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Abstract

The human eye is in constant contact to environmental conditions that increase its likelihood in being exposed to a mul-
titude of pathogens. Studies have revealed that the normal microbial flora found around the ocular area contribute to the
well-being of ocular health as they play a critical role in inhibiting the proliferation of other pathogenic species and main-
taining the homeostatic balance. However an imbalance in this status quo may lead to diseases including dry eye syndrome,
meibomian gland dysfunction (MGD), blepharitis, rosacea, allergies, keratitis, conjunctivitis and immunological conditions
such as mucous membrane pemphigoid and Sjogren’s syndrome. Thus, it is important to investigate and understand the
role of various microorganisms that lead to these ocular diseases, and this knowledge may lead to better future treatments.
This review focuses on recent advances and insights of pathogens and related ocular diseases which can help the audience

further understand the etiology and the control of these diseases.
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Introduction

Although the surface of the eye has the mechanical and immuno-
logic functions to normally defend itself against pathogenic mi-
croorganisms that cause ocular diseases such as dry eye syndrome,
meibomian gland dysfunction, and blepharitis [1], the eye is con-
tinuously exposed to the external environment and is therefore
highly susceptible to a multitude of pathogens. In addition to the
mechanical functions, previous studies have demonstrated the ho-
meostatic balance of normal microbial flora found around the eye
is important to maintain ocular health as these microorganisms
are capable of preventing the colonization or the abnormal pro-
liferation of pathogenic microorganisms [2]. In fact, it has been
found that the number of microbial cells far exceeds the number
of human cells in the body thus reaffirming their significance in
the overall microbiome [3]. Hence, any manipulations or actions
such as wearing unclean contact lenses or rubbing the eye may
disturb the homeostatic balance and cause ocular diseases. Many
studies have tried to examine the microbes from different parts
of the ocular surface including a recent study [4] that reported the
profile of microorganisms from 235 patients with various oph-
thalmic infections including dacrocystis, corneal ulcers, endoph-
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thalmitis and post-traumatic infections and found 34.5% of cases
(81 patients) yielded bacterial growth, 13.6% (32 patients) yielded
fungi growth and the presence of Acanthamoeba. Thus, in this
review, we emphasize on the clinically important species of bac-
teria, fungi, and parasitic microorganisms with their associated
ocular diseases to provide readers an integral summary to further
understand the etiology and the control of these diseases.

Bacterial Homeostatic Balance and Eye Infection

Traditionally, to identify and characterize bacteria of the ocular
area has resorted to swabbing the skin, eyelid or ocular surface
and analyzing these bacterial strains under microscopy. Recent-
ly, DNA sequencing-based technology of bacterial population
has been reported and conducted wildly to reveal a diversity of
bacteria from healthy individuals. This thorough sequencing of
conjunctival DNA was conducted by researchers in University of
Northern Texas in 2011 [5] and they found the combined bacteri-
al community was able to be classified into 5 phyla and 59 distinct
genera. The 12 most common genera were Pseudomonas, Propi-
onibacterium, Bradyrhizobium, Corynebacterium, Acinetobacter,
Brevundimonas, Staphylococci, Aquabacterium, Sphingomonas,
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Streptococcus, Streptophyta, and Methylobacterium which com-
posed about 96% of the classified bacterial detected. Despite
these bacteria’s normal presence, Staphylococcus, Pseudomonas
and Propionibacterium species have been reported the most com-
mon bacterial species for causing ocular infections such as blep-
heratis [0, 7]. These same pathogens may also invade the ocular
surface to cause conjunctivitis, keratitis, and even sight-threaten-
ing endophthalmitis [8, 9]. In fact, these bacterial pathogens are
isolated in approximately 50% of the swabs taken from the con-
junctiva and tears, and more than 50% from the eyelids [10]. This
above data demonstrate bacterial pathogens commonly found in
healthy eyes may also led to infection, thus suggesting the infec-
tions are linked to the change of the homeostatic balance and/or
abnormal proliferation that can be caused by multiple factors. For
example, the pathogenesis of ocular infections can be caused by
neutropenia, surgical intervention, improper hygiene, the use of
broad spectrum antiobiotics or even wearing contaminated con-
tact lenses. In fact, contact lens wearers were found to have a sig-
nificantly higher number of bacterial species identified on their lid
margin than control healthy subjects (non-contact lens wearers)
and these same subjects were more likely to develop ocular sur-
face diseases [11]. Hence, it is important to keep the homeostatic
balance of local bacterial flora, avoid improper use of makeup
and maintain the cleanliness of the ocular area to prevent the on-
set or recurrence of these ocular diseases.

Fungal Infections of the Eye

Fungal eye infections are commonly caused by environmental
factors [12], post-surgical complications or ocular injuries [13].
A previous report [14] has shown the most common fungi spe-
cies involved in eye infections are Fusarium (67% of cases), As-
pergillus (10.5% of cases), and Candida species (10% of cases).
Notably, approximately 40% of these infections were related to
trauma |14]. These fungi can invade and affect different parts of
the eye thus leading to conditions such as keratitis or endophthal-
mitis. There are two types of endophthalmitis: exogenous and en-
dogenous. Exogenous fungal endophthalmitis occurs after fungal
spores enter the eye from an external source and may be caused
by surgical procedures that disrupt the integrity of the eye such
as cataract, keratoplasty, glaucoma, or retinal, and intravitreal in-
jections. Symptoms normally present 1 week after the procedure.
Endogenous endophthalmitis is a much less prevalent occurring
in less than 15% of endophthalmitis cases and occurs when a
bloodstream infection (for example, candidemia) spreads to one
ot both eyes. The most common cause of endogenous endoph-
thalmitis is Candida albicans [15]. These conditions may lead to
partial or total loss of vision and may resort to surgical correction
to resolve ocular pain [1]. As fungi eye infections can be very se-
vere and difficult to treat, antifungal drugs are often used. Preven-
tion of endophthalmitis is normally performed by administering
pre-, peri- and post-surgical antibiotic regimens, however their ef-
fectiveness in prevention has not been proven in a well-controlled
prospective study.

Antibiotics are also used for the early treatment of bacterial kera-
titis to prevent superficial keratitis (only involving the uppermost
layers of the cornea) from spreading deep in the stroma that may
cause subsequent scarring. Due to the increased prevalence of
keratitis in contact lens wearers, antibiotics can also be used to
the soak contact lenses to prevent contamination from organisms
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such as Fusarium and Candida albicans which are the most com-
mon fungi found on contact lens or in contact lens care solution
[16].

Parasitic Eye Infections

Parasitic infections are major causes of ocular diseases all over
the world especially in third world countties where poor sanitary
conditions favor the parasitism between man and animals [17].
Parasitic infection can be caused by a range of organisms includ-
ing single-celled Protozoan to large, multi-cellular organisms such
as Helminth or Ectoparasites [18]. Herein, we list the some of the
most common parasites causing ocular infection:

Acanthoemba Infection

Acanthoemba strains are one of the most common protozoa in
soil, and are also frequently found in contaminated water and oth-
er habitats [19]. When present in the eye, acanthamoeba strains
can cause keratitis [20] which may subsequently lead to corneal ul-
cers or even blindness |21, 22]. Acanthamoeba keratitis is usually
linked with the use of contact lens in advanced countries [23] but
is more commonly induced by exposure to contaminated water in
countties like India [24]. A recent study conducted by tesearchers
in Austria demonstrated that 89% of acanthamoeba keratitis pa-
tients were contact lens wearers and 19% of the patients required
a corneal transplant [25]. The major symptoms of acanthamoe-
bic keratitis are painful radial neuritis, eyelid ptosis, conjunctival
hyperemia, epithelial ulcers, and the symptoms are usually linked
with a formation of a central ring-shaped corneal infiltrate. Acan-
thamoebic keratitis represents one of the most difficult ocular
conditions to treat since there are no known anti-microbial agents
that can exert a reproducible, effective killing effect. Several
agents such as polyhexamethylene biguanide (PHMB) [26], pro-
pamidine isethionate [27] or chlorhexidine [28] have been used
to treat acanthamoebic keratitis in some cases, yet they ate not
always effective and this leaves the corneal surface susceptible
to severe corneal scarring [29]. Proper prevention should be fol-
lowed by maintaining ocular hygiene and propetly maintaining the
cleanliness of contact lenses by avoiding the use of tap water to
wash or store contact lenses.

Round Worms

There are several types of round worms that may cause ocular
diseases such as Anagiostrongyliasis, Baylisascariasis, Dirofila-
riasis, Loiasis Thelaziasis, Toxocariasis or Trichinosis [17]. The
main causative agents are Angiostrongylus [30, 31], Baylisascaris
procynois [32, 33|, Dirofilaria repens [34], Loa loa [35], Thelazia
callipaeda [30, 37|, Toxocara canis [38], and Trichinella spiralis.
Although these worms are usually observed in certain areas geo-
graphically, travel and co-habitation with pets have facilitated the
spreading of certain parasitic diseases. Hence, it is important to
ask patients if they have pets or traveled recently when they pres-
ent with symptoms. These diseases may lead to blurred vision,
pain, conjunctival congestion, conjunctivitis, keratitis, glaucoma,
oedema around the eye, exophthalmoses or even loss of vision.
For treatment of round worm infection, it may require surgical
intervention to manually remove the worms with the combination
of topical steroids or even laser treatment.
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Table 1. Summary of Microorganisms, Common Ophthalmic Diseases and their Treatments.
Disease/Infection | Causative Agent Ocular Findings Treatment

Conjunctivitis

*  Haemophillus influenza
*  Morexella catarrbalis

o 8. Aureus

*  Propionibacterium Acne
*  Proteus mirabilis

»  Serratia marcescens

*  Demodex Mite

*  Gonorrhea

o Chlamydia

<<

Redness
Swelling of the eyelid
Mucopurulent discharge

Conjunctivitis resolves in 65% of
cases without treatment [48]

Maintenance of ocular hygiene is
important

o Acinetobacter baumanii

Severe pain
Loss of vision

Injections of vancomycin and

Endophthalmitis o Clostridinm Prefringens v . 1
p o f 8 V' Redness of the conjunc- | ceftazidime
*  Propionibacterinm acne .
tiva
v A burning sensation with
red eyes Dry eye treatments include artifi-
. . V' Stringy mucus in or | cial tears, steroids or medications
*  Klebsiella pnenmonia & . . iy
D Corent around the eyes to avoid dry or windy conditions.
1y eye o Streptococcus pyogenes . 7
yey P .p] 4 v Photophobia
e Demodex Mite . . . . ..
V' Foreign body sensation in | Maintain ocular hygiene is im-
the eyes portant
v Blurred vision
e  Demodex Mite
e Moraxella catarrbalis . . . . .
. . vV Painful red eye Antibacterial solutions include
.. . Serratia marcescens . oL . . . .
Keratitis . vV Impaired eyesight levofloxacin, gatifloxacin, moxi-
o Staphylococcus anrens . . .
. V' Photophobia floxacin, ofloxacin are often used
*  Pseudomonas aernginosa
o Acanthamoeba castellanii
V' Dryness
v Burnin
vV Ttchi 8 Warm compresses,
chin: . . .
. . o 8. Aurens o 8 Meibomian gland probing and
Meibomian  gland o ) v Stickiness . . .
. *  Propionibacterinm Acne . Antibacterial or Cyclosporine eye
dysfunction (MGD) . v Crustiness .
e Demodex Mite . . drops can be used to relieve
v Foreign Body Sensation
. MGD symptoms
vV Chalazion/Styes ’
vV Blurry Vision
v Burnin . .
vV  Flaki & Blepharitis does not often disap-
akin, .
. . 8 pear entirely, and even successful
o Staphylococcus species vV Crusting ;
- . . treatment is often followed by
. *  Psendomonas aernginosa vV Tearing
Blepharitis o . o relapses
*  Propionibacterium Acne vV Irritation,
e Demodex Mite v Ttching L. . L.
. . .| Maintain ocular hygiene is im-
V' Redness in eyelid margins
. . portant
vV Foreign body sensation.
Laser treatment, avoid trigging
v Redness behavior such as reducing expo-
. . v Visible blood vessels sure to sunlight, and using medi-
o Bacillus oleronins . . . i
Rosacea . v Swelling cations such as ivermectin and
*  Demodex Mite . . . .
vV Acne-like breakouts azelaic acid creams and brimo-
vV Red and irritated eyes nidine, doxycycline, and isotreti-
noin by mouth
Mebendazole or
Trichinosis o Trichinella spiralis V' Oedema around the eye | albendazole are usually given for
treatment
vV Ulcers on ocular surface
Thelaziasis *  Thelazia callipaeda v Epiphora Surgical intervention
V' Redness of eye
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Loiasis *  Loaloa

Painful eye
Loss of vision
Eye inflammation

Surgical intervention

L[

Red eye
. Ve Albendazole,
- *  Toxocara canis White pupil .
Toxocariasis . . mebendazole and Corticoster-
o Toxocara cati Retinal detachment .
. . oids can be used for treatment
Eye inflammation
Laser treatment
. .. . . . combined with use
Angiostrongyliasis »  Angiostrongylus cantonensis vV Blurred vision . . .
of prednisolone. Surgical inter-
vention for severe cases
. o ) . ) .. Anthelmintic drugs
Baylisascariasis *  Baylisascaris procyonis V' Loss of Vision &

and Corticosteroids

Demodex Mites

Demodex is a genus of tiny parasitic mites that live in or near
animal’s hair or eyelashes. Two distinct species of demodex mites
that have been found and characterized in humans are demodex
folliculorum and demodex brevis [39, 40]. The life cycle of the
demodex mites is approximately 14—18 days from the egg to the
larval stage followed by the adult stage [39]. The infestation of de-
modex mites in the ocular and facial areas has been demonstrated
to be the cause of rosacea [41, 42], chalazia, meibomian, gland
dysfunction, dry eye, keratitis and blepharitis [43-45]. In fact, a
study indicates that demodex mite is found in 42.1% of patients
with blepharitis [46]. Moreover, infestation of demodex mites is
usually linked with mite-harboring cylindrical dandruff in eyelash-
es [47]. In order to treat such complications, it is important to
reduce the amount of adult mites and their eggs, prevent further
mating, and avoiding re-infestation. In addition, it is important to
avoid dog or cat contact and maintain hygiene of facial and ocular
areas to avoid infestation of demodex mites.

Conclusion

Microorganisms can be naturally found on the ocular surface and
contribute to the eye’s overall well-being, however the improper
number and balance of species can lead to infections due to daily
manipulations or actions. The pathogenesis of ocular infections
can be multi-factorial including the use of broad spectrum anti-
obiotics that disrupt the normal balance of microbial flora, neu-
tropenia, contact lens wear, surgical intervention, ocular trauma
or even improper hygiene for ocular area. In addition, although it
may be different geographically, microorganisms such as parasites
can also invade after contact with contaminated water or soil in
certain area and cause different type of ocular infections. Thus
it is important to know the common, opportunistic pathogens
and their etiology to better prevent and treat ocular diseases. This
review captures this information and aims to provide the audi-
ence with further understandings of microorganisms and their
associated ocular disease so as to establish steppping stones for
facilitating further development of therapeutic modalities for oc-
ular diseases.
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