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Reporting Requirements for Novel Influenza A Infections in
Humans

Q In 2007, novel influenza A infections nationally reportable to the
National Notifiable Diseases Surveillance System

0 Novel influenza A viruses = those that are different from
currently circulating human H1 and H3 viruses

0 Includes those that cannot be subtyped using standard methods
and reagents



Inter-Agency Agreement between CDC and USDA

Collaboration between the Influenza Division and USDA, Animal and Plant Health Inspection Service (APHIS)
National Veterinary Services Laboratory (NVSL).
Development of a National Swine Influenza Virus (SIV) Surveillance Program

Rapidly detect changes in swine influenza virus to increase the knowledge of the Impact of SIV changes on swine health
— Risk assessment
— identify swine influenza viruses that may pose a threat to human health (ie H2N3, H3N1)
— co-ordination of surveillance during human outbreaks
— develop improved human biosafety practices to minimize transmission
— Share viruses/reagents

Use of viruses/data from swine influenza surveillance
— Mouse and ferret pathotyping
—  Flu diagnostic assays
— Antiviral resistance testing
— Antigenic comparisons
—  Pre-pandemic Vaccine Development
— Human population immunity

Provide diagnostic, epidemiologic, and experimental data regarding SIV infection to swine stakeholders
develop new diagnostic reagents for swine
provide material for vaccine updates
improve biosecurity practices to minimize transmission.



Evaluate mutations and how they affect flu diagnostic assays

Current FDA approved CDC Flu rRT-PCR Dx Panel rely on real-time RT-PCR primers
and probes to the following gene targets

Influenza A - M gene
Influenza B — NS gene

Human H3 — HA

Human Hlpdm — HA
Influenza A/pdm09 — NP gene

RUO - swH3 —HA
RUO —swH1 - HA

Testing Algorithms with the current CDC Flu rRT-PCR Dx Panel identifies H3v and Hlv
human influenza infections.

Surveillance for mutations in the primer and probe regions must be continually
monitored



Antiviral Susceptibility of variant viruses

* AllH3N2v and H1IN1v viruses evaluated are resistant to the
amantadine class of drugs (amantadine, rimantadine).

* CDC has deployed antiviral susceptibility testing at several
public health departments and at CDC labs.

* The pyrosequencing test used for human H3N2 and HIN1
viruses is suitable for testing variant viruses as well.

* AllH3N2v and H1IN1v viruses evaluated so fare appear to be
susceptible to the commercially available neuraminidase
inhibitors oseltamivir (Tamlﬂu®3/ and zanamivir (Relenza®).



Antigenic comparisons against current human prototype
variant vaccines

REFERENCE FERRET ANTISERA

Seasonal H3N2 H3N2v
REFERENCE ANTIGENS PE/16 KS/13 MN/11
SEASONAL H3N2
A/PERTH/16/2009 640 5 40
H3N2v
A/KANSAS/13/2009 5 640 40
A/MINNESOTA/11/2010 5 20 640
A/WEST VIRGINIA/06/2011 5 40 640
A/INDIANA/07/2012 5 40 1280
A/MICHIGAN/16/2012 5 20 1280
A/OHIO/69/2012 5 40 1280
A/OHIO/05/2013 5 40 640
A/INDIANA/04/2013 5 40 160

« Al H3N2v viruses tested are antigenically similar to the H3N2v
candidate vaccine A/Minnesota/11/2010 but antigenically distinct
from seasonal H3N2 viruses. Antigenic differences in H3N2v must
be continually monitored for vaccine match.



Summary of Swine Influenza virus circulation in pigs
and detection of human infections

15 cases since July 2011

21 cases Dec 2005 — June 2011 13 cases H3N2v
12 - rHIN1 1 case H1IN1v
1-rH1N2 1 case HIN2v
1990-1995 at least 9 cHIN1
. . 8 - rH3N2
human infections detected
sWHIN1 in trH1N1 first detected in 2009 pandemic
Fort Dix, NJ human in 1998 influenza
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Influenza A(H3N2)v activity in 2015
Two cases of A(H3N2)v were identified in the United States
- Direct swine contact was reported in both instances.

- One patient from Michigan developed illness in June and recovered following
oseltamivir treatment.

- InJuly, an immunocompromised person from Minnesota developed an acute respiratory
illness and tested positive for A(H3N2)v.

- Virus isolates from each patient belonged to separate phylogenetic groups of the
A(H3N2)v haemagglutinin tree.



Genome Comparisons of H3N2v 2005-2015

Classical Swine — North American lineage
Avian — North American lineage

— Seasonal H3N2
—————_ Eurasian swine lineage (from H1N1 pdmQ9 virus)

L3 Gene derived from HIN1 pdmO9 virus

Majority of 2011-2012 (n>300) 2013 (n=5)

2005-2010 and 2013 from Indiana (n=13) Ohio, lllinois, Indiana, Michigan

2014 (n=3)
Ohio, Wisconsin A/Minnesota/38/2015
A/Michigan/39/2015




Evolutionary Relationships Among
Influenza A Variant (H3N2) HA, 2015

e
i

o

55570 2015 H3N2
|ssour§A0149397

NRist 20082934
600

E83KV112|

N193Y V196A

2014 H3N2
9514142

§N2

A/swi éﬁﬁ'ﬁ?ys}

A/swine/lqwa/AQ
MLE’/V%&“G
A/3 |ne/

A A swm
il

[1¢[e]

i

inois 2 2014
e ! A i
4§anagsugm2v

tA01280462/2013 H3N2
ct H3N2v

P289 W

N145R

n IJ
A//-l\/f!awa /6‘??2/84 ZIQ

H3-IV(A)

11941

Q164L E2[76N K299R

Nindigrg A (SR oﬁﬂ SHUAOKG30343930430
04 mj ﬁ 3 ¢9ﬁ368373/2012 H3N2
h|0/07/ 012 H3 /swme/North Carol|na/A01410622/201 H3N2
N145K A sme/Nolrr'ge or |n A ilrflal 47 H3N2
ollna A01410709 2014 H3N2
F r4sd\fvme 5?1%6 éﬁg fﬁ}%ﬁz%ﬂ 5%5
T A?s’HFr?e/lilg/i 21 8/2011 H3N2
Alswine M ° g, on?mg%%ﬁﬁﬁ?é‘i%zma H3N2
anescﬁ/ 8{8
i b 53N2V
A/Mlnnesota 010 H3N v |ne III ISA 0144 62&1;] )
K173R R2011 1203T $262G H273P E276K K299R RSOK ATSET VI3 242V A/swme/an@?ota? %3,\‘& m
s3s /zwnﬁ/lowa A014/8A:(L)21%1 20%‘4 H3N2
vﬁ?s |%eﬂ( 0|s /Péfsﬁ !:)l ElaﬁzH3N2

4,\E3N2
ﬂ?'ﬁ%wz

Uit
Y RN
%ﬁ%)i%% H3N2

%‘bﬁ H3N2

*Awinel rﬁansas

iusxvsw}l\?\e Iov@ %4173327

GSR .Afévwm Mlnné&;é)% &&4374‘;;
;A/sz R ke

hio/02/ of§ mrﬁ@ﬁ?o'ﬂé

4319 29.3 AH§M544/2013 H3N2

@? gz rona
m%aag/ T8 PN

T107S V144E
E163A G263R

V144E E163AK173R
T107S
V144E E163A
swine/Illi
A s/wme?(ow
ﬁﬁ‘ﬁn

A/swme? |nn
yvne Mlnne o
sota
in |

G142E V223
T107S V144E E163A H273P — |

T1075 V144D E163A 1203T H273P
T48K N193S

Q57K Q197H K264R

H3-I1V(B)

S |ne

T107S N117T E163A
R20111203TH273P |

—

0132 922/2012 H3N2
A/swme

Ng

r A[swme[MmrA otj/wi].
35 T1075 N117T G142E N156H E163A 1203T L irle 0|s

N81D E83K T121N Y137N V144N N145K Y159N N193Y S199P V2041 Y233H

nff 021372814 14382 /2012 H3n2

14 H3N2
7oNE

134V D78F A106ST107S N117T N126D R140K

IA I|||'\”yvll|n 3N2
A/swme exasrﬁj/ 2 H3N2

H’
A swme/NeR as aé p12
A/swine/lo Sf)&&féﬁ‘?ﬁ é 2

Y155H Q164L K173N T192A 1203T K299R
K189R 1229V S262N

1%%9&60238% H3N2

S 5‘25675\52N 9/2012 H3|

E163A N A28 a1 g 14D QB4 N24 At y/ ey/Qn /{ /Z%/ Ef H3N2
Y159H K173N K189 N1935 H2735 E276N K298R Vidie A/swine Indlgya AOL IZC F 29&6 @gﬂ&—sz& 2012 H3N2
T NN BTSSR N
THO7SNIITTYLS5H K189R D275G K299R E276N N278K K299R A304V A/SW/I?]% (Se nsy v J/;\%%%%/Zom H3)\l
I-i A/swine/Minnes 53/0070%{2005 H3N2 wine/Missouri/A01411681/2014 H3N2
cra RSN LA g

SAN T107S A

N193S 1217V SZZSG IZGOM G263R K299R

E276N
T1075 G142K K299R

N117T K189R D275G

A swme III|n0|s/A01201
V105H V144D N14
R lKDZ75G

2012 H3N2

9 012 H3N2
NITFTVISSH

s%hnee/l\/?“hl an, 8%9 346%

%966%91 ey 0120319
/Z;b‘ﬁ 9%5 ;aﬂ")%ﬂﬂ% H3N2

D275G S279F wine,

A/swm owa

A swme lowa/01700/2007

Y155H

ans /13/2009 H3N2v
A/swm%/Is inne ota/ g‘gf até”ﬁ 907 2009 H3N2
Alewine |nn(-\(§E I}Eﬁels 8é7 gRI(y H3N2



Status of A(H3N2)v candidate vaccine virus development

Candidate vaccine viruses Type Institution
A/Minnesota/11/2010 (NYMC X-203) Conventional reassortant CDC
A/Indiana/10/2011 (NYMC X-213) Conventional reassortant CDC




HEMAGGLUTINATION INHIBITION REACTIONS OF INFLUENZA H3N2v VIRUSES

3C.3a
\% IV-A IV-B

2009-185 2012-018 2011-030 2011-060 2015-016  2012-174  2012-183  2013-003  2015-013  2015-012  2015-043 ;o1 pool -

2013/14
REFERENCE ANTIGENS Group KS/13 MN/11X-203  WI/24 HI/03 OH/13 IN/21 OH/4319 OH/2 SWITZ  vaccinees*
1 A/KANSAS/13/2009 v 5120 160 80 320 320 1280 20 320 10 160

2 A/INDIANA/10/2011 IV-A 320 -- 1280 2560 5120 5120 1280 640 640 10 160
4 A/MINNESOTA/11/2010 IV-A 160 -- 1280 1260 5120 1280 2560 320 640 < 160
5 A/MINNESOTA/11/2010 X-203 IV-A 160 -- 5120 640 640 640 320 320 160 20 80
6 A/WISCONSIN/24/2014 IV-A 160 -- 1280 1280 5120 5120 1280 640 640 10 160
7 A/HAWAII/03/2012 IV-A 640 -- 1280 5120 5120 5120 1280 640 1280 < 320
8 A/OHIO/13/2012 IV-A 320 -- 1280 2560 5120 5120 2560 640 640 < 80
9 A/INDIANA/21/2012 IV-A 80 -- 640 640 1280 2560 1280 80 160 < 160
10 A/OHIO/4319/2014 IV-B 160 -- 320 1280 1280 1280 1280 5120 5120 10 160
11 A/OHI0/2/2014 IV-B 320 -- 640 2560 2560 1280 1280 5120 5120 40 320
12 A/SWITZERLAND/9715293/2013 3c3a < -- < 20 1280 160 320 20 80 1280 80
TEST ANTIGENS

13 A/MINNESOTA/38/2015 IV-B 320 - 640 2560 2560 1280 1280 5120 5120 40 160

14 A/MICHIGAN/39/2015 IV-A 320 - 320 1280 5120 5120 1280 320 640 < 80

Indicates comparison to candidate vaccine virus

* Post-vaccine immune serum pool from adult (19-49 yrs) vaccinees



Total variant virus cases since 2005




Influenza A(H1N1)v and A(H1N2)v activity in 2015
Two cases of A(HIN1)v were identified in the United States

- A fatal case was detected in Ohio during April in a person with potential
occupational exposure to swine.

- second severe case in lowa was hospitalized in August. Direct contact with swine
was reported.

- The HA genes of both viruses belonged to the classical swine gamma lineage but
were genetically distant to the A(H1IN1)pdmO09 vaccine virus, A/California/7/2009



Genome Comparisons of HIN1v Viruses

e (lassical Swine H1IN1 — North American Lineage
Avian — North American Lineage

m—— Seasonal H3N2

_

Eurasian Swine Lineage
L_______} Gene derived from HIN1 pdm09 virus

A/Minnesota/33/2014
H1N1v

A/Missouri/12/2012 HIN1v A/Arkansas/14/2013 H1N1v 2009 Pandemic HIN1

A/lowa/39/2015 A/Ohio/09/2015 H1N1v
H1N1v



Evolutionary Relationships Among
Influenza A Variant (H1)
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HEMAGGLUTINATION INHIBITION REACTIONS OF INFLUENZA A(H1N1)v

REFERENCE ANTISERA
New New
B Y Y Y Y
pdmH1 HINlv  HIN1v HIN1lv HINlv H1N1vy Human pool-
2013/14
REFERENCE ANTIGEN Lineage CA/7 IA/L  WI/28 MO/12 MN/33 OH/09 vaccinees *
1 A/CALIFORNIA/7/2009 pdmH1 5120 2560 5120 2560 2560 160 1280
2 A/IOWA/1/2006 HIN1v (beta) 20 640 20 1280 80 2560 20
3 A/WISCONSIN/28/2011 HIN1v (gamma) | 5120 2560 2560 5120 2560 320 160
4 A/MISSOURI/12/2012 HIN1v (gamma) | 5120 5120 5120 5120 2560 1280 1280
5 A/MINNESOTA/33/2014 HIN1v (gamma) | 5120 5120 2560 5120 5120 160 640
6 A/OHIO/09/2015 HIN1v (gamma) < 80 20 20 80 5120 20
TEST ANTIGEN
7 A/IOWA/39/2015 HIN1v (gamma) | 160 80 80 40 1280 640 320

Indicates comparison to CVV

* Post-vaccine immune serum pool from adult (19-49 yrs) vaccinees



Compared to A/California/07/2009 there were 46 amino acid changes in the HA protein.

Genetic analysis of the hemagglutinin gene of the HIN1v virus detected the presence of a D222G amino
acid change in the receptor binding site (D225G in H3 numbering).

Substitutions at this position (D222N or G) have been detected occasionally in HIN1 viruses isolated
directly from swine, particularly in viruses of the HIN1pdmQ9 lineage.

In humans, the D222G substitution has been detected in viruses from severe and fatal cases of
A(HLIN1)pdmO9 infection, although D222G has also been found in humans with mild disease.

- This substitution may occur during the course of infection in humans or during serial passage in
laboratory host systems.

- In humans, this substitution is detected more often in A(H1IN1)pdmO9 viruses isolated from the lower
respiratory tract, which is a site more likely to be sampled in severe/fatal cases. This HIN1v virus was
sampled from the lower respiratory tract.

While the D222G substitution can be associated with more severe disease, its public health significance
remains unclear.

Genetic analysis of the hemagglutinin gene of this HIN1v virus also identified a substitution at position 155

(G155E) within immunodominant antigenic site B.

- Serologic studies have indicated that human A(H1N1)pdmO09 viruses with this change show reduced
binding to immune sera raised to the vaccine virus A/California/07/2009.

- Mutations as this position have been detected in HIN1 viruses isolated from swine.
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Who Region Collection Year (bin)
[l PaHO

1915 [ 1925 [ 1935 [l 1945 [l 1955 [l 1965 [ 1975 [ 1985 [l 1995 [ 2005 [ 2015
1920 [l 1930 [l 1940 [l 1950 [ 1960 [ 1970 [ 1980 [l 1990 [ 2000 [ 2010



Mexico

fu

Clade

B zha
. beta
B sarma
| D)
. Other

Number of samples per state
T

Residue
222

Allele
G

Cuba



Ongoing studies

Generation of Ohio/9 CVV

- ferret antisera production/antigenic characterization
Generation of Ohio/9 CVV without 155E

- ferret antisera production/antigenic characterization

Pathotyping in ferrets
- Ohio/9 vs. related H1v viruses (without 155 or 222 subst.)

Vaccine efficacy in ferret model vaccinated with current seasonal vaccine

- challenge ferrets with Ohio/9 wt
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