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Experimental Bacillus cereus post-traumatic
endophthalmitis and treatment with ciprofloxacin
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Peter E Liggett

Abstract
Background-Bacillus species remain an

important cause of post-traumatic en-

dophthalmitis, often causing permanent
visual loss.
Methods-Twenty two rabbits were used
to evaluate the clinical and histological
findings of Bacillus cereus experimental
post-traumatic endophthalmitis. Eyes
that had received a scleral laceration and
surgical repair were inoculated with Ba-
cillus cereus. Thirty four other rabbits
were used to evaluate the efficacy ofintra-
vitreal ciprofloxacin in treating experi-
mental disease.
Results-Animals developed a post-
traumatic endophthahmitis that closely
minucked human disease, characterised
by a rapidly progressive and destructive
endophthalmitis. Histological evaluation
revealed retinal detachment, retinal ne-

crosis, and the infiltration of inflamma-
tory cells into the subretinal space.
Intravitreal ciprofloxacin (100 ,ug) pre-
vented the development of disease when
given 1 hour and 6 hours after trauma and
inoculation.
Conclusions-Clinical and histological
examination of experimental Bacillus
cereus post-traumatic endophthalmitis
suggests that retinal detachment and reti-
nal necrosis play important roles in visual
loss. Ciprofloxacin may be ofbenefit in the
management of certain intraocular infec-
tions following penetrating injury.
(BrJ Ophthalmol 1996;80:755-758)
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Post-traumatic endophthalmitis is a devastat-
ing complication of penetrating ocular trauma,
estimated to occur in 2-7% of all penetrating
injuries to the eye."A Bacillus species are the
second most common group of infecting
organisms isolated in cases of post-traumatic
endophthalmitis and are surpassed only by
Staphylococcus epidermidis in the number of cul-
ture positive cases each year."'5 Bacillus cereus

has come to particular attention in recent
reports owing to its remarkably virulent and
destructive course following seeding of the
vitreous."
The optimal treatment for Bacillus species

endophthalmitis remains undetermined.
O'Day and colleagues8 recommended intravit-
real clindamycin in combination with gentami-
cin; in vitro work, however, has shown that
clindamycin is often ineffective against Bacillus9
and the safety of intravitreal gentamicin has

been questioned,'0 with reports of aminoglyco-
side associated retinal toxicity. In 1992 For-
ster" found that intravitreal vancomycin was
not efficacious in treating a rabbit model of
postoperative Bacillus cereus endophthalmitis.
Others have recommended ciprofloxacin, a
fluoroquinolone antibiotic, in treating this dis-
ease. 12
To identify pathophysiological mechanisms

associated with B cereus endophthalmitis that
may cause blindness we developed a rabbit
model of disease. We then evaluated the
efficacy of intravitreal ciprofloxacin as a means
of treating experimental disease.

Materials and methods
EXPERLMENTAL POST-TRAUMATIC BACILLUS

CEREUS ENDOPHTHALMTS
New Zealand white rabbits weighing 2-3 kg
were used in accordance with the Association
for Research in Vision and Ophthalmology
Resolution on the Use of Animals in Research.
Animals were anaesthetised with intramuscu-
lar ketamine hydrochloride (30 mg/kg) and
xylazine hydrochloride (10 mg/kg). A standar-
dised model of posterior penetrating ocular
trauma was used. The right eye of each rabbit
was proptosed under sterile conditions and a
360 degree peritomy was performed. A 5 mm
radial laceration was made 2.5 mm posterior to
the limbus using a number 11 blade scalpel.
Prolapsed vitreous was excised and the lacera-
tion repaired with interrupted 8.0 Vicryl
sutures using microsurgical technique. The
conjunctiva was then closed with interrupted
8.0 Vicryl sutures.

Bacillus cereus Type 14579 was obtained
from American Type Culture Collections,
Rockville, MD, USA. The inoculum was
prepared by growing one to three colonies of
each isolate in 10 ml of LB medium overnight
at 38°C. This suspension was then diluted 1:5
in fresh LB medium on the morning of surgery
and incubated at 37°C for 3 hours. The result-
ing suspension was then added to saline and
equated to a 0.5 McFarland turbidity standard
equivalent to 108 colony forming units (cfu)/ml
and further diluted in normal saline to form
the final inoculum. Immediately after surgery,
an inoculum of 100, 500, 1000, or 20 000 cfu
of B cereus (in 100 p1 saline) was injected into
the midvitreal cavity of traumatised eyes. Four
rabbits received a 100 cfu inoculum, 12
received 500 cfu, 10 received 1000 cfu, and six
received 20 000 cfu. Viability and concentra-
tion of bacterial inoculum were verified by
simultaneous growth of an identical inoculum
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on LB plates. Twelve control rabbits also
received similar surgical trauma followed by
injection of normal saline alone. All animals
were allowed to recover from anaesthesia and
were examined at intervals of 12, 24, and 48
hours following inoculation using indirect oph-
thalmoscopy. Inflammation of the vitreous cav-
ity was assessed and scored by a masked
observer (VA) as follows:

1 = clear vitreous, fundus, details seen
crisply, red reflex present.

2 = mild vitreal haze, red reflex present.
3 = moderate to severe vitreal haze, no red

reflex observed.
4 = total opacification of vitreous and

anterior chamber, no red reflex observed.
Rabbits were examined by indirect ophthal-

moscopy at intervals of 12, 24, and 48 hours as
described above and were sacrificed at 48
hours following surgery for enucleation and
histological study of the involved eye. Just
before sacrifice, 100 jil vitreal samples were
obtained from each experimental and control
animal and plated on LB plates for incubation
at 38°C for 24 hours.

TREATMENT WITH CIPROFLOXACIN
Ciprofloxacin was supplied in powder form by
Miles Inc, West Haven, CT, USA. The powder
was reconstructed in sterile water on the day of
injection.

Thirty four New Zealand white rabbits were
inoculated with 20 000 cfu ofB cereus immedi-
ately following induction of surgical trauma as
described above. The rabbits were divided into
three groups. The first group (n=9) received an
intravitreal injection of 100 jg of ciprofloxacin
in 100 il of sterile water 1 hour after bacterial
inoculation. The second group (n=9) received
an identical intravitreal injection 6 hours after
bacterial inoculation. The third group (n=16)
served as controls and received an injection of
100 ,ul of water 1 hour after bacterial
inoculation. Rabbits were examined by indirect
ophthalmoscopy at intervals of 12, 24, and 48
hours and were sacrificed at 48 hours after sur-
gery for enucleation and histological study of
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Figure 1 Histopathological appearance ofa control eye 12 hours after Bacillus cereus
inoculation (20 000 cfu), demonstrating vitreal abscess with disruption of retinal
architecture (haematoxylin and eosin, x80).

the involved eye as described above. Vitreous
fluid samples were plated on LB plates and
grown at 38°C, also as performed on the con-
trols above.

Fisher's two tailed exact test was used to
determine statistical significance of experimen-
tal results.

Results
CLINICAL AND HISTOLOGICAL EVALUATION OF
MODEL
Six of six (100%) animals that received an
inoculum of 20 000 cfu developed a grade 4
vitritis, characterised by obscuration of the
posterior pole. Severe chemosis and a corneal
ring abscess were noted in all eyes. All vitreous
fluid cultures obtained from these animals
were culture positive for B cereus. Inocula of
1000, 500, and 100 cfu produced an equally
severe and rapid endophthalmitis. Six of 10
(60%) animals receiving 1000 cfu developed
grade 4 disease; the remaining animals devel-
oped grade 2 disease. Fifty per cent of eyes
receiving 1000 cfu were culture positive. Seven
of 12 (58%) animals receiving a 500 cfu inocu-
lum developed grade 4 disease. Eight of 12
(67%) eyes were culture positive. Three out of
four eyes (75%) receiving 100 cfu developed
grade 4 disease and all were culture positive.
The remaining animals in each group exhib-

ited mild conjunctival inflammation with no
vitreal inflammation following inoculation and
were culture negative. Control animals likewise
demonstrated mild conjunctival inflammation
without vitreal inflammation.

Histological examination of eyes at 12, 24,
and 48 hours after inoculation with 20 000 cfu
revealed an exuberant influx of polymorpho-
nuclear leucocytes into both the vitreous and
subretinal spaces. Eyes examined at 12 and 24
hours after inoculation revealed disruption of
the retinal architecture with the presence of
retinal detachment. A moderate number of
polymorphonuclear leucocytes were observed
in the subretinal space, choriocapillaris, and
vitreous cavity. At 24 and 48 hours examina-
tion revealed severe retinal detachment, mod-
erate to severe retinal necrosis, and diffuse
areas of glial scarring within the retina. The
vitreous cavities were consistently found to be
infiltrated by numerous polymorphonuclear
leucocytes and a moderate number of mono-
cytes. At 48 hours post inoculation, severe
cases revealed total retinal necrosis and vitre-
ous abscess (Figs 1,2,3).

TREATMENT OF INFECTED ANIMAIS WITH
INTRAVITREAL CIPROFLOXACIN
Eight ofnine (89%) eyes treated with 100 jg of
intravitreal ciprofloxacin at 1 hour after inocu-
lation were without clinically apparent en-
dophthalmitis in the ensuing 48 hours. The
remaining eye developed a grade 2 vitritis over
24 to 48 hours. Vitreous taps from seven of
these infected eyes were plated on LB medium.
One of the seven was culture positive for B
cereus; however, this was not the same eye that
developed vitritis.

Six out of nine (67%) eyes treated with 100
jg of intravitreal ciprofloxacin at 6 hours after
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inoculation were without clinically apparent
endophthalmitis within 48 hours. Three of the
nine (33%) developed a mild grade 2 vitritis
within 24 hours that progressed to grade 3 vit-
ritis over 48 hours. Vitreous taps from seven of
these eyes were cultured and inspected at 48
hours. One of seven was culture positive for a
single cfu and was from an eye with grade 2
vitritis. Six of seven eyes were culture negative.

Fourteen out of 16 (88%) control eyes
developed severe, destructive endophthalmitis
within 48 hours. One of the 16 (6%) developed
a milder grade 2 vitritis over 48 hours. The
remaining eye (6%) developed no clinical signs
of endophthalmitis. Vitreous taps obtained
from the 16 control eyes were cultured on LB
plates. Fifteen of the 16 were culture positive
forming a confluent lawn ofB cereus within 24
hours. The negative culture was from an eye
with grade 4 clinical endophthalmitis. Table 1
demonstrates the grading of vitreal inflamma-
tion in treatment and control eyes. The efficacy
of ciprofloxacin in preventing the development
of endophthalmitis 48 hours after inoculation
was statistically significant when comparing, }b'~~. Ur
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Figure 2 Histopathological appearance of a control eye 24 hours after Bacillus cereus

inoculation (20 000 cfu), demonstrating subretinal polymorphonuclear leucocytes and
disruption of retinal architecture (haematoxylin and eosin, x160).

Figure 3 Forty eight hours after Bacillus cereus inoculation (20 000 cfu), demonstrating
vitreal abscess with retinal necrosis (haematoxylin and eosin, x80).

Table 1 Clinical assessment of vitreal disease

Time of treatment after Bacillus inoculation
Disease
grade I hour (n=9) 6 hours (n=9) Control (n=16)

1 8/9 (89%) 6/9 (67%) 1/16 (6%)
2 1/9 (11%) 2/9 (22%) 1/16 (6%)
3 0/9 1/9 (11%) 0/16
4 0/9 0/9 14/16 (88%)

eyes treated at 1 hour (p=0.0003) and at 6
hours afterwards (p=0.01) with control eyes.
Table 1 illustrates the differences in clinical
outcome between groups.

Histopathological findings of enucleated
eyes correlated well with clinical signs (Figs
1-3 ). Examination of control eyes with clinical
endophthalmitis 48 hours after inoculation
revealed an abundance of polymorphonuclear
leucocytes in the vitreous and subretinal space
and loss of retinal architecture with retinal
necrosis. Eyes treated with intravitreal cipro-
floxacin at both 1 and 6 hours after inoculation
demonstrated minimal inflammatory cell infil-
tration and no retinal necrosis.

Discussion
The virulence of Bacillus species as infecting
agents in post-traumatic endophthalmitis is
made apparent by the dismal outcome of most
patients with this disease. Reported series of
post-traumatic endophthalmitis show that Ba-
cillus species are a leading cause of endoph-
thalmitis, second only to Staphylococcus
epidermidis.lA The exact mechanisms by which
Bacillus species cause visual loss remain
unclear, although it has been speculated that
toxins released by the microbe result in
damage to intraocular structures.6 Several
different antibiotic regimens have been recom-
mended as optimal treatment for ocular Bacil-
lus infections. Some authors have advocated
the use of clindamycin and gentamicin,8 while
others have suggested that vancomycin9 pro-
vides optimal coverage. We attempted to
answer some of these questions by developing a
reproducible model of experimental B cereus
post-traumatic endophthalmitis and employ-
ing histological studies to elucidate patho-
physiological mechanisms that might be re-
sponsible for visual loss associated with this
disease. We also evaluated ciprofloxacin, a
fluoroquinolone antibiotic that is gaining wide-
spread acceptance in the ophthalmological
community.

In 1981 O'Day and colleagues8 presented
their experience with six cases of Bacillus
species endophthalmitis and briefly outlined
experimental data obtained from a rabbit study
using intravitreal inoculations of Bacillus. A
follow up animal study was to be forthcoming
in the literature, but to our knowledge was
never published. We developed an animal
model of B cereus endophthalmitis by produc-
ing a scleral laceration followed by injection of
bacteria into the vitreous cavity. This method
closely mimics the clinical situation of post-
traumatic endophthalmitis which entails ocular
rupture and vitreous seeding with various
micro-organisms. It is our opinion that ocular
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injury, subsequent breakdown of the blood-
retinal barrier, and intraocular haemorrhage
have significant ramifications for ocular phar-
macology and bacterial growth. Indeed, previ-
ous studies have shown that the half-life of
intravitreal cefazolin is increased by intraocular
inflammation, while that of gentamicin is
decreased.13

Several aspects of experimental B cereus
post-traumatic endophthalmitis produced in
our laboratory closely mimic human disease.
Our experimental animals developed an en-
dophthalmitis with a clinical course that was
rapid and severe in nature. Several issues are
probably important in the development of
endophthalmitis in the clinical and experimen-
tal setting. We observed variability in clinical
disease as well as microbiological results. This
variability was noted at smaller inocula and
probably represents inherent variability in bac-
terial growth. Experimental post-traumatic
endophthalmitis developed predictably in eyes
after inoculations of 20 000 colony forming
units of B cereus. A corneal ring abscess
occurred in many experimental animals; clini-
cally it has been observed that a Bacillus species
may commonly cause a corneal ring abscess in
the setting of post-traumatic endophthalmitis.
The histological features of experimental

post-traumatic endophthalmitis provide useful
information for understanding the pathophysi-
ology of clinical disease and its association with
a poor clinical and visual outcome. Retinal
detachment, retinal necrosis, and the appear-
ance of areas where the retina had seemingly
disappeared were consistent features of experi-
mental disease. Interestingly, we also noted
large numbers of polymorphonuclear leuco-
cytes in the subretinal space; it is possible that
these subretinal inflammatory cells exacer-
bated retinal pigment epithelium dysfunction
and also caused photoreceptor damage. Since
inflammation appears to play a significant role
in retinal damage and retinal pigment epithe-
lium dysfunction, it is possible that anti-
inflammatory agents such as corticosteroids
should be evaluated in such a model for
obtaining ultimately optimal treatment of
clinical disease.
The treatment of bacterial endophthalmitis

has been the subject ofrecent controversy, with
some authors recommending the use ofvarious
newer antibiotics for intravitreal use. Most
agree that the optimal treatment for endoph-
thalmitis consists of the intravitreal injection of
broad spectrum antibiotics, with or without
vitrectomy, as an adjunct to treatment. In the
past, most authors recommended antimicro-
bial therapy with intravitreal vancomycin in
combination with gentamicin or amikacin.
Several recent studies, however, suggested that
intravitreal aminoglycosides may cause retinal
infarction'0 '4 and that ceftazidime, a third gen-
eration cephalosporin, may be a more useful

drug for obtaining broad spectrum Gram
negative coverage.

Several issues prompted us to evaluate intra-
vitreal ciprofloxacin as a treatment for experi-
mental B cereus post-traumatic endophthalmi-
tis. In vitro studies have shown ciprofloxacin
inhibits the growth of B cereus, B subtilis, B
licheniformis, and other Bacillus species. Thera-
peutic levels can be achieved in both the
normal and injured eyes after systemic admin-
istration.'2 In our study, intravitreal ciprofloxa-
cin (100 pg) prevented the development of
experimental post-traumatic endophthalmitis
in eyes that had been inoculated with B cereus.
Development of experimental disease was pre-
vented in nearly all cases (90%) if treatment
was given 1 hour after trauma and bacterial
inoculation. The efficacy of antimicrobial
therapy was diminished somewhat if treatment
was given 6 hours after trauma and bacterial
inoculation.

In conclusion, we have developed a repro-
ducible model of experimental B cereus post-
traumatic endophthalmitis. Ciprofloxacin,
when injected intravitreally, was efficacious in
preventing the development of disease and
sterilised the vitreous cavity of most eyes in
treated animals. These data should be extrapo-
lated to the clinical setting with caution. Most
patients with post-traumatic endophthalmitis
develop disease and then are treated with
intravitreal antibiotics. In this study, we
showed ciprofloxacin prevented the develop-
ment of disease but was not as efficacious if
treatment was delayed.
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