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ABSTRACT
As vaccine-induced immunity and protection following natural pertussis infection wane over time, adults 
and adolescents may develop pertussis and become transmitters to unprotected infants. In Russia, 
diphtheria and tetanus but not pertussis-containing vaccines are registered for older children, adoles-
cents, or adults. The reduced-antigen-content diphtheria toxoid, tetanus toxoid, and acellular pertussis 
(dTpa) vaccine (Boostrix, GSK) was developed for booster vaccination of children ≥4 years of age, 
adolescents, and adults. A phase III, open-label, non-randomized study was performed in eight centers 
in Russia between January and July 2018. The objective of this study was to assess immunogenicity, 
reactogenicity and safety of a single dose of dTpa vaccine in healthy Russian participants ≥4 years of age 
(age categories 4–9 years, 10–17 years, 18–64 years, and ≥65 years). At 1 month post-booster vaccination, 
across all age groups, >99.0% of participants were seroprotected against diphtheria and tetanus and 
>96.0% of participants were seropositive for anti-pertussis antibodies. For all antibodies across all age 
groups, antibody GMCs increased from pre- to 1 month post-booster vaccination and booster responses 
to diphtheria (in 71.5% of participants), tetanus (85.3%), and pertussis antigens (≥85.6%) were observed. 
One serious adverse event that was not causally related to the study vaccine was reported. No fatal cases 
were reported throughout the study period. In conclusion, administration of the dTpa vaccine as a booster 
dose in healthy Russian participants induced a robust immune response to all vaccine antigens and was 
generally well tolerated across all age groups.
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Introduction

Pertussis or whooping cough is a highly contagious respira-
tory disease caused by the bacterium Bordetella pertussis 
that may lead to serious or even deadly complications in 
infants and young children. Pertussis-related deaths in 
young infants are most commonly associated with second-
ary bacterial pneumonia.1,2 Universal immunization of 
infants with multiple doses of pediatric diphtheria toxoid, 
tetanus toxoid, and whole-cell or acellular pertussis (DTP) 
vaccines has strongly reduced the occurrence of diphtheria, 
tetanus, and pertussis in infants.1 Following primary immu-
nization series, booster DTP doses are recommended to be 
administered in the second year of life and later at pre- 
school or early school age.2,3 Despite these measures, an 
estimated 24.1 million pertussis cases and about 160,700 
deaths per year in children younger than 5 years of age 
(YOA) were reported worldwide in 2014.4 As vaccine- 
induced immunity and protection following natural pertus-
sis infection wane over time, adults and adolescents may 

become a source of infection for unvaccinated or not fully 
vaccinated infants, the age group with the highest morbid-
ity and mortality.5–7

The reduced-antigen-content diphtheria toxoid, tetanus tox-
oid, and acellular pertussis (dTpa) vaccine (Boostrix, GSK) was 
developed for booster vaccination of children, adolescents, and 
adults. Boostrix was approved for use in 27 countries of the 
European Union and 54 other countries for booster vaccination 
in individuals four YOA and older.8,9 Boosting with dTpa 
instead of diphtheria and tetanus toxoids prolongs the immunity 
against pertussis infection.10 This vaccine is used not only for 
individual protection of vaccinated persons but also for maternal 
vaccination and to immunize family members and close con-
tacts of newborns in the so-called “cocoon” strategy.11,12

In Russia, 10,423 cases of pertussis were reported in 2018 by 
the World Health Organization Vaccine-Preventable Disease 
Monitoring System.13 Vaccination against pertussis was intro-
duced in Russia in 1959.14 According to the national immuniza-
tion calendar, DTP vaccines are applied for active immunization 
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against diphtheria, tetanus, and pertussis diseases in Russian 
infants as a 3 + 1 schedule administered at 3, 4.5, 6 months 
and at 18 months of age, resulting in a coverage rate of 97%.13,14 

While immunization with tetanus toxoid and reduced 
diphtheria toxoid vaccine is recommended decennially starting 
from 6 to 7 YOA,13 vaccination against pertussis is not provided 
for older children, adolescents, and adults. Given the decline in 
protection following the primary vaccination series, this age 
category is at increased risk of developing pertussis and may 
also serve as a potential source of pertussis infection.

In the study presented in this manuscript, we assessed the 
immunogenicity, reactogenicity, and safety of the dTpa vaccine 
in healthy Russian participants aged 4 years and older. 
A summary of the research, clinical relevance, and the impact 
on the patient population is displayed in Supplementary 
Figure 1.

Methods

Study design and participants

This phase III, open-label, non-randomized, single-group 
study was performed in eight centers in Russia between 
January and July 2018. Healthy participants, males and females, 
≥4 YOA were recruited in the following age categories: 
4–9 years (children), 10–17 years (adolescents), 18–64 years 
(adults) and ≥65 years (elderly population). All enrolled parti-
cipants received a single dose of dTpa vaccine at Visit 1 (Day 1, 
Figure 1). The recruitment and age stratification of participants 
into the study was tracked using GSK Biologicals’ central 
randomization system on Internet. Participants 4–7 YOA 
were included if they had received diphtheria, tetanus, and 
pertussis vaccination (primary series and one booster dose) 
prior study enrollment but not any further diphtheria-tetanus 
containing booster vaccine. Participants ≥8 YOA were 
included if they had received diphtheria, tetanus vaccination 
(with or without pertussis) more than 5 years prior to the study 
enrollment. Participants with a history of previous or inter-
current diphtheria, tetanus, or pertussis diseases since birth 
(4–7 YOA) or within 5 years prior to enrollment (≥8 YOA) 
were excluded from the study. Detailed exclusion criteria can 
be found in the Supplementary material. Written informed 
consent was obtained from the participant/participant’s 

parent(s)/adoptive parent(s) prior to performing any study- 
specific procedure. Written informed assent was obtained 
from participants aged 14–<18 years. The study was performed 
in agreement with the International Conference on 
Harmonization (ICH) guidelines for good clinical practice, 
the ICH Harmonized Tripartite Guideline for clinical investi-
gation of medicinal products in the pediatric population, 
applicable local regulations, and the Declaration of Helsinki. 
The protocol and the proposed informed consent/assent forms 
were approved by institutional review board/independent 
ethics committee. The study is registered at www.clinicaltrial. 
gov (NCT03311659) and full study protocol (study number: 
201532) is available at https://www.gsk-studyregister.com/ 
study/5401.

Study vaccine

A vaccine dose of 0.5 mL was injected intramuscularly in the 
deltoid of the non-dominant arm. One dTpa vaccine dose 
contains ≥2 international units (IU) diphtheria toxoid (D), 
≥20 IU tetanus toxoid (T), 8 μg pertussis toxoid (PT), 8 μg 
filamentous hemagglutinin (FHA), 2.5 μg pertactin (PRN), and 
500 μg Aluminum (Al3+).

Objectives

The primary study objective was to assess the immune 
response to the dTpa vaccine in terms of seroprotection status 
for antibodies against D and T antigens and in terms of ser-
opositivity status for antibodies against the pertussis antigens 
(PT, FHA and PRN) 1 month after vaccination. Secondary 
immunogenicity objectives were to evaluate the booster 
response and antibody concentrations against D, T, PT, FHA, 
and PRN antigens 1 month after vaccination. Safety objectives 
included the assessment of the reactogenicity and safety of 
dTpa vaccine in terms of solicited (local and general) and 
unsolicited adverse events (AEs) and serious adverse events 
(SAEs).

Immunogenicity assessment

Blood samples of approximately 5 ml (whole blood) were 
collected from all participants pre-vaccination (during Visit 1 
at Day 1) and one-month post-vaccination. Antibodies against 
D, T, PT, FHA, and PRN were assessed by validated enzyme- 
linked immunosorbent assay (ELISA). Assay cutoffs were 0.057 
IU/ml for anti-D, 0.043 IU/ml for anti-T, 2.693 IU/ml for anti- 
PT, 2.046 IU/ml for anti-FHA, and 2.187 IU/ml for anti-PRN. 
Seroprotection against diphtheria and tetanus was defined as 
antibody concentrations ≥0.1 IU/ml.15,16 If anti-D ELISA anti-
body concentrations were <0.1 IU/ml, the Vero-cell neutraliza-
tion assay was performed for pre- and post-vaccination serum 
samples (assay cutoff 0.004 IU/ml). Antibody concentrations 
≥0.01 IU/ml were considered as protective.17 Both the ELISA 
test (antibody concentrations ≥0.1 IU/ml) and Vero-cell test 
(antibody concentration ≥0.01 IU/ml) were used to define the 
seroprotection status for the primary endpoint.

No serological correlate of protection is defined for the 
immune response to pertussis antigens. Participants with anti- 

Figure 1. Participants flow diagram. BD, blood draw; N, number of participants. 
Syringe indicates reduced-antigen-content diphtheria and tetanus toxoid and 
acellular pertussis (dTpa) vaccine.
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PT, anti-FHA, and anti-PRN antibody concentrations above 
the assay cutoffs were considered seropositive.

Safety assessment

Solicited local and general AEs occurring within 4 days 
(Day1–4) post-vaccination and unsolicited AEs occurring 
during the 31 days (Day1–31) post-vaccination period were 
recorded on diary cards by the participants/participants’ 
parent(s)/adoptive parent(s). If a large swelling site reaction 
was observed during the 4 days follow-up period after vacci-
nation, the participant or participant’s parent(s)/adoptive 
parent(s) had to contact the study personnel promptly and 
visit the investigator’s office at the earliest opportunity. 
Detailed information describing the AE was recorded by the 
investigator or delegate on a specific large injection site reac-
tion sheet in the electronic case report form. Medically 
attended AEs, AEs leading to study withdrawal, and SAEs 
were collected throughout the study. AEs were graded by 
severity (from mild to severe) and their relationship to 
study vaccination was assessed by the investigators. Criteria 
for Grade 3 AE are listed in the footnotes of figures and tables 
presenting Grade 3 AE results. Large swelling was defined as 
a swelling with a diameter of >50 mm for participants <6 
YOA and diameter of >100 mm, a noticeable diffuse swelling, 
or a noticeable increase in limb circumference for participants 
≥6 YOA. Although pregnant women or women planning to 
become pregnant during the study period were excluded (see 
Supplementary material), any pregnancy occurring after 
vaccination had to be recorded on an electronic pregnancy 
report. Pregnant women could continue the study at the 
discretion of the investigator.

Statistical analysis

Assuming a drop-out rate of 10% to compensate for participant 
attrition due to early study withdrawal, a total of 448 partici-
pants (112 in each age group) were to be enrolled in the study 
in order to obtain the desired number of evaluable participants 
for analysis. The primary immunogenicity analysis was based 
on the per protocol cohort for immunogenicity. If the percen-
tage of vaccinated participants with serological results excluded 
from the per protocol cohort for analysis of immunogenicity 
was ≥5%, a second analysis based on the total vaccinated 
cohort was performed including all participants vaccinated 
for whom data concerning at least one immunogenicity end-
point were available. The safety analyses were performed on 
the total vaccinated cohort, including all participants with the 
study vaccine administration documented.

We observed participants having post-vaccination results 
below pre-vaccination results for at least one of the 
five assays (D, T, PT, FHA, PRN), mainly for one site 
(see details in the result section). Therefore, this site was 
regarded an “outlier” site. Sensitivity analysis of the immu-
nogenicity data was performed on the per protocol cohort 
for immunogenicity excluding participants from the outlier 
site and results were compared with the sensitivity analysis 
conducted on all participants included in the per protocol 
cohort for immunogenicity.

Demographic characteristics were summarized using 
descriptive statistics. For all participants and each antigen, 
seropositivity/seroprotection rates at pre-vaccination and 1 
month post-vaccination were calculated with exact 95% con-
fidence intervals (CIs). Booster response rates 1 month post- 
vaccination were calculated with exact 95% CIs for each anti-
gen. In addition, the above analyses were also performed based 
on age stratification.

A booster response to D and T antigens was defined as 
antibody concentrations ≥0.4 IU/ml 1 month after vaccina-
tion for participants with pre-vaccination antibody concen-
tration <0.1 IU/ml (i.e., below the seroprotection cutoff) and 
as an increase in antibody concentrations of at least four times 
the pre-vaccination concentration 1 month after vaccination 
for participants with pre-vaccination antibody concentration 
≥0.1 IU/ml (i.e., equal to or above the seroprotection cutoff). 
A booster response to PT, FHA, and PRN antigens was 
defined as post-vaccination antibody concentration ≥4 times 
the assay cutoff for participants with pre-vaccination anti-
body concentration below the cutoff, post-vaccination anti-
body concentration ≥4 times the pre-vaccination antibody 
concentration for participants with pre-vaccination antibody 
concentration between the assay cutoff and below 4 times the 
assay cutoff, and post-vaccination antibody concentration ≥2 
times the pre-vaccination concentration for participants with 
pre-vaccination antibody concentration ≥4 times the assay 
cutoff. The geometric mean concentration (GMC) calcula-
tions were performed by taking the anti-log of the mean of the 
log10 concentration transformations. Antibody concentra-
tions below the assay cutoff were given an arbitrary value of 
half the cutoff for the purpose of GMC calculation.

Results

Demographic characteristics

Of the 448 participants enrolled in the study, 447 (111 [group 
4–9 years], 111 [group 10–17 years], 113 [group 18–64 years] 
and 112 [group ≥65 years]) were included in the total vacci-
nated cohort and 442 (109 [group 4–9 years], 109 [group 
10–17 years], 113 [group 18–64 years] and 111 [group 
≥65 years]) in the per protocol cohort. Overall, 446 participants 
completed the study. One participant withdrew prior to vacci-
nation; five participants were excluded from the per protocol 
cohort for immunogenicity. Reasons for exclusion are listed in 
Figure 1.

The median age of participants was 19 years (minimum 4; 
maximum 96) and number of participants per age group was 
similar. Overall, gender was balanced, although more females 
(53.9%) were enrolled in the study (Table 1).

Immunogenicity

At 1 month post-booster vaccination, across all age groups, 
>99.0% of participants were seroprotected against D and 
T (antibody concentrations ≥0.1 IU/mL) and >97% of partici-
pants were seropositive for anti-pertussis antibodies (antibody 
concentrations ≥assay cutoff). In the 4–9 years, 10–17 years, 
and 18–64 years age groups all participants were seroprotected 
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against D and T, while in ≥65 years age group, >99.0% and 
>98.0% of participants were seroprotected against D and T, 
respectively (Table 2). The participant in the ≥65 years age 
group who did not reach seroprotection against D as measured 
by the ELISA assay, was shown to have protective levels of anti- 
D neutralizing antibodies using the more sensitive Vero-cell 
neutralization assay. Therefore, all study participants were 
considered seroprotected at 1 month post-vaccination.

Across all age groups, all participants were seropositive for 
anti-FHA antibodies at 1 month post-booster vaccination; 
>98.0% of children in 4–9 years age group and >99.0% of 
participants in 10–17 years, 18–64 years, and ≥65 years age 
groups were seropositive for anti-PRN antibodies. For anti-PT 
antibodies, >97.0%, >99.0%, >98.0%, and >96.0% were seropo-
sitive in 4–9 years, 10–17 years, 18–64 years, and ≥65 years age 
groups, respectively (Table 2).

For all antibodies across all age groups, antibody GMCs 
increased from pre-vaccination to 1 month post-booster vac-
cination (Figure 2). One month after vaccination, the GMC 
fold increases from pre- to post-vaccination were 8.80, 19.89, 
14.14, 24.48, and 11.56 for anti-D, anti-T, anti-FHA, anti-PRN, 
and anti-PT antibodies, respectively. A lower pre- and post- 

vaccination concentration was observed for anti-D and anti-T 
in the ≥65 years age group.

At 1 month post-booster vaccination, a booster response to 
D, T, PT, FHA, and PRN antigens was observed in 71.5%, 
85.3%, 85.6%, 92.8%, and 91.2% of participants, respectively 
(Table 3).

Sensitivity analysis
Laboratory results revealed 43 participants with post- 
vaccination antibody titers below those pre-vaccination for at 
least one of the 5 assays performed for antigens PT, FHA, PRN, 

Table 1. Demographic and baseline characteristics (total vaccinated cohort).

dTpa Group 
N = 447

Age, years at vaccination
Mean±SD (years) 32.7 ± 27.3
Median (minimum; maximum) 19 (4;96)

Age group, n (%)
4–9 years 111 (24.8)

4–5 years 18 (4.0)
6–9 years 93 (20.8)

10–17 years 111 (24.8)
18–64 years 113 (25.3)
≥65 years 112 (25.1)

Gender, n (%)
Male 206 (46.1)
Female 241 (53.9)

Geographic ancestry
White-Caucasian/European Heritage, n (%) 447 (100)

N, number of participants with available data; n (%), number (percentage) of 
participants in each category; SD, standard deviation; dTpa, diphtheria-tetanus- 
acellular pertussis.

Table 2. Seroprotection rate for diphtheria and tetanus antibodies and seropositivity rates for pertussis antibodies at pre-vaccination and at 1 month after dTpa 
vaccination by age group (per protocol cohort for immunogenicity).

4–9 years 10–17 years 18–64 years ≥65 years

Antibody 
(cutoff) Timing N n

Seroprotection/ 
seropositivity 

% (95%CI) N n

Seroprotection/ 
seropositivity 

% (95%CI) N n

Seroprotection/ 
seropositivity 

% (95%CI) N n

Seroprotection/ 
seropositivity 

% (95%CI)

Anti-D antibody 
(≥ 0.1 IU/mL)

Pre 107 101 94.4 (88.2; 97.9) 106 95 89.6 (82.2; 94.7) 112 110 98.2 (93.7; 99.8) 108 94 87.0 (79.2; 92.7)
Post 108 108 100.0 (96.6; 100.0) 109 109 100.0 (96.7; 100.0) 112 112 100.0 (96.8; 100.0) 109 108 99.1a (95.0; 100.0)

Anti-T antibody 
(≥ 0.1 IU/mL)

Pre 109 99 90.8 (83.8; 95.5) 109 106 97.2 (92.2; 99.4) 112 106 94.6 (88.7; 98.0) 111 87 78.4 (69.6; 85.6)
Post 109 109 100.0 (96.7; 100.0) 109 109 100.0 (96.7; 100.0) 112 112 100.0 (96.8; 100.0) 111 109 98.2 (93.6; 99.8)

Anti-FHA antibody 
(≥ 2.046 IU/mL)

Pre 109 105 96.3 (90.9; 99.0) 109 108 99.1 (95.0; 100.0) 113 111 98.2 (93.8; 99.8) 111 110 99.1 (95.1; 100.0)
Post 109 109 100.0 (96.7; 100.0) 109 109 100.0 (96.7; 100.0) 113 113 100.0 (96.8; 100.0) 111 111 100.0 (96.7; 100.0)

Anti-PRN antibody 
(≥ 2.187 IU/mL)

Pre 108 81 75.0 (65.7; 82.8) 109 91 83.5 (75.2; 89.9) 112 107 95.5 (89.9; 98.5) 111 92 82.9 (74.6; 89.4)
Post 109 107 98.2 (93.5; 99.8) 106 105 99.1 (94.9; 100.0) 112 111 99.1 (95.1; 100.0) 109 108 99.1 (95.0; 100.0)

Anti-PT antibody 
(≥ 2.693 IU/mL)

Pre 109 64 58.7 (48.9; 68.1) 108 55 50.9 (41.1; 60.7) 113 76 67.3 (57.8; 75.8) 110 85 77.3 (68.3; 84.7)
Post 109 106 97.2 (92.2; 99.4) 107 106 99.1 (94.9; 100.0) 113 111 98.2 (93.8; 99.8) 111 107 96.4 (91.0; 99.0)

CI, confidence interval; D, diphtheria; T, tetanus; dTpa, diphtheria-tetanus-acellular pertussis vaccine; FHA, filamentous hemagglutinin; IU, international unit; N, number 
of infants with pre- and post-vaccination results available; n (%), number (percentage) of participants who were seroprotected/seropositive (antibody concentration 
equal to or above the cutoff); pre, Pre-booster blood sampling time point, post, 1 month post-booster blood sampling time point; PRN, pertactin; PT, pertussis toxoid. 

aVero-cell assay was used in addition to the enzyme-linked immunosorbent assay and one patient was found to be seroprotective.

Figure 2. Geometric mean concentration at pre-vaccination and 1 month post- 
vaccination by age group for anti-D and anti-T antibodies (A) and anti-pertussis 
antibodies (B) (per protocol cohort for analysis of immunogenicity). D, diphtheria; 
dTpa, diphtheria-tetanus-acellular pertussis vaccine; FHA, filamentous hemagglu-
tinin; IU, international unit; PRN, pertactin; PT, pertussis toxoid, T, tetanus. Error 
bars represent 95% confidence intervals. The y-axis is log-scaled.
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D (ELISA), and T. An analysis of the study processes (includ-
ing on-site and laboratory processes) could not identify a root 
cause. The majority (69.0%) of these observations were 
reported in the outlier site, impacting 26 of the 43 participants 
(60.0%) with pre- and post-vaccination results at this site. 
Sensitivity analysis did not show any effect of the outlier site 
on the immunogenicity results for the primary and secondary 
outcomes of the study. Immunogenicity results (mean anti-
body concentrations and proportion of seroprotected/seropo-
sitive participants) with or without including participants from 
the outlier site were similar (Supplementary Figure 2).

Safety

The most frequently reported solicited local AEs were redness 
and swelling (83.3%) in participants <6 YOA, redness (65.6%) in 
participants 6–9 YOA, and pain in participants aged ≥10 years 
(61.3% in 10–17 years age group; 67.3% in 18–64 years age 
group; 63.4% in ≥65 years age group) (Figure 3 and 
Supplementary Table 1). A large injection site reaction was 
reported by one (0.2%,1/447) participant in the 18–64 years 
age group. The large and diffused swelling reached a maximum 
diameter of 105 mm, did not involve the adjacent joint, was 
present on day three and four, and resolved thereafter.

The most frequently reported solicited general AE was irrit-
ability/fussiness (27.8%) in participants <6 YOA, and fatigue 
(29.4%) and headache (24.9%) in all age groups of participants 
≥6 YOA (Table 4). Across age groups, 10 (2.2%) participants 
reported at least one case of fever: 3 (3.2%) participants in the 
6–9 years age group, 5 (4.5%) in 10–17 years age group, and 
one (0.9%) participants in each of the 18–64 years and 
≥65 years age groups. All cases were considered by the inves-
tigators to be related to the study vaccine. No fever was 
recorded in children 4–5 YOA.

During the 31-day follow-up period, unsolicited AEs were 
reported by 11.6% (52/447) of participants. Grade 3 unsolicited 
AEs were reported by 1.6% (7/447) of participants. The most 
frequently reported Grade 3 AE was headache (0.7%, 3/447). 
Causally related unsolicited AEs, as per investigator’s judg-
ment, were reported by 16 (3.6%) participants; injection site 
pruritus and cough were the most common ones reported each 
by 2 (0.4%) participants. AEs that required medical attention 
were reported by 16 (3.6%) participants during the 31-day 
follow-up period out of which tracheitis (0.7% 3/447), rhinitis 
(0.4%, 2/447) and nasopharyngitis (0.4%, 2/447) were most 
frequently reported. One (0.2%) participant in 18–64 years 
age groups reported a grade 3 unsolicited AE (somnolence) 
that was considered by the investigator to be causally related to 
vaccination (Table 5). One SAE (bacterial pneumonia) was 
reported for one 16-year-old participant. It was considered as 
not related to the vaccination by the investigator and the 
participant fully recovered. No fatal cases were reported 
throughout the study period. Detailed data per age group are 
listed in Table 5.

Discussion

The dTpa vaccine induced robust immune responses to all 
vaccine antigens across all age groups. The exclusion of parti-
cipants from the outlier site had no impact on the overall 
immunogenicity conclusions. The data for Russian children 
participating in this study are in line with published data for 
children 4–618 and 6–819 YOA demonstrating that booster 
vaccination with dTpa is highly immunogenic. Similarly, ado-
lescents (10–17 years) showed seroprotection/seropositivity 
rates for anti-D, anti-T, and anti-pertussis antibodies compar-
able to those observed in previous studies for adolescents.20,21 

For adults, seroprotection/seropositivity rates for anti-D, anti- 
T, and anti-pertussis antibodies were high and comparable to 
those observed in other adult studies.22–24

Protective levels against D and T slightly decreased by age, 
but remained high in the ≥65 years age group (87.0% and 

Table 3. Booster response to diphtheria, tetanus, and pertussis antigens 1 month 
after dTpa vaccination (per protocol cohort for immunogenicity).

dTpa Group

Antibody N
Booster responsea, 

% (95% CI)

Anti-D antibody 431 71.5 (66.9; 75.7)
Anti-T antibody 441 85.3 (81.6; 88.4)
Anti-FHA antibody 442 92.8 (89.9; 95.0)
Anti-PRN antibody 434 91.2 (88.2; 93.7)
Anti-PT antibody 438 85.6 (82.0; 88.8)

%, percentage of infants who mounted a booster response; CI, confidence inter-
val; D, diphtheria; T, tetanus; dTpa, diphtheria-tetanus-acellular pertussis; FHA, 
filamentous hemagglutinin; N, number of participants with both pre- and post- 
vaccination results available; PRN, pertactin; PT, pertussis toxoid. 

aBooster response to D and T antigens was defined as: For initially seronegative 
participants, post-vaccination antibody concentration ≥0.4 IU/mL; for initially 
seropositive participants, post-vaccination antibody concentration with an 
increase of at least four times the pre-vaccination antibody concentration. 
Booster response to pertussis antigens is defined as: For initially seronegative 
participants, post-vaccination antibody concentration ≥four times the assay 
cutoff; for initially seropositive participants with antibody concentration <four 
times assay cutoff, post-vaccination antibody concentration ≥four times the 
pre-vaccination antibody concentration; and for initially seropositive partici-
pants with antibody concentration ≥four times the assay cutoff, post- 
vaccination antibody concentration ≥two times the pre-vaccination antibody 
concentration. Assay cutoff was 2.046 IU/mL, 2.187 IU/mL and 2.693 IU/mL for 
anti-FHA, anti-PRN and anti-PT, respectively.

Figure 3. Percentage of participants with solicited local adverse events or unso-
licited reported during the 4-day (Days 1–4) period after dTpa vaccination (total 
vaccinated cohort). dTpa, diphtheria-tetanus-acellular pertussis vaccine. For chil-
dren <6 years of age, grade 3 pain was defined as crying when the limb was 
moved or the limb being spontaneously painful and grade 3 redness and swelling 
as maximum intensity of local redness/swelling with a diameter >20 mm; for 
children and adults ≥6 years of age grade 3 pain was defined as significant pain at 
rest, preventing normal everyday activities and redness and swelling as maximum 
intensity of local redness/swelling with a diameter >50 mm. Error bars represent 
95% confidence intervals.
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78.4%, respectively). A single dose of dTpa vaccine could 
effectively boost the immune response in all age groups with 
a GMC fold increase of at least 8.80. In line with the lower 
general immunity in older adults,25 post-vaccination GMC 
levels against D and T tended to be slightly lower in partici-
pants ≥65 years of age than for younger participants. 
Nevertheless, antibody levels were indicative of seroprotection 
and the differences observed were not considered to be of 
clinical relevance.

Vaccination against pertussis was introduced in Russia in 
1959 and is scheduled as 3 priming doses at 3, 4.5, and 6 months 
and a booster dose at 18 months14 and consisted of whole-cell 
pertussis vaccine as acellular pertussis components were not 
licensed in Russia before 2007. While pertussis vaccine cover-
age rates dropped in the 1980s and 1990s resulting in an 
epidemic pertussis peak in 1994, they were recovered reaching 
95% in 2001 and remained above this percentage since then.26 

However, despite high vaccine coverage in infants, pertussis 
persisted in certain areas of Russia, underlining the importance 
of adequate vaccination, in particular in older age groups.26,27 

In the current study, most participants had detectable anti- 
pertussis antibodies prior to dTpa vaccination, perhaps from 
prior vaccination or natural exposure. Pre-vaccination titers 
did not suggest any age effect, and a single dTpa dose could 
effectively boost the immune response across all age groups. 
Similar findings were reported in previous follow-up studies 

conducted in adolescents28 and adults23,29 who received a new 
booster dTpa dose 9 to 10 years later.

The vaccine was generally well tolerated, and no safety 
concerns were raised in this study. This is in line with the 
published safety profile of the vaccine.23,24,28,30 In the current 
study, redness and swelling were the most common solicited 
local AEs reported in children <6 YOA, followed by pain. In 
children 6–9 YOA, redness was most commonly reported 
followed by swelling and pain. In other clinical trials, pain 
was the most frequent solicited AE amongst children 4–631 

and 6–819 YOA. Generally, less redness and swelling were 
reported for older participants (adults and the elderly) in the 
current study, while injection site pain remained stable across 
age groups. In line with these observations, pain was the most 
frequently reported solicited local AE in recently published 
results for adolescents20,21 and adults.22 Large injection site 
swelling reactions have been described for other D and 
T vaccines32-34 and in the label of the GSK’s dTpa vaccine.35 

One adult reported a large swelling in the current study, which 
resolved within 2–3 days without sequelae. This is consistent 
with literature data, as reported in the study published by 
Pichichero et al.20 Fatigue and headache were the most com-
mon solicited general AEs in participants of all age groups 
>6 years. In participants ≥65 years of age, the events of fatigue 
and headache were considered unrelated to vaccination in 
about 50% of these events. Cases associated with vaccination 

Table 4. Percentage of subjects with solicited general adverse events during the 4-day (Days 1–4) period after dTpa vaccination by age group (total vaccinated cohort).

dTpa Group subset with age <6 years, (N = 18) dTpa Group subset with age ≥6 years, (N = 429)

Adverse event Type % (95% CI) Adverse event Type % (95% CI)

Drowsiness All 5.6 (0.1; 27.3) Fatigue All 29.4 (25.1; 33.9)
Related 5.6 (0.1; 27.3) Related 21.4 (17.7; 25.6)
Grade 3 Related 0.0 (0.0; 18.5) Grade 3 Related 1.4 (0.5; 3.0)

Irritability/Fussiness All 27.8 (9.7; 53.5) Gastrointestinal symptoms All 7.9 (5.6; 10.9)
Related 22.2 (6.4; 47.6) Related 3.5 (2.0; 5.7)
Grade 3 Related 0.0 (0.0; 18.5) Grade 3 Related 0.2 (0.0; 1.3)

Loss of appetite All 16.7 (3.6; 41.4) Headache All 24.9 (20.9; 29.3)
Related 16.7 (3.6; 41.4) Related 18.9 (15.3; 22.9)
Grade 3 Related 0.0 (0.0; 18.5) Grade 3 Related 2.1 (1.0; 3.9)

Fever All 0.0 (0.0; 0.0) Fever All 2.2 (1.1; 4.1)
Related 0.0 (0.0; 0.0) Related 2.2 (1.1; 4.1)
Grade 3 Related 0.0 (0.0; 0.0) Grade 3 Related 0.0 (0.0; 0.8)

N; number of participants with the documented dose; %, percentage of participants reporting the specified adverse event at least once; 95% CI; exact 95% confidence 
interval; dTpa, diphtheria-tetanus-acellular pertussis; related; adverse events, which is assessed by the investigator as related to vaccination; all, all reports of the 
specified adverse event irrespective of intensity grade and relationship to vaccination. 

Fever was defined as temperature ≥38.0°C. The preferred location for measuring temperature in this study was the axilla. 
Grade 3 irritability was defined as crying that could not be comforted or irritability preventing normal activity; grade 3 drowsiness as drowsiness preventing normal 

activity; grade 3 loss of appetite as not eating at all; grade 3 fever was defined as temperature ≥40.0°C; fatigue, gastrointestinal symptoms and headache were 
considered grade 3 if they prevented normal activity.

Table 5. Percentage of participants with reported unsolicited adverse events and serious adverse events during the 31-day (Days 1–31) period after dTpa vaccination 
overall and by age group (total vaccinated cohorts).

Overall 
N = 447

4–9 years 
N = 111

10–17 years 
N = 111

18–64 years 
N = 113

≥65 years 
N = 112

n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI)

Any unsolicited AEs 52 11.6 (8.8–15.0) 17 15.3 (9.2–23.4) 10 9.0 (4.4–15.9) 19 16.8 (10.4–25.0) 6 5.4 (2.0–11.3)
Grade 3 7 1.6 (0.6–3.2) 0 0.0 (0.0–0.0) 1 0.9 (0.0–4.9) 5 4.4 (1.5–10.0) 1 0.9 (0.0–4.9)
Related to vaccination 16 3.6 (2.1–5.7) 4 3.6 (1.0–9.0) 4 3.6 (1.0–9.0) 6 5.3 (2.0–11.2) 2 1.8 (0.2–6.3)
Grade 3 related to vaccination 1 0.2 (0.0–1.2) 0 0.0 (0.0–3.3) 0 0.0 (0.0–3.3) 1 0.9 (0.0–4.8) 0 0.0 (0.0–3.2)
Medically attended AEs 16 3.6 (2.1–5.7) 8 7.2 (3.2–13.7) 4 3.6 (1.0–9.0) 4 3.5 (1.0–8.8) 0 0.0 (0.0–3.2)
SAEs up to study end, n (%) 1 (0.2) 0 (0) 1 (0.9) 0 (0) 0 (0)

N, number of participants; n (%), number (percentage) of participants reporting at least one AE; AE, adverse event; CI, confidence interval; dTpa, diphtheria-tetanus- 
acellular pertussis vaccine; SAE, serious AE.
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were comparable or even less frequent in the elderly than in 
adults 18–64 years of age. Fever did not occur in infants <6 
YOA and was present in less than 5% of participants across all 
groups >6 years of age. Variability in reporting rates of solicited 
AEs is expected across age as maturity and aging of the 
immune system and of its physiological functions have been 
shown to influence susceptibility to adverse reactions to 
vaccination.36

The study was limited by its single-country, open-labeled, 
non-randomized design. Strengths of the study are the success-
ful inclusion of different age groups and the successful enroll-
ment of a large number of patients from eight different sites 
belonging to different federal districts of the Russian 
Federation. The study further benefitted from the use of one 
standardized study protocol among the sites, the laboratory 
testing conducted in one central laboratory, the use of diary 
cards to collect solicited symptoms in a systematic manner, and 
the use of validated laboratory tests that were calibrated against 
internationally recognized reference assays.

Conclusions

The dTpa vaccine Boostrix administered as a booster vaccine 
dose in healthy Russian participants aged 4 years and older 
induced a robust immune response to all vaccine antigens and 
was generally well tolerated in all age groups.

Abbreviations

DTP diphtheria, tetanus toxoids and pertussis
dTpa reduced-antigen-content diphtheria, tetanus toxoid and 

acellular pertussis vaccine
DTPa diphtheria, tetanus toxoids acellular pertussis
D diphtheria toxoid
T tetanus toxoid
ELISA enzyme-linked immunosorbent assay
FHA filamentous hemagglutinin
GMC geometric mean concentration
GMT geometric mean titer
ICH International Conference on Harmonization
IU international unit
YOA years of age
CI confidence interval
PRN pertactin
PT pertussis toxoid
(S)AE (serious) adverse event.

Acknowledgments

The authors thank Marina Emshanova, Ksenia Savelyeva, Galina Karpova, 
Geneviève Ramaekers, Elke Geyssens, the nurses, and study participants 
for their contribution to the study.

The authors thank the Modis platform for editorial assistance and 
manuscript coordination, on behalf of GSK. Anne-Theres Henze and 
Botond Nagy provided medical writing support and Camille Turlure 
coordinated the manuscript development and editorial support.

Disclosure of potential conflicts of interest

AK, LC, LH, MS, MD, NM, NB, PVS, and XS are employed by the GSK 
group of companies. MS and PVS hold restricted shares in the GSK group 
of companies as part of their employee remuneration. AA, AG, IO, OS, 
TL, TM and VR have nothing to declare.

Funding

This work was supported by GlaxoSmithKline Biologicals SA, including 
all costs associated with the development and publication of this 
manuscript.

ORCID

Michael Scherbakov http://orcid.org/0000-0002-9189-4729
Peter Van den Steen http://orcid.org/0000-0001-7931-1781

Trademark statement

Boostrix is a trademark owned by or licensed to the GSK group of 
companies.

Data sharing statement

Protocol summary is available at http://www.gsk-clinicalstudyregister. 
com (study number 201532). For interventional studies that evaluate our 
medicines, anonymized patient-level data and study documents will be 
made available to independent researchers, subject to review by an inde-
pendent panel, at www.clinicalstudydatarequest.com within 6 months of 
publication. To protect the privacy of patients and individuals involved in 
our studies, GSK does not publicly disclose patient-level data.

References

1. Centers for Disease Control and Prevention. Epidemiology and 
prevention of vaccine-preventable diseases. In: Hamborsky J, 
Kroger A, Wolfe S, editors. Chapter 16: pertussis. 13th ed. 
Washington D.C.: Public Health Foundation; 2015. [accessed 
2019 Sept 3]. https://www.cdc.gov/vaccines/pubs/pinkbook/ 
pert.html#pertussis.

2. Centers for Disease Control and Prevention (CDC) 2015. 
Epidemiology and prevention of vaccine-preventable diseases, 
13th edition; 2015 April. [accessed 2019 Sept 3]. http://www.cdc. 
gov/vaccines/pubs/pinkbook/downloads/pert.pdf.

3. Expert opinion on childhood immunisation schedule: diphtheria- 
tetanus-pertussis (DTP) vaccination. 2009 Nov 6. [accessed 2019 
Sept 3]. https://www.ecdc.europa.eu/en/publications-data/expert- 
opinion-childhood-immunisation-schedule-diphtheria-tetanus- 
pertussis-dtp.

4. Yeung KHT, Duclos P, Nelson EAS, Hutubessy RCW. An update 
of the global burden of pertussis in children younger than 5 years: 
a modelling study. Lancet Infect Dis. 2017;17(9):974–80. 
doi:10.1016/s1473-3099(17)30390-0.

5. de Greeff SC, Mooi FR, Westerhof A, Verbakel JM, Peeters MF, 
Heuvelman CJ, Notermans DW, Elvers LH, Schellekens JF, de 
Melker HE. Pertussis disease burden in the household: how to 
protect young infants. Clin Infect Dis. 2010;50(10):1339–45. 
doi:10.1086/652281.

6. Kowalzik F, Barbosa AP, Fernandes VR, Carvalho PR, Avila- 
Aguero ML, Goh DY, Goh A, de Miguel JG, Moraga F, Roca J, 
et al. Prospective multinational study of pertussis infection in 
hospitalised infants and their household contacts. Pediatr Infect 
Dis J. 2007;26(3):238–42. doi:10.1097/01.inf.0000256750.07118.ee.

7. Forsyth K, Plotkin S, Tan T, Wirsing von König CH. Strategies to 
decrease pertussis transmission to infants. Pediatrics. 2015;135(6): 
e1475–e1482. doi:10.1542/peds.2014-3925.

8. European Medicines Agency. List of nationally authorised medic-
inal products. Active substance(s): diphtheria/tetanus/pertussis 
(acellular, component) vaccine (adsorbed), diphtheria/tetanus/per-
tussis (acellular, component) vaccine (adsorbed) reduced antigens 
contents. [accessed 2019 Nov 22]. https://www.ema.europa.eu/en/ 
documents/psusa/diphtheria/tetanus/pertussis-acellular-compo 
nent-vaccine-adsorbed-diphtheria/tetanus/pertussis-acellular-com 

HUMAN VACCINES & IMMUNOTHERAPEUTICS 7

http://www.gsk-clinicalstudyregister.com
http://www.gsk-clinicalstudyregister.com
http://www.clinicalstudydatarequest.com
https://www.cdc.gov/vaccines/pubs/pinkbook/pert.html#pertussis
https://www.cdc.gov/vaccines/pubs/pinkbook/pert.html#pertussis
http://www.cdc.gov/vaccines/pubs/pinkbook/downloads/pert.pdf
http://www.cdc.gov/vaccines/pubs/pinkbook/downloads/pert.pdf
https://www.ecdc.europa.eu/en/publications-data/expert-opinion-childhood-immunisation-schedule-diphtheria-tetanus-pertussis-dtp
https://www.ecdc.europa.eu/en/publications-data/expert-opinion-childhood-immunisation-schedule-diphtheria-tetanus-pertussis-dtp
https://www.ecdc.europa.eu/en/publications-data/expert-opinion-childhood-immunisation-schedule-diphtheria-tetanus-pertussis-dtp
https://doi.org/10.1016/s1473-3099(17)30390-0
https://doi.org/10.1086/652281
https://doi.org/10.1097/01.inf.0000256750.07118.ee
https://doi.org/10.1542/peds.2014-3925
https://www.ema.europa.eu/en/documents/psusa/diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-reduced-antigens-contents-list-nationally-authorised_en.pdf
https://www.ema.europa.eu/en/documents/psusa/diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-reduced-antigens-contents-list-nationally-authorised_en.pdf
https://www.ema.europa.eu/en/documents/psusa/diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-reduced-antigens-contents-list-nationally-authorised_en.pdf


ponent-vaccine-adsorbed-reduced-antigens-contents-list-nation 
ally-authorised_en.pdf.

9. Boostrix - summary of product characteristics. [accessed 2020 May 
15]. http://mri.cts-mrp.eu/human/downloads/DE_H_0466_004_ 
FinalSPC.pdf.

10. Van der Wielen M, Van Damme P, Joossens E, Francois G, 
Meurice F, Ramalho A. A randomised controlled trial with a 
diphtheria-tetanus-acellular pertussis (dTpa) vaccine in adults. 
Vaccine. 2000;18(20):2075–82. doi:10.1016/s0264-410x(99)00568-x.

11. Ward JI, Cherry JD, Chang SJ, Partridge S, Lee H, Treanor J, 
Greenberg DP, Keitel W, Barenkamp S, Bernstein DI, et al. 
Efficacy of an acellular pertussis vaccine among adolescents 
and adults. N Engl J Med. 2005;353(15):1555–63. doi:10.1056/ 
NEJMoa050824.

12. Ward JI, Cherry JD, Chang SJ, Partridge S, Keitel W, Edwards K, 
Lee M, Treanor J, Greenberg DP, Barenkamp S, et al. Bordetella 
Pertussis infections in vaccinated and unvaccinated adolescents 
and adults, as assessed in a national prospective randomized 
Acellular Pertussis Vaccine Trial (APERT). Clin Infect Dis. 
2006;43(2):151–57. doi:10.1086/504803.

13. World Health Organization. WHO vaccine-preventable diseases: 
monitoring system. 2019 global summary. [accessed 2019 Sep 3]. 
http://apps.who.int/immunization_monitoring/globalsummary/ 
c o u n t r i e s ? c o u n t r y c r i t e r i a % 5 B c o u n t r y % 5 D % 5 B % 5 D =  
RUS&commit=OK#.

14. Appendix. National Immunization Calendar of the Russian 
Federation.” National Research Council. Biological science and 
biotechnology in russia: controlling diseases and enhancing secur-
ity. Washington (DC): The National Academies Press; 2006. 
doi:10.17226/11382.

15. Camargo ME, Silveira L, Furuta JA, Oliveira EP, Germek OA. 
Immunoenzymatic assay of anti-diphtheric toxin antibodies in 
human serum. J Clin Microbiol. 1984;20(4):772–74. doi:10.1128/ 
JCM.20.4.772-774.1984.

16. Melville-Smith ME, Seagroatt VA, Watkins JT. A comparison of 
enzyme-linked immunosorbent assay (ELISA) with the toxin neu-
tralization test in mice as a method for the estimation of tetanus 
antitoxin in human sera. J Biol Stand. 1983;11(2):137–44. 
doi:10.1016/s0092-1157(83)80038-9.

17. Efstratiou A, Maple CPA, World Health Organization. Regional 
Office for Europe. Laboratory diagnosis of diphtheria. 
Copenhagen: WHO Regional Office for Europe; 1994. https:// 
apps.who.int/iris/handle/10665/108108.

18. Meyer CU, Habermehl P, Knuf M, Hoet B, Wolter J, Zepp F. 
Immunogenicity and reactogenicity of acellular pertussis booster 
vaccines in children: standard pediatric versus a reduced-antigen 
content formulation. Hum Vaccin. 2008;4(3):203–09. doi:10.4161/ 
hv.4.3.5290.

19. Huang LM, Chang LY, Tang H, Bock HL, Lu CY, Huang FY, 
Lin TY, Lee CY. Immunogenicity and reactogenicity of a 
reduced-antigen-content diphtheria-tetanus-acellular pertussis 
vaccine in healthy Taiwanese children and adolescents. J Adolesc 
Health. 2005;37(6):517. doi:10.1016/j.jadohealth.2005.08.009.

20. Pichichero ME, Blatter MM, Kennedy WA, Hedrick J, 
Descamps D, Friedland LR. Acellular pertussis vaccine booster 
combined with diphtheria and tetanus toxoids for adolescents. 
Pediatrics. 2006;117(4):1084–93. doi:10.1542/peds.2005-1759.

21. Tran Minh NN, He Q, Ramalho A, Kaufhold A, Viljanen MK, 
Arvilommi H, Mertsola J. Acellular vaccines containing reduced 
quantities of pertussis antigens as a booster in adolescents. 
Pediatrics. 1999;104(6):e70. doi:10.1542/peds.104.6.e70.

22. Di Pasquale A, Wolter J, Schuerman L. Management of pertussis in 
adolescents and adults: the role of a reduced-antigen content 
combined diphtheria-tetanus-acellular pertussis (dTap) vaccine. 
J Prev Med Hyg. 2005;46:33–41.

23. Booy R, Van der Meeren O, Ng SP, Celzo F, Ramakrishnan G, 
Jacquet JM. A decennial booster dose of reduced antigen content 
diphtheria, tetanus, acellular pertussis vaccine (Boostrix™) is 
immunogenic and well tolerated in adults. Vaccine. 2010;29 
(1):45–50. doi:10.1016/j.vaccine.2010.10.025.

24. Theeten H, Rümke H, Hoppener FJ, Vilatimó R, Narejos S, Van 
Damme P, Hoet B. Primary vaccination of adults with reduced 
antigen-content diphtheria-tetanus-acellular pertussis or dTpa- 
inactivated poliovirus vaccines compared to diphtheria-tetanus- 
toxoid vaccines. Curr Med Res Opin. 2007;23(11):2729–39. 
doi:10.1185/03007x233034.

25. Nguyen V, Mendelsohn A, Larrick JW. Interleukin-7 and 
Immunosenescence. J Immunol Res. 2017;2017:4807853. doi:10. 
1155/2017/4807853.

26. Kurova N, Timofeeva EV, Guiso N, Macina D. Russia SP. A 
cross-sectional study of Bordetella pertussis seroprevalence and 
estimated duration of vaccine protection against pertussis in St. 
Petersburg, Russia. Vaccine. 2018;36(52):7936–42. doi:10.1016/j. 
vaccine.2018.11.007.

27. Borisova O, Kombarova SY, Zakharova NS, van Gent M, 
Aleshkin VA, Mazurova I, Mooi FR. Antigenic divergence between 
Bordetella pertussis clinical isolates from Moscow, Russia, and 
vaccine strains. Clin Vaccine Immunol. 2007;14(3):234–38. 
doi:10.1128/cvi.00294-06.

28. Mertsola J, Van Der Meeren O, He Q, Linko-Parvinen A, 
Ramakrishnan G, Mannermaa L, Soila M, Pulkkinen M, 
Jacquet JM. Decennial administration of a reduced antigen content 
diphtheria and tetanus toxoids and acellular pertussis vaccine in 
young adults. Clin Infect Dis. 2010;51(6):656–62. doi:10.1086/ 
655825.

29. Brandon D, Kimmel M, Kuriyakose SO, Kostanyan L, Mesaros N. 
Antibody persistence and safety and immunogenicity of a second 
booster dose nine years after a first booster vaccination with 
a reduced antigen diphtheria-tetanus-acellular pertussis vaccine 
(Tdap) in adults. Vaccine. 2018;36(42):6325–33. doi:10.1016/j. 
vaccine.2018.08.051.

30. Van Damme P, Burgess M. Immunogenicity of a combined 
diphtheria-tetanus-acellular pertussis vaccine in adults. Vaccine. 
2004;22(3–4):305–08. doi:10.1016/j.vaccine.2003.08.012.

31. Zepp F, Cheuvart B, Wolter JM. Anti-diphtheria antibodies should 
persist until adolescence after a reduced-antigen diphtheria, teta-
nus and acellular pertussis vaccine (dTpa) in pre-school-aged 
children. Paper presented at: 21st Annual meeting of the european 
society for paediatric infectious diseases; 2003 Apr 9-11; Giardini 
Naxos, Taormina, Sicily, Italy.

32. Rennels MB. Extensive swelling reactions occurring after booster 
doses of diphtheria-tetanus-acellular pertussis vaccines. Semin 
Pediatr Infect Dis. 2003;14(3):196–98. doi:10.1016/s1045- 
1870(03)00033-5.

33. Pichichero ME, Deloria MA, Rennels MB, Anderson EL, 
Edwards KM, Decker MD, Englund JA, Steinhoff MC, 
Deforest A, Meade BD. A safety and immunogenicity comparison 
of 12 acellular pertussis vaccines and one whole-cell pertussis 
vaccine given as a fourth dose in 15- to 20-month-old children. 
Pediatrics. 1997;100(5):772–88. doi:10.1542/peds.100.5.772.

34. Woo EJ, Burwen DR, Gatumu SNM, Ball R, Group TVAERSW. 
Extensive Limb Swelling after Immunization: reports to the 
Vaccine Adverse Event Reporting System. Clin Infect Dis. 
2003;37(3):351–58. doi:10.1086/375820.

35. European Medicines Agency. Boostrix. Summary or product 
characteristics. [accessed 2019 Nov 6]. https://mri.cts-mrp.eu/ 
human/downloads/DE_H_0466_004_FinalSPC.pdf.

36. Hervé C, Laupèze B, Del Giudice G, Didierlaurent AM, Tavares Da 
Silva F. The how’s and what’s of vaccine reactogenicity. NPJ 
Vaccines. 2019;4(1):39. doi:10.1038/s41541-019-0132-6.

8 A. ASATRYAN ET AL.

https://www.ema.europa.eu/en/documents/psusa/diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-reduced-antigens-contents-list-nationally-authorised_en.pdf
https://www.ema.europa.eu/en/documents/psusa/diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-diphtheria/tetanus/pertussis-acellular-component-vaccine-adsorbed-reduced-antigens-contents-list-nationally-authorised_en.pdf
http://mri.cts-mrp.eu/human/downloads/DE_H_0466_004_FinalSPC.pdf
http://mri.cts-mrp.eu/human/downloads/DE_H_0466_004_FinalSPC.pdf
https://doi.org/10.1016/s0264-410x(99)00568-x
https://doi.org/10.1056/NEJMoa050824
https://doi.org/10.1056/NEJMoa050824
https://doi.org/10.1086/504803
http://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=RUS%26commit=OK#
http://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=RUS%26commit=OK#
http://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=RUS%26commit=OK#
https://doi.org/10.17226/11382
https://doi.org/10.1128/JCM.20.4.772-774.1984
https://doi.org/10.1128/JCM.20.4.772-774.1984
https://doi.org/10.1016/s0092-1157(83)80038-9
https://apps.who.int/iris/handle/10665/108108
https://apps.who.int/iris/handle/10665/108108
https://doi.org/10.4161/hv.4.3.5290
https://doi.org/10.4161/hv.4.3.5290
https://doi.org/10.1016/j.jadohealth.2005.08.009
https://doi.org/10.1542/peds.2005-1759
https://doi.org/10.1542/peds.104.6.e70
https://doi.org/10.1016/j.vaccine.2010.10.025
https://doi.org/10.1185/03007x233034
https://doi.org/10.1155/2017/4807853
https://doi.org/10.1155/2017/4807853
https://doi.org/10.1016/j.vaccine.2018.11.007
https://doi.org/10.1016/j.vaccine.2018.11.007
https://doi.org/10.1128/cvi.00294-06
https://doi.org/10.1086/655825
https://doi.org/10.1086/655825
https://doi.org/10.1016/j.vaccine.2018.08.051
https://doi.org/10.1016/j.vaccine.2018.08.051
https://doi.org/10.1016/j.vaccine.2003.08.012
https://doi.org/10.1016/s1045-1870(03)00033-5
https://doi.org/10.1016/s1045-1870(03)00033-5
https://doi.org/10.1542/peds.100.5.772
https://doi.org/10.1086/375820
https://mri.cts-mrp.eu/human/downloads/DE_H_0466_004_FinalSPC.pdf
https://mri.cts-mrp.eu/human/downloads/DE_H_0466_004_FinalSPC.pdf
https://doi.org/10.1038/s41541-019-0132-6

	Abstract
	Introduction
	Methods
	Study design and participants
	Study vaccine
	Objectives
	Immunogenicity assessment
	Safety assessment
	Statistical analysis

	Results
	Demographic characteristics
	Immunogenicity
	Sensitivity analysis

	Safety

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Disclosure of potential conflicts of interest
	Funding
	ORCID
	Trademark statement
	Data sharing statement
	References

