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SIGNAL 
 

An increase in Belgian cases of whooping cough has been noted since several 
months, with a particularly high number of cases during summer. The increase is 
noted in all three regions. Questions are raised particularly about the occurrence of 
whooping cough in vaccinated children. Additionally, there is a worry that diagnosis 
would be delayed, as clinicians are wrong-footed by the vaccination history.   

This signal is mirrored by a signal from Denmark, where  case numbers in August 
were 4-times higher than usual. Incidence in Denmark is highest in children <1y of 
age, 9-19y of age and adults 40-50y.  

Also in The Netherlands, the number of monthly whooping cough notifications has 
been increasing markedly since May, but is still lower than before the covid 
pandemic 

  
 

DESCRIPTION 
 
 
Event 
 

 
There are several surveillance systems for whooping cough in Belgium, each with 
its own strengths and limitations: 

1. National reference Centre (NRC) (Sciensano-UZ Brussel) :  
Start PCR reimbursement 2019 resulted in decreased sample analysis by 
NRC. In this analysis NRC data for July and August are incomplete (PCR 
data is missing for August from UZ Brussel and July-August from 
Sciensano). 
2. Sentinel labs (SL):  
Not geographically representative (no comparison between regions), but 
possible to follow up trends. Unclear effect of recent use of multiplex panels 
and drop-out of several labs. 
3. Mandatory notifications (MN): 
Different criteria between different federated entities (since 2020 only PCR 
or serological confirmed cases in Brussels and only PCR positive cases 
<3y in Wallonia). 
4. PediSurv:  
Voluntary sentinel surveillance by pediatricians and, in Brussels, GPs of 
certain diseases in children under 15y. Since June 2022, hospitalized 
cases of pertussis in children <3y of age are asked to be reported. Till now 
only few registrations. 

 
- Reported cases declined sharply between 2019 and 2021 (likely due to 

measures taken during the COVID-19 pandemic), also noted in other 
countries (eg. the Netherlands). In 2022, there was a slow increase, mainly 
observed in mandatory notifications in Flanders/sentinel labs. This increase 
continues in 2023 and is now also clearly observed in the NRC data and the 
mandatory notifications from the other regions, albeit to a lesser extent than in 
Flanders (Figures 1-3 in Annex). 
 

- Till August 2023 there were already 767 mandatory pertussis notifications 
reported in Flanders  and 418 cases by the NRC, comparable with numbers 
reported for the whole year of 2013 and 2018. Especially the number of 
monthly notifications in Flanders since June is and remains very high (June: 
92, July: 121, August: 202).  
Cases show a geographic disparity in Flanders, mostly occurring in West-
Flanders (where the increase started September 2022, exceeding numbers of 
pre-covid years 2017-2019). East-Flanders has a sharper increase since 
summer 2023, but is not yet reaching pre-coved numbers.  
 

- In 2023 the highest incidence is noted in the age groups 5-9y and 10-14y 
(pertussis cases in NRC, SL, MN Flanders) (Figure 4). 
 

- In all data sources, data on vaccination status cases is missing for the 
majority of cases. Hence, no conclusive analysis can be performed and 
caution is needed when interpreting results below. However, there seems to 



be an increase in proportion of vaccinated patients (Figure 5 and table 1-3) 
(see also ‘type of risk’ below). The ratio of pertussis infections in the 
vaccinated population in Flanders for 2023 exceeds the expectations (see 
table below), proportionally the most in children 1-4y old (1-4y: 54%, 5-9y and 
10-14y: 42%). 

 
Cases with vaccination appropriate for age (proportion of total) (2018) 

 
Y N UNK 

MN AVIQ &COCOM 48 (13%) 47 (13%) 265 (74%) 

MN AZ 147 (15%) 81 (9%) 728 (76%) 

NRC 85 (10%) 172 (20%) 595 (70%) 

 
Cases with vaccination appropriate for age (proportion of total) (2019) 

 
Y N UNK 

MN AVIQ & COCOM 19 (5%) 24 (7%) 322 (88%) 

MN AZ 168 (14%) 109 (9%) 959 (77%) 

NRC 50 (7%) 152 (23%) 483 (70%) 

 
Vaccination appropriate for age (proportion of total) (2023) 

 
Y N UNK 

MN AVIQ & COCOM 11 (15%) 35 (49%) 25 (36%) 

MN AZ 277 (36%) 76 (10%) 414 (54%) 

NRC 85 (20%) 72 (17%) 261 (63%) 

 
- Severe presentations of pertussis primarily affect children <1y of age. 

Therefore, it is reassuring that the biggest increase of infections is in the age 
group 1-9y (NRC and MN) (figure 4). 
Data on hospitalisations is limited. Data from mandatory notifications and 
NRC confirms severity of infections in the age group <1y with a high 
proportion of hospitalisations, but does not show an absolute increase in the 
number of infections in this age group (Figure 6-7, table 4). 

 
Type of risk 
 

 
Unusual but not unexpected 
 
Pertussis outbreaks have a tendency to occur in cycles of 3-5 years. Between 2014-
2017, Belgium saw a large outbreak of pertussis. During the pandemic years 2020-
2021, pertussis case numbers were particularly low. Hence, an increase in case 
numbers now is not unexpected. However the number of reported cases in July and 
August by the mandatory notifications of Flanders (mainly in West- and East-
Flanders) exceeds peak years 2017 and the proportion of fully vaccinated cases is 
higher than usual.  
 
With regards to a possible reduced effectiveness of vaccination: 
- Cases in vaccinated individuals are expected. 

With a vaccination coverage of 94% and vaccine effectiveness of 80-85%, we 
would expect 2.35 times more cases in vaccinated than in unvaccinated 
individuals, because of the much larger size of the vaccinated population. 
Moreover, waning immunity, despite the introduction of several booster doses, 
is known for the acellular pertussis vaccine used in Belgium (VE 62% at 4-7 
years since last vaccination and 41% at 8 years or more since last vaccination). 
 

- There are currently no indications of an increased mismatch between the 
circulating strain and the vaccine antigens 
Genotyping is performed by the NRC on all strains that are successfully 
cultured. The focus is on absence of pertactin expression, as strains without 
pertactin-expression partially escape vaccine-induced immunity. In years pre-
Covid-19, more than half the number of strains were negative for pertactin 
expression. So far, no tests for pertactin expression have been performed for 
the 2023 strains. However, on WGS all strains contain the pertactin gene. This 



strongly suggests that the proportion of pertactin-negative strains will not be 
higher than in recent years.  

 
 

 
Severity of the risk  
 

 
High in incompletely vaccinated young children 
Low for the rest of the population 
 
Fortunately, deaths due to pertussis are rare and less than 5% of adults with 
pertussis are hospitalized. However, about 50% of  infants younger than 1 year who 
get pertussis, require hospitalization.  
 

 
Exposed population  
 

 
Incidence is particularly high in infants. However, previous studies have shown 
that household members (primarily parents) are the source of infection for infants 
in >75% of cases. A Belgian seroprevalence study from 2013 also showed the 
presence of a pertussis reservoir among the supposedly healthy adult population, 
where pertussis infection is often paucisymptomatic.  
 

 
Risk of (inter)national 
dissemination 
 

 
High 
 
Pertussis is highly contagious and infects 80-90% of susceptible persons. 
Transmission is from human-to-human through inhalation of infectious respiratory 
droplets. Also Denmark and the Netherlands have already reported a similar 
increase in case numbers as Belgium.  

 

 

PREPAREDNESS & CONTROL MEASURES ALREADY IN PLACE 
 
 
Preparedness 
 

 
- Prevention by vaccination  

o The Belgian vaccination schedule consists of 3+1 doses of 
hexavalent vaccine (IPV-DTPa-Hib-HBV) at 8-12-16 weeks and 15 
months. A first booster is given at 6y, repeated at 14y and should be 
repeated every 10years later on. 

o Despite good efficacy of the acellular pertussis vaccine (vaccine 
effectiveness: 80-85%), rapidly declining immunity is known (VE 62% 
at 4-7y, 41% at ≥8y since last vaccination). 

o DTaP4 had a vaccination coverage of  94% in 2019-2020. 
o Maternal vaccination is recommended since 2013 and available free 

of charge in all regions. Maternal vaccination coverage is 85.5% 
Flanders, 40% Wallonia, 30% Brussels (survey infants vaccination 
2020). A more complex division of competences on vaccination, with 
sometimes logistic struggles to access vaccine doses and reluctance 
on the side of gynecologists to recommend the vaccination are 
mentioned as factors that explain the lower coverage in FWB.  
 

- Diagnosis 
o Since 2019, PCR <16y is reimbursed under strict criteria. This seems 

to decrease the number of samples sent to the NRC (decreasing the 
diagnosis confirmation and serotyping with impact on the 
surveillance) 

o Several labs have implemented a multiplex PCR testing for several 
respiratory pathogens at once, including pertussis. It is unclear what 
the impact of this change on case ascertainment is. 
 

- Surveillance 
o Several surveillance systems already exist (cf. supra). Surveillance of 

severe cases of pertussis (requiring hospitalization) <3years has 
been added to PediSurv network since 06/2022. However, only very 
few registrations have been performed until now. 

  

https://www.ssi.dk/aktuelt/nyhedsbreve/epi-nyt/2023/uge-36---2023


Specific Control 
Measures 
 

- Control 
o It is mandatory to report pertussis cases in young children to the 

regional health authorities in all regions in Belgium. Household 
contacts at risk of severe disease (not/incompletely vaccinated child 
<1y, pregnant woman incompletely vaccinated, person with 
comorbidities) will then be offered antibiotic prophylaxis < 3 weeks 
after start cough of index patient.  

o Of note, Denmark implemented maternal vaccination as a new control 
measure, but this is already in place in Belgium. Coverage is however 
suboptimal in Wallonia and Brussels.  

- Communication 
o In September 2022 clinicians in West-Flanders were asked to be 

vigilant for Pertussis. In October 2022 gynaecologist, paediatricians 
and infection prevention departments of hospitals in West-Flanders 
were sensibilized by letter on maternal and cocoon vaccination. 

o The increase of cases has been mentioned in the “Nieuwsbrief 
Infectieziekten” of September, which also reminded clinicians of the 
mandatory notification.  
 

 

RISK ASSESSMENT FOR PUBLIC HEALTH IMPACT IN BELGIUM 
 
 
(specify expected public 
health impact as very 
low, low, medium or high) 
 

 
Low  

 

RECOMMENDATIONS 
 
 
(Surveillance, control, 
communication) 
 

 
1. Communication: 

- Raise awareness on pertussis in GPs and paediatricians. Elements to include: 
o Currently higher incidence 
o Known waning of vaccine effectiveness and hence need to consider 

pertussis in differential diagnosis. 
o Confirm diagnosis if possible by PCR (not using UTM swabs), and 

send positive samples to NRC 
o Mandatory notification to regions important so that antibiotic 

prophylaxis can be given to vulnerable groups.  
o Maternal vaccination important to protect most vulnerable newborns.  
o Possible to provide more detailed clinical information on severe cases 

through PediSurv 
 

2. Improve surveillance 
- Increase participation to Epilabo and PediSurv to allow for better surveillance 

of trends and severity of disease. 
- Improve quality of data collection on hospitalisation and vaccination status 

through mandatory notifications.  
o Always explicitly request the information for acute cases. 
o Have an intra-operable vaccination registry in all three regions, 

integrated in the electronical medical files and allow regional health 
authorities access to these databases.  

- Continue genotypying of circulating pertussis strain by the NRC to follow up 
on a possible mismatch with the vaccine. 

 
3. Control 

- Increase coverage for maternal vaccination, especially in Wallonia and 
Brussels.  

  
 
 

 

https://zeg.paddlecms.net/sites/default/files/2023-09/Flash_Sept_NL_V4.pdf
https://zeg.paddlecms.net/sites/default/files/2023-09/Flash_Sept_NL_V4.pdf


ACTIONS 
 
 
(What, who) 
 

 
1. Communication to GPs and paediatricians: 

a. Sciensano to provide template for harmonized communication 
b. Sciensano to include (again) in monthly newsflash infectious 

diseases 
c. Federated entities to further spread messaging to physicians, 

using e.g. professional networks 
 

2. Improve surveillance 
a. Sciensano to continue ongoing work on EpiLabo 2.0 for better 

and more stable participation of sentinel labs.  
b. Sciensano to continue analysis of sentinel lab data to 

understand potential importance of multiplex testing 
c. Sciensano to include alert on pertussis in PediSurv newsletter 

and alerts PediSurv participants again on the need to notify 
pertussis cases  

d. AVIQ to clarify whether mandatory notification of all pertussis 
cases (regardless of age) should be done, and adapt 
website/legal basis accordingly  

e. AVIQ/COCOM/ONE to continue and where possible speed up 
ongoing work on integrated vaccine registries 

f. All federated entities to ensure access/linkage of vaccination 
data with data from mandatory notifications for health inspectors.  

g. All federated entities to ensure information on hospitalisation 
status is always record for notifications of pertussis.  

 
 

3. AVIQ and COCOM to reach out to ONE about the need to improve 
maternal vaccination because of the current epidemiological situation. If 
needed, gynaecologists can be contacted through the HOST networks of 
AVIQ/COCOM. The German community will reach out to perinatal centres, 
gynaecologist and centers for healthy development of 
children/adolescents (Kaleido).  Existing information on benefits of 
maternal vaccination can be re-used and practical information about 
vaccine procurement should be included. If maternal vaccination is not 
possible/acceptable, cocoon vaccination should be promoted. 

  
 

 

 



 
 

 
 
 

FIGURES & TABLES 

Figure 1: Number of reported pertussis cases by year (all surveillance sources) 

 

 
*  From 2020, the reported mandatory notifications in Brussels applies only to confirmed cases and in 

Wallonia only to confirmed cases less than 3 years old, where previously both possible, probable and 

confirmed cases were reported. 

** Data for July-August 2023 is incomplete. 

 

 

 

 

Figure 2: Number of reported pertussis cases by month and year (NRC, sentinel labs) 

 
* Data for July-August 2023 is incomplete. 
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Figure 3: Mandatory notifications (<3years, confirmed) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Proportion of reported pertussis cases by age group and year  
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Figure 5: Vaccination status appropriate for age (% and absolute numbers) in pertussis cases 

(NRC) 

 

Table 1: Vaccination status by age group for 2023 (NRC) 

NRC 
age  

age in 
month 

1 dose 2 dose 3 dose 4 dose 5 dose 6 dose NOTVACC UNK DOSEUNK 
Total 

0 0-1 0 0     
2 5  

7 

 
2 1           1 4  6 

 
3-4  1          3  4 

 
5-11           3 7 1 11 

1 12-14   1        6  7 

 15-16             0 

 
17-21           

7 1 8 

2-04 
   

1 17     2 17 7 44 

5     20      21 1 42 

06-09 
 

0 0 3 22 8   2 28 10 73 

10-14 
 

0 0 0 10 26 2 1 50 12 101 

15-19 
 

0 0 0 0 1 0 0 8 5 14 

≥20 
 

0 0 1 0 1 6 9 60 24 95 

 

Table 2: Vaccination status by age group for 2023 (COCOM, AVIQ) 

 
Aviq & 
Cocom age in 

month 
1 dose 2 dose 3 dose 4 dose 4+ NOTVACC UNK 

Total 

age 

0 0-1      8 2 10 

 2           2 2 4 

 3  1       1 1 3 

 5-11   1      5 6 

1 10-14          3 3 

 15-16    1   1 1 3 

 17-21        1  
1 

2-4  1  
 3 1 11 4 20 

5    
     1 

 1 

6-9    
 1 4 2 1 8 

10-14        3 3 6 

15-19         1 1 

≥20     1   2 2 5 
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Table 3: Vaccination status by age group for 2023 (Departement Zorg) 

 

Agentschap 
Zorg 

age 

Age in 

month 

UNK 
niet 

gevaccineerd 
onvolledig 

volledig 
maar 

afwijkend 
schema 

volledig 
volgens 
schema 

Total 

0 0-1 4 3 1   8 

 2 2 2    4 

 3   1   1 

 4 1 2  3  6 

 5-11 10 5 2  7 24 

1 12-14 7 1 1  8 17 

 15-16 3    3 6 

 17-23 6 5 2  11 24 
2-4  47 3 1 0 66 117 

5  38 7   21 66 

6-9  75 1 12 0 74 162 

10-14  65 2 7 5 50 129 

15-19  11 0 0 1 4 16 

≥20  145 6 12 3 21 187 

 

 

Table 4: Hospitalisations for pertussis (Minimal clinical hospital data (primary diagnosis), NRC) 

 

 

Year Min. Hospital data  NRC 

  <1y only   <1y only 

2016 108 60 (56%)  17 1 (6%) 

2017 76 34 (45%)  42 18 (43%) 

2018 64 30 (47%)  40 17 (43%) 

2019 61 26 (43%)  31 16 (52%) 

2020 21 13 (62%)  10 4 (40%) 

2021 <5 <5   0 0  

2022 NA* NA*  3 1 (33%) 

2023 NA* NA*  18 12 (67%) 

* minimal hospital data is available only after a delay of 2 years 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Evolution of proportion of hospitalizations among all cases (data NRC) 
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Figure 7: Hospitalization by age group for 2023 (mandatory notifications) 

 
 

From the 13 pertussis notifications from Wallonia <3y, 6 were hospitalized. 

  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Flanders

Y N Unk

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

<1y 01-04 05-09 10-14 15-19 40-44 50-54

Brussels

Y N Unk



REFERENCES 

1. Althouse BM, Scarpino SV. Asymptomatic transmission and the resurgence of Bordetella 
pertussis. BMC Medicine 2015;13(1): 146.  

2. Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E, Donegan K, Fry NK, Miller E, 
Ramsay M. Effectiveness of maternal pertussis vaccination in England: an observational study. 
Lancet 2014; 25;384(9953):1521-8.  

3. Baptista PN, Magalhães V, Rodrigues LC, Rocha MA, Pimentel AM. Source of infection in 
household transmission of culture-confirmed pertussis in Brazil. Pediatric Infectious Disease 
Journal 2005; 24:1027–1028. 

4. Bart MJ, Harris SR, Advani A, Arakawa Y, Bottero D, Bouchez V, Cassiday PK, Chiang CS, Dalby 
T, Fry NK, et al. Global population structure and evolution of Bordetella pertussis and their 
relationship with vaccination. MBio 2014: 5. 

5. CDC. Pertussis vaccination: use of acellular pertussis vaccines among infants and young children. 
Recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR 
Recomm Rep 1997; 46: 1–25. 

6. Cherry JD, Tan T, Wirsing von König CH, Forsyth KD, Thisyakorn U, Greenberg D, Johnson D, 
Marchant C, Plotkin S. Clinical definitions of pertussis: Summary of a Global Pertussis Initiative 
roundtable meeting, February 2011. Clin Infect Dis 2012;54(12):1756-64.  

7. Dabrera G, Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E, Fry NK, Ramsay M. A 
case-control study to estimate the effectiveness of maternal pertussis vaccination in protecting 
newborn infants in England and Wales, 2012-2013. Clin Infect Dis 2015;60(3):333-7.  

8. De Schutter I, Malfroot A, Hoebrekx N,   Muyldermans G, Piérard D, Lauwers, S. Molecular Typing 
of Bordetella pertussis Isolates recovered from Belgian Children and their Household members. 
Clin Infect Dis 2003;36: 1391-6. 

9. European Centre for Disease Prevention and Control. Annual epidemiological report 2014 vaccine 
- preventable diseases. Stockholm: ECDC; 2014. 

10. Flipse W. Kinkhoest in Vlaanderen, een beschrijvende studie naar klachten en gevolgen van 
geregistreerde gevallen. Vlaams infectieziektebulletin 2015; 2.  

11. Hallander H, Advani A, Riffelmann M, von König CH, Caro V, Guiso N, Mooi FR, Gzyl A, Kaltoft 
MS, Fry NK, Mertsola J, He QJ. Bordetella pertussis strains circulating in Europe in 1999 to 2004 

as determined by pulsed-field gel electrophoresis. Clin Microbiol. 2007; 45(10):3257-62. 

12. Hallander HO, Nilsson L, Gustafsson L. Is Adolescent Pertussis Vaccination Preferable to Natural 
Booster Infections? Expert Review of Clinical Pharmacology 2011;4 (6): 705–11.  

13. Hegerle N, Guiso N. Bordetella pertussis and pertactin-deficient clinical isolates: lessons for 
pertussis vaccines. Expert Rev Vaccines 2014;13: 1135–1146. 

14. Hoang HT, Leuridan E, Maertens K, Nguyen TD, Hens N, Vu NH, Caboré RN, Duong HT, Huygen 
K, Van Damme P, Dang AD. Pertussis vaccination during pregnancy in Vietnam: Results of a 
randomized controlled trial pertussis vaccination during pregnancy. Vaccine. 2015. pii: S0264-
410X(15)01554-6. doi: 10.1016/j.vaccine.2015.10.098.  

15. Huygen K, Rodeghiero C, Govaerts D, Leroux-Roels I, Melin P, Reynders M, Van Der Meeren S, 
Van Den Wijngaert S, Pierard D. Bordetella pertussis seroprevalence in Belgian adults aged 20-
39 years, 2012. Epidemiol Infect 2014;142(4):724-8.  

16. Jardine A Conaty SJ, Lowbridge C, Staff M, Vally H. Who gives pertussis to infants? Source of 
infection for laboratory confirmed cases less than 12 months of age during an epidemic, Sydney, 
2009. Communicable Diseases Intelligence 2010;34:116–121. 

17. Klein NP, Bartlett J, Fireman B, Rowhani-Rahbar A, Baxter R. Comparative effectiveness of 
acellular versus whole-cell pertussis vaccines in teenagers. Pediatrics 2013;131: 1716–1722. 

18. Klein NP, Bartlett J, Rowhani-Rahbar A, Fireman B, Baxter R. Waning protection after fifth dose 
of acellular pertussis vaccine in children. N Engl J Med 2012; 67: 1012–1019.  



19. Koepke R, Eickhoff JC, Ayele RA, Petit AB, Schauer SL, Hopfensperger DJ, Conway JH, Davis 
JP. Estimating the effectiveness of tetanus–diphtheria–acellular pertussis vaccine (Tdap) for 
preventing pertussis: evidence of rapidly waning immunity and difference in effectiveness by Tdap 
brand. J Infect Dis 2014;210: 942–953. 

20. Ladhani SN, Andrews NJ, Southern J, Jones CE, Amirthalingam G, Waight PA, England A, 
Matheson M, Bai X, Findlow H, Burbidge P, Thalasselis V, Hallis B, Goldblatt D, Borrow R, Heath 
PT, Miller E. Antibody Responses After Primary Immunization in Infants Born to Women Receiving 
a Pertussis-containing Vaccine During Pregnancy: Single Arm Observational Study With a 
Historical Comparator. Clin Infect Dis. 2015;61(11):1637-44. doi: 10.1093/cid/civ695. 

21. Laenen J, Roelants M, Devlieger R, Vandermeulen C. Influenza and pertussis vaccination 
coverage in pregnant women. Vaccine 2015;33(18):2125-31.  

22. Lam C, Octavia S, Ricafort L, Sintchenko V, Gilbert GL, Wood N, McIntyre P, Marshall H, Guiso 
N, Keil AD, et al. Rapid increase in pertactin-deficient Bordetella pertussis isolates, Australia. 
Emerg Infect Dis 2014;20: 626–633. 

23. Leef M, Elkins KL, Barbic J, Shahin RD. Protective immunity to Bordetella pertussis requires both 
B cells and CD4(+) T cells for key functions other than specific antibody production. Journal of 
Experimental Medicine 2000;191: 1841–1852. 

24. Libster R, Edwards KM. Re-emergence of pertussis: what are the solutions? Expert Rev Vaccines 
2012;11: 1331–1346. 

25. Liko J, Robison SJ, Cieslak PR. Priming with whole-cell versus acellular pertussis vaccine. N Engl 
J Med 2013;368: 581–582.  

26. Lopez S, Zinnen V, Jacquinet S, Schirvel C. Caractéristiques épidémiologiques des cas de 
coqueluche déclarés en Wallonie en 2014. Available from: https://www.wiv-
isp.be/matra/PDFs/Rapport%20coqueluche%202014%20Version%20courte%20-
%20VF%20Ao%C3%BBt%202015.pdf  

27. Maertens K, Caboré RN, Huygen K, Hens N, Van Damme P, Leuridan E. Pertussis vaccination 
during pregnancy in Belgium: Results of a prospective controlled cohort study. Vaccine Available 
online 16 November 2015, ISSN 0264-410X, http://dx.doi.org/10.1016/j.vaccine.2015.10.100. 

28. Martin SW, Pawloski L, Williams M, Weening K, DeBolt C, Qin X, Reynolds L, Kenyon C,  
Giambrone G, Kudish K, et al. Pertactin-negative Bordetella pertussis strains: evidence for a 
possible selective advantage. Clin Infect Dis 2015;60: 223–227. 

29. McGirr A, Fisman DN. Duration of pertussis immunity after DTaP immunization: a meta-analysis. 
Pediatrics 2015;135: 331–343. 

30. Mills KHG. Immunity to Bordetella pertussis. Microbes and Infection 2001;3: 655–677. 

31. Misegades LK, Winter K, Harriman K, Talarico J, Messonnier NE, Clark TA, Martin SW. 
Association of childhood pertussis with receipt of 5 doses of pertussis vaccine by time since last 
vaccine dose, California, 2010. JAMA 2012;308 :2126–2132. 

32. Mooi FR, van Loo IHM, van Gent M, et al. Bordetella pertussis strains with increased toxin 
production associated with pertussis resurgence. Emerging Infectious Diseases. 
2009;15(8):1206-1213. doi:10.3201/eid1508.081511. 

33. Mooi FR, Van Der Maas NA, De Melker HE. Pertussis resurgence: waning immunity and pathogen 
adaptation - two sides of the same coin. Epidemiol Infect 2013; 1-10. 

34. Pawloski LC, Queenan AM, Cassiday PK, Lynch AS, Harrison MJ, Shang W, Williams MM, 
Bowden KE, Burgos-Rivera B, Qin X, et al. Prevalence and molecular characterization of 
pertactin-deficient Bordetella pertussis in the United States. Clin Vaccine Immunol 2014; 21: 119–
125 

35. Pesco P, Bergero P, Fabricius G, Hozbor D. Modelling the effect of changes in vaccine 
eEffectiveness and transmission contact rates on pertussis epidemiology. Epidemics 2014;7: 13–
21. 

36. Queenan AM, Cassiday PK, Evangelista A. Pertactin-negative variants of Bordetella pertussis in 
the United States. N Engl J Med 2013;368: 583–584. 

37. Sheridan SL, Ware RS, Grimwood K, Lambert SB. Number and order of whole cell pertussis 
vaccines in infancy and disease protection. JAMA 2012;308: 454–456. 

https://www.wiv-isp.be/matra/PDFs/Rapport%20coqueluche%202014%20Version%20courte%20-%20VF%20Ao%C3%BBt%202015.pdf
https://www.wiv-isp.be/matra/PDFs/Rapport%20coqueluche%202014%20Version%20courte%20-%20VF%20Ao%C3%BBt%202015.pdf
https://www.wiv-isp.be/matra/PDFs/Rapport%20coqueluche%202014%20Version%20courte%20-%20VF%20Ao%C3%BBt%202015.pdf


38. Riolo MA, Rohani P. Combating pertussis resurgence: one booster vaccination schedule does not 
fit all. Proceedings of the National Academy of Sciences of the United States of America. 
2015;112(5): E472–77.  

39. Robert E, Swennen B. Onderzoek van de vaccinatiegraad van kinderen van 18 tot 24 maanden 
in het Brussels Hoofdstedelijk Gewest - 2012. 

40. Sukumaran L, McCarthy NL, Kharbanda EO, McNeil MM, Naleway AL, Klein NP, Jackson ML, 
Hambidge SJ, Lugg MM, Li R, Weintraub ES, Bednarczyk RA, King JP, DeStefano F, Orenstein 
WA, Omer SB. Association of Tdap vaccination with acute events and adverse birth outcomes 
among pregnant women with prior tetanus-containing immunizations. JAMA. 2015;314(15):1581-
7. doi: 10.1001/jama.2015.12790. 

41. Superior health Council. Basisvaccinatieschema. HGR 8559. 2009. Available from : 
http://www.health.belgium.be/eportal/Aboutus/relatedinstitutions/SuperiorHealthCouncil/publicati
ons/factsheetsvaccination/index.htm?fodnlang=nl#.VfbpO5dRKDM 

42. Superior health Council. Vaccinatie van kinderen en adolescenten tegen Difterie, Tetanus en 
Kinkhoest. HGR 8807. 2013. Available from : 
http://www.health.belgium.be/eportal/Aboutus/relatedinstitutions/SuperiorHealthCouncil/publicati
ons/factsheetsvaccination/index.htm?fodnlang=nl#.VfbpO5dRKDM 

43. Superior health Council. Vaccinatie tegen kinkhoest. HGR9110. 2014. Available from : 
http://www.health.belgium.be/eportal/Aboutus/relatedinstitutions/SuperiorHealthCouncil/publicati
ons/factsheetsvaccination/index.htm?fodnlang=nl#.VfbpO5dRKDM 

44. Tartof SY, Lewis M, Kenyon S, White K, Osborn A, Liko J, Zell E, Martin S, Messonnier NE, Clark 
TA, et al. Waning immunity to pertussis following 5 doses of DTaP. Pediatrics 2013; 131: 1047–
1052.  

45. Van Damme P, Theeten H, Braeckman T, Lernout T, Hens N, Hoppenbrouwers K, Roelants M. 
Studie van de vaccinatiegraad bij jonge kinderen en adolescenten in Vlaanderen in 2012. 2013. 
Available from: http://www.zorg-en-
gezondheid.be/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=33285 

46. Vermeeren A & Goffin F. Statistique de couverture vaccinale en 4ème secondaire en Fédération 
Wallonie-Bruxelles en 2013-2014. ProVac. 

47. Warfel JM, Zimmerman LI, Merkel TJ. Acellular Pertussis vaccines protect against disease but 
fail to prevent infection and transmission in a nonhuman primate model. Proceedings of the 
National Academy of Sciences 2014;111 (2): 787–92.  

48. Wendelboe AM, Hudgens MG, Poole C, Van Rie A. Estimating the role of casual contact from the 
community in transmission of Bordetella pertussis to young infants. Emerging Themes in 
Epidemiology 2007;4:15.  

49. World Health Organization. SAGE pertussis working group. Background paper. April 2014. 
Available from: 
http://www.who.int/immunization/sage/meetings/2014/april/1_Pertussis_background_FINAL4_w
eb.pdf 

50. World Health Organization. Pertussis vaccines: WHO position paper - September 2015. Wkly 
Epidemiol Rec. 2015 Aug 28;90(35):433-58. Available from: 
http://www.who.int/wer/2015/wer9035.pdf?ua=1 

51. Witt MA, Arias L, Katz PH, Truong ET, Witt DJ. Reduced risk of pertussis among persons ever 
vaccinated with whole cell pertussis vaccine compared to recipients of acellular pertussis vaccines 
in a large US cohort. Clin Infect Dis 2013;56:1248-54. 

52. Witt MA, Katz PH, Witt DJ. Unexpectedly limited durability of immunity following acellular pertussis 
vaccination in preadolescents in a North American outbreak. Clin Infect Dis 2012;54:1730-5. 

53. Zepp F, Heininger U, Jertsola J, Bernatowska E, Guiso N, Roord J, Tozzi AE, Van Damme P. 
Rationale for pertussis booster vaccination throughout life in Europe. The Lancet Infectious 
Diseases 2011;11(7): 557–70.  

54. Zinnen V, Jacquinet S, Sabbe M, Schirvel C. Toename van kinkhoest in Wallonië, 2013. Vlaams 
infectieziektebulletin 2015;2. 



55. Schwarts Kevin L et all. Effectiveness of pertussis vaccination and duration of immunity. CMAJ 
Volume 188, April 2016. 

 


