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Abstract

Objectives (1) To describe the ultrastructural features of corneal sequestra in cats; and (2)
to enhance our understanding regarding the pathogenesis of feline corneal sequestration.
Methods Nine corneal sequestra were harvested via keratectomy from globes of nine cats.
The sequestra were routinely fixed then postfixed for high resolution light and
transmission electron microscopy (HR-LM and TEM, respectively). The tissues were
embedded in Epon/Araldite. Sections of 0.5-pum thickness were cut and stained with 1%
toluidine blue in 1% sodium tetraborate solution for HR-LM. Ultrathin sections were
collected on copper grids and stained with uranyl acetate and Sato’s lead stain for TEM.
Ultrathin sections were examined and the images were captured on an Advantage HR
CCD camera using a Hitachi 7500 electron microscope operated at 80 kV. Two healthy
corneas from two cats were harvested immediately following euthanasia. These corneal
tissues (control samples) were processed in the same manner as the corneal sequestra for
HR-LM and TEM. A portion of each sequestrum was also submitted for polymerase
chain reaction (PCR) testing for infectious agents including feline herpesvirus-1 (FHV-1),
Toxoplasma gondii, Chlamydophila felis and Mycoplasma spp.

Results Ultrastructure of healthy corneal tissues revealed basal corneal epithelial cells
aligned adjacent to a thin acellular layer similar to Bowman’s layer with underlying tightly
packed, regularly arranged, collagen fibrils oriented in different planes. Keratocytes were
elongated and had long and irregularly shaped nuclei, and cytoplasm contained rough
endoplasmic reticulum and abundant membrane-bound vesicles. In contrast, corneal
sequestra contained varying amounts of an amorphous, electron-dense substance,
continuous with intact basal epithelial basement membranes peripherally, and overlying
corneal ulceration and loosely packed collagen fibrils. Remnants of necrotic keratocytes
were seen in spaces between disarranged collagen layers. In all samples, occasional
keratocytes exhibited morphology indicative of apoptosis including clumping and
margination of chromatin, and shrunken cytoplasm. Varying degrees of inflammation
were noted on HR-LM and TEM of affected corneas including peri- and intralesional
neutrophils, lymphocytes, plasma cells, and macrophages. Corneal sequestra were
FHV-1-positive (n = 3), FHV-1- and T. gondii-positive (n = 1), T. gondii-positive (n = 3),
or negative for DNA of these infectious agents (# = 2) using PCR. All corneal sequestra
were negative for DNA of Chlamydophila felis and Mycoplasma spp. using PCR.
Conclusions Apoptosis may play a role in the pathogenesis of feline corneal sequestration
independent of the presence of DNA of these infectious organisms. Prospective clinical
studies are warranted to further understand the significance of 7. gondii in relation to
feline corneal sequestration.

Key Words: corneal nigrum, corneal sequestrum, polymerase chain reaction,
transmission electron microscopy
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INTRODUCTION

Corneal sequestration has been documented in cats and
horses.!~® The classic clinical manifestation of feline corneal
sequestra includes central to paracentral corneal discolora-
tion ranging from a faint transparent tea-color to an opaque
black pigmentation. Varying degrees of corneal vasculariza-
tion with or without overlying corneal ulceration may also
accompany the corneal sequestrum. In certain cases, minera-
lization of the necrotic corneal stroma may arise.” Although
the cause(s) and pathogenesis(es) for this corneal disease in
the cat are yet to be completely elucidated, several contri-
buting factors have been described including corneal trauma,
chronic ulcerative keratitis, breed predisposition (Persian,
Himalayan, Siamese), brachycephalic conformation with
lagophthalmos, exposure keratopathy, chronic corneal irrita-
tion, topical corticosteroid use, primary corneal dystrophy,
altered corneal stromal metabolism, qualitative tear film
deficiencies, and feline herpesvirus type-1 (FHV-1) infec-
tion.!” A recent study used various laboratory techniques to
attempt characterization of the nature of the discoloration in
feline corneal sequestration.® Scanning electron microscopy
revealed the presence of particles within the corneal sequestra
that were consistent with the appearance of melanin gra-
nules.® To our knowledge, one case report documents the
transmission electron microscopic findings in a feline
corneal sequestrum.”

The aims of the present study were: (1) to describe the
ultrastructural features of corneal sequestra in cats; and (2)
to enhance our understanding regarding the pathogenesis of
feline corneal sequestration by reviewing historical, clinical,
and laboratory findings obtained from affected cats for which
the ultrastructural features of the corneal sequestra were
evaluated.

MATERIALS AND METHODS

Medical records of cats diagnosed with corneal sequestra-
tion, treated surgically, and having had a portion of necrotic
corneal tissue submitted for high resolution light and trans-
mission electron microscopy (HR-LM and TEM) between
March 2002 and November 2004 at the Atlantic Veterinary
College (AVC) of the University of Prince Edward Island,

were reviewed.

Historical, clinical, and laboratory findings

Each cat had undergone a complete ophthalmic examination
including neuro-ophthalmic examination, Schirmer tear test
(Schirmer tear test strips; Alcon Canada, Mississauga, Ontario,
Canada), fluorescein dye staining (Fluor-I-Strip AT; Ayerst
Laboratories, St. Laurent, Quebec, Canada), applanation
tonometry (Tonopen XL; Biorad Ophthalmic Division, Santa
Clara, CA, USA), slit-lamp biomicroscopy (Kowa SL-14;
Kowa, Tokyo, Japan) and indirect ophthalmoscopy (Keeler
All Pupil Indirect; Keeler Instruments, Inc., Broomall, PA,
USA). The corneal sequestration was treated surgically in all

cases by performing a keratectomy (with or without place-
ment of a conjunctival pedicle flap or conjunctival island
graft) to allow adequate necrotic corneal tissue for further
diagnostic testing.

In each case, historical information including signalment,
lifestyle (indoor/outdoor), diet, presence or absence of
systemic illness, and duration of ocular disease was reviewed.
In addition, the presenting physical examination and
ophthalmic findings, blood (complete blood count (CBC)
and serum biochemical profile) and urinalysis (z = 6/9 cats)
test results, and polymerase chain reaction (PCR) results
obtained from corneal sequestrum and blood samples were
reviewed. Specifically, PCR tests for the following infectious
agents had been performed on a portion of corneal seque-
strum and blood samples from each cat: feline herpesvirus-1
(FHV-1) and Toxoplasma gondii (n = 9/9 cats), and Chlamydo-
phila felis and Mycoplasma spp. (n=5/9 cats) (HealthGene
Corporation, Molecular Diagnostic Research Center, Toronto,
Ontario, Canada). Toxoplasma gondii had been included pro-
spectively in the diagnostic screening for all affected cats
following the first case from which a portion of the corneal
sequestrum had been submitted for HR-LM and TEM.
This affected cat was an indoor/outdoor cat with a recent
history of diminished appetite. As such, blood and corneal
sequestrum from this cat were submitted for PCR testing for
T: gondii and both samples were positive for this infectious
agent.

High resolution light microscopic and ultrastructural studies
A portion of keratectomy specimen from the corneal
sequestrum of each cat was fixed in 2% glutaraldehyde in
0.1 m phosphate buffer (pH 7.2) and was submitted for
HR-LM and TEM examinations. Following 1 h of glutaral-
dehyde fixation at 22 °C, blocks approximately 1x 3 mm
were cut from the corneal sequestra incorporating both
the central and peripheral aspects of each corneal sample,
for each of the three cats. The tissues were then postfixed
at 22 °Cin 1% osmium tetroxide in 0.1 m phosphate buffer
(pH 7.2) for 1 h, dehydrated in ethanol and propylene
oxide, and embedded in Epon/Araldite. Sections 0.5 um
thick were cut and stained with 1% toluidine blue in 1%
sodium tetraborate solution for HR-LM. Ultrathin sections
were collected on copper grids and stained with uranyl
acetate and Sato’s lead stain for TEM. Ultrathin sections
were examined and the images were captured on a
Hamamatsu AMT Advantage HR CCD camera (Hamamatsu
Photonics; Hamamatsu City, Shizouka Pref, Japan) using
a Hitachi 7500 electron microscope (Hitachi High Techno-
logies Corporation; Tokyo, Japan) operated at 80 kV. Two
healthy corneas, one from an approximately 2-year-old
Domestic Short-haired cat (DSH) and the other from an
approximately 9-year-old DSH cat, were harvested immedi-
ately following unrelated euthanasia. These corneal tissues
were processed in the same manner as the corneal sequestra
and were used as age-matched, control samples for HR-LM
and TEM.
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RESULTS

cornea

Historical, clinical, and laboratory findings

Table 1 details the historical, clinical, and laboratory find-
ings for each cat. Briefly, there were nine cats from which
ultrastructural features of the corneal sequestrum were
obtained. The affected cats ranged in age from 1.5 to 12
years (mean = 5.7 years). Four of the nine affected cats were
Himalayan. The majority of cases were indoor cats only
(n =7/9 cats). All cats were fed a commercial cat food. Systemic
abnormalities reported by the owners included: weight loss
and depression noted a few weeks earlier (z = 1 cat); short-
term diminished appetite (z =1 cat); and previous upper
respiratory signs (z = 1 cat). Current systemic abnormalities
were not reported by the owners. Physical examinations
were unremarkable other than the ocular findings. None of
the cats had evidence of ocular disease other than the corneal
sequestrum with varying degrees of corneal vascularization
(n = 8/9 eyes) and edema, and overlying ulceration. There
were no remarkable findings on CBC and serum biochemical
profile or the urinalysis of any cat.

Four of the nine cats were positive for 7. gondii DNA in
the corneal sequestra with two of these four cats also being
positive for 1" gondii DNA in the blood and the other two cats
having positive IgG titers for 7. gondii. One T. gondii-aftected
cat was also positive for FHV-1 DNA in the corneal and
blood samples, and two T. gondii-affected cats had FHV-1-
positive blood samples. Two corneal samples were positive
for FHV-1 DNA only. All samples tested were negative for
Chlamydophila felis and Mycoplasma spp. Summarized in
Table 1 are the PCR results. The 7. gondii-positive cases were
treated with oral clindamycin (12.5 mg/kg PO q12 h for
2 weeks or 20 mg/kg PO q12 h for 3 weeks for cases 8, 6 and
1, and case 2 (Table 1), respectively). None of these four cases
returned to the AVC for follow-up as no recurrent corneal
sequestration was observed by the owners or the referring
veterinarians following 1.5, 3.5, 24, and 33.5 months, respec-
tively. Consequently, no additional samples for PCR testing
or serology for T. gondii were obtained following treatment.

FHV-1 F
DNA DNA
blood

+
+
+
+
+

IgG + (1: 512)/TgM : NA

NA

Toxoplasma
serologic titers

1eG + (1 : 256)/IgM
NA

NA
NA
NA
NA
NA

Toxoplasma
gondii DNA  gondii DNA  gondii
cornea

Toxoplasma
Corneal
ocular disease vascularizationt blood

Y
Y
Y
Y
Y
N
Y
Y
Y

Duration of
2 months
2.5 months
4 months
1.5 months
2.5 months
2 months

4 months
-1, feline herpesvirus type-1.

Indoor/outdoor 3 months

Indoor

Indoor/outdoor 2 months
*DLH, Domestic Long-hair; tMN, male neutered; FS, female spayed; 1Y, yes; N, no; F

Weight loss and depression a few Indoor

weeks prior to presentation

None

Lifestyle

Indoor
Indoor
Indoor
Indoor
Indoor

High resolution light microscopic and ultrastructural findings
HR-LM revealed similar findings for all nine corneal sequestra.
The samples contained ulcerated surfaces with varying degrees
of irregular, mono-layered, loose corneal epithelium extending
to, and occasionally partially overlying, the periphery of the
dorsal aspect of the sequestered tissue (Fig. 1). Each corneal
sequestrum consisted of a large focal area of acellular stromal
collagen (corneal stromal necrosis) demarcated peripherally
and at its base by leukocytes (primarily neutrophils with
some lymphocytes and plasma cells), fibroblasts, and kerato-
cytes (fibrocytes) with occasional inflammatory cells in the
lesions (Fig. 1). One animal (case 2; Table 1) had multiple
aggregates of cocci-like micro-organisms surrounding and
within the collagen suggestive of Staphylococcus sp.
Ultrastructure of healthy corneal tissues from both the
young and the old DSH cats were similar in appearance. In

Short-term decreased appetite

Upper respiratory signs

None
None
None
None
None

MN
FS
MN
FS
MN
FS
FS
MN
FS

(vears) Gendert Systemic signs

3
1.5
3.5
8.5
12

Age
8
2.5

Cornish Rex 7.5
Himalayan
Siamese

DLH*

Himalayan
Abyssinian
DLH

Himalayan
Himalayan

Case Breed

Table 1. Historical and clinical findings, and polymerase chain reaction test results for nine cats with corneal sequestration
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Figure 1. Toluidine blue-stained section of a portion of the corneal
sequestrum from case 2 (see Table 1). Note the ulcerated dorsal surface
overlying the acellular necrotic stromal collagen and surrounding
inflammatory infiltrate; bar scale = 100 um.

Figure 2. Ultrastructure of healthy cornea from a young Domestic
Short-haired cat. Depicted are alignment of basal corneal epithelium
along a thin acellular layer (¥), keratocytes (K), and collagen layers
composed of tightly packed, regularly arranged, interbranching fibrils
oriented either longitudinally or tangentially. x6000; bar scale = 2 pm.

particular, the basal corneal epithelial cells were aligned
adjacent to a thin acellular layer similar to Bowman’ layer
(Fig. 2). Numerous hemidesmosomal junctions were present
between this layer and the overlying epithelial cells. Under-
lying collagen layers were composed of tightly packed, regu-
larly arranged, interbranching collagen fibrils oriented in
different planes (Fig. 2). Keratocytes, positioned between
layers of collagen, were elongated and had long and irregu-
larly shaped nuclei (Fig. 2), and cytoplasm containing rough
endoplasmic reticulum and abundant membrane-bound
vesicles filled with electron lucent material (Fig. 3). In con-
trast, all of the corneal sequestra, whether positive for FHV-1

Figure 3. Elongated appearance of a keratocyte, which contains
nucleus with marginated chromatin, cytoplasm with abundant
membrane-bound vesicles filled with electron lucent material and rough
endoplasmic reticulum, is illustrated. x15 000; bar scale = 500 nm.

Figure 4. Electron micrograph of the anterior-most aspect of the
corneal sequestrum from case 1 (see Table 1) to demonstrate corneal
ulceration with an amorphous, electron-dense substance in place of
normal epithelial cells and overlying irregularly arranged collagen
fibrils. x7000; bar scale = 2 um.

and/or 1" gondii DNA or not, contained varying amounts of
an amorphous, electron-dense substance, continuous with
intact basal epithelial basement membranes peripherally, and
overlying corneal ulceration and loosely packed collagen
fibrils (Fig. 4). Remnants of necrotic keratocytes were seen
in spaces between disarranged collagen layers illustrated in
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Figure 5. Ultrastructure of the mid-stroma of the corneal sequestrum
from case 3 (see Table 1). Note the remnants of necrotic keratocytes
located in spaces between disarranged collagen layers, and a keratocyte
with nuclear clumping and margination of chromatin (*), and shrunken
cytoplasm indicative of apoptosis. x7000; bar scale = 2 um.

Fig. 5. Occasional keratocytes exhibited morphology indica-
tive of apoptosis including clumping and margination of
chromatin, and shrunken cytoplasm (Fig. 5). One corneal
specimen that was negative for the DNA of infectious agents
(case 4; Table 1) had an area of numerous keratocytes or
fibrocytes present between tightly packed layers of collagen
(Fig. 6). The keratocytes appeared elongated to ovoid to
irregular in shape and were often seen clustered in groups of
two or more cells positioned between layers of collagen
(Fig. 6). This same corneal sample also had corneal epithelial
cells that were irregular in shape with electron-dense cyto-
plasm and well preserved organelles overlying the peripheral
sequestered stroma (Fig. 7). Nuclei of the epithelial cells were
irregular in shape and contained large granular inclusions
(Fig. 7). One corneal sample which was 7. gondii-negative
and FHV-1-positive with PCR (case 3; Table 1) contained
circular to irregularly shaped, electron-dense deposits of
diverse size scattered over and amidst necrotic collagen fibrils
(Fig. 8). The larger deposits showed concentric arrangements
of varied electron densities with the outermost layer being
the most electron dense (Fig. 8). Smaller deposits were pre-
sented as irregular, electron-dense granules. Inflammatory
cells, mainly neutrophils and occasional mononuclear cells,
were located between bundles of necrotic collagen; some
neutrophils contained phagocytized collagen fibrils (Fig. 9)
while some macrophages were in the process of phagocytiz-
ing remnants of cells (Fig. 10). One corneal sequestrum (case
2; ‘Table 1) had micro-organisms infiltrating the diseased

Figure 6. Ultrastructure of the mid-stroma of the corneal sequestrum
from case 4 (see Table 1). Note the high surface ratio of keratocytes to
collagen, and the vascularization of the corneal stroma as depicted by
the presence of a small blood vessel filled with erythrocytes (*). x3000;
bar scale = 10 um.

Figure 7. Ultrastructure of corneal epithelium overlying the
peripheral anterior stroma of the corneal sequestrum from case 4

(see Table 1). Note the irregularly shaped corneal epithelial cells with
electron-dense cytoplasm, and the irregularly shaped nuclei containing
large granular inclusions (arrow). X6000; bar scale = 2 pm.
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Figure 8. Ultrastructure of the anterior stroma of the corneal
sequestrum from case 3 (see Table 1). Note the circular to irregularly
shaped, electron-dense deposits of diverse size amidst necrotic collagen
fibrils (arrows). The larger deposits exhibit concentric arrangements
of varied electron densities with the outermost layer being the most
electron dense. x10 000; bar scale = 2 pm.

Figure 9. Ultrastructure of a portion of the corneal sequestrum from
case 3 (see Table 1) to demonstrate neutrophils phagocytizing collagen
fibrils. x10 000; bar scale = 2 pm.

cornea between collagen layers (Fig. 11). Organisms displayed
different shapes ranging from round to triangular, and
possessed a wall thickness from 66 to 88 nm. The triangular
core of some of these organisms was electron dense while

Figure 10. Ultrastructure of a portion of the corneal sequestrum from
case 9 (see Table 1) to demonstrate macrophages phagocytizing cellular
remnants. Note the remnants of cells that are being engulfed by
pseudopods (P) and those which are internalized in the phagocytic
vacuole (arrow). x5000; bar scale = 2 um.

Figure 11. Electron micrograph of micro-organisms infiltrating
between collagen layers of the diseased cornea of case 2 (see Table 1).
Round to ovoid or triangular organisms with electron lucent cores and
dense granulation are depicted (arrows). The morphology and size of
these organisms were consistent with Staphylococcus sp. x20 000; bar
scale = 500 nm.
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that of round and ovoid organisms was electron lucent with
dense granulation located peripherally (Fig. 11). The size of
these organisms ranged from 500 to 600 nm; morphology
and size were consistent with Staphylococcus sp.

DISCUSSION

In the current study, the presence of necrotic keratocytes,
disarranged collagen, and peri-lesional inflammatory cells
detected with TEM in all cases of corneal sequestra is com-
patible with a previous report documenting the electron
microscopic findings in a corneal sequestrum from a Siamese
cat.* The amorphous, electron-dense substance noted with
TEM, continuous with an intact epithelial basement mem-
brane peripherally and overlying irregularly arranged colla-
gen fibrils on the anterior surface of all corneal sequestra,
may be compatible, in part, with degraded epithelial base-
ment membrane. Animal models of corneal ulceration demon-
strate that the basement membrane is degraded actively
by products of corneal cells.” In a thermal model of corneal
ulceration, as new matrix is being deposited in the burned
tissue, matrix metalloproteinase 2 (MMP-2) appears in the
cornea.’ The timing of expression of MMP-2 suggests a role
for this enzyme in appropriate deposition and remodeling of
new matrix in the regenerating corneal tissue. The exaggerated,
degraded epithelial basement membrane noted ultrastruc-
turally in all nine cases of corneal sequestration may be
the result of inappropriate gelatinase activity from corneal
cells. Further studies would be required to investigate this
possibility.

TEM of the necrotic corneal samples in our affected cats
did not reveal the presence of melanin, unlike a previous
report documenting the presence of melanin particles in
feline corneal sequestra.® Many of the larger circular to
irregularly shaped, electron-dense deposits scattered over
and amidst necrotic collagen fibrils in one of the affected
tissues appeared compatible with mineralization. A minera-
lized corneal sequestrum has been previously reported in a
cat.? The proposed pathophysiologic mechanism of minerali-
zation in the case involved FHV-1 infection, and stromal
inflammation and necrosis with release of collagenolytic
enzymes that contributed to an environment conducive to
calcium-phosphate precipitation.” One previous case report
has documented the presence of iron (Fe) in a corneal seque-
strum from a cat.!” A more recent study assessing the elemental
peaks in feline corneal sequestra reported the presence of Fe,
copper and small amounts of transient metals, among other
elemental components.® The ultrastructural appearance of
some of these smaller, more electron-dense deposits in the
current cases may be consistent with Fe or other metallic
deposits.

Similar to previously reported TEM findings from a feline
corneal sequestrum,* large numbers of coccoid bodies were
noted in one affected cornea in our study (case 2; Table 1).
The coccoid-like organisms detected in the corneal lesion in
case 2 had ultrastructural features compatible with Staphylo-
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coccus sp. This bacterium was probably a secondary invader.
Various secondary invaders have been isolated from corneal
sequestra including Staphylococcus sp."™!! In the present study,
Chlamydophila felis and Mycoplasma spp. inclusions were not
detected in the corneal sequestra by either HR-LM or
TEM. The DNA of either of these organisms was not found
in the corneal samples or blood of the cases assessed by PCR.
A previous study documented 30 of 31 cats with corneal
sequestration, using indirect immunofluorescent antibody
assays performed on conjunctival scrapings, as negative for
Chlamydia psittaci® Our results, using PCR and TEM on a
portion of the corneal sequestrum, provide further support
that Chlamydophila felis is probably not a major primary patho-
gen or secondary invader in cats with corneal sequestration.

TEM is considered to be the gold standard for detecting
apoptotic cells.!? In the present study, all corneal sequestra,
independent of the presence of DNA of the infectious agents
assessed, exhibited occasional keratocytes with morphology
indicative of apoptosis including clumping and margination
of chromatin, and shrunken cytoplasm. One corneal seque-
strum also exhibited apoptotic epithelial cells. Apoptosis is a
form of involutional programmed cell death with limited
inflammation or little release of cellular contents, including
enzymes that could cause degradation of adjacent tissues and
cells.”* Minimization of collateral damage to sensitive ocular
tissues by a process such as apoptosis may be important.!*
Specifically, apoptosis has been reported in the early develop-
ment of ocular viral infections’’ and is thought to be an
important mechanism for protection against viral infection
in the eye.!S In particular, herpes simplex virus (FHISV)-1
infection of corneal epithelium of rabbits has been reported
to cause anterior stromal keratocyte apoptosis underlying
the site of epithelial injury."’ These authors hypothesized
that soluble mediators released by the HSV-1 epithelial
injury mediated anterior keratocyte apoptosis and that the
epithelial-stromal apoptotic system evolved, in part, to limit
viral extension to the deeper layers of the cornea.! Tt is also
speculated that apoptosis of keratocytes and epithelial cells
following keratitis prevents further corneal stromal damage
caused, not only by pathogens, but also by migrating inflam-
matory cells.!>!” The apoptotic keratocytes noted using
TEM on the corneal tissues from affected cats in our study
may serve to limit corneal extension of FHV-1, and to
prevent further stromal damage as a result of the peri- and
intralesional neutrophils and mononuclear cells.

An important link between apoptosis of ocular tissues and
the pathogenesis of ocular toxoplasmosis has been previ-
ously proposed by Hu et al.!® In experimentally induced
T gondii corneal disease in mice, apoptotic changes were
seen in cells in the cornea, in particular the epithelium at day
1 and 2 and stromal keratocytes at day 4, following intra-
cameral inoculation of the eyes with 7. gondii tachyzoites.'®
In that study, the authors were unable to determine whether
the apoptosis of ocular tissues was evoked directly by the
parasite or indirectly through the inflammatory cells which
had interacted with the parasites.'® Regardless, apoptosis of
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corneal epithelial cells and keratocytes, whether 7. gondii or
FHV-1-associated or not, is likely to be important in the
pathogenesis of feline corneal sequestration.

Despite the positive PCR results for 7. gondii (n = 4 cases)
and FHV-1 (n = 2 cases) in the corneal sequestra samples in
our study, presence of either of these organisms could not be
obtained by either HR-LM or TEM. Hu ez 4/. 2001 reported
that apoptotic inflammatory cells disappeared from murine
eyes by day 4 following 7 gondii inoculation. This finding
led them to speculate that some ocular cells may digest the
parasites from these apoptotic inflammatory cells.!® In the
current study, TEM revealed macrophages phagocytizing in
the corneal sequestra. It is possible that the inflammatory
cells in the corneal sequestra digested the organisms from
the apoptotic keratocytes thereby leaving their remnants,
which were detectable with PCR. Polymerase chain reaction
is a very sensitive test in that it is used to amplify specific
portions of microbial DNA, which allows detection of
minuscule amounts of target DNA in specimens.'®

To our knowledge, DNA from 7. gondii has not been pre-
viously found in naturally occurring corneal disease, includ-
ing feline corneal sequestration. Toxoplasmosis, caused by
Toxoplasma gondii, an obligate intracellular protozoal parasite,
is one of the most common parasitic infections of animals
worldwide.'” The means by which toxoplasmosis is mainly
spread are: (1) transplacental transmission, (2) ingestion of
infected tissues, and (3) ingestion of food or water contami-
nated with infective feces."” The indoor/outdoor status of
two of the 7. gondii DNA-positive cats (cases 1 and 8; Table 1)
in this study could have provided a means of exposure of
these cats to the parasite.

Classic ocular abnormalities reported with toxoplasmosis
in cats include multifocal to diffuse chorioretinitis, retino-
choroiditis, anterior uveitis, and optic neuritis. Most recent
studies of feline ocular toxoplasmosis, both clinical and
experimental in nature, have documented that the posterior
segment is most commonly affected with the choroid being
altered primarily, and retinitis resulting secondarily.?’~*?
Chorioretinitis is the most common ocular lesion caused by
T. gondii in cats.”

Toxoplasma gondii DNA was detected with PCR in four of
the nine corneal sequestra and was also positive in the blood
of two of these four affected cats. PCR for amplification of
T gondii DNA from other biologic specimens, including
aqueous humor of humans and cats, has previously been
reported.”**® One report documented the detection of
T: gondii within the aqueous humor of cats using PCR fol-
lowing oral inoculation with 7. gondii tissue cysts.”’ A clinical
study revealed that 2 of 23 (8.7%) healthy cats and 8 of 43
(18.6%) cats with uveitis had 7. gondii detected in aqueous
humor by PCR, indicating that the presence of this organ-
ism may correlate to clinical disease in some cats.** Similar
findings have been reported regarding FHV-1 detection by
PCR in the aqueous humor of both healthy cats and cats
with uveitis,’® and in corneas of both healthy cats and cats
with corneal sequestra.’!*? In the current study, the presence

of 1" gondii DNA in the corneal sequestra and in the blood of
two cases (cases 1 and 2; Table 1) and positive IgG titers in
the two other cats from which 7 gondii DNA was isolated
from the corneal sequestra (cases 6 and 8; Table 1) suggests
that 7. gondii may have played a role in the pathogenesis of
corneal sequestration in these cats. However, as 1" gondii DNA
and antigens have previously been detected in body fluids,
including aqueous humor and serum, of healthy and ill
cats,”**?3335 our positive PCR results do not support a
definitive causal association between 7. gondii and feline
corneal sequestra. FHV-1 DNA was also detected in the
blood of three of these four 1" gondii-positive cases and in the
affected corneal tissue of one such cat. FHV-1 may have
contributed to the development of the corneal sequestra in
these cases.

It is likely that 7" gondii gained access to these feline cor-
neas hematogenously as two of four cats with the presence of
T gondii DNA detected in the keratectomy specimens were
positive for 7. gondii DNA in the blood, and had corneal
vascularization clinically. However, one of four cats positive
for 1. gondii DNA in the corneal sequestrum and having a
positive IgG titer against 1. gondii did not have corneal
vascularization or 7" gondii DNA detected in the blood. This
suggests that 7. gondii may have gained access to the cornea
hematogenously during an earlier active phase of infection
or by an alternate route. Toxoplasmosis has been documented
to cause corneal lesions in mice following experimental intra-
cameral injection of T. gondii tachyzoites.'® This finding,
in addition to the documentation of 7. gondii DNA in the
aqueous humor of cats with and without uveitis, suggest that
T gondii organisms may have the opportunity to affect the
feline cornea through their presence in the aqueous humor.
Unfortunately, given the retrospective nature of this clinical
study and the classic presenting features of corneal seques-
tration in these cats, the status of the aqueous humor in these
animals was not assessed. As such, the exact mode by which
T: gondii gained access to these feline corneas and whether or
not it is a secondary invader or primary pathogen in feline
corneal sequestration remain unknown.

Apoptosis may play a role in the pathogenesis of feline
corneal sequestration independent of the presence of DNA
of these infectious organisms. Prospective clinical studies are
warranted to further understand the significance, if any, of
T: gondii in relation to feline corneal sequestration.
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