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SUMMARY

Pertussis is a worldwide acute respiratory disease caused by the bacterium Bordetella pertussis.
Despite high vaccine coverage, the bacterium continues to circulate in populations and is still one
of the most common vaccine-preventable diseases. In Brazil, pertussis incidence has presented a
significant decrease since 1990 but since 2011 a sudden increase in incidence has been observed.
Thus, the aim of this study was to perform a molecular epidemiological characterization of B.
pertussis strains isolated in the Central-Western region (specifically in Distrito Federal) of Brazil
from August 2012 to August 2014. During this period, 92 B. pertussis strains were isolated from
the outbreaks. All strains were characterized by serotyping and XbaI pulsed-field gel
electrophoresis profiles. From August to December 2012, the most prevalent serotype observed
was 1,3 (13/17). During 2013 the prevalence of serotype 1,3 decreased (13/30) and from January
2014 to August 2014 the most prevalent serotype was 1,2 (33/45). Fourteen PFGE profiles were
identified. Of these, BP-XbaI0039 prevalence increased from 3/17 in 2012 to 10/30 in 2013, and
35/45 in 2014. These results evidence the selection of a specific genetic profile during this period,
suggesting the occurrence of a bacterial genomic profile with high circulation potential.
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INTRODUCTION

Pertussis, or whooping cough, caused by the bacter-
ium Bordetella pertussis is a worldwide acute respira-
tory disease [1]. Despite the implementation of
immunization programmes and high vaccine coverage,
the bacterium continues to circulate in populations and
is still one of the most common vaccine-preventable

diseases [2]. Thedisease is severe innewborns andunvac-
cinated infants, and can cause mortality in these age
groups. Moreover, the absence or low coverage of adult
boosters in some countries increases the circulation of
thebacteriumandenhances the transmission tounimmu-
nized infants.Recently, large outbreaks of pertussis have
been reported in various countries from America and
Europe.These outbreaks indicate thatB.pertussis strains
are still circulating among people and causing epidemics
even in highly vaccinated populations [3].

In Brazil, pertussis vaccination was introduced
in 1977. In 2004, a booster dose vaccination was intro-
duced for children aged 4–6 years. Currently, three
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primary doses are administered to babies at ages 2, 4
and 6 months, with two booster doses recommended
at ages 15 months and 4 years. The Brazilian pertussis
vaccination programme uses whole cell (wP) vaccine
for the first dose and for the booster doses. Acellular
(aP) vaccine is only recommended for pregnant
women and for children with severe risk of adverse
reactions to wP vaccination [4].

Since 1990, pertussis incidence has shown a signifi-
cant decrease, from 10/100 000 population to 0·32/100
000 population in 2010, with 427 confirmed cases.
Markedly, since 2011 a sudden increase in incidence
has been observed: 2070 cases were reported in that
year, reaching 8447 confirmed cases in the country
during 2014 [4]. The main hypotheses to explain the
recurrence of pertussis outbreaks are the genetic and
phenotypic changes of the strains, the low potential
for induction of immunity by the vaccine, the
improvement of both epidemiology surveillance and
diagnostic techniques [5, 6].

To contain pertussis resurgence, effort must be made
to better understand and discontinue the mechanisms
associated with the bacterial dissemination. The charac-
terization of the circulating strains may provide insights
about bacterial mechanisms associated with the success
of the transmission. In this way, the aim of this study
was to perform themolecular epidemiological character-
ization of B. pertussis strains isolated in the Distrito
Federal region of Brazil from July 2012 to August 2014
using both serotyping and XbaI-PFGE.

METHODS

Bacterial isolation and growth conditions

B. pertussis strains were isolated from nasopharyngeal
swabs of patients presenting whooping cough signs
during August 2012 to August 2014 in the Distrito
Federal region of Brazil (Central–Western Region of
Brazil). The isolation was done by the Central
Public Health Laboratory of the Federal District
(Laboratório Central de Saúde do Distrito Federal;
LACEN), the official surveillance institute of the
region. The samples used in this study were obtained
from the epidemiology surveillance collection of
LACEN. Besides the isolates, information about
patients’ gender, patients’ age and period of the strains
isolation were used (Supplementary Table S1). All
strains isolated during the period analysed were used.

Briefly, nasopharyngeal swabs were cultured in
Regan–Lowe agar plates (Oxoid, UK) supplemented

with 10% sheep blood and 40 μg/ml cefalexin (Sigma
Aldrich, USA). The plates were incubated under
humid conditions at 35–37 °C for up to 10 days.
Suggestive B. pertussis colonies were submitted for iden-
tification on the VITEK-2 system (bioMeriéux, France).
All positive cultures of B. pertussis were maintained at
−70 °C. For serotyping and genetic similarity analysis
bypulsedfieldgel electrophoresis (PFGE),allB.pertussis
isolates were cultivated in Regan–Lowe plates supple-
mented with 10% sheep blood under humid conditions
at 35–37 °C during 3 or 4 days.

Serotyping

Serotyping was done by agglutination test for
O1-specific B. pertussis and for Fim2 and Fim3 fimbrial
antigens by the slide agglutination test using O1, and
Fim 2 and Fim 3 antibodies, respectively [7, 8]. The
bacterial suspension used was done in saline solution
0·85%. B222 and B201 B. pertussis strains were used
as positive controls for serotypes 1,2 and 1,3 [7]. The
O1 antiserum and fimbrial 2 and 3 monoclonal anti-
bodies were prepared at Instituto Adolfo Lutz using
reference strains kindly supplied by the Pertussis
Reference Laboratory, University of Manchester.

PFGE

PFGE analysis was performed as described by Advani
et al. [9], using XbaI as a restriction enzyme, with the
following modifications. Electrophoresis was per-
formed at 6 V/cm for 24 h at 14 °C and pulse times of
5–6 s for 11 h and 8–35 s for 13 h. The PFGE profiles
were analysed using BioNumerics software package
v. 4.0 (Applied Maths Inc., USA). The profiles were
compared by the unweighted pair-group method using
arithmetic averages (UPGMA) as the clustering
method, with 1% band tolerance and 1% optimization
settings with Dice similarity coefficient. Three strains
were not used in PFGE because they did not grow.

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware v. 18.0 (IBM Corp., USA). The χ2 test was
used for proportion comparison.

Ethical approval

The study was conducted as an IRB-approved protocol
(Ethical approval no. CAAE 43098415.6.1001.5553 –
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FEPECS/SES-DF Secretaria de Saúde do Distrito
Federal, DF, Brazil).

RESULTS AND DISCUSSION

In Brazil, suspected pertussis cases are confirmed or
discarded at the health unit on the basis of clinical,
epidemiological or laboratory criteria. A case with a
negative or absence of bacterial culture, lack of epi-
demiological link, or without confirmation of other
aetiology is confirmed by clinical criteria if the
blood count presents: 520 000 leukocytes/µl and
510 000 lymphocytes/μl. Epidemiological criteria are
met with a confirmed case of pertussis via laboratory
testing, which is performed between the beginning of
the catarrhal period until 3 weeks after the beginning
of the disease paroxysmal period. Laboratory criteria
are based on the isolation of B. pertussis using a culture
of nasopharyngeal secretion or positive polymerase
chain reaction [4]. In the region analysed in this study,
92 B. pertussis strains were isolated from August 2012
to August 2014. The majority of strains were obtained
in 2014 (January–August; 45/92), followed by the year
2013 (30/92), and by 2012 (August–December; 17/92).
The most isolates were obtained from patients aged 2–
4months (40/92), followed by patients aged 0–1months
(28/92). The high prevalence of B. pertussis isolation
observed in babies up to age 6 months is consistent
with confirmed case prevalence data in Brazil. From
2007 to 2014, 34·5% of confirmed pertussis cases
occurred in infants aged 0–2 months, and 22·4% were
observed in children aged 3–6 months [4]. Currently,
in Brazil pertussis immunization is done with three
doses of wP vaccine given at ages 2, 4 and 6months, fol-
lowed by two booster doses at ages 15 and 48 months.
Thus, as in Brazil, the high prevalence of pertussis in
Distrito Federal has been observed in children in the
process of immunization [4].

Seroprevalence studies of anti-pertussis toxin in
people demonstrated that pertussis is highly circulat-
ing in different populations with distinct vaccine
profiles, including circulation in maternal age groups
[5]. Thus, mother–baby contact is the most likely
cause for pertussis infection during the process of
immnunization or in unimmunized babies throughout
the world [5]. For this reason, Brazil introduced the aP
vaccination for pregnant women in 2013 [4]. In this
study, the isolation of 42 B. pertussis strains from
infants aged 0–4 months during January–August
2014 suggests the occurrence of baby infection by
mother contact. However, we could not draw

conclusions about the efficacy of vaccinating pregnant
women because we did not have information about
the mother’s vaccine status. Future surveillance stud-
ies are required to demonstrate the impact of vaccin-
ation of pregnant women as a method of containing
the resurgence of pertussis in Brazil.

The pattern of high prevalence of infant patients
(0–4 months) observed in this study and in Brazil [4]
is different from that observed in countries implement-
ing aP vaccination. In the United States, for example,
epidemic peaks with a disproportionate number of
cases in teenagers (11–19 years) [10] have been observed
and were attributed to the waning immunity of aP vac-
cine. InBrazil, the high prevalence of pertussis in infants
has been attributed to the contact of unimmunized
babies with subclinical adult patients [4].

All the three B. pertussis serotypes were identified
in the isolates. Serotype 1,2 was the most frequent
(49/92), followed by serotype 1,3 (30/92) and serotype
1,2,3 (12/92). One strain did not present agglutination
with Fim2 and Fim3 antibodies and was classified as
not typed (Supplementary Fig. S1). During the period
analysed, an inversion of serotype prevalence was
observed: from August to December 2012, the most
frequent serotype was 1,3 (13/17); in 2013 the fre-
quency of serotype 1,3 decreased (13/30), and from
January 2014 to August 2014 the most frequent sero-
type was 1,2 (33/45) (Fig. 1). Shift in serotype preva-
lence have already been reported in Finland between
1990 and 2003 (from 1,2 to 1,3) [11], in Poland
between 1998 and 2006 (increase in 1,2) [12] and in
Ireland between 2007 and 2012 (increase in 1,2 and
decrease in 1,3 prevalence) [12]. Unlike Poland and
Ireland, high prevalence of serotype 1,3 has been
observed in countries with aP vaccine, e.g. Canada
and European countries [12, 13]. As the strain used
for wP vaccine in Brazil presents serotype 1,2,3 [14],
our results suggest that the pertussis outbreaks ana-
lysed were not associated with vaccine immunity pro-
moted by fimbrial adhesins. Adhesin characterization
should be performed to evaluate this hypothesis.

The study of the evolution of B. pertussis is of great
importance in order to understand the forces that
drive the bacterium to survive and face environmental
evolutions such as the pressure exerted by vaccines
[15]. In this way, PFGE analysis identified 14 circulating
profiles sharing 84·6% genetic similarity (Supplementary
Fig. S1andSupplementaryTable S1): 11 of these profiles
were observed from August to December 2012; seven in
2013 and five during January–August 2014 (Fig. 2).
Prevalence of BP-XbaI0039 increased between 2012
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and 2014: from 17·6% (3/17) between August and
December 2012; 18·2% (2/12) from January to July
2013 to 61% (11/18) from August to December, and
70% (30/43) from January to August 2014 (Fig. 2).
Such changes inPFGEpredominant profiles as observed

in our study for the BP-XbaI0039 profile or in theUnited
States during 2000–2012 outbreaks [16] or in Europe
between 1998 and 2012 [12] are probably the result of
selection pressure occurring in each area considered
and pertussis immunization programmes may

Fig. 1. Serotype prevalence of Bordetella pertussis strains isolated in the Distrito Federal region of Brazil in four periods
(August–December 2012; January–July 2013; August–December 2013; January–August 2014). NT, Non-typed.

Fig. 2. Prevalence of genetic profiles identified by pulsed field gel electrophoresis (PFGE) in Bordetella pertussis strains
isolated in the Distrito Federal region of Brazil in four periods (August–December 2012; January–July 2013; August–
December 2013; January–August 2014).
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contribute to this selection. As a consequence, circulat-
ing isolates differ from vaccine strains as in other
countries [12, 16, 17].The comparisonof changes in pre-
dominance of PFGE profiles is relevant to monitoring
the biodiversity of circulating B. pertussis strains.
These studies are critical for understanding the epidemi-
ology of the disease and could be a tool for optimizing
prevention and control strategies for pertussis [16].

The increasing prevalence of the BP-XbaI0039 profile
from2012 to 2014may suggest that BP-XbaI0039 strains
are under a selection process in the region analysed. It is
likely that the pertussis control programme implemented
is, insomeway,contributing tothis.Thereportingofclin-
ical isolateswithgeneticandphenotypicprofilesdifferent
from those of vaccine strains is evidence of selection of
circulating strains by the wP vaccine. In Argentina, for
example, genomic and proteomic analysis demonstrated
that a clinical isolate presented more similarity with a
Brazilian vaccine strain than those used in Argentinian
pertussis vaccination [17].

In outbreaks occurring in Finland from 1991 to
2003, the most common PFGE profiles were clearly
correlated with serotypes [11]. Unlike in Finland, the
statistical analysis of serotyping and PFGE observed
in this study showed that BP-XbaI0039 profile selec-
tion was independent of serotype. These observations
suggest that the increasing BP-XbaI0039 prevalence
was not associated with fimbrial adhesins, and was
probably mediated by other cellular structures or
mechanisms of the bacterium for immune evasion.
Previous studies in countries with wP vaccination
showed that alterations in virulence factors, such as
pertactin and ptx, were associated with B. pertussis
evolution and is suggested to be vaccine driven
[11, 18, 19].

PFGE profile changes are concurrent with other
recentmolecular changes inB.pertussisandmaybecon-
tributing to the re-emergence of pertussis. In this study,
we observed the increased prevalence of one specific
PFGE profile and the decrease of other profiles during
2012–2014 outbreaks in the Central-Western Region
of Brazil. The results suggest a process of selection of a
B. pertussis genetic profile, probably in a vaccine-driven
way. Continued PFGEmonitoring is critical for under-
standing the changing epidemiology of pertussis [16].
Further characterization is needed to identify the viru-
lence factors and physiological features of bacteria
responsible for the selection of the BP-Xba0039 gen-
omic profile.

Since its standardization [20], PFGE has been used
as the gold standard for B. pertussis typing and

molecular epidemiology studies. However, PFGE
does not allow the comparison of patterns observed
by different laboratories, which makes the identifica-
tion of pandemic strains difficult. Some limitations
of PFGE, e.g. non-discrimination between all unre-
lated isolates due to non-optimal separation of DNA
fragments in every part of the gel at the same time,
and, due to the presence of fragments from different
parts of the chromosome presenting the same size
are potential biases for B. pertussis typing.

Nowadays, more emphasis is placed on molecular
typing methods such as PFGE in tandem with other
typing methods like MLVA/MLST (multilocus
variable-number tandem-repeat analysis/multilocus
sequence typing). However, PFGE can be useful for
strain selection when genetic diversity is a desired par-
ameter for analysis. A complete description of the
molecular evolution of B. pertussis provided through
whole-genome methods such as PFGE and sequen-
cing may help development of the next generation of
pertussis vaccines [16]. Genomic characterization of
BP-Xba0039 PFGE strains can be used for under-
standing the evolution of circulating strains in the
region analysed.

SUPPLEMENTARY MATERIAL
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