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Abstract
Purpose: Investigations of the course of ocular toxoplasmosis and the influence
of a host’s immunological status in an animal model would contribute to our
understanding of the pathophysiology underlying this condition. In the current
study, these aspects are addressed using naive and primed rabbits infected trans-
vitreally with the non-cyst-forming BK strain of Toxoplasma gondii. Materials
and Methods: Of 45 latex agglutination test-negative rabbits, 27 were infected
subcutaneously with 5,000 Toxoplasma tachyzoites, and the ensuing infection
treated by systemic administration of clindamycin for 20 days. Four of these rab-
bits died from generalized infection. The remaining 23 primed rabbits were then
inoculated periretinally with a further 5,000 Toxoplasma tachyzoites, adminis-
tered via the transvitreal route; the 18 naive rabbits were treated likewise.
Results: All 18 naive and 21 of the 23 primed rabbits developed toxoplasmic
retinochoroiditis. As regarded progression of the disease, dissemination of the
condition (p = 0.0001), degree of vitreal infiltration (p = 0.0001) and incidence of
retinal detachment (p 0.05) were all more pronounced in the naive group. De-
spite treatment, 4 of the 18 (22%) naive rabbits died from generalized infection,
as did 4 of the 27 (15%) subcutaneously infected ones (prior to periretinal in-
fection). In the primed (secondarily infected) animal group, only moderate signs
of systemic infection were manifested, and there were no fatalities. Conclusion:
The high incidence ( 90%) of retinochoroiditis achieved even in primed ani-
mals, by introducing Toxoplasma tachyzoites via the transvitreal route, may re-
flect the maintenance of an intact uveovascular barrier during the early stages of
the disease. The pattern of infection, in being restricted primarily to the retina,
mimics the situation evinced in humans. Regarding propagation of the disease,
the condition manifested in naive rabbits resembles that occurring in immuno-
deficient patients, whereas that evoked in primed animals corresponds to recur-
rence of infection in immunocompetent patients.
.. . . . . . . . . . . . . . . . . . . .

Introduction

In 1946, Johnson [1] introduced a neutralizing antibody
test to assist in the diagnosis of ‘human toxoplasmic cho-
roiditis’. The importance of this condition in the etiology of

chorioretinal disease was, however, not fully appreciated
until 1952, when Wilder [2] demonstrated histologically
that in many of such manifestations, the causative agent was
Toxoplasma gondii and not, as previously supposed, the
lues or tuberculosis bacterium. Since this time, toxoplasmic
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retinochoroiditis has received increasing attention, and nu-
merous reports have described a variety of clinical manifes-
tations of this condition [3]. Attempts to lay down criteria
for an unequivocal laboratory confirmation of the clinical
diagnosis have been even more concerted [4–6], but unre-
warded. Unfortunately, data revised, from the analysis of
paired serum and aqueous humor samples do not always tal-
ly with clinical activity [5], and this may reflect our poor
understanding of the distinct pathophysiology and immuno-
logical dynamics involved in this condition. In an endeavor
to investigate diagnostic as well as therapeutic aspects of
ocular toxoplasmosis, this disease has been induced experi-
mentally in several animal models [7], but an appropriate
simulation of the human situation has not been achieved.

In this study, we describe the clinical manifestations and
course of experimental ocular toxoplasmosis in naive and
primed rabbits infected periretinally via the transvitreal
route, using a modification of the technique described by
Culbertson et al. [8]. This mode of injection may have ad-
vantages over the commonly applied suprachoroidal one,
and these are discussed in the light of our own findings and
those of other authors.

Materials and Methods

The BK strain of T. gondii is a non-cyst-forming clinical isolate,
which shares many antigenic properties and symptomatic features [9,
10] with the RH strain [11]. The parasite was grown in Vero cell cultur-
es using Eagle’s minimal essential medium supplemented with 10%
fetal calf serum, 0.1 mg/ml gentamycin and 25 µg/ml amphothericin B,
and in a humified atmosphere containing 5% CO2 at 36 C.

Prior to infection, the cell culture supernatant was withdrawn and
cell debris allowed to sediment for 6–8 h. The resulting supernatant
was aspirated and the tachyzoites sedimented by centrifugation at
1,700 g for 15 min; they were then resuspended in phosphate-buffered
saline (pH 7.4) to a final concentration of 100 tachyzoites/µl. Parasite
motility was assessed by phase-contrast microscopy (Leitz Wetzlar,
Germany). Tachyzoites obtained between passages 7 and 15 were used
as a source for infection experiments; their viability was verified by
inoculation of an aliquot in HEp-2 cell cultures after each rabbit in-
fection experiment.

Forty-five brown Burgundy rabbits of either sex, 4–5 months of
age, and with body weights between 2.5 and 3.5 kg, were included in
this study after approval by the National Health Authorities and the
Local Veterinary Ethical Committee. All animals tested negative for
the presence of serum anti-Toxoplasma antibodies. Twenty-seven rab-
bits (primed animal group) were injected subcutaneously with 5,000
tachyzoites in 50 µl of phosphate-buffered saline (pH 7.4), and the en-
suing systemic infection treated between days 8 and 28 by intramuscu-
lar administration of clindamycin (25 mg/kg body weight/day); of
these, 4 died from generalized infection. After recovery, the remaining
23 rabbits were observed at fixed time intervals for a further 2 months.
The development of humoral immunity was assessed by periodic ana-

lysis of serum and aqueous humor samples. The remaining 18 rabbits
(naive animal group) remained untreated throughout the entire
3 month period.

Each eye of the 41 rabbits (23 primed; 18 naive) then underwent
fundoscopic examination to check for the absence of preexisting reti-
nal scars. For this purpose, animals were maintained under general an-
esthesia (ketamine: 15 mg/kg body weight; xylazoline: 10 mg/kg body
weight). Mydriasis was induced using 0.5% tropicamide eye drops.
Gentamycin was administered (0.3% drops into the conjunctival sac
and a single intramuscular injection of 4 mg/kg body weight) immedi-
ately prior to transvitreal inoculation as a prophylactic measure
against bacterial endophthalmitis.

Transvitreal infection of the left eye of each rabbit was achieved
under indirect ophthalmoscopic control using a 24-gauge needle,
which was introduced 4 mm behind the limbus and then forwarded
across the vitreous until contact with the retina was realized (fig.1). An
inoculum of 5,000 Toxoplasma tachyzoites contained within 50 µl of
phosphate-buffered saline (pH 7.4) was discharged from a tuberculin
syringe periretinally, near the retinal wing at the posterior pole. The
postoperative treatment protocol included daily administration of 1%
atropine eye drops between days 0 and 28 and intramuscular injection
of clindamycin (25 mg/kg body weight) between days 8 and 28. The
course of infection was assessed on a daily basis up to 5 days; thereaf-
ter on days 10, 15, 21, 28, 42 and 60. A scoring system was devised to
grade the severity of ocular infection (table 1). Statistical analyses
were performed using the ø2 test for proportions and the Student’s t test
for quantitative (score) data.

Fig.1. Transvitreal route for inoculating Toxoplasma tachyzoites
periretinally into the rabbit eye under indirect ophthalmoscopic con-
trol. Entry is effected via the pars plana, at the site of insertion of the
superior rectus muscle (4–5 mm behind the limbus).
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Results

Local Disease Profile
Seven days after transvitreal inoculation of Toxoplasma

tachyzoites, a retinochoroiditis had developed in each of the
18 naive (100%) and in 21 of the 23 (91%) primed rabbits
(p = 0.3085). The infection was further characterized by dis-
semination of retinochoroiditis, vitreal infiltration and reti-
nal detachment, all of which were more pronounced in the
naive animal group (table 2).

Naive rabbits developed disseminating retinitis, with
secondary involvement of the choroid, this condition having
been elicited presumably by multiplication and subsequent
periretinal spread of parasites beyond the inoculation site
(fig. 2a). In primed rabbits, the retinochoroiditis remained
discrete (multiplication damped by prior immunization)
and was restricted to several satellite foci located in the vi-
cinity of the inoculation site.

In naive rabbits, vitreal infiltration progressed from a
moderate effusion on day 5 to a dense exudation, including
fibrin, cells and a Tyndall effect, between days 5 and 20,
which hampered fundoscopy. By day 42, these symptoms
had cleared up almost completely, but the resumption of
purposeful fundoscopic examination then revealed that epi-
retinal membranes had formed during the interim period.
These were, however, restricted to the region around the in-
oculation site (fig. 2b) and did not progress. Vitreal infil-
tration was accompanied by marked elevation of anterior
chamber cell count and protein content, but fibrin exudation
into this region remained moderate and was restricted to the
period between days 5 and 20. In primed rabbits, vitreal and
anterior chamber infiltration with cells, protein and fibrin
was observed between days 10 and 20, but the effusion was
moderate and never dense enough to handicap fundoscopy
(fig. 3).

Between days 6 and 15, 10 of 18 (56%) naive, and 3 of the
23 (13%) primed rabbits developed an exudative retinal de-
tachment, and this was not always confined to the inocula-
tion site (p 0.05); the extent to which this condition pro-
gressed did not differ significantly between the two animal
groups (p = 0.087).

Systemic Effects
At the peak of infection (days 6–12), the body temper-

ature of naive rabbits was markedly elevated, and these ani-
mals stopped feeding from day 8 or 9 onwards for the fol-
lowing 8–10 days; 4 of the 18 periretinally infected (22%)
and 4 of 27 (15%) subcutaneously infected rabbits died from
generalized infection between days 9 and 16, despite sys-
temic treatment (p = 0.8113). Primed animals manifested a

moderate (if any) increase in body temperature and a slight-
ly reduced food uptake for 8 days after the peak of infection,
but there were no deaths in this group (p = 0.0644).

Ocular Complications
A small granuloma developed at the scleral site of in-

jection in 1 naive rabbit. Also within this group, the lens of
1 animal was inadvertently contacted during transit of the
inoculating needle, but a cataract did not ensue. In one of the
primed animals, the development on day 1 of a retinal de-
tachment involving the inoculation site was presumed to
have been elicited by mechanical damage incurred during

Table1. Grading of retinochoroiditis

Parameter Score Definition

Dissemination
of retino-
choroiditis

0 no dissemination
1 1 focus distinct from inoculation site
2 2–5 satellite foci
3 5 satellite foci
4 multiple confluencing foci, retinal necrosis

Vitreal
infiltration

0 no infiltration
1 moderate (focal) infiltration
2 marked (diffuse) infiltration
3 severe infiltration, view of fundus

obscured
4 infiltration thwarts fundus examination

Retinal
detachment

0 no detachment
1 detachment 2 papilla diameters in extent
2 detachment involving up to 1 quarter of

retina
3 detachment involving 75% of retina
4 total detachment ( 75% of retinal surface

involved)

Table 2. Course of experimental ocular toxoplasmosis in naive
and primed rabbits

Parameter Naive rabbits Primed rabbits p value

Development of retinitis or
retinochoroiditis 18/18 (100%) 21/23 (91%) 0.3085

Dissemination of retino-
choroiditis (score 1) 2.88 0.99 1.65 1.03 0.0001

Vitreal infiltration (score1) 2.44 0.62 1.63 0.65 0.0001
Retinal detachment 10/18 (56%) 3/23 (13%) 0.0495
Retinal detachment (score 1) 1.50 1.62 0.65 1.47 0.087

1 Mean SD.
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injection rather than being a consequence of infection. No
other ocular complications were observed except for an an-
ticipated [12] circumscript bleeding from the retina at the
inoculation site in 25% of the animals within each group. In
no instance retinal perforation was induced.

Discussion

In this report, we describe a higher morbidity in naive as
compared to primed rabbits with ocular toxoplasmosis. We
also observed that, after transvitreal inoculation of Toxo-
plasma tachyzoites, retinochoroiditis can be reproducibly
induced even in primed rabbits with high dye test titers. This
is most likely achieved by a prolonged maintenance of the
uveovascular barrier after transvitreal as compared to supra-
choroidal inoculation; this may also account for the high
incidence of fatalities in naive rabbits.

Rabbits are known to have a genetically determined low
resistance against infection by Toxoplasma [13–15], and
this situation will, of course, be either tempered or exacer-
bated in accordance with the virulence and antigenicity of
the parasite strain involved [16]. Prognosis may, moreover,
be even poorer if intraocular propagation of the parasite is
implicated. This may reflect deferred violation of the blood-
retinal barrier, which will have the effect of delaying neu-
tralization by the immune system. Such an explanation
would account for the greater severity of systemic symp-
toms manifested in naive as compared to primed rabbits, a
finding which has not previously been reported.

The immunoreactivity of animals with low and negative
anti-Toxoplasma antibody titers does not differ [8, 17–19],
but attempts to induce retinochoroiditis in primed nonhu-

Fig. 2.a Disseminating retinitis, 5 days after transvitreal inocula-
tion of Toxoplasma tachyzoites periretinally in a naive rabbit. Arrow
denotes inoculation site. b Diffuse retinochoroidal scar involving a
large area around the inoculation site, 42 days after transvitreal infec-
tion of a naive rabbit with Toxoplasma tachyzoites. Note the occur-
rence of marked membrane formation originating at the inoculation
site (arrow).

a

b

Fig. 3. Circumscript scar manifested after healing of Toxoplasma
retinitis in a primed rabbit, 28 days after transvitreal inoculation of
Toxoplasma tachyzoites. Arrow denotes inoculation site.
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man primates with high dye-test titers have failed, and this
may reflect a situation in which the parasite has been neu-
tralized before multiplication [18]. Consistent with this
concept is the finding of Newman et al. [12] that systemic
injection of Toxoplasma antigen in primed primates failed
to induce a uveal reaction, whereas transvitreal inoculation
elicited an inflammatory response characterized by vitritis,
retinal vasculitis and edema.

Ocular toxoplasmosis was first induced experimentally
by Hogan [20] in 1951, using naive rabbits and an intracaro-
tid mode of injection of Toxoplasma tachyzoites. Two years
later, Frenkel [21] demonstrated an ocular involvement in
primed animals (hamsters), but only after chronic systemic
infection with certain low-virulent strains of T. gondii, and
in 1954, Jacobs et al. [22] and Beverley et al. [23] indepen-
dently described the induction of ocular toxoplasmosis by
local injection of the parasites into the anterior chamber of
rabbits. Using this technique, Beverley et al. [23] observed
iritis, the severity of which depended on the strain inoculat-
ed. Owing to the presence of fibrinous exudates, they were
not able to perform fundoscopic examination, but histolog-
ical analysis revealed choroidal infiltration and Toxoplasma
cysts in all uveal tissues [24].

The potential of the transscleral route as a means of in-
troducing various fluids into the suprachoroidal space had
been investigated 7 years earlier by Vogel [25]. Although
access to this region was achieved reproducibly, injection
was associated with the not inconsiderable risk of produc-
ing retinal defects, as found by Nozik and O’Connor [26],
who subsequently adopted this technique for eliciting
toxoplasmic chorioretinitis in rabbits; they described the
development of chorioretinal lesions involving primarily
the choroid. This finding is consistent with Vogel’s [25] ob-
servation that antigens and bacteria injected into the supra-
choroidal space tend to migrate to the choroidal vessel
walls, where they cause a minor structural disturbance and
transient hyperemia; such damage would clearly facilitate
an early systemic dissemination of Toxoplasma tachyzoites.
Hence, the disease profile manifested after suprachoroidal
inoculation involves an initial local infection followed by a
very early systemic one, and, as such, the situation is not
immunologically comparable to that evinced in humans
[19]. Its value as a model for imitating and of deriving use-
ful information pertaining to the clinical situation is there-
fore limited. As mentioned above, failure to induce ocular
toxoplasmosis in systemically primed nonhuman primates
with a high dye-test titer may be attributed to neutralization
of parasites before amplification [18]. A comparable situa-
tion may be envisaged when the suprachoroidal route of in-
fection is adopted [27], and may similarly account for the

failure to induce ocular toxoplasmosis in primed rabbits re-
ported by several groups [19, 26, 28]. The detection of circu-
lating antigen both prior to and shortly after the develop-
ment of ocular lesions (when manifested) in rabbits sup-
ports this contention [29]. Hogan et al. [30] were the first to
explore the possibility of inducing ocular toxoplasmosis by
injecting parasites intravitreally into guinea pigs, and Kauf-
man [31] later adopted this model to study therapeutic mod-
alities. He observed vasculitis with fibrinous exudation into
the anterior chamber and vitreous, diffuse retinal infiltra-
tion, and disorganization of the retina and choroid.

Culbertson et al. [8] employed the transvitreal route for
inducing ocular toxoplasmosis in monkeys, and found the
technique to be a suitable one for studying this disease, vio-
lation of the vitreal cavity being, in their opinion, the princi-
pal drawback. The blood-retinal barrier may, however, be
better maintained using this rather than the suprachoroidal
approach, at least during the initial phase of the infection.
This will hinder the development and modification of im-
munity [19], i.e., as set against a background of the selec-
tively impaired, but incompletely understood, delayed-type
hypersensitivity response pertaining in isolated ocular dis-
eases [32], by which means the human condition will be
more closely approximated. That transvitreal inoculation
does not cause an immediate compromise of the uveovascu-
lar barrier is indicated by the successful induction of ocular
toxoplasmosis even in primed rabbits, and also by the occur-
rence of fatalities solely in the naive animal group, when
breakdown is ultimately induced at the peak of infection.

Recurrent ocular toxoplasmosis is, according to old and
current opinions, a consequence of tissue cyst rupture with
an ensuing liberation of parasites [33]. However, since the
injection of 500 parasites does not elicit ocular toxoplasmo-
sis in primed animals [8, 18, 34], and the introduction of
5,000 tachyzoites induces only a moderate and focal reti-
nochoroiditis with no signs of systemic involvement, rup-
ture of a cyst would have to liberate at least 5,000 virulent
parasites at once for this to be the sole reactivation mecha-
nism, and this is extremely unlikely.

Hence, our findings furnish evidence that other, proba-
bly immunologic, factors are involved. This has, indeed,
been suggested, although not proven, by other groups [34,
35].

Clearly, the rabbit model of experimental ocular toxo-
plasmosis does not closely resemble the human situation in
every pertinent detail, there being important immunological
as well as anatomical differences between the respective
eyes. Indeed, it is in relation to the latter that the principal
constraint for adapting the transvitreal technique to the rab-
bit model lies, namely, in the risk of traumatizing the large
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lens. Albeit so, when entry is effected at the site of insertion
of the superior rectus muscle, i.e. 4–5 mm posterior to the
limbus, this potential hazard is minimized and, in our hands,
lens damage was incurred in a single instance only. Inad-
vertent damage to the retina, with resulting detachment, was
also observed but once. Hence, despite its limitations, adap-
tation of the pars plana route of inoculating Toxoplasma ta-
chyzoites offers a further approximation to the clinical and
morphological changes manifested in human ocular toxo-
plasmosis and may, at least partially, obviate the need for
experiments with nonhuman primates.
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