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In June 2023, a fatal disease outbreak in cats occurred 
in Poland. Most cases tested in Poland (29 of 47) were 
positive for highly pathogenic avian influenza (HPAI) A 
(H5N1) virus. Genetic analyses revealed clade 2.3.4.4b 
with point mutations indicative of initial mammalian 
hosts adaptations. Cat viral sequences were highly 
similar (n = 21), suggesting a potential common infec-
tion source. To investigate possible infection routes, 
our group tested food samples from affected house-
holds. HPAI H5N1 virus was detected in one poultry 
meat sample.

Since their emergence in poultry in Guangdong, China, 
highly pathogenic avian influenza A (HPAI) subtype 
H5N1 viruses have undergone a series of complex 
reassortments, leading to the development of multi-
ple descendant lineages. Notably, starting December 
2022 the clade 2.3.4.4.b has caused a widespread and 
unprecedented outbreak on a global scale among wild 
birds [1].

While HPAI H5N1 viruses are recognised as posing a 
risk for zoonotic disease and have been associated 
with severe illness, only 12 human cases attributed 
to the 2.3.4.4.b clade have been reported so far to 
the World Health Organization, including four cases 
of severe illness [2]. Following increasing numbers of 
cases observed among wild and farmed mammals, 
there has been a concern about spillover infections 
from wild birds to mammals. The widespread oppor-
tunity for exposure of mammals created by the world-
wide dissemination of the HPAI H5N1 2.3.4.4.b viruses 

among wild birds also raises the issue of potential 
adaptation of HPAI H5N1 viruses, which could lead to 
their facilitated transmission among mammals [3-6].

Here, our group presents evidence of infections in 
domestic cats in Poland, which constitute a potential 
risk to both pet owners and veterinarians. As the sud-
den reporting of multiple cases across the country (28 
domestic cats and one captive caracal [2]) is highly 
unusual, we conducted tests on cat food as a poten-
tial source of infection and successfully detected infec-
tious HPAI H5N1 virus.

Detection of genetic material of influenza A 
(H5N1) virus in cats
Infections with HPAI H5N1 virus have the potential to 
cause acute and severe disease in cats [7], and while 
mild and asymptomatic infections have been observed, 
the virus was also reported to cause encephalitis and 
ganglioneuritis in domestic cats and wild feline species 
[8]. Moreover, multifocal haemorrhages and necrosis 
across different organs, along with bronchointerstitial 
pneumonia have been observed to contribute to the 
mortality observed in HPAI H5-affected animals [8].

On 19 June 2023, we were first alerted by cat own-
ers and veterinarians in Poland about a fatal disease 
of unknown origin in cats occurring in the country. 
Because HPAI H5N1 virus was suspected as a possi-
ble cause for the illness, swabs from four cats show-
ing symptoms were collected by veterinary clinicians 
during clinical procedures and we tested for HPAI H5N1 
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virus. The analysis revealed the presence of HPAI H5 
virus in samples tested from all four animals (Table).

Further to this, more tests were performed in the coun-
try and most animals tested (29 of 47), including 28 
domestic cats and one captive caracal, were found 
positive for HPAI H5N1 [2].

Geographical distribution estimated from 
cat owner reports 
Following veterinarians’ notifications of H5N1 HPAI 
virus infection in cats, on 23 June 2023 a group of cat 
owners created a public database, enabling people 
with cats suffering from serious disease to deposit 
their cats’ records [9,10]. The database is not curated 
and is not an official source, but we explored it as a cit-
izen science dataset. The database listed 89 entries as 
accessed on 12 July, and revealed a nationwide distri-
bution of cases across Poland, with no discernible pat-
tern (Figure 1). The outbreak also affected both indoor 
and outdoor cats. 

The number of records began to rise after the first week 
of June, peaking in the third week of this month and 
then decreasing towards the month’s end. The inter-
val from onset of clinical signs to death reported by 
the cat owners ranged from 0 to 7 days. As illustrated 
in  Supplementary Figures 2−5, the most frequently 
reported symptoms included dyspnoea, cognitive 
impairment, seizures, limb rigidity, non-reactive pupils, 
anisocoria, decreased oxygen saturation, fever, loss of 
appetite, and hyperglycaemia. While these records are 
not validated, they fit well with the symptoms and dis-
ease course of the cats we diagnosed, as detailed in 
the Supplementary Table 3.

Analysis of viral genetic material retrieved 
from cats 
Samples from cats testing positive for HPAI H5N1 virus 
were submitted for Oxford Nanopore Technologies’ 
(ONT) MinION whole genome sequencing. Whole virus 
segments were reverse transcribed and amplified and 
sequenced using the ONT Ligation sequencing influ-
enza whole genome protocol with some changes [11] 
as listed in the Supplementary Materials and Methods. 
The viral sequences obtained from two of the four cats 
investigated by us were deposited in GISAID EpiFlu 
database under accession numbers: EPI_ISL_17949824 
(A/cat/Poland/Gda1/2023; whole genome sequence), 
EPI_ISL_ 17989196 (A/cat/Poland/Kra1/2023; partial 
genome but with full haemagglutinin (HA) and neu-
raminidase (NA) gene sequences). In addition, pub-
licly available genomes from databases, which are 
described in Supplementary Table 1 were used for the 
phylogenetic analysis shown in  Supplementary Figure 
1.
Our analysis suggests that all of the HPAI H5N1 viruses 
we (n = 2) and the Polish National Veterinary Research 
Institute (n = 19) isolated from cats in Poland belong to 
clade 2.3.4.4b and cluster with virus strains from birds 
sampled in Central Europe from late 2022 onwards. 
Viral sequences in this cluster show a distinct seg-
ment composition with HA and NA segments similar 
to sequences from H5N1 HPAI viruses from the current 
panzootic H5 clade 2.3.4.4b and five other segments 
(PB2, PB1, PA subunits, matrix protein (MP) and non-
structural (NS) protein) from viruses circulating since 
late 2021 [5]. They include a distinct nucleoprotein (NP) 
segment found from late 2022 onwards (Supplementary 
Figure 1).

A time-scaled phylogeny (Figure 2) confirms the 
appearance and spread of this genotype in Central 
Europe in 2023. This assessment also reveals a gap in 
the available molecular sequence data for the period 
immediately preceding the abnormal deaths in cats, 
which limits the ability to analyse and clarify relation-
ships. Moreover, bias due to incomplete sequence data 
reporting by countries cannot be ruled out. The phylo-
genetic tree includes data from poultry outbreaks; the 
corresponding genotype was found in several holdings 
in different countries outside Poland (Figure 2).

The analysed HPAI H5N1 virus genomes from cats are 
almost identical as shown in  Supplementary Table 2, 
suggesting a monophyletic origin and a potential com-
mon source of infection. They all carry mutations asso-
ciated with mammalian adaptation in the polymerase 
gene (both PB2-E627K and PB2-K526R), allowing for 
replication at lower temperatures [12]. An assessment 
of both the HA and NA genes found no other changes 
of concern in the sequenced viruses.

The identification of avian influenza viruses with 
mammalian adaptation markers in several infected 
cats could indicate rapid adaptation of viruses of this 
clade in each of the infected animals. However, the 

Table
Results of influenza-specific RT-qPCR on cat-derived 
samplesa, Poland, June 2023 (n = 4 cats)

Cat Cat origin and 
identifier Specimen

RT-qPCR Cq
M H5

1b Kra1
Nasal swabc 29.77 32.93

Nasopharyngeal swab 36.63 >35
Serum >42 >35

2 Gda1 Nasal swabc 19.34 27.51
3b Gda2 Nasal swab 40.55 >35
4 Gda3 Nasal swab 33.37 >35

Cq: quantification cycle; Gda: Gdańsk; Kra: Kraków; M: matrix gene 
PCR target; H5: haemagglutinin of the subtype 5 PCR target; 
RT-qPCR: reverse-transcription-quantitative PCR; WHO: World 
Health Organization.

a RT-qPCR on M gene (WHO information for the molecular detection 
of influenza viruses [16]).

b Samples from animals that recovered from their illness.
c Samples that were sequenced with partial or full genomes.
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simultaneous occurrence of two mutations makes this 
a less likely scenario. It appears that the PB2-E627K 
mutation was found in a HPAI H5N1 virus sequence 
from a wild white stork in Poland (A/white_stork/
Poland/MB244/2023), which in the tree clusters with 
the viruses derived from cats. One could thus hypoth-
esise that the virus may have already had this mutation 
in an avian host. Notably, the PB2-E627K change was 
suggested to be unfavourable for the virus replication 
in avian hosts [13]. The circulation of viruses with mam-
malian adaptation markers among wild birds is remark-
able and could indicate spillback following circulation 
in a mammalian host where an initial adaptation took 
place. More in depth studies are needed to elucidate 
the chain of events.

Investigation of potential transmission 
route
Next, our research focused on discerning the possible 
transmission pathway of the virus from birds to felines. 
From an epidemiological perspective, several features 
merit attention: first, the remarkable similarity among 
the sequences of clinical samples could be indicative 
of a monophyletic origin; second, the stochastic distri-
bution of the virus within Poland and the absence of 
similar cases noted in neighbouring countries imply 
a specific geographical determinant; third, the citizen 
science data collection suggested that both indoor and 
outdoor cats have contracted the infection, narrow-
ing the scope of potential transmission routes. These 
observations, taken together, could suggest a com-
mon exposure, potentially through cat food, as has 
previously been documented for HPAI H5N1 virus [14]. 

To investigate this further, we reached out to owners 
of cats that recently experienced severe disease con-
sistent with HPAI H5N1 virus infection. Specifically, we 
sought samples of the food that these animals con-
sumed prior to the emergence of symptoms.

We received five frozen meat samples and detected 
high levels of viral RNA in one of them, which was 
chicken meat that had been purchased fresh for human 
consumption on 9 June 2023 (Supplementary Materials 
and Methods). The quantification cycle (Cq) values 
were as low as 20 for the matrix (M) gene and 25 for 
the HA gene. Whole genome sequencing of this sample 
(A/environment/Poland/Kra1/2023) confirmed its high 
identity with maximum two differences at nucleotide 
level per segment to the viruses isolated from the cats 
(GISAID: EPI_ISL_17959737;  Figure 2,  Supplementary 
Figure 1, and  Supplementary Table 2). The viral 
sequence obtained from the chicken had the PB2-
E627K and PB2-K526R mutations.

Cytopathic and replication ability of the 
virus in cell cultures 
The remaining diluted meat juice was then inocu-
lated onto Madin−Darby canine kidney (MDCK) cells, 
a standard procedure for influenza A virus isolation 
(Supplementary Materials and Methods). After 72-hour 
culture, a distinct cytopathic effect was noted. The iso-
late’s identity was verified through reverse-transcrip-
tion quantitative PCR (RT-qPCR). Subsequently, the 
first passage (p1) virus stock was titrated on MDCK, 
Crandell−Rees feline kidney (CRFK),  Felis catus  whole 
fetus (FCWF) and Vero cells respectively. A cytopathic 

Figure 1
Geographical distribution of (A) ill cats or (B) cat cases confirmed with HPAI H5N1 virus infection, across Polish 
voivodships, June 2023
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A, Map based on community database records  B. Map based on GISAID Epiflu records

HPAI: highly pathogenic avian influenza.

This map of Poland illustrates the spatial distribution of reported cases in different voivodships reported in June 2023.

Panel A presents the suspected case distribution as per the community-based database records, whereas Panel B depicts the distribution of 
cases as confirmed by the GISAID Epiflu records.
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effect was observed on all cell lines 24 hours post-
inoculation as illustrated in  Supplementary Figure 6. 
Using the Reed and Muench method, the virus titre 
expressed as 50% tissue culture infectious dose per 
mL (TCID50/mL) was determined to be 8.7 × 106  for 
MDCK cells, 9.3 × 103  for CRFK cells, 1.4 × 104  for FCWC 
cells, and 1.3 × 107  TCID50/mL for Vero cells, the last of 
which was collected 48 hours post-infection.

Finally, we evaluated the replication competence in 
fully differentiated human airway epithelial cultures 
(Epithelix SAS, Archamps, France), as variable patho-
genicity in human tissue was previously shown for dif-
ferent H5N1 2.3.4.4.b isolates [15]. Briefly, cultures were 
inoculated with the p1 virus stock and monitored for 
4 days at 37°C. By day 3 post-infection, a pronounced 
cytopathic effect and tissue damage was evident in 
virus-inoculated cultures (Figure 3A), as confirmed by 
RT-qPCR (Figure 3B). 

Discussion
We report the detection and genetic analysis of HPAI 
H5N1 viruses in ill cats in Poland, within the context of 
a fatal disease outbreak that occurred in this country 
in June 2023. Based on an unofficial database created 
by cat owners, the distribution of cat cases suspected 

of being related to the outbreak appeared to be nation-
wide. Phylogenetic analyses suggest a monophyletic 
origin of the viruses affecting the cats, which were 
characterised as belonging to clade 2.3.4.4b with two 
mutations (E627K and K526R) in PB2, considered to be 
mammalian adaptation markers. Based on available 
data, the cat-derived viral sequences appeared closely 
related to an HPAI H5N1 virus sequence derived from 
a stork, which was also clade 2.3.4.4b. This sequence 
nevertheless only bore the K526R mutation.

Reaching out to owners whose cats had experienced 
an illness compatible with HPAI H5N1 infection, some 
samples from food that these animals had report-
edly consumed prior to the emergence of symptoms 
were obtained and tested. A virus with high degree 
of similarity to the cat viruses and bearing the E627K 
and K526R was found in chicken meat from the same 
household as an ill cat, suggesting, but not confirming, 
a possible route of transmission. An HPAI H5N1 virus 
isolate from the chicken meat juice demonstrated the 
ability to infect both canine and feline cells, and effi-
ciently infected and damaged human airway epithelia 
in cell culture.

Figure 2
Time-scaled maximum clade credibility (MCC) phylogeny of concatenated coding sequences of HPAI H5N1 viruses of clade 
2.3.4.4b collected in Europe in 2023
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A/Mustela_putorius/Belgium/01922_0001/2023|H5N1|2023-03-02
A/great_egret/Czech_Republic/3051-1orig/2023|H5N1|2023-02-21

A/environment/Poland/Kra1/2023|H5N1|2023-06-01

A/Eurasian_eagle-owl/Slovenia/142_23VIR1977-6/2023|H5N1|2023-02-02

A/domestic_cat/Poland/Kot1/2023|H5N1|2023-06-19

A/black-headed_gull/Austria/23010977-001/2023|H5N1|2023-01-30

A/mallard/Czech_Republic/1021/2023|H5N1|2023-01-16

A/chicken/Czech_Republic/1690_orig/2023|H5N1|2023-01-30

A/turkey/Romania/10271_23VIR1145-13/2023|H5N1|2023-01-26

A/white_stork/Poland/MB244/2023|H5N1|2023-06-04

A/chicken/Czech_Republic/872_orig/2023|H5N1|2023-01-13

A/heron/Austria/23025431-001/2023|H5N1|2023-02-28

A/chicken/Czech_Republic/24009-1/2022|H5N1|2022-12-30  
A/chicken/Czech_Republic/179_shed-1B_orig/2023|H5N1|2023-01-04

A/chicken/Slovakia/25-organs_23VIR1686-2/2023|H5N1|2023-01-12  
A/black_swan/Slovenia/137_23VIR1977-5/2023|H5N1|2023-02-02

A/chicken/Czech_Republic/23309-1orig/2022|H5N1|2022-12-15  
A/great_egret/Austria/23000725-001/2023|H5N1|2023-01-04

A/cygnus_cygnus/Romania/10008_23VIR1145-3/2023|H5N1|2023-01-03  
A/cygnus_cygnus/Romania/10164_23VIR1145-8/2023|H5N1|2023-01-17

A/mallard/Czech_Republic/186_orig/2023|H5N1|2023-01-05

A/domestic_cat/Poland/H248/2023|H5N1|2023-06-15

A/mute_swan/Austria/23026929-001/2023|H5N1|2023-03-02

A/domestic_duck/Czech_Republic/636_orig/2023|H5N1|2023-01-12  
A/swan/Czech_Republic/811-2/2023|H5N1|2023-01-16

A/duck/Austria/23000036/2023|H5N1|2023-01-02
A/black-swan/Switzerland-Zurich/230131/2023|H5N1|2023-02-03

A/domestic_cat/Poland/H252/2023|H5N1|2023-06-22  
A/domestic_cat/Poland/H253/2023|H5N1|2023-06-22

A/domestic_cat/Poland/H247/2023|H5N1|2023-06-20  
A/domestic_cat/Poland/H246-M/2023|H5N1|2023-06-21  
A/cat/Poland/Gda1/2023|H5N1|2023-06-21  
A/domestic_cat/Poland/H249/2023|H5N1|2023-06-22  
A/domestic_cat/Poland/H255-M/2023|H5N1|2023-06-21  
A/domestic_cat/Poland/H254/2023|H5N1|2023-06-22

A/mute_swan/Slovakia/139_23VIR1686-5/2023|H5N1|2023-01-20
A/gray_heron/Austria/23025449/2023|H5N1|2023-02-28

A/anas_platyrhynchos/Romania/10368_23VIR1368-2/2023|H5N1|2023-02-02

A/domestic_goose/Czech_Republic/2753/2023|H5N1|2023-02-17  
A/Gallus_gallus/Belgium/01688_0004/2023|H5N1|2023-02-23

A/swan/Germany-BY/AI00091/2022|H5N1|2022-12-29  
A/mute_swan/Austria/22155612/2022|H5N1|2022-12-28

A/domestic_goose/Slovakia/140_23VIR1686-6/2023|H5N1|2023-01-21

A/turkey/Romania/10287_23VIR1145-12/2023|H5N1|2023-01-28
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Posterior probabilities are given at the branch level. In the tree, the genetic sequences retrieved in the current study are the following: A/cat/
Poland/Gda1/2023 (EPI_ISL_ 17989196), and A/environment/Poland/Kra1/2023 (EPI_ISL_17959737). For readability, not all cat sequences, 
which were identical or near-identical are displayed.
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This study has some limitations. The virus found in a 
chicken meat sample originated from a private refriger-
ator of one of the cat owners; its origin cannot be con-
firmed, and it is essential to consider that it might have 
been contaminated post-butchery, during transport, or 
at the household. The meat samples under investiga-
tion were sourced from households where severe ill-
ness was reported in cats. However, these cases were 
not conclusively identified as being infected by HPAI 
H5N1 virus; it is also important to note that the meat 
samples analysed were not necessarily the sole vari-
ety of meat these cats consumed. The public database 
mentioned in this report relied upon is a community 
initiative by cat owners that has not undergone any 
form of curation. Caution should therefore be exercised 
when interpreting the data. Nevertheless, in the early 
stages of an outbreak, such an initiative can swiftly 
provide critical information and serve as a valuable 
resource.

Conclusion
Considering the presented data, we recommend 
that the presence of the virus should be assessed in 
both wild and farmed settings and other locations 
where potential virus adaptation may occur. Taking 

into account non-food-related routes of transmission, 
environmental testing may be recommended, as well 
as testing of wild birds with no apparent pathology. 
Further epidemiological analysis might reveal possible 
links between the cases and, subsequently, shed more 
light on the source of infection.
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Figure 3
Influenza A (H5N1) clade 2.3.4.4.b infection in human airway epithelium, Poland, June 2023
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HPAI: highly pathogenic avian influenza; p.i.: post inoculation.

A. Cells were inoculated with passage 1 HPAI H5N1 virus isolated from the chicken meat and cultured for 96 hours. Cytopathic effect was 
observed in virus-infected cultures. RT-qPCR was used to determine the virus yield each day p.i.

B. Samples were analysed in four biological replicates.
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