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Herpes Smplex Virus Ophthalmic Disease Induced Using
Two Different Methods of Mice Inoculation
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Twodifferent proceduresfor inoculation of HSV on cor neasof BAL B/c micewereevaluated.
Thefirst was by the use of HSV suspensionsdirectly on the corneas and the other was after
corneal scarification. Animalsby thislater method presented greater mor bidity and mortality
than those of first group, suggesting that inoculation of HSV without scar ification of the cor nea
should bethemethod of choicefor thestudy of HSV ophthalmicinfection. Thismode showed also
bean efficient experimental system totestingantiviral drugs.
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Herpessimplex virusisacosmopoliteviruswith
ggnificative prevaenceof ophthal micinfectioninboth
developed and underdeveloped countries [1]. This
infection may be asymptomatic or be followed by
conjunctivitis, blepharitisand keratitisthat may result
in corneal scarring and neovascularization with
corresponding reduction of thevision[2, 3]. Itisthe
most prevaent cause of cornedl opacification, blindness
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and secondary glaucomain humansworldwide[1].
Approximately 90% of HSV ophthalmicinfectionare
caused by thevirustype 1 (HSV-1) and theremainder
by thetype2 (HSV-2) [4-6]. Despite advancesin many
areasof virology wearestill unableto prevent HSV
infection and recurrence.

Different animal specieshavebeenusadfor thestudy
of HSV pathogenesisandfor thetesting of new antivird
drugs. Rabbitshave been the best animal selected to
HSV ophthal micinfection using inocul ation without
previouscorned scarification. Theuseof miceto sudy
HSV ophthal micinfection hasbeen aready described
using thecorned scarification method toinoculatevirus
[7-14]. However, thisform of inoculation produces
frequently corned scarringanditisunredisticregarding
thenatura way of HSV ophthamicinfectioninhumans
Micearelessexpend vethan rabbitsand more practica
for laboratory use, s0, itsuse may beadvantageousin
large scal e experiments.
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In order to evaluate the clinical consequencesof the
twoformsof HSV inoculation (with and without cornedl
scarification) we have studied agroup of BALB/cmice
which had no corneal trauma(group A animals) and
another group that was submitted to corneal
scarification beforeinoculation (group B animals).
Morbidity and mortality assessment, virusisolationin
cell culture, HSV antigen detection by indirect
immunofluorescence method and histopathol ogical
aspectsof theinfected eyewere used to evaluatethe
two methods.

Materials and Methods
Animal inoculation

62 male inbred 3-week-old BALB/c mice were
used in the experiments. The micewere anesthetized
beforeinoculation by ether (Merck) inhalation and
examined withtheaid of adit-lamp biomicroscope (SL
5moded; KowaCo., Ltd., Nagoya, Japan) to exclude
any animalswith corneal trauma. Thefirst group of
animals(20 animasof group A) wasinocul ated without
scarification of the cornea. Thefollowing group (20
animalsof group B) haditscorneas scarificated before
inoculation withthe aid of asterile 25-gauge needle,
threetimesverticaly and threetimeshorizontaly. Both
groupsof animaswereinoculated with 10 L. of HSV-
1 strain (adapted to Vero cells) containing 1055
infectious particles (100 CCID, /mL). Control mice
wereinocul ated with non-infected material either by a
non-traumeatic (5 mice of group C) or the scarification
procedure (5 mice of group D) using a 10 nmi_
suspension of uninfected Vero cells(mock inoculum).
Anadditional 12 mice (3 miceper group A-D) were
studied using histol ogical techniques(seebelow). All
micewere handled according to the National Institute
of Health (NIH) guidelines and the Association for
Researchin Vision and Ophthalmology (ARVO).

Clinical evaluation of the infected and control
animals

Mice eyeswere examined daily with adlit-lamp
biomicroscope from day 1 to 14 after inoculation.

Before clinical examination the animals were
anesthetized by ether inhalation and the signs of
conjunctivitis, epithelial keratitis, blepharitis, stromal
keratitis and neovascul arization wererecorded. The
percentages of animals showing each of the observed
symptomsweredetermined.

Virusisolationin \Vero cell culture

To assess the laboratory confirmation of HSV
infection, mouse eye swabs were taken daily from
day 1 until day 10. Cotton swabsweretransferred to
atransport mediumfor inoculationin Vero (African
green monkey kidney) cell monolayerscultivatedin
13x100 mm tubes.

Indirect immunofluorescence for the detection of
HSV antigen

In order to detect virusreplication in the eyes
of the infected animals, corneal imprints were
made onto glass slides. Tissueimprintswere air-
dried and fixed in cold acetone 100% (Merck).
A rabbit anti-HSV antibody (DAKO) and a goat
anti-rabbit antibody conjugated to fluorescein
(DAKO, FITC) were used for the indirect
immunofluorescence (1F) method.

Histological examination of the eyes

For thehistological study, another 12 maleinbred
3-week-old BALB/c mice were used (3 mice of
eachgroup A, B, C, and D) and inoculated asbefore.
Mouse corneas of groups B and D were scarified
asdescribed before, whilethose of groupsA and C
were not scarificated. Animals were also
anesthetized by ether inhalation and were examined
under adlit-lamp biomicroscope, beforeinocul ation.
For the histological study they were sacrificed by
ether overdose at the 2", 5™, 10" and 14" day a.i.,
their eyeswere enucleated and immediately fixed in
a10% neutral buffered formalin. A 5-nm paraffin-
embedded sectionswere prepared, and stained with
hematoxylin and eosin (H& E) and mounted with
Permount for light microscopic examination. The
animals used in the histological studieswere not
includedintheclinical studies.
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Satistical analysis
Theresultswere analysed by ANOVA test using
the software Primer.

Results

Thisstudy comparestwo groupsof mice (GA and
GB) inocul ated by two different methodsfor compare
theclinical and virological results(Figures1, 2 and 3)
of theexperimental ophthal micinfection produced by
our procedures. The results of HSV isolation and
antigen detection from corneal imprintsof theinfected
miceisshowed inthe Fgure4, and the histopathological
aspectsof theinfected eyesinthe Figureb.

Duringthedaily clinica observation of theanimals
were noticed that conjunctivitis was the first
symptom observed in both groups of infected
animals, being earlier inthe GB (P<0.01). It took 6
daysand 3 daysto reach 100% of the GA and GB
animals, respectively, suggesting that corneal
scarification might hel p dissemination (Figures2 and
3). GB animals showed signsof epithelial keratitis
after thefirst day a.i. reaching 100% of theanimals
onthefollowing day, in GA animalsit was observed
onday 2a.i., reaching 100% of the animalson the
day 8 a.i. (P<0.05). Blepharitis was observed
between 2 and 3 days a.i. in GB animals, and
betweentheday 3and 4 a.i. in GA animals. 100%
of GB animals had blepharitisat day 5a.i., while
GA animals had this peak of symptom only on day
10 ai. (P<0.01). The analysis of the 2 infected
groupsrevealed that GB presented agreater number
of animalswith these symptomsin comparison with
GA animals (P<0.05).

GB animals presented stromal keratitis and
neovascul arization after day 3a.., reachingamaximum
of 65% and 60%, repectively, onday 5a.i.. GA animds
manifested sromal keretitisand neovacul arization only
betweenthedays6and 7 a.i., and 40% of theanimals
had these observed symptomson day 10a.i. (P<0.05).
50% of GB animalsdied by day 16 after inoculation,
compared to 10%in GA group.

All of theinfected animalswere positiveto HSV
isolationin Vero cell culture confirmed by the HSV

antigen detection by IF after corneal imprint using
specific HSV antibody (Figure 4), and the
histopathological study of their HSV infected eyes
showed lesions compatible with HSV ophthalmic
infection (Figure5).

Discussion

Our findingsof blepharitislastingmorethan 14 days
ai.inanimasof GA and GB arein accordancewith
the studies of Maggs, et al. [15]. According to these
authors, the presence of HSV DNA intheepithelial
cdllsof conjunctiva, hair follicles, and epidermal cells
of the eyelid skin suggeststhat these events could be
respong blefor thechronicinflammeatory lesonspresent
INHSV ophthamicinfection.

Itispossiblethat corneal scarificationintensified
immunological phenomenain HSV infection and
contributed to the difference observed in the 2
infected groups regarding the number of animals
that evolved to stromal keratitis and
neovascul arization. Probably virusreplicationinthe
presence of agreat number of neutrophils, dueto
traumaof the cornea accelerated the inflammatory
response. Stromal keratitis and neovacularization
have an immune-mediated pathogenesis that
involves T-cells and neutrophils[8] that are the
most prominent cell typesto migrate, initialy, into
HSV infected murine cornea[16].

Our resultssuggest that theinoculation of HSV after
corneal scarification increases both morbidity and
mortdity. Virusisolation and histopathol ogic changes
weresmilarinthe2 groups Thereweresufficient dinica
signsand symptomsand lower mortality inthe non-
scarified group of animalsto study the pathogenesisof
the disease. Inocul ation without scarification of the
corneashould bethe method of choicefor thestudy of
latency and antivira drug efficiency.
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Figurel. Clinica aspectsof the herpetic ophthalmicinfectionin mouseeyes. A, Group A animal eye showing
intense conjunctival hyperemiawith purulent discharge, almost 50% of the cornea involved with corneal
opacification, edemaeyelids and vesicleswith moderate crusting; these findings configuring, respectively,
conjunctivitis, epithelial keratitisand blepharitis (6 daysa.i.). B, Group B animal eye showing severedisease, lid
ulcerationwith hair loss, blepharitis, conjunctivitis, epithdlid keratitis, sroma keratitisand centra corneal geographic
ulceration (10daysa.i.).
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Figure2. Graphic representation of group A mice (suspension only) with HSV ophtha micinfection. Thedata
showsthat conjunctivitis (0) wasthefirst observed symptom and took 6 daysto reach 100% of thegroup A
animds. Epithelid keratitis (@) wasobserved sincethe 2™ day a.i. reaching 100% of theanimalsat the 8" day a.i.
Blepharitis( 2) wasobserved between the 3 and 4" daysa.i. reaching 100% of theanimalsat the 10" day a.i..
Stromal keratitis(a) and neovascularization (o) were observed between the 6 and 7" day a.i., and no more
than 40% of group A animalshad these observed symptomsat the 10" day a.i.
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Figure3. Graphicrepresentation of group B mice (scarification) with HSV ophthamicinfection. Thedatashows
that conjunctivitis (o) wasthefirst observed symptom and took 3 daysto reach 100% of thegroup B animals.
Epithelial keratitis (@) was observed since thefirst day a.i. reaching 100% of the animals at the 2™ day a.i.
Blepharitis( 2 ) wasobserved between the 2™ and 3 day a.i. reaching 100% of theanimalsat the 5" day a.i..
Group B animals presented stromad keratitis(a ) and neovascularization (O ) between the 39 and 4" day a.i., and
with amaximum of 65% and 60%, respectively, of animasinvolvement at the 5" day a.i.
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Figure4. Mean percentage of HSV infected eyesdetected by IF and by virusisolationin Vero cell culture. The
cumulative percentage of miceshowing ophthamicinfection at varioustimesfollowing ophthal micinoculationis
shown. Thegroup A animals( = ) wereinocul ated without scarification of the cornea. Thegroup B animals(e )
wereinoculated after scarification of thecornea.
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Figureb5. Cytological and histologica analysisof mouseeyesby H& E staining. A, uninfected control eye: the
cornedl stratified epithelium () overliesbasal membrane ( ) and Bowman'slayer ()); inthe collagenous
stroma no blood vessels or lymphatics is between Bowman's layer, Descemet’s membrane (=» ) and the
endothelium ( O ); under, thecrystallinelens; (HE x 400). B, HSV-1infected eye: cell in hyperplastic corneal
epithelium with typical intranuclear inclusion body (' [J); stromal polymorphonuclear infiltration () ) and
proliferated mesenchymal cells (=) inthefibrotic stroma; (HE x 1,000). C, HSV-1infected eye: hyperplastic
corned epithelium ([ »>) with degenerative cells(=»-); thereisvascular neoformation ( [ ) inthefibrotic stroma;
(HEx 400). D, HSV-1infected eye: typica multinucleated epithelia cell ( T) inthe conjunctival swab dide; (HE
x 1,000). E, HSV-1infected eye: corned ulceration ( ©) related to apredominantly polymorphonuclear leukocytic
infiltration ( ) and stromal fibrosis (=s); (HE x 250). F, HSV-1infected eye: superficial ulceration of the
eydlid conjunctiva( ) ) associated to leukocyticinfiltration ( =) and edema( U ) of the conjunctival stroma;
normal Melbomius sglands( [J); (HE x 160).
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