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A single conjunctival application of ovalbumin to inbred guinea pigs
(IMM/S 209) immunized with the same antigen in Freund’s complete
adjuvant provoked an acute purulent inflammation of the anterior segment
of the eyes with a duration of up to 1 week. Intense conjunctival

injection and chemosis were followed by a purulent discharge. A corneal
haze was observed regularly, and a considerable proportion of the animals
developed a pronounced pannus and corneal ulcers. Tear fluid cytology
revealed a rapid increase in cell concentration, from the normal level (< 10%/1)
to > 10""/1. Seventy to 95% of the cells were polymorphonuclear
leukocytes. Histological examination revealed an acute inflammatory
reaction which radiated from the conjunctival fornices to the entire anterior
segments of the eyes. The process was characterized by an intense
oedema, vasodilation and perivascular aggregations of polymorphonuclear
leukocytes, and to a lesser extent eosinophilic granulocytes which
characteristically infiltrated and penetrated the epithelial layers.
Neovascularization could be observed early after challenge in the stroma
of all parts of the outer eye. Ulcerations of the conjunctival and corneal
epithelia were observed frequently. After a number of reiterations of the
antigenic challenge, a marked infiltration with lymphocytes and
basophils/mast cells was observed, and significant scarring of the
conjunctival mucosa developed. In several animals, a slight, but significant
co-reaction of the contra-lateral, non-challenged eye was observed.

Clinical aspects

Vernal keratoconjunctivitis is a chronic inflammatory disease of the outer
eye. It is characterized by intense tearing, thick mucous conjunctival
discharge, giant papillary conjunctivitis, limbal infiltrates, and superficial
keratitis which may lead to corneal ulceration. The disorder is probably
connected with an IgE mediated hypersensitivity, but this alone cannot fully
explain the chronic course during years. Some investigations have

indicated that also IgG antibodies (5) and cellular immunological processes
(3) are involved. We have developed a model for a chronic hypersensitivity
disorder of the anterior segment of the guinea pig eye which expresses most
of the clinical signs of the human vernal keratoconjunctivitis. The model
may be of importance for the study of immunological disturbances of the
anterior segment of the eye.
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An immediate allergic response can be provoked in
systemic (4, 12) or topically (16) immunized guinea
pigs simply by dripping the antigen solution onto the
ocular surface. Clinically, the response is dominated
by profuse tearing, conjunctival injection and che-
mosis. The symptoms appear very soon after the
immunological challenge and fade usually after a
couple of hours. In rats a late-phase cellular infiltra-
tion (after approx. 6 h) has been demonstrated his-
tologically (1).
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We present an apparently new experimental ocu-
lar syndrome, i.e., an aseptic acute, long-lasting pu-
rulent anterior segment inflammation (PASI) with
proneness Lo develop corneal ulcers. PASI was
elicited by dripping an ovalbumin-solution onto the
ocular surface of guinea pigs immunized systemi-
cally with ovalbumin (oa) in Freund’s complete ad-
juvant (FCA). Repeated challenges elicited a chronic
inflammatory response with increased subconjunc-
tival connective tissue. PASI does not resemble a



type IV allergic reaction since the inflammatory re-
action is prompt and overwhelmingly dominated by
invading polymorphonuclear neutrophil leucocytes
(PMN) and some eosinophilic granulocytes (EOS),
while the participation of lymphocytes is modest.
PASI is also different from a type I allergic reaction
in being a long-lasting and purulent process.

Material and methods

Two-3-month-old inbred albino guinea pigs of strain
IMM/S 209 were used. This strain is one of 4 strains
of guinea pigs selectively bred for about 30 genera-
tions for a high (IMM/S 209 and 740) or for a low
(IMM/R 201.16 and 203) anaphylactic respiratory
response to repeated inhalations of aerosolized oa
(15). The intra-strain genetic homogeneity has been
demonstrated by skin transplantation and by immu-
nological studies (18). The ocular anaphylactic re-
sponse has furthermore been shown to be under
genetic control (16).

Animals were immunized by two i.p. injections, at
7 days’ interval, of 10 pg oa (Sigma grade V) dis-
solved in 0.5 ml phosphate buffered saline and care-
fully emulsified with 0.5 ml FCA (Statens Serum-
institut, Copenhagen).

Twenty-five days after the first i.p. injection, the
right eye was challenged with a drop of 25 pl saline
containing 5 mg oa. Contact between the tip of the
pipette and the ocular surface was carefully avoided.
After application of the oa solution, the antigen was
distributed by gentle movements of the lids from the
outside.

In one experiment, the ocular provocation was
repeated once a week for 15 weeks. Non-immunized
animals of the same strain and breed, but challenged
as the experimental animals, served as controls.

The ocular response was graded 0-5 (Fig. 1). This
grading fits the usual symptoms of PASI, and is not
identical with the evaluation of the symptoms of

Clinical evaluation

Grade Signs

0 No reaction

1 Conjunctival hyperaemia

2 Marked hyperaemia, chemosis

3 As 2 but in addition with cornea covered by chemotic conjunctiva

4 As 3 in addition with an excess of turbid tear fluid

5 As 4 but in addition with the ocular surface covered by thick purulent

discharge

The score was raised by 0.5 by one or more of the symptoms: Pronounced lid hype-
raemia; hazy or ulcerated cornea. Maximum score was, however, limited to 5.0.

Fig. I. The grading system used for the clinical evaluation of
PASI.
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acute ocular anaphylaxis, developed in guinea pigs
immunized with oa-Al(OH); as we have reported
previously (16).

Tear fluid was collected from the inner canthus
with graded disposable micropipettes (Brand, Ger-
many). By careful handling, the animals showed no
signs of annoyance. Two samples of 2 pl tear fluid
were obtained. One sample was smeared uniformly
on a premarked area (324 mm?) of a slide and used
for total cell counts. The other sample was smeared
gently to conserve the cell morphology for a differ-
ential cell count. The two smears were air-dried
and stained with solutions of May-Griinwald and
Giemsa. The exact area of a microscopic field was
assessed with a graduated slide. The total cell count
per litre tear fluid was obtained by counting a) all
cells in the 2 pl portion (if <3000), or b) the cells in
40 microscopic fields.

In the differential count, the following cell-types
were noted: epithelial cells, PMN, EOS and lym-
phocytes. The following cell types were only encoun-
tered occasionally: monocytes, macrophages and
Kurloff cells (mononuclear leucocytes particular for
guinea pigs). Erythrocytes, if occurring, were not in-
cluded in the count.

Histological techniques

The animals were killed at different intervals after
provocation. Both eyes with all conjunctiva and lids
were immediately obtained and immersion fixed in
buffered formalin or Carnoy’s fixative. The upper
pole of each eye was removed to facilitate infiltra-
tion, and the whole tissue block was processed
according to the routine paraffin technique. Sec-
tions of 4 um were cut, and representative slides
were stained with haematoxylin and eosin, PAS,
haematoxylin-phloxine-saffran, toluidine blue and
Giemsa. Sections were examined in a masked
fashion by light microscopy, and the amount of dif-
ferent cells, necrosis and neovascularization was ex-
pressed semiquantitatively (in scores of 0-3). From
each eye, 10 fields from each of 5 sections were
calculated.

Experiments

Two experiments were performed:

A single challenge experiment, in which 12 experi-
mental animals and 10 controls participated. The
animals were challenged once in the right eye. Clin-
ical evaluation, tear sampling and subsequent killing
of the animals were performed at various intervals
after challenge.

A multiple challenge experiment, in which 7 exper-
imental animals and 7 controls participated. After
the first ocular challenge, the animals were [urther
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Fig. 2. Severily of clinical symptoms after a single challenge with
ovalbumin in the right eye (Bar=SD).

challenged once a week for 15 weeks in the right eye.
The histological evaluations were performed after
2-3 h and after 1 week.

Statistical evaluation

The data obtained fitted the normal distribution.
Differences between groups were evaluated using the
t-test and a probability level of p<0.05 was consid-
ered significant.

Results
Clinical symptoms

Non-immunized animals did not react upon appli-
cation of oa onto the conjunctival surface.

Single-challenged experimental animals developed
clinical symptoms, consisting of marked vasodila-
tion and oedema of the palpebral and bulbar con-
junctiva within 60 s of the challenge. During the next
20-40 min, the cornea became partly covered by the
chemotic conjunctiva, the upper lids became thick
and red, and excess turbid tear fluid coated the oc-
ular surface (Fig. 2). Within 6-24 h a turbid viscous
discharge containing lumps and stripes of pus de-
veloped, and often pasted the lids together. A marked
pannus was frequently observed (Fig. 3) and some-
times phlyctaeneous limbal lesions. In 10 of the chal-
lenged eyes, the cornea became opaque, and in 5
eyes a distinct paracentral corneal ulcer developed
after 1-2 days. Typically, the ulcer was round or
oval with a diameter of 0.5-2.0 mm. All symptoms,
including the corneal ulcers, recovered spontane-
ously, and after 5-7 days the challenged eye had an
entirely normal appearance.

The multiple-challenged animals reacted differ-
ently. After 4-5 challenges, the acute symptoms be-
came more mitigated but signs of chronic alterations
occurred, i.e., hypertrophic papillae on the upper
tarsal mucosa, frequent mucosal ulcerations and
scars, particularly near the rims, and heavily thick-
ened upper eye-lids. Corneal ulcera remained a fre-

Fig. 3.
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Guinea pig with PASI. Severe corneal pannus on challenged eye.
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Fig. 4. Mean cell count (Bar = SD) in tear fluid of challenged eye after topical challenge with ovalbumin. Ciphes in squares indicate the

number of animals evaluated at the given time.

quent phenomenon, and could recur on the same
eyes. In a number of cases, an inflammatory co-
reaction occurred in the contralateral eye, although
less severe than in the challenged eye. However, in
2 animals we observed bilateral corneal ulcerations.

Cytology of tear fluid

In tear samples from the healthy non-immunized
guinea Eigs, the mean concentration of cells was
7.3%x 107/l (SD=7.5%107/1), with a range of 0-
39 x 107/1. Epithelial cells accounted for 70%,, and
the remaining cells were lymphocytes and PMN,
EOS were rarely seen.

Fig. 4 shows the cell concentrations of tears after
one challenge. In spite of excess tearing, the mean
level of cells increased steeply to a peak of > 10"/l
in the course of only 5h, thereafter it decreased
steadily, although it was still 5 x 10%/1 after 96 h. One
hour after challenge, the cell population was com-
posed of PMN 719, EOS 12%,, lymphocytes §%,
and epithelial cells 99, . At 5, 24 and 48 h, the PMN
accounted for =959 of the cells of the tear fluid,
and EOS for 1Y%, or less. After 72 and 96 h, lym-
phocytes accounted for 5 and 149, respectively.
The PMN were thus the predominant cell type in
tear fluid at all sampling times. The PMN often ag-
gregated so that their number could be difficult to

Fig. 5. Smear of purulent tear fluid from guinea pigs with PASI-syndrome 24 h after topical challenge. Groups of polymorphonuclear
leukocytes and a few epithelial cells. May-Grinwald Giemsa staining, x 400,
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Fig. 6. Smear of tear fluid from guinea pigs with PASI-syndrome 24 h after topical challenge. Coherent epithelial cells with invading
polymorphonuclear leukocytes (arrow heads). May-Griinwald Giemsa, x 1000,

count (Fig. 5). From samples with aggregated PMN,
minimum values were estimated for Fig. 4. Scales of
coherent epithelial cells from the conjunctiva and
cornea were also quite commonly seen during the
first hours after challenge, and often with PMN in
the space between adjacent cells (Fig. 6).

Histological examination, single challenge experiment

The conjunctival tissue reacted faster and more in-
tensely than the other ocular tissues (Fig. 7).

In eyes obtained 30 min after challenge, inflam-
matory cells accumulated in and immediately be-
neath the conjunctival epithelium especially in the
limbal region (Fig. 7). In a few cases small foci of
necrosis could already be discerned. The conjunc-
tival stroma appeared oedematous and the vessels
dilated, although these features cannot be quanti-
tated in histological sections.

Eyes obtained 6 h after challenge had conjuncti-
val epithelium heavily infiltrated with PMN, lympho-
cytes/plasma cells, histiocytes and some EOS. Areas
of focal necrosis were found both in the conjuncti-
val epithelium and stroma (Figs. 7, 9), and the lat-
ter showed a marked eosinophilic infiltration (Fig. 7).

After 24 h the inflammatory reaction reached its
first maximum, histologically, in the conjunctiva. The
epithelium had large areas of necrosis, and in the
stroma, basophils/mast cells could be recognized by
light microscopy in addition to the other inflamma-
tory cells (Fig. 7). At the same time, an inflammatory
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co-reaction of the same type, although to a lesser
extent, was observed in the collateral eye.

During the subsequent 6 days, the conjunctival
inflammation decreased slowly having a slight sec-
ond maximum at 72 h. The process was followed by
the formation of new vessels in the corneo-limbal
zone, and by fibrosis of the submucosa (Fig. 7).

The corneal inflammation had a quieter course,
histologically (Fig. 8). Stromal inflammation was not
detectable until after 24 h, and the entire reaction

CONJUNCTIVAL INFLAMMATION AFTER ONE
CHALLENGE WITH OVALBUMIN

A pperetun

B:  Swoma

rayihis
Mot e

i =

A B A B A B A B A B A B
12h 6h 24h 48 h 72h 168 h

Time (hours)
Fig. 7. Each of the histologically evaluated variables were scored
semiquantitatively (0-3). Ten fields from each of 5 sections were
calculated.



CORNEAL INFLAMMATION AFTER ONE
CHALLENGE WITH OVALBUMIN
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Fig. 8. Each of the histologically evaluated variables were scored
semiquantitatively (0-3). Ten fields from each of 5 sections were
calculated.

Fig. 9. Right cornea and conjunctiva of single challenged animal,
6 h after a single conjunctival challenge with oa. A: survey of in-
ferior fornix (@P1 No 434/87, x 150, HE); B: detail of conjunc-
tiva with necrosis and oedema ( x 300, HE); C: detail of cornea
— deposits of debris and slight shedding of epithelial cells ( x 300,
HE).

Immunologic conjunctivitis

Fig. 10. A: Right fornix of multiple-challenged eve, 72 h after last
challenge with oa. Note the increased amount of connective Lis-
sue and lymphocytic predominance (@PI No. 104/88, x 150, HE).
B: High power of conjunctival mucosa with newly formed vessels,
inflammatory cells and fibrotic tissue ( x 300, HE).

had only one peak around 72 h (Fig. 8). Only the
epithelium had necrotic foci. The cellular invasion
was dominated by PMN and lymphocytes, and it in-
volved both the stroma and the epithelium. The ker-
atitis was followed by a slight lymphocytic iridocy-
clitis detectable 72 h after challenge.

Multiple-challenge experiment

A comparison between the composition of the in-
flammatory reaction of the single challenged eyes
and the reaction after multiple topical challenges,
shows a significant shift from PMN to lymphocytes/
plasma cells as the most frequent cells in the con-
junctival and corneal stroma (Figs.7, 8 and 11).
Also basophils/mast cells were more frequent in the
chronic reaction, while EOS were almost absent.
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OCULAR INFLAMMATION AFTER REPEATED

CHALLENGES WITH OVALBUMIN
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Fig. 11. Each of the histologically evaluated variables were scored semiquantitatively (0-3). Ten fields from each ol § sections were

calculated.

The immediate corneal reaction was significantly
more severe in the multiple challenged eyes than in
the single challenged eyes 2-3 h after the last chal-
lenge (evaluated by the total score: p<0.001). Cor-
neal epithelial ulceration and stromal neovascular-
ization were prominent together with a marked
fibrosis when compared with the singly challenged
animals.

In addition, the non-challenged fellow eye of multi-
challenged experimental animals reacted also signi-
ficantly more severely than the fellow eyes of single
challenged animals. The histological picture was
that of a chronic inflammatory reaction with pannus
formation, fibrosis and lymphocytic infiltration
(Fig. 10).

Bacteriology

The possibility that the purulent discharge of PASI
was caused by bacterial infection was ruled out by
the following observations:

1. Microscopic examination of the tear fluid sam-
ples only exceptionally revealed microorganisms
and then only micrococci.

. All multiple-challenged guinea pigs were treated
with 3 mg/kg gentamicin intramuscularly every
second day, starting on the day of challenge. The
PASI syndrome developed in the usual fashion
with purulent discharge.

3. Eight samples of ocular purulent discharge were
examined by routine bacteriological technique.
Six were sterile while 2 yielded colonies of
coagulase negative staphylococci.

S8
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Discussion

The ocular syndrome, in this article designated
PASI, was provoked by topical antigenic challenge
of guinea pigs immunized by 2 i.p. injections of oa-
FCA.

Clinically, PASI is characterized by an intense
purulent keratoconjunctivitis with frequent pannus-
formation, and corneal ulcers. The general condition
of the experimental animals seemed little affected.
Cytological studies of tear fluid and histology of the
anterior eye segment indicated that PMN was the
predominant cellular element involved in the initial
phases of the disorder. These cells accumulated
around small blood vessels and seemed to migrate
towards the epithelial linings of all parts of the con-
junctiva and cornea, Another feature of interest, was
the formation of new vessels, apparently radiating
from the limbus in all directions, including the uvea.
Of the ocular surface, the limbus region may be the
site that is most penetrable by antigens.

After repeated exposure of the eye to the antigen
(0a), the formation of new blood vessels was fol-
lowed by collagen formation, particularly around the
vessels. At this point, a considerable number of lym-
phocytes, basophils and mast cells could be ob-
served. The light microscopical lack of basophils
and mast cells in the early phases after challenge
may have been due to an intensive degranulation,
making the cells difficult to recognize. This sugges-
tion is supported by such observations in similar
animal models (11). However, during the first phases
of this inflammatory disorder, PMN were clearly
predominant. The invasion of these cells as well as



EOS, and the release of the contents of their gran-
ules may be one cause of the physical and chemical
injury exerted on the mucosal stroma and epithe-
lium. These cells may have been attracted by
immune-complexes and platelet activating factor
(PAF-acether) (17) accumulating following the ap-
plication of antigen. The serum titre of IgG,-anti-oa
was 10-100 times higher in animals immunized with
0a-FCA than in similar animals immunized with oa-
Al(OH);, and the titres of IgG - and IgE-antibodies
were only little influenced by the type of adjuvant
used (unpublished results). IgG, of guinea pigs is a
homocytotrophic immunoglobulin. It is possible that
the initial reaction of hyperaemia and oedema ap-
pearing almost immediately upon antigenic challenge
was due to homocytotrophic antibodies (IgG, and
IgE); however, the prolonged inflammation of up to
1 week duration may have involved other mecha-
nisms. In a study of oa-immunized rats, showing a
similar reaction to the one presented in this paper,
IgG, and IgE were also found in increased serum
titres (11).
A sudden increase in vascular permeability has
been produced in the rabbit by intravenous injection
of antigen into immunized animals, or by adminis-
tration of antigen-antibody complexes to non-im-
munized rabbits (14). Tissue injury may be due to
complement activation by immunocomplexes and
complement fractions because C5a are chemotactic
for PMN. The accumulated PMN may be activated
to increased superoxide release by both IgE- and
[gG-immune complexes (10, 23). In a report of a
supposedly cell-mediated response of the outer eye
of guinea pigs to tuberculin, the histology of the lim-
bal region showed a predominantly mononuclear cell
infiltration with “some PMN™ (12). In our experi-
ments, the prompt onset, the sparse participation of
mononuclear cells, and the clinical course are not in
favour of a plain tuberculin-type delayed hypersen-
sitivity reaction (type IV). It should be noted that the
PMN component of delayed type hypersensitivity is
reported to be particularly low in guinea pigs (13).

It seems, therefore, likely that PASI is the patho-
logical consequence of several interacting types of
hypersensitivity, sharing most of its signs with the
late-phase of allergic reactions, however, a more
exact assessment of the immunopathology must
await further studies. After clarification of the im-
munological mechanisms involved, the value of this
syndrome for studies of human atopic eye diseases
may become evident. The presented model shares
with the oa-challenged rat model (11) the advantage,
that they do not require either invasive conjunctival
challenge like many useful models (2, 8, 9), pre-
treatment with mucolytic agents (19, 22) or haptens
(6, 20, 21). The immediate appearance in the tear
fluid of high amounts of PMN and later also of EOS,

Immunologic conjunctivitis

which is characteristic for the PASI model, further
resembles the human allergic conjunctival lesions
(7). In any case, some severe immunological eye
disorders such as vernal keratoconjunctivitis and
contact lens hypersensitivity probably develop after
frequent exposure to antigens. This reflection em-
phasizes the interest in the nature of the clinical and
histopathological pictures observed in the animals
after multiple challenges with antigen. If a single
exposure to allergen imposes an inflammation of
several days’ duration in the human patient, as was
the case in the experimental animals, then each new
exposure will damage already inflamed tissue. This
may explain the stubborn chronicity of vernal kerato-
conjunctivitis in contrast to hay fever conjunctivitis.

The use of cytology on tear fluid has been of sig-
nificant, though limited, usefulness for elucidation of
the nature of this ocular disorder. It has served as
an objective measure of the inflammation and the
assessment is obtained without killing the animals.
By and large, the cell concentration found in tear
fluid corresponded well with the scores for cell
infiltration in the histological examination. The oc-
currence of large amounts of PMN and scales of
coherent epithelial cells from the conjunctiva and
cornea, was confirmed by the histological studies.
However, comparison between the differential cell
count of tear fluid and score of cells infiltrating the
conjunctival stroma indicated that tear cytology
underestimates the amount of lymphocytes and EOS
involved in the inflammatory process. The perme-
ability of the inflamed mucosa for cellular elements
seems o be selective Lo a certain degree. In any case,
the complete morphology of the pathological pro-
cess can only be studied by classic histological tech-
nique.
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