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Abstract
Introduction. The increase in incidence rate of pertussis worldwide, short-term insufficient immunity induced by 
acellular pertussis vaccines (TDaP) and their failure to provide antibacterial protection and to prevent transmission 
of infection in human population dictate the development of new pertussis vaccines. A new live recombinant pertus-
sis vaccine for intranasal use (GamLPV) has completed preclinical studies in experiments on nonhuman primates 
and 2 phases of clinical trials involving adult healthy volunteers, in which the safety, immunogenicity and protective 
activity of the GamLPV were proven. Method and scheme of vaccine administration have been worked out. 
Aim. Confirmation of the immunogenicity and protective antibacterial potency of GamLPV in a randomized multi-
center clinical trial on adult volunteers.
Materials and methods. In this multicenter, clinical, randomized, placebo-controlled, double-blind study 260 
healthy adults aged 18–65 years were divided into 2 groups: G1 — 210 volunteers (GamLPV) and G2 — 
50 volunteers (placebo). 0.25 ml GamLPV delivered to each nostril (5 × 109 CFU) 60 days apart. Levels of  
Bordetella pertussis-specific IgG, IgA antibodies in blood serum and levels of B. pertussis-specific secretory IgA 
antibodies in nasopharyngeal aspirates were measured by ELISA method and agglutination test. The dynamics 
of elimination of attenuated B. pertussis bacteria after the first and second intranasal administration of GamLPV 
to volunteers was estimated by using qPCR.
Results. Significant seroconversion of B. pertussis-specific IgG and IgA antibodies and growth of B. pertus-
sis-specific secretory IgA antibody levels in nasal aspirates of volunteers were demonstrated. The dynamics of 
changes in the levels of IgG and IgA antibodies indicates a booster effect after second vaccination. Attenuated 
B. pertussis bacteria persist in the nose/oropharynx of vaccinated volunteers. The period of elimination after 
second vaccination is more than 2 times shorter than the period after the first one. The number of persistent  
B. pertussis bacteria after the second vaccination is less than 3% of the values after the first vaccination.
Conclusion. High immunogenicity and the formation of antibacterial protection after single and double intranasal 
vaccination of GamLPV have been proven.
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Аннотация
Введение. Рост заболеваемости коклюшем в мире, недостаточная продолжительность, эффективность 
и неспособность иммунитета, индуцированного бесклеточной коклюшно-дифтерийно-столбнячной вакци-
ной, обеспечить противобактерийную защиту и предотвратить передачу возбудителя от человека к че-
ловеку обосновывают необходимость разработки новых противококлюшных вакцин. Живая коклюшная 
вакцина «ГамЖВК» интраназального применения прошла доклинические исследования в экспериментах 
с низшими приматами и две стадии клинических исследований на взрослых добровольцах, доказавшие её 
безопасность, иммуногенность и защитную активность. Отработаны метод и схема введения препарата.
Цель работы — подтверждение иммуногенности и защитной противобактерийной активности «ГамЖВК»  
в рандомизированном многоцентровом клиническом исследовании на взрослых добровольцах.
Материалы и методы. В многоцентровом клиническом рандомизированном плацебо-контролируемом 
двойном слепом исследовании приняли участие 260 здоровых добровольцев в возрасте 18–65 лет. Из 
них 210 человек были рандомизированы в группу вакцинированных «ГамЖВК» и 50 человек — в группу 
плацебо. Препарат «ГамЖВК» вводили дважды в каждый носовой ход по 0,25 мл (5 × 109 КОЕ) с интерва-
лом 60 дней. Методом иммуноферментного анализа и реакции агглютинации определяли уровни специ-
фичных к Bordetella pertussis IgG-, IgA-антител в сыворотке крови и IgA в назальных аспиратах. Методом 
полимеразной цепной реакции в реальном времени измеряли число геном-эквивалентов B. pertussis в 
ротоглоточных смывах для оценки динамики элиминации аттенуированных бактерий B. pertussis после 
первого и повторного введения «ГамЖВК» добровольцам.
Результаты. Показаны достоверные сероконверсия по специфическим IgG и IgА в крови и рост уровня 
секреторных IgА в назальных аспиратах добровольцев. Динамика изменения содержания IgG и IgА ука-
зывает на бустерный эффект после повторной вакцинации. Аттенуированные бактерии B. pertussis перси-
стируют в носо- и ротоглотке вакцинированных. Время выведения бактерий после 2-й вакцинации сокра-
щается более чем в 2 раза в сравнении с 1-м введением, при этом количество персистирующих бактерий 
после 2-й вакцинации составляет менее 3% от значений после 1-й вакцинации.
Заключение. Доказаны высокая иммуногенность и формирование противобактерийной защиты после од-
нократной и двукратной интраназальной вакцинации добровольцев «ГамЖВК».

Ключевые слова: вакцина «ГамЖВК», Bordetella pertussis, многоцентровое клиническое исследование, 
добровольцы, иммуногенность, защитная эффективность, коклюш, гуморальный иммунный ответ
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Introduction
Pertussis is a highly contagious, airborne infec-

tious disease controlled by vaccine prophylaxis. Vac-
cination against pertussis is included in the mandatory 
vaccination calendars of most countries of the world, 
starting from early childhood. According to the World 
Health Organization, 42 countries currently use teta-
nus-diphtheria-acellular pertussis vaccines (TDaP) con-
taining an acellular pertussis component (aPC) and 143 
countries use an adsorbed tetanus-diphtheria-pertussis 
vaccine. However, since the 2000s, the mass use of per-
tussis vaccine in economically developed countries has 
led to an increase in the incidence of pertussis in these 
countries, approaching in some years the level of the 
pre-vaccine period [1]. The age structure has changed 
towards an increase in the percentage of incidence 
among adolescents and adults [2]. The increasing inci-
dence of pertussis among older children and adults has 
led to the realization of the necessity for revaccination. 
The feasibility of vaccination of pregnant women [3], 
mothers and close relatives to form a familial immu-
nity to prevent infection of infants is being studied [4]. 
Low efficacy and short duration of immunity after aPC 
vaccination, as well as their inability to form antimicro-
bial immunity, are considered as one of the reasons for 
the increase in morbidity [5]. The reactogenicity of the 
pertussis corpuscular component and the low efficacy 
of aPC stimulate the development of new preparations 
capable of inducing long-term antibacterial immunity, 
which are not harmful during vaccination and are con-
venient for mass application.

The N.F. Gamaleya NRCEM has developed a live 
recombinant vaccine for intranasal administration for 
pertussis prophylaxis, called GamLPV. To date, the 
GamLPV vaccine has undergone preclinical studies 
and phase II clinical trials on adult healthy volunteers, 
which proved its safety, immunogenicity and protective 
activity, and the method and scheme of drug adminis-
tration have been worked out [6–10]. A similar recom-
binant live pertussis vaccine (BPZE1) developed in 
France is at the stage of clinical trials [11–13].

The aim of this study is to confirm the immuno-
genicity and protective activity of the GamLPV vac-
cine when administered twice in adult volunteers aged 
18–65 years in a multicenter clinical trial.

Materials and methods

Study design

A randomized placebo-controlled, blind, multi-
center clinical trial was conducted to investigate the im-

munogenicity and safety of the GamLPV live vaccine 
according to: 

• Тhe Protocol of the clinical trial No. 03-Gam-
LPV-2021, version 3 dated 28.01.2021, permis-
sion of the Ministry of Health of Russia No. 277 
dated 08.06.2021.

• The Protocol of Clinical Trial No. 03-Gam-
LPV-2021 was approved by the Ethics Council 
under the Ministry of Health of the Russian Fed-
eration (extract No. 277 dated 08.06.2021), as 
well as by local  ethics committees:

• Ethical Committee of the Infectious Dis-
ease Clinical Hospital No. 1 of the Moscow 
Health Department (meeting protocol No. 5 of 
08.12.2021);

• Ethics Committee of the Eco-safety research 
center LLC (extract No. 5 from meeting protocol 
No. 221 dated 20.01.2022; extract No. 2 from 
meeting protocol No. 222 dated 27.01.2022).

The inclusion and non-inclusion criteria relevant 
for assessing the immunogenicity of the vaccine used 
and the bacterial load in nasopharyngeal aspirates are 
summarized below. The full list of inclusion criteria, 
non-inclusion criteria, early exclusion of the volunteer 
from the study, composition and route of administration 
of the preparation, criteria for assessing the immunoge-
nicity and efficacy of the preparation according to the 
Protocol are presented in the Appendix to the article on 
the journal's website.

When the protocol was being prepared, the level 
of IgG antibodies to Bordetella pertussis at the time of 
inclusion was used as one of the inclusion criteria in 
the study. The range of values of IgG antibody level 
was determined on the basis of data obtained using the 
Ridascreen test system. According to this system, vo-
lunteers with IgG antibody levels < 14 U/mL were con-
sidered seronegative (SN), antibody levels were con-
sidered indeterminate (gray zone, GZ) between 14 and 
< 18 U/mL, and volunteers with IgG antibody levels  
≥ 18 U/mL were considered seropositive (SP). Accord-
ing to the protocol, both SN and mild to moderate SP 
volunteers with IgG antibody levels of 45 U/mL or less 
could be included in the study. By the time of inclusion 
of volunteers in the study, the Ridascreen test system 
was replaced by the ESR120G test system (Virion/Seri-
on GmbH) due to organizational difficulties associated 
with the unavailability of the Ridascreen test system in 
Russia. According to the instructions for the ESR120G 
kit (Virion/Serion GmbH), samples with antibody le-
vels < 40 IU/mL are considered to be SN, 40-50 IU/mL 
is considered to be the gray zone, and antibody levels 
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of 50 IU/mL or higher are considered to be SP. An IgG 
antibody level of 45 IU/mL when determined using the 
Ridascreen kit is equivalent to an IgG antibody level of 
126 IU/mL when determined using the ESR120G kit 
(Virion/Serion GmbH).

Inclusion criteria: men and women aged 18–65 
years; medically stable condition, absence of pertus-
sis-specific IgM antibodies, pertussis-specific IgG 
antibodies < 126 IU/mL (SERION ELISA classic ES-
R120G), absence of B. pertussis DNA in nasopharyn-
geal aspirates confirmed by polymerase chain reaction 
(PCR).

Exclusion criteria: history of pertussis; vaccina-
tion against pertussis within the last 10 years and any 
vaccination within the last year; any disease that, in the 
opinion of the investigator, may affect the results of 
the study or may lead to deterioration of health status 
during the study; reported severe post-vaccination com-
plications in the history; taking medications for prophy-
lactic or therapeutic purposes within 1 month before 
screening; participation in other clinical trials, presence 
of specific IgM antibodies to pertussis pathogen, spe-
cific IgG antibody level > 126 IU/mL (SERION ELISA 
classic ESR120G), presence of B. pertussis DNA in na-
sopharyngeal/ oropharyngeal aspirates.

Survey of volunteers and randomization
All volunteers participating in the study signed 

a voluntary informed consent form, after which they 
were assigned a number and screened. Compliance 
with all inclusion/non-inclusion criteria was con-
firmed before inclusion of volunteers in the study. The 
study population consisted of 260 male and female 
volunteers aged 18-65 years (inclusive), selected ac-
cording to inclusion criteria and without non-inclu-
sion criteria. Volunteers were allocated into 2 groups: 
those who received GamLPV (vaccinated group; n = 
210) and those who received placebo (placebo group; 
n = 50) according to the protocol's randomization pro-
cedure. The vaccinated group was divided into 3 sub-
groups according to the content of specific pertussis 
IgG antibodies before the 1st vaccine administration: 
1st subgroup, SN (n = 168); 2nd subgroup, GZ (n = 7); 
3rd subgroup, SP (n = 35).

The clinical study included the 1st administration 
of the drug, observation period of 60 ± 5 days, and the 
2nd administration of the drug and observation period of 
60 ± 5 days. Determination of the level of specific IgG 
and IgA antibodies (enzyme-linked immunosorbent as-
say (ELISA), in blood serum, oro- and nasopharyngeal 
secretions) and titers of agglutination of bacterial sus-
pension of pertussis pathogen (agglutination reaction, 
AR) by serum of volunteers at each drug administration 
were performed before administration (day 1), after ad-
ministration on days 8, 15, 29 and 60. Determination of 
bacterial load in oro- and nasopharyngeal secretions by 
PCR at each drug administration was performed before 

drug administration, after the 1st administration after 1 
h (day 1), on days 4, 8, 15, 29 and 60. Randomization 
and visit procedures are presented in the Appendix of 
the article on the journal website. 

Study drug, doses and route of administration
GamLPV, a live vaccine for intranasal administra-

tion for the prevention of pertussis based on attenuated 
B. pertussis 4MKS bacteria [14], in the form of a lyo-
philizate for the preparation of a suspension for intra-
nasal administration was produced by the Medgamal 
branch of the N.F. Gamaleya NRCEM. The vaccine 
series used in the clinical study passed all the necessary 
control stages. 

The drug was administered at a dose of 5 × 109 
CFU in the form of a suspension intranasally by inject-
ing 0.25 mL into each nasal passage through a syringe 
without a needle, twice, with an interval of 2 months 
(60 ± 5 days). Sterile solution of stabilizer lyophilizate 
was used as placebo. Both preparations were reconsti-
tuted in 1 mL of 0.9% NaCl for injection. 

Quantification of B. pertussis DNA
For real-time PCR (qPCR), we used DNA iso-

lated from oropharyngeal and nasopharyngeal probes 
(hereinafter referred to as aspirates) placed in a single 
tube. After centrifugation, the samples were treated 
with guanidinedithiocyanate solution followed by DNA 
sorption on a sorbent [15]. To determine the amount 
of genome equivalent (GE) of B. pertussis DNA, the 
 qPCR test system developed and validated by us was 
used [16]. qPCR was performed on the CFX-96 Touch 
thermocycler (Bio-Rad).

The elimination time of attenuated bacteria from 
the nasopharynx and oropharynx was estimated as a 
time interval in days from the moment of administra-
tion (1 h) until the established level was reached. The 
average B. pertussis DNA level of 0.7 GE/mL in both 
groups at the screening stage was taken as the level at 
which the elimination of bacteria was determined to be 
complete. If the indicated level was not reached, the 
elimination time was taken as 100 days. To compare the 
groups of volunteers after the 2nd bacterial administra-
tion and the 1st vaccination, we used the Kaplan–Mei-
er method (Survival Analysis — Comparison of Two 
Samples module of the Statistica v. 10.0 program), 
which allows the use of censored data. Cases that did 
not reach the set level of 0.7 GE/mL were classified as 
censored data. Such cases were reported after the 1st 
vaccination, representing 6.2% (13 of 210), and 1 case 
less than 1.0% after the 2nd vaccination (1 of 202). The 
appropriateness of this method is because, as with the 
survival analysis, not all individuals had completed 
excretion by the time the study was completed (cen-
sored data), but they were not excluded but were used 
in the analysis. Differences were assessed using the 
log-rank test.
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Methods for assessing the immunogenicity of GamLPV

Immunogenicity of GamLPV was evaluated by in-
duction of specific IgG and IgA antibodies in the blood 
serum of volunteers detected by ELISA and AR. Lo-
cal immune response was evaluated by the dynamics 
of specific secretory IgA antibodies to B. pertussis in 
nasopharyngeal aspirates.

Blood samples were collected in vacuum tubes 
with blood clotting activator (Vacuette). Serum was 
collected after centrifugation of samples for 20 min 
at 300g to thicken the clot. The level of specific IgG 
and IgA antibodies to pertussis pathogen in serum was 
determined by ELISA according to the instructions of 
the manufacturer of the ESR120G, ESR120A and ES-
R120M test systems (Virion/Serion GmbH). IgA anti-
bodies in aspirates, as well as in blood serum, was de-
termined using the ESR120A test system (Virion/Seri-
on GmbH), but the samples were diluted 2-fold instead 
of 100 (according to the manufacturer's instructions). 
To obtain absolute values of antibody concentration 
in aspirates, the values calculated from the calibration 
curve were divided by 50.

AR was performed on kits produced by Research 
and Production Association Ecolab. The titer was con-
sidered to be the highest serum dilution at which an AR 
of at least “+++” (three crosses) was obtained. 

Statistical processing of data
Mathematical and statistical analysis of the results 

was performed using the Statistica v. 10.0, R 4.2.1 and 
Microsoft Office Excel 2013 software packages to gen-
erate graphs and tables.

The obtained quantitative data were checked for 
compliance with the law of normal distribution. To de-
termine normality, the Kolmogorov–Smirnov criterion 
(for a sample size of more than 50 volunteers) or the W 
Shapiro–Wilk criterion (for a sample size of less than 
50 volunteers) were used. If the statistic was signifi-
cant, the hypothesis of normal distribution of the vari-
able values was rejected.

Immunogenicity in the studied groups represented 
by qualitative features (fractions) was assessed using 
the χ2 test criterion when the expected frequency of oc-
currence of a feature was more than 5 or the two-sided 
Fisher's exact test when the condition for the χ2 criteri-
on was not met. 

Immunogenicity points for qualitative criteria are 
presented as absolute frequencies (trait occurrence), 
relative frequencies (%), and 95% confidence interval 
of the proportion (Clopper-Pearson).

Quantitative criteria of immunogenicity were 
evaluated using nonparametric methods (Mann–Whit-
ney test) or Student's t-test for independent samples ac-
cording to the nature of distribution. The data were also 
presented taking into account the nature of distribution.

To compare several independent samples (more 
than 2) represented by quantitative variables, we used 

the Kraskell–Wallis rank analysis of variances. If statis-
tically significant differences between all groups were 
established, the “a posteriori” method “Comparison 
of mean ranks for all groups” (nonparametric Dunn's 
test), which takes into account the problem of multiple 
comparisons, was used to identify differences between 
individual groups.

In addition to the descriptive statistics given for 
safety, geometric mean values with 95% confidence in-
tervals were used to represent agglutination titers.

Log-rank test was used to compare groups of vol-
unteers after the 1st and 2nd bacterial administration.

Two-sided criteria were used for immunogenicity 
points.

The magnitude of the error to confirm the null hy-
pothesis should be greater than 0.05 (at p ≤ 0.05 the null 
hypothesis is rejected, at p > 0.05 — accepted).

Results

Dynamics of specific anti-pertussis IgG and 
IgA antibodies in serum and IgA antibodies in 

nasopharyngeal and oropharyngeal aspirates. 

The results of IgG and IgA antibody measure-
ments by subgroups are presented in Figs. 1, 2. The 
significance of statistical differences between the total 
vaccinated group and placebo was assessed using the 
Mann–Whitney test. Statistically significant differences 
between subgroups were assessed using nonparametric 
analysis of variance — Kraskell–Wallis rank analysis 
of variances and Dunn's posterior nonparametric test 
(tables not shown).

There were no significant differences in IgG anti-
bodies between the total vaccinated group and the pla-
cebo group at the time of administration of GamLPV. 
On the 8th day after the 1st administration, IgG antibody 
levels in the total vaccinated group increased signifi-
cantly compared to the placebo group (p = 0.012); start-
ing on the 15th day after the 1st vaccination, differences 
between groups became highly statistically significant 
(p < 0.0001). Compared to baseline (19 IU/mL), medi-
an IgG antibody levels in the vaccinated group after the 
1st administration of the drug on days 8, 15, 29, and 60 
increased 1.1, 2.3, 3.6, and 3.8-fold, respectively. After 
the 2nd administration of GamLPV, the multiplicity of 
increase in IgG levels on days 8, 15, 29, and 60 was 3.7, 
4.2, 3.9 and 3.8-fold, respectively (70.5–79.5 IU/mL). 
In the placebo group, median IgG antibody levels did 
not change significantly and ranged from 16.8–21.0 IU/
mL during the course of the study. 

Before the 1st administration of GamLPV, the me-
dian IgG level in each subgroup (SN, GZ, SP) was sig-
nificantly different from the median of the total vacci-
nated group. Significant differences were also observed 
between the subgroups of SN and SP, SN and GZ. Within 
the observation period, the median IgG antibody level 
in the SP subgroup was significantly different from the 
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median for the total vaccinated group on day 15 after 
the 1st administration (p = 0.001), and on days 29 (p = 
0.023) and 60 (p = 0.001) after the 2nd administration of 
GamLPV. Significant differences between the SN and 
SP groups were observed on days 15 (p = 0.001) and 29 
(p = 0.023) after the 1st administration and on days 29  
(p = 0.003) and 60 (p = 0.001) after the 2nd administra-
tion of GamLPV. IgG antibody levels in the GZ sub-
group were not significantly different from values for 
the other subgroups or the total vaccinated group at any 
of the post-vaccination controls.

When assessing the level of specific IgA antibod-
ies in the blood, significant differences were found be-
tween the vaccinated and placebo groups — 7.0 and 4.8 
IU/mL, respectively (p = 0.014). Both values were sig-
nificantly less than the seronegativity cut-off limit (< 25 
IU/mL). After the 1st vaccination from day 8 onwards, 
the significance of differences between groups became 
highly significant (p < 0.0001) and remained at this level 
until the end of the study. In the vaccinated group after 
the 1st administration, the median values on days 8, 15, 29 
and 60 increased 1.3, 3.6, 4.9 and 5.4 times, respectively, 
compared to baseline. After the 2nd vaccination, a booster 
effect was observed on day 29 — IgA antibody levels 
increased 6.2-fold compared to baseline. By day 60, the 
IgA level returned to the level detected before the 2nd ad-
ministration. In the placebo group no significant changes 
were found during the observation period — the medi-
an values ranged from 4.0–6.0 IU/mL. Subgroup analy-
sis showed that at the time before the 1st administration 

of GamLPV the level of IgA antibodies to B. pertussis 
significantly differed between the SP and SN subgroups  
(p = 0.001), while in the SP subgroup the antibody level 
also significantly differed from the value characteristic 
of the general group of vaccinated persons (p = 0.001). 
At subsequent follow-up checkpoints, up to day 8 after 
the 2nd administration of GamLPV, there were no signifi-
cant differences between the subgroups. On day 15 after 
the 2nd administration, significant differences were again 
found between the SP and SN subgroups (p = 0.001), as 
well as between the SP subgroup and the value for the 
total vaccinated group (p = 0.001). On days 29 and 60 
after the 2nd administration, significant differences in IgA 
antibody levels to B. pertussis persisted only between the 
SP and SN groups (p = 0.049). For the SP subgroup, no 
significant differences in the median IgA antibody level 
with the other subgroups were found at any of the study 
controls.

Determination of specific secretory anti-pertussis 
IgA antibodies in nasopharyngeal and oropharyngeal 
flushes from volunteers revealed statistically highly sig-
nificant (p < 0.0001) differences between the vaccinated 
and placebo groups at all controls (Fig. 3). In the vac-
cinated group, compared to baseline (0.20 IU/mL), the 
median levels of secretory IgA antibodies on days 15, 29 
and 60 after the 1st vaccination increased 2.5, 4.5 and 
3.2-fold, respectively. This increased continuously after 
the 2nd vaccination and on days 8, 15 and 29, the mul-
tiplicity of increase was 4.4, 5.2 and 5.8, respectively. 
By day 60, the median level of secretory IgA antibodies 
returned to the values detected on day 60 after the 1st 
administration of GamLPV. Subgroup analysis showed 
significant differences in secretory IgA antibody levels 
between the SN and SP subgroups on day 29 after the 
2nd vaccine administration (p = 0.031).

Fig. 2. B. pertussis-spesific IgA antibody dynamics in blood 
serum of vaccinated volunteers and additional groups SN, 

GZ and SP. 
IgA antibody concentration (IU/mL) in the blood serum of volunteers 

is plot on Y-axis. 
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Fig. 1. B. pertussis-spesific IgG antibody dynamics in blood 
serum of vaccinated volunteers and additional groups SN, 

GZ and SP.
Here and on the Figs. 2–4: days after administration of GamLPV to 
volunteers from additional groups are plot on X-axis: 0_1 — the 1st 

day of administration of GamLPV (before administration), 8_1, 15_1, 
29_1, 60_1 – 8, 15, 29 and 60 days after the 1st administration of 

GamLPV respectively; 8_2, 15_2, 29_2, 60_2 — 8, 15, 29, 60 days 
after the 2nd administration of GamLPV respectively. IgG antibody 

concentration (IU/mL) in the blood serum of volunteers is plot  
on Y-axis.



784 785ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2024; 101(6) 
DOI: https://doi.org/10.36233/0372-9311-585

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

Dynamics of change in the proportion of volun-
teers with more than twofold increase in the level of 
specific anti-pertussis IgA and IgG antibodies in se-
rum and nasopharyngeal aspirates. The multiplicity 
of increase in the amount of specific anti-pertussis IgA 
and IgG antibodies in aspirates and in serum at each 
visit was analyzed in comparison with the data before 
drug administration (Fig. 4). 

The proportion of volunteers with at least a two-
fold increase in the level of IgG antibodies in the blood 
in the vaccinated group was significantly different (χ2 
test, p < 0.0001) from the placebo group as early as day 
15 after the 1st injection, and the differences remained 
significant until the end of the study. On days 15, 29, 
and 60 after the 1st administration and on days 8, 15, 
29 and 60 after the 2nd administration, the proportion of 
volunteers who achieved this rate was 46.4, 69.3, 72.8, 
73.1, 75.0, 77.9, and 77.0%, respectively. Subgroup 
analysis showed that in the SN subgroup, at day 29 after 
the 1st administration, the proportion was 84.3%. This 
value increased at the following time points, reaching a 
maximum of 92.4% on day 29 after the 2nd administra-
tion. In the SP and GZ subgroups, these values ranged 
from 11.4–17.1 and 14.3–57.1% during the same peri-
od, respectively. 

When assessing IgA antibody levels, it was found 
that from day 15 after the 1st injection until the end of 
the analysis, the proportion of patients with at least a 
twofold increase in serum IgA antibody levels in the 
vaccinated group differed from the placebo group with 
high reliability (χ2 test, p < 0.0001). On days 15, 29 
and 60 after the 1st administration, the percentage of 
such volunteers in the vaccinated group was 71.8, 85.1 
and 86.1%, respectively. After the 2nd vaccination on 

days 8, 15, 29 and 60, this proportion in the vaccina-
ted group was 88.1, 88.1, 90.0, and 89.0%, respectively. 
Subanalysis of subgroups showed that in the SN sub-
group, a twofold increase in the level of IgA antibodies 
in blood was observed in more than 90.0% of volun-
teers from day 29 of the study to the end of the study 
(91.6–94.9%). In the SP subgroup these values ranged 
from 60.0–74.3%, in the SP subgroup — 57.1–85.7%.

The dynamics of the level of secretory IgA anti-
bodies was similar to that of IgA antibodies in serum. 
Highly significant differences (p < 0.0001) between the 
vaccinated and placebo groups were detected from day 
15 after the 1st vaccine injection. The proportion of vol-
unteers with a twofold increase in IgA antibody levels 
on days 15, 29 and 60 after the 1st administration and on 
days 8, 15, 29 and 60 after the 2nd vaccine administra-
tion was 58.4, 71.6, 70.8, 80.2, 82.6, 84.0 and 73.5%, 
respectively. There were no significant differences be-
tween the SN, GZ and SP subgroups, except for one 
point, 29 days after the 2nd vaccine administration, at 
which the SN and SP subgroups differed significantly 
(p = 0.031).

Timing of reaching maximum values of IgA and 
IgG antibodies in serum after the 2nd vaccination 
compared to the 1st vaccination. In order to analyze 
the time to reach the maximum concentrations, the 
data of only those volunteers of the vaccinated group 
were analyzed, in which the antibody level was eval-
uated at least in 3 points, except for the time of drug 
administration. 

After the 2nd vaccination, a significant reduction 
in the time to reach maximum antibody levels was ob-
served: more than two-fold for serum IgG and 4-fold 
for serum IgA; two-fold for secretory IgA (Table).
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Fig. 3. B. pertussis-specific secretory IgA antibody (median 
values) dynamics in nasopharyngeal/oropharyngeal 

aspirates of vaccinated volunteers and additional groups  
SN, GZ and SP.

Secretory IgA antibody concentration (IU/ml) in nasopharyngeal/
oropharyngeal aspirates is plot on Y-axis. 

Fig. 4. The dynamics of the proportion of vaccinated 
volunteers with more than a twofold increase  

of B. pertussis-specific IgG antibodies in blood serum.
The proportion of volunteers (%) with more than a twofold increase 

of B. pertussis-specific IgG antibodies in blood serum is plot  
on Y-axis.
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Fig. 5. The dynamics of cumulative fraction of volunteers 
who did not eliminate B. pertussis bacteria from the 
nasopharynx after second administration of bacteria 

compared with the first vaccination.
Time duration of B. pertussis bacteria elimination starting from  
the first hour after GamLPV administration are plot on X-axis;  

the cumulative fraction of volunteers in whose aspirates the DNA  
of B. pertussis bacteria was detected by PCR in an amount more 

than 0,7 GE/mL, is plot on Y-axis. The dashed line indicates  
the second vaccination schedule of volunteers.

Evaluation of the immune response to vaccina-
tion of GamLPV volunteers using AR. The immune 
response, which characterizes the level of agglutinating 
antibodies in the serum of vaccinated volunteers, was 
assessed by the AR method. Antibody titers were pre-
sented as geometric mean values with 95% confidence 
intervals and descriptive statistics for asymmetrically 
distributed data (tables not presented).

Statistically significant differences between the 
groups of vaccinated volunteers and those who received 
placebo were established at all points analyzed. Starting 
on day 15 after the 1st vaccination, these differences be-
came statistically highly significant (p < 0.0001). The 
antibody titer in the placebo group did not change sig-
nificantly throughout the entire examination period.

In the vaccinated group, the geometric mean ag-
glutination titer on day 8 after the 1st vaccination (45.9) 
was generally consistent with the baseline (42.4). An 
increase in titer was observed from day 15 after the 1st 
vaccine administration. The multiplicity of increase in 
the geometric mean agglutination titer on days 15, 29 
and 60 was 1.7, 2.3, and 2.0, respectively. After the 2nd 
vaccination on days 8, 15 and 29, the multiples were 
2.0, 2.6 and 2.7, respectively. By day 60 after the 2nd 
vaccination, the titer decreased slightly, but the multi-
plicity increase of 2.6 exceeded that on day 60 after the 
1st vaccination. 

The proportion of volunteers with an agglutination 
titer of 1 : 80 or higher on days 8, 15, 29, and 60 after 
the 1st vaccination was 38.1, 56.0, 73.6, and 65.8%, and 
66.8, 77.6, 77.6 and 80.0% after the 2nd vaccination. Af-
ter the 1st vaccination, the proportion of volunteers with 
an agglutination titer of 1 : 80 in the total vaccinated 
group was statistically significantly different from the 
distinguished subgroups. After the 2nd vaccination, no 
statistically significant differences were found between 
subgroups. The highest percentage of individuals who 
met the specified criterion was found in the group of SP 
volunteers (from 80.0% on day 15 after the 1st adminis-
tration to 94.3% on days 15 and 60 after the 2nd vaccine 
administration). In the SN subgroup, for the same time 

interval, this indicator ranged from 51.5–75.9%, in the 
SP subgroup — 42.9–100.0%. 

Elimination time of attenuated bacteria from the 
nasopharynx after the 2nd administration of bacteria 
compared with the 1st vaccination. Fig. 5 shows the 
dynamics of elimination of attenuated bacteria from the 
nasopharynx as a decrease in the cumulative proportion 
of persons with non-eliminated B. pertussis bacteria in 
separate time intervals. From the presented data it is ev-
ident that elimination of vaccine B. pertussis from the 
nasopharynx after the 2nd administration of bacteria is 
faster than after the 1st vaccination of volunteers. At the 
same time, after the 2nd vaccine administration, there 
is a greater proportion of volunteers whose elimination 
process was completed early — within the first 7 days 
after vaccination.

Comparative evaluation of B. pertussis-specific IgA and IgG antibody median values in blood serum and secretory IgA 
antibodies in nasopharyngeal/oropharyngeal aspirates of volunteers with time to Сmax in group of vaccinated volunteers  
after the 1st and the 2nd vaccination

Class of antibodies Vaccination 
number n Median value of specific 

antibody content, IU/mL р1
Median value of bacterial 

elimination time, day р2

Serum IgA 
1 207 44,0

0,006
56,0

< 0,0001
2 200 55,5 14,0

Serum IgG
1 208 77,5

< 0,0001
59,0

< 0,0001
2 200 90,0 28,0

Secretory IgA
1 208 1,98

 < 0,0001
28,0

< 0,0001
2 199 6,28 14,0

Note. Reliability of differences was calculated using the Wilcoxon test.
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Comparative evaluation of the elimination time of 
attenuated bacteria from the nasopharynx of vaccinat-
ed volunteers of the general group after the 1st and 2nd 
vaccinations using the log-rank criterion showed a sta-
tistically highly significant (p < 0.0001) decrease in the 
elimination duration after the 2nd vaccination from 16 
to 7 days according to the median value. The SN sub-
group showed the greatest difference in the duration of 
bacterial elimination period after the 1st and 2nd vaccina-
tions, 28 and 7 days, respectively. In the SP subgroup, 
the differences were also significant (p = 0.013) — the 
median duration of bacterial elimination was 14 and 7 
days, respectively.

In addition to the elimination time analysis, the 
total amount of B. pertussis DNA in the nasopharynx 
of volunteers, during follow-up after the 1st and 2nd vac-
cinations, was estimated using the linear trapezoidal 
method. The area under the curve after the 1st vaccina-
tion was 6714 (1539) GE day/mL and after the 2nd vac-
cination was 443 (44) GE day/mL at the median when 
calculated between days 3 and 60.

Discussion
The results of studying the immunogenicity of 

GamLPV and virulent B. pertussis bacteria on the ex-
perimental model of nonhuman monkeys showed that 
the first contact with infection induced a slow and un-
expressed growth of specific IgG antibodies, lasting, as 
a rule, until the 46th–60th day of observation. Repeated 
administration of bacteria resulted in a rapid and pro-
nounced increase in IgG antibodies starting on day 3–7 
with a maximum on day 14–28 after the 2nd infection 
[6, 7]. The results of the phase I clinical trial GamLPV 
confirmed the slow increase of IgG antibody values 
after the 1st vaccination [8]. At that time, it was also 
shown that, at least among volunteers in Moscow and 
the Moscow region when using the Ridacreen kit, less 
than 50% of adults aged 40–60 years were SN [8–10]. 

The tested vaccine is intended for revaccination 
of adults regardless of their health status and level of 
specific IgG antibodies. Therefore, it is of practical in-
terest to study the tolerability, immunogenicity and pro-
tective activity of GamLPV for volunteers 18–65 years 
of age who have no obvious health disorder, no symp-
toms of pertussis and serum IgG antibody level lower 
than the threshold defined in the country for laboratory 
diagnosis of pertussis. The lack of studies in Russia de-
termining the serologic status of the population (IgG, 
IgM and IgA antibody levels) and the absence of in-
house ELISA test systems does not allow quantitative 
assessment of the level of protective antibodies after 
vaccination and/or disease. Therefore, based on the re-
sults of our previous studies and some data from the 
national literature, an IgG antibody value of 45 U/mL 
 [9, 10], measured using the Ridacreen kit, was accept-
ed as the threshold for inclusion in the study, which 
allowed more than 80% of screened volunteers to be 

included in the study. The impossibility of using Rida-
creen test systems in the study presented in this article 
led to the necessity to determine the conversion factor 
for converting the value of the IgG inclusion criterion 
limit point < 45 U/mL into international units (IU/mL) 
measured using the available and registered in Russia 
ESR120G test system (Institut Virion/Serion GmbH). 
As a result of semi-empirical calculations, a value equal 
to 2.8 was accepted as such a coefficient. Thus, the level 
of 126 IU/mL determined by the ESR120G test system 
(Virion/Serion GmbH) was taken as the upper limit of 
the IgG antibody level at which a volunteer could be in-
cluded in the study. The calculated coefficient was used 
only to determine the boundary in the inclusion criteria. 
All other values of IgG and IgA antibody parameters 
of blood serum of volunteers and aspirates were deter-
mined using the ESR120A and ESR120G test systems 
(Institut Virion/Serion GmbH) in the units used by them 
(IU/mL).

The choice of parameters and criteria (control 
points) for assessing the immunogenicity of GamLPV 
intranasal application by the main indicators is tradi-
tional for multicenter studies and is justified in proto-
cols, brochures and reports on the conducted clinical 
trials. Control points characterizing the level of immu-
nogenicity of the drug are given in the Appendix to the 
article on the journal's website.

The conducted study demonstrated a significant 
seroconversion of IgG and IgA antibodies and an in-
crease in the level of secretory IgA antibodies in naso-
pharyngeal aspirates of volunteers. The values obtained 
exceeded the baseline antibody levels in volunteers in-
cluded in the vaccinated group and the antibody levels 
in volunteers in the placebo group. Significant differ-
ences between the levels of IgG and IgA antibodies in 
the vaccinated and placebo groups were observed al-
ready on day 8. Thus, the humoral immune response 
to intranasal vaccination of volunteers with GamLPV 
begins to manifest itself one week after the drug ad-
ministration. The maximum increase of median values 
of antibody levels to B. pertussis in the serum of vol-
unteers was 6.2 times for IgG and 4.2 times for IgA. 
The level of IgA antibodies in aspirates maximally in-
creased 5.8 times after the 2nd vaccination. Similar dy-
namics was registered when assessing seroconversion 
by AR indicator. 

The time to reach maximum levels of IgG and 
IgA antibodies in serum and secretory IgA antibodies 
in nasal aspirates after the 1st and 2nd vaccination of 
volunteers is indicative. In all cases, antibody levels, 
regardless of isotype, not only exceeded those after the 
2nd administration but also peaked at shorter times after 
the 1st administration. 

An important indicator is the proportion of vo-
lunteers who reached the target value of exceeding the 
initial antibody level. The control point chosen by us 
and included in the protocol assumes achievement of 
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at least a twofold increase in IgG and IgA antibody 
levels in at least 80% of vaccinated volunteers. When 
calculated for the total group, this reference point was 
achieved and exceeded for IgA antibody levels in serum 
and in aspirates. For IgG antibodies, a twofold increase 
in antibody levels was observed in 77.9% of vaccinated 
volunteers.

Analysis of the dynamics of changes in the lev-
el of IgG and IgA antibodies in serum by subgroups 
confirmed the general dynamics of increasing levels 
of IgA and IgG antibodies. Quite expectedly, the mul-
tiplicity of increase in the total vaccinated group and 
the SN subgroup were close to each other and signifi-
cantly exceeded the multiplicity of increase in the SP 
and GZ subgroups (Fig. 4), which is due to the effect 
of the base (initial antibody level against which the 
multiplicity was calculated). The insignificant lag in 
the proportion of volunteers who achieved a twofold 
increase in the level of IgG antibodies from 80% in the 
total group of the vaccinated is fully explained by the 
presence in it of volunteers of the SP and GZ subgroups 
with initially high IgG antibody values and, according-
ly, the impossibility of achieving a high multiplicity of 
antibody increase by them. Thus, on the 29th day after 
the 2nd vaccination, the proportion of volunteers with 
a twofold or more increase in the level of IgG antibo-
dies in serum among all vaccinated persons was 77.9%, 
whereas in the SN subgroup this level exceeded 92%, 
in the SP subgroup it was only 17.1%, and in the GZ 
subgroup — 57.1%. The SP and GZ subgroups together 
account for about 20% of the total vaccinated group, 
which affected the final value and determined the mini-
mum value (2.1%) of this indicator, which was insuffi-
cient to achieve the stated primary endpoint of 80.0% of 
patients with a twofold increase in IgG antibody levels.

It should be noted that our chosen level of 80% 
and the achievement of this level with double serocon-
version were determined by the results of the previous 
stage of the study, which included only SN by IgG anti-
body volunteers. As can be seen from the data obtained, 
the reported rate was achieved in the SN group [8–10]. 
Moreover, in similar experiments conducted during 
clinical trials of the BPZE1 vaccine, the authors calcu-
lated the proportion of patients with a 1.5-fold increase 
in antibody levels and reached the control point only at 
this criterion [13]. Recalculation of our values for the 
1.5-fold increase showed achievement of this parame-
ter in our study in more than 80% of volunteers starting 
from day 29 after the 1st administration of GamLPV.

Assessment of immunogenicity of GamLPV us-
ing AR did not reveal significant differences with the 
results obtained by ELISA method, except for a more 
pronounced increase in the proportion of volunteers 
with agglutination titer 1 : 80 and higher in the SP sub-
group compared to SN, while the dynamics of IgA and 
IgG antibody levels in these groups is of the opposite 
nature. Reliability and biological meaning of the re-

vealed differences require further investigation. Gener-
alization of the results of the analysis of blood serum of 
volunteers in two clinical trials of the candidate Gam-
LPV vaccine, as well as the data obtained in the study 
of monkeys immunized with GamLPV and/or experi-
mentally infected with virulent bacteria of the pertussis 
pathogen, showed that ELISA and AR in general reveal 
the general picture of immunological reactions of the 
organism to immunization and experimental infection. 
The use of AR in most cases did not reveal significant 
differences from the results obtained by ELISA, and the 
differences in AR results obtained using different series 
of the preparation, with good reproducibility of ELISA 
results, indicate low standardization of the kits used for 
staging AR. The obtained results make it inexpedient 
to use AR in further clinical studies of GamLPV. The 
non-alternativity of ELISA to determine the serologic 
status of patients and vaccinated people once again em-
phasizes the necessity to develop and produce a domes-
tic ELISA test system for quantitation of antibodies to 
the main antigens of the pertussis pathogen.

There were no significant differences in the le-
vel of secretory IgA antibodies in aspirates, whereas 
the levels of IgA and IgG antibodies in blood serum 
differed significantly between subgroups, including be-
fore the beginning of the experiment, which is especial-
ly pronounced when comparing the subgroups of SN 
and SP. The observed differences in median values of 
IgA- antibody levels in serum before vaccination are 
apparently due to the correlation between IgG and IgA 
antibody levels in volunteers and reflect the effects of 
prior exposure to B. pertussis antigens. 

The dynamics of the proportion of volunteers with 
more than twofold increase of IgA antibodies in aspi-
rates did not differ significantly in the subgroups and 
reached the control values of 80% on day 15–29 af-
ter the 2nd vaccination. The noted feature may indicate 
the relative independence of local immunity formation 
from the initial IgG antibody level. The second vacci-
nation enhances the local response irrespective of the 
serologic status of the volunteer, which once again in-
dicates the extremely important role of local immune 
defense in the formation of antibacterial immunity in 
pertussis. This is also indicated by the results of deter-
mining the bacterial load in the naso- and oropharynx 
of vaccinated volunteers in dynamics. For each of the 
subgroups, with the exception of GZ, a sharp decrease 
in the time of bacterial elimination after the 2nd vaccina-
tion and the absence of a pronounced difference in the 
value of parameters for different subgroups of volun-
teers were noted. 

The number of bacteria registered in volunteers 
during the observation period after the 1st and 2nd immu-
nizations can be considered as an additional value to the 
bacterial elimination time in relation to the assessment 
of the antibacterial activity of GamLPV. This value was 
estimated by calculating the area under the bacterial 
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elimination curve after each immunization. Analysis 
of the presented data indicates that the elimination ef-
ficiency for the period from day 3 to day 60 after the 
2nd vaccination was 33 times higher compared to the 1st 
vaccine administration. Since it takes time to develop 
an immune response, it is most appropriate to deter-
mine the area under the curve not from day 1, when the 
body has not yet had time to react to the introduction 
of bacteria, but from day 3 to day 60. In addition, the 
results of measuring IgG and IgA antibody values indi-
cate that the immune response of the organism after the 
1st and 2nd vaccinations is manifested closer to the 8th 
day after the introduction of bacteria.

The above results of the analysis of the elimina-
tion efficiency of attenuated bacteria after the 2nd vac-
cine administration suggest that the level of specific 
IgG and IgA antibodies in serum does not fully reflect 
the level of antibacterial protective activity. This is con-
sistent with the statement that there are no correlations 
between serum IgG antibody levels and the protective 
activity of pertussis vaccines in practice [5]. This state-
ment, at first glance, limits the use of serum IgG and 
IgA antibody levels in pertussis vaccine immunogeni-
city studies. Seroconversion is undoubtedly an import-
ant characteristic of the humoral immune response in 
pertussis or vaccination, and the antibodies produced 
participate in the formation of immune protection 
aimed at neutralizing the toxic activity of the pathogen 
and preventing clinical manifestations of the disease, 
but it does not indicate the formation of sterile antibac-
terial immunity, as after reconvalescence or vaccination 
with live pertussis vaccine. It is now generally accepted 
that the cellular component of immunity is responsible 
for the formation of antimicrobial defense in pertussis 
disease. Direct experiments on monkeys demonstrate 
that the presence of all isotypes of specific antibodies 
to pertussis toxin, filamentous hemagglutinin, pertac-
tin and fimbriae after their immunization with cell-free 
pertussis vaccine does not ensure prevention or at least 
inhibition of virulent bacteria multiplication in the na-
sopharynx after experimental infection of animals [5]. 
The demonstrated absence of dependence of bacterial 
elimination time on the initial level of IgG and IgA 
antibodies in blood serum before vaccination can be 
considered as an additional argument in favor of the 
made assumption. To assess the induced antibacterial 
response, most likely, data on the level of IgA antibo-
dies in oro- and nasopharyngeal washes and cellular 
response parameters, primarily characterizing the Th17 
response, should be used. 

The recently published results of the BPZE1 vac-
cine clinical trial are generally consistent with those 
presented in the present study [13]. Furthermore, they 
contain a comparison of BPZE1-induced and TDaP-in-
duced immune response rates. According to the authors, 
the level of seroconversion after intranasal vaccination 
of BPZE1 volunteers is slightly lower, but comparable 

to the values of IgG and IgA antibodies in the serum of 
volunteers after TDaP vaccination. At the same time, 
injectable TDaP vaccination, unlike intranasal BPZE1, 
is not able to induce specific secretory antibodies in the 
nasopharynx of volunteers. The high level of tolerability 
of the BPZE1 vaccine and the safety of its intranasal ad-
ministration in adult volunteers have been demonstrated. 

Conclusion 
The results of this study showed immunologic ef-

ficacy (immunogenicity) of the GamLPV live pertussis 
vaccine when administered twice and once intranasal-
ly in comparison with placebo in adult volunteers. The 
basis was the achievement of immunogenicity control 
points of the vaccine: 

• The proportion of volunteers with more than 
two-fold increase of IgG and IgA antibody le-
vels in serum after vaccination was more than 
80%; 

• The proportion of volunteers with an agglutina-
tion titer of 1 : 80 in AR after vaccination was 
more than 80%; 

• The proportion of volunteers with more than 
two-fold increase of IgA antibody levels in na-
so- and oropharyngeal aspirates after vaccina-
tion was more than 80%.

A statistically significant decrease in the time to 
reach maximum values of IgA antibodies in blood se-
rum and naso- and oropharyngeal aspirates after the 2nd 
vaccination in comparison with the 1st and a reduction 
in the elimination time of attenuated bacteria from the 
nasopharynx after the 2nd administration of bacteria in 
comparison with the 1st vaccination of volunteers, as-
sessed by the number of GE (using qPCR) were shown.

The difference in the proportion of volunteers with 
a more than twofold increase in IgG antibody levels in 
SN volunteers (more than 90%) and in SP volunteers 
(less than 78%) is due to the initially high antibody le-
vels of the latter and, consequently, the lack of doubling 
after the next exposure to infection. The increase in the 
proportion of volunteers with more than doubling of 
IgA and IgG antibody levels is mainly due to SN volun-
teers with lower initial IgA antibody levels. 

The contribution of SN and SP volunteers to the 
proportion of volunteers with more than a twofold in-
crease in secretory IgA antibodies (> 80%) is approxi-
mately equal, with close initial median IgA antibody 
values in each group, but larger values achieved in 
SP-volunteers. The latter result may indicate a short pe-
riod of secretory IgA antibody presence after infection/
vaccination, but accelerated production and attainment 
of higher values in SP volunteers with previous contact 
with infection.

The reduction of bacterial elimination time after 
the 2nd vaccination compared to the 1st is equally re-
corded in SN and SP volunteers and is 2.0 and 2.3 times 
in each group, respectively. 
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Summarizing the presented results, it can be stated 
that the 1st intranasal vaccination of volunteers leads to 
the formation of specific humoral response of the or-
ganism, including the production of specific secretory 
IgA antibodies. Repeated administration of attenuated 
bacteria enhances the immune response and demon-
strates the presence of antibacterial immunity formed 

as a result of the 1st intranasal vaccination of volunteers 
with the preparation GamLPV. A single intranasal ad-
ministration of the preparation may be sufficient for re-
vaccination of the adult population with GamLPV. The 
necessity for double vaccination of young children and 
adolescents should be determined by the results of cli-
nical trials.
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