ATCC Influenza Resources:

Supporting Science from Basic Research to
Diagnostics, Surveillance, and Vaccines

Leka Papazisi, DVM, PhD, Principal Scientist, ATCC
Holly A. Asbury, BS, Senior Biologist, ATCC




nNng todayAs speakAccm

Leka Papazisi, DVM, PhD
Principal Scientist, ATCC

Dr. Papazisi joined ATCCin 2019. His main responsibility is product development,
from asset inception through lifecycle management . While at ATCC,Dr. Papazisi
led the Microbiology R&D team in developing several new products, including a
proprietary nucleic acid storage buffer formulation and various diagnostics
control materials . In addition to technical leadership, his responsibilities include
talent management, new product innovation, and management of internal and
external cross-functional activities.

Holly A. Asbury, BS

Senior Biologist, ATCC

Holly joined the Microbiology R&D team in 2020. She focuses on developing and
supporting analytical reference material products in the ATCC catalog. Holly has
participated in several stability studies to determine product shelf -life and works
on developing and troubleshooting real -time PCR and digital PCR assays for new
product development, manufacturing, and quality control.
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About ATCC

Founded in 1925, ATCC® is a non -profit
organization with HQ in Manassas, VA, and
an R&D and Services center in
Gaithersburg, MD
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ATCC collaborates with and supports
the scientific community with

iIndustry -standard biological products
and innovative solutions

Grawing podfolie of pradlics and
services

Sales and distribution in 150
countries, 20 international
distributors

Talented team of 600+ employees,
over one -third with advanced degrees
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. Agenda

’ Human and avian influenza
% Influenza virus
/’ Prophylactics and therapeutics

Q Diagnostics and surveillance
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® Human and avian influenza




. Human influenza
JThe f1l uj

A Acute respiratory infection caused by
Influenza virus types A, B, and C

A Symptoms are typically mild but can be 6,300-52,000
severe in immunocompromised individuals

A Predominant health concern worldwide Hospitalizations

: : 120,000-710,000
A Affects 5-15% of the population annually in

the northern hemisphere

A Transmitted through a respiratory route

llinesses
vaccination, social distancing, and proper
hygiene

CDCAs estimated range of an
the US from 2010 -2024 (cdc.gov/flu -burden).



.Avian Influenza
The 3bird f1l uj

A Highly contagious viral disease caused by
influenza A viruses 3 ’ : 400+ bird species globally affected
with significant mortality
A Originates in wild waterfowl
A Can be transmitted quickly to susceptible
bird species (e.g., domestic livestock such as
chickens and turkeys) v

‘ 160+ million poultry birds have died or been
culled in the United States

A Prevention and control measures:

A Early detection and reporting

: L Sporadic human cases in people who had
A Separation of poultry and wild birds ” exposure to infected dairy cows
A Clean habitat conditions for poultry

A Culling of infected flocks
A Flock vaccination programs -
w 70 confirmed human cases of H5N1 in the

United States with one reported death

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection.
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. Influenza viruses

A Orthomyxoviridae family

A Segmented, single -stranded RNA genome 27 B2 PB2 B2 |
with 8 segments 24 (27 PB1 [ o0
A 4 viral species/types: 24 [ A [7E
A Influenza A and Bz mutates frequently causing Bls[ Ha  J=
epidemics and outbreaks every year as the B« N [P
seasonal flu BY=] nNa [vP)
A Influenza C z mutates much less frequently, U B | A T Mz

causes mild disease, and rarely causes epidemics

26 EJINERED 23 onr @ m O NEP

A Influenza D z similar to Influenza C, although it @B})  Viral VRNP
complex

Is a pathogen of cattle not humans
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https://www.researchgate.net/figure/Influenza-A-virus-IAV-genome-organization-and-virion-structure-A-Genome_fig1_304397258

low Influenza viruses infect a host cell
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. Influenza A viruses (I1AV)

A Influenza A virus strains are named according to type, host, place

of first isolation, year of isolation, and subtype

Type Location of isolation  Year of isolation
' ' y
aTcc® vr-3409™  A/Shorebird/Delaware Bay/31/1996 (HON7)
t t t
Host Strain # Subtype

A The subtype designations are derived from two surface proteins:
A Hemagglutinin (H1 -H18)
A Neuraminidase (N1 -N11)

Meuraminidase

A Current seasonal human -affecting subtypes are H3N2 and

M2 lon Channel

H1INl1pdmO9 (descendant from the

pandemic)

A Some avian-origin influenza virus subtypes (H5N1, H7N9, HON2)

sporadically infect humans

12
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http://www.cdc.gov/flu/about/viruses-types.html

. Influenza B viruses s
ATCC

Human pathogens causing seasonal outbreaks

Influenza Positive Tests Reported to CDC by Public Health Laboratories,
National Summary, 2024-25 Season, week ending Feb 15, 2025

8,000

7.000

A Two lineages characterized by
differences in the hemagglutinin
gene:

6,000
5,000

4,000

A Victoria (globally prevalent)

# of Positive Specimens

A Yamagata (diminished)

2.000 4

A Less pandemic potential than
influenza A viruses

1,000
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B 5 (Lincage Unspecified) W H3nzy [ B (victoria Lineage) B B (vamagata Lineage) [ & Hs)

A Do not jump between host species

CDC data as of week 7 of 2025
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. Clades and subclades

What are they? ATCC

Influenza A subtypes are further classified into clades and subclades based on genomic
similarity among strains

Human Seasonal Influenza Viruses (Select examples)

Types Subtypes Clades Sub-Clades

A (HlNl) 6B 1 K 68 1A Node/Common Ancestor

A (H3N2) 3C.2a, 3C.3a 3C.2al, 3C.2a2, \
3C.2a3, 3C.2a4

Figure 1 — Phylogenetic Tree

} Subclade
Clade

Influenza A

V1A l‘ V1A.1, V1A.2, V1A.3
Y1,Y2,Y3 None

Influenza B

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection. CDC. Types of influenza viruses


http://www.cdc.gov/flu/about/viruses-types.html

The ecology and interspecies transmission of AV

-

HIN1, H1N2
H3N2, H3N3
H4NG, H5N2
+
\
l \
N HINA, §
Aquatic birds e H3N2 f
H1-16; N1-N9 H5N1 TE— HINT
It ¥ H3N2v
] v HINT? 1
H1-H13, N1-N9 L \ >,
“~ \

H2N2, H5N1, y

H5N6, H7N3,
I H7NO, HON2,
; I H10N8
¥ Y H7N3, H10N7 :
H7N7 |
| HAN1, H3N2
Y
H13N2 H10N7 7
H13N9 H3N8 ’
H3N8, H7N7, M ’
~ ’
N \ V4
HAN1 H3N8 !
S H3N2 =
\\ ,/
\~ ’I
~ Ca
~ -~ ~ - - = - - <
ey -~ - o -

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection. Joseph U, et al. Influenza Other Respir Viruses 11(1): 74 -84, 2016. PubMed: 27426214

15



. Antigenic drift & antigenic shift

How can the flu jump from species to species?

o0
Antigenic Drift .._‘_..
\ 2R




) HPAI versus LPAI

The 3polybasic cleavage sitej4 1 n hemaggIAl]-(t:in

Cleavage Site
/

Pathogenicity / \ Protease accessibility

Low R-- ETR G Cleaved by proteases in limited organs
Intermediate R-- KKR‘G

High RR KKR‘G

High RRRKKé G - Cleaved by ubiquitous proteases

High KRRKTé G

Kida Y, et al. Pathogens 10(12): 1597, 2021. PubMed: 34959552 17
Steinhaue DA. Virology 258(1): 1 20, 1999. PubMed: 10329563



. Human influenza A virus timeline

Pandemics

50-100 1.1 150-600
million million million thousand

deaths deaths deaths deaths

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection.



. Influenza A virus timeline

Human Flu
Pandemics
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HPAI outbreak situation in the US

2022 onwards

Birds Affected

166,191,381

Highly pathogenic avian influenza (HPAI) A(H5) viruses have been detected in U.S. wild aquatic birds, commercial poultry and
backyard or hobbyist flocks beginning in January 2022. These are the first detections of HPAI A(H5) viruses in the U.S. since 2016.
Preliminary genetic sequencing and RT-PCR testing on some virus specimens shows these viruses are HPAI A(H5N1) viruses from
clade 2.3.4.4.

States Affected Counties Affected Reported Outbreaks

il 659 1,622

CDC. Avian influenza. https://www.cdc.gov/bird  -flu/situation -summary/data -map -commercial.html

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection.

Download Data

Choose time period Choose species for International

Total Outbreak Cattle

Situational Update

In the Total Outbreak, in Cattle, there were:
977 Confirmed Cases in 17 States

Number of Confirmed Cases in Cattle by State, T ek
Total Outbreak Wito10 MW51t075

W 11to25 | 75+

ME

CTRi

USDA. HPAI Confirmed Cases in Livestock. https://www.aphis.usda.gov/livestock -poultry -disease/avian/avian -
influenza/hpai -detections/hpai -confirmed -cases-livestock



d the Emergence of HPAI H5N1 clade 2.3.4.4b
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. Survelllance is the key to assess and prevent outbreaks
Reliable surveillance depends on reliable diagnostics tools
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North Atlantic May Be a New Route for Spread of Avian Flu to North
America

By Communications and Publishing M

2014

The North Atlantic region is a newly discovered important pathway for avian influenza to move between Europe and North
Armerica, according to a US. Geological Survey report published today
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Joseph U, et al. Influenza Other Respir Viruses 11(1): 74 -84, 2016. PubMed: 27426214
https://www.usgs.gov/media/imagesl/illustration ~ -showing -migratory -bird -paths -across-pacific
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# Prophylactics &
therapeutics
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. Vaccine production methods A

C@

Egg-based s Cell culture -based

A Most used method ! A Approved by the FDA in 2012
|

1 A Candidate viruses are grown in
cells such as:

A MDCK (NBL-2) cells (ATCC®
CCL-34™)

A 293.STAT1 BAX KO cell line
(ATCC CRL:-1573-VHG™)

A Process that has been around
for >70 years

A Candidate viruses are grown in
chicken eggs and t he resulting
viruses are then either

Inactivated or attenuated

Recombinant technology
A Approved by the FDA in 2013

A Synthetic vaccines are
produced with baculovirus
vectors using HA genes from
strains of interest

MRNA

A Combined influenza and COVID -
19 mRNA vaccines are in
development as well as
monovalent clade 2.3.4.4b H5N1
MRNA vaccines

A No flu vaccines using this
method have yet been approved
by the FDA

A These baculovirus vectors are
propagated in Sf9 cells such as
ATCC CRL:1711™

24
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A Candidate vaccine viruses (CVVs) relevant to the upcoming flu
season are recombinedwitha 3 hi-ghowt h donor Vvirus;
such as A/Puerto Rico/8/34  (PR8), which usually grows well in
embryonated chicken eggs.

-~ A A/PR/8/34 uses A ATCC® A/PR/8/34 variants
A Vaccines A ATCC® VRO5™ (egg grown)
A Reassortment A ATCC® VR95PQ™ (high titer)
A Vaccine backbones A ATCC® VR1469™ (cell culture

A Chimeric genes grown)

A Respiratory disease research
A Antiviral studies

A Assay development

25



. Antiviral drugs against influenza virus

Anti -Viral Resistance

1d ity 2005 2011 2018
entifie Oseltamivir  Laninamivir Favipiravir
2003 &
Rimantadine 2012 Baloxavir
1985 1995 Zanamivir
Amantadine Ribavirin
A A
1960 1970 1980 1990 2000 2010
\
1966 1986 1993
Amantadine Ribavirin Rimantadine
2018
2.094 . Baloxavir
: : 1999 Favipiravir
Anti -Viral Drug Zanamivir &  (T-705) e i

Approval QRIS Peramivir  Laninamivir

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection.



__

>~

Catalog : : . Antiviral Drug Resistance and
Strain designation . : .

number Corresponding Mutation Profiles

VR-1987™ A/Washington/10/2008 Amantadine, rimantadine, M2: S31N

_ Amantadine, rimantadine, M2: S31N;
VR1988™ A/Washington/29/2009 _ o
Tamiflu (Oseltamivir), NA: H275Y

VR-3441™ A/Connecticut/11/2023 Tamiflu (Oseltamivir), NAI223V and NAS247N

5 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection. Tamifluis a registered trademark of Hoffmann  -La Roche Inc.
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. FDA milk testing for HSN1 detection
ATCC

HPAI H5 Subtyping in Milk and Milk Products Using
RT-qPCR

*EXPIRATION 12/2025*

The recent emergence of the Highly Pathogenic Avian Influenza (HPAI) in cattle in
the U.S has elevated concerns over whether the virus can result in contamination of
the milk supply for humans and animals and has spurred the need for effective and
efficient testing of milk for HPAI. Currently, molecular diagnostic tools are being used
to screen milk for potential HPAI contamination, but confirmation must be
accomplished through traditional propagation methods to determine if any viable
virus is present in the milk. To support response for this event, FDA will screen milk
and milk products for Influenza A virus (lAV) followed by HS subtyping and submit
positive samples to a diagnostic laboratory for confirmation testing.

From the FDA protocol for milk testing
https://www.fda.gov/media/180739/download

29
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. Influenza detection and diagnostic testing methods

Rapid Influenza Diagnostic
Tests (Antigen Detection)
Rapid Molecular Assays
0 (Viral RNA Detection)
Immunofluorescence
~ Assays (DFA, IFA)
RT-PCR and gRT-PCR:
Viral Culture
B Serological Testing




. Clinical diagnostic tests
Laboratory -Developed Test

Commercial IVD Test

CLIAcertified lab

S

Manufacturer
nt & validation

|
<>
Test developme

Test kit

y

o°
1Ijjee

|
o

FDA-approved kit

o
Test kits purchased by labs Test performed by CLIA lab

&

Healthcare provider review

can Type Culture Collection.

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri



. ATCC® offerings for test validation and 510k clearance

Sensitivity, LOD, and specificity

Influenza

A Influenza products ( viruses, native
RNA, synthetic RNA, and antisera and
monoclonal antibodies)

A Influenza A

A HIN1, HIN1, pdm2009,
H3N2, H3N8, H5N1, H5N2,
H5N6, H7N7, H7N9, HON?7,
HION2

A Influenza B
A Victoria and Yamagata

A Strains used in 510k clearances

A Strain recommended in FDA
draft guidance documents

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri

Non -Influenza
Respiratory Pathogens

A Adenovirus (A-F)

A Seasonal CoV (229E, OC43,
HKU1, NL63)

A SARSCoV and CoV-2

A MERSCoV

A Human Metapneumovirus

A Parainfluenza (1, 2, 3, 4a, 4b)

A Rhinovirus / Enterovirus (A -E)

A RSV (A, B)

A Bordetella pertussis and B.
parapertussis

A Chlamydophila pneumoniae

A Mycoplasma pneumoniae

A Mycobacterium tuberculosis

can Type Culture Collection.

e

ATCC’

Cross Reactivity Panel

A Commensals and other non
respiratory pathogens

Browse our
portfolio




Composition of Virome Analytical Refence Materials

\‘ """"
Human herpesvirus 5 strain AD169 (ATCC ® VR-538™)

Enveloped q
i} Human mastadenovirus strain F (ATCC® VR931™)
Influenza B virus strain B/Florida/4/2006 (ATCC ©® VR-1804™)
)
Zika virus strain MR 766 (ATCC® VR-1838™)

L
N
(@ Cins ) % Reovirus 3 strain Dearing (ATCC® VR-824™)

(471 RNA) =) Human respiratory syncytial virus strain A2 (ATCC ©® VR-1540™)

Intended Content ATCC? Number of Specification
Use Catalog No. Organisms (ddPCR)

Applications

2 x 103 genome

Virus Mix MSA-2008™ 6 copies/uL Der Virus
Virome PIES/HL P A Assay development, optimization,
Analysis verification, and validation.
A Reproducibility assessment (routine QC).
4
Nucleic Acid Mix ~ MSA-1008™ 6 2 x 10% genome

copies/uL per virus

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection. ddPCRIs a registered trademark of Bio -Rad Laboratories, Inc.



. 10 new Influenza synthetic RNA products
Quantitative BSL -1 analytical reference materials

ATCC® Product Influenza strain used for design :
woperineage EFE NN
-— = =
iSD B
Sdlfrrﬁfl

VR-3384SD™ B/Malaysia/2506/2004 (Victoria lineage) = ==

sD
G Symr.
gvirus /e Synthe

VR-3385SD™ B/Brisbane/60/2008 (Victoria lineage) 250617 Lty

;ntheti;\:lr )m L

1 lhetic

T '32 i sHIN1)pdT
E s 529/2009

72465 ¢ < i«

VR-3386SD™ A/Brisbane/59/07 (H1N1) = | = <k
VR-3387SD™ A/Hiroshima/52/2005 (H3N2) — - o - -
VR-3388SD™ A/Netherlands/2629/2009 (H1N1pdm2009)

VR-3436SD™ Al/white -tailed eagle/Japan/OU -1/2022 (H5N1) . . . . .
VR-3437SD™ A/Shanghai/4664T/2013 (H7NO) as o= a8 == =3
VR-3438SD™ Alchicken/Wenzhou/334b/2013 (H7N7) wete  mnewc TS )EZ?::‘?{@ v
VR-3439SD™ Algoose/Guangdong/GS018/2015 (HSNG) e B B W

VR-3440SD™ Alostrich/Yunnan/438/2014 (H9N2)

© 2025 American Type Culture Collection. ATCC product identifiers marked with the TM symbol are trademarks owned by the Ameri can Type Culture Collection.



. 10 new Influenza synthetic RNA products
Quantitative BSL -1 analytical reference materials

A Two transcript design covering 5 genome segments
A Transcript A contains HA and NP
A Transcript B contains M1/M2, NA, and NEP/NS1

A Quantified by ddPCR
A 1x105to 1 x 10° copies/pL

A Polybasic cleavage site removed in HPAI viral products

35

ddPCRis a registered trademark of Bio -Rad Laboratories, Inc.



Validation of influenza synthetic RNA products
Quantification by ddPCR

ATCC® Product Influenza strain used for design L
: J A Product specification range of 1 x 10 5to 1 x 106 genome
(subtype/lineage) . :
equivalent copies/pL.
VR-3436SD™ Al/white -tailed eagle/Japan/OU -1/2022
(H5N1)
A Quantification of transcript A, targeting the gene HA A Quantification of transcript B, targeting the gene M
A The assay used is from Hoffmann et al., 2016, doi: A The assay used is from the CDC Flu SC2 multiplex assay
10.1038/srep27211 and has been cited by the WOAH (OIE)
6000 6000
5000 5000
4000 | 4000 K
% 3000 - '-,- éau{m
£ : £
2000 S . 2000 |
1000 1000 | e Sne -“ . ) -
0 H H H H H H
BO7 BOS BOS co7 coa cog Dao7 Dog Doa Go7 GOo8 Go9

BO1 BO2 BO3 o coz co3 D01 Doz D03 GO1 Go2 G03

© 2Uz5 AMENICan |ype Luiture LOIECUON. A1 LL Proauct I0enuTiers markea witn te 1 vi Symool are ragemarks ownea ny me Ameri can 1ype Luiure Lolecton. ddPCRis a registered trademark of Bio -Rad Laboratories, Inc.



. Performance Validation of Influenza Synthetic RNA

Comparative performance as analytical reference material or positive control

ATCC® Product Influenza strain used for design

(subtype/lineage)

VR-3436SD™ Al/white -tailed eagle/Japan/OU -1/2022
(H5N1)

H5-specific assay cited by the WOAH (OIE)

Amplification
Standard Curve

5]
o
1
I

m 9RNA 34 _______________ “‘“»«7& __________ ___________________ ____________________ __________ R2=0.999 ]

40 _ I N W i I | . Slope = -3.379
Synthetlc RNA 32 e m— - o) g e s E E A
= | e I i | Tk i
E B0 o ;; Q 30 __ ................... ................... Xﬁ“th ................................................... J
= I ; 5 : TN ; _
E ........................................................................................................ 28 _: ................... ................... HE“‘--\XHE ........... ............ __
26 __ ................... Sy ................... ............ H‘“‘uhx ....... ]

10 1

Log Starting Quantity

3]
o
f I
l \h
e,
!
k:
N
A
%

0+ T O  Standard
0 10 20 < Unknown . .
—— FAM  E=97.7% R"2=0.999 Slope=-3.379 y-int=41.203

Cycles
ATCC data using an assay by Hoffmann et al., 2016, doi: 10.1038/srep27211
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ATCC data using an assay from the CDC Flu SC2 multiplex assay
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N | | N ATCC
Product utility as an analytical reference material or positive control
ATCC® Product Influenza strain used for design
(subtype/lineage)
VR-3440SD™ Alostrich/Yunnan/438/2014 ( HON2)
CDCAs universal i nfl uenza A assay targeting the M
m gRNA R? = 0.997
Slope =-3.820

Synthetic RNA

ATCC data using an assay from the CDC Flu SC2 multiplex assay
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