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The Prevalence of Bacteria, Fungi, Viruses, and Acanthamoeba
From 3,004 Cases of Keratitis, Endophthalmitis, and

Conjunctivitis
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Purpose: The definitive identification of ocular pathogens optimizes
effective treatment. Although the types of ocular pathogens are known;
there is less definitive information on the prevalence of causative infections
including viruses, fungi, and protozoa, which is the focus of this
retrospective laboratory review.
Methods: Data used for laboratory certification were reviewed for the
detection of bacteria, viruses, fungi, and protozoa, from patients with
infectious keratitis, endophthalmitis, and conjunctivitis. The main outcome
parameter was laboratory-positive ocular infection.
Results: The distribution of infectious agents for keratitis (n¼1,387)
(2004–2018) was bacteria 72.1% (Staphylococcus aureus 20.3%, Pseudo-
monas aeruginosa 18%, Streptococcus spp. 8.5%, other gram-positives
12.4%, and other gram-negatives 12.9%), Herpes simplex virus 16%, fungi
6.7%, and Acanthamoeba 5.2%. For endophthalmitis, (n¼770)
(1993–2018), the bacterial distribution was coagulase-negative Staphylo-
coccus 54%, Streptococcus spp. 21%, S. aureus 10%, other gram-
positives 8%, and gram-negatives 7%. The distribution for conjunctivitis
(n¼847) (2004–2018) was Adenovirus 34%, S. aureus 25.5%, Streptococ-
cus pneumoniae 9%, Haemophilus 9%, other gram-negatives 8.8%, other
gram-positives 6%, coagulase-negative Staphylococcus 4.5% and Chla-
mydia 3.2%.
Conclusion: An updated monitoring of ocular pathogens creates an
awareness of the different infectious etiologies and the importance of
laboratory studies. This information can determine treatment needs for
infectious ocular diseases.
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O cular infections can cause significant ocular morbidity and
most fortunately will resolve in most instances if properly

detected and appropriately treated. Although the etiologic agents of
keratitis, endophthalmitis, and conjunctivitis have been de-
scribed,1–3 an accurate prevalence including viral, fungal, and pro-
tozoal infection has not been reported. Our specialized ophthalmic
laboratory was able to describe the number of laboratory-positive
agents responsible for ocular infections.
Bacterial conjunctivitis is generally self-limiting, but adenovirus

can spread to others and chlamydia can be prolonged without
treatment. The incidence of ocular adenoviral infection among
conjunctivitis patients in the United States has not been completely
determined, and there is an interest in developing a topical
treatment for this “unmet need.”4–6 Bacterial keratitis may be trou-
blesome if not treated appropriately with the correct antibiotic. The
prognoses of Acanthamoeba and fungal infections can be devas-
tating and sight threatening with prolonged and incorrect treatment
if identified in an untimely fashion. There is a need for a consistent
treatment for Acanthamoeba keratitis, and although there are sev-
eral remedies for fungal keratitis, differentiation from other infec-
tious agents can be an advantage. Herpes simplex virus (HSV)
keratitis needs to be correctly diagnosed to properly treat without
exacerbating with anti-inflammatory agents. The incidence of bac-
terial endophthalmitis is important to monitor surgical prophylaxis
and assure that intravitreal therapy is appropriate.
Our study, based on monitored data, provides insight on the

occurrence of ocular pathogens that are causative agents of
keratitis, endophthalmitis, and conjunctivitis/blepharitis.

METHODS
The data used for the certification of our clinical ophthalmic

microbiology laboratory was reviewed for pathogens that are
implicated in keratitis, endophthalmitis, and conjunctivitis/
blepharitis from 1993 to 2018. These cases represent all positive
cultures from our outpatient clinics, in-house private practices,
the emergency department, the surgical centers, satellite offices,
the community ophthalmologist, and patients sent to our
ophthalmic microbiology laboratory for cultures and laboratory
studies. The data in part are used to provide antibiotic
susceptibility patterns to treat ocular bacterial infections (not
part of this study). Bacterial susceptibility patterns of the
isolates in part are found in a previous manuscript.7 Laboratory
certification mandates that yearly changes in antibiotic
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susceptibility, testing, and laboratory procedures be shared with
the ophthalmic practicing community through direct mail com-
munication or in our case a website (http://eyemicrobiology.
upmc.com). This website details the laboratory tests for identi-
fying infectious agents of keratitis, endophthalmitis, and
conjunctivitis.
Since 1993, pathogens and patient samples isolated from

keratitis, conjunctivitis, and endophthalmitis have been stocked
for validation of new testing and patient treatment. These isolates
represented an Ocular Clinical Tissue Bank in which the isolates
were de-identified to comply with IRB protection of patient
identity. Clinical presentation data, patient identity, and demo-
graphics were not tabulated for the isolates. No patient contact was
involved in this study (University of Pittsburgh, Institutional
Review Board, IRB# 1904003).
It must be noted that testing changed to the better during the

study period (1993–2018). The patient-positive results were
included into the database as saved stocks, but the original patient
requisitions were not available before 2004. Because it was an
infrequent cause of endophthalmitis, we could not accurately tab-
ulate fungal infection before 2004, and subsequently we only
included Acanthamoeba infections after 2004.

RESULTS
Figure 1 depicts the prevalence of 1,387 laboratory-positive

pathogens of infectious keratitis from 2004 to 2018. The distribu-
tion of infectious agents for keratitis (n¼1,387) was bacteria 72.1%
(Staphylococcus aureus 20.3%, Pseudomonas aeruginosa 18%,
Streptococcus spp. 8.5%, other gram-positives 12.4%, and other
gram-negatives 12.9%), H. simplex virus 16%, fungi 6.7%, and
Acanthamoeba 5.2%. These data do not include three cases of
microsporidial keratitis.

Figure 2 depicts the prevalence of 770 laboratory-positive bac-
terial pathogens of endophthalmitis from 1993 to 2018. For en-
dophthalmitis, (n¼770), the bacterial distribution was coagulase-
negative Staphylococcus 54%, Streptococcus spp. 21%, S. aureus
10%, other gram-positives 8%, and gram-negatives 7%. We did not
have a complete data-set to add accurate fungal incidence. From
2015 to 2018, 11 of 34 (32.3%) of endogenous endophthalmitis
were due to fungal infection (Amarasekera S et al. Epidemiology,
clinical features, and outcomes of bacterial and fungal endogenous
endophthalmitis at a tertiary care hospital. Invest Ophthalmol Vis
Sci. 2018 (suppl):2024).
Figure 3 depicts the prevalence of 847 laboratory-positive patho-

gens of infectious conjunctivitis/blepharitis from 2004 to 2018.
The distribution for conjunctivitis (n¼847) was Adenovirus 34%,
S. aureus 25.5%, Streptococcus pneumoniae 9%, Haemophilus
9%, other gram-negatives 8.8%, other gram-positives 6%,
coagulase-negative Staphylococcus 4.5%, and Chlamydia 3.2%.

DISCUSSION
Do the data detailed by the three pie charts represent a realistic

snapshot of ocular infections? The data may be a function of “cul-
turing bias” with three apparent scenarios: (1) There are people
who have infections and do not seek help for many reasons, (2)
There are people who have infections and physicians empirically
treat based on training intuition; and (3) There are people who have
serious eye infections that require laboratory studies and treatment.
The literature is sparse for reports of microbial prevalence in

conjunctivitis. Woodland reported a prevalence of bacteria 18.3%,
Adenovirus 75%, HSV 2.3%, and Chlamydia trachomatis 1.8%.8

In general, bacterial conjunctivitis is self-limiting and physicians
do not seek culture, but physicians may treat topically especially in
the school age population. If the conjunctivitis does not resolve

FIG. 1. The prevalence of 1,387 laboratory-positive
pathogens of infectious keratitis from 2004 to 2018.
Blue represents gram-positive bacteria and red rep-
resents gram-negative bacteria.
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within a few days, adenovirus infection is suspected and the phy-
sician may treat the symptoms and perform laboratory studies to
confirm infection. In a previous study from our laboratory, actual
prevalence with other infections was not shown, but seasonal
changes of prevalence with adenovirus infection were demon-
strated, whereas most adenovirus infections appear from July to
September and the least from April to June.9 A wide range of
adenovirus prevalence has been reported from 0.08% to
75%.10–13 Chronic conjunctivitis supported with classic symptoms
may support chlamydia infection, and the social ramifications may
require laboratory studies to confirm and adequately treat the pa-
tients and their significant others for chlamydia infection. The
prevalence of laboratory-positive isolation of conjunctivitis from
this study probably represent those patients with serious conjunc-
tivitis that were deemed necessary to culture. The accuracy of the
data can be reasonably debated.
The culturing of presumed bacterial keratitis is dictated by the

size of ulceration, clinical presentation, and the physicians’ train-
ing. Small infiltrates with staining (less than 2 mm) due to contact
lens are generally not cultured, and the patients are administered
topical empiric antibiotics. Large infiltrates with ulceration (greater

than 2 mm) are cultured, placed on fortified topical antibiotics, and
the patients are followed carefully until the keratitis resolves.
Microbial keratitis with a differential diagnosis of fungus, Acan-
thamoeba,Mycobacteria, Nocardia, etc. have samples obtained for
laboratory studies. HSV and Varicella zoster virus (VZV) infec-
tions have classic presentations that do not require culture, but
suspicion in patients with nonclassical presentations may have
need for laboratory studies to rule-out viral infection. The preva-
lence of laboratory-positive isolation of keratitis may be a better
sampling method for the general population, but the prevalence of
HSV infection is probably understated in this study.
Endophthalmitis is generally a serious bacterial infection that is,

confirmed with laboratory studies. The vitreous and anterior
chamber of patients with endophthalmitis are tapped for culture
confirmation of infection and to assure susceptibility to the
antibiotics that are intravitreally injected. Our data are comparative
to the Endophthalmitis Vitrectomy Study, a multicenter study, with
the predominance of gram-positive bacteria (93%–94%),
coagulase-negative Staphylococcus (54%–70%), S. aureus (10%–

10%), S. spp (21%–14%), other Gram-positives (8%–3%), and
gram-negatives (7%–6%).14 The prevalence of laboratory-

FIG. 3. The prevalence of 847 laboratory-positive
pathogens of infectious conjunctivitis from 2004 to
2018. Blue represents gram-positive bacteria and red
represents gram-negative bacteria.

FIG. 2. The prevalence of 770 laboratory-positive
bacterial pathogens of endophthalmitis from 2004 to
2018. Blue represents gram-positive bacteria and red
represents gram-negative bacteria.
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positive isolation of endophthalmitis from our study may represent
a closer sampling of the general findings from the total endoph-
thalmitis population set.
We must emphasize that this is a single-center study in the

United States and may not reflect prevalence of ocular infections
worldwide. The data from our study definitely could be used to
focus on new antimicrobials for future and seasonal infections. It
can be reasonably debated that our data do not completely
represent the precise prevalence of infection in the total population,
but may represent the total population of ocular infections from
patients with severe ocular infections that sought and received
antimicrobial treatment. Finally, our study demonstrates the
importance of laboratory studies of ocular infections and the
monitoring of these infections to provide updated patient care.
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