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Bordetella pertussis
• Gram-negative cocco-bacillus

• Hard to culture

• Only found in human respiratory tract

• Transmitted by coughing, respiratory 
secretions

• Incubation time (exposure to symptoms) 
usually 7-10 days (can be 6-20 days)



Classical presentation – “100 day cough”
• Paroxysmal coughing bouts, inspiratory whoop and post-tussive 

vomiting



Classical presentation – 100 day cough
• Paroxysmal coughing bouts, inspiratory whoop and post-tussive vomiting

• Catarrhal stage (1-2 weeks) – like a viral URTI. Low grade or no fever. Cough 
gradually gets worse

• Paroxysmal stage - (3-5 weeks) – coughing bouts – spontaneous or 
triggered, worse at night, lead to complications… Whooping – in 80% 
unvaccinated, less in vaccinated cases. Vomiting – especially infants

• Convalescent phase – (??weeks/months) – gradual resolution of coughing 
bouts

• Atypical presentations more commonly seen in very young infants and 
vaccinated children 



Complications – especially in young infants

• Apnoea (may occur without cough)

• Pneumonia – can be associated with pulmonary hypertension - may 
require IPPV or ECMO

• Extreme leukocytosis – may require leukofiltration/exchange 
transfusion

• Seizures and encephalopathy

• Cardiac failure, multi-organ failure

• Death (CFR in young infants 1%). Possible cause of SIDS.



Management – largely supportive

• Hospitalisation for: pneumonia/respiratory failure, inability to feed, 
seizures

• Management of cough – no proven effective treatment

• Antimicrobials (macrolides) – reduce symptoms only if given in first 
week of symptoms, reduce duration of shedding/infectiousness

• (Early) intensive care management of complications

• Post exposure antimicrobial prophylaxis of close and high-risk 
contacts



What causes the cough?

• Possibly a combination of 3 bacterial factors:
• Pertussis toxin (PT)

• Lipo-oligosaccharide (LOS)

• Vag8 (C1-inhibitor-inhibitor)

Based on work in mice: Y. Hiramatsu, K. Suzuki, T. Nishida, N. Onoda, et al. 
(mBio 13:e01397-21, 2022, https://doi.org/10.1128/mbio.03197-21)

https://doi.org/10.1128/mbio.03197-21


All in all: a very good example of:
“Prevention is better than Cure”!



Vaccination - “Whole Cell Vaccine”

• Whole cell vaccines introduced in 1950s when large epidemics were 
routine, approximately every 3 years

• Widespread use led to drops in pertussis incidence by 100-200x

• Problem appeared to have been largely solved until:

• Paediatrician-driven vaccine scare in late 1970s led to massive drop in 
coverage and 3 large epidemics in early 1980s. Other northern 
European countries abandoned pertussis immunization altogether

• Coverage recovery in 1980s and introduction of accelerated schedule 
(2,3,4 months)



Vaccination “Acellular Pertussis Vaccines” (aP)
• 1980s-90s acellular (protein antigen) vaccines developed and evaluated in 

large placebo controlled or WCV controlled trials in infants

• Contain (some of) detoxified Pertussis Toxin (PT), Filamentous 
haemagglutinin (FHA), Pertactin, fimbriae, agglutinogens

• Encouraging results – also WCVs efficacy found to be widely variable

• Switch to acellular vaccine in UK forced by non-availability of WCV 
combination vaccines 2004

• Efficacy high, reactogenicity low, but duration of protection shorter

• Recognition of pertussis in adolescents and young adults

• Sudden return of infant pertussis deaths in 2012



Maternal vaccination – passive immunization 
of the infant via the mother

• Prevention of neonatal tetanus in global south for many years

• Much discussion about maternal pneumococcal vaccination 2000s…

• Promotion of maternal  flu vaccination in response to 2009 H1N1 flu 
pandemic

• 12 infant pertussis deaths in 2012 led to JCVI recommendation to 
offer pertussis containing vaccine (dTaP+/-polio) to all pregnant 
women

• Subsequent case-control studies demonstate >90% effectiveness



But…. And….

• Pertussis continues to circulate

• Currently available vaccines and delivery strategies are incapable 
to achieving population immunity as indirect effects and duration 
of protection are both limited.

• Coverage rates are falling..

• Incidence is rising..

• Genetically detoxified PT-containing pertussis only vaccine 
approaching licensure – may induce longer protection

• Live attenuated intra-nasal vaccine in clinical trials



Thank you for your attention

🙏🏻



Pertussis vaccination programmes and 
epidemiology 

Dr Helen Campbell
Lead Clinical Scientist (CS10291), Immunisation and Vaccine Preventable Diseases Division
UK Health Security Agency



Pertussis annual laboratory-confirmed case 
numbers by age group
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Number of laboratory confirmed cases in England by 
month, 2023 and January 2024 (provisional data)
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Laboratory-confirmed pertussis cases in England by 
quarter
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Incidence of laboratory confirmed infant pertussis cases, 
England: 1998 to 2023*,**

21

*2023 is provisional data.

**More diagnostic methods have become available over the time period presented with increasing use of serology and oral fluid testing. 
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Incidence of laboratory confirmed pertussis cases aged 
at least 1 year, England: 1998 to 2023*,**

22

*2023 is provisional data.

**More diagnostic methods have become available over the time period presented with increasing use of serology and oral fluid testing. 
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Reconciled deaths from pertussis in infants, 
2001-2023, England only

23

Sources: laboratory confirmed cases, certified deaths, Hospital episode statistics, GPs, HPZone
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An estimated 1,400-4,300 infant 
hospitalisations and 41-170 infant 
deaths averted between 2012-2017. 
(Sandmann et al. CID 2020) 



Pertussis update March 202424



Vaccination schedule & protection
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Maternal pertussis-containing 

vaccine, from 16 weeks, optimally at 

20-32 weeks gestation

In babies under 3 months of age maternal vaccination 

is estimated to give approximately:

• 81% protection against laboratory-confirmed pertussis

• 89% protection against hospitalisation with pertussis

• 97% protection against fatal pertussis

Infant pertussis-containing 

vaccine at 8, 12 and 16 weeks

Timely infant vaccination extends the 

protection. In infants aged 9 weeks to 

<6 months there was approximately:

• 62% protection after 1 dose

• 85% protection after 2 doses

• 95% protection after 3 doses

The pre-school booster 

gives an estimated 

additional 46% 

protection compared to 

those who received 3 

doses

Pre-school pertussis-

containing vaccine at 

about 3 years & 4 

months of age



Extensive data show that Tdap and Tdap/IPV have 
reassuring safety profiles in maternal immunisation 

Campbell H et al. J Med Microbiol 2018;67:1426–1456

https://www.bmj.com/content/349/bmj.g4219

https://www.bmj.com/content/349/bmj.g4219Pertussis maternal vaccination26 Pertussis update March 2024

https://www.bmj.com/content/349/bmj.g4219
https://www.bmj.com/content/349/bmj.g4219


Pertussis diagnostics

Dr David Litt
Clinical Scientist
Head, Vaccine Preventable Bacteria Section
Respiratory and Vaccine Preventable Bacteria Reference Unit
and Laboratory Surveillance Lead
Immunisation and Vaccine Preventable Diseases Division
UK Health Security Agency



Culture of the bacterium from respiratory specimens

Serological tests: demonstration of significant antibody levels 

against the bacterium (IgG against pertussis toxin) in patients’ 

sera and oral fluid

PCR: demonstration of the bacterium’s DNA in respiratory specimens

Laboratory methods for detecting Bordetella pertussis infections
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Fry et al., Journal of Medical Microbiology 2021;70:001442

Overview of timing for testing for pertussis
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1. As early as possible after coughing starts

• Within the first 3 weeks (success decreases with time)

• Highest success = earlier you sample and the younger the person 

• Before antibiotics are given

2. From the upper respiratory tract

• Nasopharynx is optimum site

• Nasopharyngeal swab/nasopharyngeal aspirate (NPS/NPA)

• Throat swab acceptable if NPS not available

3. B. pertussis is delicate!

• Need charcoal agar transport medium and plate out as quickly as possible (ideally ≤24h)

• Not viral transport medium (contains antibiotics)

4. Send swab to local hospital

• They may send it to a UKHSA Regional Reference Laboratory

5. Pros/cons of culture

• Can provide a result within the 21 day window for antibiotic treatment

• Culture is the “gold standard” test 

• Culture can be tested for antibiotic resistance and typing

• It can take up to 7 days to get a result 

Detection by culture
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1. As early as possible after coughing starts

• Within the first 3 weeks (success decreases with time)

• Highest success = earlier you sample and the younger the person 

• Can still be positive after antibiotics have been started

2. From the upper respiratory tract

• Nasopharynx is optimum site

• Nasopharyngeal swab/nasopharyngeal aspirate (NPS/NPA)

• Throat swab acceptable if NPS not available

3. DNA from B. pertussis is less delicate!

• Send swab in a dry tube or in transport medium

4. Send swab to local hospital

• They may send it to a UKHSA Regional Reference Laboratory

5. Pros/Cons of PCR

• Can provide a result within the 21 day window for antibiotic treatment

• PCR is generally more sensitive than culture

• PCR can give a result within a day

• May be less specific than culture        [low clinical impact]

Detection by PCR
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Taking samples for culture and PCR

• Pernasal/nasopharyngeal swab

• Throat swab – less sensitive but acceptable
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Taking samples for culture and PCR

• Pernasal/nasopharyngeal swab

1. Flexible wire or plastic

2. Small tip: rayon, nylon flock, 

NOT cotton 

(NOT calcium alginate for PCR)

3. Culture: charcoal transport medium 

(e.g. Amies or Regan Lowe) 

4. PCR: best NOT to use transport medium, 

but acceptable 

5. For culture and PCR, take 2 swabs or use 

charcoal swab for both
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• Nasopharyngeal aspirate

Taking samples for culture and PCR
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Fry et al., Journal of Medical Microbiology 2021;70:001442

Overview of timing for testing for pertussis
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Detection by serology (serum)

1. Give the patient time to mount an antibody response

• Only take serum after patient has been coughing for at least 14 days

• Negative results from sera taken too early could be false negatives

• Titre can remain positive for several months (up to ~1 year)

2. Detects IgG against pertussis toxin 

• Anti-PT IgG is best indication of evidence of a recent pertussis infection

• Test a single sample for a titre over diagnostic threshold (typically 50 – 100 IU/ml)

• Recent vaccination or previous infection (<1y) can give a false positive result 

3. Send serum to local hospital

• Some hospitals offer pertussis serology

• Some hospitals will refer to a UKHSA Regional Reference Laboratory or UKHSA National Reference Lab

• UKHSA National Reference Lab offers serology testing

4. Pros/Cons of serology

• Can provide a result for several months after the onset of coughing

• More sensitive than PCR and culture

• Does not usually produce a result within the 21 day window for antibiotic treatment
• Previous vaccination or infection can confound interpretation of a positive result
• Not recommended for children <1y 

• Cannot use pertussis serology to measure existing immunity
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1. Measuring the same antibodies as serology

• Also measuring anti-PT IgG 

• Only take oral fluid after patient has been coughing for at least 14 days

• Negative results from oral fluid taken too early could be false negatives

• Titre can remain positive for several months (up to ~1 year)

• Recent vaccination or previous infection (<1y) can give a false positive result 

• Needs ≥1 µg/ml total IgG (2 minutes of swabbing)

2. Reserved for 2-16 (<17) year olds 

• Aimed at children to accommodate resistance to having blood taken

• Samples tested in UKHSA National Reference Lab

• More laborious to process and test than serum

3. Notify local HPT to request a test

• HPT arranges for a kit to go directly to the patient

• Results sent directly to GP and HPT

4. Pros/Cons of oral fluid antibody testing

• More convenient than providing serum

• Can provide a result for several months after the onset of coughing

• More sensitive than PCR and culture

• Does not usually produce a result within the 21 day window for antibiotic treatment

• Previous vaccination or infection can confound interpretation of a positive result

• Not recommended for children <1y 

• Occasional test failure due to insufficient swabbing.

Detection by oral fluid antibodies
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Microbiological tests for pertussis in England (adapted from 2018 PHE Guidelines)

* Recent vaccination (within ~1y) with pertussis-containing vaccine can give false positive result in serum/OF assays.

NPS, nasopharyngeal swab; PNS, pernasal swab; NPA, nasopharyngeal aspirate; HPT, Health Protection Team; 

RVPBRU, Respiratory and Vaccine Preventable Bacteria Reference Unit (National Reference Laboratory) 

and 

some NHS labs

(via local lab)   

and some UKHSA 

and NHS labs

(via local lab)

(via local lab)   
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Guidance on public health management 
of pertussis

Dr Gayatri Amirthalingam
Consultant Medical Epidemiologist, Immunisation and Vaccine Preventable Diseases Division
Deputy Director, Public Health Programmes
UK Health Security Agency



Session Outline

• Rationale for public health action

• Priority groups and key recommendations in national guidance

• Guidance for management during 2024 re-emergence of pertussis
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Rationale for public health action

• Vaccination remains most effective intervention in preventing pertussis

• Outbreaks can occur in households, schools, healthcare settings and community

• If outbreaks are detected at an early stage, prompt action including chemoprophylaxis and 
vaccination can limit the spread

• Household contacts important source of transmission to unprotected infants where vaccine 
coverage is high1-4

• Up to 75% of infants are infected from a household contact

• 50% infected from an adult family member

• 30% from the mother, higher in youngest infants

• Healthcare workers important source of transmission

Pertussis update March 2024
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Use of antibiotics in treatment & 
prevention of pertussis

• Aim: To eradicate B. pertussis carriage and prevent secondary transmission 

• Limited effect in improving clinical course of illness

• Little effect of erythromycin in preventing secondary transmission, limited to close, 
prolonged household contact1,2

• Further supported through 2007 Cochrane review of antibiotics for pertussis3

• Chemoprophylaxis limited to households with vulnerable contacts where risk of 
severe complications and/or ongoing transmission is high

• Choice of Antibiotics

• Erythromycin poorly tolerated, not preferred in infants <1 month 

• Newer macrolides e.g. Azithromycin & clarithromycin  - longer half life & shorter 
duration of therapy, improved side effect prof

• Co-trimoxazole if contra-indicated
1. Dodhia et al. Epidemiol.Infect. 1998;120:143-9

2. Dodhia et al. Journal of Public Health Medicine 2002;Vol 24:No 3:pp 200-206

3. Altunaiji S. Cochrane.Database.Syst.Rev. 2007;CD004404

43



Recommendations for Chemoprophylaxis

• Given the limited benefit of chemoprophylaxis, antibiotic prophylaxis should 
only be offered to close contacts when both of the following conditions apply:

• onset of disease in the index case is within the preceding 21 days 

AND

• there is a close contact in one of the priority groups
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Priority Groups for Public Health Action: Group 1
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Priority Groups for Public Health Action: Group 2
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Role of Post-exposure Vaccination

• Use of pertussis containing vaccine at time of exposure primarily been 
used to provide for long term protection

• Studies have demonstrated role of vaccine in outbreak control

• Immediate response to vaccine amongst 106 US HCWs1

• 50% developed Abs by 1 week

• 88-94% developed Abs by 2 weeks

• VE not measured

• Population susceptibility reduced within 1-2 weeks 

• Extend offer of post exposure vaccination to those for whom 
chemoprophylaxis is indicated.

• Unimmunised /partially immunised contacts under 10 years of age

• Aged 10 years and older who have not received a pertussis vaccine in 
preceding 5 years and no Td-IPV booster in previous month

Pertussis update March 202447



Pertussis: guidelines 
for public health 
management -
GOV.UK 
(www.gov.uk)
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Pertussis: guidelines for public health 

management in a healthcare setting -

GOV.UK (www.gov.uk)

Pertussis outbreaks in nurseries and 

educational settings - GOV.UK 

(www.gov.uk)

https://www.gov.uk/government/publications/pertussis-guidelines-for-public-health-management
https://www.gov.uk/government/publications/pertussis-guidelines-for-public-health-management-in-a-healthcare-setting
https://www.gov.uk/government/publications/pertussis-outbreaks-in-nurseries-and-educational-settings


Management of pertussis cases during 2024 re-
emergence

• Benefit of prophylaxis limited to 
households where onset of 
disease in index case within 21 
days

• Serology and OF samples should 
be taken at least 14 days post 
onset of cough

• Unlikely results from serology /OF 
will be available within 21 days

• Where onset not provided, 
reasonable to assume too late for 
immediate public health action for 
serology /OF confirmed cases
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Pertussis: guidelines for public health 
management - GOV.UK (www.gov.uk)

https://www.gov.uk/government/publications/pertussis-guidelines-for-public-health-management


Key Messages

• Vaccination remains most effective intervention in preventing pertussis

• Post exposure prophylaxis of limited benefit and therefore restricted to where 
there is a close contact in a priority group

• Group 1: those at increased risk of severe complications

• Group 2: those at increased risk of transmitting to ‘vulnerable’ individuals in Group 1 

• Range of resources on gov.uk to support public health response

• National public health guidance (household settings)

• Guidance for incidents in healthcare and educational settings

• 2024 Guidance to prioritise follow up during periods of increased activity
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Vaccine coverage and data challenges 

Dr Colin Campbell
Consultant Medical Epidemiologist, Immunisation and Vaccine Preventable Diseases Division
UK Health Security Agency



Childhood vaccination coverage at age 1 and 5

53

Source: NHS Digital Childhood Vaccination Coverage Statistics, England, 2022-23

2.9% points lower than in 

2012-13 = 17,400 infants in 

one annual cohort

5.6% points lower than in 

2012-13 = 33,600 children 

in one annual cohort

Pertussis webinar March 2024

In 2022-23, coverage was 
83.3%. This represents 
a decrease from 2021-22, 
when coverage was 84.2%
Coverage was highest in 
2012-13, at 88.9%.



Trends in coverage of pertussis containing vaccines at age 
1,2,5 in the UK Devolved administrations
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https://digital.nhs.uk/data-and-information/publications/statistical/nhs-

immunisation-statistics

https://digital.nhs.uk/data-and-information/publications/statistical/nhs-immunisation-statistics


Upper tier local authority (LA) ‘6-in-1’ vaccine
coverage at 12 months
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Manchester/Salford/Liverpool

Peterborough

Birmingham

Leeds/Bradford

https://app.powerbi.com/view?r=eyJrIjoiZTI3NWZhNzItMTIyZS00OWM2LTg0MzMtOGY5YTJjMGY0MjI1Iiwi

dCI6IjUwZjYwNzFmLWJiZmUtNDAxYS04ODAzLTY3Mzc0OGU2MjllMiIsImMiOjh9

https://app.powerbi.com/view?r=eyJrIjoiZTI3NWZhNzItMTIyZS00OWM2LTg0MzMtOGY5YTJjMGY0MjI1IiwidCI6IjUwZjYwNzFmLWJiZmUtNDAxYS04ODAzLTY3Mzc0OGU2MjllMiIsImMiOjh9


Pre-school booster - DTaP/IPV annual data 2022-23
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• In 2022-23, no region achieved coverage above 90%.

• Coverage was 16.7 percentage points lower in London (the region with lowest coverage at 72.7%) compared to the 
Northeast, the region with the highest coverage at 89.4%.

• In London, 4 of 32 LAs reported coverage at or above 80% and 14 LAs reported coverage below 70%

https://digital.nhs.uk/data-and-information/publications/statistical/nhs-immunisation-statistics/england-2022-23/6in-1-vaccine#pre-school-booster-dtap-ipv

https://digital.nhs.uk/data-and-information/publications/statistical/nhs-immunisation-statistics/england-2022-23/6in-1-vaccine#pre-school-booster-dtap-ipv


Population vaccine coverage Dtap IPV Hib Age 2
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Health Protection - Data - OHID (phe.org.uk)

Most deprived

https://fingertips.phe.org.uk/profile/health-protection/data#page/7/gid/1000002/pat/159/par/K02000001/ati/15/are/E92000001/iid/30304/age/31/sex/4/cat/-1/ctp/-1/yrr/1/cid/4/tbm/1/page-options/tre-do-1_ine-vo-1_ine-yo-1:2022:-1:-1_ine-pt-0_ine-ct-160


Monthly pertussis vaccination coverage (%),
pregnant women (England), 2016 to 2023

58

https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-
march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-july-to-september-2023
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https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-july-to-september-2023


Monthly pertussis vaccination coverage (%) in pregnant women by 
NHS commissioning region, April 2019 to September 2023

Pertussis update March 202459



Sociodemographic predictors of variation in coverage of the 
national prenatal pertussis vaccination in England, 2014/15
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Predictors of coverage of the national maternal pertussis and infant rotavirus 

vaccination programmes in England | Epidemiology & Infection | Cambridge Core

• Coverage decreased with increasing 

deprivation.

• After taking geography and deprivation into 

account, coverage of prenatal pertussis 

vaccination varied by ethnicity.

• White British and Asian (except Pakistani) 

ethnicities had the highest coverages, 

whereas Black other and Black Caribbean 

had the lowest.

• Conversely, patients’ ethnicity and 

deprivation are predictors of coverage which 

contribute to, but do not wholly account for, 

geographical variation in coverage. 

https://www.cambridge.org/core/journals/epidemiology-and-infection/article/predictors-of-coverage-of-the-national-maternal-pertussis-and-infant-rotavirus-vaccination-programmes-in-england/64426E8E9ADC993674273DD0C81B6C72


• Lower vaccine uptake associated with greater deprivation: almost 20% lower for 
pertussis (57.7% vs 76.0%)

• Uptake varies by ethnicity (lowest among women of black ethnicity), maternal age 
under 20 years and a greater number of children in the household. Among women 
vaccinated against pertussis in their first eligible pregnancy and pregnant again, (40%) 
were not vaccinated in their second eligible pregnancy.

• The associations between all social factors and vaccine uptake were broadly 
unchanged in fully adjusted models, suggesting the social determinants of uptake 
were largely independent of one another. 
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Social determinants of pertussis and influenza vaccine uptake in pregnancy: a national cohort study in England using electronic health 

records | BMJ Open

https://bmjopen.bmj.com/content/11/6/e046545


Potential data problems

• Limitations to the data may explain some of the observed variability in coverage at the local 
level and over time.

• Possibility of shifting responsibilities in provision of antenatal care and pertussis vaccine may 
contribute to delivery or capture of vaccination 

• Completeness of data is reliant on the recording of delivery dates in the mother’s medical 
records and a recent study in England suggests that maternity notes regarding pregnancy and 
delivery are often scanned or archived, rather than coded in an extractable format (13).

• Furthermore, a comparison of this denominator data with national data on live births (14) 
indicates that, in 2021, this data represented about 73% of the population of pregnant 
women.

• Future changes in recording may help e.g. use of POC app in maternity assuming data flows
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https://linkinghub.elsevier.com/retrieve/pii/S0264-410X(20)30723-4

https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-july-to-september-2023#ref13
https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-july-to-september-2023#ref14
https://linkinghub.elsevier.com/retrieve/pii/S0264-410X(20)30723-4
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