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Bordetella pertussis
PETIT P, BRANDENBURG A

THE MICRO-ORGANISM AND ITS CLINICAL PRESENTATION

Bordetella pertussis is an encapsulated, non-motile, small, gram 
negative coccobacillus that grows aerobically with special growth 
requirements. Humans are its only host. Bordetella pertussis is 
transmitted by droplets and colonises the nasopharynx adhering 
specifically to ciliated cells. Subsequently the respiratory mucosa is 
primarily damaged by excretion of multiple exotoxins. An important 
virulence factor is pertussis toxin (PT) which is unique for Bordetella 
pertussis  and is not produced  by other Bordetella spp. PT probably 
disrupts host immune responses and is an essential factor in the 
induction of leucolymphocytosis [LCI 2018, Goldman 2009, Carbonetti 
2015].
After an incubation time averaging 7-10 days (range 5-21 days), typical 
pertussis runs a three stage course (figure 1). It starts with nonspecific 
common cold-like symptoms and a slowly increasing cough lasting 1-2 
weeks (catarrhal phase). Thereafter coughing becomes severe with 
copious mucus production and frequent expiratory paroxysms which 
often end with a profound inspiratory effort eliciting a sound called a 
“whoop”, often followed by post-tussive vomiting (paroxysmal phase, 
3-8 weeks). However, in the youngest children and especially in 
premature newborns, typical symptoms may be absent; apnoeic and 
bradycardic episodes without whoops can be the dominant  symptoms 
[Pasternak 1997]. Blood tests can show a very high leucocytosis, with a 
predominance of lymphocytes. In the third phase (convalescent phase 
6-12 weeks), coughing slowly abates but can continue for many weeks to 
several months. While typical pertussis commonly manifests in 
immunenaïve individuals, symptoms of infection in vaccinated or 
previously infected individuals are atypical or mild and often not 
recognised as pertussis. “Pertussis-like” disease or cough can also be 
caused by B. parapertussis and other microorganisms such as Chlamydia 
pneumoniae, Mycoplasma pneumoniae and adenovirus. A clinical case 
definition aims to encompass all kinds of pertussis, using clinical, 
epidemiological and laboratory criteria [Senanayake 2007, Cherry 2005]: 
Coughing for at least two weeks combined with at least one of the 
following symptoms: inspiratory whoop, paroxysms, post-tussive 
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emesis, apnoea and cyanosis (in the very young), or confirmed by one of 
the following laboratory results: culture, PCR or serology IgG-antiPT.

COMPLICATIONS

Five percent (5%) of individuals with classic pertussis develop 
complications. Complications are seen most frequently and are most 
serious in the very young (<6 months). More than half of children under 
one year old who develop pertussis require hospitalisation. 
Complications of otitis media or pneumonia can develop at any time 
during infection. Contrastingly, the most severe complications are seen 
during the paroxysmal phase: respiratory insufficiency and apnoea 
leading to convulsions and brain damage, subconjunctival haemorrhage, 
epistaxis, abdominal prolapses (hernia, rectum) and pneumothorax 
[Cherry 2005, Mattoo 2005, Skawronski 2003].

EPIDEMIOLOGY

Pertussis is an extremely contagious disease with a reproductive rate 
of 17 in an immune-naïve population. It is spread through coughing 
droplets containing B. pertussis. The milder the symptoms, the less 
contagious it is [Schellekens 2005]. Contagiousness is highest at onset 
of symptoms, decreasing throughout the paroxysmal phase, and 
disappears completely after 3-4 weeks (up to 6 weeks in infants), 
although complete resolution of coughing can take weeks [Heyman 
2008, Long 1990, He 1996, Mink 1992, Tiwari 2005].) Bordetella pertussis 
infections are re-emerging, causing endemic disease worldwide with 
seasonal summer peaks and epidemic waves every 2-4 years, even in 
highly vaccinated populations. This development is probably caused by 
vaccine changes (with more rapidly decreasing antibodies) and by 
molecular changes within strains of B. pertussis itself [Pasternak 1997, 
Zee 2015, Mooi 2009]. From the start of the vaccination era, the majority 
of pregnant women have low levels of antiPT-IgG; these antibodies, 
probably not protective, rapidly decrease after the birth of the child 
(absent by 2 months of  age), which leaves these infants vulnerable to 
infection. Due to the infant’s immature immune system and interference 
from maternal antibodies, vaccination in infants <3 months does not 
provide a solution to this problem. However, acellular vaccines 
administered during pregnancy possibly provide a solution [Switzer 
2019]. The role of genetic modification in reducing protection of the 
acellular Pertussis Vaccine as yet remains unclear. 
The level of antibodies (and protection) after vaccination is not 
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longlasting (mostly a decline within 1–3 years), and shows individual 
and age differences.
Waning of antibody protection against reinfection and the circulation 
of Bordetella pertussis variants depleted of antigens used for vaccine
induced antibodyproduction in individuals favour the increase in 
pertussis disease [Esposito 2019]. Symptoms vary depending on the 
degree of residual immunity, ranging from no  symptoms to mild or 
chronic cough, or rarely to typical pertussis symptoms; these infections 
are rarely recognised by physicians [De Greeff 2010, Althouse 2015, 
Cromer 1993, Ward 2005, Long 1990, Zhang 2014]. Over recent years, 
increasing awareness and more sensitive laboratory techniques for 
diagnosis have increased the number of pertussis notifications, showing 
a population-based infection rate of around 6% per year [Cromer 1993, 
de Greeff 2010]. The reservoir of transmission is children >12 years and 
adults (spreading to infants too young to be vaccinated [de Greeff 2010, 
Althouse 2015, Ward 2005, Long 1990, Zhang 2014]. As deduced from 
serosurveys using IgG-Pertussis toxin assays, the incidence of B. 
pertussis infection in individuals >9 years increased from 4.0% per year 
in 1995-96 to 9.3% per year in 2006-07 [De Greeff 2010, Cromer 1993, 
Melker 2000]. In the prevaccine era, pertussis was responsible for more 
infant deaths than scarlet fever, diphtheria, meningitis and poliomyelitis 
combined [Pasternak 1997]. Nowadays there still is an estimated 
worldwide incidence of 24.1 million infections in children aged <5 years 
with 160,700 deaths [Yeung 2017]. In the Netherlands, annually one child 
<2 year dies from pertussis [LCI 2018].

DIAGNOSTIC TESTING

The clinical, bacterial and serological course are depicted in figure 1.
 

Techniques 
•	 	A summary of the techniques used to diagnose pertussis can be 

found in references: LCI 2018, Cherry 2005, Zee 2015, Hallander 1999, 
Tozzi 2005, Matthews 1997, Horby 2005.

•	 	Culture: Bordetella pertussis needs specific media and growth 
conditions for transport and culture. Even then, culture is only 
positive in 50% of clinical cases. Sensitivity is highest early in the 
catarrhal phase and declines through the paroxysmal phase (3 weeks 
after infection). Cultures are necessary for genotyping and anti
microbial susceptibility testing. In very young children, cultures can 
remain positive for longer periods of time [Lee 2018, Zee 2015].

•	 	PCR is the first choice for diagnosis in infants and children, provided 
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CLINICAL, BACTERIAL AND SEROLOGICAL COURSE AFTER BORDETELLA PERTUSSIS INFECTION
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adequately specific primers are used. It is a reliable technique to 
detect Bordetella pertussis infections during the early (catarrhal) 
phase of infection [Melker 2000, Wadowsky 1996, Zee 1996]. PCR can 
detect infection from its onset until 4 weeks after onset of symptoms. 
Its sensitivity is higher than  culturing, however it does not 
differentiate between live and dead bacteria. Like in culturing, 
sensitivity quickly declines in the paroxysmal phase [Lee 2018, Zee 
2015].

•	 	Serology: ELISAs for IgG using purified PT (Pertussis toxin) as antigen 
and calibrated with International Reference preparations are the 
preferred tests for serology. Results are expressed in the “CBR-EU/ 
ml” or “IU/ml” allowing for a uniform diagnostic cut-off [Long 1990, 
Mink 1992, Lynn 1996, Xing 2009, Heininger 2004, Hodder 2000, Teunis 
2002, Granstrom 1988, De Greeff 2012, Schellekens 2013]. Since 
production of pertussis toxin is exclusive to Bordetella pertussis, no 
cross-reactions should occur when PT antigen-based ELISAs are 
used. When using other or mixed antigens , cross-reactions can occur 
with other Bordetella species and also with Haemophilus sp., 
Mycoplasma pneumoniae  and E. coli  [Tondella 2007].

•	 	The total titer of IgG  in blood is high in children and decreases with 
age. This should be taken into account when interpreting Bordetella 
pertussis serology, be it in suspected infection or post-vaccination. 
High cut-offs for IgG-PT were best for reliable interpretation of ELISA 
results [Fumimoto 2019, Jogi 2020, Lee 2018, Markey 2019, Pawlowski 
2017, Schellekens 2013, Schellekens 2001, Twillert 2016]. See table 1. 
There is definite advice against use of tests other than EIAs, such as 
microagglutination, CBR, indirect immuno-fluorescence and 
immunoblot due to their low sensitivity. There is  no place for IgM 
tests [Zee 2015, Pawloski 2017, Fumimoto 2019].

•	 	IgA serology Bordetella pertussis: IgA could be used to differentiate 
positive serology due to vaccination and infection, since vaccination 
does not invoke an IgA response [May 2017, Nagel 1983, Poynten 2002, 
Schellekens 2013]. B. pertussis IgA tests, however, have several 
drawbacks: they yield a high number of false-positives (unless the 
more specific IgA-antiPT is used). In addition, in young age, IgA is 
often not yet produced (<62%) while at an older age IgA may be 
positive due to background prevalence. Because of these drawbacks, 
unless age-dependent cut-offs are used, IgA tests  should not be 
used. Although some recommend using IgA [Subissi 2020, Jogi 2020, 
May 2017], only the reliability of IgG-antiPT (with cut-off 125 IU/ml, 
specificity 99%) has been confirmed by CDC and other quality 
assessments [Lee 2018, Pawlowski 2017, Markey 2019, Fumimoto 2019]). 
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When still in doubt, a second serum should be tested for IgG-antiPT to 
increase sensitivity.

PRACTICAL USE OF SEROLOGY 

See figure 2.

Screening
Screening for seroprevalence is done with IgG-PT ELISA.

Suspected infection in immunocompetent patients
Perform one point IgG-antiPT (with titer cut-off >125 IU/ml for positive) 
in the following cases: cough for more than  3 weeks, whether in attacks 
or not, and in contacts of any age  with airway complaints in the direct 
vicinity of a patient with whooping cough [Schellekens 2013, Schellekens 

FIGURE 2.

TEST ALGORITHM BORDETELLA PERTUSSIS

<2 years of age*

cough without fever

PCR culture

cough <3 weeks cough >3 weeks

PCR
two point serology

PCR
one point serology

if >1 year post
vaccination

* serology not useful

>2 years of ageIf not vaccinated, follow:

>2 years of age

[Cherry 2012, Zee 2015] 

source: www.serology-education.com
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2001, Lee 2018, Pawlowski 2017]. If found negative or low in symptomatic 
patients, the test should be repeated after 2-3 weeks because of the 
slow immunoresponse (the antibody response can take 6-8 weeks to 
develop). A second serum sample obtained 2 to 3 weeks later should be 
tested. In the second of the paired sera, a threefold rise of the antiPT-
IgG up to >20 IU/ml proves an actual infection by Bordetella pertussis 
(specificity almost 100%). If recently vaccinated or boostered, PCR 
testing on a nasopharyngeal swab should be performed instead (see 
table 2).

Suspected infection in children <2 years 
Pertussis should be considered when respiratory symptoms (including 
cough) persist beyond 10-14 days. The dynamic phase of the immune 
response to Bordetella pertussis is often delayed until 2 to 4 weeks or 
even 6 to 8 weeks (in the youngest children) after onset of symptoms. A 
negative result in the first serum, therefore, does not exclude the 
diagnosis of pertussis.

Suspected infection in immunocompromised patients
IgG-PT may be used; however, if antibodies are absent, PCR should be 
performed.

Vaccination
A single point high IgG-PT titer within up to 12 months after pertussis 
vaccination or boostering does not prove a recent infection. Depending 
on the vaccination schedule used, children >3 months and recently 
vaccinated or boostered patients (in Netherlands given at  3-5 months, 
11 months and 4 years of age) can be reliably diagnosed using preferably 
PCR or culture, or paired sera (two point serology)! In the Netherlands, 
for children >2 years and adults, PCR or one point serology if >1 year 
post vaccination and two point serology within 1 year post vaccination/
boostering are preferred.

Confirmation
Serological confirmation of recent infection 1-3 years after vaccination 
or boostering  is performed by the RIVM using a combined IgG/IgA test 
validated with age-dependent cut-offs [Poynten 2002, Riffelmann 2010, 
Schellekens 2015].
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INTERPRETATION OF SEROLOGY

SENSITIVITY AND SPECIFICITY

		  Time frame most adequate 	 Sensitivity	 Specificity
		   for technique 

IgG-antiPtx* 	 >3-8weeks after onset	 90-93%	 95-98%
(cut off 125 EU/ml)	 of symptoms

Culture	 First 2-3 weeks after onset 	 26-85%	 100%     
		  of symptoms 

PCR	 First 2-3 weeks after onset	 89%	 99%
		  of symptoms

TABLE 2.

SENSITIVITY AND SPECIFICITY OF SEVERAL DIAGNOSTIC TECHNIQUES FOR B. PERTUSSIS

[Zee 2015, Riffelman 2010, Schellekens 2001]

*PT = pertussis toxine.

TABLE 1.

SEROLOGY WITH ONE POINT IG PTx IN A HIGH VACCINATED POPULATION*

[Zee 2015, De Greeff 2012] 

*Vaccination in the Netherlands for Pertussis: at 3-5 and 11 months of age + booster at 4 years of age!
** Serology testing not reliable up to 2 years.

		  <62.5 IU/ml 	 62.5-125 IU/ml	 >125 IU/ml

AGE >2 year	 onset	 early:	 suspect:	 Recent infection
	 symptoms	 follow-up serum	 follow-up genom
	 <4 weeks	 >4 weeks	 >4 weeks

	 onset	 no infection	 suspect:	 Recent infection
	 symptoms		  follow-up serum
	 >4 weeks		  >4 weeks

AGE <2 year**		 Coughing >3 weeks and no fever   PCR culture
post vaccin.		  +/- typical symptoms
or booster	

AGE <1 year		  Always use PCR or two-point serology
post vaccin.		  (sample early onset and 4 weeks later)
or booster
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PITFALLS

•	 	Antibody response may take up to 4 weeks in older children and 
adults, and up to 8 weeks in children <1 year (see figure 1).

•	 	IgA tests have a low sensitivity in children and a high false positive 
rate because of common use of too low a cut-off value in all ages.

•	 	Vaccination(including the acellular vaccins) induces higher levels of 
antibodies against Ptx and complicates the serodiagnosis of pertussis 
in the first 6-12 months after vaccination. 

•	 	Check the antigen used in the test: tests based on other antigens 
than Ptx  are not specific and show many cross-reactions.

•	 	Check whether commercial IgG-Ptx EIA has been calibrated with the 
international WHO standard serum c.q. express results in “IU/ml”.

•	 	Also see general chapter "Pitfalls".
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