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ABSTRACT

INTRODUCTION. One of the reasons for increased pertussis cases is the pathogen adapting
to the existing collective immunity formed under conditions of vaccine prophylaxis. Monitoring
immunobiological properties of Bordetella pertussis strains is necessary to track changes in the
pathogen adaptive potential triggered by vaccination.

AIM. This study aimed to compare immunobiological properties of isolated circulating Bordetella
pertussis strains and strains used to produce whole-cell pertussis vaccine.

MATERIALS AND METHODS. The study used nine isolates of modern circulating strains
of B. pertussis. Experimental series of whole-cell pertussis vaccine was made using strains
isolated from the patients with pertussis in 2016-2020. The series was evaluated by the fol-
lowing parameters: serological properties and antigenic structure (serotypes); hemagglutinat-
ing, hemolytic, and dermonecrotic effect; virulence; residual toxicity and protective properties.
The study used outbred and inbred F1 mice (C57Bl/6JxCBA) and evaluated morphological and
cultural properties of the bacterial culture. Experimental data were compared with the require-
ments for production strains set out in the local guidelines MUK 4.2.2317-08 (Selection, testing
and storage of production strains of pertussis, parapertussis and bronchisepticosis bacteria).
RESULTS. Strains 16-16 and 33-18 were obtained from nine isolates of circulating B. pertussis
strains meeting the requirements for production strains. The assessment results of protective
potency for strains 25-16, 37-18, and 2-20 were analysed and showed the relevance of con-
firming this value due to the limited experimental material. Four B. pertussis strains, 31(2)-17,
28(1)-18, 25-16, and 2-20, did not show the required protective activity (<8 IU/mL).
CONCLUSIONS. The properties of isolates 16-16 and 33-18 of B. pertussis meet all the require-
ments for production strains. The test strains have a modern genotype and are prospectively
applicable as candidates for replacing obsolete B. pertussis strains in production of pertussis
vaccines.
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Bordetella pertussis: KaHAUAATHbIE IITAMMBbBI
IIJISI UBTOTOBJICHUS KOK/IIOIIHBIX BaAKIIMH
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PE3IOME BBEOEHME. OnHa 13 npuunH pocTa 3a60/1€BAaeMOCTU KOKIOWEM 3aK/l4aeTcs B afanTtalumu
naTtoreHa K MMelLLeMycs KONNEKTUBHOMY UMMYHUTETY, CHOPMUPOBAHHOMY B YCNOBUAX BaK-
uMHonpodunakTuku 3abonesaHns. MOHUTOPUHT UMMYHOOMONOTMYECKMX CBOMCTB LITaMMOB
Bordetella pertussis HeO6X0AUM A5 NPOCNEXMBAHUA U3MEHEHWI aAANTUBHOMO NOTEHLUMANA NaTo-
reHa B OTBET Ha BaKLMHALMIO.

LIENDb. ConocraBneHne MMMYHOOMONOTMYECKMX CBOMCTB BbIAENEHHbIX U30ASTOB LUPKYAUPYIOLLMX
wrtammoB Bordetella pertussis v Nnpon3BoACTBEHHbIX WTAMMOB, MCNOMb3YEMbIX A1 U3rOTOBNEHUS
LieNIbHOKNETOYHOM KOKJTHOLWHOM BaKLUMHbI.

MATEPUAJbl U METOLDbI. B ccnenoBaHuu MCNonb3oBaHbl 9 M30NM1STOB COBPEMEHHbIX LIUPKY-
NIMPYIOLLMX WTAMMOB B. pertussis, BblAeNEeHHbIX OT nauuMeHToB ¢ KokaoweMm B 2016-2020 rr.
M3 WTaMMOB M3roTOBNEHbI SKCMEPUMEHTANIbHBIE CEPUM LLENbHOKIETOYHOW KOKJTIOLWHOM BaKLMHbI.
Cepuu oueHMBanu No cneayowmm napamMmeTpam: CepoNormyeckme CBOMCTBA M aHTUTeHHas CTPYK-
Typa (cepotunbl); reMarrnTMHUPYOLWAs, FeMONUTUYeCKas U AepMOHeEKPOTUYeCKas akTUBHOCTY;
BMPYNEHTHOCTb; OCTAaTOYHAs TOKCUYHOCTb M 3alMTHble CBOMCTBA. B nccnepoBaHnm Mcnonb3oBanu
ayTbpeaHbix U MHOpeaHbix Mblweit nuHumn F1 (C57Bl/6)JxCBA). bakTepuanbHyto KynbTypy OLEeHM-
BasM N0 MOPMONOrMYECKMM U KYNbTypanbHbIM CBOMCTBAM. DKCNEPUMEHTANIbHbIE AaHHbIE COMO-
CTaBnSanu ¢ TpeboBaHUSIMM K NPOM3BOACTBEHHBIM LWITAMMaM, U3N0XeHHbIM B MYK 4.2.2317-08
(OT60p, NpOBEpPKa M XpaHEHME NPOM3BOACTBEHHbIX WTAMMOB KOK/IOLWHbIX, NapaKOKIIHLWHbIX
M BPOHXMCENTUKO3HBIX BakTepuii).

PE3Y/IbTATbI. /13 9 n30ngT0B LMPKYAUPYIOLWMX WTAaMMOB B. pertussis BblgeneHbl wWramMmbl 16-16
1 33-18, KOTOpble COOTBETCTBYHOT TPEOOBAHMAM K NPOU3BOACTBEHHBIM LUTaMMaM. AHanu3 pesynb-
TAaTOB OLEHKM 3aLMUTHOM aKTMBHOCTM wTamMmoB 25-16, 37-18 un 2-20 ykasan Ha uenecoobpas-
HOCTb AOMNONHUTENBHOIO MOATBEPXKAEHMS AAHHOIO MOKa3aTens M3-3a OrpaHUYeHHOCTU OMbITHOTO
Matepuana. Yetbipe wramma 31(2)-17, 28(1)-18, 25-16, 2-20 B. pertussis He nposiBunu TpedyemMoi
3aLMTHOM akTUBHOCTU (<8 ME/Mn).

BbIBOAbI. CeovictBa usongtos 16-16 u 33-18 B. pertussis cOOTBETCTBYOT BceM TpeboOBaHM-
SIM K MPOW3BOACTBEHHBIM WITaMMaM. MccnefoBaHHbIE LWUTAMMbI UMEKT COBPEMEHHbBINA FeHOTUN
M NepcnekTUBHbI C TOYKM 3PEHMS UX NPAKTUYECKOTO MCMOMb30BaHUS B KaYeCTBE KaHAMAATOB ANis
3aMeHbl YCTapeBLUMX NPOU3BOACTBEHHbIX LWUTAMMOB B. pertussis Npu U3roTOBNEHUM KOKJTIOLWHbIX
BaKLMH.
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INTRODUCTION

Pertussis is a highly contagious acute respira-
tory infection caused by Bordetella pertussis bacte-
ria; historically, it was the leading cause of infant
mortality worldwide [1, 2]. In the 1940-1950s,
the use of whole-cell pertussis vaccine (WPV) in
developed countries virtually eradicated pertus-
sis. WPV reactogenicity, including sore injection
site, irritability and fever, encouraged the devel-
opment and implementation of acellular pertus-
sis vaccine (APV) as a less reactogenic and more
standardized drug. However, APVs did not live
up to the expectations, and pertussis incidence
increased following widespread APV immuniza-
tion; first disease outbreaks were registered [3,
4]. There is a close correlation between the APV
use and pertussis reoccurrence, which raises im-
portant questions about APV effectiveness and
their ability to control morbidity [5-8].

There are several main reasons behind the
increased pertussis incidence. Natural infec-
tion and vaccination induce different immunity
types. Natural infection and WPV induce a T cell
response with a shift to Th1/Th17, while APV
shifts to Th2/Th17 [9]. This difference contrib-
utes to shorter immunity and reduced protection
against infection when using APV compared
to WPV. Thus, APV did not protect immunized ba-
boon monkeys from colonization with B. pertussis,
which allowed carriers to transmit the bacteria
to uninfected individuals [10].

Changing host immunity and general epide-
miological situation have an impact on the po-
pulation of B. pertussis strains. Mooi et al. argued
that the population of B. pertussis develops in
response to collective immunity caused by APV,
and that the pathogen adapting to the existing
immunity level is one of the reasons of pertus-
sis revival [6]. The adaptation of B. pertussis
bacterial cells to post-vaccination immunity
was noted earlier with the use of WPV, but with
the transition to the APV use, adaptation sig-
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nificantly accelerated. Adaptation of B. pertussis
bacterial cells to post-vaccinal immunity was pre-
viously registered for WPV; however, the transfer
to APV significantly sped up the process. B. pertus-
sis population adapts through mutations in the
promoter regions of genes and genome regions
encoding antigens, which are also part of the
APV. Monitoring of circulating strains revealed
B. pertussis strains with mutations in the genes
encoding protective antigens, which contributes
to immune evasion of the pathogen [7, 8, 11-16].
Alongside with the differing composition of nu-
cleotides in the genes (alleles emerging for the
same gene) of circulating strains and strains that
are part of APV, immune evasion caused by the
vaccine may be ascribed to a complete antigen
loss.

This phenomenon was observed for pertac-
tin, an outer membrane protein that promotes
B. pertussis adhesion to the host epithelial
cells [4, 17]. Given the differences in the struc-
ture of genes encoding protective antigens of
circulating and vaccine strains, it is extremely
important to detect a decreased effectiveness
of pertussis vaccines in a timely manner. Thus,
monitoring changes in the immunobiological
properties of B. pertussis strains that cause fur-
ther pathogen adaptation in response to vacci-
nation [18] is a modern tool for monitoring the
effectiveness of vaccination and immunoprophy-
laxis.

The aim of the study is to compare immunobi-
ological properties of isolated circulating Borde-
tella pertussis strains and strains used to produce
whole-cell pertussis vaccine.

MATERIALS AND METHODS
Materials

Strains. Isolates of currently circulating Bor-
detella pertussis strains 16-16, 31(2)-17, 28(1)-18,
25-16, 33-18, 37-18, 30-18, 1-20, and 2-20 ob-
tained from children with pertussis were used
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for the research. The strains were taken from
the National Collection of Pathogenic Microor-
ganisms, Scientific Centre for Expert Evaluation
of Medicinal Products. The immunobiological
properties of the strains were studied using vac-
cine batches of each strain. The vaccine batches
were produced in accordance with pertussis vac-
cine manufacturing specification No. 136-69.

Serum samples. The serotype composition
of strains and their ability to express typical ag-
glutinogens (fimbriae) were determined using
adsorbed type-specific dry pertussis sera to ag-
glutinogens 1, 2, and 3 for the agglutination
reaction (Microgen, Russia).

Cultural medium. B. pertussis strains were cul-
tured in KUA (dry culture medium for pertussis
strains) medium (Microgen, Russia). Sheep blood
was added to the medium to a final concentra-
tion of 10%.

Reference standards. The following reference
standards were used to evaluate the protective
(immunogenic) and histamine-sensitizing ac-
tivities: the pharmacopoeial reference standard
for immunogenic activity of pertussis vaccine,
FS0.3.2.00089%; histamine-sensitizing activity
of pertussis vaccine, FS0.3.2.000872; turbidity
of 5 IU bacterial suspensions, FS0.3.1.00086°.

Experimental animals. The tests were per-
formed on outbred male and female mice
weighing 15*1 g; on inbred male and female
mice of F1 (C57BLl/6JxCBA) line weighing 11+1 g;
and on 4-day-old outbred mice. The inbred
mouse line was chosen based on its sensitivity
to pertussis toxin. The animals were obtained
from Andreevka branch of Scientific Center for
Biomedical Technologies of the Federal Medical
and Biological Agency and kept in an experi-
mental room under standard conditions with
ad libitum food and water. The temperature and

relative humidity in the experimental room were
20-24 °C and 45-65%, respectively. Animal
monitoring consisted of daily visits and record-
ing of the animals’ condition in the experimental
record datasheets. When assessing the protec-
tive activity of B. pertussis strains, animal mortal-
ity was recorded. Body weight of mice was mea-
sured to assess residual toxicity. Dermonecrotic
toxin was determined by measuring the area of
hemorrhagic necrosis at the injection site of per-
tussis suspension. Animals withdrawn from the
study were euthanized by introducing carbon
dioxide into a special unit designed to ensure
humane euthanasia. The study protocol using
experimental animals was approved by the lo-
cal Ethics committee of Scientific Centre for Ex-
pert Evaluation of Medicinal Products (Protocol
No. 13 of August 11, 2025). All the studies were
performed according to Directive 2010/63/EU
of the European Parliament and the Council of
the European Union on the protection of animals
used for scientific purposes*; principles of the
Council for International Organizations of Medi-
cal Sciences (CIOMS)?; European Convention for
the Protection of Vertebrate Animals used for Ex-
perimental and other Scientific Purposes®; GOST
33216-2014’; Decision of Eurasian Economic
Commission (EEC) No. 81 of November 3, 2016,
EEC recommendations of November 14, 2023
No. 33°; General monograph OFS.1.7.2.0005.15"
and Monograph FS.3.3.1.0010.15 of the State
Pharmacopoeia of the Russian Federation™.

Methods

The produced pertussis vaccines were evalu-
ated based on the following parameters: sero-
logical properties and antigenic structure (se-
rotypes); hemagglutinating, hemolytic, and der-
monecrotic activity; virulence; residual toxicity

! FS0.3.2.00089 Immunogenic Activity of Whole-Cell Pertussis Vaccine.

2

FS0.3.2.00087 Reference Standard of Histamine-Sensitizing Activity of Pertussis Vaccine.

* FS0.3.1.00086 Reference Standard of Turbidity for 5 IU Bacterial Suspensions.

4

https://ruslasa.ru/wp-content/uploads/2017/06/Directive_201063_rus.pdf

* https://cioms.ch

¢ European Convention for the protection of vertebrate animals used for experimental and other scientific purposes. Strasbourg;

1986. https://norecopa.no/media/2iydns5h/ets-123-original.pdf

7

Rabbits.

8

Economic Union Regarding Drug Circulation.

GOST 33216-2014. Guidelines on Accommodation and Care for Laboratory Animals. Care and Husbandry Principles for Rodents and

Decision of Eurasian Economic Commission No. 81 of 2016/11/03 On Approval of Good Laboratory Practice of the Eurasian

° Recommendations of Eurasian Economic Panel No. 33 of 2023/11/14 On the Guidelines on Handling Laboratory (Experimental)

Animals During Preclinical (Non-Clinical) Trials.

1% General monograph OFS.1.7.2.0005.15 Immunogenicity of Pertussis Suspension and Whole-Cell Pertussis Component of Combined
Vaccines. State Pharmacopoeia of the Russian Federation. Ed. X1V, vol. 2. Moscow; 2018.
' Monograph FS.3.3.1.0010.15 Diphtheria Pertussis Tetanus Adsorbed Vaccine (DPT Vaccine). State Pharmacopoeia of the Russian

Federation. Ed. XIV. Vol. 4. Moscow; 2018.
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(mouse body weight test); histamine-sensitizing
activity (HSA), and protective properties. In addi-
tion, the morphological and cultural properties
of B. pertussis bacterial culture were evaluated.
The isolates of circulating strains were examined
according to the guidelines MUK 4.2.2317-08".
To assess the compliance of circulating strain iso-
lates with the requirements for production strains,
a whole-cell vaccine was prepared from each strain.
Statistical data were processed in Microsoft
Office 2016. Protective activity data were pro-
cessed by calculating geometric mean values.
Specific safety was expressed as a relative val-
ue (%), calculated as the ratio of the body weight
gain of vaccinated animals to the body weight
gain of animals in the control group. Agglutino-
gen content corresponded to the final dilution
of the pertussis vaccine or the titer at which the
reaction with specific serum was completed by
three crosses; HSA was expressed as an index
calculated as the ratio HSDspeso t0 HSDsgyaccine-
HSDsyso denotes the dose of histamine-sensi-
tizing activity for pertussis vaccine by General
monograph FS0.3.2.00087, corresponding to

the 50% death of immunized animals upon his-
tamine administration. HSD¢,..ine denotes the
vaccine dose corresponding to the death of 50%
of immunized animals upon histamine adminis-
tration.

RESULTS AND DISCUSSION

The genotypic characteristics of the studied
production and circulating strains of B. pertussis
was first introduced by O.Yu. Borisova et al. [19].
Table 1 shows the results of an additional analy-
sis of previously obtained data, demonstrating
that the genotypes of production strains differ
significantly in the range of allelic variants for
protective antigens from the genotypes of cir-
culating strains. Thus, some strains are common
for ptxAl, ptxB2, and fim3-1, while the studied
strains differ in other alleles of the genes encod-
ing the protective antigens ptxC, ptxP, prn, and
fim2 (Table 1).

In accordance with the guidelines MUK
4.2.2317-08", the following parameters of
B. pertussis circulating strains were studied:
Morphology, Culture properties, Serological

Table 1. Genotypic profile of production and Bordetella pertussis circulating strains
Ta6nuua 1. TeHoTUNMYECKas XxapaKTepucT1ka NPOU3BOACTBEHHbIX M LIUPKYNMpYioLMX WwTamMmMoB Bordetella pertussis

B. pertussis strains

LImammei B. pertussis pExA° ptxB’ pixC
Production strains pLxAl ptxB1
lpou3zsodcmeeHHbie poxA2 txB2 pixCl

p ptxA4 P
Circulating strains pixA1 pixB2 pixC2

Lupkynupyrowue

Allele gene variants / AsziesibHble eapuaHmel 2eHo8

ptxP’ Prn® fim2 fim3°
Zgg prni fim2-1 fim3-1

prn2 ) fim3-1
ptxP3 pn9 fim2-2 m3-2

The table was prepared by the authors using data of O.Yu. Borisova et al. [19] with additions / Tabnuua coctaBneHa aBTopaMu Mo AaHHbIM

0.10. bopucoBolt ¢ coasT. [19] c gononHeHUsAMM

Note

® ptxA, pertussis toxin gene allele encoding the S1 subunit;
® ptxB, pertussis toxin gene allele encoding the S2 subunit;
¢ ptxC, pertussis toxin gene allele encoding the S3 subunit;
¢ ptxP, pertussis toxin promoter gene allele;

¢ prn, pertactin gene allele;

f fim2, fimbria 2 gene allele;

9 fim3, fimbria 3 gene allele.

lpumeyarue

® ptxA - annenb reHa KOK/IIOWHOMO TOKCMHA, Koaupyowmit S1-cybbeamuuuy;
° ptxB - annenb reHa KOKJIIOWHOIO TOKCUMHA, Koaupytowwuii S2-cybbeanHuuy;
¢ ptxC - annenb reHa KoK/LWHOIo TOKCUHA, KOAUPYIOWMIA S3-cyGbeamnHuuy;
4 ptxP - annenb reHa NPOMOTOpPa KOK/IOLIHOIO TOKCUHA;

€prn - annenb reHa neprakTMHa,

" fim2 -annenb rena puMBpuansHoro 6enka puMBpUM 2;

9 fim3 - annenb reHa hpuMbpuanbHoro 6enka GuMbpuUm 3.

2 MUK 4.2.2317-08 Selection, testing and storage of production strains of pertussis, parapertussis and bronchisepticosis bacteria.
Moscow; 2009.
B Ibid.
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properties, Antigenic structure (serotypes), Hem-  their characteristic fimbriae. The cultures were
agglutinating and hemolytic activity, Dermone-  agglutinated with the appropriate adsorbed
crotic activity, Virulence, Residual tOXiCity, and type-speciﬁc sera for agg[utinogens 1’ 2’ and 3

Potency. ) . at a serum dilution of 21:2,560. In accordance
Morphological and culture properties of the iso- with regulatory requirements, the serum dilu-

létEd strgins met the req}Jirements 'for produc- tion should be at least 1:1,280. The production

tion strains. Such properties are typical for the . ..

smooth S-form (phase 1) of B. pertussis bacteria strains had a composition of serotypes 1.2.5,
P P "~ 1.2.0, and 1.0.3. Circulating strains included no

Other immunobiological properties of the circu- i . . ;
lating strains are presented in Table 2. bacteria expressing fimbriae 2 and 3 simultane-

Serotype composition. The evaluated anti- ously, that is, serotype 1.2.3 was not detected.
genic structure showed that the vast majority ~ Thus, six of the eight circulating strains had se-
of B. pertussis strains had a 1.0.3 serotype com-  rotype composition 1.0.3, and the remaining two
position; all isolated strains actively expressed  strains — serotype composition 1.2.0.

Table 2. Immunobiological properties of circulating strain isolates
Tabnuua 2. IMMyHOBMONOrMYEeCKMe CBOMCTBA M30ASTOB LIMPKYIMPYHOWMX LWUTAMMOB

H:il::aagglu- Histamine-
i activity? Virulence, sensitizing Potency,
. ggutinoge S million Specific safety, % activity, index IU/mL
Strain, No. (fimbriae), titer billion . 2
o microbial cells Cneuyuguyeckas TucmamuHceH- = 3awjumHas
LWimamm, N° Az21omuHoz2eHb! lemazanio- 5
BupyneHmuocme, = 6e3onacHocme, % cubunusupy- | aKmueHocme,
(pumbpuu), mump MuHupyto-
S MJIH MKp. K1emoK rowas akmue- ME/mn

HOCMb, UHOEKC
HOCMb, MAIPO
1f.1:5120-1:10240
16-16 2f. not detected / He guisener  10-20 (3+) 1.903 66.7-96.0 0.49 10.5
3f.1:5120-1:10240

1f.1:2560-1:5120
31(2)-17  2f.not detected / He geiseseH 20 (3+) 0.617 75.7-96.0 0.28 4.7
3f.1:5120-1:10240

1f.1:2560-1:5120
28(1)-18 | 2f. not detected / He sbisie1eH 20 (3+) 3.623 67.8-76.0 0.63 5.1
3f.1:5120-1:10240

1f.1:2560-1:5120
25-16 2f. not detected / He sbis6/1eH 5(3+) 2.626 67.7-90.7 0.73 125
3f.1:5120

1f. 1:2560-1:5120
33-18 2f. 1:2560-1:5120 5(3+) 1.274 69.7-99.7 0.52 10.4
3f. not detected / He suig81eH

1f.1:5120

37-18 2f. 1:2560 10 (3+) 0.851 67.3-99.6 0.37 8.7
3f. not detected / He sbisis1eH
1f.H/0 / n/d

30-18 2f.H/o / n/d 5(3+) 1.940 62.4-96.6 0.71 6.7
3f. not detected / He sbig8/1eH
1f. 1:2560 n/d n/d

1-20 2f. not detected / He gbisener | 0.313 (3+) W/o 69.1-95.1 W/o 5.3
3f. 1:2560
1f. 1:2560 n/d

2-20 2f. not detected / He seisener | 0.313 (3+) 2.626 62.5-99.6 /o 7.5
3f.1:5120

The table was prepared by the authors using their own data / Tabnuua coctaBneHa aBTopamMu No CO6CTBEHHbBIM AAHHbIM

Note. 1f , factor 1; 2f, factor 2; 3f, factor 3; n/d, not determined; IU, international units.
lMpumeyarue. 1f — dakTop 1; 2f — dakTop 2; 3f — dakTOp 3; H/O — He onpenensnu; MKp. KNeTku — MUKpoBHble kneTku; ME —
MeXAYHapOAHbIE eAUHULIbI.
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Hemagglutinating activity. All B. pertussis
strains showed hemagglutinating activity and
agglutinated sheep erythrocytes by three cross-
es (3+). According to regulatory requirements,
a pertussis suspension with 10 IU opacity should
agglutinate sheep erythrocytes by 2+. Hemag-
glutinating activity allows distinguishing the fol-
lowing active strains: 16-16, 31(2)-17, 28(1)-18,
37-18 agglutinated as 3+ at a concentration
of 10-20 billion/mL; strains 25-16, 33-18, and
30-18 - at a concentration of 5 billion/mL; strains
1-20 and 2-20 showed the greatest activity and ag-
glutinated by 3+ at the dilution of 0.313 billion/mL.

Hemolytic activity. All strains showed hemoly-
tic activity. Single colonies of B. pertussis bacte-
rial cells in a thin layer of Bordet - Gengou me-
dium were surrounded by a hemolysis zone.

Dermonecrotic activity was confirmed by subcu-
taneous administration of the culture to 4-day-
old outbred mice. Hemorrhagic necrosis formed
at the injection site of a live culture at a con-
centration of 20 billion/mL, that corresponded
to the regulatory requirements for B. pertussis
production strains.

Virulence. The culture of B. pertussis should
be virulent for mice. In case of intracerebral
injection, LDy, value should not exceed 25 mil-
lion microbial cells. Circulating strains showed
high virulence, since LD, values ranged from
3.623 to 0.851 million microbial cells*.

Residual toxicity of the strains is caused by the
presence of residual amount incompletely neu-
tralized pertussis toxin in the vaccine and the
presence of a lipooligosaccharide. The parameter
was determined using a WHO-recommended
mouse weight test and by assessing histamine-
sensitizing activity (HSA). Residual toxicity was
assessed throughout the entire shelf life of
the vaccine (1 year). At the beginning of the
shelf life, residual toxicity that reflects the re-
sidual toxicity of the drug, was almost at the
minimum acceptable level. According to guide-
lines MUK 4.2.2317-08", the parameter should
be 260%. However, by the end of the shelf life,
the values for almost all circulating strains
increased to 290%, suggestive of an effective
detoxification of pertussis toxin and prolonged
effect of formaldehyde added to the vaccine
to neutralize B. pertussis toxins. This observation
indicates that in order to obtain a less reactive

DPT vaccine for mixing with diphtheria and teta-
nus components, a pertussis suspension should
be used that was previously stored for as long
as possible (preferably during the entire shelf
life of one year) in conditions of pertussis toxins
detoxification [20]. The addition of formalde-
hyde and the mode of its action must be taken
into account in order to obtain a safer pertussis
vaccine preparation [20].

Potency. Potency evaluation of pertussis vac-
cines obtained from isolates of circulating strains
shows that 16-16 and 33-18 B. pertussis strains
have a significantly strong potency (Table 2). This
meets the regulatory requirement that the po-
tency should be 28 IU/mL. Potency assessment
results for 25-16, 37-18, and 2-20 B. pertussis
strains need to be confirmed due to the limited
experimental material. The remaining four
strains have a weak potency (<8 1U/mL).

Thus, the compliance test for immunobiologi-
cal properties of B. pertussis circulating strains
isolates with regulatory requirements for pro-
duction strains shows that all nine studied
strains have a set of properties typical for the
smooth (S-form) bacteria. All isolated strains ac-
tively express agglutinogens (fimbriae) and show
hemagglutinating, hemolytic, histamine-sensi-
tizing, and dermonecrotic action, pronounced
virulence and low residual toxicity (at the end
of the shelf life). Two of the nine studied strains
demonstrated the required potency.

Significant differences between production
and circulating strains were revealed when
studying their genotypic diversity. The earlier
data obtained by the authors [19] are consistent
with foreign references [7, 21] and indicate that
the alleles of pertactin prn2, pertussis toxin
ptxAl, and pertussis toxin promoter ptxP3 genes
are dominant. Circulating B. pertussis bacteria
carrying these alleles may have advantages
in a population of individuals vaccinated with
APV containing obsolete vaccine strains. This
factor may affect vaccines by reducing their ef-
fectiveness.

Currently, B. pertussis bacteria carrying the
ptxP3 allele are considered the global cause
of epidemics. Strains with the ptxP3 allele
that are now ubiquitous were first discovered
in the late 1980s. In a number of countries, the
prevalence of such strains is >90% leading

" MUK 4.2.2317-08 Selection, testing and storage of production strains of pertussis, parapertussis and bronchisepticosis bacteria.

Moscow; 2009.
¥ Ibid.
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to replacement of B. pertussis population carry-
ing the ptxP1 allele [22-24]. These strains show
a characteristic resistance to macrolides [12].
In addition, strains with the ptxP3 allele produce
1.6 times more pertussis toxin than strains with
the ptxP1 allele [25].

A more intensive production of pertussis
toxin by B. pertussis strains with the ptxP3 allele
compared to ptxP1 explains their rapid global
distribution. Pertussis toxin plays a key role
in suppressing the innate and acquired immunity
[26]. On the one hand, increased production of
pertussis toxin enhances an effective immune re-
sponse by increasing pathogen transmission and,
consequently, the pathogen adaptation. On the
other hand, increased toxin production may be
beneficial for the pathogen, since the body is
forced to produce higher levels of specific neu-
tralizing antibodies. Pertussis toxin causes patho-
logical leukocytosis associated with increased
infant mortality due to the developing pulmonary
hypertension [27]. Thus, spreading B. pertussis
strains with the ptxP3 allele may increase pertus-
sis incidence and mortality, with an evidence of
high virulence of these strains [25, 28].

Thus, the previously expressed opinion that
an increased pertussis incidence is mainly due
to a weakened immune system is not complete.
Since vaccination has been introduced, sig-
nificant changes were noted in the B. pertussis
populations, presuming pathogen adaptation
in pertussis recurrence and maintenance. The
adaptation includes antigenic divergence with
vaccine strains and increased production of per-
tussis toxin. Antigenic divergence affects the
formation of memory T cells and the ability of
antibodies to effectively recognize the antigen.

Higher levels of pertussis toxin may enhance the
suppression of the body immune response. Appar-
ently, this adaptation of B. pertussis led to a shorter
period of effective action of pertussis vaccines and
accelerated immunocompromise [6]. Thus, vac-
cines containing obsolete vaccine strains cannot
effectively protect the population from modern
circulating B. pertussis strains, resulting in an

increased pertussis incidence and epidemic out-
breaks. For example, in the Russian Federation,
pertussis incidence rate was 36.2 per 100,000
inhabitants in 2023, which is 16.4 times higher
than in 2022 [29].

Antigenic polymorphism analysis of clinical
isolates indicates the feasibility of regular re-
placement of production strains with strains that
currently predominate in the population [6, 30].
The Strategy for the development of immunopro-
phylaxis of infectious diseases for the period up
to 2035" emphasizes the need to create, main-
tain and replenish the bank of microbial produc-
tion strains in order to supply manufacturers
of immunobiological preparations with samples
of production strains. Isolated B. pertussis strains
16-16 and 33-18 have a modern genome and
comply with regulatory requirements for indus-
trial pertussis strains (MUK 4.2.2317-08")

These strains may be considered as candidates
for introduction into a Russian WPV in order to re-
place the obsolete production strains and may be
used in the APV production. Monitoring of circu-
lating B. pertussis strains is important to identify
a range of genetic changes that affect the patho-
gen adaptation under vaccination conditions [18].
The permanent evolution of B. pertussis genome
warrants an integrated approach that includes
analysis of vaccine characteristics and data on
circulating strains monitoring as well as interac-
tions between strains to solve the problem of the
increased pertussis incidence.

CONCLUSIONS

1. Immunobiological properties of circulating
B. pertussis isolates and production strains
used to manufacture whole-cell pertussis vac-
cines isolated between 2016 and 2020 have
been analyzed.

2. Analyzed immunobiological properties of cir-
culating B. pertussis strains show that isolates
16-16 and 33-18 meet all the requirements
for production strains outlined in the local
guidelines 4.2.2317-08 Selection, testing and

!¢ Rospotrebnadzor Information Letter No. 02/1860-2024-27 of 2024/02/06 On Arranging External Quality Control of Diagnostic
Studies for Diphtheria and Pertussis over 2024 in the Far Eastern and Ural Federal District.
Analytical Data of Reference Centre for Pertussis and Diphtheria Monitoring in G.N. Gabrichevsky Research Institute for
Epidemiology and Microbiology, Form 2, Data on Infectious and Parasitic Diseases.
On Public Sanitation and Disease Control in the Russian Federation, 2021: State report. Moscow; 2022.

' Decree of the Government of the Russian Federation No. 2390-r as of 2020/09/18 On Approving the Strategy for the Development
of Immunoprophylaxis of Infectious Diseases for the Period up to 2035.

¥ MUK 4.2.2317-08 Selection, testing and storage of production strains of pertussis, parapertussis and bronchisepticosis bacteria.

Moscow; 2009.
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storage of production strains of pertussis,
parapertussis and bronchisepticosis bacteria.

. Regular monitoring of the genotypes and

immunobiological properties of circulating

3. From the practical point of view, B. pertussis B. pertussis strains appears relevant in order to
strains 16-16 and 33-18 possess a modern promptly replace obsolete strains in the mod-
genotype and are promising candidates for ern prophylactic vaccines, since B. pertussis
replacement of obsolete production strains constantly adapts to the existing level of im-
while manufacturing pertussis vaccines. munity in response to collective immunity.
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Bknap, aBTOpOB. BCce aBTOpbl NOATBEPXAAOT COOTBETCTBUE
cBOero aBTopcTea Kputepuam ICMIE. Hanbonbwmit Bknag,
pacnpeneneH cnepywowum obpasom: U.A. Anekceesa —
dopmynupoBaHue Lenu paboTbl, aHanM3 U cucTeMaTM3aums
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npoBefeHWe SKCNEPUMEHTOB, COOp M aHaNM3 AaHHbIX HAYy-
HOW nnUTepaTypsbl, paboTta C MNCTPATUBHLIM MaTeEPUANOM.

CooTBeTcTBME NMPUHLMNAM 3TUKKU. [TpOTOKON Mccneno-
BaHMSA C MCMONb30BAaHMEM 3KCNEPUMEHTANbHbBIX XMBOT-
HbIX 6bl1 0006peH NOKaNbHbIM 3TUYECKUM KOMUTETOM
@OrBY «HLU3CMTMM» Mun3sppasa Poccun (npotokon N2 13
o1 11.08.2025).
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