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Objective: To study risk factors, contributing factors of bacterial and fungal endophthalmitis in
Upper Egypt, test the isolated species sensitive to some therapeutic agents, and to investigate
the air-borne bacteria and fungi in opthalmology operating rooms. Methods: Thirty one cases
of endophthalmitis were clinically diagnosed and microbiologically studied. Indoor air-borne
bacteria and fungi inside four air—conditioned operating rooms in the Ophthalmology Department
at Assiut University Hospitals were also investigated. The isolated microbes from endophthalmitis
cases were tested for their ability to produce some extracellular enzymes including

g?gfg;ﬁi protease, lipase, urease, phosphatase and catalase. Also the ability of 5 fungal isolates from
Fungal endophthglmitis origin to produce mycotoxins aqd their ser?sitivily to some thergpeuti? agents
Endophthalmitis were studied. Results: Rest{lt's showed t.hat bacteria and fungi were resp0n51hle for lnfeCthI"l in 10
Upper Egypt and 6 cases of endophthalmitis, respectlively and only 2 cases pmdl}ced a mixture of bacteria and
Risk factors fungi. Trauma was the most prevalent risk factor of endophthalmitis where 58.1¢ of the 31 cases
TREETiiTie were due to trauma. In ophthalmology operating rooms, different bacterial and fungal species

were isolated. 8 bacterial and 5 fungal isolates showed their ability to produce enzymes while
only 3 fungal isolates were able to produce mycotoxins. Terbinafine showed the highest effect
against most isolates in vitro. Conclusions: The ability of bacterial and fungal isolates to produce
extracellular enzymes and mycotoxins may be aid in the invasion and destruction of eye tissues.
Microbial contamination of operating rooms with air—borne bacteria and fungi in the present work
may be a source of postoperative endophthalmitis.

Ophthalmic surgery

hospital construction activityl6l. While postoperative
fungal endophthalmitis may be rare in the Western world,

1. Introduction

Endophthalmitis is an inflammatory reaction of
intraocular fluids or tissues. Infectious endophthalmitis
is one of the most serious complications of ophthalmic
surgerylll. Endophthalmitis can occur exogenously after
ophthalmic surgery, post—traumatically or endogenouslyl2]
Endophthalmitis, although rare, is one of the most vision—
threatening complication of cataract surgery, with a
frequency varying from 0.07% to 0.13%[3l. The majority of
these infections are bacterial. The occurrence of fungal
endophthalmitis after cataract surgery is raref4]. Fungal
endophthalmitis is usually seen as cluster infections
caused by the use of contaminated intraocular irrigating
solutions, intraocular lenses, ventilation systemls], and

*Corresponding author: AA Gharamah, School of Biological Sciences, Universiti Sains
Malaysia, 11800 Minden, Pinang, Malaysia.

Tel: 006—0174403202

E-mail: ghrama77@yahoo.com

apparently it is not as infrequent in developing countries.
In recent studies from India, fungi accounted for up to 21.8%
of all the culture—positive postoperative endophthalmitis
casesl7]. Operating theatres in developing countries often
do not adhere to standards for physical parameters.
Most conventional operating theatres in hospitals of
such countries are equipped with window—mounted air
conditioning units, mainly installed for comfort rather
than for the delivery of clean air. Fungi that can cause
healthcare—associated infections include Aspergillus spp.,
members of the orders Mucorales and Moniliales. Many of
these fungi have the potential to proliferate in air filtration
devices and air condltlonlng units(8l. The lack of information
about endophthalmitis in Upper Egypt and its possible
reasons were the motivation of this study. This work was
designed to study bacterial and fungal species associated
with endophthalmitis, different risk factors that predispose
patients to this infection, contributing factors, and to test
the isolated species sensitive to some therapeutic agents.
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Also the contamination of air in opthalmology operating
rooms by bacteria and fungi was studied.

2. Materials and methods

2.1. Clinical diagnosis and sampling of endophthalmitis
specimens

A total of 31 patients clinically diagnosed to have
endophthalmitis were investigated. Patients were from Upper
Egypt (El1-Minya, Assiut, The New Valley, Sohag, Qena,
Aswan) and their informed consent for vitreous sampling
was obtained. All patients were admitted and treated in the
Department of Ophthalmology of Assiut University Hospitals.
A history was taken of circumstances in which the eye
became infected, of the predisposing factors. The patients
were thoroughly examined using slit—lamp biomicroscope by
an ophthalmologist. Vitreous sampling was done at the pars
plana, 3 mm from the limbus with 22— to 26-Gauge needle
and 2 mL disposable syringel9l. From each endophthalmitis
case, a vitreous sample was taken for direct microscopic
examination and culturing. The potassium hydroxide wet
mount 10% and two stains were used in examining the direct
smears, lactophenol cotton blue stain and Gram stain. The
vitreous samples were divided into four parts and inoculated
directly into the following 4 media: two for bacteria (Blood
agar and Endo agar) and two for fungi (Sabouraud dextrose
agar and Czapek glucose agar). The standard microbiological
methods were used for identification of bacterial and fungal
genera and speciesl10l. Bacterial and fungal isolates were
given numbers and deposited in the Assuit University
Mycological center.

2.2. Sampling for bacterial and fungal airospora in
Ophthalmology operating rooms

Settle (gravity) plate methodi!1] was used to catch air—borne
bacterial and fungal species after surgery in the atmospheres
of four air—conditioned operating rooms at Ophthalmology
Departement, Assiut University Hospitals. Four types of agar
media were used: two for isolation of bacteria (Blood agar
and Endo agar) and two for isolation of fungi (Sabouraud
dextrose agar and Czapek glucose agar). Total bacterial catch
for each bacterium and Total fungal catch for each fungus
in 10 exposures was calculated per 160 plates, 30 minutes
exposure each.

2.3. Screening for extracellular enzyme pr()du( tion by
bacterial and fungal isolates of (’rl(]()])}l[}l(l]IILL[LS origin

Eight bacterial and five fungal isolates of endophthalmitis
origin were screened for their ability to produce extracelluar
enzymes including protease, lipase, urease, phosphatase
and catalase in solid media using different substrates and
reagentsl12]. The ability of these organisms to produce
enzymes was measured by the clear zone around the colony
(protease), the depth of visible precipitate (lipase), the
color intensity (urease), the color zone around the colony
(phosphatase) and O, bubbles evolution (catalse).

2.4. Determination of mycotoxins produced by some fungal
isolates of keratitis and endophthalmitis origin
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Mycotoxins were extracted using chloroform then the
thin—layer chromatographic technique was applied for semi
quantitative analysis of mycotoxins{13.14.. Five fungal isolates
of endophthalmitis origin were tested for their ability to
produce different mycotoxins (Aflatoxins, sterigmatocystin,
zearalenone and trichothecene toxins). Thin layer of silica
gel (type 60— F254) of about 0.3 mm thickness was prepared
and poured on glass plates using an applicator. The samples
were added to the plates as spots and for the purpose of
separation of the different mycotoxins, solvent systems of
reagents grade of the following composition were used:

Chloroform: methanol (97:3 v/v) and chloroform: acetone
9:1, v/v) for aflatoxinsl13l.

Toluene: acetone: methanol (50:30:20 v/v/v) for zearalenone
and other fusarium toxins as described previouslyl1s.

Benzene: methanol: acetic acid (90:1:15, v/v/v) for
sterigmtocystin as described previouslyl14l.

The plates were detected before and after spraying with
the different reagents using shortwave (254 nm) and longwave
UV light (365 nm). Mycotoxins were identified by comparison
with appropriate reference standards|13.14,16-18],

2.5. Determination of antifungal activity

The disc susceptibility testi19] was employed using filter
paper discs fully saturated with the antifungal agent (~10
#L). The antifungal activity of four types of antifungal
therapeutic agents [amphotericin B(50 mg), cetrimide
(powder), ketoconazole (200 mg) and terbinafine (250 mg)]
against five fungal isolates of endophthalmitis origin
were tested using three concentrations (0.1%, 0.5% and
1%). Amphotericin B at 0.005% concentration which is
recommended for endophthalmitis therapy also used to find
out if this concentration is effective in—vitro or not. Discs
were placed on the surface of Sabouraud dextrose agar
seeded with the test organism. Cultures were incubated at
28 C for 48 h after which the zone of inhibition of fungal
growth around discs was measured in mm and the data
were recorded as the mean of three replicates. Dimethyl
sulphoxide was used to dissolve the antifungal agents and
also as a control in this test.

3. Results

Results showed that bacteria and fungi were responsihle
for infection in 10 and 6 cases of endophthalmitis,
respectively. Only 2 cases produced a mixture of bacteria
and fungi whereas 13 were negative for microbial cultures
(Table 1). Enterobacter species was the most common
bacterial agent involved in 3 (30%) out of the 10 bacterial
endophthalmitis cases followed by Staphylococcus species
which was reported from 2 cases (20%), while Aspergillus
Jumigatus (A. fumigatus) (Figure 1,2) and A. terreus (A.
terreus) were the dominant species associated with fungal
endophthalmitis involved in 3 and 2 out of the 6 fungal cases,
respectively (Table 1).

Trauma was the most prevalent risk factor of
endophthalmitis where 58.1% of the 31 cases were due to
trauma. Cases of trauma due to unknown factors and foreign
bodies were represented by 55.6%, 44.49% of trauma cases and
32.39%, 25.8% of the total cases, respectively. Previous ocular
surgery came second as a risk factor with 41.9% of the 31
cases, including cataract surgery which accounted 29.0% of
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Table 1
Collective data of endophthalmitis due to bacterial and/or fungal species.
Case type Isolated organism Number of cases of Percent of isolations (%)
isolations (n)

Bacterial Enterobacter sp. 3 30.00

Staphylococcus sp. 2 20.00

M. luteus (Schroeter) Cohn 1 10.00

Staphylococcus aureus Rosenbach 1 10.00

Escherichia coli Migula) Castellani and Chalmers 1 10.00

Streptococcus pneumoniae (Klein) Chester 1 10.00

Actinomycete sp. 1 10.00

Klebsiella pneumoniae (Schroeter) Trevisan 1 10.00
Fungal A. fumigatus Fresenius 3 50.00

A. terreus Thom 2 33.33

A. niger Van Tieghem 1 16.67
Mixed Staphylococcus sp. 1 50.00

Actinomycete sp. 1 50.00

P. chrysogenum Thom 1 50.00

Eurotium amstelodami Mangin 1 50.00
Negative No fungi and/or bacteria 13 100.00
Table 2
Mycotoxins produced by fungal isolates of endophthalmitis origin.
Fungi tested Mycotoxin detected Toxin level
A. fumigatus Sterigmatocystin High (> 500 mg/50 mL medium)

Versiclorin Moderate (from 2—10 mg/50 mL medium)
A. fumigatus Sterigmatocystin Low (< 2 mg/mL medium)
A. terreus — —
Eurotium amstelodami - -
P. chrysogenum Patulin Moderate (from 2—10 mg/mL medium)
—: negative for mycotoxins.
Table 3
In—vitro antifungal activity of some antifungal theraputic agents (mm).
. Amphotericin B Cetrimide Ketoconazole Terbinafine
Fungi tested Control (solvent)
lg,  0.59 0.19% 0.0059 19, 0.59 0.19 19, 0.5 0.19 19, 0.59% 0.1,

A. ﬁmigatus 0 8.0 7.0 0.0 0.0 10.0 7.0 0.0 11.3 8.3 0.0 26.0 20.0 13.0
A. fumigatus 0 70 60 00 00 100 80 00 93 73 00 310 220 140
A. terreus 0 0.0 0.0 0.0 0.0 18.0 11.0 0.0 18.7 15.0 0.0 33.0 28.0 21.0
Eurotium amstelodami 0 30.0 25.0 20.0 15.0 10.0 0.0 0.0 38.0 323 240 0.0 0.0 0.0
P. chrysogenum 0 11.0 10.0 7.0 0.0 13.0 10.0 0.0 10.7 8.7 0.0 38.0 35.0 27.0

Solvent: dimethyl sulphoxide (DMSO).

Figure 1. A case of fungal endophthalmitis due to A. fumigatus in a 5 Figure 2. Microscopic appearance of A. fumigatus stained by
year old girl. lactophenol cotton blue (100 X).
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total cases (Figure 3).

In the environment of ophthalmology operating rooms,
Micrococcus luteus (M. luteus) and unidentified species of
Staphylococcus, Actinomycetes and Gram negative Bacilli
were the predominant bacteria (Figure 4), whereas Alternaria
alternata, Aspergillus flavus, Aspergillus niger (A. niger),
A. fumigatus, A. terreus, Penicillium chrysogenum (P.
chrysogenum) and Cladosporium cladosporioides were the
most common indoor airborne fungi (Figure 5).

Out of 8 bacterial isolates tested for enzymes production
during the present study, 12.5% were positive for protease,
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Figure 3. Incidence of endophthalmitis in relation to risk factor (out
of 31 cases).
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Figure 5. Total catch of most common fungal species isolated from
air of ophthalmology operating rooms.

4. Discussion

Species of Enterobacter and Staphylococcus were the
common etiologic agents of bacterial endophthalmitis.
Staphylococcus species were reported as the most common
causative agents of bacterial endophthalmitis previously with
2691201, and 35% of the casesl21l, while Enterobacter species
was isolated from one out of 34 cases of endophthalmitis(211.
From the available literatures it is worthy to mention that M.
luteus (reported from one out of 10 bacterial endophthalmitis
cases studied) was not reported earlier20.22],

The current results revealed that Aspergillus species were
the most common agents of fungal endophthalmitis. Earlier
study also reported Aspergillus species from 9 out of 27
fungal endophthalmitis cases studied and these species were
A. fumigatus, Aspergillus glaucus, A. terreus and A. niger23l.

Eye trauma was the most common risk factor for
endophthalmitis followed by previous ocular surgeries.
Earlier studies have shown that previous ocular surgery
especially cataract surgery was the most predisposing factor
of endophthalmitis followed by systemic diseases, trauma
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lipase and urease, 37.5% for phosphatase and 100% for
catalase enzymes (Figure 6) while out of 5 fungal isolates
tested, 809 were positive for protease and lipase where 1009
for urease, phosphatase and catalase enzymes (Figure 6).
Of 5 fungal isolates tested for toxin production only 3 were
able to produce detectable amounts of toxins in culture
medium (Table 2). The minimal inhibitory concentration
(MIC) of amphotericin B, cetrimide and ketoconazole for
most isolates was at 0.5% concentration while terbinafine
showed the highest effect against most isolates at the three
concentrations used (Table 3).
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Figure 4. Total catch of bacterial species isolated from air of
ophthalmology operating rooms.
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Figure 6. Extracellular enzymes produced by 8 bacterial and 5 fungal
isolates of endophthalmitis origin.

and corticosteroid therapy(20.22].

It is worthy to mention that contamination of operating
rooms with air—borne bacteria and fungi in the present
work may be a source of postoperative endophthalmitis as
suggested by others. Earlier study postulated that microbial
contamination of air in operating rooms is generally
considered to be a risk factor of postoperative infections|24.
Postoperative fungal infection may be caused by discharge
of spores from contaminated air conditioning units. The
findings of many authors are in agreement with our findings
where the filters of such units may be act as a nidus for the
growth of fungil9.25.26]. In this respect, and a trial to solve
that problem originating from air fungal spores, the frequent
change of air filters is very necessary to reduce airborne
spores of Aspergillus species.

The ability of bacterial and fungal isolates of
endophthalmitis origin to produce extracellular enzymes
and mycotoxins may be aid in the invasion and destruction
of eye tissues as reported earlier27.28]. In an expermintal
study carried out in the United States[29] the ocular lesions
developed in most rats after 7-14 days of feeding on the
fungal diet (rice cultures or fungal mats of Penicillium
viridicatum), according to these findings mycotoxins maybe
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have a role as contributing factors in eye infections.

The in—vitro sensitivity test using different antifungal
agents is greatly recommended to choose the most effective
drug for therapy. Noteworthy to mention that amphotericin
B showed antifungal activity at 0.005% (the recommended
concentration for fungal endophthalmitis therapy) only
against one isolate out of five tested while Terbinafine at the
three concentrations used showed high activity against most
isolates tested and this revealed that terbinafine was more
effective in vitro than the other three antifungal therapeutic
agents used in this study. Terbinafine has a broad spectrum
and is considered a fungicidal in vitro whereas the azoles
(e.g.; ketoconazole) are primarily fungistatic and this may
partially account for the greater efficacy of terbinafinel30].

The present study showed that previous ocular surgery
came second as a risk factor of postoperative endophthalmitis
infections, thus using of ultraclean air conditioning units
in Ophthalmology operating rooms is very essential and
necessary to reduce the risks of such infections.
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