BOMPOCHI BUPYCOJIOTUU. 2025; 70(1)
https://doi.org/10.36233/0507-4088-286

OPUTUHAJbHbBIE NCCNEAOBAHUA

W) Check for updates

ORIGINAL STUDY ARTICLE |:|
DOI: https://doi.org/10.36233/0507-4088-286

© BUTIRSKIY A.YU., MOROZOVA E.N., SARKISYAN K.A , 2025

The evaluation of the possibility of the estimation the amount
of hemagglutininin in the final lots of inactivated adjuvanted
influenza vaccines

Aleksey Yu. Butirskiy , Elena N. Morozova, Karine A. Sarkisyan

Scientific Center for Expert Evaluation of Medicinal Products, 127051, Moscow, Russia

Abstract

Introduction. The main quality indicator for inactivated influenza vaccines is their potency (the amount of
hemagglutinin). The potency test for the influenza vaccine with the SOVIDON adjuvant is carried out in a trivalent
bulk vaccine before the addition of the adjuvant. This approach has its fair share of drawbacks. The analysis of the
statistical process control and stability by control charts plays an important role in the release of influenza vaccines.
The aim of the study is to compare the results of hemagglutinin quanitation in the trivalent bulk vaccine and in
the final lots of influenza vaccine with SOVIDON adjuvant; as well as the analysis of the potency test results to
evaluate the statistical process control.

Materials and methods. This study covered the inactivated influenza vaccine with the SOVIDON adjuvant.
Both the trivalent bulks vaccine before the addition of the adjuvant and the final lots were investigated by single
radial immunodiffusion assay. The software SIAMS Photolab was used to calculate the amount of hemagglutinin.
Microsoft Excel was used to create the control charts using the data of the manufacturer.

Results. The data of the study confirm the absence of statistically significant differences (p < 0.05) of the content of
hemagglutinin in the trivalent bulks and the final lots of the influenza vaccine. The analysis of control charts showed
the presence of out-of-control signals.

Conclusion. The study has shown the possibility and feasibility of the potency testing of the influenza vaccine
with the SOVIDON adjuvant. The presence of out-of-control signals on the control charts is the basis for the
identification of the reasons behind the changes and for the analysis of risks of the release of a defective influenza
vaccine.

Keywords: influenza vaccines; the hemagglutinin of influenza virus; a single radial immunodiffusion (SRID);
the potency of vaccine; adjuvant; Shewhart charts; Statistical process control

For citation: Butirskiy A.Yu., Morozova E.N., Sarkisyan K.A. Evaluation of the possibility of determining the
quantitative content of hemagglutinin in the final lots of inactivated and adjuvanted influenza vaccines. Problems
of Virology (VoprosyVirusologii). 2025; 70(1): 57—-65. DOI: https://doi.org/10.36233/0507-4088-286 EDN: https://
elibrary.ru/itvimz

Funding. This study was conducted within the framework of the State assignment of Scientific Centre for Expert Evalua-
tion of Medicinal Products No.056-00026-24-01 for conducting applied research (Agreement No.124022200103-5).
Conflict of interest. The authors declare no apparent and potential conflicts of interest related to the publication of this
article.

57


https://crossmark.crossref.org/dialog/?doi=10.36233/0507-4088-286&domain=PDF&date_stamp=2025-03-12

PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2025; 70(1)
https://doi.org/10.36233/0507-4088-286

ORIGINAL RESEARCHES

OPUTI'MHAJIBHOE UCCJIEJOBAHHUE
DOI: https://doi.org/10.36233/0507-4088-286
© BYTBIPCKUIA A.JO., MOPO30BA E.H., CAPKUCSIH KA., 2025

OueHKa BO3MOXXHOCTHU onpeaeneHna Konn4yeCcrBeHHoOro
coaepxaHunda remarrnltotTuHMHa B rotToBou neKapCTBeHHOﬁ
(bopme MHAKTUBUPOBAHHLIX BaKUWUH AnNA npOd)VI.ﬂaKTMKVI rpunna,
coaepxawnx aagbroBaHT

Bytbipckun A.FO. , Mopososa E.H., CapkucsaH K.A.

DIBY «Hay4HbIN LeHTp 3KCnepTu3bl CPEACTB MeauLMHCKOro npuMmeHeHmnsa» Munsgpasa Poccun, 127051, r. Mocksa,
Poccuga

Pestome

BBepneHue. OCHOBHLIM MokasaTesniem kadecTtsa, obecneumBaroLiMM 3hPEKTUBHOCTb BaKLMH AN NPOmnakTuku
rpunna, aBnseTcsa cneunduyeckas akTuBHocTb. OnpegenexHne nokasatens B rpunno3HON BakUuHe, cogepxallem
agbtoBaHT CoBMAOH, NPoBOAAT B nonydabpukate — TpuBakuMHe 40 Ao6aBneHus agbloBaHTa. Hactoawwmii noaxoq
MMeeT psif HedocTaTkoB. BaxHoe 3HayeHve Ans BbiMycka B rpaXaaHCKvin 060poT nekapcTBeHHOro npenapara,
COOTBeTCTBYoLEro TpeboBaHNAM HOPMAaTUBHOWM AOKYMEHTaUMW, UMEET OLeHKa CTaTUCTUYECKON ynpaBnsemMocTu
NPON3BOACTBEHHOIO NpoLiecca Mo pesynsrataM KOHTPOSs nokasaTtens «cneunduyeckas akTMBHOCTbY.

Llenb paboTbl — oueHKa CONOCTaBUMOCTU Pe3ynbTaToB KONMMYECTBEHHOMO onpederneHns reMarrioTuHMHa B Mo-
nycpabpukaTte BaKuMHbI ANSt NPOMUMIAKTMKM TPpUMna u B rOTOBOWM NEKapCTBEHHOW dhopMe; aHanu3 pesynsraTtoB
KOHTPOMs MoKa3aTens KayecTBa «cneuuduyeckas akTUBHOCTb» Afs OLEHKW CTaTUCTUYECKOW ynpaBnsieMocTu
NpPON3BOACTBEHHOIO NpoLecca.

Martepuansbl n metoabl. [Ins nccnefoBaHnss METOOOM OAMHOYHOW pagumanbHON MMMyHoaUd Y3 Ncnonb3o-
Banu nonycabpukaT BakLMHbI Ans NpodunakTukv rpunna (TpuBakumHa go AobaeneHust agbioBaHTa CoBMAOH) U
COOTBETCTBYHOLLUME CEPUM FOTOBOMN NEKaApCTBEHHOW (hopMbl. PacyeT cogepaHus reMarrnioTuH1Ha NpoBoaAUIN Npu
nomMoLLmn nporpamMmmHoro obecnedverust SIAMS Photolab. [ns noctpoeHns KOHTponbHbIX kapT LyxapTta (X-kapTbl)
B nporpamme Microsoft Excel npumMeHsinM nacnopTHble AaHHble NPeanpuaTUa — NPOU3BOAUTENS NEKapCTBEHHOIO
npenapara.

PesynbTratbl. CTaTCTUYECKUIA aHaANN3 NOKasar, YTo pe3ynbraTbl KONIMYECTBEHHOrO onpeaeneHns reMarrioTuHu-
Ha B nonydabpukaTte BakUuHbI U rOTOBOM hOpMe NeKapCTBEHHOro npenapara AOCTOBEPHO He oTnuyatoTces (npu
ypoBHe 3Ha4ymMmocTu p < 0,05). AHanu3 KOHTPOrbHbIX KapT LLyxapTa nokasan Hanuyme KpuTepmes, CBUAETENLCTBY-
IOLLMX O TEHAEHUMAX K BbIXOAY NPOM3BOACTBEHHOIO NpoLecca N3 COCTOAHUS CTaTUCTUYECKON YNPaBnisaeMOoCTy.
3akntoyeHue. NokaszaHa NpuHUMNManbHas BO3MOXHOCTb M 060CHOBaHa LienecoobpasHOCTb OnpeaeneHns Konu-
YeCTBEHHOTO COAepXXaHus reMarrnioTUHWHA B FOTOBOW NekapcTBEHHON hopMe BaKUMHbLI, coaepXallein agbioBaHT
CoBuWAaoH. BbisiBNeHHble TpeHdbl NpU aHanm3e KOHTPOMbHbIX kapT LyxapTa ABnsitoTCA OCHOBaHNEM ANs YCTaHOB-
NEeHnA NPUYMHBLI BbIXOAA NPON3BOACTBEHHOIO NpoLecca U3 COCTOSAHNSA CTaTUCTUYECKON YNpaBnsemMocT U aHanu-
3a PUCKOB BbiMycKa B rpaXKgaHCK1in 060poT cepuit BaKLMHBI, HE COOTBETCTBYHOLLMX YCTAHOBIEHHLIM TpeboBaHNAM.

KntoueBble cnoBa: 8akyuHb! 0151 npochunakmuku apurna; 2emaza/ilomuHUH gupyca apurina; 0OUHOYHas paodu-
anbHasi UMMyHoOughgby3usi; crieyughudeckas akmueHocmb,; adbrogaHm; Kapmel LLlyxapma;
cmamucmuy4eckoe yrpasseHue rpoyeccamu

Ona untupoBaHua: Byteipckuin A.HO., Mopososa E.H., CapkucaH K.A. OueHka BO3MOXHOCTU onpeneneHuns
KONMMMYECTBEHHOIO COAEPXaHWUS reMarrmoTUHUHA B FOTOBOW JIEKapCTBEHHOW (hOpPME MHAKTUBMPOBAHHLIX Bak-
UMH AN npodunakTuki rpunna, cogepxalimx agbloBaHT. Bonpocki eupyconoeuu. 2025; 70(1): 57-65. DOI:
https://doi.org/10.36233/0507-4088-286 EDN: https://elibrary.ru/itvimz

®duHaHcupoBaHue. PaboTta BbiMoMHeHa B pamKkax rocyaapcrBeHHoro 3aganus ®IrbY «HUICMI» Munsgpasa Poc-
cumn Ne 056-00026-24-01 Ha npoBegeHUe NpUKNaAHbIX HayYHbIX UccredoBaHW (HoMep rocyaapcTBeHHoro yyeta HUP
124022200103-5).

KoHdnuKT nHTEepecoB. ABTOpPbI AeKNapypyoT OTCYTCTBUE SBHbIX M NOTEHLMANbHBIX KOH(MUKTOB MHTEPECOB, CBA3aH-
HbIX C Ny6nvKaumen HacTosLLen CTaTbu.
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Introduction

Influenza currently remains an infectious disease
of particular importance for practical public health.
According to Rospotrebnadzor, the incidence of in-
fluenza for the period 2017-2021 ranged from 14.96
(2021) to 37.31 (2019) cases per 100 thousand pop-
ulation, and in the last 2 years a sharp rise was regis-
tered: 60.8 and 166.94 cases per 100 thousand popu-
lation in 2022-2023, respectively [1]. The economic
damage in the Russian Federation in 2023 from influ-
enza amounted to 9,813,451.4 thousand rubles'. First
of all, the epidemiological and social significance of
influenza is determined by the high contagiousness of
the infection, the wide susceptibility of the population
to the pathogen, the significant frequency of compli-
cations in patients from the most vulnerable strata
(children under 14 years of age, patients over 65 years
of age, pregnant women, patients with pulmonary and
cardiovascular chronic diseases). In this regard, the an-
nual all-Russian influenza vaccination campaign is the
most important activity that has shown high effective-
ness for the management of influenza infection. It has
been established that vaccination where the influenza
vaccine matches with the circulating strain reduces the
incidence of influenza by 90%, other acute respiratory
viral infections — by 56%, the number of hospitaliza-
tions associated with complications after the disease —
by 48% [2]. Taking into account the recommenda-
tions of the World Health Organization, the coverage
of influenza vaccination in risk groups should be at
least 75%; the coverage of influenza vaccination of the
population as a whole in the country and in the constit-
uent entities of the Russian Federation separately — at
least 45%?. Over the last 5 years, the number of vac-
cinated people annually fluctuated within 69,122,430—
85,898,810 (abs. values). The rise in morbidity in the
last 2 years is noteworthy, despite the fact that vacci-
nation coverage has not decreased since 2021, when
the lowest level of morbidity for the recent decade was
registered. Under these conditions, the release of in-
fluenza vaccines into civilian circulation that meet all
quality indicators requires close attention. The main
quality indicator ensuring preventive efficacy of influ-
enza vaccines is their potency. This indicator is char-
acterized by the quantitative content of hemagglutinins
of influenza virus subtypes and types relevant for the
current epidemic season and included in the vaccine.
In addition to the generally accepted classification of
influenza vaccines, depending on the type of produc-
tion (whole-virion, split, subunit vaccines), domestic
vaccines can be classified by the composition of adju-
vants: adjuvant-containing and non-adjuvant-contain-
ing vaccines.

IState report «On the state of sanitary and epidemiological welfare of
the population in the Russian Federation in 2023». Moscow; 2024. (in
Russian)

2SanPiN 3.3686-21. Sanitary and epidemiological requirements for
the prevention of infectious diseases. Moscow; 2021. (in Russian)

OPUTUHAJbHbBIE NCCNEAOBAHUA

The adjuvanted influenza vaccines currently registered
in the Russian Federation contain one of two possible ad-
juvants: azoximera bromide or SOVIDON.

In accordance with the requirements of the State Phar-
macopoeia of the Russian Federation®, the method of
single radial immunodiffusion (SRID), proposed by
J.M. Wood et al. and introduced in 1978 into the routine
practice of vaccine control, is used to control the quality
indicator — potency — of influenza prophylaxis vaccines
[3, 4]. An important condition for obtaining reliable test
results is the formation of precipitation rings on the plate
in the wells with the test sample that are comparable in
characteristics (clarity of boundaries, diameter of rings)
to the precipitation rings in the wells with the standard
sample. Depending on the composition of the influenza
vaccine, the adjuvant in the vaccine may change the ap-
pearance of the precipitation rings, which in turn may af-
fect the accuracy of the measurement of the diameter of
the precipitation zones. For example, when determining
the amount of hemagglutinin in a finished vaccine con-
taining azoximera bromide adjuvant, the formed precip-
itation rings are characterized by a blurred contour that
blends with the internal background, which does not al-
low to correctly set the reading boundaries and obtain re-
liable test results. It should be noted that the manufacturer
shows the possibility of controlling the indicator in the
final lot, but the proposed method provides special con-
ditions for washing the plates with agarose and increases
the test time by several days.

In 2012, a domestic influenza vaccine containing the
SOVIDON adjuvant was registered [5]. In accordance
with the current regulatory documentation for the drug re-
lease quality control for potency is carried out on samples
of semi-finished product (subunit trivaccine before the
addition of adjuvant). A significant disadvantage of using
a semi-finished product as a test object is its short shelf
life (from 3 to 6 months), which limits its use for study-
ing the stability of influenza vaccines during the shelf life
of the finished dosage form or when investigating com-
plaints from sites of use. The amount of hemagglutinin
in the finished dosage form is determined by calculation:
by multiplying the value obtained in the semi-finished
product by a certain coefficient depending on the amount
of adjuvant added. However, this approach does not take
into account the possibility of irregularities in the produc-
tion process during the adjuvant addition and subsequent
steps, which may affect the actual hemagglutinin content
of the finished product. In this regard, it is preferable to
perform the potency test on samples of the finished dos-
age form [6].

In recent years, the ideology of «pharmaceutical quality
system» (PQS), presented for the first time at the Interna-
tional Council for Harmonization of Technical Require-

3«FS.3.3.1.0028.20. Pharmacopoeial article. Inactivated influenza
vaccine» (approved and put into effect by Order of the Ministry of
Health of Russia dated 07/28/2020 No. 751)
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ments for Pharmaceuticals for Human Use (ICH) in Brus-
sels, has been increasingly recognized. To date, 4 main
elements of PQS are distinguished: 1) monitoring of pro-
cesses and product quality; 2) system of corrective and
preventive actions; 3) change management; 4) manage-
ment analysis [7]. One of the illustrative tools for assess-
ing the quality of vaccines for influenza prevention re-
leased into civil circulation is the assessment of statistical
controllability of the production process by constructing
and analyzing Shewhart control charts. It is known that
the production process is at an acceptable and stable lev-
el, allowing to ensure compliance of the product quality
with the regulated requirements, if its variability is due to
random causes, acting constantly and difficult to detect.
Timely detection of deviations from the established con-
trol limits allows to immediately analyze production risks
and prevent the release of poor-quality vaccine [8, 9].
The aim of this study is to evaluate the comparabil-
ity of the results of hemagglutinin quantitation in the
semi-finished vaccine and in the final lot, to analyze the
results of quality control of the potency indicator accord-
ing to passport data to assess the statistical controllability
of the production process using Shewhart control charts.

Materials and methods

31 series of semi-finished products (trivaccines before
the addition of Sovidon adjuvant) and their correspond-
ing series of finished dosage forms of influenza vaccine
containing Sovidon adjuvant were used as study objects.
The standard samples used in this study were provided
by the regulatory documentation for the tested vaccine
and characterized by the quantitative content of hem-
agglutinin of the corresponding influenza virus strains:
subtype A/Victoria/4897/2022 (IVR-238) (HIN1),
subtype A/Thailand/8/2022 (H3N2) IVR-237, type B/
Austria/1359417/2021 (BVR-26) (Victoria lineage).
Standard sera containing antibodies to hemagglutinin of
influenza virus subtypes A(HIN1), A(H3N2) and type B
homologous to standard antigens were used as standard
samples (sera).

The tests were carried out by the SRID method in ac-
cordance with the methodology set forth in the regulatory
documentation for the drug product. The main steps of
the method included: 1) preparation of plates with 1.5%
agarose containing appropriate standard serum; 2) mix-
ing of test samples with detergent and incubation for at
least 30 min at room temperature; 3) preparation of di-
lutions of test samples with buffer solution in the ratio
of 1:0,3:1,1:1,1: 3;4) application of dilutions of
test samples in the volume of 20 pl into wells of agarose
plate; 5) incubation of plates for at least 18 h in a humid
chamber at 20 + 5 °C; 6) staining of plates with subse-
quent washing off of excess dye until the precipitation
lines appear; 7) recording of results using SIAMS Photo-
lab software.

Statistical processing of the study results was per-
formed using StatPlus software (version 7). Normality of
distribution was assessed by the Shapiro—Wilk test, and
the Levene’s test was used to assess the equality of dis-
persions in the compared groups. Statistical significance
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of differences in groups with normal distribution of data
was determined by Student’s criterion (t-test for two in-
dependent samples) at a significance level of p < 0.05;
while in groups with abnormal distribution of data, it was
determined by the Mann—Whitney test at a significance
level of p < 0.05.

The construction of Shewhart control charts was per-
formed in the Microsoft Excel program, one point on the
graph corresponds to the quantitative hemagglutinin con-
tent in 1 series of the drug according to the manufacturer’s
data. To calculate the upper (UCL) and lower (LCL) con-
trol limits, values of the standard deviation of the process
(o) were guided by generally accepted requirements®.

The requirements of GOST R ISO 7870-2-2015 stipu-
late the use of 8 criteria to assess the statistical controlla-
bility of the production process:

— criterion 1 — one point outside zone A;

— criterion 2 — 9 consecutive points in zone C or on the
same side of the center line;

— criterion 3 — 6 increasing or decreasing points in a
row;

— criterion 4 — 14 alternately increasing and decreasing
points;

— criterion 5 — 2 out of 3 consecutive points in zone A;

— criterion 6 — 4 out of 5 consecutive points in or out
of zone B;

— criterion 7 — 15 consecutive points in zone C, above
or below the center line;

— criterion 8 — 8 consecutive points on either side of the
centerline and none in zone C.

Criteria 1, 2, 3, 7 were regarded as critical, crite-
ria4, 5, 6, 8 — as preventive.

Results

When considering the results, attention was paid to the
visual characteristics of the precipitation rings formed
around the wells with the applied samples. The main cri-
teria for acceptability of the results at the stage of visual
analysis were: comparability of the precipitation rings
obtained when the trivaccine samples (reference stan-
dard) and the drug samples were added to the wells of
the plates; correspondence of the intensity of the precip-
itation rings for the tested samples to the intensity of the
precipitation rings for the standard samples (antigens);
absence of double precipitation rings in all wells of the
plate. The precipitation rings formed by the interaction of
the standard serum with the antigen contained in the tri-
vaccine and the standard antigen were used as a reference
standard. Particular attention was paid to the intensity of
the rings and the clarity of their boundaries.

If the mentioned above criteria were met, we plotted the
squares of the diameters of the precipitation rings against
the dilutions of the test sample/standard sample (antigen)
and calculated the quantitative hemagglutinin content of
the samples using specialized software. The graphs are
straight lines plotted using the least squares method. At

YISO 7870-2:2013. Control charts — Part 2: Shewhart control charts.
ISO; 2013.
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this stage, the criteria of acceptability of the test results
were taken into account: no intersection of the graphs
constructed for the standard sample and the test sample;
the distance between the initial points of the graphs (di-
lution 1 : 3) is no more than 3 mm? For recalculation
in the finished drug product, the obtained hemagglutinin
content in the trivaccine was multiplied by 0.9 (a coef-
ficient representing the quotient obtained from dividing
the volume of the trivaccine series before the addition of
adjuvant (ml) by the volume of the vaccine series after the
addition of adjuvant).

The obtained data were evaluated for normality of
distribution using the Shapiro—Wilk criterion (Table 1).
If the significance level (p) > 0.05, the distribution was
considered normal.

OPUTUHAJbHbBIE NCCNEAOBAHUA

To study the possibility of hemagglutinin content
quantitation in samples of the final lot of influenza
prophylaxis vaccine, a statistical assessment of the
reliability of differences in pairwise compared groups
(trivaccine/final lot) was performed. The results are
presented in Tables 2 and 3. Conclusions about the
reliability of differences were made according to the level
of significance: if p > 0.05, then there are no differences
in the compared groups.

The results of the statistical analysis of the experimen-
tal data showed that in 2 cases the groups compared in
pairs (groups 1 and 2, 5 and 6) had normal distribution
and in 1 case (groups 3 and 4) — abnormal distribution,
which caused a different choice of statistical criteria for
evaluating the differences between 2 independent sam-

Table 1. Evaluation for normality of distribution of hemagglutinin content in test samples

Tabauna 1. OneHka HOPMAIBHOCTH PACTIPECICHIUS 3HAUYCHNUI, XapaKTePHU3YOIINX COAEPKAHNE TeMAarIIOTHHIHOB BUPYCa TPUIINA B UCTIBITYEMBIX

oOpasnax
Group No. Test sample Vaccine strain Mean value Shapiro—Wilk criterion (W) Normality of distribution
Nerpynmer | OObexr ucnbltanus | Baxiunseni mramm | Cpennee 3Hadenne | Kputepnii Illamupo—Yunka (W) p Xapaxrep pacrpese/ieHus
1 Trivaccine A/Victoria (HIN1) 5.205 0.948 0.141 Normal
TpuBakmaa (n=31) Hopmasnbhsrii
2 Drug A/Victoria (HIN1) 5.186 0.961 0.312 Normal
JlexapcTBEHHBIH (n=31 HopmanbHsrii
npemnapar
3 Trivaccine A/Thailand (H3N2) 5.539 0.902 0.008 Abnormal
TpuBaknuna (n=31) HenopmanbHerii
4 Drug A/Thailand (H3N2) 5.542 0.927 0.037 Abnormal
JlekapcTBeHHbII (n=31 HenopmanbHblii
npenapar
5 Trivaccine B/Austria 11.185 0.962 0.345 Normal
TpuBakiuna (n=30) HopmanbHbrit
6 Drug B/Austria 11.160 0.958 0.268 Normal
JlexapcTBEHHBII (n=30) HopmanpHslit
mpenapar

Table 2. The evaluation of hemagglutinin content in test samples (strain A/Victoria (HIN1), strain B/Austria) by #-test (Student test)

Taéauua 2. OueHka JOCTOBEPHOCTH Pa3IMYMil COASPIKAHMUS FTEMarIIOTHHUHA B CEPHSX TPUBAKLMHBI M JISKAPCTBEHHOTO TIperiapaTa Juis ITaMMOB
Bupycos rpumnmna A/Victoria (HIN1), B/Austria ¢ ucnions3oBanueM kputepust CTbloneHTa

Group No. Mean (trivaccine) Mean (final lot) Student test“ ) Conclusmn‘on the reliability
Ne rpynn Cpennee (TpuBakiuaa) | Cpennee (JIeKapCTBEHHBIH Ipemapar) Kpurepuii p of differences
h CrbrozeHra (f) BbIBOJ 0 JOCTOBEPHOCTH PA3IM4MI
1,2 5.205 5.186 0.189 0.851 None
OTCyTCTBYIOT
5,6 11.185 11.160 0.108 0.914 None
OTCYTCTBYIOT

Table 3. The evaluation of hemagglutinin content in test samples (strain A/Thailand (H3N2)) by Mann—Whitney U test

Ta6auua 3. OueHka JOCTOBEPHOCTH Pa3IHYMil COASPIKAHMUSI TEMArIIOTHHHHA B CEPUSAX TPUBAKLUHBI M JICKAPCTBEHHOT'O TIpenapara Juis lraMma
Bupyca rpunmna A/Thailand (H3N2) ¢ ucnionb3oBanuem kputepust ManHa—YUTHH

Mann—Whitney U Conclusion on the reliability
Group No. Rank total (trivaccine) Rank total (final lot) test (U) of differences
Ne rpyrmmst CyMMa paHroB (TPHBAKINHA) Cymma parros Kpurepuii P BsIBOI 0 JOCTOBEPHOCTH
h (JIlexapcTBEHHBIH Ipenapar) Masna—Yurau (U) pasanii
3,4 1010.5 942.5 446.5 0.632 None
OtcyTCTBYIOT
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Fig. 2. The Control chart for evaluation of stability of the influenza vaccine production (the content of influenza virus strain A(H3N2)
hemagglutinin in final lots of the vaccine).

Description in the text.

Puc. 2. KorTponpHas KapTa OIEHKH CTaOMIFHOCTH IIPOU3BOACTBEHHOTO MIPOIIECCa BAKI[HMHBI TS MPO(QHIAKTHKH IPHIIIA IO Pe3yIbraTaM
OIIpe/IeNICHNs] KOJIMUECTBEHHOTO COJIepyKaHus reMarmIFoTHHUHA BUpyca rpunna nonruna A(H3N2) B cepusix BakIUHBI.

Ornucanue B TEKCTE.

ples: Student’s t-test for normal distribution and Mann—
Whitney test for non-normal distribution. The analysis
demonstrated that in all cases there were no statistically
significant differences in all pairwise compared groups.

The results of the statistical process control analy-
sis of the influenza vaccine production are presented
in Figures 1-3.

The Y-axis of each graph shows the values of hemag-
glutinin content in micrograms per 1 dose of the final lot
(ng/dose), while the X-axis shows the number of mea-
surements. To analyze the obtained data, the central line
(CL) corresponding to the average value of the obtained
measurements and 3 additional lines on each side of the
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central line corresponding to the calculated values +1o,
+20, £36 (UCL — upper control line, LCL — lower control
line) are drawn on each graph. The zones bounded by the
center line and the lines 1o, 20, £30 are labeled «zone
C», «zone By, «zone Ay, respectively. In case of detec-
tion of the features corresponding to the criteria from the
«Materials and Methods» section, the number of the cri-
terion was indicated on the graph.

In all measurements, the specific activity of influenza
vaccine series met the requirements of the regulatory
documentation: for subtypes A (HIN1) and A (H3N2) —
from 4.0 to 6.0 pg/dose, for type B — from 9.0
to 13.0 pg/dose.
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Fig. 3. The Control chart for evaluation of stability of the influenza vaccine production (the content of influenza virus strain B hemagglutinin
in final lots of the vaccine).

Description in the text.

Puc. 3. KorTpomnbHast KapTa OIEHKH CTa0MIBHOCTH IPOU3BOACTBEHHOTO MPOLIECCa BAKIIMHBI [T MPOQHIAKTHKY TPHUIIIA MO Pe3yIbTaTaM
oIpeeNIeHUs. KOJIMUECTBEHHOIO COJIepKaHus I'eMarnIIOTHHIHA BUpyca IPUMIa TUIIa B B cepusix BakLUHBL

Onucanue B TEKCTE.

Fig. 1 shows thatthere are no criteria signaling the impact
of special (external) causes not peculiar to the production
process. However, attention is drawn to the fact that
in 3 cases (measurements 11, 28, 37) there is a tendency
to form criterion 5, in 1 case (measurements 59—64) —
criterion 3 and in 1 case (measurement 64) — criterion 1.
In the latter case, measurement 64 reaches the value (5.6
pg per dose) set for the upper reference limit, without
going beyond zone A.

In Fig. 2, criteria signaling the action of special
(external) causes are also absent. However, in 2 cases
(measurements 18, 28) there is a tendency to form critical
criterion 1: the measurements reach the value (5.9) set
for the upper control limit, not going beyond zone A, but
approachingtheupperlimitofthenormativehemagglutinin
content in the vaccine (6.0 pg hemagglutinin per dose).

Fig.3showsthatin 1 casecriterion 1 (measurement12)was
established, in 2 cases — criterion 5 (measurements 16, 17),
thereisatendencyto formcriterion 3 (measurements 7—11).

Discussion

When planning the test, we considered the hypothesis
that SOVIDON adjuvant contained in the vaccine may
change the standard appearance of the precipitation
rings, impair the quality of plate washing from the
dye, reduce the contrast of the precipitation rings in
relation to the agarose gel and, as a consequence, lead
to incorrect measurement of the squares of dimeters and,
consequently, to unreliable results.

When considering the test results, the precipitation
rings formed by the interaction of the standard serum with
the antigen contained in the trivaccine and the standard
antigen were used as a reference standard. Particular
attention was paid to the intensity of the rings and the
clarity of their boundaries.

Comparative analysis of the visual characteristics of
the precipitation rings showed that the rings formed by
the vaccine with adjuvant did not differ from those of the
reference standards. No additional treatment of the plates
by immersion in buffer solution and washing of non-spe-
cific components was required. It was shown that the
acceptance criteria for the visual evaluation stage of the
results were met for each study subject regardless of the
influenza virus vaccine strain included in the vaccine and
the adjuvant content of the final lot (0.8 to 1.2 mg/mL).

During calculations in the STAMS Photolab program,
we analyzed the graphs of linear dependence of the
squares of the diameters of the precipitation rings on the
dilutions of the vaccine samples with adjuvant. For all
observations, it was found that the diameter of the pre-
cipitation rings decreased in the series of vaccine dilu-
tions: 1 : 0-3 : 1-1 : 1-1 : 1-1 : 3, with the coefficient
of determination (R?) ranging from 0.900-0.998. It was
found that the acceptance criteria for the graphs were also
met in all cases: the graphs constructed for the test sam-
ples and standard antigens did not overlap, the starting
points of the graphs were within 3 mm? of each other.

It is shown that the SOVIDON adjuvant does not af-
fect the reliability of quantitative hemagglutinin content
determination in the finished dosage form by the SRID
method. Thus, the change of the test object in conducting
studies to confirm the conformity of influenza vaccines
with adjuvant released into civil circulation will allow
control of the potency indicator by direct measurement of
the amount of hemagglutinin, rather than by calculation.
This fact is of particular importance, because the control
of the finished dosage form allows to detect discrepancies
in the potency indicator in case of the impact of negative
external factors on the drug from the moment of release
of the drug by the manufacturer and up to the moment
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of its receipt in the testing laboratory. Furthermore, the
possibilities to investigate the stability of the final lot,
whose shelf life (12 months) exceeds the shelf life of the
semi-finished product (3 months), and to study the qual-
ity of the vaccine in case of investigation of complaints
from the places of application of influenza vaccine are
expanding.

The analysis of the constructed control charts allows us
to conclude that there are special causes affecting the pro-
duction process. The control map presented in Fig. 3 draws
attention to them. The identified criterion 1 belongs to
the critical type and may signal the need to influence the
production process itself. The seriousness of the situation
is emphasized by the fact that criterion 5 is registered in
close proximity to the detected criterion and there is a ten-
dency to go beyond the control upper limit for two points
on the chart (measurements 20, 23). Subsequently, the
production process returns to the state of statistical con-
trollability, but measurement 52 already approaches the
upper control boundary. In this situation, we can speak
about a high probability of a decrease in the degree of
stability of the production process of influenza vaccine.

On the control map presented in Fig. 1, the formed cri-
teria of instability of the production process are absent,
but 5 measurements are registered to zone A, and one of
the points has reached the upper control boundary with-
out going beyond it. The situation presented in the figure
may indicate an increase in the risk of the production pro-
cess leaving the state of statistical control.

Evaluation of the data shown in Fig. 2 shows the occur-
rence of criterion 5 twice. Although this criterion belongs
to the type of warning criteria that do not require impact
on the production process, the control chart records 2 cas-
es of reaching the upper control limit and 2 cases of mea-
surements entering Zone A. It should be noted that the
measurements reach the upper control point in close
proximity to the first criterion 5 (points 6—14).

In summary, we can distinguish 2 approaches in the
case of registering the criteria of instability of the produc-
tion process depending on the type of criteria detected.
Obtaining a result outside the control boundary (zone A)
indicates that the production process may be uncontrol-
lable. The control chart in this case signals that a spe-
cial cause of variability may be present and the process
should be affected in some way, such as analyzing the
data to determine the sources of the special cause in order
to eliminate and reduce the influence of the special cause
in the future; adjusting the production process; stopping
the production process and taking corrective actions [10].

If the measurement results are outside the warning lim-
its (£20) but within the control limits, it is appropriate to
look for the presence or absence of a special cause, even
though no impact on the process is required.

Conclusion
The feasibility of hemagglutinin content quantitation in
the finished dosage form of influenza vaccine containing
the SOVIDON adjuvant is shown and substantiated.
The revealed trends in the analysis of Shewhart con-
trol charts are the basis for determining the cause of the
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production process of influenza vaccine out of the state
of statistical controllability and analyzing the risks of re-
lease into civil circulation of vaccine series that do not
meet the established requirements.
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