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Abstract

There have been numerous reports regarding the occurrence of keratitis in patients with soft contact

lenses, but few reports in patients with rigid gas permeable contact lenses. To the best of our

knowledge, the occurrence of infection associated with three species of pathogens has never been

reported. Here, we describe a patient who exhibited refractory painless keratitis caused by three

pathogens (Staphylococcus epidermidis, Acanthamoeba, and herpes simplex virus) and summarize similar

reports published at multiple centers worldwide, with the aim of providing guidance for clinicians who

might encounter mixed-type corneal infections. We describe the results of many ophthalmologic and

laboratory investigations, which guided our treatment selection. We achieved good treatment efficacy,

such that the patient exhibited a corrected visual acuity of 20/20 in the affected eye after a series of

treatments, including curettage of ulcer lesions. Corneal infections caused by multiple pathogens are

challenging in clinical practice. This summary of our experience in patient diagnosis and treatment can

help clinicians to achieve a favorable prognosis in treatment of future patients.
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Introduction

Wearing contact lenses increases the risk of
corneal trauma, which may lead to the
development of keratitis, a serious eye dis-

ease that can result in blindness. Keratitis
has been widely reported in patients with
soft contact lenses, but rarely in patients

wearing rigid gas permeable contact
lenses.1,2 To the best of our knowledge,

the occurrence of infection associated with
three species of pathogens has never been
reported. This report describes the treat-

ment of a patient who exhibited mixed
triple corneal infection, as well as similar
cases previously reported in the literature,

to discuss appropriate treatment for these
types of complex corneal infections.

Case report

Presentation and initial treatment

A 25-year-old man who wore orthokerato-
logical rigid gas permeable contact lenses

(i.e., Ortho-K lenses) sought treatment
after experiencing symptoms of right eye
conjunctival hyperemia, photophobia, tear-

ing, and foreign body sensation for 3 weeks;
he had a sharp decline in Snellen visual
acuity to 20/50, but reported no pain.

At the onset of symptoms, he presented to
his local hospital for evaluation; slit lamp

examination showed conjunctival hyper-
emia and a mild opacity in the upper
cornea of the right eye; confocal microsco-

py showed no abnormalities. Thus, the
patient was asked to discontinue using
Ortho-K lenses; he was prescribed tobramy-

cin eye drops (four doses per day, one drop
per dose), acyclovir eye drops (four doses
per day, one drop per dose), and basic

fibroblast growth factor eye drops (three
doses per day, one drop per dose).

One week later, he returned to the local
hospital due to aggravated photophobia and
tearing. Snellen visual acuity in his right eye

was 20/200; slit lamp examination showed
the presence of a thickened nerve ending in
the nasal cornea of the right eye. The med-
ication regimen was then adjusted to cyclo-
sporine eye drops (four doses per day, one
drop per dose)—the local ophthalmologist
presumably intended to suppress the
immune inflammatory response without the
use of glucocorticoids—and acyclovir eye
drops (six doses per day, one drop per dose).

After 5 days, a follow-up slit lamp exam-
ination showed only slight improvement,
while confocal microscopy revealed no
obvious abnormalities. Intraocular pressure
in the right eye was 23 mmHg, and Snellen
visual acuity had diminished to hand
motion; therefore, the patient was referred
to another hospital. At the referral hospital,
slit lamp examination of the right eye indi-
cated obvious conjunctival hyperemia, dif-
fuse edema of the corneal matrix with a
foggy opacity, and white radial infiltration
of the temporal corneal stroma (Figure 1a);
it also revealed a large amount of keratic
precipitates beneath the cornea, while the
anterior chamber and lens were clear.

Transfer and further treatment

The patient was admitted to our hospital
approximately 2 weeks after his initial pre-
sentation to his local hospital, with Snellen
visual acuity of hand motion in the
right eye. Slit lamp examination results
were normal in the left eye. The right eye
exhibited a grayish-white cornea; full-
thickness edema; diffuse foggy opacity in
the matrix; a 1.5-mm� 1-mm corneal ulcer
on the side of the pupil (Figure 1b); periph-
eral epithelial defects; nasal, inferior, and
temporal pseudodendritic nerve fiber infil-
tration; visible superior temporal vacuoles
of multiple sizes (average diameter of
0.2 mm); fuzzy anterior chamber; and dif-
fuse corneal fluorescein staining. Confocal
microscopy revealed edema of the corneal
stroma, aggregation of Langerhans cells, and
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infiltration of inflammatory cells, as well as
multiple highly reflective structures similar to
pine needles and several trophozoite manifes-
tations (Figure 2a–c). Given that the patient
had a corneal ulcer, corneal scraping and
pathogen culture were performed. Gram
staining, microbial isolation and identifica-
tion, and pathogen culture of the ulcer scrap-
ing indicated the presence of Staphylococcus
epidermidis (Figure 1c, d), without other
observable pathogens. Moreover, the pres-
ence of herpes simplex virus-1 was confirmed
by the presence of specific bands at approxi-
mately 180 bp after corneal scrapings were
assessed by polymerase chain reaction
(PCR) and gel electrophoresis.

Based on the results of laboratory exami-
nations, as well as the patient’s long history
of wearing rigid gas permeable lenses (>6
hours per night) and the sign of an exposed
nerve fiber at the periphery of the cornea, we
made several modifications to the patient’s

treatment. First, we discontinued the use of

acyclovir and cyclosporine eye drops;

second, we initiated ganciclovir treatment

(four doses per day, two drops per dose) to

control herpes simplex keratitis; third, we

initiated gatifloxacin ophthalmic gel (four

doses per day) [due to its superior effects

against Gram-positive bacteria and its

increased strength compared with that of

levofloxacin3] to control staphylococcal

infection; fourth, we initiated 0.05% chlor-

hexidine (24 doses per day, one drop per

dose) and 0.02% polyhexamethylene bigua-

nide eye drops (dosage and frequency iden-

tical to those of chlorhexidine) to control

Acanthamoeba keratitis.

Follow-up treatment and resolution

Two weeks after his initial admission to our

hospital, the patient returned for a follow-up

examination. Slit lamp examination showed a

Figure 1. (a) Slit lamp photographs show severe conjunctival hyperemia and radial perineuritis (white
arrow). (b) Slit lamp photographs show aggregating radial perineuritis (white arrow) and paracentral corneal
ulcer (black arrow). (c and d) Initial corneal scraping and culture show Staphylococcus epidermidis under
1000� magnification.
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grayish-white cornea, full-thickness lesions,
localized ulceration, disappearance of superi-
or temporal vacuoles, localized corneal
stroma infiltration, and extensive keratic pre-
cipitates. Corneal fluorescence was present in
a strip staining manner. Confocal microscopy
indicated that only some circular highly
reflective manifestations (later determined to
be residual suspicious representations of
trophozoites) were occasionally observed in
the superficial stromal layer, without any
other obvious pathogens. We concluded

that the patient’s bacterial infection had
improved; therefore, we advised the patient
to continue ganciclovir gel at the same fre-
quency and dose, while changing the frequen-
cy of gatifloxacin ophthalmic gel application
to twice per day and the frequencies of 0.05%
chlorhexidine and 0.02% polyhexamethylene
biguanide to every 2 hours. We also pre-
scribed compound tropicamide (twice per
day) to control iris adhesion.

Four weeks after his initial admission
to our hospital, the patient returned for

Figure 2. Confocal microscopy images, taken when the patient was initially admitted to our hospital, show
several trophozoite manifestations (a and b) and many highly reflective structures similar to pine needles
(white arrow in c) in the deep stromal layer.
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another follow-up exam. Snellen visual in
the right eye was 20/50; slit lamp examina-
tion showed that the cornea was less hazy,
sparse keratic precipitates, corneal stroma
exhibited sheet-shaped opacity, and central-
region fluorescein staining was present.
Confocal microscopy showed that the epi-
thelium had already been repaired and that
a scar had formed in the superficial stromal
layer. Another corneal scraping and culture
was performed; the results showed no
observable pathogens. Considering that the
patient’s corneal stroma showed opacity,
whereas confocal microscopy showed no
abnormalities, we prescribed loteprednol
etabonate ophthalmic suspension (two
doses per day, one drop per dose); this treat-
ment can effectively inhibit the development
of capillaries, thereby alleviating the tissue
damage caused by edema infiltration and
inflammation, reducing scar and neovascula-
rization formation, and promoting recovery
from corneal inflammatory symptoms. We
also changed the frequency of gatifloxacin
gel to once daily in the evening; we changed
the frequencies of chlorhexidine and poly-
hexamethylene biguanide to six times daily,
while maintaining the doses and frequencies
of compound tropicamide eye drops and
ganciclovir gel to prevent stromal layer
necrosis.

Approximately 5 weeks after the patient’s
initial admission to our hospital, re-
examination of his right eye showed Snellen
visual acuity of 30/50, intraocular pressure of
17.8mmHg, mixed hyperemia, relatively clear
cornea, some stromal cloudiness, improved
neuritis lesions, and sparse keratic precipi-
tates. Confocal microscopy showed spotted
keratic precipitates in the endothelial layer
and revealed no typical pathogen. Because
of the treatment effectiveness, we changed
the frequencies of polyhexamethylene bigua-
nide and chlorhexidine to every 6 hours; we
changed loteprednol etabonate ophthalmic
suspension to once daily and ganciclovir gel
to twice daily, while maintaining the dose

and frequency of gatifloxacin to prevent
hormone-related infections.

Seven weeks after the patient’s initial
admission to our hospital, re-examination
of his right eye showed Snellen visual
acuity of 20/50, intraocular pressure of
18.6 mmHg, mixed congestion, increasing
corneal clarity, minimal stromal cloudiness,
and considerably improved neuritis lesions.
Therefore, we discontinued the polyhexa-
methylene biguanide treatment and tapered
the chlorhexidine to once daily; however,
we maintained all other treatment regimens.

Approximately 10 weeks after the
patient’s initial admission to our hospital,
re-examination of his right eye showed
Snellen visual acuity of 30/50, which could
be corrected to 20/25. We discontinued
treatment with chlorhexidine and lotepred-
nol etabonate ophthalmic suspension. The
patient continued follow-up for 1 month
and showed a corrected Snellen visual
acuity of 20/20 in the right eye, which was
regarded as clinical cure. The patient
achieved good visual acuity and exhibited
no further active inflammation; thus, he
was considered to be clinically cured.

Discussion

The treatment of double microbial
infection-derived keratitis has been widely
reported,4–6 with infection mostly caused
by two fungal species, a mixture of fungal
and bacterial pathogens, or a mixture of a
fungus and Acanthamoeba; in contrast, ker-
atitis caused by triple infection has been
extremely rare, constituting only 1.16% of
all reported cases of corneal infection.7 The
largest retrospective study of such infec-
tions thus far was conducted by Ray
et al.,7 who reported that the isolated
microorganisms consisted of only two spe-
cies (bacterial and/or fungal), including two
bacterial species (e.g., Neisseria meningitidis
and Pseudomonas aeruginosa). An analysis
of keratitis pathogens with a large sample
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size, conducted by Fernandes et al.,8 includ-
ed only patients with two pathogen species
(i.e., two bacterial species or a mixture of
bacterial and fungal species), which cannot
facilitate therapeutic guidance for mixed
infections caused by multiple (�3) patho-
gens of different types.

Here, we have described a patient who
was simultaneously infected with three
types of pathogens: amoeba, virus, and bac-
terium. The patient initially presented with
some nonspecific symptoms, such as con-
junctival hyperemia, photophobia, and
tearing; however, his symptoms of corneal
irritation showed progressive aggravation
within 1 week. Moreover, characteristics
of dendritic keratitis emerged, which indi-
cated that herpes simplex keratitis was the
most likely diagnosis. Therefore, the oph-
thalmologist at the local hospital insisted
on acyclovir and cyclosporine treatment.
In addition, the patient developed a rapidly
aggravated peripheral corneal infiltration,9

which may have also led to the suspicion of
secondary autoimmune-related keratitis
caused by viral infection; this might have
supported the cyclosporine treatment pre-
scribed by the local hospital. After the
patient was admitted to our hospital, we
strongly suspected that he had multimicro-
bial keratitis with Acanthamoeba infection,
given the signs of radioneuritis and ineffec-
tiveness of the previous antiviral treatment
regimen, as well as his long history of wear-
ing Ortho-K contact lenses. Finally, confocal
microscopy, corneal scraping examination,
and PCR amplification findings confirmed
our hypothesis.

For the treatment of Acanthamoeba ker-
atitis, it is typically recommended that
patients receive medication at least nine
times per day for 3 to 4 weeks.10 For our
patient, the results of laboratory examina-
tion supported our hypothesis; thus, to pre-
vent the aggravation of endophthalmitis
and loss of vision in the affected eye, we
used the recommended treatment dose

24 times per day at the start of treatment.
We then slowly tapered the dose, similar to
a cocktail treatment, to avoid ocular sur-
face damage while achieving a good thera-
peutic outcome.

Clinical practice points

Based on this report and the outcomes of
treatment previously reported in the litera-
ture, critical points regarding treatment of
corneal infection caused by three different
types of pathogens are as follows:

1. As in the present report, individuals who
wear contact lenses are more vulnerable
to multimicrobial keratitis. The lens care
liquid can be contaminated by residual
proteins in the lenses, as well as by bac-
teria or fungi from the environment. The
presence of residual protein in the con-
tact lens care solution is conducive to the
growth and reproduction of bacteria and
fungi. Eventually, a large number of bac-
teria and fungi can provide a source of
nutrition for Acanthamoeba.11,12

2. The diagnosis of Acanthamoeba keratitis
cannot be entirely reliant on laboratory
test results because confocal microscopy,
the preferred diagnostic method, is not
sufficiently sensitive to detect deep stro-
mal lesions.13 The acquisition of a medi-
cal history is equally important, especially
when the patient has a unique personal
history, such as wearing contact lenses
and/or an unhygienic environment.
Clinicians should be aware of the poten-
tial for such infections and implement
appropriate treatment, if necessary, with
or without support from laboratory tests
[previously regarded as the gold stan-
dard14] or typical signs (e.g., absence of
severe eye pain and annular infiltration
in this patient).

3. It is more difficult to diagnose viral infec-
tion, especially in patients with radio-
neuritis and pseudodendritic changes, as

6 Journal of International Medical Research



observed in our patient; these findings are
indistinguishable from Acanthamoeba
keratitis. Viral infections are typically
accompanied by a history of upper respi-
ratory tract infections (although this may
not occur in some patients) or decreased
immunity; they are also generally unilat-
eral.15,16 Our patient did not demonstrate
typical symptoms and manifested only
posterior corneal deposits and swollen
endothelial cells; therefore, we could
only make the diagnosis of herpes simplex
keratitis after PCR analysis of corneal
scrapings. Empirically, antiviral drugs
are used throughout the course of treat-
ment because amoebic infection tends to
undermine the barrier function of the
cornea, such that it becomes more vulner-
able to viral infection. Steroids should not
be used prematurely, especially at an early
stage of multipathogenic corneal infection
caused by wearing contact lenses;5,7 oth-
erwise, trophozoite regeneration can be
promoted and latent viruses activated
within the confinement ring.17 In this
regard, cortisol should be applied after
the pathogens are fully controlled.

4. When a multipathogenic infection (e.g.,
including Acanthamoeba) is highly sus-
pected, anti-amoebic treatment should be
implemented first because Acanthamoeba
is closely associated with inflammation,
and the Acanthamoeba-derived local
immune response can facilitate the
growth of other pathogenic species (e.g.,
bacteria and viruses).18,19 Notably, it is
better to treat simultaneously if all patho-
gens have already been identified.
However, when the corneal epithelium is
deficient, precautions are needed regarding
the dose of 0.05% chlorhexidine because
its ocular surface toxicity can prolong the
healing time of the corneal epithelium,
thereby reducing the natural barrier func-
tion of the cornea.

5. For our patient, corneal scraping and
culture were performed because of the

emergence of a corneal ulcer at an early
stage of the disease; the results confirmed
bacterial infection. Multiple authors
have shown that bacteria causing mixed
keratitis are generally sensitive to the flu-
oroquinolone class of antibiotics,5,7,20,21

which was also confirmed in this case.
Our first choice was gatifloxacin
because—in addition to the above fac-
tors—its ability to permeate into the
eyes is much greater than that of the
commonly used levofloxacin; moreover,
its half-life is longer than that of moxi-
floxacin.22 We instructed the patient to
continue gatifloxacin until the end of
topical glucocorticosteroid therapy to
prevent the secondary growth of other
bacteria.

6. After viral infection, anterior uveitis can
be triggered in the cornea. To prevent
formation of a posterior synechia, we
prescribed 5 mg/mL compound tropica-
mide eye drops (twice per day); these
were continued until the end of lotepred-
nol treatment (a type of glucocorticoste-
roid) and contributed to the good
corrected vision outcome of our patient.

7. When treating triple corneal infection, a
full course of drug treatment with the full
dose must be performed; an average
treatment time of more than 28 days
has been reported previously5,7,23 and
was used for treatment of our patient.

8. Given the financial situation of our
patient, we did not perform reverse tran-
scriptase quantitative PCR after herpes
simplex virus PCR to detect whether
the herpes simplex virus DNA was indic-
ative of residual antigen or active infec-
tion. Thus, if future patients exhibit
similar clinical manifestations, reverse
transcriptase quantitative PCR should
be considered when economic circum-
stances permit. Furthermore, S. epider-
midis might be a contaminant from the
skin; however, as demonstrated by Khan
et al.,24 immediate initiation of antibiotic
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prophylaxis plays a key role in eradicat-

ing potential bacterial strains. As a

result, our treatment regimen facilitated

a good outcome for the patient.

Conclusion

To the best of our knowledge, this is the

first report and review regarding mixed cor-

neal infection caused by three types of

pathogens in the context of wearing

Ortho-K lenses. The success of treatment

in our patient has implications for the treat-

ment of future corneal coinfections with �3

species.
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