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Since April 2024, a pertussis epidemic has been ongo-
ing in Finland with 2,215 notified cases by end October.
Of them, 30.1% (n = 667) were aged 10-14 years. Of
the 462 Bordetella pertussis isolates characterised,
one was macrolide-resistant (minimum inhibitory
concentration (MIC) of erythromycin, azithromycin and
clarithromycin »256 pg/mL). The resistant isolate was
serotype FIM2, vaccine antigen pertactin-deficient and
harboured ptxP3 allele. The emergence of macrolide-
resistant B. pertussis in Europe is worrisome and its
rapid identification is important.

Whooping cough, or pertussis, is a highly contagious
respiratory infection caused by Bordetella pertussis.
The disease affects people of all ages but can be fatal
in infants too young to be vaccinated, in Finland the
first dose of pertussis vaccination is given at 3 months
of age. Here, we describe an ongoing pertussis out-
break in Finland between April and October 2024 and
the detection of macrolide resistance in one isolate.

Outbreak description

By the end of October 2024, 2,215 laboratory-confirmed
cases were notified, four times more than in the entire
year of 2019 (n=557) (Figure 1, Figure 2A) [1]. In Finland,
the European Union (EU) case definition is used [2],
and only laboratory-confirmed cases are notified. In
2024, the highest incidence (212.2 cases/100,000
population) was among adolescents aged 10—14 years,
with 667 cases (30.1%) notified, followed by 267 cases
(88.2 cases/100,000 population) in the age group
15-19 years and 184 cases (75.6 cases/100,000 popu-
lation) in children aged < 4 years (Figure 2B). In infants
aged<12 months, 75 cases (3.4%) were notified. Of
them, 22 wereaged <3 months. From August 2024,
the Finnish Institute for Health and Welfare (THL) has
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recommended a booster vaccination to pregnant peo-
ple, a preventive measure not previously applied in
this country [3].

Diagnosis of pertussis

In Finland, laboratory methods used for diagnosis of
pertussis include culture, PCR and serology. Of the
2,215 cases, 886 (40.0%) were diagnosed by PCR,
824 (37.2%) by culture and 505 (22.8%) by serology.
Since the National Infectious Diseases Register (NIDR)
will only allow one method for each notification, it is
possible that most of the culture-positive samples are
primarily PCR-positive. This practice has not affected
the incidence figures. Compared with years before the
COVID-19 pandemic (1995-2019), the corresponding
proportions were 11.8% (PCR, n =1,684), 2.8% (cul-
ture, n = 399) and 85.4% (serology, n = 12,185).

Throughout the country, PCR-positive nasopharyngeal
samples and cultured isolates are sent to the Finnish
Reference Laboratory for Diphtheria and Pertussis at
the University of Turku. By October, we received 462
isolates from different regions of the country (Figure
3). Of them, 195 (42.2%) isolates were collected from
males and 265 (57.4%) from females, two samples were
unspecified. Most isolates (n = 317; 68.6%) were from
the Helsinki metropolitan area, of which 141 (44.5%)
were from male and 176 (55.5%) from female patients.
The median age of culture-positive patients was
12.9 years (range: 1 month—8s years), with 178 cases
(38.5%) in the age group of 10—14 years. There were 24
(5.2%) isolates collected from infants<12 months and
eight (1.7%) from those aged<3 months.
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FIGURE 1

Number of notified pertussis cases per week, Finland,
2018-week 42 2024 (n = 3,741)
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The outbreak in 2024 started in week 15.

Circulating Bordetella pertussis

With the introduction of acellular pertussis vac-
cine (aPv) in 2005, considerable changes have been
observed among circulating B. pertussis, which include
an increase of vaccine antigen pertactin (PRN) deficient
isolates and shifts in the distribution of fimbrial (FIM)
serotypes. In Finland, almost all B. pertussis isolates
were of serotype FIM2 before the late 1990s, but FIM3
started to increase from 1999 [4]. Between 2003 and
2004, coinciding with a national epidemic (Figure 2A),
FIM3 became dominant, covering » 80% of the isolates
[5]. However, from 2011 to 2024, dynamic changes
occurred between FIM2 and FIM3 [4]. In 2024, of the
412 isolates tested, 252 (61.2%) were FIM2, 141 (34.2%)
FIM3, 16 (3.9%) FIM2,3 and 3 (0.7%) non-typeable.

In Finland, PRN-deficient isolates were first detected
in 2011, 6 years after aPV was introduced [6,7]. Since
then, the frequency of PRN-deficient isolates has
increased (Figure 4). Before COVID-19, i.e. 2011-2019,
39 (24.2%) of 161 characterised isolates were PRN-
deficient. Interestingly, during and after COVID-19, the
number of PRN-deficient isolates decreased. In 2024,
410 (99.5%) of the 412 tested isolates expressed PRN
and only two did not. All 412 isolates expressed pertus-
sis toxin (PT) and filamentous haemagglutinin (FHA). Of
the 412 isolates, 238 were genotyped for ptxP using a
method previously described [8]. Of them, 237 (99.6%)
were ptxP3, and only one (0.4%) was ptxP1.

Detection of a macrolide-resistant isolate

of Bordetella pertussis

So far, the causing mechanism for macrolide resist-
ance in B. pertussis is a point mutation A2047G in the
23S rRNA gene within the domain V [9-12]. At the ref-
erence laboratory, the methods used to identify the
point mutation were block-based allele-specific PCR
or High-Resolution Melting Analysis (HRMA) based on
real-time PCR [13,14]. For the allele-specific PCR, only
one band is observed on agarose gel for resistance,
whereas two bands are seen for susceptibility. For
HRMA, resistant isolates have a higher melting temper-
ature than the susceptible ones because of the change

from A to G in the PCR product. We used Etest (bio-
Mérieux, Marcy-I’Etoile, France) to confirm macrolide
resistance as described earlier [15]. A resistant isolate
was obtained from a sample of an adolescent male liv-
ing in the Helsinki metropolitan area. The isolate was
resistant to azithromycin (AZT), erythromycin (ERY)
and clarithromycin (CHL) based on Etest minimum
inhibitory concentrations (MICs) of>256 pg/mL. It was
susceptible to trimethoprim/sulfamethoxazole (SXT),
piperacillin-tazobactam (TZP) and ceftazidime (CAZ)
with MICs<0.047 pg/mL,<0.016 pg/mL and<o.125 pug/
mL, respectively. Cefuroxime (CXM) and doxycycline
(DXT) were found to be intermediate, with MIC<6 g/
mL and<2 ug/mL. We also examined the other PRN-
deficient isolate identified in 2024; it was susceptible
to macrolides.

Discussion

Since April 2024, Finland has been experiencing
an ongoing pertussis epidemic with a high number
of cases. Compared with age distributions in 2019,
i.e. pre-COVID-19, a considerable increase has been
observed in age groups of 10-14 and 15-19 years.
Unlike many other European countries, we did not see
a major increase in infantsaged <3 months (22 cases
until the end of October). In Finland, the whole cell per-
tussis vaccine (WPv) was introduced in 1952. In 2005,
wPv was replaced by aPv. Three primary doses are
given at 3, 5 and 12 months, followed by three booster
doses at ages 4, 14 and 25 years. The coverage of the
first three doses has been»90%. The coverage for the
first booster at the age of 4 years has been over 90%
(e.g. in 2022: 93.4%). Coverage for the booster at the
age of 14 years has been slightly below 90% (e.g. in
2022: 89.4%).

With the non-pharmaceutical interventions imple-
mented during the COVID-19 pandemic, remarkable
reductions in pertussis in all age groups were docu-
mented globally. However, after interventions related
to social distancing were lifted, a resurgence of per-
tussis has been reported in many countries. In Europe,
> 25,000 cases were notified in 2023 and » 32,000
between January and March 2024 [16]. Based on data
from European Centre for Disease Prevention and
Control (ECDC), the age distribution of pertussis cases
also varied between the countries, with 17 European
Union/European Economic Area (EU/EEA) countries
reporting the highest incidence in infants aged < 1 year.
In six other countries, the highest incidence was
reported in adolescents aged 10—-19 years. It should be
kept in mind that among potential factors influencing
this are the national differences in testing practices.

We observed a change in the frequency of PRN-
deficient isolates pre- and post-COVID-19 pandemic.
Before the pandemic, up to 50% of the isolates were
PRN-deficient, whereas after COVID-19 almost all pro-
duced PRN, supporting the recent finding reported in
France [17]. One explanation for the rapid shift from
PRN-deficient to PRN-positive isolates might be that
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FIGURE 2

Number of laboratory-confirmed pertussis cases, 1995-October 2024 (n = 16,971) (A) and age distribution of pertussis
cases, 2019-October 2024 (n = 2,772) (B), Finland
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FIGURE 3

Geographic distribution of Bordetella pertussis isolates analysed at the national Reference Laboratory for Diphtheria and
Pertussis at the University of Turku, Finland, January-October 2024 (n = 462)
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FIGURE 4

Ethical statement

Pertactin-deficient and pertactin-positive Bordetella
pertussis isolates, Finland, 2011-October 2024 (n = 610)
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The number of PRN-positive and PRN-deficient isolates are given
in the bars. Of the 610 isolates, 564 were PRN-positive and 46
PRN-deficient.

since 2019, the acellular vaccine containing only PT and
FHA has replaced the aPv containing PT, FHA and PRN
for primary vaccinations.

In this study, we identified, to our knowledge, the first
macrolide-resistant B. pertussis isolate in Finland.
The isolate was serotype FIM2 and PRN-deficient
and carried ptxP3 allele, similar to the resistant one
in France [17]. Unfortunately, we do not have access
to clinical information of the patient, such as travel
history and potential treatment with antimicrobi-
als. Previously, macrolide resistance has rarely been
reported in Europe, although it is highly prevalent in
China [10,18]. However, since 2024, macrolide resist-
ance has been detected in France and Finland [17].
The emergence of macrolide-resistant B. pertussis in
Europe is worrisome, highlighting the importance
of both epidemiological surveillance and diagnostic
capabilities to detect resistant isolates rapidly. This
is essential especially in infants, in whom early use
of effective therapy might reduce the severity and
duration of symptoms.

Conclusion

Our findings emphasise the importance of continuous
surveillance to monitor changes in bacterial popula-
tions and to study the impact of these changes on the
prevention and incidence of pertussis. Clinical micro-
biology laboratories performing pertussis diagnostics
should develop their capabilities to rapidly identify
macrolide resistance of B. pertussis and thus inform
clinical care of the patients.

www.eurosurveillance.org

Not applicable.

Funding statement

This study was partly supported by Sigrid Juselius Foundation
(240045 to QH) and Tampere Tuberculosis Foundation
(26006205 to QH).

Use of artificial intelligence tools

None declared.

Data availability

Data will be available on request.

Acknowledgements

We would like to thank Liisa Lund for her excellent techni-
cal assistance and all clinical microbiology laboratories who
sent B. pertussis isolates.

Conflict of interest

None declared.

Authors’ contributions

QH and AMB conceptualised the study with input from LI
and JM. MM performed the laboratory analyses and the
data analyses. AN and CSK provided epidemiological data
and participated in the data analyses. JA contributed to the
collection of isolates and participated in the data analyses.
QH, AMB, LI and JM participated in the data analyses. QH
obtained the funding. MM and QH wrote the first draft, and
AMB, AN, CSK, JA, JM and LI contributed to critical reviewing
and editing the manuscript. All authors have read and ap-
proved the final manuscript for publication.

References

1. Finnish Institute for Health and Welfare (THL). Finnish
National Infectious Diseases Register, statistical
database - cases. Helsinki: THL; 2 Dec 2024.
Available from: https://sampo.thl.fi/pivot/prod/en/
ttr/cases/fact_ttr_cases?&row=nidrreportgroup-
878152&column=yearmonth-878344

2. European Commission (EC). Commission Implementing
Decision (EU) 2018/945 of 22 June 2018 on the
communicable diseases and related special health
issues to be covered by epidemiological surveillance
as well as relevant case definitions. Brussels: EC; 22
Jun 2018. Available from: https://eur-lex.europa.eu/eli/
dec_impl/2018/945/0j#:~:text=mumps%2ovirus%2ostrain-
,3.30.%C2%A0%C2%A0%C2%A0PERTUSSIS,-Clinical%20
Criteria

3. Heinonen S, Nohynek H, Melin M, Jordman C, Karkkdinen
S, Nyqvist A, et al. Tydpaperi 40/2024, Hinkuyskarokotteet
raskaana oleville: Suosituksen perusteet. [Working document
40/2024, whooping cough vaccines for pregnant people].
Helsinki: Finnish Institute for Health and Welfare (THL); 2024.
Finnish. Available from: https://www.julkari.fi/bitstream/
handle/10024/149632/URN_ISBN_978-952-408-334-8.
pdf?sequence=1&isAllowed=y

4. Niinikoski V, Barkoff AM, Mertsola J, He Q. Bordetella pertussis
isolates in Finland after acellular vaccination: serotype change
and biofilm formation. Clin Microbiol Infect. 2024;30(5):683.
e1-3. https://doi.org/10.1016/j.cmi.2024.01.021 PMID:
38310999

5

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.49.2400765&domain=pdf&date_stamp=2024-12-05

10.

11.

12.

13.

14.

15.

16.

17.

18.

Elomaa A, Advani A, Donnelly D, Antila M, Mertsola J, He This article is copyright of the authors or their affiliated in-

Q, et al. Population dynamics of Bordetella pertussis in stitutions, 2024.

Finland and Sweden, neighbouring countries with different
vaccination histories. Vaccine. 2007;25(5):918-26. https://doi.
org/10.1016/j.vaccine.2006.09.012 PMID: 17030495

Barkoff AM, Mertsola J, Guillot S, Guiso N, Berbers G, He Q.
Appearance of Bordetella pertussis strains not expressing the
vaccine antigen pertactin in Finland. Clin Vaccine Immunol.
2012;19(10):1703-4. https://doi.org/10.1128/CVI1.00367-12
PMID: 22914363

Barkoff AM, Mertsola J, Pierard D, Dalby T, Hoegh SV, Guillot
S, et al. Pertactin-deficient Bordetella pertussis isolates:
evidence of increased circulation in Europe, 1998 to 2015. Euro
Surveill. 2019;24(7):1700832. https://doi.org/10.2807/1560-
7917.ES.2019.24.7.1700832 PMID: 30782265

Kallonen T, Mertsola J, Mooi FR, He Q. Rapid detection of the
recently emerged Bordetella pertussis strains with the ptxP3
pertussis toxin promoter allele by real-time PCR. Clin Microbiol
Infect. 2012;18(10):E377-9. https://doi.org/10.1111/j.1469-
0691.2012.04000.x PMID: 22909320

Bartkus JM, Juni BA, Ehresmann K, Miller CA, Sanden GN,
Cassiday PK, et al. Identification of a mutation associated with
erythromycin resistance in Bordetella pertussis: implications
for surveillance of antimicrobial resistance. ] Clin Microbiol.
2003;41(3):1167-72. https://doi.org/10.1128/)CM.41.3.1167-
1172.2003 PMID: 12624047

Feng Y, Chiu CH, Heininger U, Hozbor DF, Tan TQ, von

Konig CW. Emerging macrolide resistance in Bordetella
pertussis in mainland China: Findings and warning from

the global pertussis initiative. Lancet Reg Health West Pac.
2021;8:100098. https://doi.org/10.1016/j.lanwpc.2021.100098
PMID: 34327426

Centers for Disease Control and Prevention (CDC).
Erythromycin-resistant Bordetella pertussis--Yuma County,
Arizona, May-October 1994. MMWR Morb Mortal Wkly Rep.
1994;43(44):807-10. PMID: 7968996

Guillot S, Descours G, Gillet Y, Etienne J, Floret D, Guiso N.
Macrolide-resistant Bordetella pertussis infection in newborn
girl, France. Emerg Infect Dis. 2012;18(6):966-8. https://doi.
org/10.3201/eid1806.120091 PMID: 22608348

Wang Z, Han R, Liu Y, Du Q, Liu J, Ma C, et al. Direct detection
of erythromycin-resistant Bordetella pertussis in clinical
specimens by PCR. ] Clin Microbiol. 2015;53(11):3418-22.
https://doi.org/10.1128/)CM.01499-15 PMID: 26224847

Makinen J, Viljanen MK, Mertsola J, Arvilommi H, He Q.

Rapid identification of Bordetella pertussis pertactin gene
variants using LightCycler real-time polymerase chain reaction
combined with melting curve analysis and gel electrophoresis.
Emerg Infect Dis. 2001;7(6):952-8. https://doi.org/10.3201/
eido706.010606 PMID: 11747721

Lonnqvist E, Barkoff AM, Mertsola J, He Q. Antimicrobial
susceptibility testing of Finnish Bordetella pertussis isolates
collected during 2006-2017. ) Glob Antimicrob Resist.
2018;14:12-6. https://doi.org/10.1016/j.jgar.2018.02.012
PMID: 29486357

European Centre for Disease Prevention and Control (ECDC).
Increase of pertussis cases in the EU/EEA. Stockholm: ECDC;
8 May 2024. Available from: https://www.ecdc.europa.eu/en/
publications-data/increase-pertussis-cases-eueea

Rodrigues C, Bouchez V, Soares A, Trombert-Paolantoni S,

Ait El Belghiti F, Cohen JF, et al. Resurgence of Bordetella
pertussis, including one macrolide-resistant isolate, France,
2024. Euro Surveill. 2024;29(31):2400459. https://doi.
0rg/10.2807/1560-7917.ES.2024.29.31.2400459 PMID:
39092529

lvaska L, Barkoff AM, Mertsola J, He Q. Macrolide resistance in
Bordetella pertussis: current situation and future challenges.
Antibiotics (Basel). 2022;11(11):1570. https://doi.org/10.3390/
antibiotics11111570 PMID: 36358225

License, supplementary material and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate
if changes were made.

Any supplementary material referenced in the article can be
found in the online version.

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.49.2400765&domain=pdf&date_stamp=2024-12-05

