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RCRONIMS

ATCC: American Type Culture Collection

BCA: BiCinchoninic Acid

CPE: Cytopathic Effect

DNA: Deoxyribonucleic acid

dsDNA/RNA: double stranded DNA/RNA

EMEM: Eagle’s Minimum Essential Medium

FBS: Fetal Bovine Serum

FDA: US Food and Drug Administration

GMP: Good Manufacturing Practice

HEK-293: Human Embryonic Kidney 293 cells
HPIV3: Human Paralnfluenza Virus type 3

ICH: International Conference on Harmonization
LLC-MK2: Lilly Laboratories Cell-Monkey Kidney 2
LRF: Log Reduction Factor

MCB: Master Cell Bank

MuLV: Murine Leukemia Virus

MVB: Master Virus Bank

MVM: Minute Virus of Mice

O/N: Overnight

PBS: Phosphate Buffered Saline

PES: Polyethersulfone membrane

REQO3: Reovirus 3

RNA: Ribonucleic acid

ssDNA/RNA: single stranded DNA/RNA

SuHV-1: Suid Herpes Virus

TCIDso/mL: 50% Tissue Culture Infectious Dose over mL
USP: United States Pharmacopeia

VPL: Virus Production Lot

WCB: Working Cell Bank

WVB: Working Virus Bank
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1 INTRODUCTION
1.1 viral safety

Viral safety is required for biotechnology drugs manufactured to treat human
diseases.

Biotechnology drugs are products derived from characterised cell lines of human
or animal sources such as blood products, recombinant products, vaccine, animal or
human tissue or fluids derived products.

The risk of viral contamination is a feature common to all biotechnology products
derived from cell lines. Such contamination could have serious clinical consequences
and can arise from the contamination of the source cell lines themselves (cell
substrates) or from adventitious introduction of virus during production 1.

According to the Q5A(R1) Guideline “Viral safety Evaluation of Biotechnology
Products Derived from Cell Lines of Human or Animal Origin” defined by ICH
International Conference on Harmonization (USA - Japan - Europe), the viral safety of
biotechnology products derived from human or animal origin cell lines should be
demonstrated before the registration and demand for marketing of these products?.

Viral contamination can occur through source materials or by the introduction of
adventitious viruses during manufacturing. For these reasons three principal barriers
preventing the pathogens transmission.

These include: selecting and testing cell lines and other raw materials, including
media components, for the absence of undesirable viruses which may be infectious
and/or pathogenic for humans; assessing the capacity of the production processes to
clear infectious viruses; and testing the product at appropriate steps of production for
absence of contaminating infectious viruses!.

Viral contamination may arise from:

e cell lines used to produce biotechnology products
cells may have latent or persistent virus infection (e.g., herpesvirus) or
endogenous retrovirus which may be transmitted vertically from one cell
generation to the next, since the viral genome persists within the cell. Such
viruses may be constitutively expressed or may unexpectedly become expressed

as an infectious virus. Viruses can be introduced into the Master Cell Bank (MCB)
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by several routes such as: 1) derivation of cell lines from infected animals; 2)
use of virus to establish the cell line; 3) use of contaminated biological reagents
such as animal serum components; 4) contamination during cell handling?!;
e adventitious introduction of virus during manufacturing.

Adventitious viruses can be introduced into the final product by several routes
including, but not limited to, the following: 1) the use of contaminated biological
reagents such as animal serum components; 2) the use of a virus for the
induction of expression of specific genes encoding a desired protein; 3) the use
of a contaminated reagent, such as a monoclonal antibody affinity column; 4)
the use of a contaminated excipient during formulation; 5) contamination during
cell and medium handling. Monitoring of cell culture parameters can be helpful in

the early detection of potential adventitious viral contamination?.

For this reason cell lines, MCB and Working Cell Bank (WCB), used in the
production process must be qualified.

An important part of qualifying a cell line for being used in the production of a
biotechnology product is the appropriate testing for the presence or absence of viruses!.
For the MCB screening for endogenous and non-endogenous viral contamination should
be performed.

Testing for non-endogenous viruses should include specific tests, e.g. species-
specific tests such as the mouse antibody production (MAP) test. Moreover each WCB
as a starting cell substrate for drug production should be tested for adventitious virus
either by direct testing or by analysis of cells at the limit of in vitro cell age, initiated
from the WCB!.

Generally, the production cells are obtained by expansion of the WCB; the MCB
could also be used to prepare the production cells. Cells at the limit of in vitro cell age
should be evaluated once for those endogenous viruses that may have been undetected
in the MCB and WCB!.

Many tests for retroviruses, non-endogenous or adventitious viruses are
suggested to be done, using different assays (e.g. antibody production, in vivo and in
vitro virus screen, Transmission Electronic Microscope (TEM), Polymerase chain reaction
(PCR), retrovirus infectivity), on MCB, Working Cell Bank (WCB) and cells at the limit of
in vitro cell age used for production.

Another possibility of adventitious virus contamination can be determined by the

unprocessed bulk constitutes one or multiple pooled harvests of cells and culture media.
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It is important to design the most relevant and rational protocol for virus tests

from the MCB level, through the various steps of drug production, to the final product
including evaluation and characterization of viral clearance from unprocessed bulk!.

The evaluation and characterization of viral clearance plays a critical role in this
scheme.

The goal is to obtain the best reasonable assurance that the product is free of virus
contamination.

After the production from qualified cell lines, bulk harvest containing biotechnology
drugs undergo a purification process (downstream process) to obtain the final drugs to
be formulated for the market. This purification process involves different steps such as
affinity chromatography and other chromatographic types, pH inactivation and
nanofiltration.

It is important to evaluate and to characterize the virus removal or inactivation
during this process in order to assure the viral safety of biotechnology products?.

This is the aim of viral clearance studies.
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1.2 viral clearance

A viral clearance study should evaluate the ability of the overall purification process
to remove or inactivate a broad spectrum of virus types, including viruses that are
known to contaminate or have the potential to contaminate the raw materials, and those
that can be introduced during manufacturing?.

Moreover, the viral clearance studies demonstrate virus removal and/or
inactivation in the individual steps during the purification process (e.g. chromatography,
nanofiltration, pH, and others) so that each step in the purification scheme may be
studied independently of the other steps and is not required to perform all the
purification steps in linear order as in the industrial process.

One of the key goals of a manufacturing purification process is to achieve maximal
viral clearance without compromising product quality?. For this reason, it is important
and required by regulatory authorities, the validation of proportionally scale-down to a
laboratory scale (downscale process) to the full-scale of the manufacturing process.

In order to not contaminate the manufacturing process, the viral clearance studies
should be performed in a segregated facility equipped for virologic work. An example of
some steps selected for the down-scale viral clearance study are highlighted in the

figure (Fig.1).

o~ r v
v
I 3 I\ 00000
Final fill
Prcasration Bioreactor Protein A affinity Viral Chromatography Viral
chromatography inactivation filtration
Upfront
characterization
and testing
requwed
Fig.1

General scheme of manufacturing process: in the green squares the step important for the Viral

Clearance studies.
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In the Viral Clearance Validation Studies, for example, the parameters of

chromatographic steps, should be representative than those used in the manufacturing
process (e.g. flow rate, chromatography matrix, buffer composition, ecc).

Scaled-down and manufacturing-scale chromatographic systems should produce
similar elution profiles and step yields, and final product analytical profile?.

The output of the Viral Clearance Validation Studies is the Log Reduction Factor
(LRF also known as viral reduction factors VRFs or log reduction values, LRV): it is
determined in a logarithmic scale, by calculating the virus titer in the loading and in the
product fraction after the purification step. The VRFs derived from specific process steps
are used to evaluate the overall capacity of the entire production process to remove or
inactivate process-specific or nonspecific viruses?.

To perform a study, a virus with a defined titre is added (spiking) to intermediate
samples (depending on the analysed process phase). Subsequently, the material
(samples + virus) is subjected to the purification step that should be evaluated, for
measuring the virus inactivation and/or removal grades of the step. At the end, the
reduction factor is determined in logarithmic scale, by calculating the ratio of virus titre
in the loading and after the purification step.

Anyhow, the virus spike should be as high as possible, in order to determine the
capacity of the production step to inactivate and/or remove viruses but the maximum
volume of the virus allowed for the spiking is 10% v/v to avoid altering the composition
of the production material.

The choice and number of viruses that may be used in a viral clearance study are
dictated by the nature and origin of the production cell line, as well as the nature and
origin of the animal-derived materials used in production and purification?.

In general, one specific model virus (e.g. MuLV Murine Leukemia Virus) and one
relevant virus (e.g. MVM Minute Virus of Mice) are used for clinical Phase I/II viral
clearance studies and for Phase III viral clearance studies additional model viruses
should be added.

Selecting model viruses is critical for the design of an appropriate Viral Clearance

Validation study.
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Viruses are classified in 3 main categories with respect to assessing Viral Clearance:
“Relevant” viruses: virus used in process evaluation studies which is either the
identified virus, or of the same species as the virus that is known, or likely to
contaminate the cell substrate or any other reagents or materials used in the
production process?;

- “Specific model” viruses: Virus which is closely related to the known or suspected
virus (same genus or family), having similar physical and chemical properties to
those of the observed or suspected virus?;

- “Nonspecific model” viruses: A virus used for characterisation of viral clearance
of the process when the purpose is to characterise the capacity of the
manufacturing process to remove and/or inactivate viruses in general, i.e., to
characterise the robustness of the purification process!.

CHO (Chinese Hamster Ovary) cell line have frequently been used as substrate for
drug production, for example, “Relevant” virus for these cell line could be MVM (Minute
Virus of Mice) and a “Specific model” virus MuLV (Murine Leukemia Virus).

In the case of a well-characterized mouse or CHO cell line, Viral Clearance Validation
studies for phases I/II should include a murine retroviral model such as MLV and a
parvovirus model such as MVM. For pH Inactivation (acid or basic) step MuLV virus
model is tested only because MVM is resistant to this kind of treatment.

The selection of the viruses to be used should cover a wide range of physical and
chemical properties:

- enveloped and non-enveloped viruses;

- DNA and/or RNA genome;

- high, medium and/or low sensitivity to chemical inactivation;

- sjze.

The results obtained for such viruses provide useful information about the ability of

the production process to remove or inactivate viruses in general?.
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2 RIM

The output of the Viral Clearance Validation Studies, as described previously, is the
LRF, that is determined in a logarithmic scale, by calculating the virus titer in the loading
and in the product fraction after the purification step.

To reach this output, validated viral titration methods are needed for the different
tested viruses.

The first focus of PhD project was on viral titration methods development and
validation of three viruses: REO3 (Reovirus 3), SuHV-1(Suid Herpesvirus) and HPIV3
(Human Parainfluenza Virus type 3).

These viruses have been chosen since representative of non-specific model viruses
for well characterized CHO cell line.

The validation parameters, according to the International Guideline ICH-Q2 (R1)
“Validation of analytical procedures: text and methodology” and GMP (Good
Manufacturing Practice), are:

- Robustness;

- Linearity;

- Specificity;

- Precision with repeatability and intermediate precision;

- Accuracy.

Moreover, to performed Viral Clearance Validation Studies high titer and low
concentration of impurities virus stocks are needed.

For this reason, the second focus of PhD project is on viral propagation and
purification methods development for the three viruses: REO3 (Reovirus 3), SuHV-1

(Suid Herpesvirus) and HPIV3 (Human Parainfluenza Virus type 3).
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3 VIRUS

During the PhD project were used viral suspensions of REO3 (Reovirus 3), HPIV3

(Human Parainfluenza virus type 3) and SuHV-1 (Suid Herpes virus).

3.1 RROVINUS 3 — RED3

Mammalian reoviruses are large, nonenveloped, double-stranded RNA-containing
viruses that infect a variety of mammalian species3. Reovirus 3 is the most pathogenic
reovirus type of laboratory rodents and it causes a syndrome whose symptoms are
jaundice, diarrhea, oily hair and neurologic signs®.

Mammalian orthoreoviruses (reoviruses) are members of the Reoviridae family>.
Members of this family have genomes consisting of 10, 11, or 12 segments of double-
stranded (ds) RNA. The replication strategy employed by these viruses must take into
account that the genome is dsRNA, which is extremely stable, and consequently difficult
to dissociate into a form exposing a single-stranded template for RNA-directed mRNA
transcription®.

Reovirus contains 10 dsRNA segments that are packaged into an icosahedral capsid
that consists of two protein shells, called outer capsid and core.

A schematic of the virion is shown in Fig. 2.

Human reovirus

u1C/o3 complex (outer capsid)

A1/c2 complex (core)

genomic segment

Fig. 2

The 60-nm-diameter human reovirus with its double shell. The 10 segments of the reovirus genome and

‘2

the proteins encoded are shown®.
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The replication of reovirus in the infected cell are shown in Fig 3. Virus attachment
is followed by receptor-mediated endocytosis.

Virion “core” particles are formed by the degradation of the outer shell in the
endosome. Viral proteins are translated and structural proteins assemble around newly
synthesized viral mRNA.

The complementary strand of the double stranded genomic RNAs is synthesized

in the immature capsid while morphogenesis proceeds. Virus release is by cell lysis®.

Reovirus
Receptor-
mediated Release

endocytosis
\ Lysis
5=

\

Mature virion
Endosome

QL
) Uncoating

Translation of do=—"1
Release of core virus protein i —;
@ p ) :J’:“‘

Transcription o=+ Encapsidation of
withincore ~ O—————(+) capped (+)-sense RNA
Capped mRNAs

T

Morphogenesis

ds RNA [Meosox
formed | ~seses
in capsid

Synthesis of
(-)-sense strand

Fig.3

The reovirus replication cycle.

Base on the product sheet by ATCC (American Type Culture Collection) the prefer
host for the REO3 virus is the LLC-MK2 cell line. The virus effect on host cell is a
Cytopathic Effect (CPE) with refractile rounding and cell sloughing’.
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3.2 HUManN paralnfluenza virus type 3 - HPIV3

These viruses were first discovered in the late 1950s and in 1959 a new taxonomic
group was created called “parainfluenza viruses” 8.

HPIV is divided into types 1 to 4 and in particular, HPIV-3 are major causes of lower
respiratory infections in infants, young children, the immunocompromised, the
chronically ill, and the elderly® 0 11,

These medium-sized viruses are enveloped, and their genomes are organized on a
single negative-sense strand of RNA8 (ssRNA: single strand RNA).

These viruses belong to the Paramyxoviridae family divided in two genera of HPIV,
Respirovirus (HPIV-1 and HPIV-3) and Rubulavirus (HPIV-2 and HPIV-4)83,

HPIV are demonstrated to be pleomorphic enveloped viruses (Fig 4)2. The virion
attaches by binding to specific receptors on the surface of the cell and this allow the
releasing of ssRNA(-) into the cytoplasm. After mRNA syntesis, replication and assembly

the HPIVs envelope is derived from the host cell that they last infected.

/ Hemagglutinin-neuraminidase (HN)
A ‘.:; / Fusion protein (F)
R . Phosphoprotein (P)

— Polymerase (L)

£/ & T Genomic RNA coated
with nudeoprotein (N)

~~ Matrix protein (M)

Lipid bilayer

Fig 4

The image show, on the left, a negatively stained paramyxovirus and on the right the schematic
description of virus structurei2,

A number of primary and secondary cell lines support the growth of HPIV and the
most common are LLC-MK2, Vero,® ecc. In particular HPIV3 grows to high titer in LLC-
MK2 cells with serum-free medium?.

13
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3.3 SUld HRMPPRSVINUS — SUHV-1

Aujeszky’s disease (AD, pseudorabies) is a notifiable disease that causes substantial
economic losses to the swine industry in countries, where the disease is present.

The causative agent is Suid herpesvirus 1 (SuHV1, syn. Aujeszky’s disease virus
[ADV] or pseudorabies virus [PrV]), which belongs to the family Herpesviridae,
subfamily Alphaherpesvirinae, genus Varicellovirus'3.

Members of the family Suidae (true pigs) are the only natural hosts for SuHV-1,
although the virus can infect numerous other mammals including ruminants, carnivores
and rodents?4,

Indeed Alphaherpesviruses have a broad host range in the laboratory and will infect a
wide variety of cultured cells or experimental animals!®>. The SuHV-1 genome is linear
double-strand DNA (ds-DNA) with internal and terminal repeats.

Herpesviruses are enveloped and approximately spherical, with a diameter of
100-300 nm and the nucleocapsid is surrounded by or embedded within a structure

known as the tegument 1° (see fig. 5)

Envelope proteins
(gB-gN) v
(~12 proteins) *

Tegument
(>20 proteins)

Lipid envelope

[
dsDNA 831,

genome

Nucleocapsid

Fig. 5

Virion structure of Alphaherpesviruses
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Virus entry can involve fusion of the viral membrane at the cell’s surface (Fig.6)
and transit of nucleocapsids through the nuclear membrane by budding through the
inner leaflet of the nuclear membrane followed by de-envelopment and release of

nucleocapsids into the cytoplasm.

Receptor binding

% / 3 Receptor binding Q

Antibody vs. PRV
surface glycoprotein

§ g .‘ \ Membrane ‘

;\‘\‘4/ , fusion \
Fig. 6

The fusion of pseudorabies virus with the plasma membrane of an infected cultured cell. Initial

association between viral envelope glycoproteins and the cellular receptor on the plasma membrane

through the final fusion event is shown® 12 16,
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4% CELLU LINES

Viruses, as mentioned before, are biological entities with characteristics of obligate
parasites. They do not have the biochemical structures necessary for the replication
except through cells substrate.

Cells are used for the detection, for growing and for quantification of viruses.

Furthermore, each virus has an elective cellular substrate for its propagation and

titration.

During the PhD project were tested different cell lines for the set-up and
development of the titration, propagation and purification methods for the three

viruses:

e LLC-MK2 DERIVATIVE (ATCC® CCL-7.1™)

e HEK-293 (ATCC® CRL-1573™)

e VERO (ATCC® CCL-81™)
e ST (ATCC® CRL-1746™)

e MDBK (NBL-1) (ATCC® CCL-22™)

16
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%.1 LLC-MK2 DERIVRATIVE

Lilly Laboratories Cell-Monkey Kidney 2 Derivative (LLC-MK2 Derivative) is an
epithelial adherent line that was immortalized in the 1950s.

As reported in LLC-MK2 Derivative (ATCC® CCL7.1™) product sheet!’, cells were
cultivated in Eagle's Minimum Essential Medium (EMEM) and fetal bovine serum
(FBS) to a final concentration of 10%.

In the images below (Fig.7) an example of low density and high density of this
cells line.

Fig.7

Image of LLC-MK2 Derivative:

left from Hull et al.: Kidney cell strains; right image taken with EVOS microscope.

17
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%.2 HEK-293

Human Embryonic Kidney 293 is an epithelial adherent line that was created by
a transfection with Adenovirus 5 DNA in the 1970s.

As reported in HEK-293 (ATCC® CRL-1573™) product sheet!®, cells were
cultivated in Eagle's Minimum Essential Medium (EMEM) and fetal bovine serum
(FBS) to a final concentration of 10%.

In the images below (Fig.8) an example of low density and high density of this

cells line.

ATCC Number: CRL-1573
Designation: 293

Low Density Scale Bar = 100u High Density Scale Bar = 100pm

Fig.8
Cell micrograph of HEK-29319,

18
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4.3 VERO

VERO is an adherent epithelial cell line from kidney of an adult Cercopithecus

aethiops.
As reported in VERO (ATCC® CCL-81™) product sheet??, cells were cultivated in
Eagle’s Minimum Essential Medium (EMEM) and fetal bovine serum

(FBS) to a final concentration of 10%.

In the images below (Fig.9) an example of low density and high density of this
cells line.

ATCC Number: CCL-81
Designation:  Vero

Low Density Scale Bar = 100pm

Fig.9

Cell micrograph of VERO??,
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%.4 ST

ST is an adherent fibroblast cell line from testis of a male Sus scrofa (pig).
As reported ST (ATCC® CRL-1746™) in product sheet??, cells were cultivated in
Eagle's Minimum Essential Medium (EMEM) and fetal bovine serum
(FBS) to a final concentration of 10%.

In the images below (Fig.10) an example of low density and high density of this
cells line.

ATCC Number: CRL-1746
Designation: ST

Low Density Scale Bar = 100pm High Density Scale Bar = 100pm

Fig.10

Cell micrograph of ST19,
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4.5 MDBK (NBL-1)

MDBK (NBL-1) is an adherent epithelial cell line from kidney of a male Bos taurus
(cow).

As reported MDBK (NBL-1) (ATCC® CCL-22™) in product sheet??, cells were
cultivated in Eagle's Minimum Essential Medium (EMEM) and fetal bovine serum
(FBS) to a final concentration of 10%.

In the images below (Fig.11) an example of 24hr and 48hr post seeding of this

cells line23 24,

Fig.11

Cell micrograph of MDBK (NBL-1) 24hr and 48hr post seeding from ECACC site.

21
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S TITRATION METHOD VRLIDRATION

This part describes the titration methods validation for REO3, HPIV3 and SuHV-1.

The objective of the performed activities was to validate, in accordance with the
ICH Q2(R1) guidelines "Validation of Analytical Procedures: Text and Methodology" 2°
and FDA Guidance for Industry “Analytical Procedures and Methods Validation for Drugs
and Biologics”?® , methods for determining the viral titer of REO3, HPIV3 and SuHV-1
suspensions.

The methods are used to determine the viral titer of REO3, HPIV3 and SuHV-1
suspensions which induces a cytopathic effect (CPE) on cells, expressed in
Log10TCIDso/ml or TCIDso/ml.

The methods are considered a quantitative/quantal assay (Appendix 3)! that allows
the dilution required to infect 50% of the cultured cells, meaning the TCIDsg
(tissue culture infective dose) of the viral suspension, to be determined.

In particular, the parameters checked in validation were:

e robustness

e precision (repeatability and intermediate precision)
e specificity

e accuracy

e linearity

These methods are based on the evaluation of CPE that different scalar dilutions of

the viral suspension induce on the cell monolayer.

22
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5.1 Mateprlals

As part of the method, the test substance and cells, equipment/materials reported

below, were used during method validation.

s5.1.1 standard

Viral suspensions of REO3 virus obtained following the propagation of an original
VR-232™ ATCC® vial (Lot 58395507) on LLC-MK2 Derivative cells ATCC® (Lot
3633198).

The titrations were performed on HEK- 293 cells (Lot 61714301).

Viral suspensions of HPIV3 virus obtained following the propagation of an original
Cat.n°VR-93™ ATCC® vial (Lot No. 59380357 (Reference Lot 19W)) on LLC-MK2
Derivative cells ATCC® (Lot 3633198).

The titrations were performed on VERO cells ATCC® (Lot 60150897).

Viral suspensions of SuHV-1 virus obtained following the propagation of an
original vial of Suides Herpes Virus (VIRUS BANK SUIDES HERPES VIRUS (SuHV-1)
STAMM KAPLAN RVB-574 -Lot #15/280211/300311) on MDBK (NBL-1) cells ATCC®
vial (Lot 60627700) or ST cells ATCC® vial.

The titrations were performed on VERO cells ATCC® (Lot:60150897).

23
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5.1.2 Mmatenrials & reagents

- deep-well polypropylene plates

- 96-well flat bottom plates with low evaporation

- Reservoir

- Single-channel and multi-channel pipettes

- Pipette tips

- Sterile screws

- Falcon tubes

-  EMEM 10% Fetal Bovine Serum (FBS) medium

- EMEM 2% Fetal Bovine Serum (FBS)

- EMEM 2% Fetal Bovine Serum (FBS) medium with Penicillin-Streptomycin 1%
and Amphotericin B 1%

- EMEM 1% Fetal Bovine Serum (FBS)

- EMEM 1% Fetal Bovine Serum (FBS) medium with Penicillin-Streptomycin 1%
and Amphotericin B 1%

- EMEM (0%) medium

- Phosphate Buffer Saline (PBS)

- TNE buffer

5.1.3 equipment

- CO; incubators

- Optical Microscopes
- EVOS Microscopes
- Refrigerators

- Freezers -80°C

- Biological Hoods

- Nucleocounter

- Ultrasound bath

24
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5.2 calculation & validity of results

The calculation of results is done through visual analysis using an optical
microscope by assessing the integrity of the cell monolayer. Through observation, the
operator defines in which wells is detectable a CPE on the cell monolayer and check the
wells as positive or negative to obtain by “Spearman Karber Formula” the Logi1oTCIDsg

value. The formula applied is:
Log10TCIDso = Xo — (d/2) + dZpi

Xo= Logio of the reciprocal of the highest dilution which infects 100% of the wells

d = Logio of the dilution factor

pi = proportion of positive results with respect to the number of wells infected at each
individual dilution.

> pi = sum of pi starting with the highest dilution with 100% infected wells.

Following the ICH “Viral Safety Evaluation of Biotechnology Products Derived from
Cell Lines of Human or Animal Origin Q5A(R1)-Appendix 3”, the 95% confidence limits
for results of within-assay variation normally should be on the order of £ 0.5 logio of
the mean 1. For this reason, the Standard Deviation (Sd) is also obtained, with which it
is possible to obtain the Maximum (max) and Minimum (min) Titer.

The calculation to obtain max and min is the following:

maX = Logi1oTCIDso — (2* Sd)
min = LOg1oTCID50 + (2* Sd)

The test is considered valid if:
e The difference between max and Logi1oTCIDsp is < 0.5 Log and if

e The difference between LogioTCIDso and min is < 0.5 Log

In addition, the Negative Control present in each plate should not present any

anomalies (e.g. detachment of the cell monolayer or uneven cell monolayer).

‘2

25



MRRCK

5.3 RED3 titration method validation

5.3.1 mMmethod pescription

The method is used to determine the titer expressed as Log1oTCIDso/mL of a REO3
viral suspension through the evaluation of the cytopathic effect induced by the virus on

the monolayer of HEK-293 cells in adhesion.

5.3.2 Rnalitical procedure

The method is based on the evaluation of the cytopathic effect that different

scalar dilutions of the viral suspension induce on the cell monolayer.

5.3.2.1 pPreparation of scalar dilution of ReO3

A pool of the REO3 viral suspension was used for the preparation of the samples
for Robustness, specificity, precision, accuracy and linearity. Subsequently, each
sample was diluted with 1:3 scalar dilutions prepared as indicated below.

Each titration consists of 3 plates of HEK-293 cells (96-well flat bottom plates with
low evaporation):

- Plate 1 - infection with dilutions from 3! to 3!

- Plate 2 > infection with dilutions from 312 to 322

- Plate 3 © infection with dilutions from 3723 to 333

For each titration (Plate 1, 2 and 3) the dilutions are prepared in a deep-well

polypropylene plates as described below:

e Fill the first lines of the deep-well polypropylene plates with EMEM 2% FBS
medium with antibiotic and antifungal (Penicillin-Streptomycin 1% and
Amphotericin B 1 %).

- rows A and B were used for the infection of Plate 1 (dilutions from 3 to 37! and

negative control)

‘2
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- rows C and D will be used for the infection of Plate 2 (dilutions from 312 to 322 and

negative control)
- rows E and F will be used for the infection of Plate 3 (dilutions from 3723 to 333 and

negative control)

Add REOQO3 viral suspension in row A column 1 and row B column 1 to have a 1:3

diluted suspension.

e Take the selected volume from row A and B column 1 (WELL A1 and WELL B1)
and add in row A and B column 2 (WELL A2 and WELL B2), continue in this way

until column 11 (skip column 12 - negative control) - dilutions from 3! to 371!

e Take the selected volume from row A and B column 11 (WELL A11 and WELL
B11) and add in row C and D, continue the dilutions in this way until column 11

(skip column 12 - negative control) = dilutions from 31? to 3722
e Take the selected volume from row C and D column 11(WELL C11 and WELL D11)

and add in row E and F, continue the dilutions in this way until column 11 (skip

column 12 - negative control) = dilutions from 323 to 3-33
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For the preparation of the DILUTION PLATE follow the diagram below:
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1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 1%
A + + + + + + + + + + + 2%FBS
REO-3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
3Y Al (3?) A2 (39) A3 (3% A4 (39) A5 (3°) A6 (37) A7 (39) A8 (39 A9 (319 A10 (31 L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
B + + + + + + + + + + + 2%FBS E
REO-3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
(39 B1(3?) B2 (3%) B3 (34 B4 (3%) B5 (3°) B6 (37) B7 (3%) B8 (39) B9 (319 B10 (3')
EMEM nd
296EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2
o 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
C WELL + + + + + + + + + + 2%FBS p
ALl (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
12y C1(3%) C2 (3% C3(3%) C4 (3% C5 (3%) C6 (378) C7(3%) C8 (3%) C9 (3% C10 (3% A
EMEM T
296EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
o 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
D WELL + + + + + + + + + + 2%FBS
B11 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
12) D1 (3% D2 (3%4) D3 (3) D4 (3%) D5 (3%7) D6 (3%9) D7 (3%) D8 (3%) D9 (3%) D10 (3%)
EMEM
206EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 3
o 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
E WELL + + + + + + + + + + 2%FBS
Cll (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
) E1(3%) E2 (3%) E3 (3%) E4 (37) E5 (3%) E6 (3%) E7 (3%) E8 (3% E9 (3%) E10 (3%) L
EMEM A
206EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM T
°+ 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM E
F WELL + + + + + + + + + + 2%FBS
DI1 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
2) F1(3%) F2 (3%) F3 (3%) F4 (3%) F5 (3%8) F6 (3%) F7 (3%) F8 (3% F9 (3%?) F10 (3%)
G
H
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5.3.2.2 Titration procedure

The day before the titration assay, the plates were prepared as described below.

Bring HEK-293 cells, grown in EMEM 10 % FBS medium, to a concentration of:

- 2.0*10° cell/ml
- 2.5%10° cell/ml (TARGET)
- 3.0*10° cell/ml

Then take three plates 96-well flat bottom low evaporation plates (1%, 2"% and
34 Plate) for each titration to be performed; dispensing the cell suspension obtained in

each well for each plate as shown below.

1 2 3 4 5 6 7 8 9 10 11 12
HEK203 | HEK293 | HEK293 | HEK293 | HEK-293 | HEK203 | HEK293 | HEK-293 | HEK-203 | HEk-203 | HEkpes [ HEK2%
+ + + + + + + + + + + B
A EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM e
10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS o
HEK-203 | HEK-293 | HEK-203 | HEK-203 | HEK-293 | HEK-203 | HEK-203 | HEK-293 | HEK-203 | HEK-208 | HEk-2es | HEK2%S
+ + + + + + + + + + +
B EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM e
10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS iy
HEK-203 | HEK203 | HEK-203 | HEK-203 | HEK-293 | HEK-203 | HEK-203 | HEK-293 | HEK-203 | HEK203 | HEk-o3 | HEK2%
+ + + + + + + + + + +
C EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM e
10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS iy
HEK-293
HEK-203 | HEK-203 | HEK-203 | HEK-293 | HEK-293 | HEK-203 | HEk-293 | HEk-203 | HEk-203 | HEK-203 | HEK-203 N
D + + + + + + + + + + + AV
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM e
10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS | 10%FBS o
HEK-293
HEK-203 | HEK-203 | HEK-203 | HEK-293 | HEK-293 | HEK-203 | HEk-293 | HEk-203 | HEk-203 | HEK-203 | HEK-203 N
E + + + + + + + + + + + Y
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM e
10%FBS | 10%FBSs | 10%FBs | 10wFBs | 10wFBs | 1owFes | 10wFBs | 10%rBs | 10%FBs | 10%FBs | 10%FBS o
HEK-293
HEK-203 | HEK-203 | HEK-203 | HEK-293 | HEK-293 | HEK-203 | HEk-293 | HEk-203 | HEk-203 | HEK-203 | HEK-203 N
= + + + + + + + + + + + Y
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM e
10%FBS | 10%FBS | 10%FBs | 10wFBs | 10wFBs | 1owFes | 10wFBs | 10%rBs | 10%FBs | 10%FBs | 10%FBS o
HEK-293
HEK-203 | HEK-203 | HEK-203 | HEK-293 | HEK-293 | HEK-203 | HEk-293 | HEk-203 | HEk-203 | HEK-203 | HEK-203 N
G + + + + + + + + + + + Y
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM o
10%FBS | 10%FBs | 10%FBs | 10wFBs | 10wFBs | 1owres | 10wFBs | 10wres | 10%FBs | 10%FBs | 10%FBS o
HEK-293 | HEK293 | HEK293 | HEK293 | HEK-203 | HEK-203 | HEK-203 | MEK-203 | HEK-203 | HEK-203 | HEK-203 | MEK2%
H + + + + + + + + + + + Y
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM oMM
10%FBS | 10%FBs | 10%FBs | 10wFBs | 10wFBs | 1owres | 10wFBs | 10wrBs | 10%FBs | 10%FBs | 10%FBS o

The plates were placed in an incubator at 37.0 °C £ 1.0 °C and 5.0+ 1.0 % CO.for 24
hours.

After this time, the cell monolayer was washed with PBS to remove any serum or
dead cell residues and is was proceeded with infection of the 1t, 2"9, and 3™ Plates as

indicated below.
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Infection of the 1t Plate:

With a multichannel pipette, the defined volume was taken from row A of the
deep-well polypropylene plates and dispense it into row A of the 1t Plate. Action was
repeated 3 more times, respectively into rows B, C and D of the 1%t Plate.

Follow the same process with row B of the deep-well polypropylene plates and
dispense it into row E, F, G and H of the 1t Plate.

1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 1
A + + + + + + + + + + + 2%FBS
REO-3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- p
(3% Al (3?) A2 (39 A3 (39 A4 (39) A5 (3°) A6 (37) A7 (3F) A8 (3°) A9 (319 A10 (31 L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
B + + + + + + + + + + + 2%FBS E
REO-3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
&) B1(3?) B2 (39) B3 (3% B4 (3%) B5 (3°F) B6 (37) B7 (3®) B8 (39) B9 (319 B10 (31)
ZEy':EB“g EMEM | EMEM | Emem | Emem | emem | Emem | EMem | EmEm | EMEM EMEM ond
°+ 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
C WELL + + + + + + + + + + 2%FBS p
AlL (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
12) C1(3%) C2 (3% C3(3%) C4 (3% C5 (3%) C6 (38) C7(3%) C8 (3%) C9 (3%) C10 (3% A
EMEM T
204FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
+ 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
D WELL + + + + + + + + + + 2%FBS
B11 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
i2) D1 (3% D2 (3% D3 (3™) D4 (319) D5 (317) D6 (318) D7 (3% D8 (3%) D9 (3% D10 (3%?)
EMEM
206EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 3rd
" 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
E WELL + + + + + + + + + + 2%FBS
Cl1 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
) E1(3%) E2 (3%) E3 (3%) E4 (37%) E5 (3%) E6 (3%°) E7 (3%) E8 (3% E9 (3%) E10 (3%) L
EMEM A
204FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM T
°+ 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM E
F WELL + + + + + + + + + + 2%FBS
D11 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
) F1(3%) F2 (3%) F3 (3%) F4 (3%7) F5 (3%) F6 (3%) F7 (3%) F8 (3% F9 (3%) F10 (3%)
G
H
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1" PLATE: from 3" to 3™
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1 2 3 4 5 6 7 8 9 10 11 12
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM | EMEM | EMEM | EMEM | EvEM | EMEM | EMem | Emem | Evem | Evem | Emem | .
uFBS | 2wFBS | owFBS | owFBS | owFBS | owFBS | 2wFBS | 2wFBS | 2wFBS | 2wFBS | 2wres | M2
A + + + + + + + + + + + o
Reo-3 | Reos | reos | reos | Rreos | reos | Reos | Reos | reo-s | Reos | Reo- i
(3Y (33 (339 (39 (39 (39 (37 (39 (39) (31 (€)
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM | EMEM | EMEM | EMEM | EMEM | EMEM | EMEM | EMEM | EMEM | EMem | EMem | .
2%FBS | 24FBS | 2%FBS | 2%FBS | 2wFBS | 2%FBS | 2wFBS | 2wFBS | 2wFBS | 2wFBs | owres | HEK
B + + + + + + + + + + + 2%FBS
RE0-3 | Reo3 | rReos | Reos | Reos | rReos | Reo3s | Reo3 | reo-3 | Reos | Reo-3 &
(3Y (33 (39 (39 (39 (39 (37 (39 (39) (31 (€)
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EVEM | EMeM | EvEm | Evem | Evem | Evem | ewvem | Emem | Emem | Emem | Emem |
2%FBS | 2%4FBS | 2%FBS | 2%FBS | 2wFBS | 2%FBS | 2wFBS | 2%FBS | 2wFBS | 2wFBs | owres | MK
C + + + + + + + + + + + 2%FBS
RE0-3 | Reo3s | reos | Reos | Reos | reos | Reos | reos | reo-s | Reos | Reo-3 e
(€] (33 33 (39 (39 (39 (39 (39 (39 [(€) (€1)
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM | EMEM | EMEM | EmEM | EvEm | EMEM | EMem | Emem | Evem | EvEm | Emem | .
2%FBS | 24FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 24FBS | 2wFBS | 2wFBs | owrBs | HEK
D + + + + + + + + + + + e
Reo-3 | Reos | rReos | reos | Rreos | rReos | Reos | reos | reo-s | Reos | Rreo-s &
(€D) (33 (39 (39 (39 (39 (37 (39 (39) (31 (€)
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM | EMEM | EMEM | EMEM | EvEmM | EMEM | EMem | Emem | Evem | Emem | Emem | .
£ | 26FBs | awres | awrss | 2wrBs | awres | 2wrss | 2wres | awres | awees | 2wres | awres | 'HAZS
+ + + + + + + + + + +
REO3 | Reo3 | Reo3 | Reo3 | Reos | Reos | Reo3 | rReo3 | Reos | Reos | Reos | 2%FBS
(€] (33 33 (39 (3 (39 (39 €] (39 [(€) (€)
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM | EMEM | EMEM | EmEM | EvEm | EMEM | Evem | Emem | Evem | EvEm | Emem | .
24FBS | 2wFBS | 2wFBS | 2wFBS | 2wFBS | 2wFBS | 2wFBS | 2wFBS | 2wFBS | 2wFBS | 2wrBs | M2
F + + + + + + + + + + + e
Reo-3 | Reos | reos | reos | Rreos | rReos | Reos | reos | reo-s | Reos | Rreo-s i
(€] (€S (€N (39 39 39 (39 39 (39 3" (€)
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM | EMEM | EMEM | EMEM | Evem | EMEM | EMem | Emem | Evem | Evem | Emem | .
o | 2#FBS | 2wrss | awkes | 2wres | 2wrBS | 2wFBs | 2wres | 2wres | 2wres | 2wres | awess | fHAZS
+ + + + + + + + + + +
0,
Reo-3 | Reos | rReos | reos | Rreos | reos | Reos | reos | reo-s | Reos | reos | 2%FBS
(€] (€S (€N (39 39 (39 (39 39 (39 3" (€)
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM | EMEM | EMEM | EmEM | EvEm | EMEM | EMem | Emem | Evem | Emem | Emem | .
2%FBS | 24FBS | 2%FBS | 2%FBS | 2wFBS | 2%FBS | 2wFBS | 2%FBS | 2wFBS | 2wFBs | owres | HEK
H + + + + + + + + + + + 2%4FBS
Reo-3 | Reo3s | reos | reos | Reos | reos | Reos | reos | reo-s | Reos | Reo-3 e
(€] (33 33 (39 (39 (39 (39 ) (39 [(€) (€1)
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Infection of the 2" Plate:
With a multichannel pipette, the defined volume was taken from row C of the
deep-well polypropylene plates and dispense it into row A of the 1t Plate. Action was

repeated 3 more times, respectively into rows B, C and D of the 2" Plate.

Follow the same process with row D of the deep-well polypropylene plates and
dispense it into row E, F, G and H of the 2" Plate.

1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 18t
A + + + + + + + + + + + 2%FBS
REO-3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
3 Al (3? A2 (39 A3 (3% A4 (39) A5 (39) A6 (37) A7 (39) A8 (39) A9 (319 A10 (31 L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
B + + + + + + + + + + + 2%FBS E
REO-3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
(3Y) B1(3?) B2 (39) B3 (3%) B4 (3%) B5 (3) B6 (37) B7 (3%) B8 (3°) B9 (319 B10 (3')
EMEM il
206FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2
Y 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
C WELL + + + + + + + + + + 2%FBS P
ALL@ WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
12) C1(3%) C2 (3 C3(3%) C4 (319 CB @&™) C6 (39) C7(3%) C8 (3?%) C9 (3?%) C10 (3%) A
EMEM T
206FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
s 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
D WELL + + + + + + + + + + 2%FBS
B11 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
12) D1 (3% D2 (3% D3 (3%) D4 (3%) D5 (3%7) D6 (318) D7 (37%) D8 (3%) D9 (3% D10 (3%)
EMEM
29%EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 3
o 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
E WELL + + + + + + + + + + 2%FBS
clu@E WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
2) E1(3%) E2 (3%) E3 (3%) E4 (37%) E5 (3%) E6 (3%) E7 (3%) E8 (3% E9 (3%) E10 (3%) L
EMEM A
206FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM T
s 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM E
F WELL + + + + + + + + + + 2%FBS
DI (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
) F1(3%) F2 (3%) F3 (3%) F4 (3%7) F5 (3%) F6 (3%) F7 (3%) F8 (3% F9 (3%) F10 (3%)
G
H
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2" PLATE: from 3™ to 3™
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1 2 3 4
HEK293 | HEK-293 > 6 7
el I HEK-293 | HEK293 | HEK- 8 9
B0E | BE | EE ) EE ) E K293 | HEK293 | HEK2%3 | H 10 1 12
A oune | sven RV mEn EK-293 | HEK-293
+ + FBS | 2%FBS | 2%FBS EIEY EMEM HEKC298 | HEIC293
Reca | Rec's | Rec + ’ Sl R e e
(€) ) (53')3 RE,%'3 REO-3 REE;.:; R . * 0"‘ 2uF8S | zwres | MELE
HEK293 TRGR = (3) (319 @7 E9'3 REO-3 REO-3 + + +
e | e 293 | HEK293 | HEK=293 ) (€1 (319 20 REO-3 | REO-3 | et
B 2%FBS | 2%FB EMEM EMEM EMEM HEK-293 | HEK-293 | HEK-293 @) %) 8% 2%FBS
. oFBS | 2%FBS | 2%FBS | 2%FB EMEM EMEM EMEM HEK-293 | HEK-293 | HEK-293
REO-3 REB-S - + A 9| #AES || 2AES || 2 onDA ,EBM EWIEN || EMIEY
(312 (33 RE,? 3 REO-3 REO-3 : + + ores 2%FBS auFBs | HEK293
HE ) 3% @ REO-3 | REO-3 * * +
K-293 HEK-293 FER ) @) 3V ot REO-3 REO-3 :
EMEM | EMEM 293 | HEK293 | HEK-293 ) G (3%) 20 REOS | REOS | gy
C 2%FBS 204FB. SWE EMEM EMEM HEK-293 HEK-293 HEK-293 G2 &%) (€59) ZUREE
; GBS | 2%FBS | 2%FBS | 2%FBS EMEM | EMEM | EMEW HEKC203 | HEK:293 | HEIC203
REO-3 + ! 6FBS 2%FBS 29 EMEM EME
312 RE_O'3 REO-3 REO-3 . + + HFBS 2R 2%FBS 9 s HEK-.
(3%) (3%) 14 REO-3 R v 2 K293
e (3%) (31) EO3 | REO-3 | REO3 - . < +
EMEM EMEM HEK-293 | HEK-293 | HEK-293 [€20) (318) (319 _(230'3 REO-3 REO-3 EMEM
D 2%FBS | 2%F EMEM EMEM EMEM HEK-203 [ HEK-203 [ HEK-29 G (%) B2 2%FBS
. 6FBS | 2%FBS | 2%FBS [ 2% iy | e | e | B | e | e
RE0a | REOa + + (FBS | 2FBS | 20FBS | 20FBS SV i EVIEM
(31 (313) RE_%3 REO-3 REO-3 . ! * v 0+ s 2AFBS 2%FBS HEK293
FE (3 3% REO-3 REO-3 W +
K293 | HEK293 | HEK ) (3%) @ i REO-3 [ REO-3 .
EMEM EMEM -293 HEK-293 NEK-293 ) (319 (319) e REO-3 REO-3 EMEM
E 2%FBS | 2%FB EMEM EMEM EMEM HEK-293 | HEK-293 | HEK-293 @) %) 8% 2%FBS
i 6FBS | 2%FBS | 2%FBS | 2%FB e | B | B | Eer | e | e
REO-3 REE-s . + % 8| ZAES || 24ES || e onDA ,:EBM EWIE | EE
39 €03 | Regs | Reg | REOS | R . * * FBS | 2%FBS | 2%FBS | MEEE
HEK (Ch) @* 16 EO-3 | REO3 * + g
293 | HEK293 | HEK ) G @Y o REO-3 | REO-3 .
EMEM | EMEM 293 | HEK=298 | HEK-293 ) 8% (€) 20 REO3 | REO-3 | oo
£ | 2wres | 2% IO | MRS | MRS | RS [ HEeRs | Hee L 3% (37 | 2%FBS
. FBS | 2%FBS | 2%FBS | 2% ea | B | Even | Ee | e | e
RE0-3 | REO g + GBS | 2FBS | 2FBS | 2%FBS gy | B EVIEM
1) 0-3 REO-3 . + s 2%FBS 2%FBS 2% HEK-2
@) &7 REO3 | REO- + + oFBS %
FE (314 (35 EO-3 REO-3 v +
K-293 | HEK-293 | HEK ) (319 @Y . REO-3 REO-3 *
gl B 293 | HEK-293 | HEK-293 ) (37 319 20 RO REO3 | el
@ 2%FBS | 2%FB EMEM EMEM EMEM HEK-293 | HEK-293 | HEK-29 @) 37 (€3] 2%FBS
i FBS | 2%FBS | 2%FBS | 2%F e | een | v | e | e | e
REO-3 REJZ).g + + 0+BS 2%FBS | 2%FBS [ 2%FBS onDA,:EBM EMEM EM'-E'\?
(3%) ) R(gg)s REO-3 | REO-3 REas . y (FBS | 2HEBS | 2MFBS HEK-293
HEK-293 | HEK-293 | HEK g (3% 37 REOS REO-3 REO-3 . * "
EMEM EMEM -293 HEK-293 TEK293 ) (318 (319 A REO-3 REO-3 EMEM
H 2%FBS 206FB EMEM EMEM EMEM HEK-203 | HEK-203 | HEK-293 G 32) (3%) 2UFBS
i 6FBS | 2%FBS | 2%FBS | 2%FB e | B | B | Eir | e | e
RE03 | REO | Rec + (FBS | 2%FBS | 2%FBS | 2%FBS SMEN | EMEM | EMEN
(€3] (6] (53-)3 R('é?;?' REO-3 REJEJ 3 REB 3 . S ) Z%EBS s |
1) 316 e R REO-3 i .
(3% [€50) (318 ) R';g(,ﬁ REO-3 REO-3 EMEM
3% (329 ) 2%FBS
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Infection of the 3™ Plate:

With a multichannel pipette, the defined volume was taken from row E of the
deep-well polypropylene plates and dispense it into row A of the 1t Plate. Action was

repeated 3 more times, respectively into rows B, C and D of the 3™ Plate.

Follow the same process with row F of the deep-well polypropylene plates and

dispense it into row E, F, G and H of the 3™ Plate.

1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM st
A + + + + + + + + + + + 2%FBS
REO-3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- p
3 Al (3? A2 (39 A3 (3% A4 (39) A5 (39) A6 (37) A7 (39) A8 (39) A9 (319 A10 (31 L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
B + + + + + + + + + + + 2%FBS E
REO-3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
3 B1(3?) B2 (39) B3 (3% B4 (3%) B5 (3) B6 (37) B7 (3®) B8 (39) B9 (319 B10 (31)
EMEM nd
20FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2
Py 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
C WELL + + + + + + + + + + 2%FBS P
AlL (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
12) C1(3%) C2 (3% C3(3%) C4 (319 C5 (31) C6 (319) C7(3%) C8 (3?%) C9 (3?%) C10 (3%) A
EMEM T
206FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
°+ 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
D WELL + + + + + + + + + + 2%FBS
B11 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
12) D1 (3% D2 (3% D3 (3™) D4 (319) D5 (317) D6 (318) D7 (3% D8 (3%) D9 (3%) D10 (3%?)
EMEM
29%EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 3
Py 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
E WELL + + + + + + + + + + 2%FBS
Cl1 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
2) E1 (3% E2 (3%) E3 (3%) E4 (37%) E5 (3%) E6 (3%) E7 (3%) ES8 (3°%) E9 (3%) E10 (3%) L
EMEM A
206FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM T
°+ 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM E
F WELL + + + + + + + + + + 2%FBS
DI (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
2) F1(3%) F2 (3%) F3 (3%) F4 (3%7) F5 (3%) F6 (3%) F7 (3%) F8 (3% F9 (3%) F10 (3°%)
G
H
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3" PLATE: from 3*to 3™
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1 2 3 4 5 6 7 8 9 10 11 12
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
A 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBs | HEKZ3
+ + + + + + + + + + +
REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 ;DAIEB'\Q
(3—23) (3—24) (3—25) (3—26) (3—27) (3—28) (3—29) (3—30) (3—31) (3—32) (3—33) 0!
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
5 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBs | HEKZ%3
+ + + + + + + + + + +
EMEM
REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 | yrps
(3—23) (3—24) (3—25) (3—26) (3—27) (3—28) (3—29) (3—30) (3—31) (3—32) (3—33) @
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
. 24FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBs | HEK-2%
+ + + + + + + + + + +
EMEM
REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 | yras
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3»33) 0
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
5 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBs | HEK-2%
+ + + + + + + + + + +
REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 ;,D"FEB'\Q
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3—30) (3-31) (3-32) (3-33) 0
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
= 24FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBs | HEK2%3
+ + + + + + + + + + +
EMEM
REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 | ooipe
(3»23) (3»24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33) @
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
; 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBs | HEK-2%
+ + + + + + + + + + +
REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 ZEOD/'FEB'\Q
9 | @» | ¢ | 6o | 9 [ o | 9 [ e | @9 [ @9 | @9 ’
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
. 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | HEKZ3
+ + + + + + + + + + +
EMEM
REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 | oorps
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33) 0
HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293 HEK-293
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
- 24FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBs | HEK-29
+ + + + + + + + + + +
EMEM
REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 REO-3 | soirms
(3»23) (3»24) (3-25) (3»26) (3-27) (3»28) (3»29) (3-30) (3»31) (3-32) (3-33)

At the end of the infection, the 3 Plates were placed in an incubator at 37.0 °C +
1.0 °C and 5.0+ 1.0 %

with an optical microscope to detect the presence/absence of a CPE on the cell

monolayer.

CO; for 4-6 days. After 4-6 days, the plates were evaluated
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5.3.3 nresults

5.3.3.1 ROBUSTNESS

The aim of robustness is verifying that the performance of the analytical method
is not influenced by deliberate changes that can be introduced during the execution of

some of the phases of the test, evaluated as potentially critical in the risk assessment

phase.

The following tests were performed provided by the Design of Experiment (DoE)

and the Risk Assessment, established using the JMP software, to verify the robustness

MRERRCK

of the analytical method. The order of tests was randomized by the JMP software.

Following the Risk Assessment, the parameters that were classified as medium or

high-risk were:

e Cell concentration for the titration test
¢ Different culture medium

¢ Different incubation times

Lower and higher values of the set-point:

2*10° cell/ml

2.5*%10° cell/ml

3*10° cell/ml

4 days

5 days

6 days

With regards to the parameter "Different culture medium”, the following conditions

were defined:
e EMEM 2% FBS
e EMEM 2% FBS with antibiotic and antifungal

‘2
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After the execution of all the programmed analytical sessions, using the JMP

software, starting from the results, the p-values relating to each critical parameter and
the parameter interactions were calculated in addition to calculating the “Lack of Fit”.
The robustness of the method was verified since all the values were greater than the

significance level set at 0.05.

1 5 250000 A 10.423
2 4 300000 A 10,423
3 5 250000 B 10.602
4 6 200000 B 10.841
5 6 200000 A 10.721
6 6 300000 A 10.781
7 6 300000 B 10.841
8 4 300000 B 10.364
9 4 200000 A 10.721
10 5 250000 A 10.542
11 4 200000 B 10.364
Notes:

(1) Cell culture media:
A = EMEM 2% FBS
B = EMEM 2% FBS + antibiotic and antifungal
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The "p-Value" in the "Effect Summary" section (Fig.12) summarizes the

significance of each parameter and each interaction. The p-value, highlighted in red,

was lower than the level of significance, than we proceed to the evaluation of the global

variance.
Fig.12
Robustezza REO3 DoE table - Fit Least Squares
Response virus titer {Log TAD50/mL)
Effect Summary
Source LogWorth Pvalue
Post infection incubation days(4,6) 1,649 ' 0,02244
Post infection incubation days*cell culture media 0,755 :Ii E E i i i i i 0,17580
Post infection incubation days*cell concentration (cell/mL) 0,421 :l : : : : : : : : 0,37955
cell concentration (call/m L){200000,300000) 0.261 0,54767 *
cell concentration (cell/mLy*cell culture media 0,261 :l : ' ' : : : : : 0,54757
cell culture media 0,002 i H E E i i i i i 0,99453 ~

The value "Prob> F" (0.1584), Fig.13 , in the "Analysis of Variance" section
(global p-value of the ANOVA analysis for the total variance of the model) was not
significant because it was higher than the significance level set at 0.05 (> 0.05), so no

parameters or interactions should to be considered significant.

Fig.13
Analysis of Variance
Source DF Sum of Squares Mean Square  F Ratio
Wlodel 3] 028975238 0048282 29347
Error 4 00582253 0016455 Prob = F
C. Total 10 035557491 01584
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5.3.3.2 Intermediakte precision

To test the intermediate precision parameter, the five samples obtained from the

initial pool were analyzed in duplicate as:

= Pure (undiluted)
» Diluted 1:10

» Diluted 1:100

» Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different

operators during two independent analytical sessions.

The difference between the Mean Value of each analysis (expressed as
Log1oTCIDso/ml) performed during the entire validation phase (two different operators
performed two independent analytical sessions) should be within £ 0.5 Logio.

This criterion was established based on what is required by ICH Q5A (R1)%.
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The table below shows the obtained results:

Op.1/T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1/T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1/T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1/T.1
Op.2/T.1
Op.1T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2

11.02
10.84
11.02
10.78
10.96
10.84
10.96
10.78
9.77
9.89
9.77
9.71
10.19
9.89
10.19
9.71
8.52
8.40
8.52
8.63
8.87
8.40
8.87
8.63
7.56
7.68
7.56
7.56
7.86
7.68
7.86
7.56
6.79
6.96
6.79
6.67
6.55
6.96
6.55
6.67

MERCK

0.18
0.24
0.12
0.18
0.12
0.06
0.30
0.48
0.12
0.11
0.47
0.24

0.12

0.18
0.30
0.17
0.12
0.41

0.12
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5.3.3.3 Reperatability

To test the repeatability parameter, the five samples prepared from the initial pool
were analyzed in duplicate:

= Pure (undiluted)
= Diluted 1:10

» Diluted 1:100

» Diluted 1:1000
* Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The difference between the titers of each analysis of the same sample, expressed as
Log10TCIDso/ml and measured through the two titrations performed by the same
operator, should fall within the interval £ 0.5 Logo.

This criterion was established based on what is required by ICH Q5A (R1)%.
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The table below shows the obtained results:

INITIAL 11.02

1
TITER 2 10.96 0:06
1 9.77
1:10 0.42
2 10.19
1 8.52
1:100 0.35
2 8.87
1 7.56
1:1000 0.30
2 7.86
1 6.79
1:10000 0.24
2 6.55
INITIAL 1 10.84
TITER 2 10.78 0.06
1 9.89
1:10 0.18
2 9.71
1 8.40
1:100 0.23
2 8.63
1 7.68
1:1000 0.12
2 7.56
1 6.96
1:10000 0.29
2 6.67

5.3.3.4 specificity

The specificity of the method was evaluated comparing the CPE with the negative

control present on each plate, using an optical microscope.

42



MRRCK

S.3.3.5 RCCuracy

To test the accuracy parameter, the five samples obtained from the initial pool were

analyzed in duplicate:

= Pure (undiluted)
» Diluted 1:10

» Diluted 1:100

» Diluted 1:1000
* Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The difference between the expected titer of the sample and the titer obtained using
this method (average value Logi1oTCIDso/ml) should be within the interval of £ 0.5
Log10TCIDso.

This criterion was established based on what is required by ICH Q5A (R1)%.
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The table below shows the obtained results:

N.A. To b d
INITIAL Mean of Initial Titer 1 11.02 refe?-enecclajf/ealu?as °
of titration 1 and 2
TITER — 10.99 > 10.96 N.A. To be used as a
. reference value
1 9.77 0.22
1:10 9.99
2 10.19 0.20
1 8.52 0.47
1:100 8.99
2 8.87 0.12
1 7.56 0.43
1:1000 7.99
2 7.86 0.13
1 6.79 0.20
1:10000 6.99
2 6.55 0.44
N.A. To b d
INITIAL Mean of Initial Titer 1 10.84 refe?‘en?:;f;luzs °
of titration 1 and 2
TITER - 10.81 2 10.78 N.A. To be used as a
' reference value
1 9.89 0.08
1:10 9.81
2 9.71 0.10
1 8.40 0.41
1:100 8.81
2 8.63 0.18
1 7.68 0.13
1:1000 7.81
2 7.56 0.25
1 6.96 0.15
1:10000 6.81
2 6.67 0.14
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5.3.3.6 Linearity

To test the linearity parameter, the five samples obtained from the initial pool were

analyzed in duplicate:

= Pure (undiluted)
= Diluted 1:10

» Diluted 1:100

* Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The coefficient of determination (R?) of the line (described by the linear equation
y=ax+b) obtained from a graph where the expected titers of the samples are
represented on the x axis (INITIAL TITER (A), dilution 1:10 (B), dilution 1:100 (C),
dilution 1:1000 (D), dilution 1:10000 (E)) and the titer obtained using this method on

the y axis, should be greater than or equal to 0.98.

The table below show the obtained results:

Titration 1 0.99
Titration 2 0.99
Titration 1 0.98
Titration 2 1.00
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The obtained graphs are shown below:

OPERATOR 1:

REO3 LINEARITY OP. 1 TIT. 1

y=-1,067x + 11,933
R*=0,9898

12

10

INITIAL TITER 1:10 1:100 1:1000 1:10000

OPERATOR 2:

REO3 LINEARITYOP. 2 TIT. 1
y =-0,997x + 11,745
12 R*=0,3804

10

INITIAL TITER 110 1:100 1:1000 1:10000

MRERUK

REQO3 LINEARITY OP. 1 TIT. 2
¥=-1,115% + 12,231
12 R® = 10,9936

10

INITIAL TITER 110 1:100 1:1000 1:10000

REO3 LINEARITY OP. 2 TIT. 2

y=-1,037x + 11,781

12 R?=0,9987

10

INITIAL TITER 1:10 1:100 1:1000 110000
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5.3.4 titration method conclusions

The Robustness of the method was verified: all parameters were in the respective
proposed ranges at the end of all the tests, with the support provided by the JMP

statistical software.

Cell concentration for titration test:
e 2.0*10°cell/ ml;
e 2.5*10°cells / ml;
e 3.0*10°cells / ml.

Different culture media:
e EMEM 2% FBS;

e EMEM 2% FBS with antibiotic and antifungal

Different incubation times:

e 4 days;
e 5 days;
e 6 days.

For Validation the precision, specificity, accuracy and linearity parameters were
verified during the method validation process and were compliant with the acceptance
criteria.

Following the activities performed during the validation process the method was

considered Validated.
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5.4 HPIV3 titration method validation

5.4.1 mMmethod pescription

The method is used to determine the titer expressed as LogioTCIDso/mL of a
HPIV3 viral suspension through the evaluation of the cytopathic effect induced by the

virus on the monolayer of VERO cells in adhesion.

S.4.2 RAnalitical procedure

The method is based on the evaluation of the cytopathic effect that different

scalar dilutions of the viral suspension induce on the cell monolayer.

5.4.2.1 preparation of scalar dilution of HRIV3

A pool of the HPIV3 viral suspension was used for the preparation of the samples
for robustness, specificity, precision, accuracy and linearity. Subsequently, each sample
was diluted with 1:3 scalar dilutions prepared as indicated below.

Each titration consists of three plates of VERO cells (96-well flat bottom plates with
low evaporation):

- Plate 1 = infection with dilutions from 3t to 3°11
- Plate 2 © infection with dilutions from 312 to 3-22

- Plate 3 = infection with dilutions from 3723 to 333

For each titration (Plate 1, 2 and 3) the dilutions were prepared in a deep-well

polypropylene plates as described below:

e Fill the first lines of the deep-well polypropylene plates with 600 pl of EMEM 1%
FBS medium with antibiotic and antifungal (Penicillin-Streptomycin 1% and
Amphotericin B 1 %).

- rows A and B will be used for the infection of Plate 1 (dilutions from 3! to 3! and

negative control)

‘2
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- rows C and D will be used for the infection of Plate 2 (dilutions from 312 to 322 and

negative control)
- rows E and F will be used for the infection of Plate 3 (dilutions from 3723 to 333 and

negative control)

Add HPIV3 viral suspension in row A column 1 and in row B column 1 to have a

1:3 diluted suspension.

e Take the selected volume from row A and B column 1 (WELL A1 and WELL B1)
and add in row A and B column 2 (WELL A2 and WELL B2), continue in this way

until column 11 (skip column 12 - negative control) - dilutions from 3! to 371!

e Take the selected volume from row A and B column 11 (WELL A1l and WELL
B11) and add in row C and D, continue the dilutions in this way until column 11

(skip column 12 - negative control) = dilutions from 31? to 3722

e Take the selected volume from row C and D column 11(WELL C11 and WELL D11)
and add in row E and F, continue the dilutions in this way until column 11 (skip

column 12 - negative control) = dilutions from 323 to 3-33

49



MERCK

For the preparation of the dilution plate follow the diagram below:

1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM 15t
+ + + + + + + + + + + 1%FBS
HPIV3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
@Y ALEY) | A2@EY | A3EY | A4 | A5 | AT | ATEY | As@EY) | AvEY) | Alo@E L
EMEM | EMEM | EMem | Emem | Emem | Evem | Emem | Evem | Emem | Emem | SMEM A
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS n EMEM T
+ + + + + + + + + + WL 1%FBS E
HPIV3 WELL WELL WELL WELL WELL WELL WELL WELL WELL B10 (3 C-
@Y BL3?) | B23%) | B3@%) | B4@39) | B5(39) | B63) | B73Y | B8@Y) | B3 )
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2nd
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM
+ + + + + + + + + + + 1%FBS P
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
AL [ ci@E® | c2@™ | ca@®) | cae®) | cs@t) | ceet) | cr@et) | csE® | cor®) | clo@E® A
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM
+ + + + + + + + + + + 1%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
B11(3?) | p13®) | D23 | D3@®) | D43 | D53 | D6 | D7) | De@E®) | D9@E?) | D103
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM 3rd
+ + + + + + + + + + + 1%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
cuu3®) | E1(3% | E23%) | E3@%) | E4@?) | E53%) | E6 (32 | E7 (3™ | E83®) | EO3®) | El0(3®) L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM T
+ + + + + + + + + + + 1%FBS E
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
p113®) | Fre® | 2@ | F33%) | Fae?) | 5@ | F63®) | Fre® | F8@®) | FoE® | Flo@E®
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S.4.2.2 Titration procedure

The day before the titration assay, the plates were prepared as described below.
Bring VERO cells, grown in EMEM 10 % FBS medium, to a concentration of:

-0.5*10° cell/ml
-1.0*10° cell/ml (TARGET)
-1.5*10° cell/ml

Then take three plates 96-well flat bottom, low evaporation plates (1, 2" and
3 Plate) for each titration to be performed; dispensing the cell suspension obtained in

each well for each plate as shown below.

1 2 3 4 5 6 7 8 9 10 11 12
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERS
+ + + + + + + + + + + EMEM
A EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM | SMER
10%FBS | 10%FBS | 10%FBs | 10%F8s | 10%FBs | 10wFBs | 10%FBs | 10%FBs | 10%wrFes | 10%FBs | 10% FBs of
VERO
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO 3
+ + + + + + + + + + + EMEM
B EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EveEm | EMER
10%FBs | 10%Fes | 10%Fss | 10%Fes | 10%Fes | 10%res | 10%FBs | 10%Fes | 10%rFes | 10%FBs | 10%Fes of
VERO
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO 3
+ + + + + + + + + + + EMEM
C EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM | SMER
10%FBS | 10%FBS | 10%FBs | 10%FBs | 10%FBs | 10wFBs | 10%wFBs | 10%FBs | 10%rFes | 10%FBs | 10% FBs of
VERO
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO i
+ + + + + + + + + + + EMEM
D EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM Evem | EMER
10%FBs | 10%Fes | 10%Fes | 1o0%Fes | 10%Fes | 10%res | 10%FBs | 10%Fes | 10%rFes | 10%FBs | 10%Fes of
VERO
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO 3
+ + + + + + + + + + + EMEM
E EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM Evem | EMEM
10%FBS | 10%FBs | 10%FBs | 10%res | 10%rFes | 10wFBs | 10%wrFes | 10%FBs | 10%res | 10%rFBs | 10% FBs of
VERO
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO F
+ + + + + + + + + + + EMEM
F EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM Evem | EMERM
10%F8s | 10%Fes | 10%Fes | 1o%wres | 1o%Fes | 10%res | 10%FBs | 10%Fes | 10%res | 10%FBs | 10%Fas of
VERO
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO 1
+ + + + + + + + + + + EMEM
G EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM Evem | SMEM
10%FBS | 10%FBS | 10%FBs | 10%FBs | 10%rFes | 10wFBs | 10%wrFes | 10%FBs | 10%rFes | 10%rFBs | 10% FBs of
VERO
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO g
+ + + + + + + + + + + EMEM
H EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM Evem | SMER
10%F8s | 10%res | 10%Fss | 1o%wres | 1o%rFes | 10%res | 10%FBs | 10%Fes | 10%res | 10%FBs | 10%Fas o

The plates were placed in an incubator at 37.0 £ 1.0 °C and 5.0+ 1.0 CO;for 24 hours.
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After this time wash the cell monolayer with PBS to remove any serum or dead

cell residues and proceeded with infection of the 1%t, 279, and 3™ Plates as indicated

below.

Infection of the 1t Plate:

With a multichannel pipette, the defined volume was taken from row A of the
deep-well polypropylene plates and dispense it into row A of the 1t Plate. Action was
repeated 3 more times, respectively into rows B, C and D of the 1%t Plate.

Follow the same process with row B of the deep-well polypropylene plates and

dispense it into row E, F, G and H of the 1t Plate.

1 2 3 4 5 6 7 8 9 10 11 12
EMEM st
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 19%FBS
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS ” EMEM
+ + + + + + + + + + WELL 1%FBS P
HPIV3 WELL WELL WELL WELL WELL WELL WELL WELL WELL AL0 3 C- L
@9 Al (3?) A2 (39) A3 (3% A4 (39) A5 (3F) A6 (37) A7 (3F) A8 (3°) A9 (3710 1y A
T
E
EMEM
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 19%FBS
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS py EMEM
+ + + + + + + + + + WELL 1%FBS
HPIV3 WELL WELL WELL WELL WELL WELL WELL WELL WELL B10 (3 C-
(34 B1(3?) B2 (3?) B3 (3%) B4 (3°) B5 (3°) B6 (37) B7 (3°F) B8 (39) B9 (319 1y
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM i
1%FBS 2
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS o EMEM
+ + + + + + + + + + WELL 1%FBS P
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C10 (3 C- L
All (31?) C1(3%) C2 (31 C3(3) C4 (319 C5 (3% C6 (318) C7 @&™) C8 (3%) C9 (3% 2) A
EMEM L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 19%FBS E
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS o EMEM
+ + + + + + + + + + WELL 1%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL D10 (3 C-
B11 (31?) D1 (3%) D2 (34 D3 (3%) D4 (316 D5 (31) D6 (38) D7 (39 D8 (3% D9 (3% 2)

EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM 30

+ + + + + + + + + + + 1%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
C11 (3%) E1(3%) E2 (3%) E3 (3%) E4 (3%) E5 (3%) E6 (3%) E7 (3%) E8 (3%) E9 (3%?) E10 (3%) L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM T
+ + + + + + + + + + + 1%FBS B
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-

D132 | F13® | P23 | F33®) | Fae™ | F5@E®) | Fee®) | FrE® | F8E®) | FOE® | FloE®
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1 2 3 4 5 6 7 8 9 10 11 12
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERO
A | 1%FBS [ 1%FBS | 1%FBS | 19%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS [ 1%FBS | pyrd
+ + + + + + + + + + + 1% EBS
HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3
(3 32 39 (39 (39) (39 (37 (39 (39 3" (€59)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERO
g | 1%FBS | 19%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 19%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | pu o
+ + + + + + + + + + + 1% EBS
HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3
(€] (€3] 33 (€} 39 39 37 39 (39 (31 (C20)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERO
1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS
C EMEM
+ + + + + + + + + + + 1% FBS
HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3
3h 32 39 (€] (39 (39 (37 (39 (39 3" (€59)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERO
D | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | g oh
+ + + + + + + + + + + p
HPiv3 | Heiva | HPva3 | HPiva | HPIV-3 | HPivs | HPIV3 | HPiva | HPiva | HPIva | HPivs | 1%FBS
3h 32 39 (€] (39 (39 (37 (39 (39 3" (€59)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERO
£ | 1%FBS | 19%FBS | 19%FBS | 1%FBS | 19%FBS | 1%FBS | 19%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | v o
+ + + + + + + + + + + 1% EBS
HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3
() (32 39 39 (39 (39 37 (39 (39 31 (€h9)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERO
£ | 1%FBS [ 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | pyrd
+ + + + + + + + + + + 1% EBS
HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3
(€] (32 (€N (C) (39 (39 (C) (€R) (39 6 (€20
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERO
g | 1%FBs [ 1%Fes [ 19%Fes [ 19Fes [ 19%FBS | 19%FBS | 19%FBS | 19%FBS | 19%FBS [ 19%FBS [ 19%FBS [ SR
+ + + + + + + + + + +
HPIv-3 | HPIV3 | HPIv3 | HPivaa | HPivaa | HPiva | HPIv3 | HPivs | HPiva | HPIva | mPivs | 1%FBS
() (32 39 (39 (39 (39 (37) (39 (39 31 (€h9)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERO
1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS
H EMEM
+ oF oF + + + + + + + + 1% FBS
HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3
(€B) 32 39 (39 (39 (39 (37 (39 (39 (€5e)) (€]

53



Infection of the 2" Plate:

With a multichannel pipette, the defined volume was taken from row C of the

MERCK

deep-well polypropylene plates and dispense it into row A of the 1t Plate. Action was

repeated 3 more times, respectively into rows B, C and D of the 2" Plate.

dispense it into row E, F, G and H of the 2" Plate.

Follow the same process with row D of the deep-well polypropylene plates and

1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 1
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM
+ + + + + + + + + + + 1%FBS P
HPIV3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
(B5) Al (3?) A2 (33 A3 (39 A4 (39) A5 (39) A6 (37) A7 (39) A8 (39) A9 (319 | A10 (3% A
T
E
EMEM | EMEM | EMEM | EMEM | EMEM | EMEM | EMEmM | EmEM | Emem | ewem | SHEM
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS o EMEM
+ + + + + + + + + + WELL 1%FBS
HPIV3 WELL WELL WELL WELL WELL WELL WELL WELL WELL B10 (3 C-
(B5) B1(3?) B2 (3?) B3 (34 B4 (3%) B5 (3°) B6 (37) B7 (3%) B8 (39) B9 (319 1y
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2nd
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM
+ + + + + + + + + + + 1%FBS p
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
Al1(3?) | c1(3Y) CACE) C3(3%) C4 (319) C5 (3%) C6 (319) Cr &™) C8 (3% C9(3%) | c10(3®) A
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM —IIE—
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS | EMEM
+ + + + + + + + + + + 1%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
B11 (3%?) D1 (3%) D2 (3%4) D3 (3% D4 (3%) D5 (3%) D6 (38) D7 (3% D8 (3%) D9 (3%) D10 (3%?)
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM 3
+ + + + + + + + + + + 1%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
C11(3%) E1(3%) E2 (3%) E3 (3%) E4 (37) E5 (3%) E6 (3%) E7 (3%) E8 (3%) E9 (3%) E10 (3%) L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM T
+ + + + + + + + + + + 1%FBS E
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
D11 (3%) F1(3%) F2 (3%) F3 (3%) F4 (3%) F5 (3%) F6 (37%) F7 (3%) F8 (3 F9 (3%) F10 (3°%)
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2" PLATE: from 3™ to 3%

1 2 5 4 5 6 7 8 9 10 11 12
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
A | 1%FBS | 1%FBS | 19%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 19%FBS | 1%FBS | 1%FBS | 1%FBS | o r
+ + + + + + + + + + +
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3—12) (3—13) (3—14) (3—15) (3—16) (3—17) (3—18) (3—19) (3—20) (3—21) (3—22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VTG
- 1%FBS | 1%FBS | 1%FBS | 19%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | o c0
+ + + + + + + + + + +
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 L1380
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3-18) (3-19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
c 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | o c0
+ + + + + + + + + + +
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 OIFES
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3—18) (3—19) (3—20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
5 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS EMEM
+ + + + + + + + + + +
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3—18) (3—19) (3—20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERS
- 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS Rivim
+ + + + + + + + + + +
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 SIS
(3-12) (3»13) (3-14) (3-15) (3-16) (3-17) (3-18) (3-19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
F 1%FBS | 1%FBS | 1%FBS | 1%FBS [ 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | rv
+ + + + + + + + + + +
0
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3-18) (3-19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
G 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS EMEM
+ + + + + + + + + + +
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 Sl
(3-12) (3»13) (3-14) (3»15) (3»16) (3»17) (3-18) (3-19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
H 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS EMEM
+ + + + + + + + + + +
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 EOLEES
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3-18) (3-19) (3-20) (3-21) (3-22)
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Infection of the 3™ Plate:

With a multichannel pipette, the defined volume was taken from row E of the

MERCK

deep-well polypropylene plates and dispense it into row A of the 1t Plate. Action was

repeated 3 more times, respectively into rows B, C and D of the 3rd Plate.

dispense it into row E, F, G and H of the 3™ Plate.

Follow the same process with row F of the deep-well polypropylene plates and

1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 1
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM
+ + + + + + + + + + + 1%FBS P
HPIV3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
(B5) Al (3?) A2 (37) A3 (39 A4 (39) A5 (39) A6 (37) A7 (39) A8 (39) A9 (319 | A10 (3% A
T
E
EMEM | EMEM | EMEM | EMEM | EMEm | Evem | Evem | Ewvem | eEmem [ evem | ZYEM
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS n EMEM
+ + + + + + + + + + WELL 1%FBS
HPIV3 WELL WELL WELL WELL WELL WELL WELL WELL WELL B10 (3 C-
(B5) B1(3?) B2 (3?) B3 (34 B4 (3%) B5 (3°) B6 (37) B7 (3°) B8 (39) B9 (319 n)
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2nd
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM
+ + + + + + + + + + + 1%FBS p
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
All (3?) C1(3%) C2 (3% C3(3%) C4 (319 C5 (3%) C6 (39) Cr &) C8 (3?%) Cc9(3%) | c10(3?®) A
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS | EMEM
+ + + + + + + + + + + 1%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
B11 (3%?) D1 (3%3) D2 (3 D3 (3% D4 (3%9) D5 (37) D6 (38) D7 (3%9) D8 (3%) D9 (3%) D10 (3%)
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM 3rd
+ + + + + + + + + + + 1%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL G= p
C11 (3%) E1(3%) E2 (3%) E3 (3%) E4 (3%) =5 (@) E6 (3%) E7 (3%) E8 (3%) E9 (3%) E10 (3%) L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS 1%FBS EMEM T
+ + + + + + + + + + + 1%FBS E
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
D11 (3%) F1(3%) F2 (3%) F3 (3%) F4 (3%) F5 (3%) F6 (37%) F7 (3%) F8 (3% F9 (3%) F10 (3°%)
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3" PLATE: from 3*to 3™

1 2 5 4 5 6 7 8 9 10 11 12
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS
A + + + + + + + + + + + EMEN
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3—23) (3—24) (3—25) (3—26) (3—27) (3—28) (3—29) (3—30) (3—31) (3—32) (3—33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM ViERE
- 1%FBS | 1%FBS | 1%FBS | 19%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | o cv
+ + + + + + + + + + +
)
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS
c + + + + + + + + + + + EMEM
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3—29) (3—30) (3—31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
S 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS EMEM
+ + + + + + + + + + +
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3—29) (3—30) (3—31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
- 1%FBS | 1%FBS | 1%FBS | 1%FBS [ 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | ot
+ + + + + + + + + + +
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3-23) (3»24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS
F + + + + + + + + + + + EMEM
0,
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1%FBS
(3—23) (3—24) (3—25) (3—26) (3—27) (3—28) (3729) (3730) (3731) (3732) (3733)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
G 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS | 1%FBS R
+ + + + + + + + + + +
HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 HPIV-3 1% FBS
(3-23) (3»24) (3-25) (3»26) (3»27) (3»28) (3-29) (3-30) (3-31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS 1% FBS EMEM
H + + + + + + + + + + + 19% FBS
HPIV-3 [ HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 [ HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 | HPIV-3 °
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33)

At the end of the infection, the three Plates were placed in an incubator at 37.0+
1.0 °Cand 5.0+ 1.0 % CO; for 6-8 days. After 6-8 days, the titration was stopped with
Methanol and stained with Crystal Violet 1%; then the plates were wash with water and
let dry. The plates were evaluated with an optical microscope to detect the

presence/absence of a CPE on the cell monolayer.
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s5.4+.3 presults

S.4.3.1 ROBUSTNESS

The aim of robustness was verifying that the performance of the analytical
method is not influenced by deliberate changes that can be introduced during the
execution of some of the phases of the test, evaluated as potentially critical in the risk
assessment phase.

The following tests were performed provided by the Design of Experiment (DoE)
and the Risk Assessment, established using the JMP software, to verify the robustness
of the analytical method. The order of tests was randomized by the JMP software.

Following the Risk Assessment, the parameters that were classified as medium or
high-risk were:

e Cell concentration for the titration test
¢ Different culture medium

¢ Different incubation times

Lower and higher values of the set-point:

Parameter Lower value Set-point Higher value

Cell concentration for the
0.5*%10° cell/ml

1.0*10° cell/ml | 1.5%10° cell/ml

titration test

Different incubation times 6 days 7 days 8 days

With regards to the parameter “Different culture medium”, the following conditions
were used:

e EMEM 1% FBS

e EMEM 1% FBS with antibiotic and antifungal

58

‘2



MRRCK

After executing all the programmed analytical sessions, using the JMP software,

starting from the results, the p-values relating to each critical parameter and the
parameter interactions were calculated in addition to calculating the “Lack of Fit”.
The robustness of the method was verified: all the values were greater than the

significance level set at 0.05.

Test Cell Culture Cell Conc. Days after Viral Titer
number Medium (cell/mL) infection  (LogioTCIDso/mL)
_ Ab 150000 6 7.80
No Ab 150000 8 8.10
No Ab 100000 7 7.98
No Ab 50000 6 8.10
No Ab 150000 6 8.16
— No Ab 100000 7 8.22
No Ab 50000 8 8.10
_ Ab 150000 8 7.92
_ Ab 50000 6 8.22
No Ab 100000 7 8.16
n Ab 50000 8 7.86

Note:
(1) Cell culture medium: No AB= EMEM 1% FBS
AB= EMEM 1% FBS + antibiotic

After executing all the tests listed above, the evaluation of results was performed
using the JMP 12.0 software. The results are shown below (Fig.14)
The “P-Value” in the “Effect Summary” section (Fig.14) summarizes the significance of
each parameter and each interaction. The “P-Values”, circled in red, were all greater
than the significance level set at 0.05 (> 0.05).

59



MRRCK

4 Effect Summary
Source LogWorth PValue
Cell Culture Media 0,960 ] 0,10970
Cell Culture Media™Cell Conc (cell/mL) 0,498 1 0,31737
Cell Conc (cell/mL)*Days after infection 0,498 |l 0,31737
Cell Conc (cell/mL)(50000,150000) 033701 046064 ~
Days after infection(6,8) 0,337 0 046064 ~
Cell Culture Media*Days after infection 0,187 | L 0,65031
Fig.14

Furthermore, in the “Lack of Fit” section, it is calculated whether the linear model

used by the software is able to predict how a response varies as the values set for each

parameter vary. This is verified if the “Prob>F" value is greater than the significance

level. The “Prob>F" value (Fig.15), circled in blue, was greater than the significance

level set at 0.05 (> 0.05).

| Lack Of Fit
Sum of
Source DF Squares Mean Square  F Ratio
Lack Of Fit 2 0,03649286 0,018246 SR
PureError 2 0,03120000 0,015609
Total Error 4 006769286
0,8510
Fig.15
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S5.4.3.2 INTERMEDIRTE PRETISION

To test the intermediate precision parameter, the five samples obtained from the

initial pool were analyzed in duplicate as:

= Pure (undiluted)
= Diluted 1:10

» Diluted 1:100

* Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The difference between the Mean Value of each analysis (expressed as
Logi1oTCIDso/ml) performed during the entire validation phase (two different operators
perform two independent analytical sessions) should be within £ 0.5 Logio. This criterion
was established based on what is required by ICH Q5A (R1).
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The table below shows the obtained results:

Initial Titer

1:10000

Titration

Op.1/T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1/T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1/T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1/T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1/T.1
Op.2/T.1
Op.1/T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2

Measured titer
(Log10TCIDso/ml)

8.10
8.16
8.10
7.98
8.16
8.16
8.16
7.98
7.08
7.38
7.08
7.32
7.02
7.38
7.02
7.32
5.89
5.89
5.89
6.25
5.83
5.89
5.83
6.25
5.00
4.58
5.00
4.70
4.64
4.58
4.64
4.70
3.68
3.62
3.68
3.68
3.74
3.62
3.74
3.68

MRRCK

Difference between

measured titers
Log10TCIDso/ml

0.06

0.12

0.18

0.30

0.24

0.36

0.30

0.36

0.06

0.42

0.42

0.30

0.06

0.06

0.06

0.12

0.06
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5.4.3.3 REPERTIBILITY

To test the repeatability parameter, the five samples prepared from the initial pool were

analyzed in duplicate:

= Pure (undiluted)
= Diluted 1:10

» Diluted 1:100

* Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different

operators during two independent analytical sessions.

The difference between the titers of each analysis of the same sample, expressed as
Log10TCIDso/ml and measured through two titrations performed by the same operator,
should be within the interval of £ 0.5 Logio. This criterion was established based on
what is required by ICH Q5A (R1)%.
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The table below shows the obtained results:

Initial titer

1:10

OPER;\ TOR 1:100
1:1000
1:10000

Initial titer

1:10
OPERATOR 1:100
2
1:1000
1:10000
5.4.3.4+ SPECIFICITY

Titration

N P N P N N P NP NP NP NP N = NP

Measured titer
(Log10TCIDso/ml)

8.1
8.16
7.08
7.02
5.89
5.83
5.00
4.64
3.68
3.74
8.16
7.98
7.38
7.32
5.89
6.25
4.58
4.70
3.62
3.68

MRERUK

Difference
between measured
titers
(Log10TCIDso/ml)

0.06

0.06

0.06

0.36

0.06

0.18

0.06

0.36

0.12

0.06

The specificity of the method was evaluated comparing the CPE with the

negative control present on each plate, using an optical microscope.
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5.4.3.5 RACCURRAUY

To test the accuracy parameter, the five samples obtained from the initial pool were

analyzed in duplicate:

= Pure (undiluted)
» Diluted 1:10

= Diluted 1:100

» Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The difference between the expected titer of the sample and the titer obtained using
this method (average value Logi0TCIDso/ml) should be within the interval of £ 0.5
Log10TCIDso. This criterion was established based on what is required by ICH Q5A (R1).
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The table below shows the obtained results:

Difference between
the measured titer
(Log10TCIDso/ml) and
the expected titer

Measured titer
(Log10TCIDso/ ml)

Expected titer Titration

(Log10TCIDso/ ml)

N.A. To be used as a

Initial Mean of Initial Titer 1 8.10 reference value
Titer of titration 1 and 2 N.A. To be used as a
=8.13 A u
2 8.16 reference value
1 7.08 0.05
1:10 7.13
2 7.02 0.11
Orerat 1 5.89 0.24
pe{"" S5 1:100) 6.13
2 5.83 0.30
1 5.00 0.13
1:1000 5.13
2 4.64 0.49
1 3.68 0.45
1:10000 4.13
2 3.74 0.39
N.A. To b d
Initial Mean of Initial Titer 1 8.16 refe?'en?::?/ealu?es °
Titer of titration 1 and 2 NA. To b d
- 8.07 .A. To be used as a
2 7.98 reference value
1 7.38 0.31
1:10 7.07
2 7.32 0.25
Overat 1 5.89 0.18
pe;a S5 1:100) 6.07
2 6.25 0.18
1 4.58 0.49
1:1000 5.07
2 4.70 0.37
1 3.62 0.45
1:10000 4.07
2 3.68 0.39

‘2
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5.4.3.6 Linearity

To test the linearity parameter, the five samples obtained from the initial pool were

analyzed in duplicate:

* Pure (undiluted)
» Diluted 1:10

» Diluted 1:100

» Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The coefficient of determination (R?) of the line (described by the linear equation
y=ax+b) obtained from a graph where the expected titers of the samples are
represented on the x axis (INITIAL TITER (A), dilution 1:10 (B), dilution 1:100 (C),
dilution 1:1000 (D), dilution 1:10000 (E)) and the titer obtained using this method on

the y axis, should be greater than or equal to 0.98.

The table below show the obtained results:

LINEARITY R2

Titration 1 1.00
Titration 2 1.00

Titration 1 0.99
Operator 2
Titration 2 0.98

Operator 1
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The obtained graphs are shown below:

OPERATOR 1:

HPIV3 LINEARITY OP. 1 TIT. 1 HPIV3 LINEARITY OP. 1 TIT. 2

y =-1,092x + 8,226
R*=0,9972

y=-1,122x + 5,244
R*=0,9977

INITIAL TITER 110 1100 1:1000 1:10000 INITIAL TITER 1:10 1:100 1:1000 1:10000

OPERATOR 2:

HPIV3 LINEARITY OP. 2 TIT. 1 HPIV3 LINEARITY OP. 2 TIT. 2

y=-1,122x+9,352
R®= 10,9838

y=-1,188x+ 9,49 8
R*=0,3914

INITIAL TITER 1:10 1:100 1:1000 1:10000 INITIAL TITER 1:10 1:100 1:1000 1:10000
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s.4.4 titration method conclusions

The robustness of the method was verified: all parameters were in the respective
proposed ranges at the end of all the tests performed, with the support provided by the

JMP statistical software.

Cellular concentration for the titration test:
e 0.5*%10° cell/ml
e 1.0 *10° cell/ml
e 1.,5%10° cell/ml

Different culture medium:
e EMEM 1% FBS

e EMEM 1% FBS with antibiotic and antifungal

Different incubation times:

e 6 days
e 7 days
e 8 days

For Validation the precision, specificity, accuracy and linearity parameters were
verified during the method validation process and were compliant with the acceptance

criteria.

Following the activities performed during the validation process the method was

considered Validated.
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5.5 SUHV-1 tltration method validation

5.5.1 mMmethod pescription

The method is used to determine the titer expressed as LogioTCIDso/mL of a
SuHV-1 viral suspension through the evaluation of the cytopathic effect induced by the

virus on the monolayer of VERO cells in adhesion.

5.5.2 Rnalitical procedure

The method is based on the evaluation of the cytopathic effect that various scalar

dilutions of the viral suspension induce on the cell monolayer.

5.5.2.1 preparation of scalar dilution of suHv-

A pool of the SuHV-1 viral suspension was used for the preparation of the samples
for robustness, specificity, precision, accuracy and linearity. Subsequently, each sample
was diluted with 1:3 scalar dilutions prepared as indicated below. Each titration consists

of 3 plates of VERO cells (96-well flat bottom plates with low evaporation):

- Plate 1 = infection with dilutions from 3! to 3°11
- Plate 2 = infection with dilutions from 3712 to 322

- Plate 3 2 infection with dilutions from 323 to 333

For each titration (Plate 1, 2 and 3) the dilutions are prepared in a deep-well

polypropylene plate as described below:

e Fill the first lines of the deep-well polypropylene plates with 600 ul of EMEM 2%
FBS medium with antibiotic and antifungal (Penicillin-Streptomycin 1% and
Amphotericin B 1 %).

- rows A and B will be used for the infection of Plate 1 (dilutions from 3! to 3! and

negative control)

‘2
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- rows C and D will be used for the infection of Plate 2 (dilutions from 312 to 322 and

negative control)
- rows E and F will be used for the infection of Plate 3 (dilutions from 3723 to 333 and

negative control)

Add SuHV-1 viral suspension in row A column 1 and in row B column 1 to have a

1:3 diluted suspension.

e Take the defined volume from row A and B column 1 (WELL A1 and WELL B1)
and add in row A and B column 2 (WELL A2 and WELL B2), pipette and continue
in this way until column 11 (skip column 12 - negative control) - dilutions from
31to 37U

e Take the defined volume from row A and B column 11 (WELL A11 and WELL B11)
and add in row C and D column 1 (C1 and D1), continue dilutions in this way until

column 11 (skip column 12 - negative control) = dilutions from 312 to 3722

¢ Take the defined volume from row C and D column 11(WELL C11 and WELL D11)
and add in row E and F column 1 (WELL E1 and WELL F1), continue dilutions in
this way until column 11 (skip column 12 - negative control) - dilutions from 3-

23 to 3-33
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For the preparation of the dilution plate follow the diagram below:

MERCK

1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 1%
A + + + + + + + + + + + 2%FBS
SuHV-1 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
(3Y Al (3?) A2 (33 A3 (3% A4 (3%) A5 (3F) A6 (37) A7 (3®) A8 (39 A9 (319 A10 (31 L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
B + + + + + + + + + + + 2%FBS E
SuHV-1 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
(39 B1(3?) B2 (3%) B3 (3% B4 (3%) B5 (3°) B6 (37) B7 (3%) B8 (39) B9 (31°) B10 (3')
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
C + + + + + + + + + + + 2%FBS p
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
Al11(3?) C1(3%) C2 (3 C3(3%) C4 (3%) C5 (3%) C6 (378) C7(3%) C8 (3%) C9 (3%) C10 (3%®) A
EMEM T
206FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
°+ 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
D WELL + + + + + + + + + + 2%FBS
B1L (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
12) D1 (3% D2 (34 D3 (3% D4 (316 D5 (317) D6 (38) D7 (3%9) D8 (3%) D9 (3% D10 (3?)
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 3rd
E + + + + + + + + + + + 2%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
C11(3%) E1(3%) E2 (3%) E3 (3%) E4 (37) E5 (3%) E6 (3%) E7 (3%) E8 (3°%) E9 (3%) E10 (3%) L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
F & e & + & + T T T + + 2%FBS E
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
D11(3%) F1(3%) F2 (3%) F3 (3%) F4 (3%) F5 (3%8) F6 (3%) F7 (3% F8 (33 F9 (3% F10 (3%)
G
H
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5.5.2.2 Titration procedure

The day before the titration assay, the plates were prepared as described below.
Bring VERO cells, grown in EMEM 10 % FBS medium, to a concentration of:
- 1,5%10° cell/ml
- 2,0*10° cell/ml (TARGET)
- 2,5%10° cell/ml

Then take three plates 96-well flat bottom, low evaporation plates (1%, 2" and 3™ Plate)
for each titration to be performed; dispensing cell suspension obtained in each well for

each plate as shown below.

1 2 3 4 5 6 7 8 9 10 11 12
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERS
+ + + + + + + + + + +
EMEM
A EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM NG
10%FBS | 10%FBS | 10%FBS | 1owFBs | 10%Fes | 10%FBs | 10%FBs | 1owFes | 10%FBs | 10%FBS | 10%FBS o
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERS
+ + + + + + + + + + + EMEM
B EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM e
10%FBS | 10wFes | 10%FBs | 1owFes | 10wres | 10wFes | 1owrss | 10%FBs | 1owFes | 10wFBs | 10%FBS o
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERS
+ + + + + + + + + + + EMEM
C EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM DS
10%FBS | 10%FBS | 10%FBs | 1owFBs | 1o%res | 10%FBs | 10%FBs | 1owres | 10%Fes | 10%FBS | 10%FBS oF
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERO
+ + + + + + + + + + + EMEM
D EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM N
10%FBS | 10wres | 10%FBs | 1owFes | 10wres | 10wFes | 1owrss | 10%FBs | 1owFes | 10wres | 10%FBS o
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERS
+ + + + + + + + + + + EMEM
E EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM DS
10%FBS | 10wFes | 10%FBs | 1owFes | 10wres | 1o0wFes | 1owres | 10%FBs | 1owFes | 10wrBs | 10%FBS oF
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERO
+ + + + + + + + + + + EMEM
F EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM WA
10%FBS | 10%FBS | 10%FBS | 1owFBS | 1o%res | 10%FBs | 10%FBs | 1o%res | 10%FBs | 10%FBS | 10%FBS o
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERS
+ + + + + + + + + + + EMEM
G EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM WA
10%FBS | 10wFes | 10%FBs | 1owFes | 10wres | 10wFes | 1owrss | 10%FBs | 1owFes | 10wres | 10%rFBS oF
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO RERO
+ + + + + + + + + + + EMEM
H EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM e
10%FBS | 10%FBs | 10%FBs | 1owFBs | 1o%res | 10%Fes | 10%FBs | 1owres | 10%Fes | 10%FBs | 10%FBs oF

The plates were placed in an incubator at 37.0+ 1.0 °C and 5.0+ 1.0 % CO for 24
hours.
After this time wash the cell monolayer with PBS to remove any serum or dead

cell residues and proceeded with infection of the 1%t, 2", and 3™ Plates as indicated

below.
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Infection of the 1t Plate:

With a multichannel pipette, the defined volume was taken from row A of the
deep-well polypropylene plates and dispense it into row A of the 1t Plate. Action was
repeated 3 more times, respectively into rows B, C and D of the 1%t Plate.

Follow the same process with row B of the deep-well polypropylene plates and

dispense it into row E, F, G and H of the 1t Plate.

1 2 S 4 5 6 7 8 9 10 11 12

EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 1t

A + + + + + + + + + + + 2%FBS
SuHV-1 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
(3Y) Al (3?) A2 (39 A3 (3% A4 (39) A5 (3F) A6 (37) A7 (3F) A8 (3°) A9 (3710 A10 (31 L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
B + + + + + + + + + + + 2%FBS E
SuHV-1 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
@) B1(3?) B2 (39) B3 (34 B4 (39) B5 (3°F) B6 (37) B7 (3®) B8 (39) B9 (319 B10 (31
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2nd
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
C + + + + + + + + + + + 2%FBS P
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
Al1(3%?) | C1(3Y) C2 (3% C3(3%) C4 (319) CB @E™) C6 (39) C7(3%) C8 (3% C9 (3% C10 (3%) A
EMEM T
20%EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
o 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
D WELL + + + + + + + + + + 2%FBS
BIL (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
12) D1 (3) D2 (34 D3 (3% D4 (315) D5 (31) D6 (318) D7 (37%) D8 (3%) D9 (3%) D10 (3®)

EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 3

E + + + + + + + + + + + 2%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- o]
C11(3%) | E1(3%) E2 (3%) E3 (3%) E4 (377) E5 (3%) E6 (3%) E7 (3%) E8 (3% E9 (3%) E10 (3°%) L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
F + + + + + + + + + + + 2%FBS E
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-

D1133) | F1 (3% | F23®) | F33®) | F4a3?) | F53®) | F63®) | FT3®) | F8(3®) | FO@E®) | F10(3%)
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1" PLATE: from 3" to 3™
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1 2 3 4 5 6 7 8 9 10 11 12
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS
A + + + + + + + + + + + ;DAIEB"\Q
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 0
(3 (32 (39 (39 (39 (39 (37 39 (39 (31 (€59)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VTG
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS
B + + + + + + + + + + + E"DAIEBNSl
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 0
3 (32 39 39 (39 (39 (37 (3% (39 31 (€h9)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS
c + + + + + + + + + + + ;D’I'EB"\Q
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 ?
3h (32 (39 (€] (€] (39 (37 (€] (39 (31 (€59)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
D 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + o
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 ZUREE
3h (32 (€] (€] (€] (39 (37 39 (39 31 (€59)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERS
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS
E + + + + + + + + + + + ;’DAIEB"\Q
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 0
() (32 (39 39 (39 (39 (37 39 (39 31 (€h9)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS
F + + + + + + + + + + + E"DAFEB';\{IS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 0
() (32 33 (€] (39 39 39 39 39 31 [€20)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
G 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + +
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 ZUIREE
() (32 (39 (39 (39 (39 (37) 39 (39 31 (€59)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
H 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + 206EBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(W) (32 39 (39 39 (39 (37 39 (39 31 (€]
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Infection of the 2" Plate:

With a multichannel pipette, the defined volume was taken from row C of the

MERCK

deep-well polypropylene plates and dispense it into row A of the 15t Plate. Action was

repeated 3 more times, respectively into rows B, C and D of the 2" Plate.

Follow the same process with row D of the deep-well polypropylene plates and

dispense it into row E, F, G and H of the 2" Plate.

1 2 3 4 5 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 1st
A + + + + + + + + + + + 2%FBS
SuHV-1 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- =
(39 Al (3?) A2 (39) A3 (39 A4 (39) A5 (3°) A6 (37) A7 (3%9) A8 (39) A9 (310 A10 (31 L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
B + + + + + + + + + + + 2%FBS E
SuHV-1 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
(39 B1(3?) B2 (3%) B3 (3%) B4 (3%) B5 (3) B6 (37) B7 (3%) B8 (3°) B9 (319 B10 (3%
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
C + + + + + + + + + + + 2%FBS P
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
Al11(3%?) | C1(3%) C2 (3% C3(3%) C4 (3% C5 (3%) C6 (39) C7(3%) C8 (3%) C9 (3%) C10 (3%®) A
EMEM T
296EBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
o 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
D WELL + + + + + + + + + + 2%FBS
B11 (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
12) D1 (3%) D2 (3%4) D3 (3%) D4 (3%) D5 (3%) D6 (38) D7 (3%) D8 (3%) D9 (3%) D10 (3%?)
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 3rd
E + + + + + + + + + + + 2%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- P
C11(3%) E1(3%) E2 (3%) E3 (3%) E4 (377) E5 (3%) E6 (3%°) E7 (3%) E8 (3%) E9 (3%) E10 (3%) L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
F + + + + + + + + + + + 2%FBS E
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
D11(3%) F1(3%) F2 (3%) F3 (3%) F4 (37) F5 (3%) F6 (3%) F7 (3%) F8 (3% F9 (3% F10 (3%)
G
H
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2" PLATE: from 3™ to 3%

MERCK

1 2 3] 4 5 6 7 8 9 10 11 12
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
A | 20FBS | 2%FBS | 2wFBS | 2%FBS | 2wFBS | 2%FBS | 2%FBS | 29%FBS | 2%FBS | 2%4FBS | 2%FBS | pch
+ + + + + + + + + + + 2%EBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3—12) (3—13) (3—14) (3—15) (3—16) (3—17) (3—18) (3—19) (3—20) (3—21) (3—22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VTG
B 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + 2%FBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3-18) (3-19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
. 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS [ 2%FBS | _of°
+ + + + + + + + + + + 20EBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3-18) (3—19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
5 2%FBS | 2%FBS | 2%FBS | 20FBS | 2%FBS | 206FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | _c0
+ + + + + + + + + + + o
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 2%FBS
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3-18) (3—19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERS
E 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + 206FBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3»12) (3»13) (3-14) (3-15) (3-16) (3-17) (3-18) (3-19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
= 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + 2UEBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3-18) (3-19) (3-20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
G 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + +
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 ZUERESD
(3»12) (3»13) (3-14) (3»15) (3-16) (3»17) (3»18) (3-19) (3»20) (3-21) (3-22)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
| 2%FBS | 2wFBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 29%FBS i
+ + + + + + + + + + + 206EBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3-12) (3-13) (3-14) (3-15) (3-16) (3-17) (3-18) (3-19) (3-20) (3-21) (3-22)
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Infection of the 3™ Plate:

With a multichannel pipette, the defined volume was taken from row E of the

MERCK

deep-well polypropylene plates and dispense it into row A of the 1t Plate. Action was

repeated 3 more times, respectively into rows B, C and D of the 3rd Plate.

Follow the same process with row F of the deep-well polypropylene plates and

dispense it into row E, F, G and H of the 3™ Plate.

1 2 3 4 5) 6 7 8 9 10 11 12
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM st
A + + + + + + + + + + + 2%FBS
SuHV-1 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- =
(B5) Al (3?) A2 (37) A3 (39 A4 (39) A5 (39) A6 (37) A7 (39) A8 (39) A9 (319 A10 (31 L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
B + + + + + + + + + + + 2%FBS E
SuHV-1 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
(B5) B1(3?) B2 (39) B3 (3% B4 (3%) B5 (3) B6 (37) B7 (3®) B8 (39) B9 (319 B10 (31
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM 2nd
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
C + + + + + + + + + + + 2%FBS P
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- L
Al1(3%?) C1(3%) C2 (3% C3(3%) C4 (319) CB @E™) C6 (39) C7(3%) C8 (3% C9 (3?%) C10 (3% A
EMEM T
206FBS EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM E
o 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
D WELL + + + + + + + + + + 2%FBS
BLL (3 WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
12) D1 (3%3) D2 (34 D3 (3%) D4 (319) D5 (317) D6 (318) D7 (3% D8 (3%) D9 (3% D10 (3%)
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM 3rd
E + + + + + + + + + + + 2%FBS
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C- o)
C11(3%) E1(3%) E2 (3%) E3 (3%) E4 (37) E5 (3%) E6 (3%) E7 (3%) ES8 (3% E9 (3%) E10 (3%) L
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM A
2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM T
F + + + + + + + + + + + 2%FBS E
WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL WELL C-
D11(3%) F1(3%) F2 (3%) F3 (3%) F4 (3%) F5 (3%) F6 (3%) F7 (3%) F8 (3% F9 (3%2) F10 (3°%)
G
H
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3" PLATE: from 3*to 3™

MERCK

1 2 3] 4 5 6 7 8 9 10 11 12
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
A | 20FBS | 2%FBS | 2wFBS | 2%FBS | 2wFBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%4FBS | 2%FBS | pch
+ + + + + + + + + + + 2%EBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3—23) (3—24) (3—25) (3—26) (3—27) (3—28) (3—29) (3—30) (3—31) (3—32) (3—33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VTG
B 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + 20%FBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
. 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS [ 2%FBS | _of°
+ + + + + + + + + + + 20EBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3—30) (3-31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
D 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + B
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 2%FBS
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3—30) (3-31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VERG
E 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + 2%FBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3»23) (3»24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VEEG
= 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + + 2%FBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM VIERG
G 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS 2%FBS EMEM
+ + + + + + + + + + +
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 ZUERESD
(3»23) (3»24) (3-25) (3»26) (3-27) (3»28) (3»29) (3-30) (3»31) (3-32) (3-33)
VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO VERO
EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM EMEM
| 2%FBS | 2wFBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 2%FBS | 29%FBS i
+ + + + + + + + + + + 206EBS
SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1 SUHV-1
(3-23) (3-24) (3-25) (3-26) (3-27) (3-28) (3-29) (3-30) (3-31) (3-32) (3-33)

At the end of the infection, the three Plates were placed in an incubator at 37.0
°C and 5.0% CO; for 2-4 days. After 2-4 days, the titration was stopped with Methanol

and stained with Crystal Violet 1%; then the plates were wash with water and let them

dry. The plates were evaluated with an optical

presence/absence of a CPE on the cell monolayer.

microscope to detect the
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5.5.3 Results

S.5.3.1 ROBUSTNESS

The aim of robustness was to verify that the performance of the analytical method
was not influenced by deliberate changes that can be introduced during the execution
of some of the phases of the test, evaluated as potentially critical in the risk assessment
phase.

The following tests were performed provided by the Design of Experiment (DoE)
and the Risk Assessment, established using the JMP software, to verify the robustness
of the analytical method. The order of tests was randomized by the JMP software.

Following the Risk Assessment, the parameters were classified as medium or high-

risk were:

= Cell concentration for the titration test
» Different culture medium
= Different incubation times

= Virus suspension pH

Lower and higher values of the set-point:

Parameter Lower value Set-point

Cell concentration for the titration test 1.5*10° cell/ml 2.0*10° cell/ml
Different incubation times 2 3 4
Virus suspension pH 6.0 7.2 8.4

Higher value

2.5*%10° cell/ml
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With regards to the parameter “Different culture medium”, the following conditions

were used:
¢ EMEM 2% FBS
e EMEM 2% FBS with antibiotic and antifungal

After executing all the programmed analytical sessions, using the JMP software,
starting from the results, the p-values relating to each critical parameter and the
parameter interactions were calculated in addition to calculating the “Lack of Fit”".

The robustness of the method was verified if all the values are greater than the

significance level set at 0.05.

Test number Cell Culture Cell Conc. (cell/mL) Days after Virus suspension Viral Titer
Medium @ infection pH (Log10TCIDso/mL)
No AB 150000 2 8,4 8.992
AB 250000 4 8,4 9.886
— AB 150000 2 8,4 8.753
— No AB 150000 4 8,4 9.767
_ AB 250000 2 6,0 7.799
— No AB 200000 3 7,2 9.290
AB 150000 2 6,0 7.978
n No AB 250000 4 6,0 8.694
— No AB 250000 4 8,4 9.350
AB 150000 4 6,0 9.290
No AB 200000 3 7,2 9.290
AB 250000 2 8,4 8.694
No AB 150000 2 6,0 7.918
AB 250000 4 6,0 9.051
AB 200000 3 7,2 9.111
No AB 150000 4 6,0 8.992
AB 150000 4 8,4 9.529
No AB 250000 2 6,0 7.799
No AB 250000 2 8,4 8.992

Note:
(1) Cell culture medium: No AB= EMEM 2% FBS
AB= EMEM 2% FBS + antibiotic
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The "PValue" value in the "Effect Summary" section (Fig.16) summarizes the
significance of each parameter and each interaction. The p-value, "post infection
incubation days (2,4)" (0,00008) and "virus suspension pH (6, 8.4)" (0,00026), are less
than 0.05 (highlighted in red) and therefore significant.

SUHVL JMP table Results 2 - Fit Least Squares

Response Virus Titer (Log TAD 50/mlL)

Effect Summary
Source LogWorth
Pestinfection incubstion duys[2,4) 4,089 SRR ]
Virus suspension pHIG3.49) 3579 ==
pest infection incubstion duysrVirus suspension pH 0685 :] : :
Pastinfection incubation duystCell Culture medis 0,634 j :
Cell concentration Eellymi)[150030,250000) 0.913 |
Cell Culture medieVirus suspansion pH g.a13 | O T A
Cell concentration KelymUVirus suspension pH 0291 ] : : 0,51120
Cell concentrstion EelymrCell Culture medis 0290 | A 0,51234
Pest infection incubstion duysrCell concentration [(Cell/mL) 0,024 : 082353
Cell Culture medis 0,027 T R R R 093930 *

Fig.16

For this reason, the global variance was evaluated.

The value "Prob> F" (0.0017), Fig.17, in the "Analysis of Variance" section
(global p-value of the ANOVA analysis for the total variance of the model) was significant
because it was less than 0.05, this means that the study performed so far is not able

to demonstrate the robustness of the method.

Analysls of Varlance

SoU e DF Summof Squarea  Mean Square  F Ratls

Moacha | 10 E5737390 0557374 45452

Ertar 8 15422953 0187757 Prob = F

o Total 18 T.21a039 Qaa17*
Fig.17

It was necessary to carry out an increased number of the tests foreseen by the
experimental design (6 additional tests), in order to identify precisely the cause of the
failure to verify the robustness, introducing the quadratic interactions and inserting
between the values of each parameter also their set-point.

Here are the results of all the tests performed including the additional ones (from
test 20 to test 25):

‘2
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Test number (o1 Well] | {V]{:] Cell Conc. (cell/mL) Days after Virus suspension Viral Titer
Medium @ infection pH (Log10TCIDso/mL)
No AB 150000 2 8,4 8.992
AB 250000 4 8,4 9.886
AB 150000 2 8,4 8.753
— No AB 150000 4 8,4 9.767
— AB 250000 2 6,0 7.799
— No AB 200000 3 7,2 9.290
AB 150000 2 6,0 7.978
— No AB 250000 4 6,0 8.694
— No AB 250000 4 8,4 9.350
AB 150000 4 6,0 9.290
No AB 200000 3 7,2 9.290
AB 250000 2 8,4 8.694
No AB 150000 2 6,0 7.918
AB 250000 4 6,0 9.051
AB 200000 3 7,2 9.111
No AB 150000 4 6,0 8.992
AB 150000 4 8,4 9.529
No AB 250000 2 6,0 7.799
No AB 250000 2 8,4 8.992
AB 200000 2 6 9.171
AB 250000 3 6 9.290
AB 200000 4 8,4 9.886
AB 150000 3 8,4 9.409
AB 150000 4 7,2 9.171
No AB 200000 3 7,2 9.409

Note:
(1) Cell culture medium: No AB= EMEM 2% FBS
AB= EMEM 2% FBS + antibiotic

The p-values in the "Effect Summary" section (Fig.18) for "post infection
incubation days (2.4)" (0.00002), "cell concentration (Cell / mL)" (0.00813) and "virus
suspension pH (6, 8.4) "(0.00021), are less than 0.05 (highlighted in red) and therefore
significant.
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Furthermore, the value "Prob> F" (0.0006), Fig.18, in the "Analysis of Variance"

section is significant because it is less than 0.05. This means that the method is not

robust at the proposed work ranges.

Augmented Design SUHV1 JMP Table - Fit Least Squares

Response Virus Titer (Log TCID 50/mL)

Effect Summary

Source LegWarth
Post infection inoubation days2 a4 620
Viru s suspen gon pHIE, B4} 358G
Cel concentration [Celltml)*Cell concentration (CellimL) 2090 ]
Virus suspension pH*Viru s suspension pH 1257 :_|
Fost infection incuk=tien days*Post infection incubstion davs 1150 ;
el Culture medis*Virus s spension pH 1398
Fost infection incbstion days*Vings suspension pH ase2 1 i |
Fost infection incubation days*Cell Cu hu e madla 809 | | i i | i 0,38976
Cel concentration ([CellfmLi150000, 250300 4371 :l | : Q42808
Cel Culture medis o361 | Lol pdssar
Cel concenteation [Cellml*Cell Culure medi 0359 | A.43780
Cel concenteation [Cell/mbi*Vinus suspension pH 0104 164026
Fost infection incukstion days*Cell comcentration [Cellfmly a16a] | P P {.ER5SE
Analysis of Variance
Saurce OF Sum of Squares  Msan Square  F Ratle
Mol k! TEA5%066 (L603531 B32E5
Error 11 a7971196 0072485 Prob> F
C. Total 24 BE430262 ‘
Fig.18

In order to define a working range around the set point of the parameters defined
as potentially critical, it is necessary to restrict the ranges of the parameters identified

as significant.

84



MRERRCK

The ranges were selected by graphically defining (see Fig.19, vertical green lines)

the ranges for which the confidence interval of the response (graphically defined by the
blue dashed lines), for each parameter, contained the response obtained at the point

(horizontal dashed red line).

Prediction Profiler

~ H H
=) Sauiet . H
Q ey ¢
=) 9 303182 paersrehis | cscocorccpyfoesiloees | cusmclnastBEToochecons
i 8 3,,),13 ‘ ‘["‘(‘_[
g = £ [9,00333, :
E O 060304 i i
>3 i
888 No AB AB Simulate
o © O
o 9 O
0 O N
- N N
200000 7,2 No AB
Post infection Cell concentration Virus Cell Culture
incubation days (Cell/mL) suspension pH media
Fixed L's Fixed L' Fixed v Fixed v
200000 o v
Simulator
Responses
Virus Titer (Log TAD 50/mL) | Add Random Noise o StdDev| 0,269194
N Runs:| 5000000

Simulate to Table

Make Table
Fig. 19

The defined narrow ranges were:

e 2.5 -4 days for the "post infection incubation days" parameter (instead of 2 - 4
days)

e 1.6-2.4*10°cell / mL for the "cell concentration (Cell / mL)" parameter (instead
of 1.5 - 2.5 * 10° cell / mL)

e 6 - 7.7 pH for the "virus suspension pH" parameter (instead of 6 - 8.4 pH)

The "Cell culture media" parameter was not changed.

To confirm the adequacy of the ranges proposed above, including the potential
accumulation of variability and the interactions due to the variability of the method
parameters, it is possible to use the predictive model of the performance of the method
to predict the distribution of results.

To determine the ideal distribution, a simulation with the Monte Carlo method,

using the JMP 12.0 software, was first performed (5 million simulations) with all the

‘2
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parameters set (fixed) at their set point (3 days post infection incubation days, 2 * 10°
cells / mL, No AB = EMEM 2% FBS and 7.2 pH) as shown in Figure 19.

The distribution obtained (Fig.20) is characterized by a median of the "Virus Titer
Log1oTCIDso / mL" of 9.39 with 95% of the values between 8.87 (2.5 percentile) and
9.92 (97.5 percentile).

Report: Montecarlo simulation fixed

Distributions Quantiles
Virus Titer (ng TCID 50/mL) 100.0% maximum 10,803520804
R 99.5% 10,086887907
1084 97.5% 9,9215795107
106 90.0% 9,7389887563
104 750%  quartile 9,5753659183
10,24 50.0%  median 9,3940023543
10 25.0%  quartile 9,2125288654
9,8 10.0% 9,0490588107
9.6 25% 8,8660071371
941 0.5% 8,7000384965
923 00% minimum 80776233893
9 Summary Statistics

881 Mean 9,3939685

86 Std Dev 0,2691649

84 StdEr Mean  0,0001204

824 Upper 95% Mean  9,3942044

gl — | Lower 95% Mean  9,3937326

N 5000000

Fig.20

Secondary it was decided to use a triangular distribution of these parameters
since most conditions will be close to the standard ones and less frequently close to the
outer limits of the ranges (Fig.21).

This distribution was preferred to the normal truncated one because it was more

adequate in the case of asymmetric ranges.
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Fig.21
Post infection Cell concentration Virus Cell Culture
incubation days {Cell/mL) suspension pH media
‘ Random v Random A Random v Random v
[11] [11] i]
(] ClLO O[3 0 I |
‘7Triangular ¥ | Triangular v Tn’ar]gular v Levels Prob
No AB | 0,49282
Lower 2,5 Lower | 160000 Lower 6 [~
—= i — AB | 050718
Peak 3 Peak | 200000 Peak 7.2 |
Upper 4 Upper | 240000 Upper 7.7
Simulator
Responses
Virus Titer (Log TCID 50/mL) | aAdd Random Noise & Std Dev:| 0,2691%4

N Runs:{ 5000000

Simulate to Table

Make Table

The median of the "Virus Titer Log1oTCIDso / mL" (9.31), Fig.22, obtained from
the random distribution is very similar to that obtained with all the parameters set at
their set point, with 95% of the values between 8.68 (2.5 percentile) and 9.93 (97.5

percentile).

Distributions

Fig.22

Virus Titer (Log TCID 50/mL)

11
10,8
10,6

Quantiles

100.0% maximum
99.5%
97.5%
90.0%
75.0%
50.0%
25.0%
10.0%
2.5%

0.5%

0.0%

quartile
median

quartile

minimum

10,992340195
10,114333406
99259354155
9,7161056285
9,5262828926
9,3138758751
9,0992498215

8904414554
86849761793
84837371449
7,6060125212

Summary Statistics

Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

9,3116309
0,3165973
0,0001416
9,3119084
9,3113534

5000000
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5.5.3.2 INTERMEDIRTE PRETISION

To test the intermediate precision parameter, the five samples obtained from the

initial pool were analyzed in duplicate as:

= Pure (undiluted)
= Diluted 1:10

» Diluted 1:100

* Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The difference between the Mean Value of each analysis (expressed as
Log1oTCIDso/ml) performed during the entire validation phase (two different operators
perform two independent analytical sessions) should be within £ 0.5 Logio. This criterion
was established based on what is required by ICH Q5A (R1)%.
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The table below shows the obtained results:

Initial Titer

Titration

Op.1T.1
Op.2/T.1
Op.1T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1T.1
Op.2/T.1
Op.1T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1T.1
Op.2/T.1
Op.1T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2
Op.1T.1
Op.2/T.1
Op.1T.1
Op.2/T.2
Op.1T.2
Op.2/T.1
Op.1T.2
Op.2/T.2
Op.1T.1
Op.2/T.1
Op.1T.1
Op.2/T.2
Op.1/T.2
Op.2/T.1
Op.1/T.2
Op.2/T.2

Measured titer (LogioTCIDso/ml)

8.63
8.75
8.63
8.87
8.93
8.75
8.93
8.87
7.50
7.26
7.50
7.08
7.38
7.26
7.38
7.08
6.25
6.19
6.25
6.07
5.89
6.19
5.89
6.07
5.00
5.12
5.00
5.00
4.88
5.12
4.88
5.00
4.16
4.04
4.16
3.92
3.80
4.04
3.80
3.92

Difference between
measured titers

0.18

0.06

0.24

0.42

0.12

0.30

0.06

0.18

0.30

0.18

0.12

0.24

0.12

0.12

0.24

0.24

0.12
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5.5.3.3 REPERTRBILITY

To test the repeatability parameter, the five samples prepared from the initial pool

were analyzed in duplicate:

= Pure (undiluted)
= Diluted 1:10

» Diluted 1:100

* Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different

operators during two independent analytical sessions.

The difference between the titers of each analysis of the same sample, expressed as
Log1oTCIDso/ml and measured through two titrations performed by the same operator,
should be within the interval of £ 0.5 Logio. This criterion was established based on
what is required by ICH Q5A (R1)%.
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The table below shows the obtained results:

Initial titer
1:10
OPERlATOR 1:100
1:1000
1:10000
Initial titer
1:10
OPER2ATOR 1:100
1:1000
1:10000
5.5.3.4 SPECIFICITY

The specificity of the method was evaluated comparing the CPE with the negative

control present on each plate, using an optical microscope.

Titration

N P NN P N PN PN P NP DNDNE DN EPE DN PR DN

Measured titer
(Log1oTCIDso/ml)

8.63
8.93
7.50
7.38
6.25
5.89
5.00
4.88
4.16
3.80
8.75
8.87
7.26
7.08
6.19
6.07
5.12
5.00
4.04
3.92

Difference between
measured titers
Log10TCIDso/ml

0.30

0.12

0.36

0.12

0.36

0.12

0.18

0.12

0.12

0.12
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5.5.3.5 RCCURRCY

To test the accuracy parameter, the five samples obtained from the initial pool were

analyzed in duplicate:

= Pure (undiluted)
= Diluted 1:10

» Diluted 1:100

* Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The difference between the expected titer of the sample and the titer obtained using
this method (average value Logi1oTCIDso/ml) should be within the interval of £ 0.5
Log10TCIDso. This criterion was established based on what is required by ICH Q5A (R1).

The first time the accuracy didn't match with the acceptance criteria for some
samples.

It was necessary to go back to set-up phase to investigate better. After this, the
tendency of the SuHV-1 to aggregate was identified as the cause.

For this reason, it was decided to use the purified virus (SuHV-1 VPL) as a sample.

The table below shows the obtained results:
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Expected titer Titration Measured titer Difference between the
(L0g:TCIDs/mi) (LogoTCIDso/ml) measured titer
(LogyTCIDs/ml) and the
expected titer

Operator 1 8.34 N.A. To be used as a reference
1 Initial Mean of Initial Titer of value
Titer titration 1 and 2 = 8.37 N.A. To be used as a reference
2 8.40 value
1 7,56 0,19
1:10 I8
2 7,38 0,01
1 6,49 0,12
1:100 B2
2 6,67 0,30
1 5,47 0,10
1:1000 Sl
2 5,29 0,08
1 4,10 0,27
1:10000 4,37
2 4,04 0,33
Operator 1 828 N.A. To be used as a reference
2 .. I 0 value
Initial Mean of Initial Titer of
Titer titration 1 and 2 = 8.25 ’ 8.22 N.A. To be used as a reference
! value
1 7.14 0,11
1:10 7,25
2 7.08 0,17
1 6,19 0,06
1:100 6,25
2 6,25 0
1 5,00 0,25
1:1000 5,25
2 5,06 0,19
1 3,86 0,39
1:10000 4,25
2 3,98 0,27
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5.5.3.6 LUINERRITY

To test the linearity parameter, the five samples obtained from the initial pool were

analyzed in duplicate:

* Pure (undiluted)
» Diluted 1:10

* Diluted 1:100

» Diluted 1:1000
» Diluted 1:10000

The test was performed (two different titrations for each sample) by two different
operators during two independent analytical sessions.

The coefficient of determination (R?) of the line (described by the linear equation
y=ax+b) obtained from a graph where the expected titers of the samples are
represented on the x axis (INITIAL TITER (A), dilution 1:10 (B), dilution 1:100 (C),
dilution 1:1000 (D), dilution 1:10000 (E)) and the titer obtained using this method on

the y axis, should be greater than or equal to 0.98.

The table below show the obtained results:

LINEARITY R?

Titration 1 1.00

Operator 1
Titration 2 0.99

Titration 1 0.99

Operator 2

Titration 2 0.99
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The obtained graphs are shown below:

OPERATOR 1:

SuHV-1 LINEARITYOP. 1 TIT. 1

10
y=-1,144x + 9,74 9
R* =0,9959 g
7
6
5
4
E
2
1
0
INITIAL TITER 1:10 1:100 1:1000 1:10000
OPERATOR 2:
SuHV-1 LINEARITY OP. 2 TIT. 1
10
y=-1,156x + 9,74 3
R* =0,9949 5
7
6
5
4
3
2
1
0

INITIAL TITER 110 1:100 1:1000 1:10000

INITIAL TITER

INITIAL TITER

SuHV-1 LINEARITY OP. 1 TIT. 2

Yy =-1,276x + 10,004
R*=0,9903

1:10 1:100 1:1000 1:10000

SuHV-1 LINEARITY OP. 2 TIT. 2

y=-1,198x + 9,782
R*=0,9859

1:10 1:100 1:1000 1:10000
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titration method conclusions

S5.5.4

The results carried out from Monte Carlo simulations, with the support provided
by the JMP statistical software, differed to a maximum of 2% compared to those
obtained in the simulation carried out without modifying the method parameters.

This difference is negligible.

Percentile 2.5% 50% 97.5%
(Virus Titer (Virus Titer (Virus Titer
Parameters Log1oTCIDse/mL) L0og10TCIDso/mL) L0og10TCIDso/mL)

Fixed 8.87 9.39 9.92

random 8.68 9.31 9.93
Difference
between

0, 0, 0,

2% 0.9% 0,1% fixed and
random

Therefore, the robustness of the method was verified within the proposed new ranges.

Cellular concentration for the titration test:
e 1.6*%10° cell/ml
e 2.0 *10° cell/ml
o 2.4*%10° cell/ml

Different culture medium:
e EMEM 2% FBS
e EMEM 2% FBS with antibiotic and antifungal

Different incubation times:

e 2.5days
e 3 days
e 4 days

For Validation the precision, specificity, accuracy and linearity parameters were
verified during the method validation process and were compliant with the acceptance
criteria.

Following the activities performed during the validation process the method was

considered Validated.
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€ PROPRAGRATION AND PURIFICATION METHOD

The quality of the viral stocks to be used during Viral Clearance Studies depends on

the method used to isolate them. Virus quality is crucial for the studies: it can have an

impact on the performance of the spikes and on the repeatability, impacting the quality

of the obtained results.

An ultrapure viral stock, defined as a Virus Production Lot (VPL), should have the

following characteristics:

High titer: which allows, by making a spike within the regulatory limits, to obtain
a high starting titer. To avoid excessive dilution of purification intermediate
involved, which could change its properties and compromise the applicability of

the validation study.

High purity grade: meaning the reduced presence of aggregates, proteins, and
DNA cellular residues.

The aggregates could compromise the results of Viral Clearance Validation
studies. For example, the retention of viruses by nanofiltration could be affected;
in addition, it has been shown that virus aggregates are more resistant to
chemical inactivation. Before being used in the study, viral spike should therefore
be appropriately pre-filtered on filters with a pore dimension depending on the
size of the viral particles: pore dimension should be higher than the diameter of
the virus to be filtered.

The proteins and DNA cellular residues could also compromise the results, for
same steps such nanofiltration that are extremely sensitive to impurities. Since
viral stocks are prepared starting from cell cultures, the purification method used
to isolate the viral stocks should be as selective as possible to avoid any impact
on the performance of the process step to be assessed during the Viral Clearance
Validation Study.

Viruses are infective particles; they are obligatory intracellular parasites, which

means that they need a host cell for their replication since they do not have all the

biochemical structures needed for replication. Viruses can infect all types of life forms,

from animals and plants to microorganisms.
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Virus replication may or may not lead to death of the host cell, from which new

copies of the virus are formed and released.

Each virus has an elective cellular substrate for its propagation and titration, and
these hosts are generally indicated on a certificate provided by their supplier.

To obtain viral stocks of REO3, HPIV3 and SuHV-1, it is necessary to proceed with
a precise sequence of steps in the propagation phase and a series of purification steps
aimed to reduce the content of impurities derived from the propagation process (e.g.
death of host cell).

Based on literature?’ there are different steps useful to produce a VPL with the

criteria mentioned before:

- Pelleting: this procedure successfully removes most of the amount of e.g. death
of host cells in a pellet. A clarified supernatant deriving from the propagation of
viruses will be obtained.

- Ultracentrifugation is the most critical step of the purification process, since
ultracentrifuge speed determines pelleting of virus and, at the same time, could
decrease virus infectivity. Consequently, it is necessary set the parameters
(speed, temperature, time) based on the characteristic of the viruses
(dimensions, presence of envelop or not). The virus pellet obtained could be
resuspended in buffer or media.

- Sonication could be helpful to reduce virus aggregation. Also, in this case, the
optimal conditions of sonication are virus dependent because sonication could
disrupt virus membrane that lead to lost in virus infectivity and titer.

- Filtration may be used as a final step in the purification process to reduce
aggregates and/or remove possible contaminants. The pore size is set based on

the virus characteristics.

Taking into consideration these steps and based on Company procedures for
other virus purification methods, different purification steps were chosen in common for
the REO3, HPIV3 and SuHV-1 virus described in the scheme below (Table 1), as starting
point.

Moreover, for each purification conditions applied and tested, different samples

were collected.
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Samples titer and purity were evaluated by titration assays and determination of

the residual protein contents.

Filter 0,45 um (S2)

Ultracentrifuge

Supernatant removal (S3)

1
Resuspension with Resuspension with
PBS (S4) TNE (S5)
| | 1
L Fridge 24 h riage 24
Sonication (S6) (O/l\?) (S12 (OIN) (S16)

Filter 0.45 um Sonication
(S7) (S13)

Filter 0.22 um Filter 0.45 um
(S8) (S14)

Filter 0.22 um
(S15)

Table 1
Initial purification steps for REO3, HPIV3 and SuHV-1 and the schematic name of the samples.

As described above samples were collected for each step condition of tested
purification (see Table 1).

After the first centrifuge performed for clarification (S1), all supernatants were
collected together and it was made a homogenous solution, the pool obtained was
filtered on 0.45 pm Polyethersulfone (PES) membrane filter to remove any cellular
residue still present from the propagation (S2).

Therefore, the filtered pool was then aliquoted into ultracentrifuge tubes using a
syringe. Tubes need to be paired and weight balanced each other because of
ultracentrifuge weight sensitivity.

Then the tubes should be placed in the rotor in the ultracentrifuge and left to run.

‘2
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At the end of each ultracentrifuge run, tubes were opened, supernatant was

removed and collected in cryovials (S3).

The pellet obtained was resuspended with PBS or TNE buffer.

Initially a very small volume should be used to resuspend the pellet, to disrupt
the aggregates as much as possible. Then, the remaining PBS or TNE volume was slowly

added to the suspension to achieve the total volume needed.

The resuspended solution in PBS and TNE was split into:

= viral pool resuspended in PBS (S4);
» viral pool resuspended in PBS O/N;
= viral pool resuspended in TNE (S5);
= viral pool resuspended in TNE O/N.

Where “"O/N” stands for “Over Night”, indicating that these two aliquots were kept
in refrigerator at 4.0 °C for the night. This samples were collected the day after and
proceeded with the other purification steps.

The two viral pool resuspended in PBS or TNE were sonicated in an ultrasound
water bath. This process generated other 2 different samples: viral pool resuspended
in PBS and sonicated (S6) and viral pool resuspended in TNE and sonicated (S9).

Each of them, S6 and S9, was split again and filtered with or a 0.22 pm or a 0.45
Mm PES membrane filter to remove any viral aggregates and cellular debris.

The following samples were obtained:

- viral pool resuspended in PBS, sonicated and filtered on 0.45 um filter (S57);
- viral pool resuspended in PBS, sonicated and filtered on 0.22 um filter (S8);
- viral pool resuspended in TNE, sonicated and filtered on 0.45 um filter (S10);

- viral pool resuspended in TNE, sonicated and filtered on 0.22 um filter (S11).

The obtained samples were dispensed in cryovials and stored at -80°C.
The day after the ultracentrifuge the two O/N samples were taken: the viral pool
resuspended in PBS O/N (512) and viral pool resuspended in TNE O/N (S16).
The two viral pool resuspended in PBS O/N or TNE O/N were sonicated in an

ultrasound water bath. This process generated other 2 different samples: viral pool
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resuspended in PBS and sonicated (S13) and viral pool resuspended in TNE and
sonicated (S17).
Each of them, S12 and S16, was split again and filtered with or a 0.22 um or a

0.45 ym PES membrane filter to remove any viral aggregates and cellular debris.

The following samples were obtained:
- viral pool resuspended in PBS O/N, sonicated and filtered on 0.45 pm filter (514);
- viral pool resuspended in PBS O/N, sonicated and filtered on 0.22 pm filter (S15);
- viral pool resuspended in TNE O/N, sonicated and filtered on 0.45 um filter (S18);
- viral pool resuspended in TNE O/N, sonicated and filtered on 0.22 pm filter (S19).

The obtained samples were dispensed in cryovials and stored at -80°C.

The Methods for the preparation of viral stocks of REO3, HPIV3 and SuHV-1 are
described below.
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6.1 REV3

6.1.1 Propagation

The original vial of REO3, purchased from ATCC, should be propagated on the
host cell LLC-MK2 DERIVATIVE (recommended by Supplier’) to prepare the MVB (Master
Virus Bank), while an MVB vial of REO3 should be propagated on LLC-MK2 DERIVATIVE
cells for the preparation of the WVB (Working Virus Bank), as described below.

Defrost a vial of LLC-MK2 DERIVATIVE cells in a sterile flask and keep them
cultured using EMEM 10% FBS culture medium.

The day before the infection, detach the cells from 100% confluent flasks and
plate them. Leave to incubate for about 24 hours at 37.0 °C in 5.0 % CO..

On the day of the infection, observe the cell monolayer and ensure it has reached
80-90% confluence, then proceed with the infection”’.

Defrost a vial of REO3 virus (original or MVB) at 37.0 °C and bring it to a proper
volume using EMEM 0% FBS culture medium.

Aspirate the culture medium from the culture flasks of LLC-MK2 DERIVATIVE
cells, wash the monolayer with PBS and inoculate each flask with the proper volume of
the prepared viral suspension.

Incubate the infected flasks in an incubator set at 37.0 °C and 5.0 % CO; for the
inoculation time.

After the inoculation time the onset of incubation, add EMEM 2% FBS culture
medium to each flask and incubate again in the incubator set at 37.0 °C and 5.0 % CO;
until complete cytopathic effect on the cell monolayer.

From ATCC, the effect on host could be CPE, refractile rounding and cell
sloughing.

Until complete cytopathic effect on the cell monolayer, collect the supernatant
from each flask and centrifuge to eliminate any cellular residue. Collect together all
supernatants and mix with a serological pipette to make a homogenous suspension.

For the preparation of MVB or WVB distribute the solution into cryovials and store

them in the freezer at -80 °C.
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6.1.2 purification

Firstly, for REO3 VPL preparation were applied the steps of purification describe
in the table 1.

The same method (e.g. speed and time) has been applied, based on Company
procedures, for other virus purification that have in common the absence of envelopes
such as REO3 virus.

The first ultracentrifugation runs gave the desired results (Graph. 1), for this

reason different runs were made to confirm the results obtained before.

REO3 PURIFICATION RESULTS
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Graph. 1

S1= after first centrifuge of clarification

S2= pool filtered on 0.45 um filter

S3= supernatant after ultracentrifugation

S8= viral pool resuspended in PBS, sonicated and filtered on 0.22 um filter
S11= viral pool resuspended in TNE, sonicated and filtered on 0.22 pm filter
S15= viral pool resuspended in PBS O/N, sonicated and filtered on 0.22 um filter
S19= viral pool resuspended in TNE O/N, sonicated and filtered on 0.22 pym filter

‘2
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6.1.2.1stability data

After five months, the most significant samples obtained from the first runs were
titrated again to have the stability long term storage data (Graph. 2) of the REO3 virus
resuspended in the PBS and TNE buffers at -80 ° C.

MONTHS REO3 STABILITY

12
10,66 10,6 10,8 1036 9,8 10,48 10,36 10,19

II II I II I 893

S11
mTARGET TITER  mTITER AFTER 5 MONTHS

10

(o0}

Log10TCIDso/mL
e (o)}

N

o

Graph. 2
S1= after first centrifuge of clarification
S8= viral pool resuspended in PBS, sonicated and filtered on 0.22 um filter
S11= viral pool resuspended in TNE, sonicated and filtered on 0.22 um filter
S15= viral pool resuspended in PBS O/N, sonicated and filtered on 0.22 um filter
S19= viral pool resuspended in TNE O/N, sonicated and filtered on 0.22 um filter

In addition to the stability test listed above, since there are steps in a viral
clearance study that can last several hours, it was necessary to carry out stability tests
(Graph. 3) at room temperature at different time points to evaluate the virus titers.

The virus should not lose its titer, beyond acceptance criteria of £ 1.0
Log1oTCIDso/mL, from the moment of defrost, at the start of the phase, until the end of

the experimental session.

‘2
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REO3 STABILITY RT
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Graph. 3

TO= defrost and filtration of the REO3 virus and titration. After the titration the virus was left at
RT (room temperature).

4h= titration of REO3 virus after 4h from defrost
7h= titration of REO3 virus after 7h from defrost

TO Bis = second defrost and filtration of the REO3 virus and titration. After the titration the virus
was leave at RT (room temperature).

16.5h= titration of REO3 virus after 16.5h from defrost.
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6.1.3 propagation and purification conclusion

Based on the results carried out from titration and protein content determination
the purification steps to produce high titer and purified REO3 stocks (REO3 VPL) were
selected and describe below (Table 2).

As resuspension buffer, the choice was the PBS, confirmed by the stability data, it
demonstrated a better cryopreservation and higher titer compared to TNE buffer.

For the filtration step both the 0.45 ym and 0.22 um filter showed a similar titer,
therefore the selected option was to adopt 0.22 um filter, because it assured a purer
sample.

The O/N did not show to impact enough pellet resuspension and viral titer. For this
reason, to speed up purification process, the overnight period was avoided.

Finally, the BCA results (not included) confirmed the resuspended sample in PBS,
sonicated and filtered on 0.22 um pore membrane, as a suitable sample to be used in

Viral Clearance Studies, due to its low residual protein content.

Centrifugation to eliminate cells debris

Resuspension with PBS

Filter 0.22 um

Table 2
Purification steps for REO3.
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6.2 SUHV-1

6.2.1 propagation

Two different approaches were carried out for the propagation of SuHV-1 virus.

Firstly, the original vial of SuHV-1 should be propagated on the host cell MDBK
(NBL-1) to prepare the MVB.

Defrost a vial of MDBK (NBL-1) cells in a sterile flask and keep them cultured
using EMEM 10% HS culture medium.

The day prior to the infection, detach the cells from 100% confluent flasks and
plate them. Leave to incubate for about 24 hours at 37.0 °C in 5.0 % CO..

On the day of the infection, observe the cell monolayer and ensure it has reached
80-90% confluence, then proceed with the infection.

Defrost a vial of SuHV-1 virus (original) at 37.0 °C and bring it to a proper volume
using EMEM 0% HS culture medium.

Aspirate the culture medium from the culture flasks of MDBK (NBL-1) cells, wash
the monolayer with PBS and inoculate each flask with the proper volume of the prepared
viral suspension.

Incubate the infected flasks in an incubator set at 37.0 °C and 5.0 % CO; for the
inoculation time.

After the inoculation time the onset of incubation, add EMEM 2% HS culture
medium to each flask and incubate again in the incubator set at 37.0 °C and 5.0 % CO;
until complete cytopathic effect on the cell monolayer.

The effect on host could be CPE, refractile rounding, clumping and cell sloughing.

Until complete cytopathic effect on the cell monolayer, collect the supernatant
from each flask and centrifuge to eliminate any cellular residue. Combine all
supernatants and mix with a serological pipette to make a homogenous solution.

For the preparation of MVB distribute the solution into cryovials and store them
in the freezer at -80 °C.

Secondly based on the preliminary results of virus purification the propagation
for the WVB was changed because it is necessary to have a higher titer than the MVB.

A comparison was made with ST cells (another host cell for SuHV-1 virus).

The ST and MDBK (NBL-1) cells were tested both for propagation with different
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amount of virus, then propagation of MVB, on cells split the day before and with the

MOI (Multiplicy Of Infection) calculation.
MOI means the ratio between the number of viral particles for infection with
respect to the number of cells to be infected.
The MOI value defined for the propagation of SuHV-1 was 2 and to calculate the
volume necessary to infect the cell suspension obtained is described below:

TCIDsp Initial : Initial Volume = TCIDsp Final : Final Volume (x)
TCIDso INITIAL= this is the titer of the MVB vial used
TCIDso FINAL = total cells in each flask * 2 (MOI)

INITIAL VOLUME = 1 mL (this is the volume inside the chosen vial)

Moreover, the comparison was made with different concentration of FBS in the
media, EMEM 0%, 1% and 2% FBS.

Below, in the Graph.4, the results of the different propagation performed.

DIFFERENT SuHV-1 PROPAGATION
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Graph.4
Different SuHV-1 propagations.

For the preparation of VPL the step of purification describes below (par.6.2.2)

should be followed.

‘2
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purification

Firstly, for SuHV-1 VPL preparation were applied the steps of purification

described in the table 1.

The same method (e.g. speed and time) was applied, based on Company

procedures, for other virus purification that have in common envelope such as SuHV-1

virus (Graph.5).

Log 10TCI Dso/m L

SuHV-1 PURIFICATION RESULTS
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Graph. 5

S1= after first centrifuge of clarification

S2= pool filtered on 0.45 pm filter

S4= viral pool resuspended in PBS

S5= viral pool resuspended in TNE

S6= viral pool resuspended in PBS, sonicated

S7= viral pool resuspended in PBS, sonicated and filtered on 0.45 um filter

S8= viral pool resuspended in PBS, sonicated and filtered on 0.22 um filter

S9= viral pool resuspended in TNE, sonicated

S10= viral pool resuspended in TNE, sonicated and filtered on 0.45 pm filter
S11= viral pool resuspended in TNE, sonicated and filtered on 0.22 pm filter
S12= viral pool resuspended in PBS O/N

S13= viral pool resuspended in PBS O/N, sonicated

S14= viral pool resuspended in PBS O/N, sonicated and filtered on 0.45 pm filter
S15= viral pool resuspended in PBS O/N, sonicated and filtered on 0.22 um filter
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S16= viral pool resuspended in TNE O/N

S17= viral pool resuspended in TNE O/N, sonicated

S18= viral pool resuspended in TNE O/N, sonicated and filtered on 0.45 pm filter
S19= viral pool resuspended in TNE O/N, sonicated and filtered on 0.22 pym filter

First ultracentrifugation runs didn’t provide the desired results (Graph.5), for this
reason different runs were made to obtain other results.

Different parameters of ultracentrifugation were tested: speed (rpm), time and
buffer in several days to obtain the best method to purify the SuHV-1 virus.

The runs didn’t provide the desired results because the results reflected a good
purification method, but the final titer was always at the limit of the acceptance criteria
for viral clearance studies, e.g. steps nanofiltration.

For these reasons it was necessary to change to starting point, having an higher
titer of virus.

Based on the results from the different SuHV-1 propagation tests (par.6.2.1) was
chosen the propagation with ST cells with EMEM 2% FBS and MOI of 2, before the
purification step.

After this propagation, the purification was performed applying the better
parameters of ultracentrifugation tested before.

The final titer obtained for SuHV-1 was 9.53 + 0,5 Logi0TCIDso/mL that was in

acceptance criteria for viral clearance studies.

6.2.2.1 stability data

After six and seven months, the most significant samples obtained from the first
run were titrated again to have the stability long term storage data (Graph. 6) of the
virus resuspended in the PBS and TNE buffers at -80 ° C.

In addition to the stability test listed above, since there are steps in a viral
clearance study that can last several hours, it was necessary to carry out stability tests
(Graph. 7) at room temperature at different time points to evaluate the virus titer.

The virus should not lose its titer, beyond acceptance criteria = 1.0
Logi10TCIDso/mL, from the moment of defrost, at the start of the phase, until the end of

the experimental session.
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SuHV-1 STABILITY RT
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Graph. 7

TO= defrost, sonication and filtration of the SuHV-1 virus and titration. After the titration the virus
was leave at RT (room temperature).

4h= sonication and titration of SuHV-1 virus after 4h from defrost
7h= sonication and titration of SuHV-1 virus after 7h from defrost

TO Bis = second defrost, sonication and filtration of the SuHV-1 virus and titration. After the titration
the virus was left at RT (room temperature).

16.5h= sonication and titration of SuHV-1 virus after 16.5h from defrost
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6.2.3 propagation and purification conclusion

Based on the results carried out from titration and protein content determination
the purification steps to produce high titer and purified SuHV-1 stocks (SuHV-1 VPL)
were selected and describe below (Table 3).

Before the purification step was necessary the propagation of SuHV-1 on ST cells
with the EMEM 2% FBS media and a MOI of 2.

As resuspension buffer, the choice was the TNE, confirmed by the stability data, it
demonstrated a better cryopreservation and high titer compared to PBS buffer.

For the filtration step both the 0.45 ym and 0.22 um filter showed a similar titer,
therefore the selected option was adopted 0.22 pm filter, because it assured a purer
sample.

The O/N did not show to impact enough pellet resuspension and viral titer. For this
reason, to speed up purification process, the overnight period was avoided.

Finally, the BCA results (not included) confirmed the resuspended sample in TNE,
sonicated and filtered on 0.22 um pore membrane, as a suitable sample to be used in

Viral Clearance Studies, due to its low residual protein content.

Centrifugation to eliminate cells debris

Resuspension with TNE

Filter 0.22 um

Table 3

Purification steps for SuHV-1.
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6.3 HPRIV3

6.3.1 propagation

The original vial of HPIV3, purchased from ATCC, should be propagated on the
host cell LLC-MK2 DERIVATIVE (recommended by supplier?®) to prepare the MVB, while
an MVB vial of REO3 should be propagated on LLC-MK2 DERIVATIVE cells for the
preparation of the WVB, as described below.

Defrost a vial of LLC-MK2 DERIVATIVE cells in a sterile flask and keep them
cultured using EMEM 10% FBS culture medium.

The day before the infection, detach the cells from 100% confluent flasks and
plate them. Leave to incubate for about 24 hours at 37.0 °C in 5.0 % CO..

On the day of the infection, observe the cell monolayer and ensure it has reached
80-90% confluence, then proceed with the infectio?®.

Defrost a vial of HPIV3 virus (original or MVB) at 37.0 °C and bring it to a proper
volume using EMEM 0% FBS culture medium.

Aspirate the culture medium from the culture flasks of LLC-MK2 DERIVATIVE
cells, wash the monolayer with PBS and inoculate each flask with the proper volume of
the prepared viral suspension.

Incubate the infected flasks in an incubator set at 37.0 °C and 5.0 % CO; for the
inoculation time.

After the inoculation time the onset of incubation, add EMEM 2% FBS culture
medium to each flask and incubate again in the incubator set at 37.0 °C and 5.0 % CO;
until complete cytopathic effect on the cell monolayer.

From ATCC, the effect on host could be CPE, refractile rounding, clumping and
cell sloughing.

Until complete cytopathic effect on the cell monolayer, collect the supernatant
from each flask and centrifuge to eliminate any cellular residue. Collect together all
supernatants and mix with a serological pipette to make a homogenous solution.

For the preparation of MVB or WVB distribute the solution into cryovials and place

them in the freezer at -80 °C.

For the preparation of VPL follow the step of purification describe below (par.
6.3.2).
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6.3.2 purification

Firstly, for HPIV3 VPL preparation were applied the steps of purification describe
in the table 1.

The same method (e.g. speed and time) was applied, based on Company
procedures, for other virus purification that have in common envelope such as HPIV3

virus (Graph.8).
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Graph. 8

S1= after first centrifuge of clarification

S2= pool filtered on 0.45 um filter

S3= supernatant

S4= viral pool resuspended in PBS

S5= viral pool resuspended in TNE

S7= viral pool resuspended in PBS, sonicated and filtered on 0.45 um filter

S8= viral pool resuspended in PBS, sonicated and filtered on 0.22 pm filter
S10= viral pool resuspended in TNE, sonicated and filtered on 0.45 pym filter
S11= viral pool resuspended in TNE, sonicated and filtered on 0.22 pym filter
S12= viral pool resuspended in PBS O/N

S14= viral pool resuspended in PBS O/N, sonicated and filtered on 0.45 um filter
S15= viral pool resuspended in PBS O/N, sonicated and filtered on 0.22 um filter
S16= viral pool resuspended in TNE O/N

S18= viral pool resuspended in TNE O/N, sonicated and filtered on 0.45 um filter
S19= viral pool resuspended in TNE O/N, sonicated and filtered on 0.22 pm filter
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First ultracentrifugation run didn’t provide the desired results (Graph.8), for this
reason different runs were made to obtained additional results.

Different parameters of ultracentrifugation were tested: speed (rpm) and time in
several days to perform the best method to purify the HPIV3 virus.

Therefore, the runs didn’t provide the desired results.

Also, at low speed the run didnt reach good results of virus titer, as if the
ultracentrifugation step led to lost in viral infectivity.

For these reasons it was necessary to change completely the method.
Another method, described below, to purified HPIV3 virus is the clarification step.

Virus clarification was performed instead of ultracentrifugation, and then the
better parameters tested before were applied in terms of sonication, TNE buffer and
0.45 pm filter.
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Comparison of different purification HPIV3 tests.
S1= after first centrifuge of clarification
S2= pool filtered on 0.45 pm filter
S3= supernatant

S10= viral pool resuspended in TNE, sonicated and filtered on 0.45 pm filter
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6.3.2.1 stability data
After six months, the most significant samples obtained from the first runs were

titrated again to have the stability long term storage data (Graph. 10) of the virus
resuspended in the PBS and TNE buffers at -80 ° C.
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Graph. 10

S1= after first centrifuge of clarification

S7= viral pool resuspended in PBS, sonicated and filtered on 0.45 um filter
S14= viral pool resuspended in PBS O/N, sonicated and filtered on 0.45 pm filter
S18= viral pool resuspended in TNE O/N, sonicated and filtered on 0.45 pm filter

In addition to the stability test listed above, since there are steps in a viral
clearance study that can last several hours, it was necessary to carry out stability tests
(Graph. 11) at room temperature in different time points to evaluate the virus titer.

The virus should not lose its titer, beyond acceptance criteria * 1.0

Log10TCIDso/mL, from the moment of defrost, at the start of the phase, until the end of
the study.
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HPIV3 STABILITY RT
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Graph.11

TO= defrost and filtration of the HPIV3 virus and titration. After the titration the virus was leave at
RT (room temperature).

4h= titration of HPIV3 virus after 4h from defrost
7h= titration of HPIV3 virus after 7h from defrost

TO Bis = second defrost and filtration of the HPIV3 virus and titration. After the titration the virus
was left at RT (room temperature).

16.5h= titration of HPIV3 virus after 16.5h from defrost
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6.3.3 propagation and purification conclusion

Based on the results carried out from titration and protein content determination
the purification steps to produce high titer and purified HPIV3 stocks (HPIV3 VPL) were
selected and describe below (Table 4).

For the purification method was necessary to perform a clarification step.

As resuspension buffer, the choice was the TNE, confirmed by the stability
titrations, it demonstrated a better cryopreservation and higher titer compared to PBS
buffer.

For the filtration step, it was decided to adopt 0.45 um filter, based on the size of
the virus.

Finally, the BCA results (not included) confirmed the resuspended sample in TNE,
sonicated and filtered on 0.45 um pore membrane, as a suitable sample to be used in

Viral Clearance Studies, due to its low residual protein content.

Centrifugation to eliminate cells debris

Resuspension with TNE

Filter 0.45 pum

Table 4
Purification steps for HPIV3.
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7 CONCTULUSIONS

A Viral Clearance Study should evaluate the capability of the overall purification
process to remove or inactivate a broad spectrum of virus types, including viruses that
are known to contaminate or have the potential to contaminate the raw materials, and
those that can be introduced during manufacturing?.

The output of the Viral Clearance Validation Studies, as described previously, is the
LRF, that is determined in a logarithmic scale, by calculating the virus titer in the loading
and in the product fraction after the purification step.

To reach this output, validated viral titration methods are needed for the different
tested viruses.

The first aim of PhD project was on viral titration methods development and
validation for three viruses: REO3, SuHV-1 and HPIV3, according to ICH-Q2 (R1) and
GMP.

Moreover, to performed Viral Clearance Validation Studies high titer and high
purified virus stocks are needed.

For this reason, the second aim of PhD project was on viral propagation and
purification methods development for the three viruses: REO3, SuHV-1 and HPIV3.

Following the activities performed during the PhD project, the tested titration
methods for REO3, SuHV-1 and HPIV3 can be considered in a validated state with
respect to the considered parameters and the relative acceptance criteria.

In addition, the propagation and purification methods carried out for REO3, SuHV-
1 and HPIV3 can be considered efficient for reaching high titer and pure viral stocks.

These methods will be used during Viral Clearance Studies in the Merck RMB

company in Ivrea.

119




MERCK

8 BIBLIOGRRPHY

10.

11.

12.

13.

14.

15.
16.

Conference, 1. et al. ICH VIRAL SAFETY E VALUATION OF BIOTECHNOLOGY
PRODUCTS DERIVED FROM CELL LINES OF HUMAN OR ANIMAL ORIGIN
Q5A(R1). (1999).

Information, G. First Supplement to USP 39-NF 34 DESIGN , EVALUATION , AND
CHARACTERIZATION OF VIRAL CLEARANCE PROCEDURES. 7745-7755 (2017).

Maginnis, M. S. et al. betal Integrin Mediates Internalization of Mammalian
Reovirus. J. Virol. 80, 2760-2770 (2006).

Contents, C. Reoviridae. Fenner’s Vet. Virol. 275-291 (2011) doi:10.1016/b978-
0-12-375158-4.00015-8.

Bossart, K. N., Fusco, D. L. & Broder, C. C. REOVIRUS RECEPTORS, CELL
ENTRY, AND PROAPOPTOTIC SIGNALING. Advances in experimental medicine
and biology vol. 790 (2013).

E., W. Basic_Virology 3E.
Temp, S. Reovirus 3 (ATCC ® VR-232 ™), 1-2 (1957).

Henrickson, K. J. Parainfluenza Viruses. Clin. Microbiol. Rev. 16, 242-264
(2003).

Berman, S. Epidemiology of Acute Respiratory Infections in Children of
Developing Countries Author ( s ): Stephen Berman Source : Reviews of
Infectious Diseases , Vol . 13, Supplement 6 . Bellagio Conference on the
Pathogenesis and Prevention of Pneumonia in Childr. 13, (2017).

The, S. et al. Noninfluenza Respiratory Virus Infection in Long-Term Care
Facilities. 12, 602-608 (2020).

The, S. et al. Parainfluenza Virus Type 3 : Seasonality and Risk of Infection and
Reinfection in Young Children Author ( s ): W . Paul Glezen , Arthur L . Frank ,
Larry H . Taber and Julius A . Kasel Published by : Oxford University Press Stable
URL : https://www.jstor. 150, 851-857 (2020).

Maschinen, B., Investition, A., Beschaffungen, G., Ersatzbeschaffungen, B. &
Mittelherkunft, S. Principles_of _Virology,2 Vol,_4E.

Mettenleiter, T. Aujeszky ’ s disease ( pseudorabies ) virus: the virus and
molecular pathogenesis - State of the art , June 1999 To cite this version: HAL
Id : hal-00902643 Review article molecular pathogenesis - State of the art,
June 1999. (2000).

Muller, T. et al. Pseudorabies virus in wild swine: A global perspective. Arch.
Virol. 156, 1691-1705 (2011).

james h. strauss; ellen g. strauss. Viruses_and_Human_Disease_,2E, James.

Granzow, H. et al. Ultrastructural analysis of the replication cycle of
pseudorabies virus in cell culture: a reassessment. J. Virol. 71, 2072-2082

120




17.
18.
19.

20.
21.
22.
23.

24.

25.

26.

27.

28.

MERCK

(1997).
Temp, S. LLC-MK2 Derivative (ATCC ® CCL-7.1 ™). 1-2.
293 [HEK-293] (ATCC® CRL-1573™),

ATCC: The Global Bioresource Center. https://www.lgcstandards-
atcc.org/en.aspx.

Vero (ATCC® CCL-81™).
ST (ATCC® CRL-1746™).
MDBK (NBL-1) (ATCC® CCL-22™).

90050801_MDBK_24hr_post_seeding.jpg (1280x1024). https://www.phe-
culturecollections.org.uk/media/54950/90050801_MDBK_24hr_post_seeding.jpg

90050801_MDBK_48hr_post_seeding.jpg (1280x1024). https://www.phe-
culturecollections.org.uk/media/55384/90050801_MDBK_48hr_post_seeding.jpg

Services, H. ICH VALIDATION OF ANALYTICAL PROCEDURES: TEXT AND
METHODOLOGY Q2(R1). (2015).

Fda, Cder, Beers & Donald. Guidance for Industry Analytical Procedures and
Methods Validation for Drugs and Biologics. (2015).

PDA. Technical Report No.47 Preparation of Virus Spikes Used for Virus
Clearance Studies. https://www.pda.org/.

ATCC. Human Parainfluenza Virus. Definitions 1-2 (2020) doi:10.32388/wvllkg.

121




