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Pertussis in adults: which vaccine?
Pertosse negli adulti: quale vaccino?

Pertussis is a vaccine-preventable, re-emerging infectious disease. More than 42.000 cases have 
been reported in Europe in 2017, in the same range as for the previous three years, with a peak 
incidence in infants <1 year of age, and individuals older than 30 years accounting for 47% of all 
cases. Besides this survey, it is likely that the burden of pertussis is still considerably underestima-
ted (1). In fact, published data indicate a significant increase over recent years in the circulation 
of B. pertussis in adulthood (2), an age at which the disease, although generally not severe, can 
be associated with complications in patients suffering from chronic pathologies and can be easily 
transmitted to vulnerable populations, including neonates. Furthermore, the burden of the disease 
is expected to rise due to population ageing. Pertussis recrudescence is brought about by different 
causes, including waning of the immunity induced by the vaccines, as well as the circulation of 
new strains that carry mutated epitopes in the vaccine antigens. Whichever the cause of resurgent 
pertussis, it clearly appears that there is an urgent need to improve disease control. This goal can 
be achieved through proper immunization strategies for each age group, using all available vacci-
nes, including the booster formulations, where pertussis antigens are combined with tetanus and 
diphtheria (another re-emerging disease). 

Contrary to infant immunization, booster in adults has not been much debated with respect to 
features of the different products. Vaccine efficacy rests on some critical parameters: the nature of 
the antigenic components, their concentration and formulation, as well as the vaccination schedule 
and the immune-status of the host.  

Although whole B. pertussis vaccines are still used in some Countries, the current products, 
which are approved by western regulatory agencies for their safety and efficacy, are acellular. They 
may be containing 1 to 5 antigenic components of the B. pertussis bacterium. The use of inactivated 
toxin, as the component that constitutes the main microbial pathogenic determinant, has already 
proved to be an excellent choice to control tetanus and diphtheria (3). The same holds true also for 
pertussis. Although a serological correlate of protection has not been established for this disease, 
antibodies elicited by the pertussis toxoid (PT) are considered essential and sufficient for conferring 
protection (3), as demonstrated by the vaccination program of Denmark that effectively controlled 
pertussis since 1995 using 1-component acellular vaccine (4, 5). Likewise, the relevance of PT in 
the disease prevention had been highlighted in the efficacy clinical trials with the same product (6, 
7), followed by further effectiveness experiences (8). Other components of B. pertussis (pertactin, 
fimbriae, FHA) induce immune response whose relevance is controversial and still debated, while 
pertussis toxin is considered a central factor in promoting disease pathogenicity, i.e. clinical signs of 
disease manifestation (9, 10). Moreover, the role of pertactin in B. pertussis virulence determination 
is questioned by the recent, frequent isolation of virulent, pertactin negative, mutant strains (11).

The antigenic concentration of an inoculum is also a critical parameter in determining immu-
nization efficacy. It is well known that a low dose can be poorly efficacious in inducing humoral 
and/or cellular immune responses compared to a higher dose. By converse, a too high dose, both 
as a challenge or a booster, could induce tolerance or hypo-reactiveness and therefore leave an 
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individual exposed to a pathogenic insult (12). Thus, an optimal dosage needs to be ascertained 
by dose-response studies, for each indication. For instance, as far as booster pertussis vaccines are 
concerned, randomized, controlled clinical studies have shown that a monovalent vaccine containing 
20 µg of PT induces a stronger and longer lasting humoral and cellular anti-PT response than that 
produced by a vaccine containing 2,5 µg of PT (13-15).  

About the antigenic formulation, a native protein can be recognized by the immune system in 
the form of conformational as well as linear epitopes. When chemically or physically modified, 
proteins lose many conformational and some linear epitopes due to denaturation and misfolding. 
The above modifications will inevitably reduce the antigenic power of the macromolecule. Howe-
ver, if the antigen used for immunization is, as in this case, a toxin, it requires to be inactivated 
to become a toxoid. While some vaccines are treated with formaldehyde and/or glutaraldehyde to 
detoxify PT, other are inactivated by hydrogen peroxide. The latter treatment is meant to better 
save the antigenic nature of PT (16) and this is contributing to a higher immunizing activity. Ge-
netically modified toxins, including PT, are certainly better immunogens that their chemically or 
physically modified counterparts (17). The power of genetics notwithstanding, a simple increased 
level of PT concentration in the acellular pertussis vaccine can be considered relevant to curb 
disease re-emergence.

Development of new adjuvants has become a specific field of vaccinology: the objective is to elicit 
an innate immune response that in turn would boost adaptive immunity. Many adjuvants are toll-like 
receptors agonists able to stimulate memory T and B cells proliferation or to induce a Th1 response. 
It should be mentioned that the immune system of a child is already perfectly suited to respond to 
many antigenic stimuli without the help of adjuvants, while adjuvants could indeed have a role in 
adults or in elderly subjects due to the age-related partial failure of their immune system. Yet, since 
all available booster pertussis vaccines contain similar amounts of a ‘classic’ adjuvant (aluminium 
salts), the adoption of products with a higher antigenic content should be considered.

Vaccination schedule and immune-status of the host are clearly interlinked since vaccination 
timing is age-related, as the host immune status is. A Danish study (8) evaluating effectiveness of 
PT vaccine, has shown an increased incidence of pertussis in the youngest infants that were unvac-
cinated for a longer time-period (vaccination schedule of 3, 5 and 12 months of age), with respect 
to those vaccinated with whole cell vaccines at an earlier age (vaccination schedule of 5, 9 weeks 
and 10 months). This phenomenon, although ascribable to local epidemiological conditions and 
reflecting different biological properties of the vaccines, raises the point that the earlier the better 
as far as vaccination onset is concerned. Hence, the indication of pertussis vaccination provided 
for pregnant women should be strengthened as a key part of the cocoon strategy to protect neona-
tes. Moreover, what should be taken in mind, given the resurgence of pertussis, is the adoption of 
booster doses in adolescents and adults (every ten years), a recommendation advocated for a long 
time, but quite often neglected (18). 

In summary, a few themes deserve particular attention for any reasoning on how to better control 
pertussis, in particular in adulthood:  i. Senescence of the immune system starts already during 
adolescence, ii. Despite high coverage rates in neonates and children, the effect on B. pertussis 
circulation is limited due to waning of immunity a few years after vaccination, iii. There is very low 
adhesion to booster doses in adults and elderly.  With this in mind one can certainly aim at develo-
ping newer vaccines e.g. by a genetically modified PT or by choosing new bacterial component as 
antigenic stimuli. On the other hand, the present scenario can be certainly controlled by optimizing 
neonatal and maternal immunization and by simply increasing booster coverages in adolescents, 
adults and elderly using the currently available TdaP vaccines, all recommended without age limits 
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(19, 20), and preferably containing higher antigen concentrations, thus strengthening individual 
protection and developing group immunity. 
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