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We identified 2 poultry workers with conjunctivitis
caused by highly pathogenic avian influenza A(H7N3) vi-
ruses in Jalisco, Mexico. Genomic and antigenic analyses
of 1 isolate indicated relatedness to poultry and wild bird
subtype H7N3 viruses from North America. This isolate had
a multibasic cleavage site that might have been derived
from recombination with host rRNA.

Ithough wild birds might be infected with influenza
A(H7) viruses, outbreaks among poultry are rare.
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Human infection with influenza A(H7) virus is rare but
has been documented after direct contact with infected
birds (/). Conjunctivitis or upper respiratory tract symp-
toms developed in patients infected with this virus, and
outcomes ranged from mild disease to death (/,2). In
North America, 6 persons infected with influenza A(H7)
virus have been reported; all patients recovered (2—6). We
report the cases of 2 poultry workers with conjunctivi-
tis caused by highly pathogenic avian influenza (HPAI)
A(H7N3) viruses during poultry-related outbreaks in
Jalisco, Mexico (9).

The Study

In June 2012, outbreaks of (HPAI) A(H7N3) virus in
poultry on farms throughout Jalisco State were reported by
the National Service for Health, Safety, and Food Qual-
ity in Mexico (7,8). A 32-year-old poultry worker who re-
ported irritation in her left eye was examined at a clinic in
Jalisco on July 7. Bilateral conjunctival swab specimens
were collected and sent to the Institute for Epidemiologic
Diagnosis and Reference (InDRE) in Mexico City, where
H7 subtype virus infection was confirmed by real-time re-
verse transcription PCR (RT-PCR). HPAI A(H7N3) virus
had been suspected because the patient collected eggs on a
farm that had had HPAI A (H7N3) virus infection among
poultry. The Mexican International Health Regulation au-
thority reported the case to the World Health Organization
on July 19.

Several days later, a 52-year-old man, who was related
to the first patient and worked on the same farm, visited a
local clinic and reported conjunctivitis. Conjunctival swab
specimens from this patient were also positive for H7 sub-
type virus infection by real-time RT-PCR. Both patients
were treated symptomatically and recovered without se-
quelae (5). We describe characteristics of the virus isolated
from the 32-year-old woman.

Conjunctival swab specimens were placed in virus
transport medium and shipped to InDRE for diagnostic
testing. RNA from clinical samples was extracted by us-
ing the QIAamp Viral RNA Mini Kit (QIAGEN, Valen-
cia, CA, USA) according to the manufacturer’s protocol.
Samples were subjected to real-time RT-PCR by using
an H7 hemagglutinin (HA) gene—specific assay. Viruses
were isolated from RT-PCR—positive clinical samples
collected from each eye by inoculating embryonated
chicken eggs and incubating them for 48 h before har-
vest of allantoic fluid. Isolates were sent to the Centers
for Disease Control and Prevention (Atlanta, GA, USA),
where virus was reisolated in embryonated chicken eggs
for further characterization.
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Figure 2. Multibasic cleavage sites
cleavage

of highly pathogenic avian influenza
(HPAI) A(H7N3) virus isolated from
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Nucleotide sequences of 8 influenza A gene segments
from a virus isolate were generated by semiconductor
next-generation sequencing with Ion PGM (Life Technolo-
gies, Carlsbad, CA, USA) and MBTunil2 and MBTunil3
primers as described (9) at InDRE/Instituto Nacional de
Enfermedades Respiratori and by RT-PCR of overlapping
fragments of each gene by using H7N3 subtype and avian
influenza virus—specific primers at the Centers for Disease
Control and Prevention. Sequences were aligned and phylo-
genetic trees were constructed from each gene alignment by
using a neighbor-joining approach implemented in MEGAS
(www.megasoftware.net/) with 1,000 bootstrap replicates.

Genomic sequences confirmed that the conjunctivitis
was caused by infection with an HPAT A(H7N3) virus close-
ly related to HPAT A(H7N3) viruses collected during poul-
try outbreaks in Jalisco State (Figure 1, Appendix, wwwnc.
cdc.gov/ElD/article/19/9/13-0087-F1.htm). The full genome
of 1 isolate was deposited in GenBank under accession no.
CY'125725-32. Like reported avian A(H7N3) virus sequenc-
es from Jalisco, the human isolate had a multibasic cleavage
site indicative of an HPAI A virus (7) (Figure 2). Genetic
similarity of nucleotides at the cleavage site suggested that
this region was inserted into the H7 HA gene at the site of
HAO protein cleavage by nonhomologous recombination of
host rRNA from an unknown source (7). Comparison of this
protein sequence motif with other HPAI and low pathoge-
nicity avian influenza (LPAI) H7 viruses showed that this
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sequence indicated a novel cleavage site not observed in in-
fluenza A virus HA gene sequences (Figure 2). However,
multiple arginine amino acids in this motif would be pre-
dicted to result in a highly pathogenic phenotype in chickens.

Phylogenetic trees of HA and neuraminidase (NA)
genes indicated high similarity of HPAI A(H7N3) viruses
detected in Mexico and LPAI viruses collected from wild
birds and poultry in North America (Figure 1). HA genes
clustered with LPAT A(H7N9) viruses from turkeys, geese,
and guinea fowl in the United States during 2011 (/0). The
N3 NA genes grouped with LPAI viruses of various sub-
types, clustering most closely with viruses collected from
wild birds in the midwestern United States in 2009. Inter-
nal genes also clustered with LPAI viruses from various
subtypes collected primarily in California in 2010 (online
Technical Appendix, wwwnc.cdc.gov/EID/article/19/9/13-
0087-Techappl.pdf). An exception was the polymerase
acidic gene, which was most closely related to an H11N9
subtype virus from Mississippi.

HA and other protein gene alignments were assessed
for putative markers of virulence, mammalian adaptation,
receptor-binding specificity, and antiviral drug resistance.
Besides the multibasic cleavage site, the virus had typical
avian consensus amino acid residues in the HA protein
at positions involved in preferential receptor binding to
avian sialic acid receptors (amino acids Q226 and G228
by H3 numbering). Avian consensus sequences at other
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Table. Hemagglutination inhibition titers of North American and Eurasian lineage influenza A (H7) viruses from wild birds, poultry, and

humans*

Antigen Virus and titer

Reference CN/444 CN/504 MX/7218 GS/NE TK/NA NY/107 TK/MN NL/219 DK/VN
A/Canada/RV444/2004 H7N3 80 320 80 80 80 80 80 160 10
A/Canada/RV504/2004 H7N3 160 320 160 160 80 80 160 160 20
A/Mexico/INDRE7218/2012 H7N3 160 320 160 160 80 80 160 160 20
A/GS/Nebraska/17097-4/2011 H7N9 160 320 160 160 80 160 80 160 20
A/TK/NVirginia/4529/2002 H7N2 160 320 160 160 320 1,280 20 80 20
A/New York/107/2003 H7N2 160 320 80 160 160 160 10 80 20
A/TK/Minnesota/0141354/2009 H7N9 40 80 40 80 20 20 80 40 5
A/Netherlands/219/2003 H7N7 20 40 10 40 20 5 40 160 10
A/DK/Vietnam/NCVD-197/2009 H7N3 80 160 80 20 5 10 20 40 80

Test
A/Canada/RV444/2004 x PR8 (H7N3) 160 320 80 160 80 80 80 160 20
A/GF/Nebraska/17096—-1/2011 (H7N9) 320 640 320 640 160 320 640 320 40
A/CK/Arkansas/10/2008 (H7N3) 160 320 80 160 80 80 320 80 20

*Homologous titers of reference antigen to serum samples are indicated in boldface. CN, Canada; MX, Mexico; GS, goose; TK, turkey; NY, New York;
NL, The Netherlands; INDRE, Institute for Epidemiologic Diagnosis and Reference; DK, duck; GF, guinea fowl; CK, chicken.

motifs/amino acid positions in proteins of interest were
identified, suggesting that the virus had not accumulated
described mammalian host adaptive mutations or known
virulence markers.

Antigenic characterization was performed by using a
panel of ferret antiserum in hemagglutination inhibition (HI)
tests with turkey erythrocytes as described (/7). The HI as-
say demonstrated relatedness of HPAI A(H7N3) virus with
other H7 subtype viruses from North America and a high
level of cross-reactivity with the current H7 World Health
Organization prepandemic vaccine candidate, A/Canada/
1v444/2004, and other North American and Eurasian lineage
H?7 viruses (Table). Antiserum against HPAI A(H7N3) virus
was cross-reactive with North American and Eurasian lin-
eage H7 subtype viruses but showed higher levels of heterol-
ogous cross-reactivity with recent H7 viruses collected in the
United States and a greater reduction in heterologous titers
against Eurasian lineage H7 viruses. Although there were
several amino acid differences compared with older North
American H7 HA1 protein sequences (27-32 changes), only
5 changes were identified when compared with A/Canada/
rv444/2004 virus, indicating a high degree of genetic conser-
vation among this group of H7 viruses.

To determine the drug concentration required to inhibit
50% of NA activity, we preformed a functional neuramini-
dase inhibition (NAI) assay. A fluorescent NAI test was
conducted as described (/2). Oseltamivir-sensitive HIN1
subtype virus (A/Texas/36/91) and its oseltamivir-resistant
counterpart with mutation H274Y (N2 numbering) were
included as controls. NAI assays showed that the virus was
sensitive to neuraminidase inhibitors (zanamivir and osel-
tamivir). No putative markers of antiviral drug resistance
were identified in either NA or matrix genes.

Conclusions
Emergence of a novel (HPAI) A(H7N3) virus is a
reminder of the devastating effect this virus can have on
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poultry industries and its potential for interspecies trans-
mission. The finding that the HA cleavage site of this virus
was probably a result of nonhomologous recombination,
as described for other avian influenza A(H7) virus out-
breaks, underscores the potential for emergence of HPAI
H7 viruses (/3,14). Established mammalian models of
ocular infection with H7 subtype influenza A viruses asso-
ciated with human conjunctivitis demonstrated that these
viruses replicated efficiently in eye and respiratory tract
tissues (/5).

Although further studies are needed to investigate in
vivo transmissibility of this virus, direct transmission of
this virus from infected poultry to humans remains a threat
and warrants use of personal protective equipment (includ-
ing goggles for eye protection) and monitoring persons at
risk to prevent additional cases in humans. Health authori-
ties should consider avian influenza A virus infection in
patients who have conjunctivitis or influenza-like illness
and contact with poultry in areas with known avian influ-
enza outbreaks.
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Highly Pathogenic Avian Influenza A(H7N3)
Virus in Poultry Workers, Mexico, 2012

Technical Appendix

Technical Appendix Figure (following pages). Phylogenetic trees of A) polymerase basic 2, B) polymerase
basic 1, C) polymerase acidic, D) nucleoprotein, E) matrix, and F) nonstructural protein genes of highly
pathogenic avian influenza (HPAI) A(H7N3) virus isolated from a poultry worker with conjunctivitis in
Jalisco State, Mexico, July 2012, and other influenza viruses. HPAI A(H7N3) viruses from Mexico
indicated in boldface. Bootstrap values >60 are shown above or below branches in each tree. *Indicates

viruses detected in 2011 or 2012. Scale bars indicate nucleotide substitutions per site.
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Adavian/MNyISg 00343/2000 HYNZ
Adavian/Ny'fSg 00385/2002 HTN2

—
0.005

Adchicken/NY15g 003832001 HTN2

Adavian/MNy'’5g 00351/2000 HTNZ
Adchicken/NY/12273 1111939 HTN3

89 b Adavian/NYiSg 00327/1999 HTN3
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Adenw/CalT451/2010 HTN3

(AN shoveler\Wash/44245 T45/2006 HTN3
100 | AN shoveler/Wash/44249 783/2006 HTN3
r A/n pintail&laskal/d4344 63372007 HTN3



g4 | A/n shovelerMissi030 564372009 HTNT

8% | A/n shoveler/Missis/090S643/08 HTNT

55 |L AjAme g-wg teallMissi0S0S048/2008 HFNT
AlmallardiVisconsin/2575/2008 H3N2
98 | A/mallard/Wisconsin/27192009 H4N2
Ajb-wg teallGuate/CIP049-05/2010 H3NS
Almallard/Cal1390/2010 HTNS
/Mexico/inDRET218/2042 *

60 Ajn shoveler/Cali3483/2010 H12N5

81

Afdk/PAM 4358572001 HTN3
Admallard/Dela/418/2005 HTN3

qog (AJenviindiana/02052857/2003 HTN3

&e AJenviindiana/08052885/2008 HTN3

2 Adamerican black duck/llinois/3854/2009

Adn pintailAlberta/32008 H3NE
i Adenvi/CalT451/2010 HTN3
88 L A/mallard/MissouriMO130/2005 H11N3

Aln shoveleriWash/44249-T33/2006 HTN3
9% Aln shoveler/Cal44287-184/2007 HTNT
{Mrud turnstone/Dela/760/2006 HTN3

100 (A/mallard/Alaskard4187-130/2006 HTM3
80 AJmalliard/interior Alaska/sMP0O934/2006

gz L AsmallardiALB/114/1998 HFNS
[ 100 A/dkGuangdong/1/1596 HTNS
Adrud turnstone/Dela Bay/1 3519596 HTN3
Almallardislbertal34/2001 HTN1
Almallard/Albertal27/2001 HTN3
a1 || A/mallard/Albertal22/2001 HTN3
82 L A/mallard/Albertar24/01 HTN3
99

100 rA.I‘turkey.fr.-'IinnesntaH.HQ&E H7NG
|A.I‘tu rkey/Minnesotal35425/1588 HTNS

AlemuiTX25414/1585 HTN2

1—Mmﬂl|ﬂrd dkialberta/435/1985 HTN3

Admallard/Alberta/195/1985 HTN3

4‘— Admallard/Ohio/421/1887 HTNS

Admallard/Alberta/243/2008 HTN3

a7 Ajrud turnstone/NJ/563/2006 HTNZ

gg | A/mallard dk/ALB/4B/1976 HTN3

100 Addi/Alberta/481976 HT

L—— Afmallard dk/ALB/RZ24/M97T HTNS

64

Afturkeyw/Oregon/1971 HTN3
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100

50

98

Altume gre-wg teallCalid4287-T13/2007 HTN
Adn shoveler/wash/442459-550/2006 HTNS
Ajdume gre-wg teallCali28855/2007 HTN3
Adn shoveler/CalfiZ8327/2007 HTN3

62 | A/n shoveler/Cali44287-364/2007 HTN3

64

AlAme gre-wg tealfCalid4242-906/2007 HTN
Afcinnamon teallCallNG11/2006 HTN3
Admallard/Alaska/£4300-075/2007 HTN3

Adcinnamon tealfCalllN1310/2007 HTN3

Alsme coot/Cali20116-002/2007 H7N3

Adn shoveler/CallHKWF1372C/2007 HTN3

Ajb-wg tealBarbados/21/04 H4N3

Adenviindiana/08052857/2008 HTN3

98 | Afenviindiana/08052885/2008 HTN3

AlCanada goose/BC/3752/2007 HTN3

Algre wg tealCallakKS1370/2008 HTN3

Adrud turnstone/Dela/T52/2008 HTNT

Admallard/Dela/418/2005 HTN3

Adn shoveler/Calid44287-164/2007 HYNT

AJn shoveler/CalHIKWF1026/2007 HTM3

67

—|7Nmalla rd/Alaskald4430-052/2008 HTN2
100 | 72 Almallard/Missouri220/2009 HTN3

og | AlAme gre-wg tealCalid4287-084/2007 HTN
Afn shoveler/Cal2TE20/2007 HTN3

T 4|7 Ajchicken/arkansas/10/2008 HTN3
59 Afchicken/SKMHR-00011/2007 HTN3

AiMexico/inDRET218/2012 *

AJgre-wg teallCali3326/2008 HINZ
Almallard/Wisconsin/4230/2008 H10N1

91

AdenviCalT451/2010 H7N3

AJAme gre-wg teal/Missi0905046/2009 HTH
Altyme wigeon/CalHKWF42/2007 HEN1
Admallard/Alberta/297/2007 H2NS

AJAme gre-wg tealWisc/08053465/08 H2ZNS
Admallard/Alberta/289/2009 H2ZNS
Admallard/linois/08052711/2008 H1ONT

AfAme gre-wg tealllif08052713/08 H10NT
67 | Afmallard/Minois/08052710/2008 H10ONT
— Adn shoveler/Missi090564 32009 HFNT

67

|A.I'g|:u|:useiNehrﬂskﬂH?Dﬂ?—-t.l‘zm1 HTNG *

100 |A.l’guinea fowlNebraska/17096-1/2011HTNG =
|MmallardICaLfHK‘u‘JF'lg?'IIEEIEIT HTNT

100 |MmallardICaI.fHK'u‘JFWﬂI:J‘.'ZEIIJS HTNT
,—Ngre—wg teal'Cali11275/2008 HTNS

100 |—Mgre-wg tealCali1841/20089 H7N3

—
0.002
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AJAme g-wg teal'Cal'd4287-084/2007 HTN3
64 Aln shoveler/Cali27320/2007 HTN3
Admallard/Alaskal44300-075/2007 HTN3
AdcinnatealiCal'JNG11/2008 HTN3
AJAme g-wg teal'Cald4287-713/2007 HTN3
88 | aln shoveler/\Wash/44249-690/2008 HTNE
AJAme g-wg teallCali28855/2007 HTN3
AJAme g-wg teal/Calid44242-506/2007 HTN3
Alg-wg tealiCal'1 1275/2008 HTN3
— AJ/n shoveler/CalHIOWF1026/2007 HTN3
Admallard/CarHIOWF1971/2007 HTNT
T3 Admallard/CalHIKWF1971C/2008 HTNT
AfCanada goose/BCI3TS2/2007 HTNS
a1 AJn shoveler/\Washi44249-T33/2006 HTN3
g5 |: Adgreen wing teal’CallAKS1 370/2008 H7MN3
Adn shoveler/CallHKWF2031/2008 HTN3
Aln shoveler/Wash/44249-T49/2006 HTN3
72 62 ! A/n shoveler\Wash/44248-752/2006 HTN3

I7

Ajb-wing teallOhio/565/2006 HTND
Adrud turnstone/DE/M 538/2000 HTNS
98 ! Adrud turnstone/Dela/629/2000 HTNS

AdpintailMinnesotal/d23/1999 HTN3
| Afgoose/MNebraska/17097-4/2011 HTND =

99 L— AJguinea fowlNebraskal17096-1/2011 HTNG *
— A/mallard/albertal242/2004 H2N3
— A/mallard/Alaskal/44050-056/2006 H12NS
— AJpintailAlberta/49/2003 H12N5
Admallard/Cali3212/2008 HEN1
Almallardialaska/s4187-1300/06 HTN3
Almallard/Alaskard4187-130/2006 HTN3
AlmallardWisconsin/454973/2006 HSN2
1 Afmallard/in Alaska/SMP0S842006 HTN3
Admallard/albertas221/2006 H12N6
Almallard/Cali8457/2008 HEN2

_&n_'iﬁh"ﬂ shoveler/Cali3183/2010 H11M2

AlMexico/inDRET218/2012 =

96

9 Almallard/Cal19524-001/2005 HENS
AlmallardiAlaskalé4244-158/2006 H4NG
893 ' A/mallard/slaskai44243-025/2006 H4NB
Aldk/ABIAFLBsET34c16/2007 HT

Almallard/Manyland/423/2001 HTN3

Adame black dkiMaryland/424/2001 HTN3
Admallard/MNA1 8788 HTNS
Almallard/MN/B8/S8 HTN3
_33_|:Mn shoveler/Call44287-164/2007 HTNT

AlcinnatealCalJN1310/2007 HTN3
AMSSC ck/B Columbia/D4 HTN3
Alchicken/Canada/314514-1/2005 HTN3
ga |AenviCanada/av41/2004 HTN3
AJchicken/B Columbia/NS-01327-4/2004 HTN3
AMNZSC ck B/B Columbia/l4 HTN3
Alchicken/B Columbia#GSC human B/04 HTN3
AfCanadalryS04/2004 HTN3
Alchicken/Canadar314514-2/2005 HTN3
Alchicken/B Columbia/l4 HTN3
Alemu/TXI25414/1985 HTN2

Afmallard/MN/284/98 HTN3

Adrud turnstone/Dela Bayi135/1996 HTN3
G4 AjdkiGuangdong/1/1996 HTN3

99 T Afchicken/NY /147 14-211999 HTH3

| Alchicken/Ny /147 14-9/1999 HTN3
AjQuailArkanzas/16309-7/94 HTN3

Adturkey/Utah/24721-10/95 HT N3

0.005
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99

85

78

98

Adrud
Adrud

Adrud
99

Adrud
Adrud
Adrud
Adrud

Adrud

Ajshorebird/Dela Bay/552/2006 HTN3

turnstone/Dela Bay/281/2008 HTN3
turnstone/NJ/1792006 HFNS
turnstone/NJ/5E92006 HFNS
turnstone/Dela Bay/279%/2008 HTN3
turnstone/Dela Bay/282/2008 HTN3
turnstone/NJ/M 5962008 HTN3
turnstone/Dela/7T78/2006 HTN3
turnstone/Dela Bay/283/2006 HFN3

L AJrud turnstone/MN /5632006 HTN2

AJN shove

91

—=L

Adrud turnstone/Dela/T60/2006 HTN3
99 |_

Adrud turnstone/Dela Bay/262/2006 HTN3
09 AJN shovelerWash/44245 654/2008 HTN3

ler/CalHKOWF1372C/2007 HTN3

Admallard/Alaska/T08/2005 HEN4
AdgadwallOhio/37/1995 HENZ

9 gg (A/n pintail Texas/184/2002 HEN4
Adn pintailTexas/161/2002 HENZ

Afmallard/in Alaska/SMPOSTS2006 H3NS
89 | gymallard/in Alaska/SMPOT58/2006 H10NS
—  A/Mexico/InDRE7T218/2012 *

gg — A/mallard/Minnesotal5g-00103/2007 H3NE
Admallard duck/Minne/Sg-00103/2007 H3NS

Altme g-wg tealMissir3E3/2010 H11NS
AJAme g-wg tealMissi300/2010 H11NS

ArhealN Car/39482/1993 HTN1
gg - Afrud turnstone/Dela Bay/135/1996 HTN3
71 imawauangdnngrmgaa HTN3

Afturkey/Utah/24721 10/1895 HTN3

AJavian/N'f5g 0033041998 HTN3

949 Adchi
Alav

cken/Wy' 14714 2/1999 HTN3
ian/N'/5q 00325/1555 HTN3

99— Afgreen wing teallALB/228/1985 HTN3

L AdiAlberta/dSETE HT

Afb wing teallALB/221/1973 HTH2
| Afturkey/Minnesota/1200/1980 HTN3

L A/maliard di/Alberta/435/1985 HTNG

AfmallardiAlberta/195/1989 HTN3

72 a9 LA.I‘turkeyJ’MNJ‘EJiSEEHESE HTN3

AJpintailAlbertal21/1879 HY

0.005

Admallard dk/ALB/224/1877 HTNS
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