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A. THE BACTERIAL FLOR4A OF THE EYE.

Bacterial flora of the conjunctiva of the normal eyve is remarkably sim-
ilar around the world. There is no difference in the flora recovered from
the 1id margin and those recovered from the conjunctiva . Cultures taken from
persons of all ages in many parts of the world have shown essentially the
same findings(1-6).

Staphylococcus epidermidis and diphtheroids are regarded as the most

constant Iinhabitants of the 1lid and conjunctiva. The carrier rate of Staphyl-

ococcus epidermidis reported from different sources waries from 33.8%Z(7) to

75.7%(8), while that of diphtheroids varies from 18%(4} to 83%{%2).

Factors that account for this wvariation in the percentage include the
locality where the investigation was carried on, the type of culture media
and the method of culturing.

Other strains of Staphylococcus, Streptococcus hemolviicus, Moraxella

species, Streptococcus pneumoniae, Haemophilus gegyptius, Neisseria meningi-

tidis, and a variety of other crganisms may alsc be found in the normal flera
of the eye. All these organisms with the exception of diphtheroids can be-
come pathogenic to the eyef{l().

The normal conjunctival flora has been demonstrated to contain anaero-

bic organisms{11-16). The obligate anaercbe Propionibacterium agcnes has been

cultured as the predominant anaercbe in 49.5% of eyes studied by Mc Natt and

his colleagues{15). Other investigators(13,14) have isclated Lactobacillus,

Eubgcterium, Clostridium, Bacteroides, and Actinomyces species in small per-

centage of normal eyes. These anaercbes although considered to be harmless
commensals, can become invasive and produce diseases under favorable condi-

tions. For example Propiconibacterium acnes has been identified as cause of

postoperative bacterial endeophthalmitis{l5]).
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The conjunctiva is sterile at birth but shertly thereafter becomes invaded
with varicus saprophytic bacteria{l0,17). An infant routinely pieks up bacteria

during passage through the birth canal., An example of this is Neisseria gonorrh-

oeae which causes conjunctivitis in the newborms. Staphvlococcus epidermidis,

Staphylococcus aureus, Streptococcus species and Escherichia coli alse can be

transmitted to the infant*s eye during birth(17).

Other sources of bacteria in the eye may be the skin of the face,the upper .
respiratory tract and/ or the skin of the hand. {Oceasionally, Gram-negative bacil-
1li which are more common in the gastrointestinal and urinogenital tracts are
isolated from the eve{10,17).

Bacteria commonly found in the air rarely celeonize on the ocular tissue,
These may be because airbornm organisms (1} are introduced in small numbers, {2}
find the occuloadnexal tissue unfavorable for growth, and (3) are rapidly flush-
ed away by the tear film.

The normal bacterial flora is not modified by age except for a rise in the
incidence in diphtheroids in persons over 50 years of age{l7). There is also mno
difference in the bacterial flora between the healthy eyes of males and females,
nor seasonal variatiems in the carriage rate{l7}. The flora obtained from the
right and left eyes is almost always identical{17,18).

Eves obtained from the eye bank carry the same flora found in life in the
normal eyve with an exception . All bacteria are more numerous than in the Iiv-
ing eye{l9-21}.

Patients receiving Immunosuppressives have the same bacterial flora as nor-

als , although the number of positive cultures 1s higher(22).

Infectivity is deterimined chiefly by {1} the virulence of the organism,

2) the host resistance, and (3] whether the organism is colonized or transient-

v loealized to the tissues.
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Virulence of the organisms can be exerted in a pumber of ways. Some organ-
isms have antiphagocytic factors as parts of their structures which protect
them from host phagocytes. Others possess endotoxinsg as part of their wall, or
produce exotoxins that are toxic to the host cells.

Staphvlococcus aureus produces coagulase which depesits fibrin around the

focus of Infection and prevents eantrance of immunoglobulins.

Dissemination of the organisms is accomplished with the help of hyaluroni-
dase ({which depolymerizes hyaluronic acid} and of both the fibrinolysins and
streptokinase {which are elaborated by most strains of hemolytic streptococcus
group & and bring about the digestion of fibrinogen and lysis of fibrim clot}.
Other enzymes such as proteases, collagenases, amylases, nucleases, staphylokin-
ase are also elaborated by bacteria to enhance their pathogenicity.

Some microorganisms such as Staphylococcus aureus may possibly change to

L-forms (viable bacteria minus cell walls) in the presence of antibiotics, re-
emerging as fully wirulent organisms when the antibiotic is withdrawn.

Many parasites {e.g., Mycobacterium tuberculosis, Listeria menocytogenes,

Francisella tularensis) can resist destruction if phagocytosed by macrophages.

They all contain large quantities of structural lipid that may protect them
from phagoeytic digestion within the phagolysosomes{23).

The surface of Staphylococcus aureus organisms is covered with a subsatance

called protein A. The antibedy-bindinglfragnent {F ab), which is normally the
combining end of the antibody molecule, can not combine with protein A, only
the opposite end {the complement-binding fragment F c) cowbines with it. This
reversed attachement blocks phagocytosis by macrophages or polymorphonuclear
leucocytes (24,25},

Some orpganisms have specialized pili (hair-1ike, proteinaceocus antigen) ,
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which facilitate adherence of the bacteria to the epithelial ecells. Pili are
required for colonizatiom.

Lowered resistance predisposes the host to disease produced by his owm
normal flora or by a number of opportunistic pathogens{(26}. The host defenses
which protect the conjunctiva from bacterial infections include non-specific
and specific imwune mechanisms.

Apart from the flushing mechanism, tears contain substances which have
antibacterial activity({27). Secretory immunoglobulin & {5 Ig A) appears to
play a key hole In preventing mucesal invasion of several microorganisms, It
inhibits the adherence of bacteria to wmucosal surface, thus limiting an organ-
ism’s colenization in the eye(28). Secretory Ig A also produces lysis of bac-
teria in the presence of complement and lysozme, and augments phagocvtosis
and opsonizaiten of microorganisms{29}.

Lysczyme is an antibacterial substance in the tears that iahibits bacte-
rial activity in the eye. It is an enzyme of low molecular weight which re-
duces the Iocal concentration of the susceptible bacteria by attacking the muco-
pepiides of the cell wall (30). A&lthough most Grampeositive bacteria are af-

feced by lysczyme, Staphylococcus aureus 1s not, since the lysozyme suscepti-

le site on this organism®s cell wall is blocked structurally from lysozyme
ttack{23).

Lactoferrin,another major tear protein, has bacteriostatic properties
resumably due to its ability to wmake certain metals unavailable for micro-
rpanisms{31}.

Bacteria can be removed by phagocytosis. They first adhere to polymor-

honuciear leucccytes and macrophages and then engulfed by a phapesome. The
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phagosome fuses with lysoczymal granules to form a phagolysosome im which the
bacteria are killed by the low PH and by hydrolytic enzymes.

Az a part of acute Infammatory response, the neutrophils are mobilized
in the conjunctival epithelium in response to specific chemetactic stimuli,
which play aan important role in the defense against pyogenic bacteria(27}.In
addition, the increased capillary permeability brings about a massive trans-—
udation of bactericidal factors contained in the serum such as C-reactive

protein, properdin and complement system.

The specific immune defenses include humoral immunity and cell-mediated
unity (CMI).
Humoral Immunity plays an Important role In the defense against microorgan-
SmS . Opsanizing antibody and the third component of the compiement are neces—
ary for the adherence of polymorphonuclear leucocytes to bacteria.The complement
mponents can destroy bacteria divectly or by causing chemotaxis of the neutro-
ils.

Antibodies can also neuiralize the soluble exctoxins released by certain
cteria.

Cell-mediated immunity (CMI} plays an important rele in combating micro-
ganisms. When a T-1lymphocyte becomes sensitized to a bacterial antigen, it re-
ases lymphokines which can invade the macrophage and kill the ingested organisms.

sensitized T-lymphocytes alsc release chemotactic factors for neutrophils,
inophils, and basephils. Factors that help aggregaticon and activation of mac-

hages at the site of imsult are also released by the sensitized T-lymphocytes

).
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L.THE FUNGAL FLORA OF THE EYE,

Tungi are vegetable organisms of low order. Most of them are considered
to have theilr normal habitation in soil and wvepetable matter.

Fungi are structurally more complicated than bacteria, since they are
larger and vacuolized, and usually have sexual reproductive mechanisms. They
are usually multicellular, filamentuos structures, although yeasts and some
branched fungl are unicellular. A hvpha is an individual filament, which may be
divided by septae. A mass of hyphae constitutes the mycelium. Hyphae can be seen
clinically in some cases of keratomycosis, fungal endophthalmitis and associated
with funzal invasion of soft contact lenses{33-37,39}.

Most fungi recovered from patients with keratomycosis have also been iso—
lated from the normal eye. Such findings are compatible wicth the hypothesis that
fungi found in some ocular infectious may have been carried by the patient(14,17).

The loew incidence of fungi in newborns supports the fact that fungi are
alrborn intc the conjunctiva(4l}.

The incidence of fumgi in clinically nermal eyes of adults has been report-
ed from various areas of the world{42-57). The percentage of cases showing pos-
tive cultures varies from 0F to 52% (Table 1).

A warm moist climate, a rural agricultural enviromment and advanced age may
be associated with an increase incidence in the number of positive fungal cultures
(587.

Fungi in the normal eye appear to depend on random seeding frem the environ-
ment and appear to be transient{40). The lids are more likely to contain fungi
than the conjunctivas,

Cultures taken from the conjunctivas of Immunosuppressed patients did not

show increase 1n the number of positive fungal culture{22).
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Table 1 : The worldwide Imcidence of Fungi Isolated from Healthy Eves.
Authors Year & Region City

Fazakas(&42). 1935 24.3 Hungary Debrecen
Fazakas{43}. 1938 25.6 Hungary Debrecen
Fazakas(44). 1553 25.5 Hungary Debrecen
Mitsui & Hanabusa(43). 1955 18.4 Japan Kumamo Lo
Hammeke & ELlis{4I1). 1960 10.3 U.S.4. Arkansas
Jank & Schwab(46). 1961 11.1 Austria Vienna
Azevedo{47). 1942 0 Brazil Ric de Janeire
Agarwal & Khosla(6). 1963 B India Wew Delhi
Ovsepian & Osipian{48), 1965 2.5 U.5.5.R. Erevan
dinley & Smith{49). 1963 27.9 England Oxford
de Ocampo & associates(30)}. 1965 3.5 Philipine Manila
Vasquez de Pargo & Pereiro(51) 1965 52 Spain Santiago
Nema & associates(52). 1966 22.2 India Aliigarh
Sinha & Das(53). 1968 13.4 India Calcutta
Williamscn & assaociates{54). 1968 2.9 Scotland Glasgow
Locatcher Ehorazo & Benham{55) 1968 A U.S.4. New York
Wilson & associates(40). 1962 6 U.S.4. Miami
Gugnani & associates{58). 1977 37.1 Nigeria Enugu
Ando & Takatoi(57). 1982 6.6 Japan Kanagawa
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Although different fungi are found in different geographic areas, the

most commenly isclated ones are Penicillium, Aspergillus, Fusarivum, Candida,

and Cephalosporium species.

It has been shown experimentally that both antibiotics and stercids in-
crease the number of fungi isolated from the healthy eves(45,52,539). Mitsui
and Hanabusa(453) found that the incidence of fungi in the cenjunctival sac
after topical sterecid therapy was 67%, while in control cases it was only 18%.

There are 100,000 nawmed species of fungi, about 200 are either primary

pathogens or cccasional opportunistics. Although the primary pathogens are able

te produce disease in a healthy host, the opportunistics require a great defect

in the normal defense to become established(60-62). Most of fungi are sapro-
phytic and can be rapidly destroyed by the defernse reactions of the host{59),
The pathogenicity of fungi is related to various factors. Hypersensitivy-
ity reacticns occur frequently with fungal infection and may result from sen-
gitization to specific fungal antigens.
Fungi may elaborate or indirectly generate substances that have toxic
effect on tissues such as mycotoxins. These include trichothecenes which are

produced by many Fusarium and Acremonium species. At low dose, a sinpgle appli-

cation of these toxins results in a prolenged inflammatory response, while higher
doses cause tissue necrosis. A number of trichothecenes have been shown to be
cytetaxic or cytostatic to many kinds of animal cells in culture(83].

Aflatoxin, a toxin produced by Asperpgillus species , can cause inhibition

of DNA and BNA polymerase as well as impairment of pretein synthesis.

Pathogenicity of Candida albicans is thought to be due to the production

f proteclytic enzymes that cause lysis of the host tissue, which allow Landida

o penetrate and invade this tissue(64,65).
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Sobel and associates{66) have demonstrated that the adherence of Candida
albicans to epithelial cells is aided by a surface protein that binds te the epi-
thelial cell receptors.

Diamond and associates(67) demonstrated a substance liberated by Candida
and inhibits the centact of human neutrophils with Candida pseudohyphae. This
inhibitery suvbstance may be a2 cell wall component or a part of a mucus layer se-
creted by the organism, which would be analogous to the capsule, an important
virulent factor in many pathogenic bacteria.

From the high prevelance of fungi in the enviroment and the low incidence

of mycotic diseases, it obwvious that most humans are highly resistant to fungal

invasion.

The cell-mediated Immune defense system plays the major role in protecting
the host from fungi(68).Evidence of the importance of cellular Immune reactions
include the facts that fungal infections are wost frequently found in patients
with depressed cellular immunity and tissue infected with fungi shows intense
mononuclear and granvwlomatous reactions(69). Humoral ancibody immunity also plavs
a role(70). During fungal infecticon both celluwlar and humoral immine responses are

timulated.
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C. INFECTIOQUS KERATITIS.

Infections of the cornea may lead to serious visual impairment and are
considered to be one of the major causes of blindness throughout the world.

The cornea is a unique anatomic structure . It consists of a hard, homo-
genous , avascular tissue which is incapable of regeneration, except for epi-
thelial cells, fibroblasts of the stroma and Descemet:rs membrane.

The predcominant feature of corneal infection i1s necresis, often result-
ing in ulcer formatfon. Damage unless extremely mild, leaves a permanent scar
on the cormnea.

There are two types of keratitis In which bacteria have been considered,
marginal and central. Marginal keratitis is common in bacterial conjunctivitis
and blepharitis. It is rarely caused by the bacteria themselves but it is rather
a secondary toxic or hypersensitivity response. This form of keratitis is mot
segvere and usually heals with the cenjunctivitis or blepharitis.

Central infectiocus keratitis generally folleows corneal trauma and is due
to direct invasion by infectious agents. The process may be severe and can end
with endophthalmitis and panephthalmitis.

The central part of the cornea is most exposed. It is thin, poorly nour-
ished, poorly supplied with antibodies and more liable to trauma and subsequent
contanination,

In the preantibiotie era, the common organism in central Infectious kerati-
tis was the pneumococcus. Kow Gram-negative bacilli are the main agents of this
disease.

Infectious strains that were formerly considered non patheogenic can now
cause disease. These are known as opportunistic corganisms and may be highly
resistant to antibileotics. In addition anaerobes have now begun to be recognized

as a major cause of serious corneal infection, particularly in drug addicts{10}.
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