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Aim: To identify key risk factors and the management and outcome of severe infective keratitis leading
to public hospital admission in New Zealand.
Methods: Over a 2 year period, all admissions of presumed infective keratitis to Auckland Hospital
were identified. The clinical records of all 103 cases were retrospectively reviewed with respect to
clinical features, risk factors, management, and outcomes.
Results: The mean time from first symptoms or signs and presentation to hospital was 8.9 (SD 15.5)
days. The majority of subjects, 88%, had at least one of the risk factors commonly associated with
infective keratitis including previous ocular surgery (30%), contact lens wear (26%), topical
corticosteroid use (25%), and ocular trauma (24%). Corneal scraping was performed in 92% and of a
total of 105 scrapes, 71% were positive. Bacteria were isolated in all these cases, the majority being
Gram positive organisms (72%). The most common isolates identified were coagulase negative
Staphylococcus (16%), Propionibacterium acnes (14%), Staphylococcus epidermidis (11%), and Strep-
tococcus pneumoniae (9%). In addition, yeasts were isolated in 5%, fungi in 4%, virus in 2%, and
chlamydia in 1%. Importantly, polymicrobial infection accounted for 33% of culture positive cases.
Antimicrobial treatment was changed on the basis of culture results in 17 cases (16.5%). Median ini-
tial visual and final best corrected visual acuity was 6/36–6/48 (logMAR 0.86) (IQR 0.39–2.00) and
6/12–6/15 (logMAR 0.360) (IQR 0.15–1.70), respectively. Previous ocular surgery and topical
corticosteroid use were significantly associated with poorer visual acuity. The mean hospital stay was
5.8 days and the median 4.0 (IQR 2.0–8.0) days. Longer duration of stay was associated with the
presence of hypopyon, larger ulcers, previous ocular surgery, and poor visual acuity.
Conclusions: Infectious keratitis is an important cause of ocular morbidity. A significant proportion of
cases have potentially modifiable risk factors. Previous ocular surgery and topical corticosteroid use, in
particular, were associated with poorer visual outcomes. Many cases of severe keratitis might be
avoided, or their severity reduced, by appropriate education of patients and ophthalmologists.

Microbial keratitis is an important cause of ocular mor-
bidity and avoidable visual impairment in all age
groups, and is commonly encountered by ophthal-

mologists worldwide.1 Despite advances in treatment, infec-
tive keratitis remains clinically challenging and although the
outcome can be favourable with appropriate management,
there is potential for significant and permanent visual impair-
ment in addition to social and healthcare costs.1 2

Although a number of studies, both retrospective and
prospective, have considered the aetiology, management, and
outcome of infective keratitis, the morbidity from severe kerati-
tis remains high. Morbidity has been assessed in terms of loss of
vision, duration of inpatient management, and surgical
intervention.1–20 A number of aetiological factors that predispose
to severe keratitis have been identified including dry eye
disease, neurotrophic cornea, topical corticosteroids, previous
ocular surgery, trauma, and poor contact lens care.2 4–11 None the
less, despite this expanded knowledge base, potentially avoid-
able, severe microbial keratitis continues to be a significant
drain on limited healthcare resources in ophthalmology.21 The
purpose of this study was twofold: firstly, to identify features of
infective keratitis that led to hospital admission in the New
Zealand public healthcare system and, secondly, to ascertain the
preferred management and outcome of these cases.

SUBJECTS AND METHODS
Auckland Hospital is located near the central business district

of Auckland. It is a major teaching and training hospital with

22 consultant ophthalmologists who provide an ophthalmol-

ogy service to the greater Auckland area (population approxi-

mately 1.3 million) with more than 50 000 outpatients being

assessed each year. In most cases, the ophthalmology depart-

ment acts as a secondary and tertiary referral centre; however,

some patients self refer to the ophthalmic accident and emer-

gency. The public health system in New Zealand is essentially

similar to, but predates, the UK National Health Service

(NHS).
All cases of presumed infective keratitis were identified

using ward discharge records. Relevant case notes were
assessed using a standardised pro forma. Between 1 March
1999 and 28 February 2001, there were 103 admissions with
presumed infective keratitis. All charts were available. Five of
these cases were repeat admissions. Therefore, the clinical
records of 98 patients were retrospectively reviewed. These
patients were managed by 14 consultant ophthalmologists,
three of whom have subspecialist training in cornea and
external disease. Criteria for admission were primarily the
severity of the keratitis—that is, potentially sight threatening,
and the need for intensive topical antimicrobials.

The following information was identified for all subjects
included in the study: date of birth, age, sex, and date of
admission. Documented presence of predisposing risk factors
included the following specific factors: dry eye, contact lens
wear (both soft and hard), previous ocular trauma, previous
ocular surgery, loose suture, previous herpes simplex virus
infection, previous herpes zoster ophthalmicus infection, pre-
vious topical steroid use, trichiasis or entropion. The size of the
lesion (measured along the greatest dimension), location of
lesion, presence of associated clinical features including
hypopyon, epithelial defect, ocular discharge, uveitis, elevated
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intraocular pressure (>21 mm Hg), initial best spectacle cor-

rected visual acuity (BSCVA), and duration of symptoms

before presentation to hospital, were noted.

In addition, the following were documented: treatment at

presentation and following assessment at hospital, both first

line and second line treatments, and changes in treatment

according to microbial sensitivities (including use of antibiot-

ics, steroids, antivirals, lubricants, and other drugs). The

following were also noted: initial provisional diagnosis,

whether or not a corneal scrape was performed, whether and

what pathogen was isolated, sensitivities to antimicrobials,

whether a rescrape was performed, and any other relevant

microbiological results. All notes were assessed to identify

surgical procedures including the following specific proce-

dures: biopsy, corneal graft, and application of glue. The total

number of days in hospital, final diagnosis, and final BSCVA

were recorded.

Visual acuity was recorded in patient notes according to

Snellen chart convention. For the purposes of statistical

analysis these values were also converted to logMAR values.

Visual acuity recordings for “counting fingers,” “hand

movements,” “light perception,” and “no light perception”

were also dealt with similarly once Snellen chart values were

assigned, following the schedule of Steinberg et al in assessing

visual impairment in patients with cataract.22

Where corneal “scrape/biopsy” was performed, specimens

were routinely obtained with a sterile blade or needle and

smeared onto slides for Gram stain as well as inoculated

directly onto media for isolation of bacteria (tryptose blood

agar base, brain heart infusion agar, GC agar base, cooked

meat phytone medium), virus (veal infusion broth), fungi

(Sabouraud dextrose agar and brain heart infusion broth) and

where appropriate, amoeba (Page’s amoebic saline (PAS)

agar). While Gram stain results were usually available the

same day, the various media were routinely incubated for a

total of 10 days or 2 weeks depending on the media, before

giving a final report. All microbiological testing was carried

out by the microbiology laboratory at Auckland Hospital.

Statistical analyses
Differences between continuous outcome variables for estab-

lished and putative risk factors were sought using the

Wilcoxon two sample test, the Kruskall-Wallis test, or

Student’s t test for independent groups where appropriate.

Categorical data were examined using Fisher’s exact test and

the χ2 procedure (without continuity correction). Spearman

rank correlation was used to test for linear univariate associ-

ation. All tests were two tailed and a 5% significance level was

maintained throughout.

RESULTS
A total of 98 patients (103 episodes in 98 eyes), 56 male (57%)

and 42 female (43%) were included in the study. The patient

age ranged from 2 months to 88 years with a mean of 45 (SD

24) years. There did not appear to be any seasonal variation in

the numbers of patients admitted during the study with the

mean number of subjects admitted per month being 4.3 (SD

2.2). Between two and six admissions were identified every

month of the study except for March 2000 and February 2001

in which there were nine and 11 respectively.

The time interval between first symptoms and signs and

presentation to hospital ranged from same day presentation—

that is, 0 days, to 90 days; however, the mean time interval was

8.9 (SD 15.5) days.

At the time of hospital admission, 42 patients had not been

on topical therapy, 39 had been prescribed topical antibiotics,

and 18 were using topical corticosteroid drops (Table 1). In the

group who had used topical steroids before admission, there

was an even distribution of male and female patients. Thirteen

of the 24 steroid treated eyes had undergone previous ocular

surgery, and nine of these procedures had been penetrating

keratoplasty.

Predisposing factors
The majority of patients, 88%, had at least one of the known

risk factors predisposing to infective keratitis. Previous ocular

surgery was the most common risk factor (30%) in the study

group, followed by contact lens wear (26%), corticosteroid use

(25%), and trauma (24%) (Table 2).

In the group of patients (n=29) who had undergone previ-

ous ocular surgery, the type of surgical intervention included

penetrating keratoplasty (12), cataract extraction (13), trab-

eculectomy (four), retinal detachment repair (three), excimer

laser photorefractive keratectomy (PRK) for myopia (two), lid

procedures (two), and one case each of Molteno tube,

conjunctival flap, strabismus surgery, and vitreous biopsy

(some eyes underwent more than one procedure and one

patient had also undergone a contralateral penetrating

keratoplasty). The date of latest surgery could be ascertained

in 25 of the 29 cases and these presented with keratitis at a

mean of 3.0 (SD 3.7) years (range 3 days to 10 years) follow-

ing ocular surgery. In seven of these cases (24.1%) the kerati-

tis was thought to be related directly to a loose, or broken, cor-

neal suture. In all seven cases, (five cases of penetrating

keratoplasty and two of penetrating corneal trauma), the

suture utilised was a 10/0 Nylon monofilament with a mean of

19.4 (SD 17.2) months since the most recent surgery (range

2–49 months, with four cases occurring more than 2 years

after surgery)

Previous surgery was an important factor with respect to

the number of days spent in hospital (Wilcoxon two sample

test, p=0.001). The median duration of stay for those who had

Table 1 Topical treatment at time of admission

Treatment
No (103
admissions) %

Antibiotics 39 37.9
Corticosteroids 18 17.5
Antibiotics and antivirals 2 1.9
Antivirals 10 9.7
Antibiotics and lubricants 4 3.9
Lubricants 8 7.8
Other 10 9.7
No topical medication 42 40.8

Topical treatment being used by patients before, or at the time of
presentation, either for keratitis or pre-existing ocular condition (n
=103). In 39 patients, no topical ophthalmic agents were used.
NB: percentages do not add up to 100% because of overlap of
subgroups.

Table 2 Factors predisposing to microbial keratitis

Predisposing risk factor
No of patients
(n=98) %

Ocular surgery 29 29.6
Contact lens wear 25 25.5
Topical corticosteroid use 24 24.5
Ocular trauma 23 23.5
Previous herpes simplex keratitis 13 13.3
Dry eye 7 7.1
Suture related 7 7.1
Previous herpes zoster keratitis 6 6.1
Trichiasis/entropion 5 5.1
Multiple risk factors 33 33.7
No risk factors 15 15.3

Factors predisposing to microbial keratitis (n = 98 subjects). Sum of
the percentages of patients with each risk factor does not add up to
100% because of overlap of subgroups.

1104 Wong, Ormonde, Gamble, et al

www.bjophthalmol.com

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


previous surgery was 5.5 days (interquartile range, IQR

4.0–11.0) compared with 3.0 days (IQR 2.0–6.0) in those who

had not. It was also an important factor in relation to poorer

visual acuity. The initial median visual acuity in the surgery

group was approximately HM (logMAR 2.00) (IQR 0.54–2.00)

compared with 6/30 (logMAR 0.70) (IQR 0.30–2.00) in the

non-surgery group. Median final visual acuity was CF

(logMAR 1.70) (IQR 0.38–2.00) and 6/12 (logMAR 0.30) (IQR

0.10–0.52) in the surgery and non-surgery groups respectively

(p<0.0001).

Corticosteroid use was also statistically related to poorer

initial (p=0.033) and final visual acuity (p=0.006). Median

initial visual acuity in patients with previous corticosteroid

use was HM (logMAR 2.00) (IQR 0.58–2.00), and in patients

without this risk factor, 6/30 (logMAR 0.70) (IQR 0.30–2.00).

Median final visual acuity in the corticosteroid group was 6/60

(log MAR 1.00) (IQR 0.30–2.00), whereas, in the non-steroid

group it was 6/12 (log MAR 0.30). Steroids were also

associated with the size of the ulcer, with the median diameter

in steroid treated eyes (3.5 mm), being significantly greater

than that of non-steroid eyes (2.0 mm) (p=0.031). In some

cases initial visual acuity and dimensions of the ulcer could

not be clearly defined because of photophobia and discharge.

There was no statistically significant difference in the vision

at presentation (p=0.43) and final visual outcome (p=0.22),

where trauma or contact lens wear were considered as predis-

posing causes.

Ophthalmic assessment
Considering the visual acuities recorded at presentation, n=92

(89%), the largest proportion, n=37 (40%) were poorer than

6/60. Poorer initial visual acuity was more commonly seen in

older patients (Spearman correlation coefficient, p<0.0001),

those with larger lesions (p<0.0001), and those presenting to

hospital with longer duration of symptoms (p=0.049). This

was also related significantly to poorer final visual acuity

(p<0.0001), greater change in vision (p=0.0003), and longer

duration as a hospital inpatient (p<0.0001).

The location of the corneal lesion was central in 50 cases,

peripheral in 20 cases, and paracentral or spanning both cen-

tral and peripheral domains in 33 cases. In 27 cases the exact

size of lesion was not recorded. The median size of the lesion

in greatest dimension, where recorded, was 2.4 mm; however,

lesions ranged in size from 0.5 mm to 9.0 mm in diameter. Not

unexpectedly, where measured, larger lesions were associated

with poorer vision (p<0.0001 for both initial and final

corrected acuity), longer duration of symptoms and/or signs

before presentation (p=0.015), and protracted hospital

admissions (p=0.0002). Anterior uveitis was a common

feature, present in 61 (59%) cases with 21 subjects (20%)

exhibiting a hypopyon at presentation.

Microbiology results
Corneal scraping for microbiological identification was per-

formed in 94 out of 103 (92%) admissions, and subsequently

seven cases had a second scrape. A third scrape was performed

in three cases, and one of these also had a fourth. Of the cases

where a corneal scrape was not performed, the reviewers pre-

sumed this was thought to be a “reasonable” policy decision

by the physician in five cases because the lesions described

were relatively small or had intact epithelium. In the other

four cases (4%) the subjects and presentation appeared

appropriate for corneal scrape, and the reason this was not

performed was not identified.

In total, 105 scrapes were performed. Of these, 75 (71%)

were “positive,” being 69 of the first scrapes, four of the

second, and two of the third. Bacteria were isolated from all of

these culture positive cases. In addition, yeasts were isolated in

5%, fungi in 4%, virus in 2%, amoeba in 1%, and chlamydia in

1%. Presence of hypopyon was positively associated with a

bacterial (Fisher’s exact test, χ2 procedure, p=0.027) or viral
(p=0.005) aetiology. Of the culture positive cases, the most
common isolates were coagulase negative Staphylococcus, Propi-
onibacterium acnes, Staphylococcus epidermidis, Streptococcus pneu-
moniae, Staphylococcus aureus, and Pseudomonas aeruginosa (Table
3).

Polymicrobial infection was identified in 25 out of the 75
culture positive cases (33%). Indeed, two organisms were
detected in 15 scrapes, three organisms in four scrapes, four
organisms in three, five organisms in two, and six organisms
in one scrape.

There were 25 patients with “negative” first cultures. Of
these, 12 had been on topical antimicrobial therapy before
corneal scraping was performed, and six were contact lens
wearers.

Other means of microbiological identification were carried
out in a minority of cases instead of, or in addition to, corneal
scraping. These included conjunctival swab (four), conjuncti-
val biopsy (one), corneal biopsy (three), and culture of
intraocular samples (two). Despite the high proportion of
contact lens wearers (26%) in the current series, culture of
contact lenses (three) or cases (four) was only carried out in
five patients. Of the five subjects, the culture results from two
eyes, from both corneal scrape and the contact lens/case, were
similar. In two eyes no organisms could be isolated from the
corneal scrape, whereas, organisms thought to be the likely
pathogens were isolated from the contact lenses/cases. In the
last of the five cases, different organisms were identified from
the cornea and the contact lenses/cases, leading to a modified
antibiotic regimen effective against both organisms in vitro.

Treatment
Almost all patients (100, 97%) received antibiotics as a first

line treatment following admission to hospital. The most

common first line antibiotics used were the duotherapy com-

bination of fortified cephazolin 5% eye drops and tobramycin

1.36% eye drops (n=64), or ciprofloxacin 0.3% eye drops as

monotherapy (n=28). Various other combinations of these

three drugs and chloramphenicol 0.5% were used in a small

minority of cases (Table 4). As second line treatment, one third

of patients had a modification in antibiotic regimen.
Steroids were used as first line adjunct treatment in only

8%, whereas use of steroids increased as a second line
treatment, once resolution had commenced, to 40%. Other
forms of treatment included antivirals and lubricants and over
half of all patients received other topical medication, predomi-
nantly cycloplegic drugs (Table 5).

Antimicrobial treatment was changed on the basis of sensi-
tivities in 17 patients (16.5%). In 29 admissions, a procedure
or surgical intervention was performed (Table 6).

Table 3 Organisms isolated from culture of corneal
scraping of patients (n=98) admitted with suspected
microbial keratitis (n = 122 isolates)

Organism No of isolates

Coagulase negative Staphylococcus 20
Propionibacterium acnes 17
Staphylococcus epidermidis 14
Streptococcus pneumoniae 11
Staphylococcus aureus 7
Pseudomonas aeruginosa 7
Corynebacterium 6
Moraxella species 6
Gram +ve species, mixed 6
Serratia species 3
Aerobic bacillus 3
HSV type 1 2
Saprophytic yeast 2
Other organisms, single isolates 18
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Outcomes
At the time of chart review (mean 45 days, range 3–234 days

following initial assessment), 86 patients had both initial and

final visual acuity recorded. Fifty three of these had a signifi-

cant change in visual acuity (defined as a change of two or

more Snellen lines), whereas 33 had no significant change.

Overall, the median initial visual acuity was approximately

6/36–6/48 (logMAR 0.86) (IQR 0.39–2.00) and the median

final visual acuity was 6/12–6/15 (logMAR 0.36) (IQR

0.15–1.70). Of those who demonstrated 6/60 vision, or worse,

at latest review, all but one had visual acuities of 6/60, or

worse, at initial presentation.

The median duration of stay in hospital was 4.0 (IQR

2.0–8.0) days and ranged from 1 to 31 days. Longer hospital

stays were significantly associated with the presence of

hypopyon (Wilcoxon two sample test, p=0.006) and previous

ocular surgery (Wilcoxon two sample test, p=0.001). Longer

duration of stay was also correlated with larger ulcers (Spear-

man correlation coefficient, p=0.0002), and poorer visual acu-

ity, both at presentation (p<0.0001) and at final assessment

(p=0.0009).

DISCUSSION
Microbial keratitis is relatively common in ophthalmic

practice; however, we were surprised at the frequency with

which severe microbial keratitis required hospital admission

in this New Zealand population. In a 2 year period, 103 cases

of presumed severe microbial keratitis were admitted to

Auckland Hospital for intensive topical antimicrobial treat-

ment. This study population is comparable to, or greater than,

series published from other centres in the developed world,

including Western Australia, Sydney, Sweden, and southern

California.3–6 Our study population includes all community

cases, as all cases of microbial keratitis severe enough to war-

rant hospitalisation are admitted only via the acute ophthal-

mic service within Auckland Hospital. However, retrospective

review of case notes has inherent inconsistencies and limita-

tions because all items of interest sought in the records may

not be included; fortunately, in this study all patient case notes

were available for review and the standard of documentation

was high.
Perhaps, unsurprisingly, in this New Zealand study, the size

of the ulcer was significantly associated with the age of the
patient, the duration of symptoms before presentation, the
duration of stay in hospital, and poorer initial and final visual
acuity. Ninety two per cent of eyes underwent a corneal scrape
as primary inpatient management. Interestingly, 71% of these
corneal scrapes were positive. This isolation rate is very simi-
lar to that in a recent study from Western Australia (71%),
although other series have reported positive microbial results
in 37% to 86% of cases.1–15 Contributing to the culture negative
cases may be the inclusion of sterile ulcers, the use of antibi-
otics before presentation to hospital, or the failure to stop
antibiotics for 24–48 hours before scraping. Topical anaes-
thetic agents before sampling may also produce false negative
results.12 23

The prevalence of different organisms responsible for severe
microbial keratitis varies in different geographic regions,
reflecting differing populations and climate.1 6 7 24 Gram
positive organisms made up the majority (72%) of positive
isolates in our study, coagulase negative Staphylococcus being
the most common (16%). The most common Gram negative
organism isolated was Pseudomonas aeruginosa (6%). Fungal,
viral, and amoebae isolates made up a small, but significant,
proportion of positive cultures. Significantly, 33% of culture
positive cases involved more than one organism, placing the
rate of polymicrobial infection in our series among the highest
reported.1 2 6 7 10 15 16

Acanthamoeba and fungi, while relatively uncommon, are
important causes of keratitis because a delay in diagnosis may
occur and visual loss can be severe.3 25 Acanthamoeba has been
strongly associated with contact lens wear, particularly soft
contact lenses and overnight wear of contact lenses.26 27 The
single case of acanthamoeba keratitis in this series was a soft
contact lens wearer who washed her lenses in tap water daily
and wore these during recent hot tub bathing. Mycotic kerati-
tis is more common in developing and tropical countries,
because of climatic conditions and greater occurrence of agri-
cultural injuries, with fungi being responsible for up to 44% of
corneal ulcers.14 However, only 4% of our series involved fungi.
In one case this was thought to be a culture contaminant,
whereas, the other three eyes were treated for the mycotic
infection with amphotericin and/or natamycin with final
BSCVA of 6/9, 6/7.5, and 6/6.

Standard treatment regimens for microbial keratitis usually
involve duotherapy using fortified antibiotics (usually an
aminoglycoside and a cephalosporin), or monotherapy using a
fluoroquinolone.28 The two treatment options most commonly
chosen (92%) in this series were the combination of fortified
preparations of tobramycin and cephazolin (64%) or cipro-
floxacin alone (28%). Several studies have shown cipro-
floxacin ophthalmic solution 0.3% to be as effective as a forti-
fied antibiotic combination16–19; however, despite its broad
spectrum antimicrobial coverage, ciprofloxacin may have gaps
in Gram positive coverage that may make a fortified
duotherapy combination more popular in severe, vision

Table 4 Use of first line antibiotics. Of 103
admissions, 100 subjects were commenced on
antibiotics as first line treatment

Antibiotic regimen No (n= 100)

Cephazolin 5%/tobramycin 1.36% 64
Ciprofloxacin 0.3% 28
Chloramphenicol 0.5% 3
Ciprofloxacin 0.3%/chloramphenicol 0.5% 2
Cephazolin 5%/ciprofloxacin 0.3% 1
Tobramycin 1.36% 1

Table 5 Topical treatment commenced following
referral to hospital (n = 103 admissions)

First line treatment Second line treatment

Antibiotics 100 33
Antivirals 9 8
Steroids 8 41
Lubricants 3 19
Other 57 18

Table 6 Procedures related to admission with
presumed microbial keratitis (n=103 admissions). Forty
two procedures were performed on 29 patients

Surgical procedure Number (n = 42)

Tarsorrhaphy 10
Removal of suture 9
Examination under anaesthetic and scrape 7
Corneal biopsy 4
Penetrating keratoplasty 3
Tissue glue 3
Aqueous or vitreous sample 2
Botulinum induced ptosis 2
Tarsotomy 1
Vitrectomy 1
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threatening keratitis.13 For less severe cases, it has the obvious
advantage of convenience as a single, commercially available,
agent, as opposed to combination therapy, and it is generally
well tolerated with few adverse effects.17 28 This study
identified no statistically significant differences between cases
treated with ciprofloxacin or the cephazolin-tobramycin com-
bination in respect of the duration of hospital stay or final
visual acuity.

In this study, previous use of topical corticosteroid was sta-
tistically associated with larger corneal lesions (p=0.031) and
poorer vision both at presentation (p=0.033) and final assess-
ment (p=0.006). Use of topical corticosteroids in microbial
keratitis remains controversial. Theoretically, their use is
aimed at limiting the degree of structural damage caused
directly by the micro-organisms—for example, by the lytic
enzymes which degrade tissue, and damage caused by the
host inflammatory response against these micro-
organisms.29 30 At the same time, suppression of inflammation
also provides the potential for micro-organisms to reach
higher tissue concentrations and therefore become more diffi-
cult to control. Generally it is recommended that steroids
should not be used until the responsible microbe is identified,
sensitivities reported, and a favourable response to anti-
microbial treatment is evident.29 30 Furthermore, steroids
should not be used unnecessarily if the cornea and eye are
improving without steroids, or if there is excessive corneal
thinning. Corticosteroids are contraindicated in fungal kerati-
tis and relatively contraindicated in acanthamoeba keratitis.29

Rapid diagnosis, detection, and identification of the causa-
tive agent, and immediate institution of the appropriate
therapy are important for a successful visual recovery.1 3 12 14

Routine culture of corneal lesions before antibiotic treatment
is initiated is key to the management of infective keratitis.
Laboratory results, while not immediately available, can
subsequently guide appropriate modification of the antibiotic
regimen in instances where resistant organisms are identified,
multiple organisms occur, or infections fail to respond to the
initial regimen.2 15 24 Identifying and culturing the microbial
organism after commencing treatment can be difficult and the
staining characteristics of organisms can be altered by
previous antibiotics.24 In this study there was a mean of 8.9
days from commencement of symptoms to hospital admis-
sion, and 38% had been commenced upon topical antibiotics.
None the less, as a principal management, 92% of eyes under-
went a corneal scrape to identify the pathogens. Thereafter, 17
cases (16.5%) had treatment modification on the basis of
these microbiological results. In a broader sense, microbial
cultures also provide information on patterns in the spectrum
of infective organisms, the susceptibility of these organisms to
available antibiotics, and emerging antibiotic resistance.13 14

Culture of the lids and conjunctiva have been found to be of
little diagnostic value because of low sensitivity and
specificity,2 13 15 and conjunctival swabs were taken in only four
patients in this series. The results from these cultures did not
alter management in any case. Although a quarter of subjects
in this study were contact lens wearers (26%), culture of con-
tact lenses or cases was only carried out in five cases, whereas
some authorities suggest this should be routine in the
management of sight threatening microbial keratitis in order
to maximise isolation of responsible organisms.31 In three of
the five cases different organisms were identified from the
cornea and the contact lenses/cases, leading to a modified
antibiotic regimen. Although these data suggest a useful role
for culturing contact lenses and cases in the current series, it
must be noted that contact lenses are frequently contami-
nated with micro-organisms that may, or may not, be the
causative agent in keratitis.

The length of hospital stay has many implications both for
the patient and the public health service. For the latter this
includes financial resources, staffing, bed space, and time. The
mean hospital stay in this study was 5.8 days, the median stay

was 4.0 days. It is also of note, that the mean age of inpatients

was 45, and 69% were between 16 and 65 years, emphasising

the potential for impact on those of working age from severe

infectious keratitis.

Severe infectious keratitis remains a leading cause of ocular

morbidity worldwide, and New Zealand is no exception. With

potentially devastating visual impairment and significant

costs to the public health system, optimising the prevention

and management of microbial keratitis is essential. One way

of doing this is to target at-risk groups with educational

measures. Importantly, in this study, 88% of subjects admitted

to hospital had at least one predisposing risk factor,

particularly previous ocular surgery, contact lens wear, topical

corticosteroid use, and ocular trauma. In addition to patient

education, clinical recommendations for ophthalmologists

must include appropriate follow up for postoperative surgical

patients with planned removal of all corneal sutures (four of

seven suture related infections occurred more than 2 years

after surgery), particular attention to identifying loose or bro-

ken sutures, patient education in respect of loose or broken

sutures, and close monitoring of patients applying topical

corticosteroids. In addition, the importance of lens hygiene

and significance of the duration of contact lens wear should be

continually emphasised to all contact lens wearers by eye care

professionals and public education measures. An important

factor in optimising management of infective keratitis

remains the rapid initiation of appropriate microbiological

testing and treatment. In this series, there was a mean of 8.9

days between symptoms and hospital admission with no eyes

undergoing a corneal scrape as part of this initial manage-

ment. While no significant difference was found in outcome

between treatment with a fortified duotherapy combination

compared to a monotherapy regimen, the high rate of

polymicrobial infection in this New Zealand series may

support the former as first line treatment on the basis of its

broader antimicrobial coverage.

Regrettably, it is disappointing to note that although the

principal risk factors for severe microbial keratitis have been

well established over the past 20 years, the majority of subjects

in this series exhibited potentially modifiable risk factors. As a

group, infective keratitis places a significant burden on public

hospital services (≈2% of annual ophthalmic services in Auck-

land) and results in significant, potentially avoidable visual

morbidity. Continual education, both of ophthalmologists and

patients, is still required to minimise the incidence and sever-

ity of microbial keratitis.

. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
T Wong, S Ormonde, G Gamble, C N J McGhee, Department of
Ophthalmology, Faculty of Medical and Health Sciences, University of
Auckland, Auckland, New Zealand

REFERENCES
1 Schaefer F, Bruttin O, Zografos L, et al. Bacterial keratitis:a prospective

clinical and microbiological study. Br J Ophthalmol 2001;85:842–7.
2 Levey SB, Katz HR, Abrams DA, et al. The role of cultures in the

management of ulcerative keratitis. Cornea 1997;16:383–6.
3 Gebauer A, McGhee CN, Crawford GJ. Severe microbial keratitis in

temperate and tropical Western Australia. Eye 1996;10:575–80.
4 McClellan KA, Bernard PJ, Billson FA. Microbial investigations in

keratitis at the Sydney Eye Hospital. Aust NZ J Ophthalmol
1989;17:413–16.

5 Neumann M, Sjostrand J. Central microbial keratitis in a Swedish
population. A three-year prospective study in Gothenburg. Acta
Ophthalmol 1992;70:160–4.

6 Ormerod LD, Hertzmark E, Gomez DS, et al. Epidemiology of microbial
keratitis in Southern California. A multivariate analysis. Ophthalmology
1987;94:1322–33.

7 Ormerod LD. Causation and management of microbial keratitis in
subtropical Africa. Ophthalmology 1987;94:1662–8.

8 Morlet N, Minassian D, Butcher J, et al. Risk factors for treatment
outcome of suspected microbial keratitis. Br J Ophthalmol
1999;83:1027–31.

Severe infective keratitis leading to hospital admission in New Zealand 1107

www.bjophthalmol.com

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


9 Cohen EJ, Fulton JC, Hoffman CJ, et al. Trends in contact lens-associated
corneal ulcers. Cornea 1996;15:566–70.

10 Coster DJ, Badenoch PR. Host, microbial, and pharmacological factors
affecting the outcome of suppurative keratitis. Br J Ophthalmol
1987;71:96–101.

11 Blanton CL, Rapuano CJ, Cohen EJ, et al. Initial treatment of microbial
keratitis. CLAO J 1996:22:136–40.

12 Maske R, Hill JC, Oliver SP. Management of bacterial corneal ulcers. Br
J Ophthalmol 1986;70:199–201.

13 Forster RK. The management of infectious keratitis as we approach the
21st century. CLAO J 1998;24:175–80.

14 Satpathy G, Vishalakshi P. Ulcerative keratitis:microbial profile and
sensitivity pattern—a five year study. Ann Ophthalmol 1995;27:301–6.

15 McLeod SD, Kolahdouz-Isfahani A, Rostamian K, et al. The role of
smears, cultures, and antibiotic sensitivity testing in the management of
suspected infectious keratitis. Ophthalmology 1996;103:23–8.

16 Parks DJ, Abrams DA, Sarfarazi FA, et al. Comparison of topical
ciprofloxacin to conventional antibiotic therapy in the treatment of
ulcerative keratitis. Am J Ophthalmol 1993;115:471–7.

17 Gangopadhyay N, Daniell M, Weih L, et al. Fluoroquinolone and
fortified antibiotics for treating bacterial corneal ulcers. Br J Ophthalmol
2000;84:378–84.

18 Hyndiuk RA, Eiferman RA, Caldwell DR, et al. Comparison of
ciprofloxacin ophthalmic solution 0.3% to fortified tobramycin-cefazolin
in treating bacterial corneal ulcers. Ophthalmology 1996;103:1854–63.

19 Leibowitz HM. Clinical evaluation of ciprofloxacin 0.3% ophthalmic
solution for treatment of bacterial keratitis. Am J Ophthalmol
1991;112:34S–47S.

20 Bower KS, Kowalski RP. Gordon YJ. Fluoroquinolones in the treatment of
bacterial keratitis. Am J Ophthalmol 1996;121(suppl):712–5.

21 McDonnell PJ. Empirical or culture-guided therapy for microbial
keratitis? A plea for data. Arch Ophthalmol 1996;114:84–7.

22 Steinberg EP, Tielsch JM, Schein OD, et al. The VF-14. An index of
functional impairment in patients with cataract. Arch Ophthalmol
1994;112:630–8.

23 Badenoch PR, Coster DJ. Antimicrobial activity of topical anaesthetic
preparations. Br J Ophthalmol 1982;66:364–7.

24 Limberg MB. A review of bacterial keratitis and bacterial conjunctivitis.
Am J Ophthalmol 1991;112:2S–9S.

25 Tay-Kearney ML, McGhee CN, Crawford GJ, et al. Acanthamoeba
keratitis. A masquerade of presentation in six cases. Aust NZ J
Ophthalmol 1993;21:237–45.

26 Bacon AS, Frazer DG, Dart JK, et al. A review of 72 consecutive cases
of acanthamoeba keratitis, 1984–1992. Eye 1993;7:719–25.

27 Schein OD, Glynn RJ, Poggio EC, et al. The relative risk of ulcerative
keratitis among users of daily-wear and extended-wear soft contact
lenses. A case-control study. N Engl J Med 1989;321:773–8.

28 Baum J, Barza M. The evolution of antibiotic therapy for bacterial
conjunctivitis and keratitis:1970–2000. Cornea 2000;19:659–72.

29 Stern GA, Buttross M. Use of corticosteroids in combination with
antimicrobial drugs in the treatment of infectious corneal disease.
Ophthalmology 1991;98:847–53.

30 McGhee CN, Dean S, Danesh-Meyer H. Locally administered ocular
corticosteroids:benefits and risks. Drug Safety 2002;25:33–55.

31 Marsh GW, Easty DL. Corneal infectious disease. In: Easty DL, Sparrow
JM, ed. Oxford textbook of ophthalmology. Oxford: Oxford University
Press, 1999;1:406–33.

Video reports

To view the video reports in full visit our website www.bjophthalmol.com and click on the
link to video reports.
• Retinal ganglion cell axon response to guidance molecules S F Oster, D W Sretavan
• Marin-Amat syndrome A Jogiya, C Sandy
• Excision of subcutaneous Dirofilariasis of the eyelid D Mallick, T P Ittyerah
• Thixotropy: a novel explanation for the cause of lagophthalmos after peripheral facial nerve

palsy. M Aramideh, J H T M Koelman, P P Devriese, F VanderWerf, J D Speelman
• Surgical revision of leaking filtering blebs with an autologous conjunctival graft. K Taherian,

A Azuara-Blanco
• Dipetalonema reconditum in the human eye. T Huynh, J Thean, R Maini
• Evaluation of leucocyte dynamics in mouse retinal circulation with scanning laser

ophthalmoscopy. H Xu, A Manivannan, G Daniels, J Liversidge, P F Sharp, J V Forrester,
I J Crane

• An intraocular steroid delivery system for cataract surgery. D F Chang
• Pearls for implanting the Staar toric IOL. D F Chang
• Capsule staining and mature cataracts: a comparison of indocyanine green and trypan blue

dyes. D F Chang

1108 Wong, Ormonde, Gamble, et al

www.bjophthalmol.com

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


doi: 10.1136/bjo.87.9.1103
 2003 87: 1103-1108Br J Ophthalmol

 
T Wong, S Ormonde, G Gamble, et al.
 
admission in New Zealand
Severe infective keratitis leading to hospital

 http://bjo.bmj.com/content/87/9/1103.full.html
Updated information and services can be found at: 

These include:

References

 http://bjo.bmj.com/content/87/9/1103.full.html#related-urls
Article cited in: 
 

 http://bjo.bmj.com/content/87/9/1103.full.html#ref-list-1
This article cites 28 articles, 8 of which can be accessed free at:

service
Email alerting

box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic

 (756 articles)Epidemiology   �
 (452 articles)Ocular surface   �

 (380 articles)Cornea   �
 
Articles on similar topics can be found in the following collections

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/content/87/9/1103.full.html
http://bjo.bmj.com/content/87/9/1103.full.html#ref-list-1
http://bjo.bmj.com/content/87/9/1103.full.html#related-urls
http://bjo.bmj.com/cgi/collection/cornea
http://bjo.bmj.com/cgi/collection/ocular_surface
http://bjo.bmj.com/cgi/collection/epidemiology
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjo.bmj.com/
http://group.bmj.com/

