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Abstract

Feline herpesvirus type 1 (FHV-1) is a widespread pathogen responsible for feline viral rhinotracheitis, a highly contagious
disease affecting cats worldwide. This virus primarily targets the upper respiratory tract and ocular tissues, leading to clinical
signs such as sneezing, nasal discharge, conjunctivitis, keratitis, and, in severe cases, corneal ulceration. FHV-1 is particularly
problematic in young, immunocompromised, or stressed cats, and latent infections can result in recurrent clinical manifestations.
The pathogenesis of FHV-1 involves initial viral replication in epithelial cells, followed by latency establishment in the
trigeminal ganglia. Reactivation can occur due to stress, immunosuppression, or co-infections, leading to viral shedding and
disease recurrence. Diagnosis is based on clinical presentation, supported by molecular techniques such as PCR, which detect
viral DNA in ocular or respiratory secretions. Serological tests are less useful due to widespread exposure among the feline
population. Management of FHV-1 includes supportive care, antiviral therapy, and immune modulation. Topical and systemic
antivirals, such as famciclovir and cidofovir, have shown efficacy in reducing viral replication and alleviating clinical symptoms.
Interferon therapy and other immunomodulatory treatments are under investigation to enhance antiviral responses. Lysine
supplementation, previously recommended, has shown conflicting results in recent studies. Secondary bacterial infections are
common and may require antibiotic therapy. Vaccination plays a crucial role in prevention, though it does not completely
eliminate the risk of infection or reactivation. Stress management and maintaining optimal environmental conditions can help
reduce recurrence. Ocular complications of FHV-1, including chronic conjunctivitis, symblepharon, corneal sequestrum, and
stromal Keratitis, pose significant challenges in feline ophthalmology. Despite advances in diagnosis and treatment, FHV-1
remains a significant concern in feline medicine. Understanding its pathogenesis, improving management strategies, and
developing more effective preventive measures are essential for minimizing its impact on feline health.
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1. Introduction

Feline Herpesvirus Type 1 (FHV-1) is widely considered ubiquitous in the feline population and manifests in cats with
the most prevalent infectious disease in cats, with seroposi- respiratory, ocular, potentially intraocular, and rarely, cu-
tivity ranging between 75% and 97% [1-3]. It is therefore ~ taneous symptoms [4]. Together with feline calicivirus and
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agents such as Bordetella bronchiseptica and Chlamydoph-
ila felis, it is responsible for upper respiratory tract symp-
toms, commonly referred to as feline influenza. As with all
alphaherpesvirus infections, feline herpesvirus is charac-
terized by acute symptoms, which are very severe in kittens
and less severe in older cats. The virus enters a latency pe-
riod, remaining dormant in the trigeminal ganglia, and may
subsequently reactivate, leading to viral shedding and the
potential to infect other cats [5]. Diagnosis and treatment of
feline herpesvirus can be challenging, frustrating, and ex-
pensive, with a high risk of recurrence [6]. The virus was
first isolated in the United States in 1958 [4]. FHV-1 infects
felids, with the domestic cat as the primary host; however,
lions, pumas, and cheetahs can also be infected [7]. Infected
cats exhibit upper respiratory tract symptoms such as
sneezing, coughing, fever, leukocytosis, purulent rhinotra-
cheitis, conjunctivitis, and tonsillitis [8]. Viremia is rare, and
the detection of the virus in peripheral leukocytes and gen-
eralized pathological signs are observed only in debilitated
individuals or neonatal kittens [8, 9]. The pathology does not
appear to depend on the microbial flora; however, secondary
bacterial infections can exacerbate symptoms, increasing the
risk of pneumonia, chronic rhinitis, sinusitis, or purulent
conjunctivitis [8, 9]. Clinical manifestations may be mild,
self-limiting, severe, or in some cases, chronic throughout
life, depending on factors such as viral strain virulence, host
immune status, age, environmental conditions, and immu-
nosuppressive infectious diseases such as feline leukemia
[7-10]. Cats experiencing primary infection have higher vi-
ral loads, thus increasing the risk of transmission to healthy
cats upon contact [11].

2. Etiology

Feline herpesvirus type 1 belongs to the Alphaherpesvirus
subfamily (Figure 1). The characteristics of members of this
subfamily include a short replication cycle, lifelong latency
in the infected host, and a narrow host range. The virus can
replicate only in feline cell lines and not in those of other
species [5, 12]. The virion size ranges from approximately
120 to 180 nm and consists of a core containing dou-
ble-stranded DNA of about 126-135 kilobases [12, 13],
surrounded by an icosahedral capsid, and externally envel-
oped by a lipid membrane with glycoprotein spikes that
enable viral attachment to the host [5]. Since the first virus
isolate in 1958, additional strains have been identified and
classified into three genotypes: F2, C7301, and C7805 [14].
The various isolated strains exhibit similar antigenic be-
havior and constitute a single serotype [7]. The dou-
ble-stranded DNA is composed of two unique sequence

segments, known as unique long (UL) and unique short (US).

The unique short segment is flanked by a pair of identical but
inverted sequences, termed terminal repeat short (TRS) and
inverted repeat short (IRS) [15]. The DNA encodes ap-
proximately 74 proteins [15].
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Figure 1. Taxonomy of Feline Herpesvirus 1 (FHV-1).

3. Virus Characteristics and
Epidemiology

Alphaherpesvirus exhibits predictable biological behavior:
it is notably species-specific, thus not a zoonosis, and is highly
sensitive to common disinfectants, antiseptics, and detergents
[16, 17]. It is inactivated within 3 hours at 37 <<C and within 5
minutes at 56 <C; at 4<C, the virus remains infectious for ap-
proximately 5 months, and at 25<C for one month [17]. The
natural route of infection is direct contact with nasal, oral, and
conjunctival secretions, with primary viral replication sites
including the nasal septum mucosa, turbinates, nasopharynx,
conjunctiva, and tonsils [8, 18]. The virus does not cause vi-
remia, as it requires low-temperature epithelial tissues, such
as those of the upper respiratory tract and conjunctiva, for
replication [18]. There is no evidence of transplacental
transmission, although it has been demonstrated experimen-
tally [17]. In certain situations, such as catteries, indirect
transmission can occur through contamination of food uten-
sils, bedding, cleaning equipment, and personnel [9]. Respir-
atory aerosol is not considered the primary mode of infection;
however, macro-droplets expelled through sneezing can travel
distances of 1-2 meters [9, 21].

The highest viral expression occurs in kittens: herpetic le-
sions manifest in the postnatal period due to transmission of
the virus from the queen to the kittens following viral reacti-
vation triggered by the stress of parturition and lactation [18].
Nevertheless, some queens may shed the virus near parturi-
tion without displaying any clinical signs of herpes [20]. This
serves as an effective mechanism for viral transmission to
subsequent generations. The likelihood of kittens developing
clinical symptoms depends on maternal derived antibodies
(MDA); some kittens may experience subclinical infection
and become virus carriers. The incubation period is approx-
imately 2-6 days [5].

4. Virology and Pathogenesis

FHV-1 is predominantly epitheliotropic, with viral DNA
rarely found in the corneal stroma. The virus causes necrosis
of the respiratory, conjunctival, and corneal epithelia, with
eosinophilic intranuclear inclusion bodies, frequent neutro-
phil presence, and fibrinous exudation [8, 10]. Severe cases
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involving the lower respiratory tract present with necrotizing
to necrosuppurative bronchitis, bronchiolitis, and alveolitis
with leukocyte infiltration. Epithelial cells exhibit a range
from intact to degenerated, showing cytoplasmic swelling,
apoptosis, or necrosis [7]. Viral spread from the upper to
lower respiratory tract results from viral dissemination
through the airways [7].

The virus follows a dual cycle: a productive phase and a
latency phase.

Productive “lytic” phase: The virus spreads through con-
tiguous cells via endocytosis, releasing new virions near cell
junctions. It has tropism for epithelial cells, which have ex-
tensive contacts with each other and neurons [7, 22]. Ac-
cording to Labib, herpes infection begins with glycoproteins
B (gB), gC, gD, gH, and gL, crucial for host cell interaction.
gB and gC bind to heparan sulfate proteoglycans on the host
cell surface, initiating adherence [23]. This interaction in-
duces conformational changes facilitating gD binding to host
receptors like nectin-1 in neurons and herpes virus entry me-
diators (HVEM) on epithelial cells. gH and gL form a multi-
glycoprotein complex enabling fusion of the viral envelope
with the plasma membrane, allowing nucleocapsid entry. Vi-
ral protein 16 (VP16) triggers viral DNA replication via
polymerase activation, leading to protein synthesis. Replica-
tion genes are categorized into pre-immediate early, immedi-
ate early, early, leaky late, and true late, promoting viral rep-
lication and capsid formation. Viral release occurs via exo-
cytosis or cell lysis [23, 24]. Cytolysis results from the virus's
intense replicative activity [16].

Latency phase: A symptom-free period without detectable
virions in fresh tissues, where the virus can be reactivated
under various stimuli, including organ culture [25]. During
latency, the virus persists as episomes primarily in sensory
ganglia nuclei [5]. Reactivation under stress involves antero-
grade axonal transport from nerves to peripheral sites, causing
recrudescence and transmission [5]. The main latency site is
the trigeminal ganglia, though viral DNA is also found in the
olfactory bulb, optic nerve, brain, and non-neural sites like
ocular and respiratory tissues (turbinates, cornea, buccal
mucosa, conjunctiva, salivary glands, and submandibular
lymph nodes) [9].

Latency comprises three stages: implantation, maintenance,
and reactivation.

(1) Implantation: This process begins during the acute
phase of the disease, during viral replication in mucosal
sites. Nerve endings retain the virus inside; the virus is
transported through nerve axons by a movement called
retrograde axonal transport. When the virus reaches the
nerve ganglia, it infects nerve cells and other cells. This
infection process lasts about a week.

(2) Maintenance: In nerve cells, the latency-associated
transcript (LAT) gene is expressed, which is responsible
for limiting nerve cell death by apoptosis and host cell
lysis [5, 26]. LAT is a molecular marker of viral latency
and responsible for inhibiting neuronal apoptosis and
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the reactivation factor [27]. LAT is used to distinguish a
persistent infection with low viral load from a latency
phase. During the lytic phase, over 80 genes are ex-
pressed, while during the latency phase only the LAT
gene is expressed [26]. During the latency phase, no
virions are detected [5]. LAT regulates the ICPO gene,
essential for viral reactivation [26, 28]. Although viral
DNA is found in the trigeminal ganglia and cornea [25,
29, 30], the LAT transcript has been found only in the
ganglia, suggesting exclusive latency in these organs
and not in the cornea [9, 25]. Of 39 corneas examined,
none expressed the LAT gene, while in the trigeminal
ganglia, 4 out of 16 examined expressed the LAT gene
[25]. An important role in inhibiting reactivation is at-
tributed to CD8+ T lymphocytes [5, 31].

(3) Reactivation/Recrudescence: The maintenance phase is

transient; indeed, due to stressors, pharmacological or
natural therapies, the virus can reactivate. Infectious viri-
ons follow the same nerve pathway to the periphery. The
virus can then be easily detected by PCR on nasal, oral, or
ocular samples. Neurons infected by latent virus, in which
viral reactivation occurs, undergo lysis, which can lead to
metaherpetic symptoms [5, 32]. Recrudescence refers to a
reactivation of the virus with the presence of clinical
symptoms [5]. The persistence of the virus in cats was in-
itially predicted based on epidemiological, circumstantial,
and comparative studies, and later demonstrated in iso-
lated subjects [20]. About 82% of cats are carriers of the
virus, with the possibility of recrudescence [20]. Recru-
descence occurs following chronic corticosteroid therapy,
infectious diseases (FIV-FELV), some spontaneous situa-
tions, and stressful conditions such as moving to a new
home, post-operative periods, childbirth and lactation
[6-20], boarding, cat shows, mating, introducing another
animal into the house, or changes in the surrounding en-
vironment [6, 9, 11]. The administration of dexame-
thasone and prednisolone in hospitalized cats led to virus
recrudescence in 69% of cases, with virus shedding start-
ing from the fourth to the eleventh day. Moving to a new
home led to virus recrudescence in 18% of examined cats;
the shedding period varies between 4 and 10 days, con-
tinuing for 4-9 days. Spontaneous occasions (situations
where the cat underwent no changes during the study pe-
riod) occurred in 29% of cats. In 40% of cases, pregnant
cats showed phases of recrudescence [20]. Activation,
duration, severity of the disease, and virus elimination
depend on the state of the immune response. In particular,
virus-shedding cats, after stress induced by a change of
home, show differences compared to non-shedding cats:

a) They have a more severe acute infection than subjects

that do not shed the virus.

b) They have higher stress levels (manifested by loss of

appetite and nervous symptoms).

c) They have lower serum antibody levels [9].
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5. Systemic Clinical Manifestation

(1) Acute manifestation:

a) Respiratory and systemic: Characterized by fever, ano-
rexia, lethargy, sneezing, and serous nasal discharge that
becomes mucopurulent within 5-7 days. Bronchial and
bronchiolar involvement may cause cough and dyspnea
[5]. Rarely, the virus causes abortion, but generalized
infections can be fatal, sometimes with neurological
symptoms [5]. Oral ulcers are more common in calici-
virus infections. Although they have not been observed
in germ-free infected cats, they are described in the lit-
erature and, when present, appear as ulcerative-necrotic
lesions with focal hyperplasia and dysplasia of the
buccal epithelium [8, 33].

b) Facial dermatitis: Multifocal lesions, mainly on the
nose and facial skin, appearing as vesicles, crusts, and
ulcers [33]. Oral or topical famciclovir showed good
results in a case report [34] (Figure 2).

(2) Chronic manifestation and recurrence:

a) Recurrence: Milder in adults and immunocompetent
cats, including corneal ulcers, conjunctivitis, ocular
discharge, sneezing, and nasal discharge [20].

b) Chronic rhinosinusitis: FHV damages turbinates, caus-
ing osteolysis in acute infection. PCR confirms viral
presence in chronic rhinosinusitis [8, 6, 35]. Famciclovir
improved symptoms in two cats [34].

Figure 2. Facial dermatitis in a cat. (Courtesy of Dr. Necci F.).

6. Ocular Manifestations

FHV-1 is the most common feline ocular disease [36], with
cytolytic, immunopathological, and metaherpetic mecha-
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nisms [32].
1. CYTOLYTIC MANIFESTATIONS (ACUTE AND RE-

CURRENT SYMPTOMS)

a) Symblepharon: FHV-1 replicates in the epithelia of the

conjunctiva and cornea and is responsible for necrot-
ic-ulcerative inflammation and erosions in kittens. Con-
tact between the corneal stroma and the conjunctival
substantia propria is essential for the development of
adhesions known as symblepharon (Figure 3). The pres-
ence of chemosis (not uncommon in some Kittens with
severe clinical manifestations) promotes contact between
the surfaces [11, 16]. This condition is responsible for the
reduction of the palpebral fissure (blepharophimosis),
adhesions of the conjunctiva with the nictitating mem-
brane, possible occlusion of the lacrimal ducts, difficul-
ties in blinking, and keratoconjunctivitis sicca. In some
cases, the entire cornea is covered by the conjunctiva,
sometimes even pigmented (Figure 4, Figure 5). This
predisposes to hypovision or possible blindness [30, 36].
Management of kittens with significant conjunctival hy-
peremia and chemosis should include the use of antivirals,
antibiotic eye drops to reduce secondary infections, and
functional eyelid movement to prevent the formation of
adhesions [11].

Figure 4. Lateral canthus symblepharon. Note the corneal neovas-
cularization (chronic stromal keratitis). (Courtesy of Dr. Perez T.).
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questrum formation, as described in a clinical case by
Stiles [38]. Other methods, such as the Alger-brush, are
not recommended due to the same risk of sequestrum
formation. Bacterial infections can exacerbate ulcers
into stromal ulcers, descemetoceles, or perforations,
especially in kittens [36]. Adult cats may show adherent
leukomas with anterior synechiae from early-life per-
forations, not to be confused with persistent pupillary
membranes (PPM) [19].

ok N N e

Figure 5. Pigmented symblepharon. (Courtesy of Dr. Perez T.).

b) Ulcerative keratitis: FHV-1 is considered the most
common etiological agent causing corneal problems in
cats [26, 27]. Excluding secondary causes of ulcers such
as entropion, tear film abnormalities, eyelid neoplasms,
foreign bodies, trauma, corneal infections, and rare cases
secondary to ectopic cilia, distichiasis, or contact with
caustic substances, all remaining ulcers can be attributed
to herpetic causes, especially in kittens [16, 37]. In
general, cats infected with herpesvirus mainly manifest , ‘/
punctate and dendritic ulcers. Dendritic ulcers are con- ——
sidered pathognomonic of herpetic infection, appearing X
as linear or branching ep_ithelial lesions, sometimes with Figure 6. Dendritic corneal ulcer positive to fluorescein stain.
swollen edges [37] (Figure 6). Dendritic ulcers are  (coyrtesy of Dr. Tralhao P).
evaluated using vital stains like fluorescein and rose
bengal (more sensitive) with the help of magnification
systems such as a slit lamp [16, 36]. A dendritic ulcer
can resolve or progress to geographic ulcers, which may
also develop independently. In the first case, lesions
resolve in approximately 2-3 weeks [9]. In the second,
coalescence of dendritic ulcers can form geographic
ulcers due to infected epithelial desquamation and viral
spread to the basement membrane [10, 32]. Geographic
ulcers are extensive, superficial, with irregular borders
resembling maps, often accompanied by edema and
neovascularization (Figure 7) In some cases, the epithe-
lium appears lifted, resembling canine SCCED erosions, Figure 7. Chronic geographic ulcer. The ulcer is positive to fluo-
but with different pathogenesis and clinical significance rescein stain, with intense neovascularization and edema.

(Figure 8). In human herpes simplex, poor epithelial
adherence is linked to neurotrophic damage and failure
of regenerating epithelium to adhere to a damaged,
slowly healing basement membrane [32]. Both dendritic
and geographic ulcers may occur during recrudescence,
though accompanying conjunctival inflammation and
ocular symptoms are milder [5]. Corticosteroid use
prolongs ulcer healing, with one study reporting a
29-day healing period without steroids compared to over
60 days with them [10]. No veterinary literature ad-
dresses combined antiviral-corticosteroid use. There are
no reference articles regarding whether epithelial re- e i
moval is advisable. The epithelium detaches easily with g e g Geographic corneal ulcer without fluorescein stain. Note
the cat’s normal blinking or with the assistance of a  the central edema.

cotton swab, although this maneuver can lead to se-

Poi
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c) Conjunctivitis: Herpesvirus, along with chlamydia, my-
coplasma, and calicivirus, is considered one of the etio-
logical agents responsible for primary conjunctivitis [39,
40]. FHV is a cause of both acute and chronic conjuncti-
vitis. An article highlights herpes positivity in 54% of cats
tested with acute conjunctivitis [30]. (Figure 9) The se-
verity of conjunctivitis differs between a primary infec-
tion and a recurrence. In the primary infection, especially
in Kittens, conjunctivitis is characterized by intense hy-
peremia and chemosis, intense tearing, and purulent or
serosanguineous discharge if conjunctival ulcers are
present [37]. Chemosis is not a constant finding and,
when present, is never as evident as in other bacterial
conjunctival infections caused by chlamydia [6]. In some
situations, viral conjunctivitis can become purulent fol-
lowing bacterial infections, both in acute and chronic
forms [16]. A study tested the presence of FHV-1 in 19%
of subjects with chronic conjunctivitis through immuno-
fluorescence [41]. It is always recommended to inspect
the nasal area during an ophthalmic examination in the
presence of symptoms such as conjunctival hyperemia

mic Oculistic

y )
slinical
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history and

Inspecting nostrils
symptom onset
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and tearing. It is also necessary to obtain a good medical
history, perform a PCR to exclude other differential di-
agnoses, and confirm a respiratory infection to choose the
correct therapy, either topical or systemic (Figure 10).

Figure 9. Acute herpes infection in a kitten. Conjunctivitis with pu-
rulent discharge.

Laboratory
Test

Therapy
Decision

Conducting PC
without anesthetics

Choosing between
topical and systemic
treatments

Figure 10. Synopsis of the management of infected subjects.

d) Ophthalmia neonatorum: It is a severe condition in Kit-
tens, in which a primary FHV-1 infection and a con-
comitant bacterial infection occur, potentially leading to
serious corneal problems, up to ocular perforation with
consequent phthisis [37]. This condition occurs if the
viral infection happens before the eyelids open, and
degenerated inflammatory cells can accumulate in the
palpebral space [16]. Sometimes, in addition to swollen
eyelids, pus can be seen oozing from the medial canthus.
Therapy consists of early opening of the palpebral fis-
sure, surface irrigation, and the use of antibiotic thera-
pies [37].

2. IMMUNOPATHOLOGICAL ACTION AND HERPET-
IC-RELATED PATHOLOGIES WITH UNKNOWN
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CAUSES

a) Eosinophilic keratoconjunctivitis: A progressively
evolving keratoconjunctivitis characterized by raised,
white-pink, irregular perilimbal or peripheral lesions,
staining with fluorescein, with edema and vasculariza-
tion (Figure 11). Ulcers may develop before eosinophilic
keratitis [42]. Cytological examination reveals eosino-
phils, plasma cells, and lymphocytes [6]. Possible
mechanisms include: 1) IgE-mediated type | hypersen-
sitivity with mast cell degranulation and chronic tissue
damage from eosinophil degranulation; or 2) T-cell
mediated type IV hypersensitivity with interleukin 5
production and local eosinophil response, leading to
corneal damage [43]. FHV-1’s role is unclear, though
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viral DNA was found in 76.3% and 54.5% of tested cats
in two studies [29, 30, 42].

Figure 11. Eosinophilic keratitis. Note the white plaques. (Courtesy
of Dr. Tralhao P.).

b) Corneal sequestrum: Necrotic corneal stroma appearing
brown/black (Figure 12, Figure 13). The role of her-
pesvirus is unclear. Corneal sequestrum often accom-
panies chronic corneal ulcers, and herpesvirus in-
volvement is evident [37-44]. Viral DNA was found in
55.1% of cats with corneal sequestrum (overrepresented
in Persian and Himalayan breeds), suggesting other
contributing factors [29]. Another study found no sig-
nificant correlation between sequestrum and herpesvirus
positivity via PCR [30]. Surgical removal and antiviral
therapy are recommended [11].

Figure 12. Corneal sequestrum in a cat. (Courtesy of Dr. Tralhao P.).

"/l’g"r,‘
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Figure 13. Corneal sequestrum. (Courtesy of Dr. Tralhao P.).
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Figure 14. Chronic stromal keratitis
brosis and neovascularization. (Courtesy of Dr. Vergara M.).

c) Uveitis: Widely considered a cause of chronic and re-

current uveitis in humans [45], its role is also suspected in
chronic feline uveitis, given the biological similarity be-
tween the two viruses and the presence of lymphocytic
infiltrates. In humans, uveitis is more frequent during
episodes of recrudescence than in primary disease [46].
The mechanism by which herpesvirus is responsible for
uveitis is still unclear. Some suspect a direct cytolytic ac-
tion of the virus, which reaches the inside of the eye
through the sensory axons of the trigeminal nerve [31].
Other authors suggest that herpetic uveitis might be an
immunological reaction due to hypersensitivity to the
viral agent. A study on herpes simplex in humans high-
lighted that intraocular inflammatory processes can result
from infection with both inactivated and virulent viral
agents [46]. The only study in veterinary medicine found
viral DNA, tested via PCR, in cases of chronic recurrent
uveitis. Forty-four cats with idiopathic uveitis, 29 with
uveitis attributed to Toxoplasma gondii, 13 her-
pes-seropositive cats without uveitis, and 9 seronegative
cats without uveitis were tested. The virus was detected
only in the aqueous humor of subjects with uveitis.
Eleven out of twelve cats with chronic uveitis presented
viral DNA in the aqueous humor. However, doubt re-
mains as to whether FHV-1 is the causative agent of
uveitis or a secondary infection to the disease [31].

in a cat. Note the intense fi-

SN e

Figure 15. Chronic stromal keratitis.
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d) Chronic stromal keratitis: In this clinical manifestation,
more evident in cases of recurrent infections associated
with recrudescence, the chronic stromal inflammatory
process presents with fibrosis and neovascularization. In
rare cases, edema due to endothelial damage may be ob-
served (Figure 14, Figure 15). Chronic stromal keratitis is
responsible for hypovision and rarely blindness [6].
Studies on herpes simplex indicate that the insult is not
directly induced by the virus but is an immunopatholog-
ical consequence to stromal viral antigens [46]. Support-
ing the immunopathological theory is evidence that a
lower stromal reaction occurs in murine models where
CDA4+ T cells are depleted [46]. Furthermore, in cases of
chronic stromal ulcers, no virus can be detected; in fact,
there is no active replicative phase, and the use of antivi-
rals does not resolve the issue. The use of corticosteroids
in this manifestation of the disease may be beneficial [16].

e) Keratoconjunctivitis sicca: Clinical signs include con-
junctival hyperemia, ocular dryness, and ulcers [6]. It is
an occasional condition, seen as a consequence of acute
or chronic manifestations. In acute forms, qualitative
keratoconjunctivitis sicca is noted, with a drastic reduc-
tion of goblet cells, which even disappear in histological
preparations by the seventh day post-infection [46]. In
the acute phase, however, excessive tearing is observed.
In chronic or non-acute forms, quantitative keratocon-
junctivitis sicca is known. The cause is attributed to ob-
struction of glandular ducts or secondary adenitis
[36-44].

3. METAHERPETIC
SYMPTOMS)

Metaherpetic diseases are related to functional damage af-

fecting the cornea and ocular tissues, predisposing to chronic
problems. They do not require antiviral therapy, as there is no
active viral replication [32]. Metaherpetic lesions are well
described in human medicine but are poorly understood in
veterinary medicine despite the frequency of the disease. A
study investigated the lacrimal functional unit and corneal
trigeminal nerve function in infected subjects [48]. Cranial
nerves play a crucial role in maintaining the lacrimal func-
tional unit by stimulating blinking and lubrication, which are
important  factors for stimulating and promoting
re-epithelialization. Herpesvirus is a neurotropic virus re-
sponsible for cytolysis of nerve cells as well. The results show
a qualitative and quantitative decrease in the tear film, as well
as a reduction in blinking frequency and corneal sensitivity.
The latter is markedly reduced both with the use of the Co-
chet-Bonnet esthesiometer and in post-mortem studies of
nerve fibers through confocal microscopy [48].

PATHOLOGIES (CHRONIC

7. Immunity

(1) Passive immunity: Kittens with good passive immunity
may remain asymptomatic but become latent carriers,
spreading the virus [14-21]. Colostrum provides pas-
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sive immunity for 2-10 weeks, though antibody levels
may sometimes be insufficient [18]. Antibodies can
persist beyond 10 weeks, but most kittens lose maternal
antibodies (MDA) within 6 weeks [17]. Some FHV-1
infected cats lack detectable serum antibodies but are
protected from disease [18].

(2) Innate immunity: Viral glycopeptides activate innate
immunity, triggering interferon production and activa-
tion [23].

(3) Active immunity: The infection does not provide solid
immunity. Immunity protects against clinical symptoms
but not against infection. Myeloid dendritic cells reach
the lymph nodes, where they present the antigen to class
2 MHCs. This activates CD4+ helper cells, which un-
dergo replication and differentiation into Thl cells,
producing interleukin 2 and IFN-y, leading to the acti-
vation of CD8+ T cells [23]. T cells therefore perform a
dual action, both non-cytolytic and cytolytic, to mediate
the clearance and destruction of infected cells, respec-
tively. The non-cytolytic action is mediated by IFN-y,
which slows viral replication, while the cytolytic action
induces cell apoptosis. Antibody production also occurs;
however, since herpes cells require direct cell-to-cell
contact for viral propagation, neutralizing antibodies
often prove ineffective [23]. Immunity has always been
assessed through VNAS (virus neutralizing antibodies),
although cellular immunity is certainly a more objective
measure of immune status. In fact, cats with low anti-
body levels do not necessarily develop the disease [17,
18]. After a primary acute infection, VNA levels are low,
sometimes imperceptible. After 6 months, protection
may be only partial, and a recurrence may occur. After
reactivation, VNAs increase and remain stable regard-
less of subsequent viral reactivation [18].

(4) Vaccines: Both live-attenuated and inactivated vaccines
exist [17]. They reduce symptoms but don’t prevent
viral replication or latency [12, 18]. Vaccination around
9 weeks, with a second dose 3-4 weeks later, is rec-
ommended as MDA wane [49]. Avoid contact with
other cats pre-vaccination [18].

Vaccination guidelines:

a) Annual boosters for cats in multi-cat environments [17].

b) Boosters every 3 years for indoor-only cats [17].

c) Biannual boosters for breeding or boarding cats [49].

Vaccine reactions may include upper respiratory symptoms,

ocular issues, and oral ulcers, typically within a week
post-trivalent vaccination, likely due to calicivirus [49].
Failures result from improper storage, administration, or
immunocompromised status (systemic disease, immunodefi-
ciency viruses, malnutrition, immunosuppressive therapy,
stress, high viral loads in outbreaks) [17, 49]. High maternal
antibody titers and premature vaccine schedules can also in-
terfere [49]. Live-attenuated vaccines may establish latency in
trigeminal ganglia [11]. Inactivated vaccines are preferred for
pregnant or immunocompromised cats [5].
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8. Diagnosis

a) Clinical: The presence of keratopathy associated with
infectious inflammatory ocular manifestations is indic-
ative of herpesvirus infection. Other respiratory agents
do not cause corneal damage. Conversely, the presence
of lingual or pharyngeal ulcers is typical of calicivirus
infection and only rarely of herpesvirus [5-33]. A thor-
ough anamnesis and inspection of the nose and oral
cavity can support the diagnosis.

b) Laboratory: The main laboratory diagnostic methods
include PCR, virus isolation, and immunofluorescence.
Cytology is rarely helpful in herpesvirus infections, as it
is not always useful for visualizing intranuclear inclu-
sion bodies and is considered supportive but not diag-
nostic. Neutralization tests and ELISA cannot differen-
tiate between infection status (clinically normal, acute,
or chronic) and vaccine immunity [1, 6, 39].

1) PCR

PCR allows amplification and identification of viral ge-
nomic fragments, enabling the detection of the virus with high
sensitivity and specificity [6]. Although it demonstrates the
presence of the virus, it cannot assess active viral infection, as
viral DNA can be found in the epithelia of asymptomatic cats
[6, 25, 29, 50]. Various types of PCR have been studied, most
targeting the viral thymidine kinase gene [37]. Conjunctival
scraping or peripheral corneal epithelium from the ulcer (not
attached to the underlying stroma) can be used as samples for
PCR analysis [11]. Laboratories offer conventional PCR,
nested PCR, and real-time PCR (qPCR). Nested PCR is used
when increased sensitivity and/or specificity is required
through two sequential amplification reactions, though con-
ventional PCR results are often comparable [37, 51].

Viral shedding and simultaneous qPCR evaluation allow
differentiation of three phases:

(i) Phase one: Up to day 14 of infection, high viral titers

and gPCR values are observed.

(ii) Phase two: Up to day 25, viral titers decline while PCR
values remain high.

(iii) Phase three: After day 25, in the final phase of infec-
tion, viral titers are no longer present, and PCR values
significantly decrease [5, 52].

False positives: PCR detects viral DNA from active infection
or degraded viral particles. Latent virus detection is unlikely as
LAT presence in the cornea cannot be demonstrated [25, 50].
Viral DNA can be present in asymptomatic subjects or those
with unrelated pathologies. Over 50% of asymptomatic sub-
jects can shed the virus [1], meaning detection in a diseased
subject could indicate coincidence, secondary infection, or true
infection [1]. Vaccination prevents clinical signs but not viral
shedding during reactivation phases. False negatives: Despite
PCR’s high sensitivity, false negatives may occur due to her-
pesvirus’s envelope sensitivity, DNA degradation during
transport, sample quantity, collection site, or the use of ocular
anesthetics [16], fluorescein, and rose bengal [53].
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2) Virus isolation

Virus transport requires specific culture media. This
method is less practical, requiring careful sample collection to
avoid topically applied anesthetics that can degrade the virus
[37]. Once considered the "gold standard, " it has shown lower
sensitivity than PCR in some studies [30].

3) Immunofluorescence

Recently less employed, it can be performed on conjunc-
tival or corneal secretions collected using a cytobrush, Ki-
mura spatula, or the blunt side of a scalpel [37]. Fluorescein
use prior to collection is discouraged due to interference with
results [37]. Sensitivity is limited by operator subjectivity [6].

9. Therapy

SUPPORTIVE THERAPY IN KITTENS

Supportive therapy includes fluid therapy and acid-base

balance assessment. Many cats, due to the involvement of

their sense of smell, do not eat, making it necessary to
force-feed them with warm, palatable food. Appetite stimu-

lants can be used, and if the cat still refuses to eat, the use of a

feeding tube is necessary. Broad-spectrum antibiotic therapy

is useful to prevent secondary infections. Nasal secretions
must be cleaned, and the use of nasal decongestants, muco-

Iytic agents (acetylcysteine), and nebulization with saline

solutions can help liquefy the secretions [17]. Oral antiviral

medications (famciclovir) may also be helpful.

OCULAR THERAPY

1) ANTIBIOTICS: In cases of feline conjunctivitis and ulcer-
ative Kkeratitis, antibiotics are commonly used to reduce the
risk of infections and symptomatic complications. Tetra-
cyclines can be a good choice [16].

2) ANTIVIRALS: Before initiating antiviral therapy, it is im-
portant to consider the type and location of symptoms in
the infected cat, whether solely ocular or also systemic.
Antivirals are particularly effective in cases of acute in-
fection but are less effective in cats with chronic stromal
keratitis or corneal sequestrum [38]. No antiviral has been
specifically developed for cats; current options are derived
from research on human herpes simplex virus. Some anti-
virals require host or viral modification to become active
[54]. Antivirals are virostatic and often require frequent
administration. Their static action allows the host’s im-
mune system to slow down the infection and mount an
immune response. Antiviral agents can target any phase of
viral replication, absorption, or release, though the most
effective act on DNA replication [4].

a) Idoxuridine: A thymidine analog that competes for in-
corporation into viral DNA, rendering the virus unable
to replicate. It is non-specific to the virus and affects any
process requiring thymidine, including host processes;
thus, it is used only topically [4]. Idoxuridine 0.1% has
proven useful when administered every 4-6 hours. In
one study, idoxuridine was applied to 7 cats: two re-
covered, one improved, and four showed no improve-
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ment or worsened [38]. The product is not commercially
available but can be prepared as a compounded formu-
lation.

b) Vidarabine: An adenosine analog that inhibits DNA
synthesis by interfering with DNA polymerase. Like
idoxuridine, it is non-selective for the virus and is pref-
erably administered topically [4]. Vidarabine requires
administration 5-6 times daily and is not commercially
available [54]. In one study, vidarabine improved
symptoms in 4 cats, but none achieved complete clinical
resolution [38].

¢) Trifluoridine: A thymidine nucleoside analog that likely
reduces DNA synthesis by inhibiting thymidylate syn-
thase. It penetrates the corneal stroma well but may
cause irritation in treated cats. A 1% trifluoridine solu-
tion is used every 4-8 hours [4].

d) Cidofovir: A cytosine nucleoside analog that competes
during DNA synthesis. Cidofovir 0.5% has shown effi-
cacy in reducing clinical signs and viral replication
(evaluated by real-time PCR). Although associated with
nasolacrimal duct stenosis in humans, this has not been
observed in cats [55]. A recent study compared the ef-
ficacy of cidofovir, famciclovir, and ganciclovir in the
treatment of herpetic corneal ulcers, identifying cidofo-
vir as the most effective agent.[73].

e) Acyclovir: An acyclic nucleoside analog that requires
phosphorylation for activation, primarily by viral thy-
midine kinase. However, feline herpesvirus-1 thymidine
kinase phosphorylates less efficiently than HSV-1,
making acyclovir less effective in cats and potentially
causing bone marrow suppression. Topical application is
preferred. Acyclovir 0.5% ointment applied 5 times
daily may help resolve pathology [56].

f) Ganciclovir: An acyclic nucleoside analog, also viros-
tatic, requiring thymidine kinase-mediated phosphory-
lation [54]. Available as a 0.15% gel formulation.

g) Famciclovir: A prodrug of penciclovir activated during
gastrointestinal absorption. Dosages of 62.5 mg once
daily for 10 days or 62.5 mg twice daily for 21-30 days
yielded satisfactory clinical results in case studies [33].
Another study reported excellent results with 90 mg/kg
three times daily [57]. Famciclovir has been used suc-
cessfully in conjunctivitis, keratitis, sequestra, herpetic
dermatitis, and rhinotracheitis [34]. Penciclovir has a
short plasma half-life and is excreted in urine. Although
not nephrotoxic, dose adjustments are required in cats
with renal insufficiency [34].

3) LYSINE: Highly debated for feline herpes with variable
results. Lysine’s pharmacological activity appears linked
to arginine depletion, an amino acid essential for viral
replication, as lysine antagonizes arginine during repli-
cation. In vitro, viral replication significantly decreases
only under conditions of low arginine. However, argi-
nine is vital in cats, and its deficiency can cause hy-
perammonemia. High arginine levels in the presence of
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lysine may increase viral replication [58]. A 2002 study
found lysine well tolerated in cats, reducing conjuncti-
vitis signs compared to placebo, though disease duration
was similar between groups [59]. Another study noted
reduced viral shedding after relocation and concurrent
use of 400 mg L-lysine [60]. Conversely, some studies
reported increased viral detection and more severe res-
piratory and ocular signs in lysine-treated cats compared
to controls [61-63].

4) INTERFERONS: Cytokines involved in innate and
cell-mediated immune responses, activating dendritic
cells, enhancing antibody response, and T-cell/NK cell
cytotoxicity [64]. Interferons are classified into Type |
(viral) and Type Il (immune), with Type | further divided
into o, B, v, and o groups [65]. Viral presence triggers
interferon production, inhibiting viral spread. In vitro
studies show efficacy of human IFN-a and feline IFN-w
[2, 66]. Conjunctival MX protein, a marker of circulat-
ing interferon, was not detected with oral administration,
though present in white blood cells [67]. Pre-infection
IFN-w treatment showed no significant differences in
symptoms or infection compared to controls [64]. Sim-
ilar results were found with human IFN-a2b and feline
IFN-w [65].

5) ARTIFICIAL TEARS: Due to prolonged Tear Film Break
Up Time from goblet cell lysis and frequent corneal ul-
cers, artificial tears are essential. Preservative-free hy-
aluronic acid formulations improve Tear Film Break Up
Time [47].

6) CORTICOSTEROIDS: Acute infections in cats receiv-
ing corticosteroids may develop stromal keratitis [68].
Another study noted a case progressing to corneal se-
questration [10]. However, corticosteroids combined
with antivirals improved one cat’s condition and re-
solved another’s pathology [38].

10. Management and Prevention

Pathology prevention involves vaccination and manage-

ment.

1) Hospitalization and management of infected cats in
veterinary facilities:

a) Gloves are mandatory during ocular examinations to
prevent contamination.

b) If possible, create cat-only wards, separate from dogs
and other animals that may cause stress [69].

c¢) Use disposable or sterile gloves when handling kittens
and provide a heated environment.

d) Vaccinate kittens as early as possible, ideally at 4-5
weeks of age.

e) Separate kittens from mothers early (4-5 weeks) if nec-
essary [18].

f) Handle infected cats carefully to avoid contamination
from secretions. Infected cats should be isolated as
sneezed particles can transmit the virus. Asymptomatic
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hospitalized cats can experience reactivation, requiring
monitoring and isolation from other cats.

g) Minimize stress by enriching the environment with toys,
familiar blankets, hiding spots, litter boxes, and palata-
ble food [70].

h) Human interaction (play and grooming) increases S-1gA
levels and reduces reactivation risk in latently infected
cats [71].

i) Use Feliway® pheromone diffusers to reduce stress and
respiratory symptoms [72].

j) Avoid small cages that restrict natural behaviors like
stretching, walking, jumping, playing, and eating sepa-
rately from the litter box [69].

k) Clean cages with common disinfectants and wait several
days before introducing new cats [18].

2) Household Cats:

a) Vaccinate indoor cats with a known history of viral in-
fections, even if they have no contact with other cats.

b) Minimize stress by creating cat-friendly environments
(scratching posts) and using pheromone diffusers during
changes.

c) Avoid relocating cats during owner absences; instead,
arrange for daily care (feeding, litter changes) at home.

3) Management in Breeding Facilities, Colonies, and
Boarding:

a) Unfamiliar handlers, disrupted feeding routines, breed-
ing activities, unenhanced environments, adverse stim-
uli (noise, odors, inappropriate temperatures), and lack
of hiding places can cause stress [72].

b) Quarantine new cats for about three weeks, separate
from others, especially in non-disease-free facilities [9].

c) Perform PCR testing during quarantine [9].

d) Avoid breeding cats with herpes or a history of infected
litters [18].

e) Isolate symptomatic cats to prevent transmission [9].

f) In colonies with endemic virus presence, manage
through vaccination, stress reduction, and separating
pregnant queens [9].
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