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Abstract

Introduction: Bordetella pertussis causes an acute 
respiratory infectious disease that, in newborns and 
infants, can present with severe clinical manifestations 
or even death. In Portugal, whole cell pertussis vac-
cine introduced in 1965 was replaced, in 2006, by the 
acellular form. An increasing number of cases has been 
observed, with an incidence of 5.5 per 100,000 cases 
in 2016. The duration of protection against pertussis is 
unknown after the last immunization or disease itself. 
Healthcare staff working with children can be the 
source of infection of hospital outbreaks and, therefore, 
knowing the seroprevalence of pertussis among them 
can help to decide the potential need for vaccination in 
susceptible professionals. 
Methods: Prospective study including healthcare work-
ers from neonatology and paediatric departments as 
well as the clinical pathology laboratory of a Portu-
guese hospital. People with acute respiratory symp-
toms, pregnant or vaccinated against pertussis in 2016 
were excluded. The seroprevalence for pertussis was 
tested through immunoglobulin G for pertussis toxin by 
enzyme-linked immunosorbent assay. 
Results: The population tested was negative for immu-
noglobulin G pertussis toxin in 97.8% (88/90); only the 
remaining 2.2% (2/90) showed equivocal results. 
Discussion: This population is potentially susceptible to 
pertussis infection and could be a reservoir for disease 
and for its transmission. A booster immunisation could 
be recommended to these individuals. 
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Introduction

Bordetella pertussis infection is an acute infectious 
respiratory disease which may present a severe clinical 

course and have a fatal outcome in newborns and small 
infants. Its worldwide prevalence in 2014 was around 24 
million cases, and it caused 160,700 deaths in children 
under 5 years old.1,2

In Portugal, the combined vaccine against diphtheria, 
tetanus and whole-cell pertussis (DTwP) was introduced 
in 1965 and, in 2006, it was replaced by the acellular 
component vaccine (DTaP). The Portuguese vaccination 
coverage against pertussis is over 95% at 12 months 
and at 7 years of life. However, a re-emergence of the 
disease has been reported in Portugal with an incidence 
of 5.5/100,000 in 2016 (2.2/100,000 in 2012).3,4

The worldwide increased prevalence of the disease 
may be justified by several factors, among which the 
mutation and genetic evolution of the agent or the tran-
sition from a whole-cell pertussis vaccine to an acellular 
pertussis vaccine, since the latter, according to some 
studies, seems to offer less protection.5-8 The improve-
ment of diagnosis with new methods for the detection 
of Bordetella pertussis (molecular techniques such as 
polymerase chain reaction) is also noteworthy.5,8

Although it is a disease of compulsory notification, 
pertussis is an underdiagnosed disease, especially in 
older children, adolescents and adults who seem to be 
the main reservoirs. The duration of protection against 
the disease is unknown, although it is estimated to be 
between four and 12 years after the last administration 
of the vaccine, and between four and 20 years after 
natural immunisation.3-8

The vaccination of pregnant women against pertussis, 
between 20 and 36 weeks of gestation, was shown to 
be effective in the protection of newborns and small 
infants, and it was included in the national vaccination 
programme in 2017.4 However, other strategies to 
decrease the disease are needed. Healthcare profes-
sionals, especially those working in a paediatric depart-
ment, may be responsible for hospital outbreaks, as 
shown in previous studies and, therefore, it is essential 
to know their immune status.8-10

This study aims to characterise the seroprevalence of 
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Bordetella pertussis amongst healthcare professionals 
who work more closely with children, in the neona-
tology and paediatric departments and in the clinical 
pathology laboratory (CPL) of a Portuguese general hos-
pital with basic, intermediate and differentiated care.

Methods

This prospective study included healthcare professionals 
who worked in January 2017 in the paediatric and neo-
natology departments and in the CPL of a Portuguese 
hospital equivalent to a regional hospital with basic, 
intermediate and differentiated care. The CPL profes-
sionals were included in the study as they work directly 
with the patients in the paediatric age. Physicians, 
nurses, nursing assistants, medical laboratory assistants 
and administrative assistants were included in the study. 
Pregnant women, participants with acute respiratory 
disease or to whom the pertussis vaccine was adminis-
tered in 2016 were excluded from the study.
The following demographic data were collected: 
- Age group: 18-24 years, 25-34 years, 35-44 years, ≥ 45 years; 
- Gender: female, male;
- Occupational category: physician, nurse, nursing assis-
tant, medical laboratory assistant, administrative assistant;
- Workplace: paediatric emergency department, neo-
natology inpatient department, paediatric inpatient 
department, paediatric outpatient department, CPL; 
- Date of the last pertussis vaccine.
The seroprevalence of the disease was evaluated 
using the serum Bordetella pertussis immunoglobulin 
G (IgG) testing Euroimmun IgG, with the enzyme-linked 
immunosorbent assay (ELISA) method - a quantitative 
assay of IgG antibodies to pertussis toxin. Photometric 
measurement of the colour intensity at the 450 nm 
wave length. Sensitivity of 100%. Specificity of 95.5%. 
Reproducibility: mean intra-assay variation (CV 2.6%), 
inter-assay variation (CV 5.9%). The test was considered 
positive (> 100 IU/mL), negative (< 40 IU/mL) or equiv-
ocal (40-100 IU/mL). Equivocal results were repeated. 

Results

The sample distribution by age group is shown in Table 
1, with 38% (34/90) of the participants in the 35-44 
years age group, and 80% (72/90) female. About one-
third are nurses (27/90), followed by physicians (26/90), 
nursing assistants (21/90), medical laboratory assistants 
(8/90) and administrative assistants (8/90), as shown 
in Table 2. The same table shows the distribution by 

department. Professionals in the emergency depart-
ment correspond to the highest percentage – 34% 
(31/90) (Tables 1 and 2) – of study participants.
About 98% (88/90) of the tested sample was negative 
for IgG antibody to pertussis toxin, with two equivocal 
results (50, 60 IU/mL) from a female nurse (35-44 years, 
emergency department) and a female physician (≥ 45 
years, neonatology department).
Approximately 17% (15/90) of the healthcare profession-
als (all in the age group ≥ 45 years) were not vaccinated 
against Bordetella pertussis or their vaccination status 
was unknown. Four participants had lost their personal 
health booklet. All the other participants (70/90) had 
received the last dose of DTwP 20 years ago or more, 
except for a male physician (25-34 years, emergency 
department) who had a DTaP vaccine boost in 2006 and 
was also negative for IgG antibody to pertussis toxin. 

Discussion

The results of this study identified a population of 
healthcare professionals of departments that work with 
children who are potentially susceptible to infection by 
Bordetella pertussis, although 79% of the sample had 
been vaccinated in childhood. Two equivocal and double 
confirmed results for IgG to pertussis toxin were obtained 
in a female nurse (35-44 years, emergency department) 
and in a female physician (≥ 45 years, neonatology 
department). These results may be due to cross-reactivity 
with other circulating antibodies (test specificity of 95.5%) 
or due to some residual immunity to this infectious agent. 
It is noteworthy that, despite being a young population, 
with 72% (65/90) of participants under the age of 45 years, 
all vaccinated with DTwP vaccine boost but one, they did 
not have any detectable IgG antibodies to pertussis toxin.
This study reveals seronegativity for IgG antibodies to 
pertussis toxin that is similar to a Finnish study, in which 
98.7% of the sample was negative.11 However, a multi-
centre study on the seroprevalence of Bordetella pertus-
sis in healthcare professionals who work with children in 
Spain showed that 69% did not have any IgG antibody 
to pertussis toxin.12 Another study in Iran found a seron-

Table 1. Distribution of the demographic data by age group

Age group (years) Total, n (%)

18-24 4 (4)

25-34 27 (30)

35-44 34 (38)

≥ 45 25 (28)

Total 90 (100)
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egativity for IgG to pertussis toxin in 52.4% in medical 
students.13 Similar studies have revealed heterogeneous 
values of seropositivity.14-20

The ELISA method used in this study for the detection of 
IgG antibodies to pertussis toxin is reliable and has 100% 
sensitivity and 95.5% specificity. Other pertussis antibod-
ies, such as the filamentous haemagglutinin, pertactin 
and fimbria, have been used in immunogenicity studies 
(humoral response). The role of cellular immunity after 
vaccination against pertussis is currently known to be 
through type 1 and 2 T helper cells. It is also known that 
memory B cells persist after both vaccines. The seron-
egativity for IgG antibodies to pertussis toxin does not 
necessarily mean a lack of protection against this dis-
ease, as cellular immunity may be effective.21 However, 
many questions of humoral and cellular immunity in the 
pertussis vaccine and the disease itself remain unclear.22

Hospital outbreaks of Bordetella pertussis with its origin 
in patients, healthcare professionals or visitors have been 
described, reflecting the ease of transmission also at the 
hospital level. Considering the morbidity and mortality of 
pertussis in premature infants, full-term newborns and 
small infants, healthcare professionals vulnerable to the 
disease and its transmission may be vaccinated, particu-
larly those who work directly with small infants.23-24

According to the World Health Organization, a dose 
of the DTaP vaccine is recommended to all healthcare 
professionals who have not received it as adults and 
who work directly with patients. The Centers for Disease 
Control and Prevention advises healthcare profession-
als, regardless of age, to receive a dose of DTaP as soon 
as possible, if they have not previously received it.25

In some countries, such as Spain, a dose of the DTaP vac-
cine for healthcare professionals who work with prema-
ture infants (2004) was recommended. Later, in 2011, 
a dose for all healthcare professionals who work in 
the paediatric and obstetrics departments was initially 
suggested.26 Other countries have adopted similar rec-
ommendations to achieve higher vaccination coverage 

against Bordetella pertussis in healthcare professionals 
but, to date, Portugal does not have official guidelines 
on this topic. It was not possible in this study to draw 
conclusions about the length of immunoprotection of 
DTwP versus DTaP.
The lack of knowledge of the correlation between the 
levels of IgG to pertussis toxin and the degree of protec-
tion of the individual is a limitation of this study. How-
ever, this method was used in several similar studies 
with international publications in journals with a high 
impact factor.12-16 The immune response to the pertussis 
vaccine and the disease itself is a challenge and, there-
fore, more immunogenicity studies are needed for the 
clarification of the role of serology in pertussis or, even, 
for the creation of other more reliable markers.
According to the international recommendations and 
the results obtained in this study, despite being a single 
centre study, seronegativity in healthcare professionals 
to Bordetella pertussis strengthens the hypothesis of a 
recommendation of a vaccine booster dose for individ-
uals who work with children. Further Portuguese and 
multicentre studies on the seroprevalence of Bordetella 
pertussis in healthcare professionals would be impor-
tant to substantiate this recommendation.
This population is potentially susceptible to infection 
by Bordetella pertussis and may be a reservoir of the 
disease and its transmission. A vaccine boost may be 
considered in these individuals.

Table 2. Demographic data by occupational category and workplace

Occupational 
category

Emergency 
department

Neonatology 
inpatient department

Outpatient 
department

Paediatric inpatient 
department

Clinical Pathology 
Laboratory

Total  
n (%)

Nurses 12 9 3 3 0 27 (30)

Physicians 9 5 3 7 2 26 (29)

Nursing assistants 9 6 4 1 1 21 (23)

Medical laboratory 
assistants 0 0 0 0 8 8 (9)

Administrative 
assistants 1 2 4 1 0 8 (9)

Total 
n (%) 31 (34.4) 22 (24.4) 14 (15.6) 12 (13.3) 11 (12.2) 90 (100)

WHAT THIS STUDY ADDS

• This is the first Portuguese study on the seroprevalence of Borde-
tella pertussis in healthcare professionals.

• It reinforces the need for more studies to understand the immu-
nological memory conferred by the vaccine and the disease itself.

• It brings into discussion the possible need of a DTaP vaccine boost 
in healthcare professionals who work with children, as proposed by 
international recommendations.



21Portuguese Journal of  Pediatrics

Bordetella pertussis in Healthcare Workers

Conflicts of Interest
The authors declare that there were no conflicts of interest in 
conducting this work.

Funding Sources
There were no external funding sources for the realization of 
this paper.

Protection of human and animal subjects
The authors declare that the procedures followed were in ac-

cordance with the regulations of the relevant clinical research 
ethics committee and with those of the Code of Ethics of the 
World Medical Association (Declaration of Helsinki).

Confidentiality of data
The authors declare that they have followed the protocols of 
their work centre on the publication of patient data.

References
1.Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, Bassani 
DG, et al. Global, regional, and national causes of child mor-
tality in 2008: A systematic analysis. Lancet 2010;375:1969-87. 
doi: 10.1016/S0140-6736(10)60549-1.
2. Centers for Disease Control and Prevention. Pertussis 
(whooping cough) [accessed 31 January 2018] Available at: 
https://www.cdc.gov/pertussis/index.html
3. Instituto Nacional de Estatística. Estatísticas da saúde 2016. 
Lisboa; INE; 2018. 
4. Direção Geral da Saúde. Vacinação da grávida contra a tosse 
convulsa. Orientação nº. 002/2016 (15/07/2016). Lisboa: DGS; 
2016.
5. van der Zee, Schellekens J, Mooi F. Laboratory diagnosis of 
pertusssis. Clin Microbiol Rev 2015;28:1005-26. doi: 10.1128/
CMR.00031-15.
6. Centers for Disease Control and Prevention. Recommended 
vaccines for healthcare workers [accessed 31 January 2018]. 
Available at: http://www.cdc.gov/vaccines/adults/rec-vac/
hcw.html 
7. Moraes JC, Carvalhanas T, Bricks LF. Should acellular per-
tussis vaccine be recommended to healthcare professionals? 
Cad Saude Publica 2013;29:1277-90. doi: 10.1590/S0102-
311X2013000700003.
8. Daniels HL, Sabella C. Bordetella pertussis (pertussis). Pedi-
atr Rev 2018;39:247-57. doi: 10.1542/pir.2017-0229.
9. Bechini A, Tiscione E, Boccalini S, Levi M, Bonanni P. Acellu-
lar pertussis vaccine use in risk groups (adolescents, pregnant 
women, newborns and health care workers): A review of evi-
dences and recommendations. Vaccine 2012;30:5179-90. doi: 
10.1016/j.vaccine.2012.06.005.
10. van Wijhe M, McDonald SA, de Melker HE, Postma 
MJ, Wallinga J. Estimating the population-level effectiveness 
of vaccination program in the Netherlands. Epidemiology 
2018;29:215-23. doi: 10.1097/EDE.0000000000000778.
11. Koivisto K, Puhakka L, Lappalainen M, Blomqvist S, Saxen 
H, Nieminen T. Immunity against vaccine-preventable dis-
eases in Finnish pediatric healthcare workers in 2015. Vaccine 
2017;35:1608-14. doi: 10.1016/j.vaccine.2017.02.018.
12. Rodríguez de la Pinta M, Castro Lareo M, Ramon Torrell J, 
García de Lomas J, Devadiga R, Reyes J, et al. Seroprevalence 
of pertussis amongst healthcare professionals in Spain. J Hosp 
Infect 2016;94:341-5. doi: 10.1016/j.vaccine.2015.12.036.
13. Hashemi SH, Ranjbar M, Hajilooi M, Seif-Rabiei MA, 
Bolandi M, Moghimi J. Seroprevalence of immunoglobulin G 
antibodies against pertussis toxin among asymptomatic med-
ical students in the west of Iran: a cross sectional study. BMC 
Infect Dis 2009;9:58. doi: 10.1186/1471-2334-9-58.
14. Higa F, Haranaga S, Tateyama M, Hibiya K, Yamashiro T, 

Nakamatsu M, et al. Assessment of serum anti-Bordetella 
pertussis antibody titers among medical staff members. Jpn J 
Infect Dis 2008;61:371-4. 
15. Nakamura K, Kobayashi M, Yamamoto N, Tokuda K, Miura 
S, Abe Y, et al. Pertussis outbreak among patients and health-
care workers in a provincial dialysis facility in Japan. Jpn J Hosp 
Infect 2015;90:163-6. doi: 10.1016/j.jhin.2016.09.011.
16. Urbiztondo L, Broner S, Costa J, Rocamora L, Bayas JM, 
Campins M, et al. Seroprevalence study of B. pertussis infec-
tion in health care workers in Catalonia, Spain. Hum Vaccin 
Immunother 2015;11:293-7. doi: 10.4161/hv.36167.
17. De Juanes JR, Gil A, González A, Arrazola MP, San-Martín 
M, Esteban J. Sero- prevalence of pertussis antibody among 
health care personnel in Spain. Eur J Epidemiol 2004;19:69-72. 
18. Ortega P, Gil A, Astasio P, Domínguez V, De Juanes JR, 
Arrazola P, et al. 
Prevalencia de anticuerpos frente a tetanos, difteria y Borde-
tella pertussis en
profesionales sanitarios. Enferm Infecc Microbiol Clin 
1999;17:135-7.
19. García-Corbeira P, Dal-Ré R, Aguilar L, García-de-Lo-
mas J. Seroepidemiology of Bordetella pertussis infections 
in the Spanish population: A cross-sectional study. Vaccine 
2000;18:2173-6. doi: 10.1016/S0264-410X(00)00029-3.
20. Domínguez A, Vidal J, Plans P, Salleras L. The seroepidemi-
ology of B. pertussis infection in Catalonia, Spain. Epidemiol 
Infect 2001;126:205-10.
21. Grondahl-Yli-Hannuksela K, Lauko L, Van Der Meeren O, 
Mertsola J, He Q. Pertussis specific cell-mediated immune 
responses ten years after acellular pertussis booster vaccina-
tion in young adults. Vaccine 2016;34:341-9. doi: 10.1016/j.
vaccine.2015.11.049.
22. Edwards K, Berbers G. Immune responses to pertussis 
vaccines and disease. J Infect Dis 2014;209:10-5. doi: 10.1093/
infdis/jit560.
23. van den Hoogen A, Duijn JM, Bode LG, Vijlbrief DC, de 
Hooge L, Ockhuijsen HL. Systematic review found that there 
was moderate evidence that vaccinating healthcare workers 
prevented pertussis in infants. Acta Paediatr 2018;107:210-8. 
doi: 10.1111/apa.14124.
24. Bryant KA, Humbaugh K, Brothers K, Wroght J, Pascual 
FB, Moran J, et al. Measures to control an outbreak of per-
tussis in a neonatal intermediate care nursery after expo-
sure to a healthcare worker. Infect Control Hosp Epidemiol 
2006;27:541-5. doi: 10.1086/505666. 
25. Advisory Committee on Immunization Practices, Centers 
for Disease Control and Prevention. Immunization of health-
care personnel: Recommendations of the Advisory Commit-
tee on Immunization Practices (ACIP). MMWR Recomm Rep 



22 Portuguese Journal of  Pediatrics

Bordetella pertussis in Healthcare Workers

2011;60:1-45.
26. Ministerio de Sanidad, Servicios Sociales e Igualdad. 
Revisión del programa de vacunación frente a tos ferina en 

España [accessed 31 January 2018]. Available at: https://www.
mscbs.gob.es/ca/profesionales/saludPublica/prevPromocion/
vacunaciones/docs/TosFerina.pdf

Resumo:
Introdução: A infeção por Bordetella pertussis é uma doença 
respiratória infeciosa aguda que, em recém-nascidos e 
pequenos lactentes, pode apresentar-se com um quadro 
clínico grave e mesmo morte. Em Portugal, a vacina con-
tra a difteria, tétano e tosse convulsa de célula inteira foi 
introduzida em 1965, substituída, em 2006, pela vacina 
acelular. Nos últimos anos tem-se observado um aumento 
do número de casos, com uma incidência de 5,5/100 000 em 
2016. Desconhece-se o tempo de proteção após vacinação 
ou imunização natural. Os profissionais de saúde podem ser 
causadores de surtos hospitalares em unidades pediátricas 
pelo que o conhecimento da seroprevalência de Bordetella 
pertussis poderá determinar a eventual necessidade de vac-
inação destes indivíduos. 
Métodos: Estudo prospetivo incluindo profissionais de saúde 
dos departamentos de pediatria, neonatologia e laboratório 
de patologia clínica de um hospital português. Indivíduos 

com doença respiratória aguda, grávidas e vacinados com 
pertussis no ano de 2016 foram excluídos. A seroprevalência 
da doença foi testada através da imunoglobulina G de toxina 
pertussis pelo método ELISA. 
Resultados: Da população testada, 97.8% (88/90) foi nega-
tiva para anticorpo imunoglobulina G pertussis; os restantes 
2.2% (2/90) mostraram resultados equívocos. 
Discussão: Esta população encontra-se potencialmente sus-
cetível à infeção por Bordetella pertussis, podendo constituir 
um reservatório de doença. Um reforço vacinal poderá ser 
recomendado a todos os indivíduos.

Palavras-Chave: Bordetella pertussis; Coqueluche; Estudos 
Soroepidemiológicos; Hospitais Pediátricos; Infeção Hospi-
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