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Abstract

Conjugate anti-pneumococcal vaccines are available in 
routine practice for over two decades now. They have en-
abled tremendous progress to be achieved in the preven-
tion of severe Streptococcus pneumoniae infections in both 
children and the elderly. S. pneumoniae is a complex bacte-
rium that has over 90 capsular serotypes each with specific 
virulence. The advent of PCV13 after PCV7 was expected to 
further reduce the burden of pneumococcal infections as 
non-vaccine serotypes started emerging a few years after 
PCV7 was introduced. Even though much has been achieved 
and several lives saved, we are faced, in recent years, with 
cases of Vaccine Break Through (VBT) and Failure (VF). 

Through this overview, clinicians are reminded that some 
vaccine serotypes are less immunogenic, therefore, well-
vaccinated children may present with severe S. pneumoniae 
infections as shown by several reports. 

We believe that reporting all cases of VBT and VF is of 
utmost importance as it would strengthen our epidemio-
logical knowledge and aid in public health policy decision-
making processes.

Introduction

Pneumococcal infections remain a serious public health 
challenge across the globe, with high morbidity and mortality. 
Worldwide, these infections claim over half a million deaths 
annually in developing countries [1]. S. pneumoniae, a gram-
negative bacterium, is a common finding in human nasopharyn-
geal flora, particularly in toddlers attending daycare facilities in 
whom, up to 40% are carriers [2,3]. S. pneumoniae causes both 
non-invasive (otitis media, sinusitis, pneumonia) and invasive 
infections such as bacteremia, meningitis, and septicemia in 
children. It is a complex bacterium that contains over 90 known 
serotypes present in its polysaccharide capsule, each having dif-
ferent prevalence and multifaceted virulence [4]. The bacterial 
polysaccharide capsule is important for its virulence, and, it is 
strongly anti-phagocytic in a non-immune host [5].

In the case of vaccination, however, antibodies are raised 
against the capsule and are protective only against the specific 
serotype contained in the vaccine.

The S. pneumoniae capsule is made of several components, 
of which peptidoglycan and teichoic acid, released upon lysis of 
the bacterium, act as potent mediators of inflammation in the 
host. Pneumolysin, another capsular component, is a potent in-
flammatory mediator that is also released upon lysis of the bac-
terium. It then stimulates the production of TNF-α and IL-6 in 
macrophages and causes lysis of host cells. Pneumolysin plays 
an important role in hearing loss that occurs following pneu-
mococcal meningitis in about 30% of affected children [6-9].  
Zinc metalloprotease, a protein produced by the bacterium de-
grades immunoglobulins A1 and facilitates colonization. Lastly, 
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the pneumococcal surface protein antigen is indispensable to 
the bacterium for it to be fully virulent [9].

Transmission

S. pneumoniae is spread in person-to-person fashion, through 
contact with secretions from colonized individuals. Colonization 
is more common and higher in early childhood, especially in 
preschool children [10]. In developed countries, toddlers under 
the age of 2 years constitute the most vulnerable population 
group as they have a high rate of daycare attendees. This group 
also has the highest infection rates. Fortunately, the carriage of 
serotypes with high invasive potential is usually shorter in dura-
tion [11]. 

Risk factors for invasive pneumococcal disease in childhood 
(IPD) 

Among several known risk factors, age below two years is 
an important susceptibility factor. Overall, in the general pe-
diatric population (age 0 to 15 years), a predisposing factor 
for IPD is relatively frequent, with a prevalence of 20 – 25%. 
Among these, crowding, presence of older siblings, passive 
smoking in the household, and the season of the year are 
those most commonly reported [12-14]. Children with con-
ditions such as those associated with the poor synthesis of 
immunoglobulins (primary or acquired hypogammaglobu-
linemia), beta-cell dysfunction, complement deficiencies, 
and defects in the TLR pathway, congenital or acquired asple-
nia, HIV infection, lung affections, neurological, and chronic 
heart diseases are at high risk of contracting IPD [15-20].  
It is worth mentioning that any condition associated with CSF 
leakage (head trauma with a skull fracture and/or inner ear mal-
formation) also constitutes a predisposing risk factor for IPD.

Conjugate pneumococcal vaccination and post-vaccination 
era

Polysaccharide pneumococcal vaccines (PPV23 and PPV14) 
have been available since the late 1970s. But, because of their 
being T-cell independent antigens, they are non-immunogenic 
in children under the age of 2 years, the ones at the highest 
risk of developing serious pneumococcal infections. Thanks to 
advances in medical and pharmacological research, the devel-
opment of Pneumococcal Conjugate Vaccines (PCV) in which 
polysaccharides are conjugated to a carrier protein resulting 
in a T-cell dependent immune response, with the induction of 
memory cells in very young infants and children, has been pos-
sible. Besides, PCV gives an additional possibility for a booster 
response in case of subsequent polysaccharide antigen expo-
sure. PCVs also have beneficial effects on the nasopharyngeal 
carriage via the vaccine-induced IgG which may spread to the 
mucosal lymphoid tissue. The impact of PCV introduction on the 
global pediatric morbidity is universally acknowledged by sev-
eral studies [21-25]. But, a few years after the implementation 
of PCV7, the first-ever conjugated anti-pneumococcal vaccine 
made available for routine clinical use, concern was expressed 
over the emergence of infections due to the non-vaccine se-
rotypes [26,27]. This, subsequently, led to the development of 
PCV13.

Where do we stand in the post-PCV13 era?

Tremendous progress has been accomplished in the field of 
pneumococcal infection prevention, initially with the advent 
of PCV7 followed by PCV13, the benefits of which have been 
universally acclaimed. The immunogenicity studies carried out 

after the implementation of PCV13 have shown its ability to in-
duce antibody production well above the recommended cover-
age level (≥ 0.35 mcg/ml) against the six additional serotypes (1, 
3, 5, 6A, 7F, and 19A) that had caused concern after the PCV7 in-
troduction, in 98 – 100% children who had received three injec-
tions [28,29]. This optimistic response has, since, been disputed 
by some authors, particularly with serotype 3, based on clinical 
experiences with vaccine failures [30,31].

It, therefore, appears that a challenge remains, as cases of 
vaccine failure are being reported [32-36]. It has also been em-
phasized that some vaccine serotypes are less immunogenic, 
and still cause some concern in clinical practice even in well-
vaccinated children [33,37]. 

In an animal model study aimed at evaluating the correlation 
of pneumococcal capsule size (serotypes 3, 4, 19F and a mutant 
capsule-free serotype 4) with pulmonary neutrophil extracellu-
lar traps (NETs) and disease severity in the mice lungs, Moorthy 
et al. showed that the serotype 3 (thickest capsule) induced the 
most severe infection, and was resistant to neutrophil-mediated 
killing. The serotype 3 also caused the highest extent of pulmo-
nary NETs in comparison to other serotypes studied namely 4, 
19F, and mutant serotype 4. This study also highlighted the fact 
that pneumococcal capsule which is different in each serotype, 
facilitates evasion from entrapment by NETs [38].

Another particularity with pneumococcal serotype 3 was re-
ported by Trück et al. in a study evaluating the Memory B cell 
response to a PCV-13 booster in 3.5-year-old children primed 
either with PCV-7 or PCV-13. These authors found a strong 
inverse correlation between antibody concentrations and op-
sonophagocytic activity titers at baseline and B memory cell 
response for the serotype 3 after vaccination booster, suggest-
ing that pre-existing serotype-specific antibodies likely inhibit B 
memory formation in response to vaccination [39]. 

What about SBI and IPD after PCV13?

It is reasonable wisdom to accept that vaccines do not con-
fer 100% efficacy against all incorporated antigens, although we 
would expect that all correctly vaccinated children become en-
tirely protected. Vaccine breakthroughs and failures may occur 
as a result of incomplete vaccination, incomplete coverage of 
strains, serotypes, genotypes, antigenic variants, the existence 
of risk factors, etc. [32].

Vaccine breakthroughs are defined as cases of infec-
tion occurring in incompletely vaccinated individuals. Vac-
cine failure, on the other hand, is defined, according to the 
Council for the International Organizations of Medical Sci-
ences and the World Health Organization Working Group, 
as the occurrence of a specific vaccine-preventable disease 
in a fully vaccinated person, after sufficient time has elapsed 
(2 weeks or longer after the last dose of a given vaccine) for 
protection against the antigens of the vaccine to develop [40]. 
In a French study covering the period from 2003 to 2013, Godot 
et al. reported a rate of vaccine breakthrough (VBT) of 3.2% 
(24/943 in PCV7 era, 15/290 in PCV13 era) cases and 0.6% cases 
of vaccine failure (VF) (6/943 in PCV7 era and 2/290 in PCV13 
era). In this study, both VBT and VF although rare were com-
moner in toddlers, serotype 19F was the most prevalent even 
after the introduction of PCV13. It is worth mentioning in this 
study, that of 15/290 PCV13 vaccine failures, 11 cases of men-
ingitis occurred in children with underlying risk factors [35]. 
In another study in the USA, Olarte et al., reporting on the im-
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pact of PCV 13 on pneumococcal meningitis in eight US hospi-
tals, concluded that despite the introduction of PCV13 the num-
ber of pneumococcal meningitis remained unchanged whereas 
the proportion of vaccinal serotypes decreased significantly.  
S. pneumoniae serotype 19A was the most frequent causative 
agent during their study period (2011 – 2013). These authors 
also observed a significant decrease in PCV13 serotypes (from 
54% to 27%), non-vaccine serotypes represented 73% of iso-
lates during the same period [36]. In Sweden, Galanis et al. re-
ported a decrease in IPD incidence following PCV7 introduction, 
but not with PCV13 in vaccinated children. Following PCV13 
introduction, serotypes 6A and 19A decreased whereas sero-
type 3 remained unchanged. The vaccination had a real impact 
on meningitis, septicemia, and severe rhinosinusitis, but not on 
bacteremic pneumonia in young children [41]. Cases of vaccine 
breakthrough and failure have also been reported in Catalonia 
by Fernando Moraga-Llop et al. [42] and more recently by Her-
nandez et al. [43]. In England and Wales, a substantial reduction 
in IPD has been observed following the introduction of PCV13; 
these results are, however, being compromised by the rapid 
increase in infections caused by non-PCV13 serotypes [44]. In 
Australia, Zimmermann et al. have reported, in children vacci-
nated per the local schedule of 3 + 0, a level of antibody be-
low the protection threshold at the age of 13 months. Children 
were, especially, less protected against serotypes 4, 19A, 23F, 
and 6B, with the lowest antibody levels recorded for serotypes 
4, 19A, 23F, and 3 [45]. Cases of vaccine failures have also been 
reported in children aged > 1 year since the introduction of 3 + 0 
vaccination schedules with PCV13 [46-48]. There remains an un-
answered question that was put forward as far back as 2014, by 
Andrews et al. of, whether the defined antibody levels of ≥0.35 
µg/ml for IPD and ≥ 0.5 µg/ml for mucosal disease hold for all 
PCV13 serotypes. We speculate, like others, that the degree of 
virulence varying with each serotype; it could, likely be that in-
duced antibody level following vaccination is also variable [49]. 
More clinical research is needed to clarify this particular point. 
The precise incidence of both VBT and VF is hard to ascertain, 
we are, therefore, tempted to believe that both VBT and VF 
cases are probably under-reported worldwide.

Conclusion

The advent of PCVs has led to tremendous progress in 
the prevention of pneumococcal infections with a substan-
tial reduction in both morbidity and mortality in the pediat-
ric population. The emergence of non-vaccine serotypes is, 
however, a challenge that we are faced with, in addition to 
several other aspects such as vaccine failure and low immu-
nogenicity of some serotypes contained in PCV13, the sero-
type 3 in particular. Clinicians must remain vigilant in caring 
for infected children irrespective of their vaccination status.  
They are also invited to be pro-active in reporting cases of VBT 
and VF, to enable the global S. pneumoniae epidemiological 
comprehension and surveillance. 
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