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In April 2023, an outbreak of clade 2.3.4.4b highly
pathogenic avian influenza A(H5N1) viruses carry-
ing the T271A mammalian adaptive mutation in the
PB2 protein was detected in a backyard poultry farm
in Italy. Five domestic dogs and one cat living on the
premises had seroconverted in the absence of clini-
cal signs. Virological and serological monitoring of
individuals exposed to the virus proved the absence
of human transmission, however, asymptomatic influ-
enza A(Hs5N1) infections in mammalian pets may have
important public health implications.

Since autumn 2021, highly pathogenic avian influ-
enza A (HPAI) H5N1 clade 2.3.4.4b viruses have been
detected in several continents [1] with a several spill-
over events in mammals, which have raised concern
about the ability of these viruses to infect and adapt
to humans. The polymerase activity of avian influenza
viruses (AIVs) is a known determinant of viral fitness.
However, it is still unclear why the polymerase activity
of viruses of avian origin is limited in mammalian cells.
The adaptation of avian viruses to mammals, through
natural selection processes leading to adaptive muta-
tions in polymerase proteins, is an essential factor in
increasing its replicative capacity in mammals [2,3].
Here we report a case of influenza A(H5N1) infection in
a domestic cat and five dogs living on a rural backyard
poultry farm where an HPAI H5N1 outbreak was noti-
fied; the infection in poultry was caused by an HPAI
HsN1 virus strain belonging to the BB genotype that
was characterised by the presence of a PB2 mutation
related to mammalian adaptation.
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Case description and sampling

On 17 April 2023, increased mortality was recorded in a
backyard poultry farm in the province of Brescia (north-
ern Italy). As required by current Italian legislation, a
suspicion of avian influenza was raised following the
notification to the authorities; the farm was quaran-
tined, and samples were taken to be tested for HPAI.
At the time of quarantine, 22 poultry were still alive
on the farm: two adult chicken hens, 10 chicks, eight
ducks and two geese. Mortality was recorded only in
the hens, with 16 dead animals among the original 18
hens on the farm. Deceased birds presented only cya-
nosis of the crest and wattles.

The farm is in the vicinity of several water sources,
such as ditches and a fishing pond (<300 m away), at a
distance of ca 10 km south of Lake Garda. On the farm
lived five domestic medium-sized crossbreed dogs and
one cat that were allowed to roam freely inside and
outside the farm. These animals did not present any
clinical signs at the time mortality was observed for
hens, nor in the following weeks.

The sampling protocols and timing are summarised in
Figure 1. Upon detection of an HPAI Hs virus, additional
sampling was planned for exposed humans and mam-
mals on the farm according to the timelines shown in
Figure 1.

In the first sampling, nasal swabs were collected from
10 humans (mean age: 59.5 years; range: 3—-93) who
were either residents of the farm or had occupational
exposure, while nasal swabs and blood from the same
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individuals were collected for a second sampling 6-9
weeks later. Among those sampled were the owner,
their five family members and four professionally
exposed persons, in particular three veterinarians
and one worker involved in bird culling and carcass
disposal.

In dogs, double sampling was also performed but only
of blood, given the time elapsed since the outbreak.
Unfortunately, only the first sampling could be per-
formed for the cat because it was absent on the day
of the second sampling, although it always remained
clinically healthy and was present on the farm on the
following days.

FIGURE 1

Virological investigations

Tracheal and cloacal swabs from birds and samples
from humans were analysed for detection of the AlV
genome using a real-time RT-PCR targeting the M gene
[4]. Positive samples were then analysed with two real-
time RT-PCRs for the detection of the Hs (protocol code
PDPVIR143) [5] and H7 (PDPVIR144) [4] genome, as
well as for neuraminidase subtype and Hs pathotype
by two real-time RT-PCR specific for N1 (PDPVIR1004)
[6] and for the Hs-specific multi-basic HP cleavage
site (PDVVIR1005) [7]. Tracheal swabs from the hens
resulted positive for AIV and were characterised as
HsN1 HPAI viruses, whereas the cloacal swabs from
the ducks and the goose and all samples from humans
resulted negative in all tests.

Timeline and description of samples collected, highly pathogenic avian influenza A(H5N1) infections, Italy, April 2023
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BS: blood samples; CS: cloacal swabs; NS: nasal swabs; TS: tracheal swabs.

Numbers in yellow represent the number of collected samples. In hens, five samples were collected from live and two from dead animals.
Samples were analysed in pools of up to five swabs for detection avian influenza virus genome. Samples taken from humans and other

mammals were analysed individually.

TABLE 1
BLAST search of highly pathogenic avian influenza A(H5N1) virus sequences performed in the GISAID EpiFlu database,
April 2023
Segment % identity GISAID accession number Virus strain
PB2 1 99 EPI2559964 A/black-headed_gull/Italy/23VIR1109-4/2023 (A(H5N1)
PB1 2 99 EPI2559949 A/black-headed_gull/Italy/23VIR1104-4/2023 (A(H5N1)
PA 3 99 EPI2559963 A/black-headed_gull/Italy/23VIR1109-4/2023 (A(H5N1)
A HA 4 99 EPI2559951 A/black-headed_gull/Italy/23VIR1104-4/2023 (A(H5N1)
NP 5 99 EPl2559960 A/black-headed_gull/Italy/23VIR1109-4/2023 (A(H5N1)
NA 6 99 EPI2559966 A/black-headed_gull/Italy/23VIR1109—-4/2023 (A(H5N1)
MP 7 100 EPl2559962 A/black-headed_gull/Italy/23VIR1109-4/2023 (A(H5N1)
NS 8 99 EPI2559961 A/black-headed_gull/Italy/23VIR1109-4/2023 (A(H5N1)

Source: http://www.gisaid.org.

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2023.28.35.2300441&domain=pdf&date_stamp=2023-08-31

g4

30

11906202 INGH_€207_01-08LSHINEZ Aley"Inb pajjq-sapusis”y —

Y0-90-€207 INGH €202 96LSHINEZ_AI )\ A
91-90-6207 INGH €202 8-8285MINEZ AlB) W) YoImpues v/ _

106202 INGH €207 €-SECCHINET Aell

£2-20°6202 INGH €207 9-€191INEZ Aie)

02-406202_INSH €202 L-1¥1 8" Puelod(In6”papeay-

01-20€207_ INSH €202 9602V HIAET Al b papeay-yoelq Y

Nm «o mNcN me mNoN N@EE_ZN ey :_o Evmm_lom (

€2:90-6202_INGH_€202_86SHINCZ_ABIl_Wway_owpues v M

Yelg Y
o

01206202 INSH €207 2-60ZIINEZ Al NG papeay-yoeid v
VZ-L0-€202 INSH €202 1701 LHIACZ eI "IN papea-yoeiq™y
91106202 _INSH_€202_ 1801 AIAEZ AR Inbpepeatiyoeiq"y
02606202 INSH_€202_2-99SZHIAEE AR Inbpepeat-yoelq
60°60°6202_INSH_€207_L-€SZUIAEC AR Iinbpapeau-yoeiq y
12206207 INGH €202 €-9LpLHINEZ KBl 6 papeay-yeq y
16°10°6207_INGH_£207_-680L IAGZ_KIInGpapeay-yoeiq
91-20°€202_INSH_£207_t-e8Y 1 IAEZ_A1el_|InGpapeay-yoeid
u\uwumwﬁum<

16-10-6207_INSH €207 €01 bIASZ_Ae
08-}0-6202_INSH_E20Z_ 204 PHIAEE_Afe_In6 papeay-yoriq”y
06-21-2202 INSH 2202 L0V HINEZ Aley"ING papeay-yoeiq™y
1-€0-6200 INSH €202 2-22C2dINCg ARl InG o
12206207 INSH €202 £-EEQIYIEE AR
20206202 INSH €207 C-S0ZhMINT el
12:20°6207_INGH €20 91-62h HINEZ ARl
10606202 INGH €207 2:/812MINET el

L1-20-6207 INGH €202 8-08pHINEZ AR 6 papeatyyoeiq
S8 ojopeuadied”/|-p0-6202 INSH €207 2-8S9EMIAEE Al Joker v

02206207 INSH £202 1899V MIAEZ ARG peapeayoelq ;«

81-206207 INSH £207 -8LbIMIAEE ARl B pepeatoeg =
81-20-6207_INSH_£20¢ b8y 1MIAEZ_AIBN_InG_papeau-yoey <
10-20-6207_INSH €20 790} bINEZ_AeN_InG_papeatiyoeiq
01-20-6202_INGH €207 §-C0Z4MIACZ AN InG”papeatyoerg <

2-10-6207_INSH_£202_ 1501 FMIAEZ_ABN_InG_papeau-yoeiq
81-20-6207 INSH_E20Z 1 18bIHIAEE AR M6 papeatyyorq
01206207 INSH €207 6-€0CVHINEE AR M6 papeatyoey y |_L
01206207 INGH €202 L-€0ZVHIAE AR b papeay-yoer

FTH0-6202 INGH €202 9-008EMIAE Alei famuni "y

12606207 INSH £202 L0BZHINEE AR UeYol g

I-b0-6207 INGH €202 1-0ZSEMINEZ AR koun)

0E-€06207 INSH €207 S1-Z20BMINEZ Al Uayoluo v

106202 INGH €202 £-259S d1andey ez b papeatyoeiq
20rb0£207 INSH €207 €41 208MINEE AlaI Uapoio "y

01-06207 INSH €202 +-996EHINET_ AR koun) v

90-E0-6207 INSH €207 04-L88LAINEZ el Aoy

€70z 11ady A[el] ‘uey auo woiy saouanbas snata (INSH)V ezuanjjur werae oruadoyyed A[ydiy syuowdas ouad [Te Jo $991) do13ou30[AYd pPOOYI[NI] WNWIXEIA

Vd

ad

62011202 ENSH 1202 EL-€2684IALZ_ AW [eal .
£2-601207 ENSH_ 1207 _L-22084IALZ BN np " u

42-10-2207 INSH 2202 2-L92MINZZ_RieI prezzng
06-11-1202_INSH 1202 6BE0LHIALE A1 Uayoluo .
STU0Z20Z INGH 2207 |-19LMINCE AR prezzng
80-60-6202 INGH €202 1€ 1EXINEZ Aley IInb_papeat-yoeiq”y
65" papealyoelq)

L3

100

8.8?8‘_me\za‘wsmwm_zﬁ_s
10606207 INGH €202 9-6E0ZAIAEZ A" papeau-yoeiq
10606207 INSH €202 2-1B/TINSZ AeY Inb papesyyoerq
20206207 INSH €207 2-S02h4INEZ_RI INGpapeatyoerq g
1E-L0-6202_INSH €207 604 UINEZ Al ING” pepeapoelq
21206207 INGH €202 L-H0ZIIASZ ABN G papeau-yoeiq
07-+0-6207_INGH €202 L-1¥18I Puejog |6 pepealyoeq ¥ —
6 papea-yoeq ¥
6”papeauyoed Y

6" papeay-yoe(q_y

91-10-6202_INSH_£202_t801 huIAEZ_Afel
06-21-2202_INGH_2207_s-L0LHINEZ_Ae
81-20-6202_INGH_€207_ 187 INET AT
T2-20-6202_INGH_€202_C-9ISIINEE Kell

222076200 INGH €202 2-S1SLIEZ Al
91206207 INGH €202 7-€871IET Ae)

21706207 INGH €207 100-81I87067 BLISNY YMeysob y
10-20-6202 INGH €202 901 1HIAEZ el IIn6 papeau-yoeig
82206200 INGH €202 1-/99VMIAEZ AR NG peapeat-yoeq

12206207 INSH €207 €-9L71dINEZ Kiel
92506207 INSH €20 02¢8 91ndey Yoezg uoofej suuesed y
06-106207 INGH €202 720 IIAEZ AR 6 papeau-yoeiq
1-£0-6207_INSH €202 |-606Z¥IASZ_Ae)_Ind_papeay-yoeiq v
£1-60-€202 INGH €207 Z-+E22UINEZ Ae) In6 pabbar-mojeh «m 1
2206200 INGH €207 16591 MINEZ Aell 1IN peapeai-yoelq
2106207 INSH £202 -0} LHIAEZ_ AR NG papeat-yoeiq
S1-206202" INGH €202 1000 EYL0"Wnibjag Snjeb snjeg 1« i
£0-90-6207_INGH €207 8 SPUEUOLN W] Uowwio)
01-20-€202_INSH_E202_9-€02HIAEZ_ARI 6 papeat-yoeiq_y
€1-60-6202 INGH £207_1-€€224IAES AR papeat-yoeiq
81206207 INGH_£207_ 8L HIAEZ_ AN papeay-yoeiq
51-20°6207_INSH €207 £-01ELINEZ_Aea In6papeayyoelq y
01-20-€20_INSH_£202_¢-602HIAEZ_ARI_[In6papeay-yoeig
€0-20€202 INSH €207 1-660VMIAEZ Aeil NG papeay-yoeiq"y __

2006207 INGH €207 1L Z0EMIAEZ AR UeyolLo
06-60-6207 INGH €202 G1-CZ0EMINE Al Ueyoluo
S7-40-6207_INSH_£202_7-G0L 1MIAEZ_APBN_InG_papeau-yoeiq
€2:20-6200_INGH €202 9-€19VMINEZ KBl N6 papeay-yoeiq_y
Sg7010p3uadie)”/|-40-€202 INSH €207 Z-8S9EMINET Alei Jakel y
01-20-620_INGH €207 8602 HHIAET %_ InG”papeau-yoeiq
InG” papeay-yoeiq y
INGpapeaL-yeld ¥
InG_papeatyoeiq
5 pepeayyorq”y
6 papeat-yoeig
N6 papeay- ﬁ%.mw L

1ad

dad

$2U0T207 INSH 2202 1-L9LHINGE Al prezzndy
91241202 INSH 1202 991 hUINLE ey aidBew ™y <
$2-10-2202 INSH 2202 ¢-L9LHINTT Alel™piezzng (
V20200 INGH €202 001 PAIAEE A I papeatpe
01-20-€20C INSH €202 1-£021MINET In6”papeayyoeq y -
0€-60-6202 LNSH €202 S}-220EYINET_Alel L :mxu:ﬁ&
1205207 WH 207 £20Aez e v o

%000

*pal ul umoys ale Apnis siyj ul paduanbas snuiA 9y} 4o Saduanbas *[€2] 9°9°TA JIYLD| Ul pajeidauan

02-20:6207 INGH 6202 18691HIACZ A1l G peapeaiyoeid v
0206207 INSH €207 L4 18IV PUeIod B papeatyoeiqy
122076207 INGH €207 91-62118IAEZ_AlI G papeatyoeiq _.
20206207 INGH 6202 Z-S0ZVHIASZ KW G papeay-yoeiq
16106202 INSH €202 604 hMINEZ_AIBI_InDpapeatiyoeg v
81206207 INGH €207 1187 14INEZ i InG papeayyoeiq
TUH0-€207 INGH €202 6-£8v5anday " Yoez) |6 papeayoed v
9Z-S0-E207 INGH €207 02¢8 2landey 1oez) uodfe) auubesed ¥
21506207 INGH €207 10081285062 Busny weusofy
VE-10-6202_INGH_€20_1-6011HIAEZ_A1eW_IInG”papeat-yoeiq "y
2106207 INGH €202 1501 IMIASZ AW 16 papeay-yoeiq v
01-20-6207_INSH €202 €-€0214INEZ eI InG_papeay-yoeq v
10206207 INGH €207 1901 AIAE A1 InGpapeatyoeid y
07-+0-€207 INSH €207 59909 Dlanday o206 pepeatioe f
£220°€207 INSH €207 1699V HIAEZ el NG peapeatyoei

D.No.mwcw—zm,_:msa m.onﬁz_%N zm__ =ovumumm; V_om_n_ wL
g ojopauadied” /1406207 INGH €207 2-839EMINEZ ARl Jael
012 NENQN INGH mwom mrmeNESmN >§ “umvmﬂz xums v

S0°E0°EZ07 INSH 6207 +-ZELENIAEL AN G papeayoeiq H
2606207 INGH €202 2-2222HINSZ A InB sy y
Y2-M-E207 INSH €207 tb0L FIAEZ el NG pepea-yoeid
E1-E0E207 INSH 6207 E-SEZ2HIAEE AN NG papeatpoeiq «w ]
€2-20°€207 INSH €207 9-€191MIACZ A B papeay-yoelq
T220E207_INSH_£207_2-91SHINEE el NG papeatyoeid
IE0E207_INGH 6207 1-60624IACZ A3 InG papeayyoeiq
91-20-6207_INGH_€20¢_-€8v1HIAEZ_A1ei_IInG”papeat-yoeiq "y
81206207 INSH_£207_t8L7LAIEZ (el NG papeatyoeiq
£0-20°6207_INGH 6207660 4IAE A InG papeayoeiq

06-0-6207_INH 6207201 LAIAEZ Al NG papeayyoeiq
2U20E207_INSH_£207_ 102 hINEZ (el NG papeatpoeiq
01-20€207_INSH €207_6-€02hINEZ i InB pepea-yoeq”y
01206207 INSH 6207 €02 hAIAEZ Al InGpapeatyoeiq
T220E20Z INSH €207 2-SISHAINEE el G papeatyoeiq
82206202 INSH £207 |-L991IAEC A NG peapeatyyoeig
I20E207_INGH 6207 2652 1AINEZ A1l NG papeayyoeiq
01-20-€202_INGH_£202_6-60ZVMIASZ_A1e)_IInG”papeat-yoeiq "y

91-L0°6207_INSH €202 7804 LHINEL zm_ Inb ) Papealfoe|q Y

0€-24-2207_INSH 2202 L0} bdINEZ Al b papeau-yoelq v
01206207 INSH €202 9-€0Z}MIAZ Al b papeay-yoelq v
60-€0-6202_INGH €202 -2 2HINEZ_AleaInGpapeay-yoeiq”y

12206207 INGH €20 €-9LMINET Al Inb papeau-yoelq

cdd

Z 34no1]

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2023.28.35.2300441&domain=pdf&date_stamp=2023-08-31

‘pai ul umoys ale Apnis siy} uj paduanbas sniiA ay) Jo s3uanbag *[€2] 9°9°TA ITYLD| Ul palelausn

302

9000 000

M) Check for updates

www.eurosurveillance.org

11-80-6202 INSH €202 1-589GYIAEZ_Alel

InBp:

Inb”papeay-yoeiq < |

11-90-6202_INGH_€202_04-0€LSHINEZ_Aley|
11-90-6207 INGH €202 }-06LSHINEZ_AfEl_[In6paiiq-apuays v
11-90-6207 INGH €202 |-¥BISHINEZ AlBi [In6_pepeay-yoelq v/

01-20-6202 INGH €207 1-6024MIAEZ AlB) IIn6™papeay-yoeig

82:20-6207 INGH €202 -299LMIAT Afei "IN peapeay-yoeig

22-20-6202_INGH_€207_¢-9VSVHINE_AieyIInbpapeay-yoeig

¥1-20€202” INGH €202 2-67ZhIINEZ AlRI I pepeay-yoeiq™y

80-€0-6202_INGH_€207_p-Z€LEMINEZ_AIB)[In6papeay-yoeigy 0

02606202 INGH €202 2-9SSTHINEZ Afei I pepeay-yoelq ¢

21-60-6202 INGH €207 2-22zedIneg Aie b~ emi"y

G-19pus)

SZ-40-LL07 BNSH IO ZV-ESOMALY Al bopiioy ——
£0-40-L107 BNSH £407 €-LS¥INL)_Ae)"uoeB™y
02-L0°L407 8NSH  LH0Z §-BLSYINLAE)_uyoio"y
82-€0-L10C 8NSH™£107 88LZHINLL AlelUaxol0 "y
£2:20€207 WINSH €207 1639 4INEZ Afe) 16 peapeayyoelq”y —
81-20°€6207 INGH €202 #18¥1INET MBI I papeau-yoelq

1606202 INSH €202 1-60£2¥INET MBI I papeau-yorig v —

21406207 INGH €202 S84S5 91anday 409z 1n6 papeat: Em.m
E_I

INSH 1202 9-2G694IAZ Ale)preljew™y — —
_INSH_1202_}-08v8¥IALZ Alg Koy
91-01-1202 INSH_1202_28-0vS8YIALE Aley Aexunjoyy
INGH_1207_2-0878MIALC_Ajel_foxini”y
0-14-1202_INGH 1202 2-L1LBHIAL Ay Aan) v
80-50-620C INSH €202 200-S6200€7_SPUELBUIAN_[IN9_Papeay-Yoeg
61-G0-6202 INSH €207 G9 SPUelaUIaN [In9” papeay-yoe|g Y
61-G0-€20Z INGH €207 | SPUEMBLISN Ula] uowwo) v
61-50-6207 INSH €20 ¢ SPUEliRUIN N9 payoRq-yoelq Jessa Y
12-506207 INGH €20Z_¢ SPUBAUJN™Wi8 ] Uowwo) Y/
02-70€202 WINGH €207 L-Ly}GIN Puejod_[Inb”papeay-yoeiq_y L060-6207 INGH €20 9-6E0ZHINET Alell IInB_papeay-yoeiqy
81-20-6202 INGH €202 #-18Y1HIASZ AlB_IInb papesy-yoe|q v po- €1-60-6202 INSH €207 €-G6Z2HINSZ AleyIInBpapesy-yoe|q §
82-C0-€20C INSH €202 1-199}dINEC >_>5_ ::m%mmvmm; ey 01-20-€202 INSH €207 S-€0ZLMINEZ Afe)” N6 papeay-yoeiq
01-20-€20C INSH €202 9-€0ZINEZ Ayl [InD papeay-3oelq Y 20+ - .
01-20€207_INSH_£207_L-601HIACZ_1eW_inb_papeauyoeiq_y U20ER0L INGH E20C L 02N »_g ”w bl &MM,D.<
01-20-€202 INGH €207 6-607 MIAGZ A1l G papeat-yoeiq ECUEUT INSH €20 SE\0NINGE N N0 popeaipedy ——
10606207 INGH €20¢ 9-6E0ZHIASE. /1B 1B Papeay-ioeiq S8 Oopauaey 1)-vE207 INGH EUIZ CHSOEUINET el efery
21-60-6202 INSH €202 2-2222dIACT KB b ami v 81-20-6207_INGH €207 p18YLYIAEZ Ay IInb~papeay-yoeiq Y
71-206202 INSH €20 b-+0Z1HIASZ Al [N papesy-yoeiq 90-€0°€207 LNSH €202 01-L8BIAINET Aiea Aoy
02-€0-€207 | INGH muom Nommmmsmm Ky (InB~papeay-yoe|q < mﬁmo.mmow Emm £207 v.ﬁﬁ%%&&ﬁ: :m%mvmmz.v_umzu\
12206202 INSH €202 91-627 1 4INEZ_AIe)_In” papeau-yoeiq_y

5828anxmswimam_%ﬁ_s_,_&.ugsig,:
80606202 INGH €207 y-CEVEMIAET AlB) IInbpapeau-yoelq v 01-20-6202_INSH_€202 602 hIAEZ_AfeA_[InG”papeay-yoelq_ .@
01-206202_INSH_€20_8-0ZHHIAEZ_AlBM_IInb_papeay-yoelq

—:ommowmemmowmmmwmua;nmmﬁﬁo,_;mnmcmmzv_om_a<|
60606202 INGH €207 1-£G12¥IA€C gl IIn” papeay-yoeiqy — 6006202 INSH €202 1-€512¥INEZ AlBl_[IN6”papeay-yoeiq Y
02-70-6202 WNSH €207 L-Ly48IN Puejod [Inb_papeay-yoelq v H_

€1-606202 INSH €202 ¢-7E22lIAeg Alei IInb” paibal-mojek "y
61-20°€202_INGH_£202_€-0L€IAEZ_APRI G pepeay-yoelq"y

SZ-10-6202_INSH_£202_-5014 LHIAEZ_Aell_Inb_papeay-yoelq y |
91-20€202_INSH_€202_7-€87 HAIAEZ_AlBM_InB_papeay-yoeiq_ v qag

21-40°€202 INSH €202 100-81 281082 BuISnY yeusol
£1-60€207 INSH €202 #6€22¥INET MBI I papeauorig Y —
60-60°€202 INSH €202 1-€512¥INZ Aei I papeau-yoeig y —
02406202 INSH €202 L-LyL IV Puelod In6 pepeat-yoeiq™y
Sg ojopauadied /|-40-€207 INSH €207 2-859€MINET Mgy Jokel Y
0606202 INSH €202 9-6024INE AfB)l G pepeau-yoeig .
80-60-6207 INSH €202 7-2EVEXINEZ ABIInG papeatiyoelqy
02:50-6200 INGH €202 2-93S2HINGE A b papeatyoeg ¥
€2-20°€202_INSH_€207_9-€19VMIAEZ_AlBl_IIn”papeay-yoelq
12-20-€207_INGH_€207_€-92p 1 HIACZ_Are_Inb_papeay-yoeiq
€1-60-6202_INSH_€207_€-GEZ2HIACZ_ AN IInb_papeay-yoeid v
2106200 INSH €202 7104 PYINEZ Afei N6 pepeat-yoelq"y
1€-10-€207_INGH_€202_ 7601 1 HIACZ_Afel_IInB_papeay-yoeid
11206202 INSH €202 8-06v1HINZ Afei N6 papeat-yoelq Y
12206207 INSH €207 €-€€9VMIAZ Afei N6 peapea-yoelq)
20206207 INSH €207 2-60ZhHIAEZ ARl In6 papeay-yoelq
01-20€202 INSH €202 9602V INET Alei I pepeatyoeig Y —
60-60-€207 INSH €202 1-2G12HINZ AfRN NG papeay-yoelq ™y H
91-20€207 INSH €202 7-£8¥HYINEZ Afei 16 pepeatyoeq

18

L1-20-€207_UNGH €202 8-0671YINEZ Al [In6 papeay-yoei y

ad

§1-20-6202_INSH_£202_€-0L€ LHIAEZ_AlBll_Inb_papeay-yoeq_y mm

€1-60-6202 INGH €202 €-SEZ2HINEZ A1BN [N popeay-yoelq
81-20-€207 INGH €202 1-p87LYINEZ Ay |Inb”papeay-yoeig y -
01206202 INSH €207 S-6021MIAE APRI[ [N papeay-yoe v —|

2206207 INSH €207 Z-SISHAINET Aiell
02-70€202 INSH €202_6-9909 2llandayyoaz0)
0€:21-2207_INSH_220_v~L0L LAIAET_Aieil
81-20°€207_INSH_€20_7-787 LAIAE_Alell

Inb”papeatyoeig Y
In6”papeay-yoeiqy
In6”papeat-yoeig
In6”papea-yoeiq_y

01-20°6207_INSH_£207_|-60Z1HIAEZ_AEI b papeau-yoelqy
22206207 INSH €207 2-91SLHIAEZ AlBl "IN papeau-foelq
82-20°6202 WNGH €20 }-L991HIAEZ AeI N6 peepeat-yoeiq v

¥1-20€202 INSH €207 2-6¢Z1INEZ AN 1B papeat-yoelq_y
02206202 INSH €202 789V HIAEZ AfeN In6 peapeay-yoelq”y
01-20€202 INSH €202 2-60ZVINEZ Alei In6 papeatyoeig v —
01206207 INSH €202 €-€0Z1INEZ MBI 16 papeat-yoeig y —
S1-20€207 INSH €202 €-04€4¥INEZ Aleil I pepeauyorig Y —
52106200 INSH €202 7504 PYINEZ Afei M6 pepeatyoelq”y
S0-50°€207 INSH €202 9948 Puelod N6 papeay-yoe(q v
0£-90-€202 INSH €202 901 Spu N9 papeay-yoelg ¥ ——
22606207 WINSH €202 PN-6248I_Puelod Inbpepeau-yoeiq
1906202 INGH 6202 €715 olanday yoszo | papeatyoeiq Y —
01-20-€202_INSH_£207_6-6021MIAEZ_Alex_in6 papeay-yoeig vy —|
01-20-€20 INGH €207 y-6021HIAEZ Alel In6 papeay-yoeig v |
#2-10€202_INSH €202 7004 FYINEZ_Afei 6 papeat-yoelq v
01-20-€202_INSH_€£207_L-60ZVHIAEZ_AIBM_IIn6” papeauy-§oeiqy
10°20°6202_INSH_€202_ 90} HIAZ KB _Inb papeau-yoeiq"y
0€-10-€20_INSH_€20_-201 MIAEZ_AIBM_IIn” papeay-yoeiqy

21-p0-6202 INGH €202_L00-8) /87067 BUISNY YMeysob M A
2-+06207 INGH £207_5-28¥S landay 4azy b papeayoeiq ¥ 06106202 INGH_£202_ 420} iIAEZ_AfeI_|In6pepeal-yoelq_y
¥2-10-620Z INGH €202 p-#0LVMINEZ Ale (Inb”papeay-yoeiq y 01-20-6202 INSH €202 6-€0Z) MIASZ Aty N6 papesy-yoeiq
01-206207_INSH_£20Z_#-€02 1 4IAEZ_Afe|_|inb”pepesy-yoeiq_\ 12206202 INSH €202 €-6691INEZ AlBMIn6 peapeayyoeiq "y
2°10°6202_INGH_£207_-001 MIAEZ_A1e)_lInb_papeay-yoelq 2-10-6200 INSH 6207 701 belAGZ AfBA G PepeaL-yoelq Y
€1-60-6202_INSH €202 1-8€22HINEZ_AlBN [IN6 papeay-yoelg y Z-LO-6207 INSH €202 501 PHINGZ i I popeatyoeld
01-20-6202_INGH_20_8-60ZVHIAE_Ale)_IInb_papeay-yoeiq_y e UYL
£2:20-6207 INGH €207 9-€191MIACZ A ING papeat-yoelq y 2070202 INGH €20 E1-Z0BMINGE i Uy
20 d Kiei”jin6papeay-yoelq_y
g olopauadied /|-40-6207_ INGH €207 2-8S9gMINEZ AleN Jokel y —| E0°20°E202_INSH €207 mmemsmg o )
81-206202_INGH_£202_ 8.t VIAEZ_APBY_InB_papea-yoeiqy 01-¢0-620¢_INSH €20 9-€0HAIAEC ANl IMD Papeatielq v
60-€0-£20_LNGH_£202_1-2512IASZ_AlRI_[Inb”papesy-yoe|q_y 60-€06207 INGH ¢ mNoN 1251 24INET KieaInb_papeay-yoeiq”y
06606202 INGH €202 G1-C20SMINEZ AR UyoIyo™y
20206202 INGH €202 ¢-S0TMIINEZ AfRI_ I pepeay-yoeiq”y

22-20-6207_INSH_£202_¢-G1S HHIAEZ_AlBIl_IInb”papeay-yoelq_y
11106202 INSH €202 €-26vS 2llanday 40az9 |Inbpapeay-yoeig
_m.s.mg_memgi.g:m_i%.__awsgg.xg_:

eNSgNmeggmgwéal_s__,zmnwummzxo@_nu<
12206707 INGH €207 9162y} HIAEC_AEM_[InG_papeay-yoelq

01-20€207_INSH_€202_L-60ZHAIAEZ_AlBl_InB_papeay-yoelq_
ssmg_memngo:m_iw%.__,owsﬁg.xg_:

0€-21-220C INSH 2202 L0} WYIAEZ AlBll_|Inb”papeay-yoeq_y
02-10€207 INGH 2029909 9l[gnday yoazy |Inb”papeay-4elq_y
10-20-6202_INSH_€202_p-904 HAIAEE_AlBM_|InBpapeay-yoeiq
16-10-€202_INGH_€202_~60} bIAEZ_AIEI_[IN6”papeau-yoejq_y

~Kje)| N6 papeay-xoeiq 1€-10-6202_INSH_€202_-€04 hHIAEZ_Alel_IInb”papeay-yoeiq 01-20-€202_INSH_£207_8-6021MIAEZ_AIBM_[In6” papeau-§oelq_y
mm ww mmw ﬁnmn mmw wmmwﬁﬁ»mw >_m__ _meww“mwu “om_“\« 01-20€202 INSH €207 €-€0ZVHINEZ Aleil InB papeay-yoelq_y 01-20-6202_INSH_€207_G-€0ZLAIACZ_AfeNIInGpapeay-yoeiq v
91-10-6202_INGH_£20Z_#-801 L ¥IASZ_AlBI_|Inb”papesy-yoe|q_y €2-00-6202 INSH €202 16591 4IAEZ Ale) "B peapeay-yoeig T2-20-€202_INSH_€207_2-GLGLHIAEZ_ATBll_In” papeay-yoelqy
08-10-€202_INGH_€202_-201 FYIAEZ_Ale)_[In6”papeay-yoeiq_y €1-€0-6202_INSH_€207_C-vEZ2INEZ_AlBl_In6_pabibar-mojahy 81-20€202_INSH_€207_7-8v 1 MIAEL_ABN I papeat-yoelq”y

In6”papeay-yoelq_
In6”papea-yoeiq_ Y
In6”papeayyoeiq Y
In6”papeay-yoelq_y
IN6”papeau-1oeiq™y VH

£0-20-6207_INSH €202 #6601IAEZ_Ae)
81-20-6207_INSH_E202_18LyIMINEZ_AEN
91-10-6207_INGH_£202 1804 WHINGZ_AeN
06-24-2202_INSH_220_b-L0VHIAEZ_Aiell
dN 1E-L0°6202” INSH €207 1604 LHINSZ el

11-20€207_INSH_€202_8-06v HAIAEZ_AlBl_InB_papeay-yoelq v
91-L0°6207 INGH €207 180} LAIAEZ KBl 16 pepeay-yoeiq "y

12806207 INSH €207 L-2082HINEZ_ Al Uaxoiyo "y
01206207 INGH €207 C-60Z1AIAEZ APeN 16 popeay-yoeiq”y
02206202 INSH €202 8591 MIAEZ Aley "B peapeay-yoeiq_y
12206207 INGH €207 €-9.7VHINEZ A1 b popeaupoeig

16106207 INSH €207 604 bIAEZ AlE)IIn6 papeay-yoeiq
€2:20°6202_INSH €202 7-699MMINEZ AIBY [N peepeay-yoelq_y
91-20€202 INGH €202 76871 ¥IAEZ Algl (In6papeay-yoeiq_y
12:20°€202_INGH £207 E-6E9MMIAET AlBN [Inbpeapeay-yoelq
12206202 INGH €202 €-9271¥INEZ AlBN Inbpapeay-yoeiq "y VN

¢z0z 11ady “A[el] ‘uey auo woiy soouanbas snara (INSH)V ezuanjjur werae oruadoyyed A[ydry ‘syuowSas ouad (e Jo s901) do13ou3014yd pOOYI[NI] WNWIXEIA

< NS4


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2023.28.35.2300441&domain=pdf&date_stamp=2023-08-31

10°11-2207_INSH 2207 23801 4IAZZ Aieiuems
2111207 INSH 1207 €201 4IALZ-118Z1 e 85006y
10241202 INSH 1207 1-6280KdIALZ L1121 Ae) Jojo”snubloy
82-01-1207 INSH 1202 b mfmmm_\:uwngwm— ZwN;_m__w:wﬁEo)\
2102207 INSH 2202 L-L9L8INZE el prezzng
2102207 WNSH 2202 ¢-L928INZg Aiell prezzng
02406207 INGH €202 L4} 8™ Puejod[Inb”papeay-yoeiq
€0-20-6207_INSH_€207_-6601HIAEZ_AeM_In6”papeay-yoeiq Y
2106202 INSH €207 7-004 1INEZ_ Al IIn6 papeay-yoeiq
L11-20-6202_INSH_€207_8-06p1HINEZ_Klel_JIn6”papeau-yoeiq ¥
0606207 WNSH €207 9-68024IAEZ Alea In™ papeay-yoelq v/

02-80°1207 INSH 1207 9-£S69MIALZ el piejlewy Jl_

In6”papeay-yoeIq Y
In6papeay-yoeiq i
In6papeay-yoeig ¥
In6”papeay-yoeig v

12206202 INSH €207 €-9L11¥INEE el |
£1-60-6207_INSH €202 €-SE2zlIneZ el
$2-H0-6207_INGH €202 1404 lInEZ A
£2:20°6207_INGH €202 9-€191HINEZ fe) y
02-60-6207_INGH_£207_2-9652HINEZ_Aei_In6 pepeay-yoeiqy
PI-60-E207_INGH £207_1-60E2HINEZ_ABI_In6 pepeay-yoeiq Yy
10-20-6202_INSH €202 90} PHIAEZ el InG papeayyoeiq
01-20-€202_INGH_£202_1-60Z lAIAEZ_AeNIn6 papeay-poeid
01206207 INGH €202 8-€0ZIMINEZ_ AR 6 pepee-yoeiq
L0-€0-6202 INGH €207 ¢-/8LTMINGZ AIBM NG papeat-yoeiq oy
2U-H0-€207 INGH €207_G-285S ollanday 4oazy InGpapeayoeq
OL-60-6207_INGH_£207_9-9502HINEZ_Aei_In6 pepeay-yoeiq
01-20-6207_INGH_£207_6:60Z4INEZ_Aei_In6 pepeay-yoeiq Yy
24206207 INSH_€207_ 702 VHINEZ_ARI_InG”Papea-yoeiq
16-40-6202_INSH €202 604 IHIAEZ el InGpapeayyoeiq
08-21-2202_INGH 22040} AIAEZ e InG papeaypoeiq
01-20-6202_INSH €202 2-602hInEZ e
ELE0Z INSH C202 50 INEY e

8126202 INGH €207t 1851 IAEZ A
d9 80°€0-6202 INSH €202 1-ZE1eINEE e
£2-90€207 INSH €202 SPUBLIBN 9 Paxpeq-eig Jasse Y

08-S0202 INSH €207 92492l PUeibus Ing)_papeat-peig
20212207 INSH 2207 2-L9VHINGE. 112y Uieds Inbees”y
LE-G0-£207_INGH E207 9 SPUEURUIaN Wa) Uowwogy
E0-S06202 INGH €207 22521 PUeiBus In9 papestyeigy
SOS0-207 INSH €202 89 SPUelaYaN NSy papeatyeigy
FLH0E202 INGH €207 882652 PURIBUS 19 Papestyoeig
0606202 INSH €207 £000 92020 Wnifieg snuuiad oofes
B2H0€207 INSH €202 035621 PueiBus 1 papeatpeig
8206202 INSH €207 619290 PUBiBu3 uawooy
STSO€202 INSH €202 404910 PUgBU3 1 papesteig y
£2:90207 INSH €202 00} SPUUBLIaN N9 papeal-eig v
02:90£207 INGH €202 21 SPUekisyiaN Wwe|"Wouwwog"y
B0-S0E202 INGH €207 089652 PUIBUST 1) papest-yeig y
92:50-6207 INGH €207 SPUBUBUIEN |9 Ueauewiolpaiyy
S090-€202_INSH €20 GL682¢ Pueibu3 jng BulieH y
£1-90€202_INSH €207 59921 PueiBus In) papeatpeig
0890207 INSH_ €202 S0} SPUBURLIaN” N9 papeaLeg v
02-H0-£202INSH €207 200090 PUgiBU3 11 Papeat-eig y
S0-S06202 INSH €207 2000661€7 Pueibu3y

02-90°6202 INSH €207 #8 SPUEHRUIaN” (N9 papeaLeg v
FLHE202 INGH €207 }16652_ PURIBU3 119 papest-yeig y
81-00-6202_INSH €202 400y Pueibu3_Ing_papeaki e y
£100-6202 INSH €207 76666€ PUeibu3 Ing papeaki e
S2H0E207 NSH €207 £59290 PUelbug uayoi
61-S0-6207 INSH €202 £9 SPUBaYaN [ng) papeatyyeigy
£1-S0€202 INSH €202 58005 PUeIBu3 119 papest-yeig y
12:S0£207 INSH €207 ¢ SPUBLUN We) Uowiog
91906207 INSH €207 68 SPUEHRUieN (N9 papeaL g v
11606202 INGH €207 PN-8618I PUelog 6" papeatyyoeiq

€70z dy 41el] “uay suo woay saouanbas snita (INSH)V ezuanfjur uerae sruaSoyyed ATySiy ‘syuawdas ouad [[e Jo saa1) o1ouaso[Ayd pooyreyI] WNUITXe

S8 ojopauadie) 2}-p0-6202 INSH €207 2-8598MINET e Jafel v

SN

g4

62:01-1202 ENGH 1207 €L-€2684INLZ Alei leal Y

0-11-1202 INGH 1202 Z-LHBHIALZ Al Aam™y —poo
V1011202 INSH 1202 1-0878YIALC e foxun) g
91-01-1207 INGH 1202 28-07SRYIALZ_Ae)_fexin "y
V1-01-1202 INSH 120_2-08¥8YIALC Alei Aauniy

80-€0-€207 INGH €202 12 LENIACZ_Alell IInb papeay-yoelqy —
0240202 INGH €207 L-L 718N Puejod[in6”papeay-yoeiqoy

5000

L0-€0-£202 INSH_E20Z O-6E0ZHIAEE AlRI_In6 papeatyoelq_y
¥2-b0-€6207 INGH €202 1799 Olandey ooz [n6 papeayyoelq_y
p-b0-€620 INSH €207 £000 €060 Wniblog sedinA sedinA v
L0°S0-€202 INSH €207 2000 56950 Wniblog snuubesad oofed "y
80-L0-6202 INSH €207 11-E0BOMINEZ 928 PUeLA [ papeau-yoeiq
1E-H0-€207_INGH €202 760} 1IAEZ AR N6 papeau-yoeiq
£2-90-6202_ INGH €202 10}_SpUeliayiaN_ |9 papeatyoeig
92-90-6202 INSH €202 €0} SPUeLayiaN” |9 papeatyoeg
21-H06207 INSH €202 100-81 /85067 euisny yweysob

SZ-10°€202 INSH €207 1501 LUIAEZ el Inb” papeay-yoeiq”y
S0°606207 INGH €202 9918 PUelog G papeau-yoeiq
11206207 INSH €202 2L SPUBUBYaN N9 pepeatyoelg Y/
E1-E0620 INGH €207 £-GE22HINEE Al 1B papeay-yoelq”y
80506207 INSH €202 7028 PUeIod [ UeaUeLaypa
S1-60-6207 INSH £20¢ $000 €220 Wnibjog snubesed oofed
21-20:£207 INSH_E207 L-HOZVHINEE AR InG papeay-yoeiq_y
£0°60-6207 INGH €202 }-2169 Ollandey ez [nb papeay-yoelq_y
02-€0-€6202_INSH_E207_-9SS2HIAEE._Afel_In6 papeayyoelq v
v2-10-6202INSH €202 50} IHIAEE Al "In6 papeauyoelq v
22:S0-6207 INSH €207 €L SPUEUBYIRN (9 papeatyyorig
L0°90-€202 INSH €207 S000 S¥}40] wnibleg snuubesad oofed”y
80-L0-6202 INSH €207 21-E0BOMINEZ £28L PUeILS [N papeauyoeiq
¥2-b0-6202_INSH_£20Z_1000"910¢0 wniblogsedin sedinA"y
01206202 INSH_E20Z 9602 1MIAEE Aia_InG papeay-yoelq v
206207 INGH €202 €699 01anday ooz |6 papeay-yoelq "y
81-90-6202 INSH €207 6 SPUEMaYiaN |9 papeatyoeig
20-20:€202_INSH €202 2-5021HIACZ_1eIInb papeay-yoeiq”y
¥1-20:6202_INSH €20 26521 HIACZ_Ale) "IN papeay-yoeiq™y
11606207 INSH €202 SWALD 2-64/
11506207 INGH €202 Grveg/ dIqndoy Yooz [ papeau-yoeiq
81-P0-6202 INSH €207_2000 90260 Wnibjog snpunaipy”snjeydaooaioid y/
10-40:6207_INSH £20C FN-6028_Puelod_[nb papeay-yoelq_y
Y2-P0°6202 INSH €207 €229 91qnday Uoezd Inbpepeat-yoelq
02-+0-£207_INSH_£202_00-£662G0€2_euisny_ [ papeayyoelq_y
#1-€0-6207 INGH €202 C00-668€E02 BNy b papeay-yoelq v

1E-H0-6207 INSH €202 L-L89VMINEZ 174G Uieds (b peapeat-yoeiq
L1-20€207 INSH €207 8-0EPIHIAEE Al N6 popeatyoelq v
92:60-€6202 INSH €202 028 21andey 4oaz) uoofe} auubosed
102076207 INGH €207 1808IV Puelod (6 papeayyoelq"y

L1°60-6207 INSH €207 -S4 Dlanday 4azo) uodjey eunbased
£0-L0-6202 INSH €202 8-6089MINEZ 2001 PUBIUL YUy
L1-60-6207_INSH €207 2:S6.L42landay uoazo) uoojeyaunbased
60406202 INSH €202 02-/89VMINEZ 1121 Ueds N6 peapeat-yoeiq
VE-10-6202_INGH_€207_1604 L MIACZ_A1eN_Inbpapeat-yoelq”y
V2-20-6202” INGH €207 €-9LpLMIACZ Aiel InD papeat-yoerq”y
92:G0-6202_LINGH E207 € SPUBMaUIaN N9 Ueaueualipa

S060-6207 INSH €202 800-041,090€2_euisny |6 papeay-yoelqy
1i-40-€202 INSH €207 $000 8450 Wnibieg snuuied oojed v
01-20-€6207 INSH £207 1-E0ZVHIAEE ARl N6 papeayyoeiq_y
80606207 INGH €202 }00-6Z80E0€Z euIsny (6 papeayyoelq v
10206207 INSH £20Z_8000 G40 unibjog” snpunaipy”snjeydeaoaiouy
01-20-€6202_INSH €207 S-S0ZVHIAEE Al N6 papeayyoelq_y
10206207 INSH £202_9000' G40 uniblog snpunaipy”snjeydeaoaiouy
S1-20-€6207_INSH €207 E-0LEVHIAEE Al 6 papeauyoeq”y

8 oopeuadiedJ1-v0-€202 INSH €207 C-BSOBMINEE Al Joker v

dW

‘pai ul umoys ale Apnis siy} uj paduaNbas sniiA ay) Jo s3uanbag *[€2] 9°9°TA 3TYLD| Ul pajelausn

< NS4

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2023.28.35.2300441&domain=pdf&date_stamp=2023-08-31

Complete genome sequencing of one positive sample
was done with next generation sequencing according
to a protocol modified from [8]. The sequences were
aligned against the most related sequences identified
from a BLAST search in GISAID (Table 1). The topology of
the phylogenetic trees of the eight gene segments indi-
cates that the virus belongs to clade 2.3.4.4b, genotype
BB (H5N1-A/Herring_gull/France/22P015977/2022-like)
[9] and clusters together with the HsN1 viruses col-
lected in black-headed gulls (Chroicocephalus ridibun-
dus) in Italy during the first months of 2023 (Table 1,
Figure 2). The molecular analysis identified an unusual
mutation in the PB2 protein, T271A, which is a marker
of virus adaptation to mammalian species [2,10].

Serological testing

Serum samples from the dogs and the cat were ana-
lysed for the detection of antibodies against nucleo-
protein type A (NPA), haemagglutinins Hs, H7 and
neuraminidases N1, N2, N3 and N7 using different
methods.

Sera were first tested for anti-NPA antibodies using
two monoclonal antibody (MAb)-competitive ELISAs
to detect anti-NPA antibodies, namely an in-house
assay (NPA-EL) and the ID Screen Influenza A Antibody
Competition Multi-species (ID-VET-NPA; Innovative
Diagnostics). Two further in-house MAb-based

TABLE 2

competitive ELISAs were used to detect Hs (Hs-EL) [11]
and H7 [12] antibodies. The presence and specificity of
Hs antibodies were confirmed by the hemagglutination
inhibition (HI) test performed according to the World
Organisation for Animal Health Terrestrial manual [7]
and by microneutralisation (MN) assay performed in
a biosafety level 3 laboratory [13] using two different
viruses based on their genetic and antigenic charac-
teristics: HPAI-Hg5N1 A/Gull/Italy/23VIR1310-12/2023
(Gull/23)  and LPAI-H5N3  A/Mallard Duck/
Netherlands/38/2008 (Mal/0o8) (kindly provided by
Ron Fouchier, Erasmus Medical Center, Rotterdam,
the Netherlands), belonging to the Goose/GD lineage
clade 2.3.4.4b and the Eurasian lineage, respectively.
Finally, the presence of antibodies against N1, N2, N3
and N7 was investigated using previously described
MAb-based competitive ELISAs [14].

Serological examinations detected antibodies against
NPA, Hs and N1 in all sera collected from the dogs and
the cat at the two sampling times. Results are sum-
marised in Table 2. Moreover, to further evaluate the
specificity of the HI and MN assays, archive sera from
dogs (n=10) and cats (n=10) collected during routine
diagnostic activities were screened against the H5N1
Gull/23 antigen; these yielded negative results. Sera
from the first sampling resulted positive by HI assay
against the HgN1 Gull/23 virus (>1:10) in all animals

Serological results from dog and cat samples, outbreak of highly pathogenic avian influenza A(H5N1), Italy, April 2023

(n=6)

First serum collection (13 May, 26 days after outbreak)

Second serum
collection (23
June, 66 days

after outbreak)

Method C-ELISA Microneutralisation Haen]ag'gl.u.tlnatlon C-ELISA C-ELISA
inhibition
% inhibition Serum dilution % inhibition % inhibition

Cut-off

>55%* | 275%° 21:10¢ 275%" >75%P
Target
antibodies NPA Hsg N1 N2 N3 N7 NPA N1

ID-VET- HPAI LPAI HPAI LPAI
ID NPA NPA-EL H5N1 H5N3 H5N1 H5N3 Hs-EL | N1-EL | N2-EL | N3-EL | N7-EL | NPA-EL | N1-EL

Gull/23¢ | Mal/o8¢ | Gull/23¢ | Mal/0o8¢

Cat1 P P 1:160 1:20 1:40 N P P N N N NP NP
Dog1 P P 1:80 N 1:40 N P P N N N P P
Dog 2 P P 1:40 N N N P P N N N P P
Dog 3 P P 1:40 N 1:10 N N P N N N P P
Dog 4 P P 1:80 N 1:10 N P P N N N P P
Dog s P P 1:320 1:40 1:20 N P P N N N P P

C-ELISA: competitive ELISA; EL: various C-ELISAs; HPAI: highly pathogenic avian influenza; ID: identification number; ID-VET-NPA: Innovative
Diagnostics Screen Influenza A Antibody Competition Multi-species C-ELISA; LPAI: low pathogenic avian influenza; N: negative; NP: not

performed; NPA: nucleoprotein A; OD: optical density; P: positive.

2 Cut-off: OD value reduction expressed as % inhibition respective to the OD negative sample (OD Sample/OD Negative %).
® Cut-off: OD value reduction expressed as % inhibition respective to the reference value of 100% control wells.

¢ Cut-off value for establishing the positivity of Hl and MN assays.
4 Virus used as antigen or test strain.

Assays used: C-ELISA for detection of antibodies against NPA in multi-species: ID-VET-NPA; NPA-EL (Innovative Diagnostics, kit 1ZS-BS);
C-ELISA for detection of antibodies against Hg in multi-species: Hs-EL (kit IZSBS) [11]. C-ELISAs for the detection of antibodies against N1, N2,
N3 and N7 respectively of avian IAV in multi-species (kits 1ZSBS): N1-EL; N2-EL; N3-EL; N7-EL [14].
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aside from one dog. The HI titres ranged between
1:10 and 1:40. The MN assay against the same strain
recorded higher titres (1:80-1:320), and all animals
were positive. In contrast, when Mal/o8 virus was used
for the HI and MN assays, titres were either lower or
negative in most animals. In particular, all sera tested
by the HI assay using Mal/o8 gave negative results,
while only the cat and one of the dogs scored neu-
tralising titres of 1:20 and 1:40 in the MN assay using
Mal/o8, respectively. Interestingly, these two subjects
had previously been identified as the animals record-
ing the highest HIl and MN titres against Gull/23.

Sera from the 10 exposed humans were tested for Hg
antibodies using the same Hs-EL competitive ELISA
used for the pets and an MN assay that was method-
ologically identical to the assay deployed to test the
pet sera, but differed in the selection of the test virus
HPAI-H5N1 A/duck/Italy/326224/2/22VIR909/2022
(Duck/22), a strain that belonged to the 2.3.4.4b clade
and antigenically matched circulating BB genotype
viruses (data not shown). All 10 humans were asymp-
tomatic at the time of the two draws. Both serum sam-
ples gave negative results with both methods (Table 3).

Discussion

Here we report the serological evidence of HPAI H5N1
virus infection in five dogs and one cat on a rural farm
in Italy. The virus identified in hens on the same farm,
potentially responsible for the transmission of the virus
to pet carnivores, belonged to the BB genotype, which
emerged in Europe in May 2022 from reassortment
events with the gull-adapted H13 subtype viruses,
from which PA, NP and NS genes were acquired. In
Italy, genotype BB was first identified in January 2023
and has spread widely in black-headed gulls in north-
ern ltaly, causing mass mortality events around Lake
Garda in the same geographical area when the affected

TABLE 3

farm is placed [9]. This genotype was also responsible
for seven outbreaks on commercial farms in the Veneto
and Emilia Romagna regions [9]. Hence, its detection
in this backyard farm in the Lombardy region was not
unexpected, given its wide distribution among wild
birds in the area surrounding the farm.

It was surprising to observe that the virus character-
ised in this study, detected in hens, differed from all
other HPAI A(H5N1) clade 2.3.4.4b viruses circulating in
poultry and in birds by a mutation in the PB2 protein,
T271A, which is a marker of virus adaptation to mam-
malian species; it has previously been shown to be
associated with increased polymerase activity in mam-
malian cells [2,10] and is present in the 2009 pandemic
A(H1N1) virus [2]. It should be noted that this muta-
tion has never been observed in H5Nx viruses of clade
2.3.4.4b collected from birds in Europe since 2020. In
contrast, it has been detected in ca 7% of clade 2.3.4.4b
viruses identified in mammals in Europe, including the
virus responsible for the outbreak on a mink farm in
Spain [15]. This molecular finding suggests that virus
spread from mammals to birds cannot be excluded.

The recent cases of influenza A(H5N1) virus infections
in domestic cats in France [16] and Poland [17] and in
farmed fur animals across Finland [18] were initially
detected because of their overt clinical manifestations
characterised by severe respiratory distress and neu-
rological signs; similar presentations are commonly
associated with HgN1 cases in wild mammals [9]. In
contrast, the affected pets in this report were com-
pletely asymptomatic, raising concerns over the pos-
sibility of subclinical infections with zoonotic viruses
in animals in close contact with humans. The presence
of antibody titres against HPAl Hg between 1:40 and
1:320 in the MN test suggests true infection rather
than just exposure to the antigen. These results are in

Anamnestic data, influenza A real-time RT-PCR and serological results from human samples, outbreak of highly pathogenic
avian influenza A(H5NI1), Italy, April 2023 (n = 10)

, PanFluA RT-PCR Date of second PanFluA RT-PCR  C-ELISA; Hs-EL el
Subject (y/;\eifs) 2222?23;? nasal swab and S 5 Dt;c.lk/z.z
CUEoff>40 Cq blood sample Cutoff>40Cq "% 't7"5”‘/ er“”;ff':f:'fon’ cut
#1 3 24 Apr N 7 Jun N N N
#2 32 24 Apr N 7 Jun N N N
#3 93 24 Apr N 7 Jun N N N
#4 50 24 Apr N 7 Jun N N N
#s 69 24 Apr N 7 Jun N N N
#6 38 24 Apr N 7 Jun N N N
#7 62 24 Apr N 7 Jun N N N
#8 61 28 Apr N 7 Jun N N N
#9 58 28 Apr N 7 Jun N N N
#10 67 24 Apr N 20 Jun N N N

Cq: quantification cycle; C-ELISA: competitive ELISA; EL: various C-ELISAs; HPAI: highly pathogenic avian influenza; MN: microneutralisation;
N: negative.

2Virus used as test strain in the MN assay.
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line with the recently published study by Chestakova
et al. on a high number of HPAI Hs virus infections and
antibodies in wild carnivores in the Netherlands during
2020-2022 [19]. In that study, antibody titres against
HPAI Hs from 1:20 to 1:160 by HI test were detected and
were considered indicative of natural infection even in
the absence of clinical symptoms. In addition, experi-
mental challenge of Beagles with an H5N8 virus of
clade 2.3.4.4b by nasal route presented a pathogenetic
and clinical picture compatible with that observed in
our case series, as the dogs showed few or no signs
of infection with low nasal viral shedding, seroconver-
sion with low HI titres, and transmission of infection to
a sentinel contact [20].

The infection and transmission routes, as well as the
pathogenicity of influenza A(HsN1) viruses in farmed
and pet carnivores are still poorly understood. To
improve our surveillance strategy and preparedness,
further serological surveys and experimental research
are needed to fully understand the ecology of HgN1
viruses in these animals.

Following the evolution of the epidemiological situ-
ation for HPAI and in light of the increasing signs
of the circulating viruses’ adaptation to mammals,
the Italian Ministry of Health has prepared, in the
event of an outbreak of HPAI, specific surveil-
lance plans for exposed people (Ministerial circu-
lar 0056437-08/12/2021-DGPRE-DGPRE-P) [21] and
domestic carnivores (Device 0009342-04/04/2023 -
DGSAF-MDS-P) [22] through syndromic, virological and
serological surveillance.

Conclusions

This study highlights the importance of genetic sur-
veillance to promptly detect viruses with increased
zoonotic potential. Complete genomic sequencing of
viruses is essential to identify the presence of gene
mutations correlated with an adaptation of avian
viruses to mammals.
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