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Introduction
Pertussis is an acute respiratory disease caused by a Gram-negative coccobacillus, called Bordetella pertussis,
which is difficult to develop in culture media (fastidious) and proper identification requires non culture
techniques such as PCR or serology. The disease can be serious in children less than six months. Recent
outbreaks of pertussis cases are a challenge in many countries using cellular and acellular vaccines, even those
countries with high vaccination coverage. Different strategies and improved vaccines are required to attain
adequate global control of the disease.

Pathogenesis and Immunity
The infection is transmitted person to person via respiratory secretions of sick individuals. If exposure is
extensive and within a close range, 80 to 100% of susceptible individuals may get infected. Seventeen
susceptible individuals will be infected per every case (reproduction rate).1 The infectious period may last three
or more weeks absent an antimicrobial treatment.
The bacteria spreads through respiratory droplets to the ciliated epithelium in the upper respiratory tract
and adheres via adhesins such as filamentous haemagglutinin, fimbriae, and pertactin. The pertussis toxin,
on the other hand, penetrates the epithelium and significantly modifies the non-specific immune response
such as chemotaxis, the complement system, phagocytosis, and specific immunity, by suppressing B and
T cells. The pathogenesis of the encephalopathy is not completely clear and may be secondary to hypoxia,
microhemorrhages or direct action of the pertussis toxin.1
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The immune response to the natural infection or the use of vaccines is not completely characterized and
seems to involve a humoral immune response and a cellular response. There is no defined serological correlate
of protection. The natural infection produces an immune cellular response with interferon gamma secretion
but no interleukin 5 (IL5), a classic response pattern of the T helper type 1 cells (Th1), which generates a more
prolonged, but undefined, immunity than the vaccine-generated immunity.1,2
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The Disease
The spectrum of the infection may involve from an asymptomatic manifestation up to the classic manifestation
characterized by three periods: catarrhal, paroxysmal, and convalescent. The incubation period is 7 to 10 days.
The catarrhal period is the most infectious but the disease is rarely diagnosed in this phase. It lasts 1 to 2 weeks
and it is indistinguishable from any upper respiratory tract infection.
The paroxysmal period is the defining one for the disease and it is characterized by nonproductive cough fits,
followed by inspiratory stridor and posttussive emesis. It does not produce fever unless a superinfection occurs;
the patient appears normal between coughing episodes. Cough may last up to three months and it may be
evoked later on by other respiratory infections for years.
Pertussis affects individuals of any age but its manifestation is more severe in children under one year of age. In
particular, infants younger than 3 months, who develop complications such as apnea, pneumonia, seizures or
encephalopathy, have a fatality rate of 1.3% during the first month of life.
In adolescents and adults the infection may be asymptomatic; however, it may manifest as a prolonged,
nonspecific cough but also as more classic episodes of paroxysmal cough with emesis and posttussive stridor.
Studies in these populations show that 25% of adolescents and 40% of adults over 60 suffer from complications3
such as sleep disorders, rib fractures, urinary incontinence and cough-induced syncope. The disease is also
associated with work absenteeism, since between 1% and 4% of adult cases require hospitalization.3,4
The clinical manifestation of the disease is not only modified by age but also by vaccination: cases in vaccinated
individuals are milder and less infectious than cases in non-vaccinated individuals.5 The infectiousness of the
disease is reduced with the use of antimicrobials as macrolides, but the symptoms are not modified unless the
therapy is started early on in the catarrhal period.
The immunity conferred by the natural infection is more prolonged than the one conferred by the vaccines. A study
of home contacts in Germany showed symptomatic reinfections only 15 to 20 years after suffering from pertussis.6

Diagnosis
The World Health Organization (WHO) has defined a confirmed clinical case as a person with a cough lasting at
a minimum of 14 days with at least one of the classic symptoms (paroxysms of coughing, posttussive vomiting,
inspiratory whooping) and, in newborns, as respiratory syndrome with apneas.7 It is considered a laboratoryconfirmed case if there is a culture, polymerase chain reaction (PCR), or positive-paired serology. Some
countries have adapted the definition and added the epidemiologic link to a laboratory-confirmed case.8,9
Ordinary laboratory tests are not helpful except in unvaccinated children who exhibit leukocytosis with marked
lymphocytosis. Confirmation of the infection requires detection of DNA, the agent itself, or the immune
response. Therefore, PCR is considered the gold standard because it has high sensitivity and specificity. It is very
useful in the catarrhal and paroxysmal phases but Bordetella DNA becomes undetectable after the third week of
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the disease. It is very useful in adolescents and adults but serology (Ig A) performs better in this population since
the diagnostic suspicion occurs later on. The culture is very specific but slightly sensitive and rarely available for
clinical use. Immunofluorescence is not an advisable test given its variable sensitivity and specificity.8

Global Epidemiology
Pertussis continues to be a public health problem, including in countries with high coverages of vaccination.
It follows an endemic pattern with outbreaks every 2 to 5 years. When analyzing incidence figures and the
ethereal distribution of cases it is important to consider that despite being a notifiable disease, there is very
significant underreporting amongst school-aged children, adolescents, and adults who are not suspected even
with the classic manifestation. Studies with active case searches suggest between 10 and 1,000 undiagnosed
cases per confirmed case.9,10 In Latin America underreporting of pertussis is significant. In 2012, WHO reported
23,489 cases in the Americas, yet the CDC confirmed 49,000 cases only in the United States.11
Over the last thirty years there has been a progressive increase of reporting, in particular amongst schoolaged children in developed countries. Starting in 2011-2012, a significant reemergence of infection has been
observed in Canada, the United States, the United Kingdom, Switzerland, Germany, Australia, and Japan in spite
of high vaccine coverages, with a high rate of cases in adolescents and adults.11 This epidemiologic shift has
been related to the fact that the protection conferred by the acellular vaccines used by developed countries is
shorter (5 - 7 years), and there is greater suspicion and confirmation of cases through improved laboratory tests.
The emergence of mutant B. pertussis strains, against which the vaccine confers no protection, is controversial
since a recent study shows the presence of a high rate of strains lacking pertactin. This would not impact the
effectiveness of the vaccine.12
In developing countries where cellular vaccines are used, the outbreaks have been less evident and the reported
cases affect children under one year of age.11 Argentina, Chile, and Colombia have described outbreaks in
infants and do not report cases in other age groups probably due to a lack of clinical suspicion rather than
a lack of cases.8
The source of infection in infants younger than one year of age is identifiable in 31 to 70% of the cases, including
the parents, usually the mother, but also older siblings and grandparents.13,14 The role of health-care providers in
the transmission of B. pertussis to patients has also been properly documented, given community outbreaks.15
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Vaccines
In the era prior to the introduction of pertussis vaccines, practically all children became infected with B.
pertussis and presented the classic manifestation of pertussis. Countries with high vaccination coverages
have managed to decrease the incidence and mortality1 associated with pertussis by more than 90 percent.
However, pertussis is still currently a public health problem since the inter-epidemic period that is maintained
between 2 and 5 years has not been extended, similarly to what happened prevaccination. This is mainly due
to the fact that the immunity conferred by the vaccines has a limited duration which does not exceed 4 to 12
years.16 Also, circulation of this agent has not been significantly reduced in spite of the use of vaccines given the
limited effect on colonization and infection as suggested by experimental evidence in primates.17
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There are two types of vaccines available: whole-cell and acellular vaccines. Whole-cell vaccines (wP), available
since 1940, are manufactured based on the whole cells of the inactivated (killed) bacteria and have about 3,000
antigens. They are only used in children younger than 7 years of age given the higher frequency of adverse
reactions at a later age. They are used in combination with the tetanus (T) and diphtheria (D) toxoids, hepatitis B
(Hep B) surface antigen and H. influenzae B (Hib) conjugate.
The other group of vaccines comprises acellular vaccines (aP and ap based on the antigen content level) developed
in the 70s due to the fear of association of the whole-cell vaccines with neurological disorders in children, many of
which were disproved later on. As of 1981, acellular vaccines are marketed in Japan and, as of 1991, in the United
States. These vaccines have had the endotoxin removed and they only have between 3 and 5 highly-purified
antigens such as pertussis toxin, filamentous haemagglutinin, pertactin and fimbriae. They were associated with a
lower frequency of local and general reactions. There are acellular vaccines for use in children and others for use in
adolescents and adults with a lower antigen content that decrease adverse events.
Whole-cell vaccines and acellular vaccines have similar efficacy, inducing high levels of antibodies that inhibit
adhesion to the respiratory epithelium and neutralize toxins; however, humoral immunity is insufficient since
B. pertussis is not only an extracellular agent but it can also invade cells as pulmonary macrophages and
stay there for months. Proper protection requires cell-mediated immunity. Whole-cell vaccines induce an
immune response dependent on T helper type 1 cells (Th1) and, thus, memory immunity that generates longer
protection. Therefore, the Pan American Health Organization (PAHO) recommends the use of this vaccine in
infants. Acellular vaccines, in turn, induce Th2-type immunity with little memory.18,19
Children who only received acellular vaccines in their first year of life have a six-fold risk of suffering from
pertussis during the school years or adolescence, as compared to those who received at least one dose of the
whole-cell vaccine.20 Recent information on the use of the tetanus, diphtheria, and acellular pertussis (Tdap)
vaccine among students 11 to 19 years shows that its effectiveness would not exceed 65 to 70 percent.21
In Latin America whole-cell vaccines are used in the primary schedule at 2, 4 and 6 months, with boosters
during the second year of life and also between 4 and 6 years. Only some countries use an additional dose of
the acellular vaccine in adolescence.8
The impact of the vaccine depends on high coverage and is particularly critical for this infection, whose
reproductive number is very high and similar to the measles number. Therefore, coverage rates of 95% are
needed for proper control. In Latin America, pertussis vaccine coverage was maintained at close to 90% in the
2005-2013 period, but it decreased to 88% in 2014. This decrease follows a declining trend over the last four
years, but with great variability based on the countries and their districts. In 2014, only 20 of 40 countries in Latin
America had coverages ranging between 80 and 95% and three of them only reached 50 to 84%.22

Other Control Strategies
The main control measure is to maintain high vaccine coverages, ideally over 95% for the third DTP (diphtheriatetanus-pertussis) dose in the first year. This is not easy to achieve in other age groups so the agent continues
to circulate and generate outbreaks. Consequently, other strategies have been used such as the method known
as cocooning. This strategy intends to protect the newborn and young infant through immunization with
acellular vaccines for the mother, and other family members in close contact with the child. This approach
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has been used in countries such as Australia, France, Germany, and Costa Rica. The impact of these measures
is limited, costly and quite burdensome. In Chile, it was used in some regions where 91% of the mothers were
vaccinated in the postpartum period but only 60% of the other family members received the vaccine. Together
with other measures, disease fatality was eliminated amongst children in these regions while using cocooning.23
Considering that the immune response in vaccinated individuals takes about two weeks, this strategy would
maintain the child unprotected during the first 2 to 3 weeks of life.
Ideally, the vaccine should be administered during pregnancy. The Tdap vaccine is not registered for use in
pregnant women but the strategy is quite promising, since it allows earlier protection for the child by avoiding
infection in the mother and attaining passive protection of the child through the transfer of prenatal antibodies.
Additionally, recent data shows that mothers vaccinated during pregnancy have significantly higher levels
of anti-pertussis antibodies in their breast milk24 and such impact should be assessed. In a recent study
conducted in the United States with the Tdap vaccine during pregnancy,25 levels of antibodies were compared
in newly postpartum women with or without the vaccine and a significant increase of antibodies was observed
against diphtheria, tetanus, pertussis toxin, FHA, pertactin and fimbriae in the vaccinated group. Additionally,
observational studies and case-control studies in England — one country that uses this approach — show that
the efficacy to prevent pertussis in children under 2 months would reach 90%.26,27 The best age for vaccination
would be between 27 and 30 weeks of gestation. In the United States, the recommendation is to revaccinate the
mother with every new pregnancy. The vaccine is properly tolerated and it is not associated with complications
for the mother or the fetus.28 There is no interference with either pediatric vaccines of the infant or impact on
the growth or development of the child.28-30 This approach is used in the United States, New Zealand, Belgium,
Israel, and the United Kingdom, and in several Latin American countries including Argentina, Brazil, Chile,
Colombia, Costa Rica, Mexico, Paraguay, Panamá and Uruguay. This strategy has proven to be the most costeffective and it is currently recommended by the Global Pertussis Initiative.31
The acellular booster in adolescence is another strategy used in Argentina, Panama, Uruguay, and Chile.11 Vaccination
of health workers in contact with children is another option used in Argentina, Panama, and also in Chile during the
last 2011–2012 outbreak. The duration of the protection of acellular vaccines is short but this strategy may be useful
in outbreak situations. Finally, countries such as Canada, France, and the United States have opted for recommending
universal vaccination of adults every 10 years with Tdap; however, such coverage would require special effort since
observance of vaccination in adults is very low and the cost of this strategy is very high.
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Conclusions
None of the strategies proposed will be able to adequately control pertussis, in particular with the progressive
introduction of acellular vaccines that reduce the severity of the disease and mortality, but have minimal impact
on colonization and transmission. Therefore, the development of improved vaccines should be a priority. Such
vaccines must require less doses, must generate long-lasting and better quality immunity, and ideally be used
from the newborn period onwards. Some of the vaccine candidates include products with a higher number of
antigens,32 as well as encapsulated vaccines with adjuvants that favor Th1 and Th17 response,32-34 and also live
attenuated vaccines administered nasally in the neonatal period. The latter vaccine candidates have successfully
completed Phase I trials in humans.32

Potin

7

As we wait for improved vaccines to enter the market, the strategies recommended for Latin America are:





To improve surveillance systems and use of PCR diagnostic confirmation of B. pertussis infection.
To continue the use of cellular vaccines in countries currently following a whole-cell vaccination
schedule while the duration of immunity provided by acellular vaccines is evaluated.
To provide timely vaccination and maintain standardized DTP coverages above 95% throughout the
region and the districts.
To use the Tdap vaccine in pregnant women during the second and third trimesters.
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