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Abstract

Introduction. Due to the growth of laboratory-confirmed cases of pertussis among adolescents and adults, the spread of latent form of disease
and the identification of asymptomatic carriage of the pathogen, the need arose to create a new vaccine against B. pertussis. On the basis of
N. F. Gamaleya Federal Research Center for Epidemiology & Microbiology, a pertussis vaccine, containing attenuated B. pertussus bacteria, was
developed. The article presents data on a clinical trial of the first phase of the pertussis vaccine “GumGVK, live intranasal vaccine for the prevention
of pertussis” in healthy volunteers. Based on the results of the study, data shows the safety and tolerability of the first intranasal vaccine using on
humans.

Aim. To Study the safety and tolerability of the vaccine "GamGVK, live vaccine for intranasal use for the prevention of whooping cough»

Materials and methods. Volunteers who expressed a desire to participate in the study were informed about its goals and objectives, conditions
and requirements for participants, including the criteria for their inclusion/exclusion from the study. After signing the informed consent, the
volunteers were screened for their compliance with the inclusion criteria. Screening studies and safety assessment of the drug were performed on
the basis of anamnesis, subjective complaints, assessment of vital signs, ECG, peak flowmetry, results of laboratory tests of urine and blood, enzyme
immunoassay of blood serum, analysis of nasopharyngeal aspirates for the presence of pertussis pathogen DNA, results of physical examination.
Results and discussion. The study involved 36 "healthy" volunteers aged 18-40 years. The average age of the volunteers was 26.2 + 5.5 years. Not
reliably identified AES associated with the use of GumGVK. None of the used doses of the drug led to the formation of local and General allergic
reactions to intranasal administration of GumGVK.

Conclusions. The drug GumGVK is safe for nasal use, has good tolerance.
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Peslome

BeepeHme. B cBA3M c pocTom nabopaTtopHO NMOATBEPXKAEHHBIX CllyYaeB KOKJOLWa CPean NOAPOCTKOB U B3POCIIbIX, PacNpoCTpaHEHNEM CTEPTbIX
dopM 1 BbiABIEHNA 6ECCUMNTOMHOIO HOCUTENbCTBA BO30OyAMTENA BO3HMKNA HEOOXOAMMOCTb B CO3AaHNN HOBOW BaKLMHbI MPOTUB B. pertussis.
Ha 6a3e OrBY «HULSM um. H. ®. lfamaneun» 6bina pa3paboTaHa MPOTMBOKOKIIOWHAA BaKUMHA, cofepallas aTTeHYMpOBaHHble GakTepun
B. pertussus. B ctaTbe npeacTaBieHbl AaHHble MO KIMHUYECKOMY UccnefoBaHuio | ¢pasbl NpoTNBOKOKOWHON BakuMHbl «[amMKBK, xmBasa BakuMHa
WHTPaHa3asbHOro NpYMeHeHVa ANA NPopUNakTUKMA KOKNIoWa» Ha 340PpOoBbiIX AobpoBosbLax. Mo pesynbratam nccnefoBaHUA NpeAcTaBieHbl
AaHHble 0 6e30MacHOCTU 1 NePeHOCMMOCTN UHTPaHa3abHOM BaKLMHbI NPW NepBOM NMPUMEHEHNN Y YesloBeKa.

Llenb. V3yyeHne 6e3onacHOCTV 1 MepeHOCMMOCTU BakUMHbl «famMBK, XrBas BakuUMHa WHTPaHa3albHOro NPUMeHeHWA OnsA NPodUNaKTUKN
KOKJTIOLWa».

Marepuanbl n metoabl. [Jo6poBONbLbI, U3BABMBLUME XKeNlaHWe y4yacTBOBaTb B WCCNEAOBaHUM, Oblnv NPOMHPOPMMUPOBAHLI O ero Lenax n
3afjayax, ycrnoBumax 1 TpeboBaHUAX K y4acTHMKaM, B TOM YMC/ie O KPUTEPUAX UX BKIOYEHNA/MCKNIOYEHNA 13 uccnepoBanus. Mocne nognucaHua
MHGOPMMPOBAHHOIO cornacua 6bll NPOBEeAEH CKPUHWHT [OOPOBONbLEB Ha WX COOTBETCTBUE KPUTEPUAM BKIOYeHUA. CKPUHUHrOBble
nuccnepoBaHua 1 oueHKy 6esonacHocTu npenapata famKBK npoBoamnn Ha ocHOBaHMM aHaMHe3a, CyObeKTUBHDBIX »anob, OLEeHKN XKU3HEHHO
Ba)XHbIx mokaszatenen, JKI, nukdnoymeTrpuu, pesynbratoB nabopaTopHbIX MCCAEAOBaHU MOUYM U KPOBM, MMMYHOOEPMEHTHOrO aHanusa
CbIBOPOTKYM KPOBW, aHann3a HazodapurHreanbHbix acnupaTos Ha Hanuuve [JHK Bo3byautens Kokniowwa, pesynbtaTtoB ¢r3nKansbHOro ocMoTpa.
Pe3synbTraTtbl 1 06cyaeHMe. B nccnefosaHnn yyactsoBanu 36 «3[0poBbix» 4O6POBONbLEB B Bo3pacTe 18-40 neT. He BbiABNEHO HeXenaTenbHbIX
aABneHnn (HA) pocToBepHO CBA3aHHbIX C NpuMmeHeHnem FamKBK. H1 ogHa 13 ncnonb3oBaHHbIX J03 NpenapaTa He npuBoauna K GopmrpoBaHuio
MECTHbIX 1 06X anfeprnyecknx peakumin Ha HTpaHasanbHoe BBefgeHne famKBK.

3akniovyeHme. [lepsaa ¢asa cnenoro, nnauebo-KOHTPONMPYEMOrO KAMHUYECKOrO WCCNeAOoBaHMA MoKasana 6e30MmacHOCTb M XOpoluyio
nepeHocmmocTb npenapata laMKBK npr Ha3anbHOM NPYMEHEHUN Ha 340POBbIX 4O6POBOMbLAX.

KnioueBble c/ioBa: KOKNIOLL, KIIMHUYECKOE NCCNIEA0BaHMeE, MPOTUBOKOKIIOLWHAA KIBasA BaKLMHa, 6€30MacHOCTb, NepeHOCMMOCTb.
KOHPNUMKT nHTepecoB: KOHONVKTA MHTEPECOB HET.
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INTRODUCTION

During the last decade, the significant growth of
laboratory confirmed pertussis cases among adolescents
and adults [1-3], distribution of latent forms, asympto-
matic B. pertussis carriers were found [2, 4, 5]. In the USA
where the coverage of children with DTaP vaccination is
close to 95 %, since 2000s, the considerable growth of the
reported pertussis cases approaching to the pre-vaccina-

vaccine (APV) combined with inactivated diphtheria
and tetanus toxins called DTaP are used globally. CPV or
APV are sometimes used as mono-vaccines. There are
polyvaccines containing hepatitis B antigen, along with
DTP. Despite high efficacy of DTP containing CPV, the
practice of its use shown adverse effects, APV product
containing several purified antigens of the pertussis
microbe was offered. It is considered that APV is less toxic,

tion period [6, 7]. The incidence grows in Italy and Eng-
land [8, 9]. The growth of the reported pertussis cases
was observed in Saint Petersburg and Moscow, with the
incidence level preserved in Russia [10, 11]. In the current
year, 30 % growth of the incidence was found compared
to the previous year.

Nowadays, products of DTP vaccine containing the
corpuscular pertussis vaccine (CPV) or acellular pertussis

but the direct primate studies have shown that it does not
provide antibacterial immunity and protect animals from
the experimental pertussis infection [12]. The results of its
determination in the comparative test of incidence rates
in the vaccinated and unvaccinated populations shows
inefficacy of APV revaccination [13, 14].

Another important drawback of the modern per-
tussis vaccines is the short-term immunity. The ex-
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perience of the efficacy studies of anti-pertussis vac-
cines of various types has shown that the duration of
the post-vaccine immunity does not exceed 5-7 years.
After the disease, the hyperimmunity is preserved up to
15 years [15].

All modern pertussis vaccines are administered to
children above 2-3 months at least 3 times. Thus, the
full vaccination cycle is completed not earlier when a
child is 6 months of age which maintains a high risk in
the first, the most dangerous for the disease, months
of his life.

The growth of pertussis incidence, as well, among
older children and adult population, has led to the
understanding of the revaccination of adolescents
and adults. The necessity of mothers’ vaccination and
formation of "family immunity" is considered [3, 4,
16, 17]. For the purposes, only APV can be nowadays
recommended that, as mentioned above, does not
provide protection of children and adults from the
infection and infection spread, and, consequently, is
almost useless for revaccination, the main objective of
which is prevent the disease spread in the population.

Therefore it should be stated that, despite the
appropriateness of revaccination of adolescents and
adults, nowadays, any vaccine for the purposes is
absent. CPV is not recommended by the WHO to
adults, and modern APV recommended for the purpo-
ses is likely to be ineffective. APV has demonstrated
its efficacy and safety as CPV alternative for infant
vaccination. Such vaccination controls mortality and
the disease severity in infants, the age group most
vulnerable for pertussis. However, as well as CPV, it
requires 3-4-fold vaccination and does not protect
children from the re-infection and disease if a vaccina-
tion cycle is not completed.

MATERIALS AND METHODS

Study design. A simple blind study was carried out
based on of Approval of the Ministry of Health N 895
dated December 28, 2016. The study participants after
obtaining the voluntary informed consent were screened
for their compliance to the inclusion criteria: men/women
aged 18 to 40 years, with verified diagnosis "Healthy",
absence of the specific pertussis antibodies (negative
ELISA result in accordance with the manufacturer’s
instruction of the test system for identification of pertussis
antibodies) and B. pertussis DNA in nasopharyngeal
smears (PCR method), etc.

In the screening period, volunteers were examined in
outpatient settings. In accordance with the study design,
36 volunteers selected were divided into three groups
of 12 persons. The volunteers from each group took the
vaccine in doses: 2.5 x 108 CFU (group 1), 10° CFU (group
2) and 4 x 10° CFU (group 3). Each group consisted of

3 volunteers receiving placebo. The volunteers were
enrolled to the study with the escalation of the product
dose after evaluation of safety parameters and obtaining
a favorable decision of the independent monitoring
committee on the dose increase. After a single dose, the
observation period for the volunteers was 150 days in
outpatient settings.

Product GamGVK and its administration. Study
product GamGVK - attenuated B. pertussis lyophylisate
4MKS in a vial. Placebo - a sterile lyophilisate stabilizer
for further dissolution in 0.9% sodium chloride for
injections. Prior to the use, 0.9 % sodium chloride solution
was administered to a vial in the amount of 0.5-8.0 ml
depending on the dose.

The volunteers took placebo/the study product in
the box inpatient unit of the infectious department. The
product was administered nasopharingeally to each
nasal passage subsequently, with the breath for better
absorption. After the dosing, a volunteer stayed in the
inpatient unit for 48-hour observation; for subsequent
safety evaluation, the volunteers came to the clinical
center for outpatient visits.

Quantification of B. pertussis DNA in the posterior pha-
ryngeal aspirates with the real-time PCR method (PCR-RT).
For the molecular-biological test, the DNA isolated from
the posterior pharyngeal smears (aspirates) withdrawn
at each volunteer’s visit was used. The product remnants
after centrifugation were treated with guanidine thio-
cyanate with subsequent DNA sorbtion on the Prome-
ga magnetic sorbent (USA) [12, 13]. To quantify B. pertus-
sis DNA genome equivalents in the posterior pharyngeal
aspirates, the developed and validated PCR-RT test sys-
tem was used [13].

Safety and tolerability evaluation. Safety and tolera-
bility were evaluated at each volunteer’s visit on the ba-
sis of subjective complaints, changes of vital signs, EGC,
peak fluometry, results of laboratory urine and blood
tests, physical examination results after obtaining the
informed consent.

Allergising activity of GamGVK was evaluated with IgE
determination using the ELISA method (JSC "Vector-Best",
Russia) after a single intranasal vaccination, the analysis
of local reactions and a volunteer’s health condition
performed at each volunteer’s visit.

The volunteer’s compliance to the inclusion criteria was
determined on the basis of collected medical history and
laboratory tests.

The absence of the specific pertussis antibodies was
determined with ELISA in accordance with the manu-
facturer’s instruction of test systems RIDASCREEN® Bor-
detella IgG (r-biopharm, Lot: 11037), RIDASCREEN® Borde-
tellalgM (r-biopharm, Lot: 12426), RIDASCREEN® Bordetel-
lalgA (r-biopharm, Lot: 13316).



The infectious agent in the volunteers’ naso-/oropharynx
was determined with the developed PCR-RT method
from the oropharyngeal swab material.

The presence of HIV and hepatitis B virus antibodies,
presence of HBsAg and syphilis causative agent was
determined in the clinical laboratory with the certified
methods and test systems.

The signs of alcohol or drug abuse were determined on
the basis of the physical examination and urine screening
for amphetamine, marijuana, morphine, cocaine and
methamphetamine metabolism products using the set of
strips "ImmunoChrom-5-MULTI-Express" ("MED-EXPRESS-
DIAGNOSTICS" LLC, Russia).

Pregnancy, lactation (for women) was determined in
urine with test strip "FRAUTEST Express" (AXIOM GmbH,
Germany).

External respiration function was determined with
peak fluometer MicroPeak (Great Britain) on the screening
visit and 24 hours after the dosing.

The electrocardiographic test was performed on
multi-channel (12 channels), automatic mode, portable
electrocardiograph EK12T "Alton-106 C" ("Altomedika"
LLC, Russia).

The parameters of laboratory tests of volunteers’
blood and urine were determined in the laboratory of
the certified method laboratory in accordance with the
approved instructions.

The test results were processed with the descrip-
tive statistics and software GraphPad Prism. The normal
distribution was assessed with KS-test. Considering that
the distribution of values does not correspond to the
Poisson distribution at all time point, and the groups con-
sisted of 9 persons, the non-parametric Mann-Whitney
test was used for statistical processing and assessment of
significance of difference between IgE median values in
the groups.

The number and percentage of volunteers with AE. Their
relationship with the study product and severity were
determined in accordance with CTCAE version 4.03 [18].
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RESULTS AND DISCUSSION
Demographic composition of the volunteers

36 "healthy" volunteers aged 18-40 years participated
in the study. The average age of the volunteers was
26.2 +£5.5 years. There were 44% men, 56 % women.
All volunteers are residents of Moscow or the Moscow
Region.

Allergenicity evaluation of GamGVK
by total IgE level

Total IgE level in blood is a relative value allowing
to evaluate allergenicity of the study product. Immu-
noglobulins of the class play the essential role in initia-
tion of immediate type hypersensitivity reactions. As a
value showing the vaccine allergenicity, the several-fold
increase of total IgE level in vaccinated patients com-
pared to the values found on day 0 was accepted (prior to
the product or placebo administration) (figure 1).

The distribution of IgE values did not correspond
to the Poisson distribution at all time points (in accor--
dance with the normal KS-test), due to that, the non-pa-
rameteric Mann-Whitney criterion was used for statistical
processing.

As the data given above showed, IgE differences
between placebo group and volunteers receiving the
maximal vaccine dose, were insignificant. As well, no
significant difference in IgE values in blood of the vo-
lunteers was shown after administration of various vac-
cine doses (results are not provided). The results and
the absence of local, and general allergic reactions
indicate that product GamGVK does not have allergi-
sing properties.

Evaluation of GamGVK safety
and tolerability

The analysis of the early post-vaccine period after
three does has not shown any local reactions in any
volunteer. One adverse event in the maximal dose was

1500+
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Figure 1. IgE levels in the blood serum of volunteers who received placebo 1A and the maximum dose. Compared with the baseline for
the placebo group on the 7th day p = 0.78, on the 14th day 0.78, on the 28th day p = 0.95, on the 57th day p = 0.98; for group 3 p =0.45,

p=0.65,p =0.91, p=0.75 respectively
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reported (4 x 10° CFU - group 3) as a short-term increase
of body temperature up to 37.1 °C (in point "3 hours"
after the dosing), nasal congestion and malaise. The
absence of evident clinical signs of ARVI and presence
of the temporal relationship with the product allows,
by the formal ground, to determine the relationship
between the AE and the product as "conditional”.
However, the absence of local allergic reactions, change
of IgE level, as well as, non-compliance of AE picture
to clinical signs of the infectious process in pertussis
doubts the significance of the AE relationship with the
product. Other reported AEs were transient and were
related to laboratory abnormalities, did not aggravate
in dose escalation and were considered as clinically
insignificant per CTCAE classification and not related
with the study product. The results of the analysis of AEs
and their relationship with the product are summarized
in table 1.

Table 1. Total number of volunteers with adverse events

vaccinated with different doses of GumGVK
and their relationship with the drug.

Placebo
n=9

Group 1
2.5x 108

Group 2
10°

Group 3

4x10°
Parameter

n % n % n % n %

Volunteers with AE 7 |778 |9 |1000| 9 |100.0| 8 | 88.9

Volunteers with SAE | 0 0 0 0 0 0 0 0

Volunteers with AE
“defined”

Volunteers with AE
"probable”

Volunteers with AE
“possible”

Volunteers with AE
“questionable”

Volunteers with AE

“conditional” 1

Volunteers with AE

. . 7 [1000] 9
“is not associated”

1000 9 [100.0| 7 | 77.8

Table 1 shows that provided such sample size and
numerous parameters measured at least one AE me-
diated by any abnormality of any measured parameter
is observed almost in 96 % of the volunteers receiving
GamGVK and 78 % receiving placebo. The differences
in the number of AEs related to slight abnormalities of
laboratory parameters with such sample size (9 in pla-

cebo group and 27 in the product group) does not allow
to conclude about their significance.

The quantitative analysis of the abnormalities of
all measured laboratory parameters in the vaccinated
volunteers and in placebo group showed that the
absolute values of the abnormalities in most cases
did not exceed several percentage from the normal
margin, and the percentage of the volunteers with
the abnormality among those who received vaccine
GamGVK and placebo did not differ for over 0.7-1.5 %.
By 14 laboratory parameters, AEs occurred only in the
volunteers receiving placebo and were not observed
in the subjects who received GamGVK, or found in
both groups with similar incidence. The result shows
the absence of a significant difference in AEs in the
group of vaccinated and placebo subjects and absence
of the relationship between AE and the product. The
observation over each of the volunteers including the
cases of respiratory diseases and one AE conditionally
related to cough confirms the conclusion fairness. The
described AEs did not have any clinical sequalae and
were interpreted as clinically insignificant per CTCAE
classification.

CONCLUSION

The first phase of the clinical study aimed to
evaluate safety and dose selection of the live intranasal
pertussis vaccine for pertussis prevention carried out
on 36 healthy volunteers did not show any product-
related adverse events. The absence of vaccine reactions
(local and general) in 100% of healthy volunteers
suggests good tolerability of GamGVK. In the context
of tolerability and safety of "GamGVK, intranasal live
vaccine for pertussis prevention", the maximal of the
tested product doses can be used on the following
stages of the clinical study.
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