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Abstract
Background/Objectives To describe the predisposing factors, pathogens and outcomes in patients with clinical presumed
concomitant microbial and herpes simplex keratitis (HSK) at Sydney Eye Hospital, Australia over a 5-year period.
Subjects/Methods A retrospective case review was conducted. Patients with clinical presumed concomitant microbial and
HSK from 2012 to 2016 were identified from pathology and hospital coding databases. Data were extracted from the medical
records. VA was converted to the logarithm of the minimum angle of resolution (logMAR). ‘Poor’ outcome was defined as
final VA worse than 6/60, or decrease in VA during treatment, or presence of complication, or needed surgical intervention.
Results 126 episodes in 121 patients were included; median age 70 years (range 18–96); 56% male. Predisposing factors
included blepharitis 20/126 (16%) cases, and corneal transplantation 19 (15%). Forty-six (37%) cases had prior HSK.
Coagulase-negative staphylococci 51/116 (44%), Staphylococcus aureus 11 (9%), and Pseudomonas aeruginosa 11 (9%)
were the most common isolates. The median VA at initial visit was 1.7 logMAR (range 0.04–2.7) and at final visit, 0.98
logMAR (range 0–2.7) (P < 0.05). Complications occurred in 70 episodes: persistent epithelial defect in 38 (30%);
intraocular pressure elevation in 15 (12%), and corneal perforation in 12 (10%). ‘Poor’ outcome was recorded in 46/75
(61%) episodes.
Conclusions Patients with clinical presumed concomitant microbial and HSK face significant ocular morbidity and poor
visual outcome. In our setting, previous HSK, corneal and ocular surface disease, were common predisposing factors and
Gram-positive bacteria were the most commonly associated organisms.

Introduction

Microbial keratitis has become a significant cause of
monocular blindness worldwide [1–3]. Contact lens wear
is most associated with microbial keratitis in the United
States (USA) [3]; whereas ocular trauma predisposes to
the infection in developing countries [3]. Several studies
have described herpes simplex keratitis (HSK) as a pre-
disposing factor for microbial keratitis [4–12]. Moreover,
microbial keratitis can occur with HSK [5, 9]. In fact,
the differential diagnoses of stromal HSK with ulceration
are all forms of microbial keratitis and herpes zoster
keratitis [13].

Microbial keratitis has also been described as a ‘super-
infection’ or ‘secondary infection’ complicating HSK [14].
Some case reports have indicated that topical anti-viral
medications and/or topical corticosteroids used in HSK
might predispose to secondary bacterial keratitis [15, 16].
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Case series of patients with HSK and secondary microbial
keratitis are scarce. Two case series from USA included
limited patient numbers (Nissenkorn and Wood [n= 9] [17]
and Boisjoly et al. [n= 15] [18]), and another series from
London, 85 patients [14]. These studies reported that the
presence of an epithelial defect, the history of keratouveitis
and of corneal graft, and the use of topical corticosteroids
increased the risk of superinfection [14, 17, 18]. Gram-
positive cocci were mostly isolated [14, 17], and almost half
of the patients had a final visual acuity (VA) of <6/60
in London [14]. Predisposing factors and microbiology
patterns found in these studies may be still relevant these
days. However, the first line therapies have changed. Pre-
viously, antibiotics such as penicillin and methicillin were
used for initial therapy. While, erythromycin, bacitracin,
neomycin–polymyxin B combination, or chloramphenicol
were used for prophylactic therapy; to patients with
damaged corneal epithelium [14, 17, 18].

Many case series worldwide have described the risk
factors, microbiology spectrum, antimicrobial therapy and
outcomes of microbial keratitis alone; however, little is
known whether these features vary in clinical presumed
concomitant microbial keratitis and HSK cases. We reviewed
clinical presumed cases with this condition to identify the
abovementioned features.

Methods

A retrospective case series over the 5 years, 2012–2016 was
conducted at The Sydney Eye Hospital, a quaternary
referral unit for eye diseases located in the central business
district of Sydney, New South Wales, Australia. All patients
with microbial keratitis were identified from the following
International Classification of Disease, 10th revision
(ICD-10) codes: corneal ulcer (H16.0), other superficial
keratitis without conjunctivitis (H16.1), keratoconjunctivitis
(H16.2), interstitial and deep keratitis (H16.3), other
keratitis (H16.8) and keratitis, unspecified (H16.9); and
by querying a laboratory information system containing
pathology results.

Clinical presumed concomitant microbial keratitis and
HSK cases were determined in alignment with clinical
practice as follows:

1. Patients over 18 years of age, AND
2. Patients with a clinical diagnosis of presumed con-

comitant microbial keratitis and HSK who presented the
Sydney Eye Hospital from 2012 to 2016, AND

3. Patients had a corneal scrape performed at initial
presentation, OR

4. Had a previous history of HSV.

A clinical diagnosis of presumed concomitant microbial
keratitis and HSK was made by the treating clinician based
on the clinical features (history and examination) and prior
history of HSV infection along with the prescription of a
therapeutic dose of antiviral. These definitions were chosen
to align with clinical practice.

Each separate episode of keratitis suffered by a patient
during the period was interpreted as an individual case.

Patients were excluded if the initial diagnosis was an auto-
immune-related non-infectious keratitis, neurotrophic corneal
ulcer, corneal perforation, or trauma. Neurotrophic ulceration
was excluded as it was not considered to be an active HSV
infection that is associated with increased viral load. Rather
neurotrophic ulceration follows episodes of HSK.

Ethics approval was obtained from the South Eastern
Sydney Local Health District Human Resources Ethics
Committee (approval number: HREC 14/282). Data are
reported in line with the STROBE statement for observational
data [19]. Study data were collected and managed using
REDCap (Research Electronic Data Capture, Nashville, TN,
USA) hosted at The University of Sydney [20]. Medical
records were reviewed, and the following data extracted:
demographics, ocular predisposing factors [5–7, 10, 21],
clinical signs at presentation, such as epithelial defect and
infiltrates measurements, and management.

Corneal scrapes and specimens for HSV polymerase
chain reaction (PCR) test were taken in accord with local
protocols [22]. A positive culture was defined as any
bacterial and/or fungal growth present on the solid media.
Bacteria were identified by matrix-assisted laser deso-
rption ionisation-time of flight (MALDI-TOF) mass
spectrometry using an Ultraflex LT with v 3.0 software
(Bruker Daltonics® Germany). Antibiotic susceptibilities
were determined by the calibrated dichotomous suscept-
ibility (CDS) method [23] and the breakpoints for resis-
tance were in accord with those specified in the CDS
method for systemic isolates. Methods have been descri-
bed elsewhere [24]. Corneal biopsy was performed
according to methods described elsewhere [25] and pro-
cessed for histopathology and microbiology.

Herpes Simplex Virus type 1 and type 2 (HSV-1, HSV-2)
were detected using the HSV-1 HSV-2 VZV R-gene kit, a
real-time PCR on DNA extracted from human clinical
samples (Argene, Australia) according to manufacturer’s
instructions. The PCR testing was performed by the
attending medical practitioner. The tests were performed
using a Roche LC480 thermal cycler for real time amplifi-
cation and results reported as viral genome copies/ml and
calculated log10 copies/ml. Positive and negative controls
were used as standard [26].

VA at the presentation to the hospital and at discharge
or at the last outpatient visit was recorded. The VA was
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measured using Snellen projector charts, unaided or aided
with their usual means of correction (glasses or contact
lens). The Snellen fractions in combination with any letters
incorrectly identified or any letters correctly identified on
smaller lines were converted to the logarithm of the mini-
mum angle of resolution (logMAR) for further analysis. VA
for counting fingers was converted to 1.7 logMAR, hand
movement 2.0 logMAR, light perception 2.3 logMAR and
no light perception 3.0 logMAR [27].

Following a review of the literature, these outcomes were
chosen to enable comparison of our results with a microbial
keratitis case series from Brisbane, Australia [28]. The data
needed to create these outcome groups was easily available in
our medical notes. Outcomes were grouped as follows: [28]

1. Good outcome: final VA of 6/12 or better, and no
complications or surgical intervention, and no decrease
in VA during treatment.

2. Moderate outcome: final VA 6/15–6/60, and no
complications or surgical intervention, and no decrease
in VA during treatment.

3. Poor outcome: final VA worse than 6/60 or decrease in
VA during treatment; or complication of infection
(perforation or endophthalmitis), or requiring surgical
intervention (penetrating keratoplasty (PK), enucleation
or evisceration).

Statistical analysis

Descriptive statistics were used to summarise all continuous
and categorical variables for this case series. Socio-
demographic, predisposing factors and clinical feature data
were compared among outcomes and statistical significance
assessed using the chi-square test for proportions and
Kruskal-Wallis test for non-parametric distributed variables
(age, symptom duration and ulcer size). Epithelial defect
and infiltrates size were defined as the geometric mean of
the longest diameter of the lesion and its perpendicular
diameter. Change in VA (logMAR) was investigated using
a Wilcoxon test. A p-value < 0.05 was considered as evi-
dence of statistical significance. The statistical software
used was IBM SPSS Statistics Desktop Version 25 (IBM
Corp, Armonk, NY).

Results

After cross-referencing the datasets, 1581 medical records
were identified and reviewed. After applying the inclusion
and exclusion criteria, 126 episodes from 121 patients were
included. There were 118 patients with one episode of

concomitant keratitis, two patients with two episodes
(one patient presented with bilateral infection), and one
patient with four episodes. The mean age of all patients was
64 years and 56% were male. Patients presented to hospital
within a week of the onset of symptoms and most were
treated as inpatients (Table 1). Ninety-six of 126 (76%)
episodes were seen by another health professional prior the
initial visit to the Sydney Eye Hospital. Of these, 79 were
seen by an external ophthalmologist, 18 by a general
practitioner, and 6 by an optometrist. Of these 96 episodes,
49 received topical antibiotics, 21 topical aciclovir, 12 oral
valaciclovir, 1 trifluridine, and 21 glaucoma eye drops.

A presumed predisposing factor for microbial keratitis
was found in 115 of 126 episodes (91%). A single predis-
posing factor was found in 35 (30%). Table 2 illustrates the
predisposing factors.

● Clinical findings

An epithelial defect was identified in 107 of 126 episodes
(85%) and measured in 82 (77%). Of these, 57 (70%)
epithelial defects measured over 2 mm. The median area
of epithelial defect was 8.2 mm2 (IQR 2.2–18, range
0.04–121). Infiltrate was present in 81 of 126 episodes
(64%) and measured on 44 (54%). The median area of the
infiltrate was 3.5 mm2 (IQR 1–10.9 mm2, range 0.04–100).
Other findings included hypopyon in 33 episodes (26%);
corneal thinning in 25 (20%); satellite lesions in 16 (13%);
ring infiltrates in 9 (7%); and a perforation that was Seidel
negative in 4 (3%), and Seidel positive in 6 (5%).

Table 1 Socio-demographic characteristics for 121 patients treated for
concomitant microbial and herpes simplex keratitis.

Age (years) Mean 64 ± 21, median 70,
IQR 44–84, range 18–96

Gender (male) 68 (56%)

Residence

Within greater Sydney 77 (64%)

Outside greater Sydney but
within NSW

40 (33%)

Interstate (ACT) 2 (2%)

Overseas 2 (2%)

Symptom duration (days) Median 5, IQR 2–13,
range 0–139

Hospital admission

Inpatient 111 (88%)

Outpatient 15 (12%)

Length of admission (days) Median 9, IQR 5–13,
range 0–83

ACT Australian Capital Territory, IQR interquartile range, NSW New
South Wales.
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● Microbiological data

One hundred and thirty-seven corneal scrapes were per-
formed in 126 episodes. Eleven episodes had two corneal
scrapes performed during management of the disease.
Culture positivity was 67% (n= 92/137) and 116 organisms
were identified. Bacterial keratitis accounted for 110 of the
positive growths (95% of all isolates). The predominant
organisms were the coagulase-negative staphylococci
(CoNS) group [(51 of 116), 44%) with Staphylococcus
epidermidis as the major species (n= 35), Pseudomonas
aeruginosa [(11 of 116, 9%], and Staphylococcus aureus
[(11 of 116, 9%]. Polymicrobial infection was detected in
20 of 137 scrapes (15%) (Table 3).

Of the CoNS, 18% (9/51) were resistant to cefalotin,
14% (7/51) resistant to chloramphenicol, 12% (6/51)
resistant to gentamicin, and 8% (4/51) resistant to cipro-
floxacin. Of the methicillin-sensitive S. aureus (MSSA)
isolates identified, 37.5% (3/8) were resistant to cipro-
floxacin and 12.5% (1/8) resistant to gentamicin. All
Gram-positive isolates were susceptible to vancomycin. All
P. aeruginosa isolates were susceptible to ciprofloxacin,
gentamicin and tobramycin.

● Corneal biopsy

A corneal biopsy was performed in 10 of 126 episodes
(8%) at a median time of 19 days (IQR 9–32, range 5–145)
with 60% of culture positivity. A non-resolving infection
despite the appropriate antibiotic treatment in accordance to
the corneal scrape’s culture result was the indication for
corneal biopsies. S. epidermidis (n= 2), Acanthamoeba
cysts (n= 2), Serratia ureilytica (n= 1), and an unspecified
fungus (n= 1) were isolated in the cultures.

● PCR test for herpes simplex virus

Herpes simplex virus PCR was performed in 91% of
episodes (115/126). The test was positive in 31 of 115
episodes (27%). Of these, 16 (52%) had no previous history
of HSK and 12 (39%) were culture negative for bacteria.

● Initial therapy

The most common initial therapy was a combination of
cefalotin 5% and gentamicin 0.9%, oral valaciclovir
and homatropine. Upon receipt of microbiology results,

Table 2 Presumed ocular
predisposing factors for 126
episodes with concomitant
microbial and herpes simplex
keratitis.

Ocular factor n (%)

Topical corticosteroid use 48 (38%)
Dexamethasone 0.1% (25), prednisolone acetate 1% (11), fluorometholone
0.1% (10), fluorometholone acetate 0.1% (3), prednisolone sodium phosphate
0.5% (2), hydrocortisone ointment 1% (1)

Previous herpetic keratitis 46 (37%)

Existing corneal disease 46 (37%)
Previous corneal transplant (19), degenerative (12), neurotrophic cornea (9),
RCES (5), othera (3), band keratopathy (2), HSV keratopathy (2), ectasia (2),
dystrophy (2)

Ocular surface disease 38 (30%)
Blepharitis (20), dry eye (8), lid malposition (8), trichiasis (2), ocular rosacea
(2), atopic/vernal keratoconjunctivitis (2), lagophthalmos (2), otherb (2),
Sjogren syndrome (1)

Contact lens wear 17 (14%)
Daily disposables (1), weekly/monthly (5), RGP (2), BCL (7), not recorded (2)
Risk factors
Overnight wear (8), water-related activities (i.e.: swimming, bathing, or
washing contact lens with tap water) (4)

Recent ocular surgery 11 (9%)
Cataract (3), corneal graft (3), corneal glueing (2), otherc (3), retinal (1)

Corneal trauma 8 (6%)
Foreign body: organic (1), not specified (1)
Blunt (4), penetrating (2)

Note: Percentages do not add to 100% as 80 of 126 episodes had >1 risk factor. Recent ocular surgery refers
to a surgery performed within 3 months prior to initial presentation.

BCL bandage contact lens, DSEK Descemet’s stripping endothelial keratoplasty, HSV herpes simplex virus,
RCES recurrent corneal erosion, RGP rigid gas permeable.
aPterygium (1), corneal melting (1), corneal descompensation (1).
bNodular scleritis (1), Bilateral blocked tear ducts (1).
cTroutman wedge (1), Gundersen flap (1), DSEK+IOL exchange (1).
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anti-microbial therapy was changed in 119 of 126 epi-
sodes (94%) Of these, 83 (70%) had a positive culture and
36 (30%) had a negative culture from corneal scrape.

● Anti-inflammatory treatment

Eighty-one of 126 episodes (64%) received topical cor-
ticosteroids at some point during their treatment. Seven
episodes received topical corticosteroids as part of the initial
therapy. For the rest of the episodes, topical corticosteroids
were commenced at a median time of 5 days (IQR 3–6,
range 0–124) after initial presentation. Topical corticoster-
oid therapy was given for a median time of 11 days (IQR
3–88, range 1–114 days) to 19 episodes.

● Outcomes

An outcome was determined in 75 of 126 episodes
(60%). The remaining 51 episodes were lost to follow up,
followed up by private ophthalmologists or had missing
information on their medical records. Moderate and poor
outcomes occurred mainly in patients over 60 years of age
(Table 4). Patients with a poor outcome were significantly
older (75 years vs. 66 years in moderate outcome vs. 47
years in good outcome, p= 0.005), and presented with
worse VA at initial presentation (median 2 logMAR vs. 1.3
logMAR in moderate outcome vs, 0.8 logMAR in good
outcome, p < 0.001); and larger ulcers (median stromal
infiltrate size 6 vs. 5.46 mm2 vs. 1.06 mm2, p= 0.04). There
was no significant statistical association between ocular
history and the outcomes.

Final clinical findings

The epithelial defect healed in 65 of 120 episodes (54%)
with a median healing time of 11 days (IQR 7–26, range
1–153). Corneal thinning, neovascularisation and scarring
were identified at clinical examination in 9% (n= 11), 11%
(n= 13) and 33% (n= 39) of episodes, respectively.

Visual acuity

Overall, the median VA at presentation improved from 1.7
to 0.7 logMAR (p < 0.05), where logMAR of 0 is equivalent
to 6/6, and a logMAR of 1 is equivalent to 6/60. Eighteen
eyes (31%) had a final VA of 6/12 (0.3 logMAR) or better;
15 (26%), between 6/12 and 6/60 (0.3 logMAR and 1
logMAR); and 25 (43%), 6/60 (1 logMAR) or worse.

Complications

Seventy of 126 episodes (55%) experienced complications
(Table 5). Of the 38 episodes with persistent epithelial
defect, tarsorrhaphy was performed in 18 and amniotic
membrane grafting in one. Eight episodes required a PK at a
median time of 8 days (IQR 5–14, range 4–21). Chaeto-
mium spp. (n= 1), unspecified fungi (n= 1) and Cor-
ynebacterium propinquum (n= 1) were isolated in the non-
resolving infection cases which needed a PK. Lamellar
keratoplasty (LK) was required in one episode with a non-
resolving infection to manage a descemetocele formation.
The patient had a history of keratoconus and corneal
transplant and two negative cultures from corneal scrapes.
Evisceration was performed in five episodes with causal
organisms isolated in four episodes (S. ureilytica, S. epi-
dermidis, P. aeruginosa and Moraxella nonliquefaciens).
Enucleation was required in one episode caused by P.
aeruginosa.

Table 3 Distribution of organisms cultured in 137 corneal scrapes
from 126 episodes of presumed concomitant microbial keratitis
and HSK.

Name of organism Total
organisms

Polymicrobial
infection

n % n %

Gram-positive

Coagulase-negative Staphylococci 51 44 21 41

Staphylococcus aureus 11 9 3 27

Corynebacterium spp. 7 6 2 29

Streptococcus spp. 7 6 4 57

Micrococcus luteus 4 3 2 50

Other Gram-positivea 3 3 0 0

Total Gram-positive 83 72 32 39

Gram-negative

Pseudomonas aeruginosa 11 9 3 27

Moraxella spp. 4 3 1 25

Serratia spp. 3 3 1 33

Acinetobacter spp. 3 3 3 100

Proteus mirabilis 2 2 0 0

Other Gram-negativeb 4 3 3 75

Total Gram-negative 27 23 11 41

Fungi

Candida parapsilosis 2 2 0 0

Fungi not specified 1 1 0 0

Chaetomium spp. 1 1 0 0

Total fungi 5 4 1 20

Acanthamoeba cysts 1 1 0 0

Total 116 100 44 38

Percentage is percentage of 116 organisms.

n number of isolates, spp. species.
aOther Gram-positive: Bacillus cereus (1), Diphteroids (1),
Mycobacterium chelonae (1).
bOther Gram-negative: Haemophilus influenza (1), Capnocytophaga
sputigena (1), Neisseria mucosa (1), Branhamella catarrhalis (1).
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Discussion

This study reported predisposing factors, clinical findings,
microbiological patterns, anti-microbial therapy and out-
comes of adults with clinically presumed concomitant
microbial keratitis and HSK presenting to the Sydney Eye
Hospital over a 5-year period. There are a few out-dated
case reports and a retrospective study describing secondary
microbial keratitis in HSK from 1980s [14, 17, 18]. Clin-
icians in practice however are interested to know if patients
with concomitant microbial keratitis and HSK are different
to those with microbial keratitis alone, as this data could be
used to assist diagnosis and management. The most com-
mon presumed predisposing factors in this study were
topical corticosteroid use, ocular surface disease including
prior HSK and corneal transplant. CoNS were the most
common isolated microorganisms. Patients with poor out-
comes were likely to be older, presenting with poor vision
acuity and larger ulcers.

Correct initial diagnosis of microbial keratitis based only
on clinical features is challenging. Hence the need of a good
medical history and diagnostic tests to guide the appropriate
therapy. In this study, 65% of the patients were 60 years or
older suggesting that this condition may occur more fre-
quently in the elderly. The mean age (64 years) was higher
than the mean age of patients with suppurative keratitis and
prior HSK in London (55 years) [14]. Previous ocular disease
and surgery, topical corticosteroid use, immunosuppressive

Table 4 Predisposing factors
associated with clinical
outcomes.

Predisposing factor Outcome p-value

Good (n= 16) Moderate (n= 13) Poor (n= 46)

Age, years (median, IQR) 47 (30–65) 66 (48–83) 75 (63–85) 0.005

History

Symptom duration, days (median, range) 4 (0–26) 2 (0–9) 7 (0–139) 0.066

Topical corticosteroid 5 (31.3) 3 (23.1) 23 (50) 0.144

Previous HSK 2 (12.5) 4 (30.8) 20 (43.5) 0.077

Ocular surface disease 6 (37.5) 2 (15.4) 18 (39.1) 0.273

Corneal disease 4 (25) 4 (30.8) 14 (30.4) 0.912

Contact lens wear 1 (6.3) 1 (7.7) 8 (17.4) 0.426

Recent ocular surgery 0 (0) 2 (15.4) 4 (8.7) 0.303

Corneal trauma 1 (6.3) 0 (0) 5 (10.9) 0.425

Clinical features

Best corrected visual acuity- affected eye
(median logMAR, IQR)

0.8 (0.4–1.5) 1.3 (0.69–1.7) 2 (1.7–2.3) <0.001

Stromal infiltrate size (mm2) (median, IQR) 1.06 (0.52–2.14) 5.46 (0.83–8.7) 6 (2.1–36) 0.04

Groups compared with chi-square test for proportions and Kruskall–Wallis for continuous non-
parametrically distributed variables.

IQR interquartile range, HSK herpes simplex keratitis, logMAR logarithm of minimum angle of resolution.

Statistically significant p-values are in bold.

Table 5 Number of complications observed in 70 episodes with
concomitant microbial and HSK as a proportion of all episodes (n= 126).

Type of complication n (%)

Persistent epithelial defect 38 (30.2)

IOP elevation needing

Topical management 10 (7.9)

Oral management 5 (4)

Corneal perforation needing

Transplantation 5 (4)

Gluing 8 (6.3)

Descemetocele 9 (7.1)

Non-resolving infection managed with

Transplantation 4 (3.2)

Evisceration 5 (4)

Enucleation 1 (0.8)

Progressive infection needing intravitreal, intracameral,
subconjunctival antifungal/antibiotics

3 (2.4)

Eye drops toxicity 3 (2.4)

Scleritis 2 (1.6)

Recurrence epithelial defect 2 (1.6)

Othera 10 (7.9)

n number of complications, IOP intraocular pressure, LSCF limbal
stem cell failure.
aHyphaema (1), LSCF (1), epithelial hypertrophy with filamentary
keratitis (1), dendritic ulcer (1), endothelial plaque (1), blepharitis (1),
rupture Gunderson flap (1), trabeculitis (1), resuturing corneal graft
(1), ectasia (1).

Predisposing factors, microbiological features and outcomes of patients with clinical presumed. . . 91



conditions and medications have been reported as the main
predisposing factors among the elderly with microbial kera-
titis [5, 10, 21], and among patients with HSK and secondary
microbial keratitis [14, 17, 18]. The importance of these
predisposing factors was comparable to this study as the main
risk factors were topical corticosteroid use (38%), previous
HSK (37%), and blepharitis/dry eye (22%). These findings
were similar to a case series in the Netherlands where the use
of topical corticosteroids (26%), dry eye/blepharitis (21%)
and prior HSK (29%) were prevalent in patients over 60 years
of age [10]. This Dutch study included all cases of microbial
keratitis but divided the patients into two groups for analysis
(under 60 years vs. over 60 years) to elicit any differences
between younger and elder patients [10].

The overall culture positive rate was 67% comparable to
previous Australian microbial keratitis series (70.8% [9],
65% [21], 63.5% [29]); and a Indian microbial keratitis
series in the elderly (67.3%) [30]. This is not surprising as
similar techniques were used to isolate and culture the
organisms across our and the reported studies. Gram-
positive isolates were identified in 72% of all organisms in
our study being comparable with other microbial keratitis
studies [5, 7–10, 14, 29–33]. A standard regimen of fortified
antibiotics and oral valaciclovir was the most common
initial therapy in this study. Oral valaciclovir was the most
common antiviral prescribed as the patients were already
receiving multiple topical medications and a topical anti-
viral ointment might affect the penetration of the antibiotics,
produce additional toxicity or cause issues with drop com-
pliance. Further, most of these cases presented with signs of
stromal keratitis and an oral antiviral is the preferred therapy
for this type of keratitis [13]. Initial antibiotics were mainly
switched according to the sensitivity reporting. The empiric
therapy was also altered in the episodes with a negative
culture (30%) probably due to the antibiotic toxicity which
could affect healing [3, 6]. The empiric therapy tended to be
changed to chloramphenicol eye drops or ointment, tobra-
mycin ointment or ofloxacin which are readily available in
community pharmacies. Therefore, clinicians change initial
antibiotics to something the patient will easily be able to
obtain after discharge.

Furthermore, about two-thirds of episodes were given a
topical steroid therapy in combination with antibiotics. This
practice does not follow the recommendations from Steroids
for Corneal Ulcers Trial (SCUT) [34] and clinical guide-
lines to prescribe topical steroids in microbial keratitis
which have shown beneficial effect on visual outcomes.
Topical steroids were commenced at a median time of
5 days, later than recommended by the SCUT; but similar to
a microbial keratitis study from Brisbane, at 7 days [35].
Reasons for not prescribing topical steroids may be that
clinicians were lack of confidence in commencing this
medication as it could be caused by fungus, or the disease

worsened rapidly due to the predisposing factors or the
virulence of the organism.

The SCUT and Green et al. reported that the median time
of reepithelialisation was 7 [34] and 9 days [21], respec-
tively. However, in this study, the ulcers tended to heal
couple of days later (11 days). In this study; corneal per-
foration, resulting from the infection, was mainly treated
with glueing (8/13, 60%). The rate of PK [6% (8/126)] was
much lower than the rates reported in previous series of
microbial keratitis in the elderly in India (10.8%) [31],
Australia (17.9%) [5], and The Netherlands; (27.6%) [10]
and a case series with patients with HSK and secondary
microbial keratitis in United Kingdom (UK) (48%) [14]. PK
was performed due to corneal perforation or to non-
resolving microbial keratitis. Perhaps, the clinicians at our
institution intended to avoid PK in eyes with history of
HSK and persisted with a conservative approach for longer.

The proportion of evisceration/enucleation has varied in
previous microbial keratitis studies worldwide. Eviscera-
tion/enucleation resulted from non-resolving microbial
keratitis progressing to endophthalmitis. The proportion of
eyes requiring evisceration/enucleation (5%) was lower
than in previous studies with elderly population with
microbial keratitis from India (14.7%) [31] and Australia
(8.9%) [5]. Nevertheless, this proportion was comparable
with the study of microbial keratitis in the elderly from the
Netherlands (4%) [10] and with the study with patients with
HSK and secondary microbial keratitis from UK (3%) [14].

Overall, the patients had a poor presenting median VA
of 1.7 logMAR (count fingers) and final visual outcome of
0.7 logMAR (6/30) with 43% (n= 25/58) with a VA
worse than 6/60. The poorer initial vision was likely due
to prior ocular disease, including HSK. These findings
were comparable with the findings from the microbial
keratitis study in the elderly from Sydney which reported
poor initial VA of 6/300 with over 40% of patients with a
final VA worse than 6/60 [5]. Similarly, Wilhelmus
reported a similar proportion of patients with final VA
worse than 6/60 [45% (18/40)] [14]. Among various
microbial keratitis studies, VA at presentation is poor
regardless of the age group; but it is noted that older
patients consistently seem to achieve poorer final VA
[10, 30, 31]. Perhaps the lack of steroid therapy may
explain the poor outcomes of these patients.

The main limitation of this study was the inclusion cri-
teria used to identify episodes of concomitant microbial
keratitis and HSK. It can be difficult for clinicians to
diagnose HSK in addition to microbial keratitis [13]. This is
because the symptoms and signs are overlapping, and the
investigations can be non-confirmatory. In HSK, PCR is not
universally performed if there is a prior diagnosis of HSK
and is often negative in stromal HSK without ulceration,
endothelial HSK and keratouveitis [36]. Similarly, corneal

92 M. Cabrera-Aguas et al.



scrapes are not always positive in microbial keratitis. Fur-
ther, the results from such investigations are not available at
the time of presentation which is when treatment is com-
menced by the clinician. In practice, the diagnosis of
‘concomitant’ herpetic keratitis with microbial keratitis is
typically made clinically and treatment commenced. For the
clinical diagnosis the clinicians make an assessment based
on the history and clinical features. As a result of the above
issues, an important limitation is that although some cases
had positive HSV PCR, indicating an active viral replica-
tion, the remaining cases with negative HSV PCR were still
included in the study because they had history of HSK
indicating an immune-related HSK (stromal HSK, endo-
thelial HSK, or keratouveitis); as in these cases PCR is
typically negative. Another limitation is its retrospective
nature introducing risks of selection bias and mis-
classification. Clinical data collected was only that recor-
ded. Nonetheless, this is a recent large series of cases with
presumed concomitant microbial keratitis and HSK over 5
years to be reported from Australia.

These cases of clinical presumed concomitant microbial
keratitis and HSK are considered to correlate more closely
to the microbial keratitis in the elderly. These cases were
likely to present with poor vision and severe disease (large
ulcers) in patients over 60 years of age with at least one
predisposing factor. The predisposing factors were high-
lighted, including corneal or ocular surface disease, history
of prior HSK, and topical corticosteroid use. The micro-
biological spectrum was comparable to microbial keratitis
series with Gram-positive isolates being the most common
culprit of the infection. The outcomes of our patients were
comparable to the poor outcomes reported in several studies
in elderly patients with microbial keratitis. In our study, 1
out of 3 episodes resulted with a poor final VA worse than
6/60 and/or a need of a surgery. To improve outcomes for
patients with mixed infection, there is a need for earlier
diagnosis via increased suspicion in patients with risk fac-
tors and rapid diagnostic techniques.

Summary

What was known before

● Herpes simplex keratitis can occur with microbial keratitis.

What this study adds

● Clinical presumed concomitant microbial and herpes
simplex keratitis occurs mostly in elderly patients who
present poor vision and large ulcers. Common predis-
posing factors: corneal graft, blepharitis, history of prior
HSK, and topical corticosteroid use.

● The commonest isolated organism was coagulase-negative
staphylococci.
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