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Studies on uveitis 
Part I: Aqueous studies 

Philip C. Hessburg, MD* 

Aqueous microbiological and cytological 
studies were performed on 134 anterior 
chamber taps done on 118 patients both with 
and without uveitis. Cell wall defective bac
terial forms (CWDF) were recovered from 
about 40% of these aqueous specimens and 
classical bacteria were recovered from 12 %. 
A statistically significant difference could 
not be found between the incidence of 
bacterial cell wall defective forms in the 
various anatomical types of uveitis. There 
were hints from this work that the presence 
of CWDF In the aqueous was more frequent 
in younger patients with uveitis, early in the 
uveitis attack. If there were multiple foci of 
infection, or if there was a history of arthritis, 
sarcoid, or diabetes. Neither the number of 
previous attacks of uveitis nor the sex of the 
patient seemed related to the presence of 
CWDF The silt-lamp presence of many cells, 
dense aqueous flare, or of hypopyon ap
peared significant, as did the presence of 
mutton fat KP. The presence of aqueous 
CWDF seemed to be related to the presence 
of certain leukocytes. 

* Formerly, Department of Ophthalmology, Henry 
Ford Hospital, presently with the Detroit Institute 
of Ophthalmology 

Address reprint requests to Dr. PhilipC. Hessburg, 
Detroit InstituteofOphthalmology, 15401 E.Jeffer
son, Crosse Pointe Park, Ml 48230 

Introduction 

I HE purpose of these studies was to learn 
whether bacterial cell wall defective'' forms 
or either aerobic or anaerobic^ classical 
bacteria are found within the eye, and if so, 
whether these microorganisms occur more 
frequently in active uveitis. Improved micro
biological techniques were used to culture 
fastidious microbiological organisms from 
the aqueous of patients both with and with
out uveitis. Simultaneous studies correlated 
the presence of microorganisms w i th 
cytological factors in the aqueous and with 
systemic hematological, immunological, 
and serological factors.^ 

The possible presence of bacterial cell 
wall defective forms (CWDF) in the aqueous 
has been the subject of only one known 
study," although others have been done on 
the incidence of classical bacteria in the 
aqueous.^"'With improved microbiological 
techniques, it may be possible to recover 
forms of bacteria not previously known to 
exist there. These techniques include more 
complex media, anaerobic techniques,''" flu
orescent staining, microscopic examination 
of cultural media, prolonged incubation per
iods, microtechniques adapted from tissue 
culture laboratories,.and others. 

There are many reasons why traditional 
microbiological laboratories wi l l almost in
variably fail to uncover fastidious organisms 
from chronic or relapsing disease states: 
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1. They discard smears which do not dis
play classical bacterial morphology 
and consider as artifactual any amor
phous gram-negative material. (Cell 
wall defective bacteria are amorphous 
and stain gram-negatively.) 

2. They discard plates or broths which do 
not show growth within seven days. 
(Many fastidious cell wall defective 
bacteria, especially clinical isolates, 
do not make their presence known for 
30 to 60 days.) 

3. They only rarely use more than two 
standard media for all clinical speci
mens. (Common artificial and natural 
media, especially those containing 
agar, are known to have a supressing 
effect on cell wall defective forms. 
Of ten , as many as seven di f ferent 
media may be required to find one on 
wh i ch a fastidious organism w i l l 
survive.) 

4. They examine plates and broths by 
gross observation. (The small size of 
the colonies of many cell wall defec
tive bacteria are visible only with a 
microscope, and the slit lamp, using 
Tyndall effect, is often needed to ob
serve colonies or wispy growth in liq
uid media.) 

5. They assume that any bacteria of 
importance can be repeatedly sub-
cu l tu red. (The nutr i t ional require
ments of cell wall defective bacteria 
are often poor ly understood, and 
growth which appears luxuriant may 
be lost on subculture.) 

6. They assume that growth wi l l be found 
on the surface of plates. (Fastidious 
organisms often grow into solid media 
rather than on the surface in a spread
ing fashion.) 

7. They fail to utilize serial subculture 
techniques. (Often, fastidious orga
nisms can only be recovered by initial 
inoculation into tiny quantities of fresh 
media fo l lowed by frequent serial 
transfer into larger quantities of the 
same fresh media.) 

8. They generally cling to stereotyped 
conditions. (Many fastidious micro
b i o l o g i c a l f o rms r e q u i r e i n d i 
vidualized techniques, i.e., serum of 
one sort or another, anaerobic condi
tions, serial subcultures, and carefully 
controlled hypertonicity to shield the 
wall defective form.) 

The studies of aberrant bacterial and fun
gal infect ions, ' " variat ions in host re
sponses,'^-'^ synergistic bacterial infections, 
or poly-microbial infections and of mixed 
aerobic-anaerobic infections are in their in
fancy, especially in ophthalmology. One 
need only to remove fluid from an eye with 
postoperative hypopyon and receive a labo
ratory report of "sterile pus" to suspect the 
truth of Gorbach and Bartlett's statement that 
"sterile pus" is "usually a refuge for bac-
teriologic ineptitude".^" 

For many reasons then, it is not surprising 
that most investigators have considered the 
aqueous steri le. Woods def ined non
granulomatous uveitis as a "sterile non
purulent inflammation resultingfrom a prob
ably toxic or allergic insult to the tissue" and 
noted that "al l the bacteriological work we 
have points to the sterility of these eyes."''^ 
He felt that if organisms did arrive in the eye 
they were dead on arrival, phagocytosed 
quickly, or owed their pathogenicity to anti
genic or toxic rather than infectious proper
ties. Other early investigators of uveitis also 
suggested that the aqueous was sterile. 

Coles^^ stated that "the absence of bac
teria in the aqueous during the attacks of 
iridocyclitis (anterior uveitis) seems to be 
well established in thiscountry." The utiliza
tion of aqueous humorcultural techniques is 
only rarely advocated, and then only when a 
postoperative infection is suspected.'' Such 
has not been the case in Europe where a 
microbial link has been more thoroughly 
sought and more often f o u n d . A c t u a l l y , at 
one time or other, most organisms have been 
isolated from the aqueous. 
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Nevertheless, to explain this supposed 
aqueous "sterility", it has been suggested 
that aqueous might be self-sterilizingor have 
bactericidal or antimicrobial activity.^'''^^ 
Could the antimicrobial properties of the 
aqueous humor strip the cell wall from clas
sical bacteria? This possibility suggested that 
improved microbiological techniques could 
be used to study the aqueous. Although the 
literature associating bacterial CWDF and 
uveitis is particularily sparse, it is intriguing, 
in view of the currently great interest in 
syphilis, ^" that the spirochete does occur as 
a CWDF." Yobs" has found that treated 
patients can still harbor Treponemes, in 
which case penicillin must have been only 
bacteriostatic and could have induced the 
CWDF of Treponema pallidum. 

Kolmerwas among the first to suggest that 
nongranulomatous uveitis was an allergic 
disease. Many have suggested that uveitis is 
produced by an allergic relationship be
tween various bacteria and the eye. Iritis, 
commonly considered a hypersensitivity 
phenomenon of the iris to a variety of as
saults, has been associated in this way with 
many bacteria. 

first described by Klieneberger-Noble^'and 
was named "L-form" in honor of the Lister 
Institute where she worked. These bacteria 
are larger than viruses although smaller than 
most classical bacteria, averaging 300 to 
1000 nm in size. When grown on solid 
media, the colonies are usually extremely 
tiny and granular. When L-forms are created 
by antibiotics in v;tro, the colonial morphol
ogy is often of the "fried egg" variety, but this 
configuration is rarely seen when the orga
nisms are isolated from In-v ivo c l in ica l 
sources. Without a complete cell wall, the 
bacterial L-form has a nonrigid exterior sur
face, which accounts for marked pleomor-
phism. W i thou t a cel l wa l l , t radi t ional 
bacterial stains become useless, as all cell 
wall defective forms look gram-negative). 

Protoplasts can be defined as bacteria 
reduced to a cell membrane by complete 
stripping of the cell wall and requiring a 
hypertonic medium to survive. This is usu
ally accomplished in the laboratory by in
cluding hypertonic sucrose in the media. 
Spheroplasts possess some cell wall but are 
also fragile and, like protoplasts, stain as 
gram-negative spheres. 

Classical bacteria and CWDF 

The classical bacterium has a rigid cell 
wall which accounts for its characteristic 
shape and staining characteristics. The cell 
wall is not necessary for life, however, and it 
is now known that virtually all bacteria 
familiar to opthalmologists (with the possi
ble exception of Toxoplasma gondii) can 
exist in a cell wall defective form. 

A cell wall defective bacterium has shed 
part or all of the rigid wall to become an 
amorphous, shapeless, protoplasmic bag 
delimited only by a cell membrane. Consid
erable confusion exists in terminology. 
Therefore, under the generic term "bacterial 
cell wall defective form (CWDF)", we group 
the terms L-form, spheroplast, granule, large 
body, protoplast, fastidious bacterial variant, 
and microplast. The bacterial L-form was 

The wall defective bacterial forms come 
from a parent classical bacterium which has 
been stripped from its cell wall by antibiot
ics," hypertonicity, lysozyme, antibody or 
other unfavorable conditions. This process, 
known as conversion, is easily produced in 
the laboratory and can occur in vivo. The 
natural sequence of events is for the host to 
strip the cell wall from an invading bac
terium prior to phagocytosis. Sometimes, 
however, the bacterium can exist in this cell 
wall defective state either as an intracellular 
parasite or in any body fluid where tonicity 
is suitable. 

Absence of the cell wall offers a tremen
dous advantage to the bacterium for retain
ing viability Antibiotics which are active at 
the cell wall become ineffective, and the 
organism can slip into a form so unrecog
nizable to the host immune mechanisms that 
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it may exist in tissue or vi/ithin cells for 
prolonged^^ periods. If those forces which 
initially stripped off the cell wall cease to 
exert an influence, the potential pathogen 
may reclothe itself in a cell wall, that is, 
"revert" to a classical bacterium and reas-
sume pathogenicity. The cell wall defective 
state is, however, a preliminary stage in the 
body'sdefense mechanisms against the bac
terium and must occur before complete 
phagocytosis can take place (Figure 1). 

The cell wall defective bacterial state is 
known to play a role in disease patho

genesis. Formerly considered non
pathogenic by virtue of their lack of an 
antigenic cell wall, CWDF are now known to 
have pathogenic capability even if they have 
no cel l wa l l . Coagulase-posit ive 5ta-
phylococcl in their variant form retain coag
ulase activity. It has been learned that 
Clost r id ium tetani and Clost r id ium bot-
ullnum, completely free of cell wall, still 
make toxins, and that wall-free Stap/iy/ococ-
cus continues to produce common Type A 
Enterotoxin. This is true also for Candida, 
Listeria, Meningococcus, etc. Such patho
genic functions do not depend on a eel I wall. 
The staphylococcal and streptococcal 
CWDF have been the sole isolates from a 
variety of diseases.^^'^^ 

In general, CWDF made In vitro are less 
apt to be virulent than ones ocurring spon
taneously ;'n vivo. However, many test-tube-
produced variants have also been found 
pathogenic for experimental animals. 

Once converted to the cell wall defective 
form, the variant phase may be "stabil ized" 
by another group of compounds. Most In 
vitro stabilizers are the simple salts of in
organic cations, such as magnesium sulfate. 
In situations which would otherwise be os-
motically disruptive, they accomplish this by 
increasing the tonicity of the medium itself 
and by biochemically strengthening the cell 
membrane to withstand increased osmotic 
pressure. This stabilization processcan be so 
effective that some CWDF wil l not revert to 

the classical form by any known means and 
are known as "stable L's" or "nonrevertable 
L's". Green, Heidger, and Domingue^" have 
shown that the L-forms of Streptococcus 
faeca/fs can have variable stability. In experi
ments using human embryonic kidney fibro-
plasts, they infected these cells with either 
"relatively stable" or "stable" L-formsof this 
organism. The relat ively stable L-forms 
could be cultured from the infected cells for 
only about one week following inoculation. 
The microorganisms would then revert. At 
the time of reversion, both L-forms and 
transitional variants, plus intra- and extra
cellular bacterial forms could be found by 
electron microscopy. Stable L-forms, on the 
other hand, were culturable throughout the 
experimental period (as late as 73 days after 
infection), and although these L-forms un
derwent morphological changes within the 
kidney cells, they could be found intra-
cellularly for long periods. 

At any time, the cell wall defective phase 
may revert to the classical bacterium, a 
process known as r e v e r s i o n . U n f o r 
tunately there are as yet no foolproof meth
ods to stimulate such reversion. Sometimes 
the removal of penicillin or blood serum 
from the media, the addition of yeast, or 
switching from liquid to solid media wi l l 
induce reversion. Kagan stated that L-forms 
(CWDF) "do what they want to do" regard
ing reversion." Various media have been 
suggested, but a consistent method of revert
ing clinical isolates is unknown. When the 
various host factors which normally sup
press bacteria in vivo are somehow altered, 
the cell wall defective bacteria, which may 
be in a less pathogenic form, can recover full 
pathogenicity by reversion to the classical 
bacterial state. 

Bacteria and CWDF in the eye 

Haenel" stated that "the macroorganism 
and its microflora form a balanced ecologi
cal system." The tremendousdiversity of the 
human microflora has been noted in the 
compendium of aerobes prepared by Rose-
bury'*, and our anaerobic microflora has 
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work of Sharp.^^ Inflammatory episodes either in response to bacterial forms or their toxins may occur 
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been careful ly documented in a recent 
monograph of Smith.^ Matsura'" has studied 
the microflora of the conjunctival sac, re
covering aerobes from 95% of people and 
anaerobes from 80%. Normal "uninfected" 
tissues can harbor bacteria." '" Postmortem 
studies reveal that almost 60% of autopsy 
tissues contain bacteria and/or fungi other 
than Mycobacter/'a or virus. An abundant 
literature documents the presence of classi
cal and aberrant Ei'ster/'a.^^'"" Tedeschi"'' has 
described an organism found in the red cells 
of man which shows no cell wall by electron 
microscopy. Pohlod"^ found cell wall defec
tive bacterial forms in the erythrocytes of 
57% of control persons. 

The interior of the eye houses encysted 
Toxoplasma gond i i for decades, Histo-
plasma capsulatum presumably for years. 
Spirochetes for decades, and some viruses 
for a lifetime, ft is possible that the eye may 
also house common pathogenic bacteria in a 
variety of states, just as it is known to house 
other pathogenic microbial forms, such as 
those mentioned above. The bacterial spe
cies of most common interest in ophthalmic 
pathology are known to have a cell wall 
defective form. The relationship of the role 
which might exist between such fastidious 
microbiological forms and intraocular in
flammation is completely unknown. 

Perhaps classical bacteria should not be 
expected in chronic or relapsing diseases 
such as uveitis. As soon as antibody-laden 
secondary aqueous becomes avai lable, 
pathogenic bacteria should be expected ei
ther to undergo phagocytosis, to lose their 
cell wall, or to adopt an intracellular hiding 
place. Only in overwhelming infections, 
such as an infected corneal ulcer, would 
niany organisms be expected to exist in a 
classical state. Large numbers of organisms 
must not be expected in chronic or relapsing 
situations where the host mechanisms and 
the invading systems are closer to an ecolog
ical equilibrium. 

Although bacterial infections generally 
run a fairly predictable course, such is not 

always the case. Recently a patient was 
described"^ with active HIstoplasma cap
sulatum meningitis of 22 years' duration. 
During this time cerebrospinal fluid cultures 
were positive on five occasions and negative 
on five others. Obviously, the host patient 
and his invading organism had reached a 
stalemate, and, just as obviously, it must be 
assumed that at the time of negative cere
brospinal fluid cultures the organism re
mained hidden but viable in some other 
tissue. 

The only known study of the intraocular 
pathogenicity of bacterial L-forms in experi
mental animals is that of Oishi."" He inocul
ated the anterior chambers or conjunctival 
sac of rabbits with the L-forms and parent 
classical organisms of a Staphy/ococcus epi-
dermidis (isolated from a case of chronic 
catarrhal conjunctivitis) and a strain of Cor-
ynebacterium. He noted no irritation or in
flammation in either the conjunctival sac or 
the anterior chamber of animals inoculated 
with the CWDF of the species, but when the 
classical bacteria were injected into the 
anterior chamber, the animal developed an 
acute anterior uveit is. This exper iment 
proved only that, under these c i r cum
stances, the healthy rabbit was not sensitive 
to the CWDF of these two bacterial species. 
It cannot be interpreted as meaning that the 
same rabbits, if prestressed w i th co ld , 
steroids, or other resistance-altering physical 
or chemical stresses, would have reacted 
similarly. Godzeski (personal communica
tion) has noted that when 1 ml of Salmonella 
"L"s, concentrated to a slurry of 10^^ orga
nisms per ml, are injected into the blood
stream of a normal mouse, they w i l l 
completely disappear from the bloodstream 
within 30 minutes. The normal reticuloen
dothelial system apparently is able to dis
patch them completely. However, if the 
animal is stressed by subjecting it to intense 
cold before injection or by giving it steroids, 
then the L-form of the Salmonella can be 
recovered for many months thereafter. God
zeski believes that the healthy, normal ani
mal uses w e l l - e s t a b l i s h e d defense 
mechanisms to clear out organisms which 
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the stressed or abnormal animal cannot call 
into play. 

Although there is a close resemblance"^ 
between bacterial CWDF and Mycoplasma 
in growth characteristics, fine structure, 
media needs, etc., mycoplasma have not 
been isolated from uveitis. Formerly called 
PPLO, mycoplasma are small organisms 
(125 to 220 nm) which classically grow out 
as fried egg colonies on solid media. Classi
f ied in the mic rob io log ica l order My-
coplasmatales, they grow extracellularly, 
lack a cell wall, reproduce by budding and 
by extension of fine filaments. Mycoplasma 
never revert to classical bacteria. They have 
been recovered from a variety of sources"^ 
and are known to cause disease in animals 
and man. There have been multiple isola
tions of mycoplasma from the ocular ad
nexal tissue of animals and man. Pavan-
Langston"^ has shown that Mycoplasma pul
monis can cause uveitis in rabbits, (my
coplasma have been found in the prostatic 
and vaginal secretions of patients w i t h 
uveit is), but studies searching for my
coplasma in iritis have consistently been 
negative. 

Traditional microbiological thinking is 
based on a concept of "microbial mono-
e t i o l ogy " . Fo l lowing the Pasteur-Koch-
Ehrlich format, the principle of "one mi
crobe— one disease — one drug" has be
come dogma. Gorbach and Bartlett state that 
"the concept of monoetiology applies to 
infections such as lobar pneumonia, typhoid 
fever, diphtheria, and cholera. But this clas
sic design does not fit most of the infections 
associated with anerobic bacteria. These 
septic processes harbor multiple strands of 
microorganisms with varying oxygen sen
s i t i v i t i e s and u n d e f i n e d p a t h o g e n i c 
potentials." 

The fact that much of this work was carried 
out in an anaerobic, gas pack jar system 
suggests that some of the organisms re
covered may have been aerotolerant and 
moderately obi igate anaerobes — espec iai ly 

those transitional forms with unknown nutri
tional requirements. 

Thus, although aconceptofthe etiology of 
uveitis still escapes us,"^ there is a considera
ble literature which points to a possible 
relationship between uveitis and almost ev
ery known microorganism, either directly or 
on some sort of hypersensitivity basis. 

Materials and methods 

A total of 134 anterior chamber taps (ACT) 
was done on 118 people. Results are shown 
in Tables I and II. A specimen of blood was 
obtained from the last 50 patients at the same 
t ime as the anterior chamber tap was 
performed. 

Four other nonaqueous specimens (two 
specimens of cerebrospinal fluid, one each 
of vitreous and uveal tissue) were studied by 
the same microbiological techniques used 
for the aqueous specimens. 

The anterior chamber tap was made 
through a small limbal area prepared with an 
alcohol-soaked pledget. Anesthesia was ob
tained with sterile cocaine rather than with 
commercially available corneal anesthetics 
since the latter contain germicidal agents"^ 
whose effects on the aqueous are not fully 
known. For the same reasons, exhaustive 
conjunctival sterilizing procedures were not 
performed since such techniques might alter 
the flora of the anterior chamber as well as of 
the conjunctiva. 

In an operating room, aqueous was ob
tained by using a sterile, disposable one-
inch 27 gauge needle on a sterile, disposable 
tuberculin syringe. About 0.20 ml of the 
aqueous was usually withdrawn. 

Inoculation was always made onto sheep 
blood agar to recover Saprophytes or bac
teria from the conjunctival sac. 

Nonmicrobiological aqueous studies per
formed were adarkfield test for Sp/'rochaefa, 
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an anticomplement test for 5pirochaeta,^° 
and a Leishman's stain for cytologic detail. 

Microbiological studies were performed 
on the aqueous with progressively more 
complex laboratory regimens during four 
distinct, successive phases.* Studies in the 
first phase used solid media which had been 
subcultured from two liquid media tubes of 
th iog lyco l la te broth and Med i l l -O 'Kane 
broth which were inoculated at the time of 
anteriorchambertap. After5 days, and again 
after 30 days, each of these was subcultured 
into Sabouraud's maltose agar, Chanock's 
solid agar, sheep blood agar, and three TB 
media (American Trudeau Society (ATS) me
dium, Petragnani medium and Lowenstein-
Jensen medium). 

During the second phase, seven liquid 
media were used for the initial inoculation. 
Each was subcultured at five and 30 days to 
Chanock's solid agar and sheep blood agar 
plates. The initial media were Thioglycollate 
(Brewer's Broth), Mattman's Thioglycollate 
Broth "X " , Medill-O'Kane (Tunstall) Broth, 
Kinsey's Kresge Eye Institute Medium # 4 
without cholesterol, Kinsey's Kresge Eye In
stitute Medium # 4 with cholesterol. Matt-
man's Veal Heart Infusion Broth and 
Kirschner's Broth. 

In the third phase, each of the media used 
in the second phase, along with Beef Heart 
Infusion Broth, was serially subcultured on 
the 5th, 10th, and 15th day to fresh tubes of 
the same medium. On the 5th day, each was 
also subcultured to a tube of veal heart 
infusion broth. On the 20th day, each of 

* Media for this study were chosen to isolate 
classical bacteria '̂' (thioglycollate and sheep 
blood agar), fungi^^ (Sabouraud's agar and 
Sabhi) cell wall defective f o r m s , m y 
coplasma, and an attempt was made to isolate 
Spiroctiaeta or other fastidious organisms on 
artificial aqueous (Kinsey's media). Inoculation 
on solid plates was performed within an area 
demarcated on the undersurface of the solid 
media plate by wax crayon. The surface of the 
agarwas broken and furrowed with the inoculat
ing glass rod to facilitate growth of cell wall 
defective bacteria into cracks in the media. 

these tubes was again subcultured to fresh 
tubes of the same media, to a veal heart 
infusion tube, and onto plates of sheep blood 
agar, " L " agar and Chanock's agar (Figure 
2). 

Dur ing the second, th i rd and fourth 
phases, Sabhi medium was substituted as an 
in i t ia l isolat ion medium for fungi and 
Kirschner's medium substituted for other TB 
media. Each of these changes was made to 
enhance the possibility of isolating the re
spective CWDF. 

In the fourth and most recent phase, a 
microwell technique^" made it possible to 
inoculate a wide variety of initial media and 
still lessen the dilution effect seen when a 
very small inoculum is put into a 5 cc 
screwtop macro-tube. The same media used 
in phase three were placed in side-by-side 
tissue culture microwells. One of each pair 
was then inoculated with a drop of aqueous; 
the other served as an uninoculated control. 
At three days, each microwell was sub-
cultured to a macro-tube of fresh medium 
and at seven days subcultured to another 
tube of the same medium and to a tube of 
veal infusion broth. At ten and fifteen days, 
each tube (except for veal infusion tubes) 
was again subcultured to fresh media. On 
the 20th day, tubes were again subcultured 
to tubes of the same fresh media, to tubes of 
veal infusion broth, and to plates of sheep 
blood agar, " I " agar and Chanock's media. 

When classical bacterial colonies were 
seen on solid media, they were carved out 
and subcultured in thioglycollate broth to 
facilitate identification by standard micro
biological techniques. 

Tubes and plates were subcultured ana-
erobically in GasPak*"* jars at 37 C except 
forone Sabourauds or Sabhi tube which was 
incubated aerobically at room temperature. 
Both solid plates and liquid media were 

' BBL GasPak® Anaerobic Systems, Registered 
Trademark, Becton, Dickinson and Co, Cock-
eysville, Md 
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SOLID MEDIA: 
Q - ^ S a b h i Agar Slant 37 C 
U - ^ S a b h i Agar Slant Room Ti 

o 
u 

LIQUID MEDIA: 

-Thioglycollate 
Broth 

-Thioglycollate 
Broth X 
(Mattman) 

-Medill-O'Kane 

-Kresge Eye #4 
with cholesterol 

-Kresge Eye #4 
no cholesterol 

-L-Broth 
Crawford 

-Beet Heart 
Broth 

-Kirschner's 

Immediate 

Noncuitu ral 

Studies 

Studies on uveitis 

Initial Liquid Media inoculated at Time of Paracentesis were j 

Serially subcultured to 
fresh tubes of the same 
media on the 

Subcultured to a 
variety of media 
on the 

5th 10th 15th 
Day Day Day 

20th 
Day 

• Same*-Same*-Same 

-Veal Infusion Broth 
(P.A.G.E.)* 

• Same*-Same*-Same 

-Veal Infusion Broth 
(P.A.G.E.)* 

• Same*-Same-*-Same 

-Veal Infusion Broth 
(P.A.G.E.)* 

• Same*-Same "-Same 

-Veal Infusion Broth 
(P.A.G.E.)* 

- Same»-Same-»-Same 

-Veal Infusion Broth 
(P.A.G.E.)* 

• Same*-Same*-Same 

-Veal Infusion Broth 
(P.A.G.E.)* 

• Same*-Same*-Same 

-Veal Infusion Broth 
(P.A.G.E.)* 

-Same*-Same*-Same 

-Veal Infusion Broth 
(P.A.G.E.)* 

-Same 
- Veal Infusion 
- Sheep Blood Agar 
- L-Agar 

-Chanock's Agar 

-Same 
-Veal Infusion 
- Sheep Blood Agar 
- L-Agar 

- Chanock's Agar 

-Same 
-Veal Infusion 
-Sheep Blood Agar 
- L-Agar 

-Chanock's Agar 

-Same 
-Veal Infusion 
-Sheep Blood Agar 
-L-Agar 

-Chanock's Agar 

-Same 
-Veal Infusion 
-Sheep Blood Agar 
-L-Agar 

-Chanock's Agar 

-Same 
-Veal Infusion 
-Sheep Blood Agar 
- L-Agar 

-Chanock's Agar 

-Same 
-Veal Infusion 
-Sheep Blood Agar 
-L-Agar 

-Chanock's Agar 

-Same 
-Veal Infusion 
-Sheep Blood Agar 
-Chanock's Agar 

-Smear for Aqueous Cytology 

-Aqueous Examination by Darkfield Microscopy 

-Aqueous T. Pallidum Anticomplement Test 

On day 25 or later, all 
liquid media studied 
with Darkfield and 
Acridine Orange 
Staining, Fluorescent 
muramidase staining, 
Dienes stain and 
other common 
microbial stains were 
frequently employed. 

* Large Veal Infusion broth tubes were constantly agitated by sterilized magnets to foster growth in quantities 
sufficient for Polyacrylamide gel electrophoresis. 

Figure 2 

The complex microbiological subculturing methods used in the third phase of the study are diagrammed 
on this flowsheet. Variations between this phase and methods used in phases 1, 2, and 4 are described in 

the Materials and Methods section. 
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Inoculation of 
Liquid Media 

Immediate 
Microbiological 

Studies 
On 

Blood 

Brucella Broth 

Brucella Broth 

Initial Liquid Media Inoculated At Time 
Of Anterior Chamber Tap Were Sub-
cultured At 5 Days To Solid Media 

—Tryp tose Phosphate Broth 

-Tryptose Phosphate Broth 

Chanock's Solid Agar 

Sheep Blood Agar 

Chanock's Solid Agar 

Sheep Blood Agar 

Initial Liquid Media Inoculated At Time 
Of Anterior Chamber Tap Were Sub-
cultured To Solid Media Again At 30 
Days If Still Negative 

— ^ Brucella Agar 

— ^ Sheep Blood Agar 

— ^ Brucella Agar 

— ^ Sheep Blood Agar 

Brucella Agar 

Sheep Blood Agar 

Brucella Agar 

Sheep Blood Agar 

Chanock's Solid Agar 

Sheep Blood Agar 

Chanock's Solid Agar 

Sheep Blood Agar 

\ 
Initial Liquid Media Inoculated At Time 
Of Anterior Chamber Tap Were Sub-
cultured To Solid Media At Any Time If 
Turbidity, Gas Formation Or Color 
Change Suggested Positive Growth. 

Figure 3 
Microbiological studies performed on the blood of the fifty most recent patients are diagramed on this flowsheet. 

C 
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examined weekly. None were discarded be
fore 60 days, and some materials were incu
bated as long as 180 days. 

No isolation of a bacterial CWDF was 
considered positive until it had occurred on 
two or more different media, all controls of 
which remained negative. (Isolations which 
occurred on only one medium w i l l be 
noted.) Confirmation of suspected cell wall 
defective forms was with acridine orange 
staining, sometimes by^ -̂̂ ^ polyacrylamide 
gel e l e c t r o p h o r e s i s , some t imes by 
reversion.** 

Suspected areas of growth of solid agar 
plates were often stained w i t h Dienes 
5(ajPI 57,58 g^gp, j^jg jtgin^ cultural pat
terns observed using 40X light microscopy 
or slit-lamp illumination were often not visi
ble to the naked eye. Suspicious areas of 
solid media were carved outof the agarwith 
sterile instruments, push-blocked across 
sterile, alcohol-flamed glass slides, and then 
stained. Such push-blocks of solid media or 
loopfuls of liquid media were stained with 
acridine orange or other stains and studied 
u n d e r w h i t e l i g h t o r f l u o r e s c e n t 
microscopes. 

Growth on TB media was usually stained 
with both acid-fast stain and with auramine-
rhodamine (Truant) stain. 

' In a laboratory manual to be published in the 
near future, details will be presented for the 
preparation of the 19 media used in this study 
The four fluorescent stains and other cytologi
cal and microbiological identification and spe-
ciation stains, along with details of unusual 
microbiological techniques such as push-block 
staining, preparation and sterilization of micro-
wells, agar inoculation and surface furrowing 
techniques, media examination by microscopy 
or by slit-lamp with Tyndall effect, and tech
niques for constant agitation of liquid media, 
crayon marking of agar plates will also be 
presented. This manual for the isolation of cell 
wall defective forms from aqueous will also 
illustrate serial inoculation techniques and 
some preliminary techniques for poly
acrylamide gel electrophoresis. 

Gram stain, methylene blue, and India ink 
were used for fungal morphology.^" 

Histories were taken and eye examina
tions performed but no attempts were made 
to do a complete uveitis survey. Concomit
ant b lood studies were done on most 
patients. 

The 50 specimens of blood which were 
studied microbiologically were obtained 
during the latter two phases of the aqueous 
studies. The microbiological plan used on 
these blood specimens is outlined by dia
gram in Figure 3. 

Results 

As Table I shows, 118 patients who had 
had a total of 134 anterior chamber taps were 
divided according to the anatomical site of 
their uveitic inflammation or the absence of 
uveitis. Findings of classical bacteria and 
bacterial CWDF in aqueous and blood are 
shown on Table I. Otherdata are on Table II. 
In this series and most others where patients 
with varied types of uveitis are compared, 
anterior^^ uveitis occurs more frequently 
than posterior (Table I). It was surprising 
when almost Vs of the total uveitis group (16 
patients) had evidence of general ized 
uveitis. This probably represents despera
tion on the part of the clinicians who settled 
for a "diagnostic" anterior chamber tap as a 
reasonable action in the most severe cases. 

Bacterial cell wall defective forms were 
recovered from 50 of 124 aqueous speci
mens. (Laboratory accidents occurred with 
nine specimens, and with one, no micro
biological studies were performed.) As the 
table shows, CWDF were recovered from 
41 % of patients with anterior uveitis, 36% of 
those with posterior uveitis, 35% of those 
with generalized uveitis, and 43% of those 
without uveitis. 

Classical bacteria were eventual ly 
cultured from the aqueous of 12% of these 
aqueous specimens. Many of the classical 
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bacteria were probably reverted bacterial 
CWDF. 

There was no relationship between the 
presence of classical bacteria or bacterial 
cell wall defective forms and the anatomical 
variety of uveitis. In fact, classical bacteria 
and bacterial cell wall defective forms can 
be isolated from the aqueous of patients who 
have no ocular inflammation. 

In addition to the aqueous microbiologi
cal studies, simultaneous acceptable micro
biological studies were performed on the 
blood of 46 patients, with CWDF and classi
cal bacteria recovered as shown on Table I. 
Highly enriched media held in culture for 
long periods produced higher numbers of 
positive blood cultures both for CWDF and 
for classical organisms than are generally 
found in routine clinical microbiology labo
ratories. The numbers of positive isolations, 
however, are not higher than those found by 
others working with similar techniques in 
this field.^^'"^ 

anteriorchambertap was performed on 18% 
of the patients with anterior uveitis. No other 
patients had an anterior chamber tap sooner 
than in three days. Posterior uveitis tends to 
be seen later, since, without pain, patients 
often wait for spontaneous recovery of vi
sion. In 90% of patients w i t h posterior 
uveitis, the anterior chamber tap was not 
done until the attack had been underway for 
over one week. Patients with generalized 
uveitis also tend to smolder for long periods; 
over half had no paracentesis until the attack 
had been in progress for over one month. 

Patients with posterior uveitis tended to 
have had fewer recurrences than those with 
anterior or generalized uveitis. No patient 
with posterior uveitis had had more than five 
previous attacks, while 35% of patients with 
anterior uveitis had had six or more pi'evious 
attacks. 

A history of "arthritis" occurs more com
monly in patients with anterior than with 
posterior uveitis, as the figures show. 

Associations or trends related to the 
anatomical variety of uveitis 

As Table II shows, the most severely in
volved patients, those w i th general ized 
uveitis, were also the youngest, 75% of them 
under 45 years old. Patients with anterior 
uveitis also tended to be younger than those 
with posterior uveitis. The absence of uveitis 
in older patients can be explained by the fact 
that many such patients had an anterior 
chamber tap prior to a routine surgical pro
cedure such as for cataract extraction, retinal 
detachment, etc. 

There is evidence to suggest that CWDF 
are an intracellular guest during periods of 
inactivity. Thus, even if CWDF play a role in 
uveitis, they might not be recovered from the 
aqueous if the disease were inactive. 

Patients with anterior uveitis come to early 
attention because of pain and photophobia. 
Within 72 hours of onset of the attack, an 

A substantial literature 2̂.63.64 suggests the 
CWDF play a role in sarcoid. Five patients in 
this series had sarcoid established by biopsy; 
one of them had both anterior and posterior 
uveitis. The incidence of diabetes mellitus 
(10%) was higher than expected in the gen
eral population. 

The high incidence of syphilis in our 
group could reflect a general increase in 
venereal disease or be due to the hospital's 
urban location, but it is probably due to a 
desire on the part of the investigators to 
isolate Sp/roc/iaetae from patients with a 
history suggestive of syphilis. A history of 
syphilis was reported most among patients 
with general uveitis (31% ) and those with 
posterior uveitis (27%). The lowest inci
dence was among those with anterior uveitis 
(7%). 

Multiple sclerosis is presently thought to 
be a "slow virus" disease. There is no evi
dence in the literature that CWDF play a 
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TABLE I 

MICROBIOLOGICAL FINDINGS RELATED TO THE 
ANATOMICAL VARIETY OF UVEITIS 

Anterior 
Uveitis 

Posterior 
Uveitis 

Generalized 
Uveitis 

No 
Uveitis Totals 

Number of Patients 60 (69%) 11 (13%) 16 (18%) 31 118 

Number of Anterior 
Chamber Taps 68 11 21 34 134 

Acceptable Microbiological 
Aqueous Studies 63 11 20 30 124 

Bacterial CWDF in 
Aqueous 26 (41%) 4 (36%) 7 (35%) 13 (43%) 50 (40%) 

Classical Bacteria 
in Aqueous 5 (8%) 2 (18%) 2 (20%) 2 (20%) 15 (12%) 

Acceptable Microbiological 
Blood Studies 23 4 8 11 46 

Bacterial CWDF in 
Blood 3 (13%) 1 (25%) 3 (37%) 4 (36%) 11 (24%) 

Classical Bacteria 
in Blood 4 (17%) 1 (25%) 1 (12%) 0 (0%) 5 (13%) 

role. Anterior chamber taps were performed 
on three patients with multiple sclerosis, one 
with anterior uveitis, one with generalized 
uveitis, and one without uveitis. 

None of the patients had a history of 
"presumed" histoplasmosis. Five of six pa
tients with a history of a diagnosis of tox
oplasmic uveitis had posterior uveitis; the 
sixth had generalized uveitis. 

Almost all patients with active anterior 
uveitis or with generalized uveitis had evi
dence of cells in the anterior chamber by slit 
lamp. Cells were never seen in eyes with no 
uveitis and in only 54% of those with pos
terior uveitis. Both anterior chamber cells 
and flare were more prominent in anterior 
uveitis than in other anatomical varieties. A 
proteinaceous flare was seen in the anterior 
chamber of only one patient with no uveitis, 
but appeared in over 90% of those with 

anterior or generalized uveitis and in over 
half of those with posterior uveitis. 

The relat ionship between the type of 
uveitis and the variety of keratitic precipi
tates (KP) is well described in the literature.^' 
The patterns of KP in patients with gener
alized uveitis resembled those with anterior 
uveitis more than those with the posterior 
form. No patient without uveitis had KP. 
Mutton fat KP, supposed to be more com
mon in "granulomatous" uveitis, were seen 
in about the same percentage of all patients 
with uveitis. Fine KP were described, as 
expected, in larger numbers among those 
with anterior uveitis (Table II). 

Nonmicrobiological aqueous studies 

Neither the darkfield wet preparation nor 
the ant icomplement test revealed trep-
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TABLE II 
COMPARISON OF 118 PATIENTS 

ACCORDING TO ANATOMICAL VARIETY OF UVEITIS 

Anterior 
Uveitis 

Posterior 
Uveitis 

Generalized 
Uveitis 

No 
Uveitis 

Number of Patients 60 (69%) 11 (13%) 16 (18%) 31 

Number of A.C. Taps 68 11 21 34 

Age of Patients 
31 (51%) 
Under 45 yrs. 

4 (36%) 
Under 45 yrs. 

12 (75%) 
Under 45 yrs. 

21 (67%) 
Over 60 yrs. 

Time Lapse from 
onset of Uveitis 
to A.C. Tap 

12 (18%) 
Less than 
72 hours 

10 (90%) 
Over One 
Week 

11 (52%) 
Over One 
Month 

NA 

Recurrences (six 
or more) 24 (35%) 0 6 (29%) NA 

History of 
Arthritis 
Sarcoid 
Diabetes 
Syphilis 

10 (17%) 
4 (7%) 
4 (7%) 
4 (7%) 

0 
0 
1 (9%) 
3 (27%) 

2 (12%) 
1 (6%) 
1 (6%) 
5 (31%) 

3 (10%) 
0 (0%) 
6 (19%) 
4 (13%) 

Active Uveitis 66 (97 %) 8 (73%) 21 (100%) NA 

Biomicroscopy 
A.C. Cells 
A.C. Flare 
Mutton Fat KP 
Fine KP 

60 (88%) 
64 (94%) 
15 (21%) 
37 (55%) 

6 (54%) 
6 (54%) 
3 (27%) 
2 (18%) 

19 (91%) 
20 (95%) 
5 (24%) 

12 (57%) 

0 
1 (3%) 
0 
0 

Leishman's Stain of 
Aqueous 

Lymphocytes 
Monocytes 
Mononuclear 
Neutrophils 
Macrophages 
Eosinophils 
Basket Cells 
WBC Bridging 

51% 
14% 
41% 
29% 
8% 
5% 

14% 
21% 

33% 
0 

44% 
0 
0 
0 
0 

11% 

39% 
0 

61% 
0 

11% 
0 

11% 
44% 

3% 
0 

13% 
6% 
3% 
3% 
0 
0 

CBC (64 Patients) 
WBC (leukocytosis) 
Hgb (reduced) 
Eosinophilia 

5/29 (17%) 
12/31 (39%) 
0 

3/6 (50%) 
0/6 (0%) 
0 

2/9 (22%) 
0/9 (0%) 
0 

1 /22 (5%) 
5/23 (22%) 
0 

E.S.R. (elevated) 5/8 (62%) 2/4 (50%) 5/6 (83%) 1/2 (50%) 

ANF abnormal 29/54 (54%) 1/7 (14%) 7/19 (37%) 9/17 (53%) 
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onemes in the aqueous humor of most 
serologically positive persons. The darkfield 
was positive for spirochetes on 3 of 113 
occasions (3%), and the anticomplement 
test on 4 of 53 occasions (7%). 

While remaining aware of the possibility 
of aqueous T. pallidum in sero-negative pa-
tients,^^ the spirochetes seen in a fourth 
patient were suspect since no other tests 
suggested syphilis. Examples similar to those 
described in the literature as "spiral forms" 
were also noted.^^ When seen attached to 
white blood cells, they were thought to 
represent stromal strands. 

Darkfield examination of the aqueous also 
revealed "bacteria or CWDF" in nine pa
tients. From four of these, classical orga
nisms were later recovered. Perhaps the 
organisms seen on the other five wet prepa
rations were bacterial variants or organisms 
which could not be cultivated in our media. 

Since over half of the 41 patients with 
some evidence of syphilis showed two or 
more positive indicators of this disease, the 
anticomplement test was expected to be 
more "posit ive". In this fluorescent staining 
technique for antigen-antibody complexes, 
the antigen (Treponema pallidum), when 
present in the aqueous and if coated with 
antibody and complement, reacts with fluo
rescein labeled antibody versus comple
ment, causing the spirochete to fluoresce. 
The spirochete may have its cel l wal l 
damaged by a variety of forces (antibiotics, 
lysozyme, serum). Even though the classical 
spirochetal morphology might be considera
bly altered by such forces, it was hoped that 
the anticomplement test would be useful in 
detect ing fragments of the cel l wal l of 
spirochetal CWDF. 

Actually, the test is not specific for Trep
onemes. Spiral organisms seen to ftuoresce 
in serologically negative persons may repre
sent aberrant forms of nontreponemal spe
cies such as Leptrospira or Vibrio. White 
blood cells with complement on the cell 

surface may also take the stain and mimic 
spirochetes. 

Table II shows aqueous cytology as evalu
ated with Leishman's stain in 120 of the 134 
anterior chamber taps. White blood cells in 
the aqueous were tabulated as to their inci
dence of identification and their frequency 
as the predominant cell. When the red cell is 
the predominant or only cell in the aqueous, 
it probably reflects a traumatic anterior 
chamber tap, especially if the red cells look 
healthy. In one aqueous specimen, damaged 
or mottled RBC and basket cells were seen. 
The aqueous of this same patient harbored 
bacterial CWDF which did not revert, and 
nonreverting"cocci" were isolated from the 
circulating blood. 

It can be impossible to differentiate lym
phocytes from monocytes in the aqueous, 
and often we were forced to call unidentifia
ble cells "mononuclear" (Figure 6B).* This 
is because the hypertonicity orthe increased 
viscosity of the aqueous in uveitis com
presses the cytoplasm so compactly around 
the nucleus that morphology becomes indis
tinguishable. Thus, the terms lymphocyte, 
monocyte and " m o n o n u c l e a r " were all 
used. Whether the presence of cells in the 
mononuclear series indicated the presence 
of bacterial CWDF (as McKay^^ found in 
swine), or whether they are an index of a 
hypersensitivity phenomenon is unknown. 
The lymphocyte^^ is known to be associated 
with an allergic response and is, in fact, the 
basis of a test for hypersensitivity states.^^ 

Of the cells in the mononuclear series, 
( lymphocytes, monocytes and " m o n o 
nuclear" cells), lymphocytes are the most 
commonly identified aqueous cells in ante
rior uveitis. Rebuck^^ has shown a develop
mental progression in the mononuclear 
series from the small lymphocyte to the large 
mononuclear cell (or hypertrophying lym-

' Figure 6 is one of a series of special color plates 
that will appear in Part II in the Spring, 1978 issue 
of the lournal. 

269 



www.manaraa.com

Hessburg 

phocyte), and finally to the macrophage. 
This same inflammatory mononuclear pro
gression has also been noted in the skin 
windows of uveitis patients.^" In one third or 
more of the patients with each type of 
uveitis, various cells of the mononuclear 
series were the predominant cell. When the 
monocyte could be identified, it was always 
seen in anterior uveitis, never in other forms 
of uveitis. Hogan''^ also found monocytes in 
the aqueous in anterior uveitis. 

Neutrophils (Figure 6B) were found in 
almost one third of patients with anterior 
uveitis, but never in patients with posterior 
or with generalized uveitis. The neutrophil 
was the predominant cell in the aqueous of 
only sevenof120 anterior chamber taps, and 
in each instance the patient had anterior 
uveitis. 

A macrophage by Downey's classification 
is a white blood cell which demonstrated 
phagocytosis. By these cr i ter ia, mac
rophages were seen in eight aqueous speci
mens. In only one specimen was the 
macrophage the predominant cell. In aque
ous specimens from two patients with ante
rior uveitis, and from one wfth Eale's disease 
and another w i t h heterochromia, mac
rophages had ingested a blue-black or pur
plish material thought to be uveal pigment 
Similar phagocytosisof pigment by WBC has 
previously been described'" in patients with 
uveitis when uveal pigment was used as an 
antigen or irr i tant under a Rebuck skin 
window. 

In addition to the pigmented materials, 
macrophages in four aqueous specimens 
had phagocytosed materials interpreted to 
be "cocc i " . Bacterial CWDF which would 
not revert were recovered from three of the 
four cultures. In the fourth culture, classical 
organisms were isolated on one medium, 
but the nutritional requirements of this tran
sitional form were incompletely understood, 
and it could not be maintained in cultures 
sufficiently long for speciation. 

If the area of the cytoplasm exceedsthat of 
the nucleus (a reverse ratio to the WBC), a 
cell is called an epithelial cell by Downey's 
classification. Epithelial cells were only 
rarely seen in the aqueous and may have 
arisen from the anterior chamber tap 
procedure. 

Although there is an extensive literature 
devoted to the allergic or hypersensitive 
nature of the uveitis disease state, it is pecu
liar that the eosinophil plays almost no role 
within the aqueous response. The role of 
eosinophils can be impressive, however, in 
the skin windows of patients with uveitis 
when uveal pigment is used as the inflamma
tory st imulus. ' " Hogan states'^ that in 
chronic iridocyclitis, "we have not yet iden
tified an eosinophil" from the aqueous. In 
this study, eosinophils were noted only in 
aqueous specimens from patients with sar
coid, from two diabetics without uveitis, and 
from one patient with anterior uveitis. There 
might be reason to suspect eosinophils in 
one specimen since they character ize 
sarcoid.* 

Basket cells (Figure 6C) are white cells 
which have been wasted in the inflammatory 
process. They appear as vacuolated, moth-
eaten, depleted, " t i red" cells. A battle has 
been waged in which they have expended 
everything. Although this cell is generally 
associated with active defense against mi
crobial invasion, it can also indicate cellular 

* Humphrey and White state: "Eosinophils in 
large numbers invade tissues in which an anti
gen-antibody has taken place. They appear to be 
attracted by some product of the antigen-anti
body reaction ... The active agent has not been 
identified but is probably not histamine. The 
eosinophils of rodents are very actively pha
gocytic, and ingest cellular debris, mast cell 
granules, etc., but it is not certain whether this is 
true of eosinophils from other species, nor is it 
known what function eosinophils serve in these 
reactions. Nevertheless, the association of 
eosinophils with the occurrence of antigen-
antibody reaction is so close that the presence of 
the one should always suggest the presence of 
the other."" 
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abuse from a variety of causes, such as aging, 
mechanical damage, or antibody bombard
ment. Work by Zieve, et al,''°° has been 
confirmed recently by Steigbigel, et al,''°^ 
indicating that the vacuolization of the neu
trophil, at least in the circulating blood
stream, is an indication of septicemia. Our 
work with aqueous would tend to support 
this, since we found such vacuolated basket 
cells more frequently in the presence of 
microorganisms. Basketcellswere identified 
in the aqueous specimens of 15 patients. 
None were seen in patients with posterior 
uveal involvement or without uveitis. They 
were identified in nine aqueous specimens 
from five patients with anterior uveitis. Bac
terial CWDF were cultured from the aque
ous of four of these five patients on one or 
more media; classical Streptococcus fecalls 
also grew from one. Basket cells were also 
seen in six other aqueous specimens from 
patients with generalized uveitis, and five of 
these specimens revealed cell wall defective 
bacterial forms on one or more media. Since 
basket cells were never seen in patients 
without uveitis, or with posterior uveitis, 
their presence may be significant. 

Only once were plasma cells found in the 
aqueous of a patient with anterior uveitis. 
This patient had Eale's disease, and after 114 
days of inflammation, a feeble plasma cell 
infiltration showed in the aqueous. Perhaps 
the absence of plasma cells in this study 
indicated a differential inflammatory re
sponse. Pavan-Langston'^ found a plasma 
response which began immediately follow
ing the induction of uveitis in rabbits with 
Mycoplasma pulmonis and lasted several 
weeks. At no time in this study were my
coplasma isolated. If there were plasma cells 
in the aqueous, perhaps mycoplasma would 
have been isolated as well. In one specimen, 
pleomorphic cells were noted by Leishman 
stain of the aqueous. This specimen was 
from any eye removed for choro ida l 
melanoma subsequent to the anterior cham
ber tap. 

In inflammation,"^ when injury to the en
dothelium'" of small vessels occurs, capill

ary permeabi l i ty increases. The protein 
content of extravascular fluids increases (up 
to 6% or 7%), and there is increased sticki
ness of white blood cells. The resultant 
aggregation of white blood cells is similar to 
that seen in uveitis when protein produces 
aqueous flare, white blood cells aggregate, 
and KP are seen with the slit lamp.^^ The 
clumping, chaining, aggregation or stringing 
together of white blood cells of the mono-
muclear series we call "br idging" (Figure 
6B). Intracellular clumping or bridging must 
occur before white blood cells can effec
tively phagocytose. Cells which migrate to 
the inflammatory site first aggregate and then 
phagocytose.'^ Bridging in infection'^ is 
thought to be a response to pyogenic 
liposaccharides, and may be dependent on 
pH. Bridging, then, is a indication of an 
intact and effective defense mechanism. Ta
bles II and III show our findings of bridging of 
WBC. The presence of bridging may be a 
t ipo f f to more effect ive host phagocytic 
mechanisms and thus help explain reduced 
numbers of microorganisms (Table III). 
Bridgingcan also be completely unrelated to 
host defense mechanisms and can be seen in 
rabbits under stress, hunger, fatigue, etc." 
Under such circumstances it has been called 
"leukergy". 

The sensitivity of the serological tests for 
syphilis increased among patients in this 
study from the VDRL (12% positive) to the 
RPCF (18% posftive) and the Kolmer (20% 
positive) to the most sensitive FTA-absorp-
tion (36% positive). The total percentages of 
patients with a reactive serology were higher 
than the average number (18%) of patients 
reactive to these tests at the Henry Ford 
Hospital. The importanceof the ETA absorp
tion test is reemphasized. Assuming that it 
does not indicate false positives,'^ the test 
was three times as effective an indicator of 
syphilis as the VDRL, and even more fre
quently so than the aqueous darkfield (3% 
positive) and the anticomplement test (7% 
positive). These tests emphasize the varia
tion which existed between the patients in 
this study without uveitis and any group of 
healthy controls. In 61% of the patients 
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T A B L E III 

A COMPARISON OF 70 PATIENTS WITH 
ANTERIOR OR G E N E R A L I Z E D UVEITIS 

32 Patients With 
Bacterial CWDF in 

Aqueous 

38 Patients With 
No Bacterial CWDF 

in Aqueous 

Number of A.C, Taps 39 44 

Age (Patients under 60) 29 (91%) 20 (48%) 

A.C. Tap within two days 
of onset of uveitis 5 (13%) 1 (2%) 

History of: 
Arthritis 
Sarcoid 

6 (19%) 
4 (12%) 

5 (13%) 
1 (2%) 

First attack 15 (47%) 19 (50%) 

Biomicroscopy 
A.C. Cells (3-1- or4-l-) 
A.C. Flare (3-1- or 4+) 
K.P. Mutton Fat 
Crenated 

11 (28%) 
11 (28%) 
10 (26%) 
1 (3%) 

8 (18%) 
9 (20%) 
7 (16%) 
8 (18%) 

Leishman's Stain 
Aqueous WBC 
Neutrophils (Incidence) 
Neutroptiils 
(as predominant cell) 
Basket Cells 
WBC Bridging 

12 (33%) 

5 (14%) 
3 (8%) 
6 (28%) 

4 (9%) 

2 (5%) 
6 (16%) 
15 (40%) 

Microbiological Findings 
Classical Bacteria in 
Aqueous 

3 (8%) 0 (0%) 

Acceptable Microbiological 
Studies on Blood 15 14 

Bacterial CWDF in Blood 5/15 (33%) 0 (0%) 

Classical Bacteria in 
Blood 2/15 (13%) 3/13 (23%) 

NOTE: Does not include six A.C. taps which had microbiological contamination of specimens: nonaqueous 
specimens, or specimens from patients with posterior uveitis or no uveitis. 

without uveitis there was a positive FTA-
absorption test; the only other group as 
posit ive were patients w i t h general ized 
uveitis. 

Spirochetes can exist^^ in the spinal fluid 
without evidence of nervous tissue disease 
and can be present in the aqueous without 
obvious ocular disease^" and w i t h no 
serological indications. Christman^'' found 
that in three of twelve patients the serology 

was negative despite intraocular t rep
onemes. T. pallidum can exist as a CWDF^^, 
and it may exist as such when it persists in 
v;Vo. 

Patients with anterior uveitis tend to be 
anemic. This may suggest a weakening of 
normal defense mechanisms, especially 
since abnormalities in the shape, size and 
hemoglobin content of the red blood cells 
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were also commonest among patients with 
anterior uveitis. 

hypersensitivity as the primary etiological 
mechanism. 

None of 64 patients who had a c.b.c. 
showed eosinophilia. One might wonder 
why this cell is so rarely seen in the circulat
ing blood, even when an episode seems a 
hypersensitive inflammatory response. 

Patients with generalized uveitis were 
found to have the highest erythrocyte sedi
mentation rates. An alteration in basic de
fense mechanisms may allow these most 
severe episode^ to develop. 

The antinuclear factor (ANF) test was per
formed on most patients, but yielded little of 
interest. Although the number of abnormal 
ANF tests was high compared to the general 
populace, with 46 of 97 (47%) showing 
abnormal ANF, the ANF changes were non
specific. Interestingly, every patient with 
concomitant diabetes and syphilis had a 
positive ANF. 

Some elevation of antibodies to bacterial 
antigens was noted, with an elevation of IG A 
levels in those patients with uveitis. ICA is 
thought to be partially responsible for the 
destruction of microbes in the aqueous. 
Elevation of ICM and ICG were less frequent 
but did occur. An increase in IGM com
monly occurred concurrently with an abnor
mal ly high IGC. Such a change in an 
antibody response is consistent with a sig
nificant antigenic stimulus. The immune as
says tend to support a theory of infection in 
relation to uveitis etiology* 

Our aqueous cyto log ica l and immu
nological findings tend to support a thesis 
statement that would incriminate organisms 
directly rather than hypothesize organismal 

* A later publication will present results of serial 
immunologic surveys on some of these patients, 
including serum immunoglobulin studies and 
antibody titers to various common bacteria and 
viruses.*^ 

Analysis of all patients with anterior and 
generalized uveitis included a variety of 
patients with numerous additional variables. 
To eliminate some of these variables and 
further purify the groups of patients com
pared, several subanalyses were performed. 
In the first subanalysis, results from all dia
betics (because of their known higher inci
dence of sepsis), all luetics (because orga
nisms isolated might be assumed to be 
spirochetes), all laboratory accidents, and all 
nonocular specimens were eliminated from 
consideration. Then, by their clinical histo
ries alone, the remain ing patients were 
grouped into those patients expected to 
have bacterial cell wall defective forms in 
the aqueous and those not expected to have 
bacterial cell wall defective forms in the 
aqueous. 

There were 42 patients expected to have 
aqueous bacterial CWDF because they had 
active interior uveitis, generalized uveitis, 
postoperative uveitis, sarcoid uveitis, or 
uveitis f o l l ow ing perforat ing trauma. 
Twenty-four of these (57%) showed aqueous 
bacterial CWDF. 

Among the group of 22 patients not ex
pected to have bacterial CWDF, only four 
(17%) did. This was a group which had active 
herpetic uveitis, inactive anterior uveitis, 
posterior uveitis, presumed toxoplasmic 
uveitis, or uveitis in multiple sclerosis. 

With the patients grouped in this way, it 
appears that these enigmatic bacterial forms 
may be of some clinical significance. 

The second subanalysis of a selected 
group of patients is documented in Table III. 
Since patients with generalized uveitis are 
simply patients with more severe anterior 
uveitis, they were grouped together. The 32 
patients in whom cell wall defective bac
terial forms were recovered were then com
pared with 38 patients who had none of 
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these forms (Table III). Again, aqueous bac
terial CWDF were found more frequently 
among younger patients (91% under 60 
years old). And, again, CWDF were found 
more frequently among those who had early 
taps (within two days of onset of the attack). 
This might indicate that aqueous CWDF are 
present early in the attack, but disappear 
later. Perhaps, as humoral defense mecha
nisms become more ef fect ive, bacterial 
CWDF seek an intracellular uveaP'^^'^" hid
ing place. The cell wall defective bacterial 
forms are known to have the capability of 
such intracellular survival; in one patient 
bacterial CWDF were not found in the aque
ous, but were recovered from a snippet of iris 
removed during a surgical procedure. 

No significant difference could be found 
in the incidence of associated nonocular 
infections between either group, although 
some earlier authors have suggested that 
such history is an important parameter. 
Eventually, it wi l l probably be shown that 
such a history is significant. 

An association between some forms of 
arthritis and bacterial CWDF has already 
been noted.''^ Table III shows that both a 
history of arthritis and a history of a tissue 
diagnosis of sarcoid occured more fre
quently among patients with aqueous bac
terial CWDF than among those without. 

There is evidence to suggest that CWDF 
are an intracellular guest during periods of 
inactivity. Even if bacterial CWDF do play a 
role in uveitis, they might not be recovered 
from the aqueous if the disease were inac
tive. All patients in this subanalysis had 
active uveitis. 

If bacterial CWDF do occur in the aque
ous, a parameter related to uveitis might be 
the number of previous attacks. One patho-
genic theory^" proposes that bacterial 
CWDF flip in and outof a classical bacterial 
form and that this phasing in and out of 
pathogenicity explains recurrences. This 
theory would be buttressed by finding that 
bacterial CWDF were recovered more fre

quently from the aqueous of patients with 
many recurrences of anterior uveitis than 
from patients with only one episode, since 
the latter group would include cases involv
ing one-time-only etiologic factors. How
ever, there was on ly very weak evidence that 
these enigmatic forms were recovered less 
frequently from patients having their first 
attack of anterior uveitis. 

The presence of bacterial CWDF in active 
anterior or generalized uveitis may signal a 
more severe inflammatory process since 
both the cel lu lar reaction and the pro
teinaceous flare, seen biomicroscopically, 
are more severe in the anterior chambers of 
those with aqueous bacterial CWDF (Table 
III). There may also be a relationship be
tween the type of keratitic precipitates (KP) 
and the presence of aqueous bacterial 
CWDF. Mutton fat KP were more frequently 
associated with their presence, and crenated 
KP were most frequently present if bacterial 
CWDF were not recovered. Since crenated 
KP are old KP, this tends to confirm the 
observation that if bacterial CWDF were 
present, they occurred dur ing the early 
phase of a recurrence but were absent later. 

Comparative results of the Leishman's 
stain of aqueous white blood cells were 
related to the presence of bacterial CWDF. 
Although McKay*^ found a mononuclear 
response at the site of swine lung tissue 
infected with the CWDF of/-/, parainfluenza 
and a neutrophilic response to classical 
organisms of that species, this study did not 
show that a mononuclear response was re
lated to aqueous bacterial CWDF. In fact, 
better corre lat ion existed between neu
trophilic leukocytes and the presence of 
aqueous bacterial CWDF. The presence of 
neutrophils in the aqueous seems significant 
since they were seen in the aqueous of 33% 
of patients with bacterial CWDF in the aque
ous, but in only 9% of those with no bacterial 
CWDF in the aqueous. In addition to a 
higher frequency of occurrence, neutrophils 
were also the predominant cell more fre
quently when bacterial CWDF were present 
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(14%) than when they were not (5%). This 
neutrophilic aqueous response suggests that 
when bacterial CWDF are present, the host 
de fense m e c h a n i s m cons ide r s t h e m 
significant. 

The presence of CWDF in the aqueous 
was not associated with a peripheral leuko
cytosis, with a peripheral lymphocytosis or 
with a neutrophilia, nor did there seem to be 
any relationship between the presence or 
absenceof aqueous cell wall defective forms 
in abnormalities of the shape, size or hemo
globin content of RBCs, the platelet count, 
or the erythrocyte and sedimentation rate. 

The second part of Table III is an analysis 
of microbiological findings related to the 
presence of bacterial CWDF in the aqueous 
of patients with anterior and generalized 
uveitis. 

It is interesting that bacterial CWDF were 
never found in the blood of patients without 
CWDF in the aqueous (none of 14), but were 
found in the blood of five of 15 patients from 
whom they were isolated from the aqueous. 
This suggests that bacterial cell wall defec
tive forms, when present in the eye, are 
probably not limited to that organ. 

There were classical bacteria present in 
the blood of about equal numbers of those 
patients with bacterial cell wall defective 
forms present in the aqueous and those with 
no bacterial cell wall defective forms present 
in the aqueous. 

The occurrence of these generally ana
erobic CWDF in the human microflora is 
relatively easy to establish. The significance 
of their presence in the eye or in other 
clinical specimens is not so easily assessed. 

The third subanalysis is recorded in Table 
IV. It details parameters which may be re
lated to the presence of bacterial cell wall 
defective forms in the aqueous of a group of 
patients with active anterior uveitis alone, 
and with no other known etiological influ

ence. Thirty-one patients, on whom 34 ante
rior chamber taps were performed, were 
grouped for this subanalysis. These aqueous 
specimens were, then, from patients with 
"selected" or "pure" anterior uveitis. Again, 
those patients with aqueous bacterial CWDF 
were compared with those patients without. 

The average age of patients with aqueous 
bacterial CWDF was lower than those with
out, and anterior chamber taps were per
formed earl ier when aqueous bacterial 
CWDF were recovered. 

Although the focus of infection theory^^ is 
generally d iscredi ted, there are cases in 
which the surgical extirpation of an infected 
organ abruptly stops a long series of recur
rences. This puzz l ing fact is especial ly, 
though not exclusively, true of anterior 
uveitis. Some light may have been cast on 
this clinical peculiarity since six of the "se
lected" anterior uveitis patients who had 
bacterial CWDF in the aqueous also had a 
history of "associated infections", and five 
of them had a history of several or multiple 
foci. Only three (20%) of those without 
aqueousCWDF had a history of "associated 
infections", and none had multiple foci of 
infection. The evidence suggests that pa
tients who have multiple foci of infection are 
more prone to episodes of anterior uveitis 
from which CWDF can be recovered. The 
"focus of infection" theory may not be 
completely dead. 

The presence of aqueous and blood 
CWDF seemed to produce a leukocytic re
sponse in the peripheral blood smear. The 
findings suggest that patients who display a 
neutrophilic response in either the blood or 
the aqueous have a higher chance of posi
tive microbiological studies. 

The slit-lamp examination may also be 
correlated with the presence of aqueous 
CWDF. It may seem paradoxical that CWDF 
were found in the aqueous of all five selected 
patients who had "mutton fat" KP. In addi
tion, crenated or old KP were seen twice as 
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T A B L E IV 
COMPARISON OF FINDINGS IN PATIENTS WITH 

" P U R E " ANTERIOR UVEITIS 

16 Patients with 
Bacterial CWDF in 
Aqueous 

15 Patients with 
No Bacterial CWDF 
in Aqueous 

Number of A. C. Taps 18 16 

Age under 45 years 9 (57%) 7 (46%) 

A.C. Tap less than 
72 hours from onset 
of uveitis 

5 (28%) 9 (6%) 

History of Associated 
Infections 

6 (38%) 3 (20%) 

History of Multiple 
Foci of Infections 

=/l6 (31%) 0 

Biomicroscopy 
Mutton Fat KP 
Crenated KP 

=/i8 (28%) 

" / is (22%) 

0 
2 (11%) 

Leishman's Stain of 
Aqueous Cells 
Neutrophils 
Basket Cells 

8/, 6 (50%) 

2/l6 (19%) 

3/i2 (25%) 

Vi2 (8%) 

Classical Bacteria 
in Aqueous 1 1 

Bacterial CWDF in Blood 2/a (25%) °k (0%) 

Peripheral Leukocytosis 
Peripheral Neutrophilia 

^/i2 (25%) 

3/io (30%) 

°/4 (0%) 
°U (0%) 

NOTE: Excludes any known Etiology Diabetics, Generalized Uveitis, Herpetic Uveitis, Micro
biological Laboratory Accidents, No Uveitis, Posterior Uveitis, Sarcoid Uveitis, Syphilitics. 

often on the corneal endothelium of the 
patients w i thou t bacterial CWDF. These 
findings suggest that CWDF, when present, 
are seen with more acute inflammation. 

In this "pure" anterior uveitis grouping, 
neutrophils were present in the aqueous of 
over twice as many patients of the group 
with CWDF. They were also the predomi
nant aqueous cell in 25% of these patients. 

but never predominant if bacterial CWDF 
were not present. Once again, the neutrophil 
seemed to indicate that the presence of 
b a c t e r i a l C W D F had some c l i n i c a l 
significance. 

Basket cells, indicatorsof host response to 
microbial invasion, were found more fre
quently in those with bacterial CWDF than 
in those without.^"" There appeared to be no 
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di f ference in these subgroups in isolat ions of 

classical bacter ia f rom the aqueous. O n e 

classical organ ism was recovered f rom each 

subgroup. 

This subanalysis seemed to indicate some 

re lat ionship between the presence o f C W D F 

in the aqueous and in the b lood . A m o n g the 

patients w i t h bacter ia l C W D F in the aque

ous, eight also had b lood cul tures and t w o 

(25%) had C W D F in the b lood . In the g roup 

w i t h no aqueous C W D F , f ive patients had 

b lood cul tures, but none was posi t ive for 

C W D F . * 
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