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Compulsory use of the 7-valent pneumococcal conjugate vaccine in the framework of national
pediatric immunization schedules of the developed countries resulted in significant decrease in
the prevalence of the pneumococcal infections induced by the vaccinal serotypes. However, a
growth in prevalence of the pneumonia and acute otitis media caused by non-vaccinal strains
has also been observed. This required introduction of a new 13-valent pneumococcal conjugate
vaccine with a wider range of pneumococcal population coverage. The experience of application
accumulated in various countries (2010 onwards) and results of the authors’ observations
indicate high safety of the 13-valent pneumococcal conjugate vaccine for both healthy under-5
children and patients with various medical issues. The article presents results of the 13-valent
pneumococcal conjugate vaccination tolerance assessment. The study involved 110 children
from 2 months to 5 years of age. In most cases immunization concurred with other pediatric
vaccines. The incidence of local reactions in vaccinated children did not exceed 33%, of
generalized reactions — 11%. The authors observed a comparable incidence of side reactions in
both virtually healthy children and children with various medical issues.

Keywords: pneumococcal infection, vaccination, 13-valent pneumococcal conjugate vaccine
(PCV13), vaccination safety, children.

INTRODUCTION

Outcomes of severe pneumococcal infection in children may be disastrous and, potentially,
worse than outcomes of any other infections prevented with routine vaccinations. Moreover,
mortality and incapacitation rates associated with severe pneumococcal infections remain higher
than such rates associated with other vaccine-managed infections. Increasing resistance of the
causative agent to antibacterial drugs complicates the matter further and emphasizes the need in
a preventive approach. However, a visible downward pneumococcal infection mortality rate
trend due to wide use of pneumococcal conjugate vaccines ought to be mentioned. According to
the updated data of the World Health Organization as per 2008, up to 14.5 mn cases of
pneumococcal infection-induced diseases are detected in under-5 children annually [1]; on the
average, 541,000 of them die. In 2000, mortality due to pneumococcal diseases was 1.5 times
higher — 826,000 [2]; it remains the highest in the developing countries of Africa and Asia,
whereas in the developed countries of Europe and North America the mortality rate is tens of
times lower.

The first pneumococcal conjugate vaccine with 7 most epidemiologically significant
pneumococcal serotypes has been used for more than 10 years. Significant decrease in the
incidence of invasive pneumococcal infections (IPIs) is associated with introduction of a 7-
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valent pneumococcal conjugate vaccine (PCV7) to schedules of compulsory pediatric
vaccinations in the developed countries in the beginning of the 2000s. Decrease in the morbidity
rate has been confirmed not only in the group of vaccinated infants, but also among adults due to
the community immunity effect. Such a decrease in morbidity has been registered in the USA [3,
4], Canada [5], Australia [6], Germany [7], Norway [8]. The most important result of cohort
PCV7 vaccination is lower incidence of severe pneumococcal infections — meningites and
invasive infections in whole. E.g., in the USA — one of the first countries to introduce PCV7 to
the national immunization schedule — the level of invasive pneumococcal diseases induced by
the vaccinal serotypes decreased by 75% among the vaccinated infants and by 45% — in the
unvaccinated population [3, 4]. From 1998/1999 to 2004/2005, the total rate of pneumococcal
meningites in the USA decreased from 1.13 to 0.79 cases per 100,000 people; incidence of
meningites of any etiology among under-2 children decreased by 64% (from 10.16 to 3.66 cases
per 100,000 people) [9]. Naturally, the decrease in morbidity was primarily associated with the
infections induced by the PCV7 pneumococcal serotypes (vaccinal serotypes). Other significant
results of cohort PCV7 vaccination are a considerable decrease in occurrence of antibiotic-
resistant pneumococcal strains and sanitation of pneumococcus carriers.

However, pneumococcus remains one of the primary causes of morbidity and mortality due to
vaccination-preventable infections among under-5 children. It appeared that since spread of
cohort vaccination the predominant pneumococci inducing severe invasive diseases, pneumonia
and acute otitis media, have been non-vaccinal causative agent’s strains, primarily 1, 3, 5, 6A
and 19A. Analysis of 750 cases of invasive pneumococcal infections observed in PCV7-
vaccinated children demonstrated that the vaccination was ineffective only in 4% of the cases
[3]. In all other cases IPIs were induced by non-vaccinal pneumococcal strains. In the USA the
incidence of diseases induced by strain 19A increased from 0.8 to 2.5 cases per 100,000 people
in 1998-2005. Thus, serotype 19A was the cause of 36% of IPIs in under-5 children in 2005.
Pneumococcal serotypes 1, 3 and 19A were the most commonly observed serotypes in American
children with pneumonia; serotypes 19A and 6A caused the severest and the most protracted
forms of acute otitis media. Moreover, pneumococcus 19A was the most antibiotic-resistant
serotype.

Results of other clinical studies performed in 2005 demonstrated a vaccinal strain replacement
phenomenon: decrease in prevalence and transmission of pneumococcal vaccinal serotypes in the
presence of cohort PCV7 vaccination was accompanied by increase in the non-vaccinal
serotype-induced pneumococcal diseases (pic. 1) [10].

Pic. 1. Rate of invasive pneumococcal diseases in under-5 children (USA, 1998-2004)
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The obtained results impelled researchers to create a pneumococcal conjugate vaccine with an
extended spectrum of causative agent strains.

The 13-valent pneumococcal conjugate vaccine (PCV13) for preventive invasive pneumococcal
diseases and acute otitis media covering the most common pneumococcal serotypes was licensed
in February 2010 [11]. Along with the PCV7 serotypes (4, 6B, 9V, 14, 18C, 19F, 23F), PCV13 is
also comprised of polysaccharides of serotypes 1, 3, 5, 6A, 7F and 19A. Coverage of serotype
19A by the 13-valent vaccine appears especially important due to its increasing role as a
causative agent of invasive pneumococcal infections and increased antibiotic-resistibility.
According to the completed epidemiological studies, 71% of the circulating pneumococci around
the world correspond to composition of the 7-valent pneumococcal vaccine, 84% of the
serotypes — to the 10-valent vaccine, 89% - to the 13-valent vaccine [12]. The data correspond
with results of the studies performed in 8 Federal Districts of the Russian Federation, i.e. the
correspondence of the pneumococcal serotypes detected in carriers with the pneumococcal
conjugate vaccinal serotypes: 80.4, 80.7 and 84.6% for 7-, 10- and 13-valent vaccines,
respectively [13]. According to a large-scale study (2010/2011) of infants in Moscow, the
spectrum of pneumococcal serotypes observed in carriers corresponded with the PCV serotypes
by 60.3, 64.2 and 94.5%, respectively [12]. According to structural analysis of the serotypes
detected in middle ear fluid in patients with otitis media, serotype spectrum correspondence was
65.8, 67.4 and 93.8% for 7-, 10- and 13-valent vaccines, respectively.

Immunogenicity and clinical effectiveness of the pneumococcal conjugate vaccine have been
proved with large-scale clinical studies performed in different countries; most importantly, they
have been confirmed with world clinical practice [9].

Moreover, PCV13 antigen spectrum extension did not affect the modified vaccine’s safety
profile, according to results of the clinical studies performed both in the course of vaccine
licensing [11] and its further field use.

Safety of the 13-valent conjugate vaccine has been confirmed with results of a meta-analysis
based on 13 clinical studies performed in 9 countries of North America, Europe and Asia [14,
15]. The study involved more than 4,720 healthy children, who received at least 1 PCV13
vaccine dose together with other national calendar vaccines, and 2,760 infants vaccinated with
PCV7. Local and general reactions were assessed 4-7 days after administration of each vaccinal
dose and registered in electronic cards. The most reportable (> 20% of the cases) reactions
within the first 7 post-vaccinal days were pain, reddening and densification of the injection site,
fever, anorexia, irritability and sleep disorder. Along with that, the PCV13 safety data were
compared to the 7-valent conjugate vaccine safety data. In general, the frequency of local
reactions after any of the primary PCV13 doses or PCV7 was comparable: painful injection site
(46.7 and 44.7%, respectively), lump (28.5 and 26.9%) and reddening (36.4 and 33.9%). On the
other hand, painfulness was observed significantly more often among the PCV-7 vaccinated
children after revaccination in the second year of life (54.4 and 48.8%; p = 0.005). Fever (38-39
°C) rate in the post-vaccinal period was comparable (16.5-28% on the average) and characterized
by moderate course and rapid reversal.

Another safety assessment study involved 354 7-71-months-old infants who received at least
1 PCV13 dose together with other pediatric vaccines [9]. The control group consisted of



284 15-59-months-old healthy children who have previously received 1 dose or undergone the
complete PCV7 schedule. Comparative observation of PCV7- and PCV13-vaccinated children
indicated a comparable amount of adverse post-immunization reactions.

Comparative tolerance analysis of PCV13 and PCV7 performed in Kentucky (USA) involved
250 infants, confirmed a comparable rate of adverse reactions induced by both vaccines and
demonstrated a range of peculiarities. Thus, the rate of local and several general reactions
(anorexia, sleep disorder, anxiety) was the highest after the first vaccinal dose and reduced after
each subsequent administration. Marked painfulness in the injection site was the most reportable
complication after the second vaccinal dose in the PCV7 group (not typical of the PCV13 group)
[16].

A comparative study of two pneumococcal conjugate vaccines (Italy) utilized a 2 + 1 schedule
and, primarily, combined vaccination [17]. These vaccination rules are similar to the real
National calendar practice in the Russian Federation. In general, comparative tolerance
characteristics of two conjugate vaccines were similar and proved high safety level of PCV13.
Significant differences were observed only regarding the anxiety rate after the first dose, which
was higher in the PCV13 group (72.9 and 63.7% [PCV7 group], respectively). Moderate fever
was observed significantly more often in the PCV13-revaccinated infants (63.7 and 52.3%).

Such clinical studies of PCV13 reactogenicity in comparison with PCV7 tolerance parameters
have been performed in many countries [18-21]. The results confirm high safety level of PCV13,
which is as high as of precedent PCV7. Immunization was almost always characterized by
simultaneous administration of other pediatric vaccines; this confirms the absence of effect of
additional PCV13 prescription on tolerance to the primary calendar vaccines. A clinical study
performed in Brazil, where PCV13 was administered simultaneously with a whole cell DTP
vaccine, is of high interest [22]. The obtained results demonstrated a reliable immune response to
all the administered antigens and safety of use of PCV13 together with the main pediatric
vaccine.

Despite the fact that the risk of post-vaccinal reactions was determined in the course of a
pre-licensing clinical study of the PCV13 vaccine, monitoring of rare severe adverse post-
vaccinal complications is going on in the USA. The PCV13 safety monitoring system was
launched immediately after the vaccine had been introduced to the national immunization
calendar. It has been confirmed that PCV13 vaccination does not result in high risk of febrile
convulsions, urticaria, angioneurotic edema, anaphylactic shock, asthma and thrombocytopenia
[23].

In Russia, the PCV13 vaccine was licensed in the end of 2011 and has completely replaced the
precedent PCV7 vaccine. Data on the use of pneumococcal conjugate vaccines for several
regions of Russia have already been made public; more than ten analytical reports on PCV7/13
immunization safety have been published on the basis of clinical observations.

In particular, the review by S.V. Ilyina et al. [24] cites an analysis of publications dedicated to
the experience of use of pneumococcal conjugate vaccines in infants in different regions of the
Russian Federation. These data confirmed effectiveness and high tolerance to PCV7/13 in the
event of the administration thereof simultaneously with other Russian national preventive
vaccination calendar vaccines. Most studies involved risk group children: children from infant
orphanage and needy families, frequently ill children, premature infants, children with congenital
heart diseases, bronchopulmonary dysplasia and HIV.

PATIENTS AND METHODS

A study of PCV13 vaccination tolerance among under-5 children was performed in 2013/2014 at
the vaccinal prevention unit for children with health deviations at the Scientific Center of
Children’s Health. 110 children were vaccinated in the course of the study; 146 PCV13 vaccine
doses were used.

Study methods



PCV13 vaccine was administered intramuscularly to the anterolateral thigh surface (infants
under 24 months of age) or deltoid muscle (over-2 children) in the dose of 0.5 ml. Children
would receive one, two, three or four PCV13 doses depending on the age at beginning of
vaccination. PCV13 vaccination was performed according to the standard schedule (see
instruction for use) — 3 + 1 for 2-6-months-old infants and 2 + 1 for 7-11-months-old children.
12-23-months-old children were vaccinated twice (with the minimal interval of 2 months); over-
2 children received 1 vaccinal dose. The vaccinated children were directly observed at the unit
for 30 post-vaccinal minutes; after that, control of general and local reactions was performed by
means of a phone call on the 4™ post-vaccinal day. Drug therapy in the post-vaccinal period was
prescribed when necessary depending on the initial medical condition.

Statistical data manipulation
Statistical data were manipulated using non-parametric criteria and calculating the Mann-
Whitney U test.

RESULTS

The average age of the vaccinated children at beginning of vaccination was 20 months. The
youngest vaccinated child was 2 months of age, the oldest — 5.5 years. Distribution of children
by age at beginning of vaccination is given in pic. 2.

Pic. 2. Age at beginning of PCV13 vaccination
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Late beginning of vaccination, primarily in over-1 children, is, apparently, due to a high share of
patients with concurrent diseases, which is why these children undergo a prolonged vaccination
exemption (until condition) stabilization. Moreover, due to the parents’ cautious attitude to
vaccination, most of them consent to introduction of an additionally prescribed vaccine only
after the primary vaccination schedule has been completed — DTP + poliomyelitis + hepatitis B.
Interestingly, the share of children vaccinated with other vaccines increases with each PCV13
dose (pic. 3). This may indicate increase in trust in the PCV13 vaccine among parents observed
in the process of immunization.

It ought to be mentioned, however, that, according to the WHO recommendations, the maximal
protective effect of pneumococcal vaccination is achieved when such a vaccination is performed
to all under-2 children and as early as possible (due to high risk of pneumococcal infections in
infants from birth) [1]. Moreover, numerous studies of children with different forms of
concurrent diseases confirmed high level of PCV 13 effectiveness and safety [24, 25].
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Pic. 3. Combined vaccination percentage depending on the PCV13 dose
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A significant number of the vaccinated patients in this study (60.4%) had various pathologies,
the most common of them being allergic forms of diseases, pathologies of ENT organs,
cardiovascular (congenital heart disease) and bronchopulmonary systems (bronchial asthma,
bronchopulmonary dysplasia), consequences of perinatal lesion of the central nervous system
and hereditary diseases (hereditary spherocytosis, cleft soft palate, celiac disease).

In most cases (64%), immunization was performed simultaneously with other pediatric vaccines.
The most common concurrent vaccine was a combined DTaP-IPV/Hib vaccine. The following
vaccines were administered simultaneously with PCV13 more rarely (in descending order):
OPV, rotavirus vaccine and a three-valent vaccine for measles, parotitis and rubella.

The post-vaccinal period was uncomplicated in most children (71; 64.5%). The most common
adverse events in the post-vaccinal period were local reactions in the form of reddening and
densification of the vaccine injection sit (tb. 1). On the average, one out of three vaccinations
(32.9%) was characterized by development of local reactions; this corresponds to the world
clinical practice data [4, 11, 16, 17]. Almost all reactions were mild or moderate and subsided
within 3 days in the setting of appropriate palliative care ad did not require medical care. Intense
local reactions in the form of densification and hyperemia larger than 5 cm in diameter were
observed only in 3 children (2.7%). General reactions (body temperature rise, clinical symptoms
of general malaise) were observed in 10.9% of the cases (tb. 2); fever was observed especially
often in the children vaccinated with the first PCV13 dose, whereas in the post-vaccinal period
(after revaccination and the third vaccination) the body temperature would not rise. Severity of
general reactions in all cases was mild or moderate. Body temperature did not exceed 38.5 °C
and could be alleviated with single dose of an antifebrile drug.

Table 1. Local reactions in the PCV13 post-vaccinal period depending on the amount of
administered vaccinal doses

b Other | Reddening | Densification | Painfulness | Edema
ose

n (%)
Vi 39 (35.4) 29 (26.3) 10 (9.1) 1(0.9) 5(4.5)
V2 7 (26.9) 3(11.5) 6(23.1) 1(3.8) 2(7.7)
V3 1(16.7) 1(16.7) 1(16.7) i i
RV 1(20) ; 1(20) - :

Note. n — number of children with a specific reaction.




Table 2. General reactions to the PCV13 vaccination depending on the amount of administered

doses
b Other | Fever | Capriciousness | Atony |  Sleep disorder
ose
n (%)

VI | 13(11.8) | 13 (11.8) 4(3.6) 4(3.6) 327

V2 | 3(11.5) | 3(11.5) 1(3.8) ; ;

V3 : ; 3 i -

RV - - - - -

Note. n — number of children with a specific reaction.

No increase in the rate of post-vaccinal reactions was observed after each subsequent
administration. On the contrary, the rate of local reactions decreased significantly (see tbs. 1, 2)
after the second PCV13 dose onwards; general medical condition did not aggravate in the
post-vaccinal period after administration of the last PCV13 doses (V3 and RV) in any of the
patients.

Immunization tolerance was compared between healthy children and children with various
pathologies. Adverse reactions after PCV13 vaccination were observed in 36.8% of the cases in
healthy children and in 44.4% of the cases in patients with health deviations; however, no
significant differences were observed. Neither child suffered exacerbation of the primary disease
in the post-vaccinal period.

Thus, moderate local reactions and short-term body temperature rise up to low-grade fever were
detected in more than half of the frequently ill children and the patients under
otorhinolaryngological observation (62.5%), as identified by a previous study of tolerance of the
7-valent pneumococcal conjugate and the 23-valent polysaccharidic vaccines performed at our
unit [26]. Apparently, high risk of local reactions in the persons who have previously had
pneumococcal infections may be caused by an initially high concentration of specific antibodies.
On the contrary, in children with hereditary diseases, congenital heart disease and a patient with
Marshall syndrome and celiac disease vaccination was asymptomatic in all cases.

CONCLUSION

PCV13 vaccine represents the newest generation of pneumococcal conjugate vaccines with the
broadest coverage spectrum. In numerous clinical studies of healthy infants performed in
different countries PCV13 was characterized by a favorable safety profile (comparable with
safety profile of the precedent vaccine, PCV7).

We have also been able to confirm safety of the use thereof. Results of a performed study of
under-5 children demonstrated safety of a 13-valent pneumococcal conjugate vaccine. It also
demonstrated that PCV13 is well tolerated both by healthy children and patients with different
pathologies.
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