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influenza A(HSN1) virus, clade 2.3.4.4b, in
ante- and postmortem samples from naturally
infected domestic cats on U.S. dairy farms
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Abstract. In March 2024, highly pathogenic avian influenza A(HSN1) virus, clade 2.3.4.4b, was detected in dairy cows
in the United States, and at the same time in resident cats on affected farms. To help guide sample collection and diagnosis
in cats, here we report the distribution of lesions and detection of H5N1 clade 2.3.4.4b influenza A virus (IAV) infection by
PCR, immunohistochemistry (IHC), and serology in samples from 4 deceased and 2 living cats from 3 separate affected dairy
farms. Although gross lesions were not diagnostic, histologically, all 4 deceased cats had nonsuppurative and necrotizing
encephalitis and subtle interstitial pneumonia, and some also had significant myocarditis (3 of 4), chorioretinitis (2 of 4), and
sialadenitis (1 of 2). The virus was detected by IHC in the aforementioned tissues, and by PCR in each brain (Ct=9.9-25.1),
lung (17.4-32.7), oropharyngeal swab (28.3—30.5), urine (30.3-34.4), and nasal swab (33.5-34.1) collected postmortem; fecal
swabs were PCR-negative. In the antemortem samples, the virus was detected by PCR in the oropharyngeal swabs (34.1-36.1),
whole-blood samples (30.8-36.6), and one serum sample (31.7). Seroconversion was detected in one cat. Our results support
histologic evaluation of brain, lung, eyes, and heart, and PCR testing of brain and Iung for postmortem diagnosis, and show
that oropharyngeal swabs, urine, serum, and whole blood are suitable samples for antemortem detection of IAV infection in
clinically affected cats.
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The Eurasian strain of highly pathogenic avian influenza
(HPAI) A virus (IAV; Orthomyxoviridae, Alphainfluenzavi-
rus influenzae) subtype HSN1, clade 2.3.4.4b, emerged at the
end of 2021 in Europe™ and is currently the dominant HPAI
virus in the United States of America.” Since its first detec-
tion, this virus has caused multiple outbreaks in poultry and
wild birds™>” with spillover infections and mortalities in a
variety of terrestrial'**'****® and marine'”** mammal spe-
cies in the Americas and Europe. In March 2024, in the
northern Texas panhandle region, this virus was detected
from multiple farms in milk and mammary gland tissue of
dairy cows that had reduced feed intake, reduced rumination,
and an abrupt drop in milk production.® At the same time,
resident cats that were reportedly fed bovine raw colostrum
and milk at the affected farms developed neurologic signs
and unusually high mortality, which was confirmed to be due
to the same virus strain.* To date, the H5N1 clade 2.3.4.4b
virus has been detected in relatively few human cases,**'**
some of whom were workers on affected dairy farms.**
The first detections of HSN1 2.3.4.4b HPAI in felids were
reported in 2 bobcats'” in the United States and 1 domestic

cat’ in France in 2022, and in 3 domestic cats** in the United
States and in 25 cats’ in Poland in 2023; the felids devel-
oped severe systemic and neurologic disease or were found
dead. Prior to the current outbreak in Europe and the United
States, domestic cats!'!"13 162325272931 44 larger felids,
including tigers'*** and leopards,'? around the globe have
been known to be susceptible to H5 IAVs, including H5N1,
both by natural'"'>!*1332631 and  experimental infec-
tion, !> with development of a similar and often fatal
disease. Historically, infection with HSN1 TAV in cats and
other felids was mainly attributed to ingestion or direct and
indirect contact with infected birds,>'>!*!%273! byt cat-to-cat
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transmission was also demonstrated in experimentally
infected cats'>* and postulated in naturally infected tigers.*

Across recent'®* and previous'>*****"* reports of
HS5NI1 virus infection in cats and other felids, brain and lung
appeared to be the organs most consistently and severely
affected, with development of nonsuppurative and necrotiz-
ing encephalitis, interstitial pneumonia, diffuse alveolar
damage, and vasculitis, as well as hemorrhages, congestion,
or small foci of necrosis in various visceral organs. In reports
of H5N1 2.3.4.4b in domestic cats”** and bobcats,'® this
virus was consistently detected by PCR in the brain®'*** and
lung”™'” of deceased cats and bobcats, as well as in nasal
swabs and oropharyngeal swabs from the bobcats,'” in 2 liv-
ers and a postmortem deep nasal swab from the cats in the
United States,”* in the postmortem tracheal and sinonasal
swabs of the cat in France,’ and in nasal swabs, throat swabs,
and occasionally in liver, other internal organs, and rectal
swabs in deceased and live cats in Poland.” Regarding viral
antigen detection by immunohistochemistry (IHC), immuno-
reactivity was consistently found in the brain of all 3 cats in
the United States,”* and variably in the lung, heart, kidney,
adrenal gland, myenteric plexus, and pancreas of the cats,**
and in the brain of a bobcat.'’

In natural®*>' and experimental'*'**** infections in
cats with other strains of HSN1 TAV, viral detection was con-
firmed by PCR, virus isolation, and/or IHC, mainly in the
lung and brain, with variable detection in other organs and
sample types such as liver, heart, kidney, spleen, adrenal
gland, myenteric plexus, pancreas, intestine, mesenteric
lymph node, tonsil, nasal conchae, rectal swab, oropharyn-
geal swab, serum, pleural fluid, and urine. In experimental
studies with other H5N1 strains,'****’ the virus was detected
by viral isolation or PCR procedures in pharyngeal, nasal,
and rectal swabs of cats as early as 1 d post-infection (dpi)
and up to the end of the experiment at 7 dpi, regardless of the
inoculation route (i.e., oculo-nasopharyngeal, intratracheal,
alimentary, or horizontal).

Subclinical infection with HSN1 viruses has also been
reported in natural and experimental infections.'®* During
an outbreak in an animal shelter in Europe, HSN1 infection
was detected by PCR in pharyngeal swabs in 3 of 40 cats and
seroconversion in 2 cats that were in contact with infected
birds.'® Similarly, in a 2008 experimental study,” cats inocu-
lated with lower doses of HSN1 virus (10%, 10% and 1 embryo
infectious dose [EID]) did not develop clinical signs, and
seroconversion and viral detection occurred in the cats
infected with 10* EID, but not in those inoculated with 10% or
1 EID.

Due to the implications of potential zoonotic and cross-
species transmission of the HPAI H5NI1 virus, a timely and
accurate diagnosis in both live and dead animals, including
companion animals is essential. Here, we report the distribu-
tion of lesions and detection of HPAI H5N1 clade 2.3.4.4b
infection by PCR, IHC, and seroconversion in a variety
of postmortem and antemortem samples collected from 6

naturally infected domestic cats associated with outbreaks in
dairy cattle in Texas, New Mexico, and Minnesota in 2024.
These results will help guide sampling, test selection, and
interpretation in domestic cats suspected of being infected
with HSN1 IAV.

Materials and methods

The lowa State University—Veterinary Diagnostic Labora-
tory (ISU-VDL; Ames, IA, USA) received 2 cats from Texas
on 2024.03.21 (case 1; cats 1 and 2) and 2 cats from New
Mexico on 2024.04.09 (case 2; cats 3 and 4) for autopsy, and
antemortem clinical samples from 2 live, clinically ill cats
(case 3; cats 5 and 6) from Minnesota on 2024.06.10 for
diagnostic evaluation. All 6 animals were adults residing on
3 separate dairy farms on which cattle were diagnosed with
H5NI TAV clade 2.3.4.4b infection. The deceased cats from
Texas and New Mexico (cats 1-4) were 6- to 24-mo-old; the
live cats from Minnesota (cats 5 and 6) were 5- and 13-y-old,
respectively. Although infection in the Texas cats (cats 1 and
2) was reported previously,” this is the first report focusing
on the cats originating from New Mexico and Minnesota
(cats 3—6). Similarly to the cats from Texas, the cats residing
on the New Mexico farm (cats 3 and 4) were part of a larger
colony of cats that foraged on mice, rats, and birds, and were
also offered raw and pasteurized colostrum and milk from
sick cows that was being diverted from the bulk commercial
milk. Cats 5 and 6 from Minnesota were indoor cats that
were reported to only have contact with people working at
the affected dairy farm.

All cats from Texas and New Mexico (cats 1-4) experi-
enced various degrees of neurologic signs, including leth-
argy, inappetence, weakness, depression, ataxia, stumbling,
lack of awareness, dullness, and inability to rise. Blindness,
reduced menace reflex, and ocular and nasal discharge were
also reported. Duration of illness was 24—48h from when
clinical signs were first observed, with progressively more
severe neurologic signs before death. Cats 1-3 died natu-
rally; cat 4 was euthanized by gunshot on farm due to pre-
sumed H5N1 TAV infection and concerns for potential human
exposure during restraint. All samples in cats 1-4 were col-
lected postmortem. Regarding the cats from Minnesota, cat 5
developed clinical signs first, followed by cat 6 on the next
day. Clinical signs were bilateral ocular and nasal discharge,
pyrexia, tachypnea, dehydration, and lethargy. To our knowl-
edge, cat 5 recovered clinically and was still alive at the time
of manuscript submission; cat 6 had a rapid progression of
illness and died 5 d after the onset of clinical disease and
sample collection. Samples were collected from cats 5 and 6
on the day of onset of clinical signs in cat 6.

Sections of brain, eye, lung, heart, spleen, liver, lymph
node, and kidney were systematically collected from all cats
submitted for autopsy (cases 1 and 2; cats 1-4) and placed in
10% neutral-buffered formalin for histologic evaluation.
Nasal turbinates, cribriform plate, lacrimal glands, salivary
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glands, trachea, pharynx, esophagus, stomach, pancreas,
small and large intestine, skeletal muscle, thyroid glands,
adrenal glands, and lymph node were also collected from
cats 3 and 4. Additional samples from cat 3 included tonsils,
larynx, optic chiasm, pituitary gland, sciatic nerve, urinary
bladder, uterus, ovaries, mammary gland, and bone marrow.
The cerebrum was retrieved from all cats; the cerebellum and
brainstem were not available for cat 4 euthanized by gun-
shot. Formalin-fixed tissues were routinely trimmed, pro-
cessed, and sectioned at 4 pum for H&E staining and
microscopic evaluation. IHC targeting the IAV nucleoprotein
(NP) was performed as described previously.* Sections of
swine lung positive for AV infection by reverse-transcrip-
tion real-time PCR (RT-rtPCR) were used as positive con-
trols. Sections of brain, lung, and eye from lowa cats
diagnosed with an unrelated disease before the recent HSN1
IAV detection in dairy cattle were used as negative controls.

Fresh samples of brain and lung were collected from all
cats for AV RT-rtPCR targeting the matrix and NP genes,
followed by HS and 2.3.4.4b subtyping RT-rtPCR assays.
The following samples were also collected from cats 3 and 4
during autopsy for RT-rtPCR testing: oropharyngeal swab,
nasal swab, fecal swab, and urine. The oropharyngeal swabs
from cats 3 and 4 were collected in duplicate using sterile
polyester swabs (Fisher Scientific): 1 swab was placed in
2mL of 1x PBS (Fisher Scientific), and 1 swab in 5mL of
brain-heart infusion (BHI) broth (Becton Dickinson). The
fecal swabs were placed in PBS as described above. Urine
was collected via cystocentesis using a sterile syringe and a
20-ga needle during the autopsy procedure. The same set of
samples was also collected from 2 additional cats received
for rabies testing (cats 7 and 8), to serve as negative controls.
In cats 5 and 6, oropharyngeal swabs, EDTA whole blood,
and serum were collected antemortem. The RT-rtPCR used
to screen for the presence of IAV RNA was performed fol-
lowing a NAHLN-approved assay with deviations that
included the VetMAX Gold SIV detection kit (Fisher Scien-
tific), as described previously.* Samples with cycle threshold
(Ct) values <40.0 were considered positive. Following the
IAV RT-rtPCR screening, positive samples were further ana-
lyzed via NAHLN-approved HS5 subtyping and a Eurasian
lineage goose/Guangdong clade 2.3.4.4b—specific RT-rtPCR
using the same RNA extract, according to standard operating
procedures. Positive RNA extracts from each cat were also
submitted to the National Veterinary Services Laboratories
(NVSL; Ames, IA, USA) for confirmation and further char-
acterization.

We used a commercial ELISA (Swine influenza virus
antibody test kit; Idexx) according to the manufacturer’s
instructions to detect circulating antibodies to IAV NP in
serum samples from cats 5 and 6. Briefly, samples were
diluted 10-fold in sample diluent; 100 uL of undiluted nega-
tive control (NC) and 100 puL of undiluted positive control
were dispensed into duplicate wells of the avian AV
NP antigen—coated plates; 100 uL of diluted samples were

dispensed into their appropriate wells and incubated for
60 min at room temperature (RT). After incubation, each well
was washed with ~350uL of 1x wash solution 3-5 times
(wash step). Plates were washed with 3 cycles from an auto-
matic washer. A cycle was defined as an aspiration and then
a dispensing. Next, 100 uL of conjugate was dispensed into
each well, covered, and incubated for 30 min at RT. TMB
substrate was then dispensed into each well, covered, and
incubated in the dark for 15 min at RT. This was followed by
dispensing 100 pL of stop solution into each well. The plates
were read at 650 nm. This assay was validated at the ISU-
VDL in bovine and swine samples and was not previously
validated in cats; signal:noise ratio (S:N) values <0.6 are
considered positive for bovine and porcine serum samples.

Results

Part of the diagnostic investigation conducted on cats 1 and
2 was published previously.* Here we provide more detail of
the histologic and immunohistochemical findings in cats |
and 2 and a comparison of all diagnostic results with those of
cats 3—6.

At postmortem evaluation, all cats appeared to be in ade-
quate body condition. Autolysis was mild in cats 1-3 and
moderate in cat 4. Gross findings in all cats were mild and
nonspecific, and included mild subcutaneous and meningeal
hemorrhage in cats 1 and 2, and no-to-low content in the gas-
trointestinal tract in all cats. Cat 4 also had a gunshot wound
in the skull.

The most consistent histologic lesions across cats from
both outbreaks were mononuclear and necrotizing encepha-
litis (4 of 4 cats), interstitial pneumonia (4 of 4), and chorio-
retinitis (2 of 4; Table 1). The encephalitis was multifocal
and severe in all cats and consisted of random foci of peri-
vascular lymphocytic inflammation, necrotizing vasculitis,
gliosis, and neuronal necrosis within the white and gray mat-
ter (Fig. 1A, 1B). Lesions were most consistently found in
the cerebrum (4 of 4) and brainstem (3 of 3). In addition,
moderate perivascular inflammation also extended to the
leptomeninges in the cerebrum of cats 1-3. No lesions were
found in the cerebellum except for mild perivascular inflam-
mation in the white matter of the cerebellar peduncle of cat
3. The pneumonia consisted of small random foci of lympho-
cytic and fibrinous inflammation within alveolar septa, with
septal necrosis and alveolar edema (4 of 4; Fig. 1C). One eye
in cat 2 and both eyes in cat 3 were affected by segmental
lesions consisting of perivascular lymphocytic retinitis with
loss of nerve fibers, rarefaction, ganglion cell necrosis, atten-
uation of the inner plexiform layer, jumbling and loss of
nuclear layers, photoreceptor necrosis, and retinal detach-
ment (2 of 4; Fig. 1D). Similar lymphocytic perivascular
inflammation was also present around the choroid vascula-
ture (2 of 4). Retinal lesions were more severe and dissemi-
nated, with the accumulation of fibrin, hemorrhages, and
edema in the retina of cat 3 (Fig. 1C). Low numbers of lym-
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Table 1. Location of histologic lesions and immunoreactivity (IHC) for influenza A virus nucleoprotein in cats naturally infected with

influenza A(H5N1) virus from Texas and New Mexico.

Presence or absence of lesions/IHC results

No. of cats

Location Cat1(case 1) Cat2(casel) Cat3(case2) Cat4(case2) withlesions No. of cats I[HC+
Brainstem +/+ +/+ +/+ NA 3/3 3/3
Cerebellum —/- —/— +/— NA 1/3 0/3
Cerebrum +/+ +/+ +/+ +/+ 4/4 4/4
Spinal cord NA NA +/— NA 1/1 0/1
Peripheral nerves NA NA —/— NA 0/1 0/1
Eye (retina, choroid) —/— +/+ +/+ —/— 2/4 2/4
Ocular conjunctiva NA NA —/— —/— 0/2 0/2
Eyelid conjunctiva NA NA —/— +— 172 0/2
Lacrimal gland NA NA /- /- 0/2 0/2
Nasal turbinates NA NA —/— +/— 172 0/2
Cribriform plate NA NA /- +/— 1/2 0/2
Larynx NA NA —/- NA 0/1 0/1
Trachea NA NA —/— —/— 0/2 0/2
Lung +/+ +/+ +/— +/— 4/4 2/4
Tonsil NA NA +/— NA 1/1 0/1
Lymph node NA NA —/— —/— 0/2 02
Spleen —/— —/- —/- —/- 0/4 0/4
Submandibular salivary gland NA NA +/+ +/— 2/2 1/2
Minor salivary glands—pharynx ~ NA NA NA +/— 1/1 0/1
Minor salivary glands—tongue NA NA ++ NA 1/1 1/1
Parotid gland NA NA —/— +/—- 1/2 0/2
Sublingual salivary glands NA NA —/— NA 0/1 0/1
Tongue NA NA —/— NA 0/1 0/1
Esophagus NA NA —/— —/— 0/2 0/2
Stomach NA NA —/— —/— 02 0/2
Large intestine NA NA —/— —/— 0/2 0/2
Small intestine NA NA —/— —/— 02 0/2
Heart +/+ +/+ +/— —/— 3/4 2/4
Skeletal muscle NA NA —/— —/— 02 02
Liver —/— —/— +/— —/— 1/4 0/4
Kidney —/— —/— —/— —/— 0/4 0/4
Urinary bladder NA NA —/— NA 0/1 0/1
Adrenal gland NA NA +— —/— 172 0/2
Parathyroid gland NA NA —/— NA 0/1 0/1
Thyroid gland NA NA +— /- 172 0/2
Pancreas NA NA —/— —/— 0/2 02
Ovary NA NA —/— NA 0/1 0/1
Uterus NA NA —/- NA 0/1 0/1
Bone marrow NA NA —/— NA 0/1 0/1
+ =lesion present or positive IHC; —=lesion absent or negative IHC; NA =not available.

phocytes and plasma cells also extended into the ciliary
body, processes, and cleft, as well as iris, sclera, and eyelid
conjunctiva of cat 3, mainly in a perivascular location. No
microscopic lesions were seen in the lacrimal glands (0 of 2)
and the ocular conjunctiva (0 of 4).

Additional microscopic lesions included mononuclear and
necrotizing myocarditis in 3 of 4 cats (Fig. 1E), mild necrotizing
and neutrophilic hepatitis (1 of 4), focal necrosis in the adrenal
gland (1 of 4), and mild lymphocytic perivascular inflammation

in multiple tissues, such as thyroid gland (1 of 4), parotid gland
(1 of 2), submandibular salivary gland (2 of 2), and minor sali-
vary glands of the pharynx (1 of 1). Cat 3 also had severe necro-
tizing tonsillitis and mild-to-moderate lymphocytic and
necrotizing inflammation of the submandibular salivary gland
and minor salivary glands of the tongue (Fig. 1F). Cat 4 also had
neutrophilic, lymphocytic, and histiocytic rhinitis.

On [HC, immunoreactivity for IAV NP was detected in the
nucleus and cytoplasm of several cell types and in multiple
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Figure 1. Highly pathogenic avian influenza A(H5N1) virus clade 2.3.4.4.b infection in domestic cats. A. Multifocal necrotizing
encephalitis with vasculitis (arrow) and gliosis within cerebral cortex. Blood vascular tunics are obscured by mononuclear inflammation.
B. Acute neuronal necrosis (shrunken, angular, hypereosinophilic pyramidal neurons; arrowheads) and gliosis within the cerebral neuropil.
C. Acute multifocal necrotizing interstitial pneumonia with alveoli containing fibrin, neutrophils, and necrotic cellular debris (arrowheads).
D. Segmental, necrotizing chorioretinitis with retinal vasculitis and loss of nerve fibers, ganglion cell, plexiform, and nuclear layers.
Photoreceptors are abruptly lost with retinal detachment (asterisk). An exudate of fibrin, hemorrhage, neutrophils, and macrophages is
present within the vitreous chamber (VC). E. Acute interstitial myocarditis with cardiac myocyte degeneration and necrosis. F. Sialadenitis
within a submandibular salivary gland with a mononuclear inflammatory infiltrate, degeneration and necrosis of the salivary gland epithelium

(arrows), and intraluminal necrotic debris (asterisk).

organs intralesionally: neurons (4 of 4 cats; Fig. 2A, 2B);
bronchiolar epithelium (1 of 4), necrotic cells within alveolar
spaces and septa (2 of 4), and septal mononuclear cells in the
lung (2 of 4; Fig. 2C); all layers of the retina (2 of 4; Fig. 2D);
cardiomyocytes (2 of 4; Fig. 2E); the epithelium of a subman-
dibular salivary gland (1 of 2; Fig. 2F), and minor salivary
glands of the tongue (1 of 1). In cat 3, small foci of immunore-
activity in cellular debris lining the mucosal epithelium of the
large intestine were also suspected, although no significant

lesions were observed in the intestinal mucosa and lamina pro-
pria on H&E. All other examined tissue sections had no immu-
noreactivity (Table 1).

Brain and lung from all cats were positive by IAV screen-
ing RT-rtPCR with low Ct values in cats 1 and 2 from Texas
(9.9, 13.5 on brain; 17.4, 24.4 on lung), and medium-to-high
Ct values in cats 3 and 4 from New Mexico in the same
organs (21.2,25.1 on brain; 32.5, 32.7 on lung; Table 2). IAV
nucleic acid was also detected at relatively high Ct values in
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Figure 2. Immunohistochemistry for influenza A virus nucleoprotein in cats infected with highly pathogenic avian influenza A(HS5N1)
virus clade 2.3.4.4.b. A. Multifocal distribution of immunoreactivity within the cerebral cortex. B. Pyramidal neurons and axons have strong,
intracytoplasmic and intranuclear immunoreactivity (arrows). The neuropil is populated and infiltrated by numerous immunoreactive glial
and inflammatory cells (arrowheads). C. Cells within alveolar spaces and septa of the lung have strong intracytoplasmic and intranuclear
immunoreactivity. D. Strong, segmental, intracellular, and intranuclear immunoreactivity of all cell layers of the retina with separation
from the underlying choroid (asterisk). VC = vitreous chamber. E. Well-demarcated area with strong intrasarcoplasmic immunoreactivity
within cardiac myocytes. F. Strong, multifocal, intracytoplasmic, and intranuclear immunoreactivity in the submandibular salivary gland

epithelium.

the oropharyngeal swabs, nasal swabs, and urine from cats 3
and 4, with the lowest Ct values in oropharyngeal swabs col-
lected in PBS (28.3, 30.5), followed by oropharyngeal swabs
collected in BHI (31.3, 32.3), urine (30.3, 34.4), and nasal
swabs (33.5, 34.1; Table 2). Fecal swabs were negative in
both cats. In cats 5 and 6, IAV nucleic acids were detected at
relatively high Ct values in the oropharyngeal swabs (36.1
and 34.1, respectively) and EDTA whole blood (36.6 and
30.8, respectively) in both cats, and in the serum from cat 6
with a Ct of 31.7 (Table 2). The H5 subtype— and clade

2.3.4.4b—specific RT-rtPCR assays were also positive in each
positive sample, with Ct values consistent with the IAV RT-
rtPCR, with the exception of lung from cat 3, nasal swabs
from cats 3 and 4, and oropharyngeal swab from cat 5
(Table 2). Positive samples from each cat were submitted to
NVSL for confirmation and further characterization; an
H5N1 HPAI virus of the Eurasian lineage goose/Guangdong
H5 clade 2.3.4.4b was confirmed in all cats. All samples
from cats 7 and 8 used as negative controls tested negative by
TIAV RT-rtPCR. Serologically, circulating antibodies to IAV
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Table 2. Results of RT-rtPCR for influenza A virus, HS subtype, and H5 2.3.4.4b clade expressed as cycle threshold (Ct) values in

naturally infected cats.

Animal State IAV PCRtest Brain Lung Urine Oropharyngeal swabt Nasal swab Fecal swab  EDTA blood Serum
Cat 1 TX ITAV 9.9% 17.4* NA NA NA NA NA NA
(case 1) HS subtype 10.7* 16.5%
H52.3.4.4b 11.9% 18.0*
Cat 2 TX 1AV 13.5% 24.4* NA NA NA NA NA NA
(case 1) HS5 subtype 14.0% 23.8%*
H52.3.4.4b 15.2*% 24.8*
Cat3 NM [AV 21.2*% 325 303 30.5 33.5 - NA NA
(case 2) HS subtype 21.7*% 36.5 334 325 35.6
H52.3.4.4b 22.0% - 332 328 -
Cat 4 NM [AV 25.1*% 327 344 283 34.1 - NA NA
(case 2) HS5 subtype 257% 379 369 319 -
H52.3.4.4b 25.7% 36.3 37.1  31.6 -
Cat5 MN AV NA NA NA 36.1%* NA NA 36.6 -
(case 3) HS subtype - 36.2
H52.3.4.4b 35.2% 37.2
Cat 6 MN AV NA NA NA 34.1%* NA NA 30.8 31.7
(case 3) HS subtype 35.4 32.0 33.7
H52.3.4.4b 33.2% 33.2 348

—=not detected; IAV = influenza A virus; NA = not available.
* Results from the National Veterinary Services Laboratories (NVSL), Ames, 1A, USA.
T Oropharyngeal swab collected in PBS.

NP antigens were detected by ELISA in cat 5 (S:N 0.501)
and not in cat 6 (S:N 0.934).

Discussion

The 4 cats that were autopsied had minimal or non-diagnos-
tic gross lesions (notably mild subcutaneous and meningeal
hemorrhages in cats 1 and 2). Yet, all 4 cats had histologic
lesions that were striking in the brain and more subtle in the
lung, which consisted of mononuclear and necrotizing
encephalitis, interstitial pneumonia, and vasculitis in both
organs, similar to those described in previous HSN1 infec-
tions in cats,” "% including the most recent clade
2.3.4.4b.** Similar to previous reports of clade 2.3.4.4b in
cats,””* brain was the most severely affected organ, and har-
bored a higher amount of IAV nucleic acid and NP antigen in
all cats. Lung lesions appeared more acute in cats 1 and 2 and
were mainly attributed to vascular damage with leakage of
fibrin associated with the presence of IAV NP by IHC. Pul-
monary changes appeared to be more chronic and subtle in
cats 3 and 4 in which viral detection was confirmed by RT-
rtPCR but not by IHC. Foci of necrosis and concurrent detec-
tion of AV antigen have been reported in a variety of systemic
organs in recent™* and past'***>*’ H5N1 infections in cats. In
our cases, the 2 cats from Texas had multifocal myocardial
necrosis associated with detection of IAV NP, similar to
reports in several wild mammals naturally infected with
H5N1 2.3.4.4b" and in cats experimentally infected with A/
Vietnam/1194/2004(H5N1).? One cat from New Mexico
also had a focus of myocarditis, but it was not associated with

detection of IAV NP by IHC. A few small foci of necrosis
were also observed in the liver and adrenal gland of one cat.
Unlike previous reports,'***>>*’ this lesion was not associ-
ated with immunoreactivity for IAV, and we did not identify
necrosis or immunoreactivity in other organs, such as pan-
creas”* or kidney. >

To our knowledge, IAV and associated lesions have not
been reported in the salivary glands of cats, nor has a case
series been reported with associated lesions in the eyes.* We
retrieved no cases of feline sialadenitis or chorioretinitis due
to IAV in a search of Google, PubMed, CAB Direct, Web of
Science, and Scopus, using search terms “cat”, “feline”,
“influenza”, “HPAI”, “H5N1”, “retinitis”, “chorioretinitis”,
and “sialadenitis,” suggesting that these conditions have not
been reported in cats. In addition to neurologic signs, blind-
ness was reported in cats from the farms in Texas and New
Mexico, and one cat from each farm had microscopic
changes of segmental-to-disseminated chorioretinitis asso-
ciated with intralesional IAV antigen, indicating the ability
of this virus to infect all layers of the retina with subsequent
clinical blindness. Interestingly, although conjunctivitis has
been reported in people infected with HSN1 clade 2.3.4.4b,**
conjunctivitis was not a feature in our feline cases. Cat 3 had
multifocal necrosis in the submandibular salivary gland and
the minor salivary glands of the tongue associated with
immunodetection of IAV NP; cat 4 had mild perivascular
lymphocytic sialadenitis with negative IAV immunodetec-
tion. The findings in cat 3 are particularly interesting
because, along with the data in cattle,*'* they suggest a tro-
pism of this virus strain for the glandular epithelium and
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may contribute, at least in part, to the viral detection in the
oropharyngeal swabs. Additional studies focusing on the
viral tropism for the glandular epithelium of different spe-
cies are therefore warranted. Infection of tonsils has been
reported in experimental infections with H5N1 in cats®*’;
cat 3 in our series had severe necrotizing tonsillitis, although
we did not confirm IAV NP by IHC in this location.

To help guide sample selection and diagnosis in live, clin-
ically ill cats, oropharyngeal swabs, nasal swabs, fecal
swabs, and urine collected postmortem from cats 3 and 4,
and oropharyngeal swabs, EDTA blood, and serum from live
clinically ill cats 5 and 6 were analyzed by RT-rtPCR. In
addition, seroconversion for the IAV NP was evaluated in the
serum samples from the 2 living cats. All oropharyngeal
swabs and urine samples were positive by RT-rtPCR; lower
amounts of TAV nucleic acids were detected in the nasal
swabs, impairing AV subtyping. All fecal swabs were nega-
tive. Oropharyngeal swabs have been reported to be suitable
for detecting both clinical and subclinical HSN1 infection in
naturally infected cats™'*'® and bobcats,' including the
clade 2.3.4.4b virus,”'” as well as in experimentally infected
cats.”* Authors of one study investigated and confirmed
H5N1 in cat urine by viral isolation®; others detected the
virus in the kidney by viral isolation, IHC, or PCR, but did
not evaluate urine samples.'****** Although viral detection
and isolation from nasal swabs and fecal or intestinal sam-
ples has been variably demonstrated in natural>*' and exper-
imental****’ infections with HSN1 viruses in cats, including
the outbreak in Poland,’ the high Ct values in the nasal swabs
and negative results in fecal samples in our study corroborate
the reports of HSN1 2.3.4.4b infection in domestic cats in the
United States* and France.’ In both cases,** the virus was
detected in 2 of 3 nasal swabs with Ct values >33.0, and was
not detected in the 2 fecal samples collected.

In the experimental studies that detected H5N1 virus in
rectal swabs and intestine by viral isolation or PCR proce-
dures,***’ THC detection was not observed or reported in
any segment of the gastrointestinal tract, and viral titers in
the rectal swabs varied widely compared to more consistent
titers in the pharyngeal and nasal swabs in one study.” In cat
3, detection of IAV NP was suspected in small clusters of
cellular debris lining the mucosal epithelium of the large
intestine; however, no significant lesions were observed in
the intestinal mucosa and lamina propria and viral nucleic
acids were not detected in the corresponding fecal sample,
suggesting a nonspecific reaction. All other gastrointestinal
tissue sections examined had no immunoreactivity.

Our results, coupled with other reports, suggest that oro-
pharyngeal swabs and urine are more reliable samples for
RT-rtPCR detection of H5N1 2.3.4.4b, compared to nasal
swabs and fecal swabs. However, the stage of clinical infec-
tion, potentially influencing the presence and amounts of
virus in these samples, should be considered. Additional
studies are needed to elucidate the routes and duration of
viral shedding in cats and other animals infected with HSN1
clade 2.3.4.4b. In experimental studies with other H5N1

virus strains,' % the virus was detected in pharyngeal,

nasal, and rectal swabs of cats as early as 1 dpi and up to the
end of the experiment at 7 dpi.

Cat 5 was the only cat evaluated serologically that was
found to have antibodies to IAV NP by ELISA. Cat 6 had no
seroconversion and lower Ct values in the oropharyngeal
swab, EDTA whole blood, and serum sample, compared to cat
5. Cat 5 developed clinical signs first, followed by cat 6 on the
next day, and all samples were collected on the day of onset of
clinical signs in cat 6. To our knowledge, cat 5 (5-y-old) recov-
ered and was still alive at the time of manuscript submission.
Cat 6 (13-y-old) died 5 d after the onset of clinical disease and
sample collection. Cat 5 may have been infected earlier than
cat 6, and was thus further along in the disease process, and
would have lower amounts of nucleic acids in these samples
coupled with the presence of circulating antibodies. In cats
experimentally infected with HSN1 and that displayed clinical
signs starting at 2—4 dpi, antibodies against IAV NP were
detected by ELISA as early as 14 dpi, but no serologic data
between 0 and 14 dpi were available.” Seroconversion in sub-
clinical cats was also demonstrated in the same study in cats
infected with a lower viral dose (10* EID) at 14 and 21 dpi, but
not in cats inoculated with 10? and 1 EID.* In addition, sero-
conversion in subclinical cats was detected by a hemaggluti-
nation inhibition test in 2 of 40 cats from a natural outbreak in
which cats were in contact with H5SN1-infected birds, at 22 d
after the death of the first positive bird."® Additional work is
needed to further understand the timeframe between initial
infection to seroconversion in cats that survive peracute dis-
ease. Additionally, development of an IAV ELISA specific to
H5 may help reduce potential false-positive results arising
from infection with other IAV subtypes.

Although cats 1-4 from Texas and New Mexico report-
edly foraged on mice, rats, and birds, and were offered milk
and colostrum from infected dairy cows, cats 5 and 6 from
Minnesota were reportedly kept indoors and only had con-
tact with people working at the affected dairy farm. Histori-
cally, infection with HSN1 in cats and other felids was mainly
attributed to ingestion or direct and indirect contact with
infected birds.'>'*'**"3! However, cat-to-cat transmission
was also demonstrated to occur in experimentally infected
cats">* and postulated in naturally infected tigers kept in a
tiger z0o.”® Our findings raise the concern for transmission of
HS5NI virus to cats, not only by ingestion of infected mate-
rial, such as milk or dead birds, but also by contact with
fomites or infected material transmitted via the cats’ human
handlers, such as owners, keepers, or caregivers. The infec-
tion status of the cats’ owners in case 3 is unknown. Overall,
a deeper understanding of viral transmission among a higher
number of animals and a variety of hosts, from an epidemio-
logic point of view, is needed. Additional studies investigat-
ing the occurrence of horizontal transmission, including
contact with body secretions (e.g., saliva, urine), are also
warranted. Although a few HPAI H5N1 infections in humans
have been reported since 2022,%%*'*® HPAI is a zoonotic dis-
ease and close or prolonged, unprotected contact with
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infected animals, contaminated environments (e.g., litter), or
clinical samples can pose a risk of infection for people.®
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