://immunizationdata.who.int/global/wiise-detail-page/diphtheria-tetanus-toxoid-and-pertussis-(dtp)-vaccination-coverage?CODE=EUR+GRC+DEU+FRA+EST+DNK+CYP+CZE+GBR+NOR+SWE+FIN+IRL+UKR+BGR+ALB+SRB+ROU+ESP+PRT+ITA+NLD+MLT+AUT+HRV+LVA+POL+CHE+SVN+SVK+LUX+LTU+ISL+BEL+HUN13ANTIGEN=DTPCV313YEAR=
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ent outbreak [ 13 ]. In Wales , pertussis cases also rose rapidly dur-

ng the first few weeks of 2024, reaching 135 cases compared with 

bout 200 in the whole of 2023 [ 14 ]. 

In Spain, between October 4, 2023 (week 41) and April 11, 2024 

week 15), 11,175 cases of whooping cough and 4 deaths have been 

eported [ 15 ]. Among the deaths were a three-month-old prema- 

ure infant whose mother had not been vaccinated during preg- 

ancy, and a two-month-old premature infant whose mother was 

accinated five days before delivery [ 15 ]. In Czechia, which has 

bout one-fifth of Spain’s population , a total of 9370 pertussis 

ases were reported to the State Health Institute from the begin- 

ing of the year till April 21, 2024, and 3 deaths, which included 

 neonate [ 16 ]. The number of cases reported in Czechia is the

argest in the country’s past 60 years. According to Dr Milan Jo- 

anovic Batut Public Health Institute , in Serbia , two unvaccinated 

hildren aged two and a half months and three months have al- 

eady died in 2024, increasing the total to 4 deaths since January 

023 [ 17 , 18 ]. An infant too young to have been vaccinated also

ied of pertussis in Belgium in October 2023 [ 19 ]. Croatia has also

eported 6443 cases of pertussis from January 1 to April 19, 2024 

 20 ]. 

Pertussis remains endemic worldwide, with peaks in disease 

ccurring every three to five years, even in countries with high 

accination coverage against pertussis. With 15,275 cases reported 

n January 2024, a 15-fold increase over the same period in 2023, 

ertussis remains a pressing public health issue in China [ 21 ]. Aus- 

ralia is also facing a pertussis outbreak, with more than 4400 

ases reported by the end of April 2024, versus less than 2445 

nnual cases reported in 2023 [ 22 ]. In the US , elevated pertus-

is activity has been observed across multiple areas, according to 

he National Notifiable Diseases Surveillance System, with a total 

f 4864 cases reported from January 1 to May 25, 2024. This is 2.8 

imes higher than the 1746 cases reported during the same period 

n 2023 [ 23 ], although currently cases remain below prepandemic 

evels ( Figure 1 ). 

Neonates and young infants, particularly those too young to 

ave completed their primary vaccination as part of the national 

hildhood immunization program, account for the majority of 

ertussis-related deaths in the EU/EEA [ 24 ]. This emphasizes the 

mportance of maternal vaccination during each pregnancy to pro- 

ect newborn infants from severe illness and death until they can 

omplete their routine primary immunizations. The UK recommen- 

ation states that the optimal window for maternal vaccination is 

etween 20 and 32 weeks of pregnancy. However, receiving the 

accine later (ideally at least two weeks before delivery) will still 

e beneficial. 

ecline in maternal pertussis vaccination rates 

Where recommended, antenatal immunization uptake has been 

uboptimal overall and particularly in the postpandemic period. 

everal factors likely contribute to this. Lack of awareness among 

arents about the risks of pertussis in newborns and the protection 

rom maternal vaccination, and challenges in accessing vaccination, 

specially following a period of exceptionally low pertussis activity, 

re crucial issues. Vaccine hesitancy in some countries alongside 

as also increased questioning of vaccines offered in pregnancy fol- 

owing the pandemic and COVID vaccine programs. 

In England, reported uptake of antenatal immunization in Eng- 

and has declined in recent years, with considerable geographical 

ariation in uptake across the country from 74.7% in December 

017 to 59.5% in December 2023, though this marks an improve- 

ent from around 58% in September 2023 [ 25 ]. The calculated vac- 

ine effectiveness against infant death for those who received the 

accine at least seven days before delivery is 92%, highlighting the 

ritical importance of antenatal pertussis immunization in protect- 
4

ng infants against such a severe and fatal disease are birth (UKHSA 

npublished data) [ 25 ] In England, there have been changes in the 

elivery model, with a shift of antenatal vaccination from primary 

are to maternity service providers, with the aim of improving ac- 

ess and opportunities for pregnant women to be vaccinated. This, 

owever, has posed challenges in data capture, raising questions 

bout the reliability of data transfer of vaccines administered out- 

ide of general practice back to the GP record, which is used to 

onitor national coverage of the program. 

A decline in antenatal and infant immunization uptake is not 

nique to England. The current state of antenatal immunization 

gainst pertussis in Europe is focused on protecting neonates and 

oung infants through transfer of vaccine-induced antibodies from 

he mother to the fetus during pregnancy. The ECDC reports that 

4 EU/EEA countries recommend pertussis vaccination for preg- 

ant women to provide immunity to newborns [ 7 ]. All EU/EEA 

ountries, apart from Bulgaria, Estonia, Finland, Malta, and Slovakia 

ave a recommendation in place for a booster dose of an acellu- 

ar pertussis-containing vaccine with reduced antigen content dur- 

ng pregnancy. The recommendation is government-funded in all 

ountries and was also introduced temporarily in Croatia and Hun- 

ary, respectively, in areas and during periods of high incidence. 

In Finland, the diphtheria-tetanus-pertussis vaccine is also rec- 

mmended, preferably in late pregnancy [ 26 ]. In Norway, new pol- 

cy changes have been recently implemented, such as offering the 

ertussis vaccine to pregnant women during the 24-week prena- 

al check-up starting in May 2024 [ 27 ]. Similarly, in Bulgaria, free 

mmunization of pregnant women against pertussis between the 

7th and 36th gestational week of pregnancy has been recently ap- 

roved [ 28 ], and the Slovak Republic has also recommended per- 

ussis vaccination for pregnant women [ 29 ]. However, data on ma- 

ernal immunization uptake are limited, with only nine countries 

eporting antenatal immunization uptake rates for 2023, which 

ary widely from 1.6% to 88.5%. According to national data, mater- 

al vaccination coverage in Belgium varies greatly among regions 

85% in Flanders, 49% in Wallonia, 37% in Brussels) [ 30 ]. This signif-

cant variability highlights the need for better data collection and 

ffort s to increase vaccine uptake among pregnant women to ef- 

ectively prevent pertussis in the most vulnerable age groups. 

onclusion 

As cases of pertussis and, in particular, severe disease and death 

ue to pertussis in young infants continue to increase in many 

ountries across Europe and elsewhere, clinicians, immunizers, ma- 

ernity care providers, public health bodies, and policymakers need 

o work together to improve messaging of the life-saving potential 

f antenatal vaccinations. They should encourage open and clear 

iscussions to allay any fears and provide reassurance to vaccine- 

esitant pregnant women and facilitate access to antenatal vac- 

ines for pregnant women through primary care and maternity ser- 

ices. These measures would ensure women can receive the vacci- 

ation at the optimal time to maximize protection for their new- 

orn infants. The effectiveness of maternal immunization against 

ertussis against infant disease in babies under three months of 

ge is estimated to be around 90% against laboratory-confirmed 

isease and 97% against death [ 31 ]. 

Parents must continue their vaccination efforts postpartum, en- 

uring their infants receive timely protection according to their na- 

ional childhood vaccination schedules, which typically begin at 

wo to three months of age. 

eclarations of competing interest 

AK is the Vice President for academia and strategy of the RCOG. 

ll authors declare no competing interests. 



A. Khalil, A. Samara, H. Campbell et al. International Journal of Infectious Diseases 146 (2024) 107148

A

d

F

a

E

R

 

 

[

[

[

[

[

[

[

[

[

[

[

[

[  
uthor contributions 

AK and AS conceived the article. All authors reviewed the first 

raft and contributed to the final draft. 

unding 

This research did not receive any specific grant from funding 

gencies in the public, commercial, or not-for-profit sectors. 

thical approval 

Not applicable. 

eferences 

[1] World Health Organization, Health topics, pertussis. https://www.who.int/ 

health-topics/pertussis#tab=tab_1 Accessed 10 March 2024. 
[2] European Vaccination Information Portal. Whooping cough (Pertussis). https: 

//vaccination- info.europa.eu/en/disease- factsheets/whooping- cough- pertussis 
Accessed 12 March 2024. 

[3] Campbell H, Gupta S, Dolan GP, Kapadia SJ, Kumar Singh A, Andrews N, et al.
Review of vaccination in pregnancy to prevent pertussis in early infancy. J Med 

Microbiol 2018; 67 (10):1426–56. doi: 10.1099/jmm.0.0 0 0829 . 

[4] Pregnancy CDC. and Whooping Cough. Rationale: why vaccinate preg- 
nant women? 2022. Accessed May 30 2024. https://www.cdc.gov/pertussis/ 

pregnant/hcp/rationale- vacc- pregnant- women.html . 
[5] Reicherz F, Golding L, Lavoie PM, Abu-Raya B. Decay of anti- Bordetella per- 

tussis antibodies in women of childbearing age following COVID-19 non- 
pharmaceutical measures. Vaccine 2022; 40 (27):3746–51. doi: 10.1016/j.vaccine. 

2022.04.086 . 
[6] WHO, Pertussis reported cases and incidence. Accessed 31 May 2024. 

https://immunizationdata.who.int/global/wiise-detail-page/pertussis-reported- 

cases- and- incidence?CODE=Global&YEAR= . 
[7] ECDC. Rapid risk assessment. Increase of pertussis cases in the EU/EEA. 

Released 8 May 2024. Accessed 29 May 2024. https://www.ecdc.europa.eu/ 
sites/default/files/documents/Increase%20in%20pertussis%20cases%20in%20the% 

20EU- EEA%20- %20May%202024%20FINAL.pdf . 
[8] Statens Serum Institut. News November 2023. Increase in the occurrence of 

whooping cough. https://en.ssi.dk/news/epi-news/2023/ no-27-2023. Accessed 

12 March 2024. 
[9] Tessier E, Campbell H, Ribeiro S, Rai Y, Burton S, Roy P, et al. Impact of the

COVID-19 pandemic on Bordetella pertussis infections in England. BMC Public 
Health 2022; 22 (1):405. doi: 10.1186/s12889- 022- 12830- 9 . 

[10] UKHSA. Research and analysis. Confirmed cases of pertussis in Eng- 
land by month. Updated 14 May 2024, Confirmed cases of pertus- 

sis in England by month, to end March 2024. Applied to England. 

Accessed June 11, 2024. https://www.gov.uk/government/publications/ 
pertussis- epidemiology- in- england- 2024/confirmed- cases- of- pertussis- in- 

england-by-month . 
[11] Kmietowicz Z. Whooping cough: five infants die in England this year as cases 

continue to rise. BMJ 2024; 385 :q1059. doi: 10.1136/bmj.q1059 . 
12] National Institute for Public Health and the Environment Ministry of 

Health, Welfare and Sport. RIVM. 15 March. Current figures on whoop- 

ing cough in the Netherlands. https://www.rivm.nl/en/whooping-cough/ 
current-figures-on-whooping-cough-in-netherlands Accessed 27 March 2024. 

[13] Pertussis (Whooping Cough) in Northern Ireland. Public Health Agency. 
2024 https://www.publichealth.hscni.net/directorates/public-health/health- 

protection/surveillance- data/pertussis- whooping- cough . 
[14] Whooping Cough vaccination urged as cases rise rapidly in Wales. Public 

health Wales. 2024. https://phw.nhs.wales/news/whooping- cough- vaccination- 

urged- as- cases- rise- rapidly- in- wales/ Accessed 12 March 2024. 
5

[15] Centro Nacional de Epidemiología. CIBERESP. ISCIII. Actualización de la 
situación de la tosferina en España. Datos provisionales enero-marzo 2024. 

Madrid. 2024. Accessed 27 April 2024. https://www.isciii.es/QueHacemos/ 
Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/ 

Documents/archivos%20A-Z/TOSFERINA/Informe_Tosferina_Provisional_abril_
2024.pdf . 
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