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Summary: 
Bacterial colonisation of the cornea is described in two cases, one bilateral. Discreet, white, 
branching opacities are produced without associated inflammation. It is suggested that due to 

its aetiology "arborescent bacterial keratopathy" is a better name for this condition than "infec
tious crystalline keratopathy". 

Infectious crystalline keratopathy is a 
recently identified corneal disorder which has 
been described in several patients in the 
USA!-9. The condition occurs in corneae 
which have been treated with topical steroids 
over a long period. The majority of patients 
reported had undergone a penetrating kera
toplasty!-7. Other predisposing conditions are 
Herpes simplex keratitis3 and Acanthamoeba 
keratitis8.!O.11. The characteristic appearance 
is of a white, feathery, crystalline deposit, 
without associated inflammation, in the 
anterior corneal stroma. Viridans strep
tococci have been the organisms most fre
quently identified within affected corneae by 
culture and electron microscopyl-6. We 
describe 2 patients, one affected bilaterally, 
who developed this condition as a complica
tion of penetrating keratoplasty. 

Case Reports 

Patient 1: 
An otherwise healthy 31 year old woman with 
bilateral lens opacities underwent left extracapsu
lar cataract surgery, followed one year later by a 
right extracapsular cataract extraction complicated 
by rupture of the posterior capsule with vitreous 
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loss. Gradual corneal decompensation followed, 
and bilateral penetrating keratoplasties were per
formed 12 years after her cataract surgery. Both 
eyes were treated with topical betamethasone 
sodium phosphate 0.5% three times a day (also 
atropine 1 % and phenylephrine 10%) continu
ously, apart from a one month period, from the 
time of surgery until the patient was referred to 
our hospital for assessment 6 months later. 

The visual acuity was hand movements only in 
either eye. Both grafts were decompensated, with 
continuous monofilament nylon sutures in place. 
In the left graft there was an area of white, branch
ing opacities within the corneal stroma, but with 
no associated infiltrate (Fig 1). A few keratic pre
cipitates could be seen. The intraocular pressure 
was normal. Treatment with topical steroids was 
continued. An 8 mm penetrating graft was per
formed ten months after the first graft. The post
operative period was complicated by anterior 
uveitis lasting five months, and raised intraocular 
pressure. Betamethasone drops were used up to 
four times a day for five months. 

Histopathological examination of the excised 
left corneal button showed clusters of basophilic 
particles within the corneal stroma. Electron mic
roscopy revealed cocci with a laminated cell wall, 
consistent with a diagnosis of streptococcal coloni
sation (Fig. 2). 
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Two years after the repeat graft to the left eye 
an area of crystalline deposits was noted within the 
stroma of the decompensated right corneal graft. 
The right eye had been treated almost continu
ously with topical steroids (betamethasone or pre
dnisolone). As the appearance was similar to that 
of the left corneal graft prior to its replacement, 
treatment was begun with 2-hourly penicillin 
drops. The lesion continued to expand with the 
advancing edge maintaining a linear, feathery, 
crystalline appearance. The area where the lesion 

Fig. 1. The lefi eye of patient 1 showing typical 
arborescent stromal lesion. 

Fig. 2. (X177.5) Electron micrograph of corneal 
button removed from left eye of patient 1 showing 
cocci with laminated cell wall typical of viridans 
streptococci. 

had first been seen became amorphous and necro
tic, with breakdown of the overlying epithelium. A 
second penetrating keratoplasty was also per
formed on this eye. 

Histopathological examination of the excised 
right corneal button showed a small focus of nec
rosis in the stroma close to one margin. This com
municated with the surface and epithelial frag
ments had been punched into it at surgery. There 
was minimal infiltration of this area with 
polymorphs and pyknotic debris. Adjacent to the 
necrotic area the stroma was extremely oedemat
ous. Numerous clusters of cocci were identified 
lying between the stromal lamellae over a wide 
area in which no cellular reaction was apparent 
(Fig. 3). The cocci stained only faintly, even by 
Gram's method, and no organisms were grown 
from a cultured portion of the cornea. The appear
ance of the clusters of cocci between the lamellae 
was essentially similar to that seen in the corneal 
disc previously removed from the left eye, and cor
responded in position to the advancing edge of the 
lesion which had maintained an apparently crystal
line pattern on slit lamp examination. 

Patient 2: 

A 65 year old Caucasian man presented with 
deteriorating sight in each eye, having had poor 
vision since childhood. He had bilateral diffuse 
corneal scarring, due to quiescent interstitial 
keratitis, and cataract. Treponemal screening tests 
were positive for both blood and cerebrospinal 
fluid, and the patient had a course of intramuscu
lar penicillin. There were no systemic or ocular 
complications. 

He underwent a combined left cataract extrac
tion with 8.0 mm penetrating keratoplasty. The 
donor was a 59 year old male who had died from 
large bowel adenocarcinoma. There was a nine 
hour interval between death and insertion of the 
whole eye into a moist storage chamber, with 
surgery occurring three hours later. The donor 
epithelium was removed prior to keratoplasty. 
Post-operatively the eye was treated with hourly 
guttae prednisolone 1 % by day and 2-hourly by 
night, in addition to guttae chloramphenicol 0.5 

qds. After two weeks the graft had re
epithelialised save for a linear defect in the infero
temporal quadrant and the topical steroid was 
reduced to 2 hourly. Guttae timolol 0.5% bd was 
added as the intraocular pressure was 34 mmHg. 

Four weeks post-operatively there was mild, dif
fuse graft oedema and although there was no 
epithelial defect, the site of recent epithelial 
apposition was still evident in the infero-temporal 
quadrant. The topical prednisolone 1 % was 
reduced to 4-hourly, the chloramphenicol stop-
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Fig. 3. (Gram X540) Corneal button from right eye of patient I showing typical interlamellar collectiollS 
of bacteria in the alllerior stroma. 

ped, and with the intraocular pressure at 20 mmHg 
the timolol was continued. 

Seven weeks post-operatively the corrected 
acuity was 6/36 in the presence of an intact corneal 
epithelium, slight folding of Descemet's mem
brane, but an otherwise uninflamed eye. The gut
tae prednisolone was reduced to qds and the 
timolol continued. 

Three months after surgery the patient returned 
with a five day history of impaired vision in the left 
eye, in association with a mucoid discharge. The 
bulbar conjunctiva was moderately injected, par
ticularly in the infero-temporal quadrant. A linear 
epithelial defect of 1.5 mm had re-appeared in the 
infero-temporal quadrant of the graft. Deep to this 
there was a dense opacity with discreet, mul
tidirectional, cylindrical extensions into clear 
stroma centrally (Fig 4). A corneal scrape at the 
edge of the epithelial defect did not yield any 
micro-organisms. 

The eye was treated with guttae chloram
phenicol 0.5% three hourly, while the pre
dnisolone 1% and timolol were continued as 
before. By the following day, whilst the bulbar 
conjunctival injection had not changed, there was 
an increase in infiltrate immediately deep to the 
epithelial defect. A repeat corneal scrape showed 

gram positive cocci, which provided a heavy 
growth of viridans streptococci on culture, sensi
tive to penicillin. 

For the next two weeks the eye was treated with 
hourly penicillin by day, and 2-hourly by night. 
Although the epithelial defect remained 
unchanged the underlying stromal opacities began 
to coalesce. After another week of intensive topi
cal penicillin the epithelium had healed with an 
underlying confluent anterior stromal opacity, 
associated with an area of corneal thinning. 

Discussion: 

The patients described above fulfill the 
criteria for diagnosis of the condition pre
sently named "infectious crystalline 
keratopathy". The crystalline appearance of 
the deposits, without any associated inflam
mation, within the anterior stroma of the 
cornea would suggest that the condition is 
degenerative or dystrophic. However, it is 
established that it is caused by interstitial col
onisation of the corneal stroma by bacteria. 
Viridans streptococci have been identified 
within the corneal stroma by electron micros
copy and culture of corneal tissue. 1-6 These 
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Fig. 4. Slit lamp photograph of corneal lesion in patient 2 showing dense opacity with discreet multidirec
tional extensions. 

organisms were also found in both the 
patients described above. In one recent 
report? Haemophilus aphrophilus was cul
tured from a corneal swab from a patient 
with a similar keratopathy, where the typical 
branching lesion in the corneal stroma of an 
uninflamed eye developed in a corneal graft 
beneath a persistent epithelial defect. The 
anaerobic Peptostreptococcus has also been 
cultured from the corneal button removed 
from an eye with a filamentous intrastromal 
keratitis developing after penetrating 
keratoplasty9. 

Viridans streptococci are found as part of 
the normal flora of the oropharynx and con
junctiva. They are noncapsulate cocci with 
little intrinsic pathogenicityl2 but which, 
under conditions of susceptibility, can infect 
tissues. The best known situation in which 

this can occur is bacteraemia after dental 
extraction leading to colonisation of an 
abnormal heart valve and subacute bacterial 
endocarditis. They can also play a major role 
in the formation of dental caries and are 
pathogens in periodontal infections. They do 
not have the capacity to invade the healthy or 
even traumatised cornea. Haemophilus 
aphrophilus is also a member of the normal 
flora of the oropharynx and is not recognised 
as a potential corneal pathogen. The main 
normal habitats of the anaerobic streptococci 
are the vagina and the intestine. In the 
majority of cases the origin of the cocci which 
invade a compromised cornea is probably the 
flora of the host conjunctiva or oropharynx, 
and therefore the keratopathy should not be 
termed "infectious", which implies transmis
sibility. 
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The branching, crystalline appearance of 
the lesions is probably due to the multiplica
tion of the bacteria along natural interlamel
lar lines of cleavage within the stroma. There 
is no true crystal formation, and therefore 
"crystalline" is misleading with regard to the 
aetiology of this condition. 

All but one previously reported cases had 
been treated with topical steroids for an 
extended period. Endogenous Streptococcus 
and possibly Haemophilus bacilli apparently 
have the capacity to colonise the corneal 
stroma when it is vulnerable due to longterm 
application of topical steroids, as occurred in 
our two patients. It is unclear whether this is 
due to an effect on the organism itself, in a 

manner analogous to the enhanced replica
tion of the Herpes simplex virus, or local 
immunosuppression enabling these commen
sal organisms to become pathogenic, or to a 
combination of both factors. It has been 
suggested that the ability of Acanthamoeba 
to suppress the function of infiltrating mac
rophages, in addition to the immunosuppres
sion effected by topical corticosteroids, may 
further enhance the development of intras
tromal bacterial keratitis. H 

It is unclear how bacteria gain access to the 
corneal stroma. The presence of epithelial 
downgrowth along a suture track in the first 
case reported in the United States of 
America suggested to the authors that this 
might have provided a route of entry for bac
teria I, and it is noteworthy that bacterial col
onisation first occurred in the area of previ
ous epithelial deficiency in case 2 above. In 
the case of Haemophilus aphrophilus coloni
sation7 also the lesion occurred beneath a 
persistent epithelial defect. Another possibil
ity is that bacteria could be implanted with 
donor tissue at the time of surgery. 

Patients with this keratopathy have been 
diagnosed chiefly after microscopic confirma
tion of the presence of streptococci in the 
host corneal button following penetrating 
keratoplasty. However, in case 2 above (and 
in the case of H. aphrophilus colonisation) 
the diagnosis was made following culture of 
organisms from a corneal scrape or swab, and 
following intensive treatement with topical 
antibiotics it was not necessary to replace the 
grafts. Intensive topical antibiotic treatment 

was ineffective in controlling the keratitis in 
the second eye of patient 1 described above. 

This keratopathy should now be kept in 
mind as a condition which may occur when 
long term topical steroid treatment is used, 
particularly on an eye with a compromised 
corneal epithelium. Although the natural his
tory of the condition is not known, it is 
reasonable at present to limit topical steroids 
if possible, and treat with an appropriate 
antibiotic, though viridans streptococci are 
more likely to be resistant to penicillin than 
most other streptococci. 

Although changes in nomenclature' can 
lead to confusion, we believe that "infectious 
crystalline keratopathy" is not a good name 
for this condition, as it is not infectious and 
there are no crystals present. We suggest that 
"arborescent bacterial keratopathy" would 
be more appropriate as it accurately 
describes the appearance and the cause, and 
is unlikely to be confused with any other 
keratopathy. 
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