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Stellingen 

behorende bij het proefschrift 

Current views on the diagnosis and aetiology of posterior uveitis 

1 De veronderstelling dat de polymerase ketting reactie (PCR) het meest 
waardevol is bij de diagnose van infectieuze uveitis moet heroverwogen 
worden, aangezien de detectie van intraoculair geproduceerde antilichamen een 
hogere sensitiviteit heeft. 

2 Postnataal verworven oculaire toxoplasmose is niet zo zeldzaam als 
aanvankelijk aangenomen werd. 

3 De vijftigplussers, die geïnfecteerd worden met Toxoplasma gondii, zijn meer 
vatbaar voor oogheelkundige complicaties tijdens het acute stadium van de 
ziekte dan de jongere bevolking. 

4 Het bepalen van een profiel van immuunregulatoire cytokinen blijkt geen 
diagnostische waarde te hebben bij het onderscheid tussen verschillende uveitis 
entiteiten. 

5 Bij het opzetten van onderzoek met betrekking tot het ontwikkelen van nieuwe 
laboratoriumtesten, dient er rekening gehouden te worden met het tijdsbestek 
waarin klinische monsters verzameld kunnen worden en de incidentie van de 
aandoening. 

6 Hoe patiënten de term 'Spoedeisende Hulp (S.E.H.)' interpreteren is eerder 
gerelateerd aan hun agenda dan aan de ernst van de klachten, dit komt tot uiting 
in het tijdstip waarop zij deze S.E.H, afdeling bezoeken en weerspiegelt de 
mentaliteits verandering van deze tijd. 

7 Het verdient de aanbeveling om de verpakking van zachte (extended wear) 
contactlenzen te voorzien van de tekst: 'Het dragen van deze lenzen kan 
schadelijk zijn voor het gezichtsvermogen'. 

8 De Nederlandse patiënten populatie begrijpt niet, hoe het mogelijk is dat 
tegelijkertijd met het bestaan van lange wachtlijsten bij de oogartsen, collega 
oogartsen werkloos kunnen zijn. 

9 'Ik wilde hier best veel leren, maar ik ben geen dom sponsje.' 
hoesje 

10 'Hoewel het anders schijnt, is eenvoud de grondslag van het universum.' 
Confucius 
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Chapter 1 

1.1 History of uveitis 

Herophilos of Alexandria noted that the term uvea was coined because of its 
resemblance to a grape. On dissection, the eye resembles a grape with the optic 
nerve as the stalk, hence the term uvea, which means grape in Latin. Uveitis is 
defined as inflammation of the uveal tract, consisting of iris, ciliary body, pars 
plana and choroid (Figure 1), but in practice it is also used to describe 
inflammation involving the vitreous, retina and optical nerve. This results in 
terminology such as iritis, pars planitis, vitritis, choroiditis, retinitis, and 
neuritis. 

sclera 

optic nerve 

Figure 1. Localisation of uveitis 
(the parts of the uveal tract are underlined) 
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Table I. Broad outlines of the discovery of associations with uveitis during this century.' 

Time point Aetiology  

Untill -1910 Toxins from bowel or bacteria from dental or tonsillar infections: focal infection 

1903 Autoimmune reactions to lens protein: phacoanaphylactic endophthalmitis 

1907 Syphilis, rheumatic disease 

1909 Tuberculosis 

1931 Hypersensitivity to uveal proteins or bacterial toxins 

1936 Sarcoidosis, brucellosis 

1949 Weil's disease-associated uveitis (Leptospiral uveitis) 

1952 Toxoplasmosis 

1959 Cytomegalovirus (CMV) retinitis 

1973 HLA-B27-associated acute anterior uveitis 

1980 acquired immunodeficiency syndrome (AIDS)-> opportunistic infections 

1982 Varicella zoster virus (VZV) in acute retinal necrosis (ARN), [1989-Herpes simplex virus 

type I (HSV-I)] 

1987 Whipple's disease 

1989 Lyme disease 

1990-1997 Cat-scratch disease, drug-related uveitis (rifabutin, mclipranolol, cidofovir)  

Although Uhlenhut discovered in 1903 that animals react with inflammation 
to their own lens proteins, resulting in lens-induced uveitis, and others 
discovered that injection of uveal proteins could result in a form of uveitis 
resembling sympathetic ophthalmia, it was thought that the underlying factors 
in uveitis were either infectious organisms in the eye or focal infections such as 
dental infections. Until 1907 it was thought that the main cause of uveitis was 
syphilis. After the discovery of the tubercle bacillus, this organism was 
considered to be the most common cause of uveitis. Woods,16 one of the leaders 
in the field of uveitis in the first half of this century, thought in 1944 that 
tuberculosis was a contributing factor in about 79%; this percentage had 
decreased to about 23% in 1954. During this period, organisms such as Brucella 
sp., and Toxoplasma gondii were demonstrated in enucleated eyes and several 
serological and skin tests were developed. In 1936, Bruins Slot4 pointed out that 
the histologic features of the eyes of patients with uveoparotid fever were 
identical to that of sarcoidosis, so that a definitive association between a 
systemic disease, such as sarcoidosis, was established. In 1941, Guyton and 
Woods described the aetiology of uveitis in 572 cases and concluded that the 
role of focal infections was rather small and that removal of the presumed 
origin (teeth, tonsils) was of little help. 

Woods summarised the thoughts about uveitis in 1961 and utilised the 
most common classification until that time, based on the clinical or histological 
appearance: granulomatous or non-granulomatous uveitis. Granulomatous 
uveitis was used to describe the chronic tissue reaction, which follows infection, 
by various nonpyogenic agents. Histologically, it is recognised by 'clumps' 
(granulomas) of cells accompanied by necrosis. (The current definition of a 
granuloma is as follows: a focal area of granulomatous inflammation. It consists 
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of a microscopic aggregation of macrophages that are transformed into 
epithelium-like cells surrounded by a collar of mononuclear leukocytes, 
principally lymphocytes and occasionally plasma cells. In tuberculosis it is 
combined with central caseous necrosis ). Non-granulomatous uveitis was used 
to describe acute, nonpurulent inflammations, recognised histologically by 
oedema and capillary dilatation with little tissue destruction or overgrowth of 
connective tissue. This classification was, however, inadequate since it 
seemed that some types of uveitis can present as both granulomatous and non
granulomatous, depending on the stage of the ocular disease, as for example in 
uveitis related to sarcoidosis. The acute stage presents as non-granulomatous 
and the chronic stage as granulomatous, despite the same aetiology.19 

In 1973, Brewerton first reported the association between HLA-B27 and 
ankylosing spondylitis and thereafter the association between HLA-B27 and 
acute anterior uveitis (AAU) In 1977, Wacker characterised a soluble 
uveitopathogenic antigen from bovine retina (S-antigen) which can cause 
autoimmune uveitis (EAU) after injection into animals in the presence of 
appropriate adjuvants. Both of these findings contributed to the hypothesis that 
autoimmunity could play an important role in the aetiology of uveitis. In 1980, 
Rosenbaum et al. developed another experimental uveitis model (endotoxin-
induced uveitis (EIU)) based on the injection of lipopolysaccharide (LPS) into 
the footpads of Lewis rats. The EAU and EIU models have both proved to be of 
enormous importance in the understanding of the pathogenesis of uveitis and 
the development of new therapeutic regimens. 

With the progression of other laboratory techniques and the advances in the 
field of immunology, the idea emerged that infections are of minor importance 
in the aetiology of uveitis. Other underlying factors or mechanisms can also 
play a role, such as autoimmune reactions, systemic diseases, and systemic or 
topical medication. The discovery of several antimicrobial agents also 
contributed to the decrease of infectious causes, as was seen for syphilis after 
the use of penicillin in this disease. In 1984 the human immunodeficiency virus 
(HIV) was identified as the cause of the acquired immunodeficiency syndrome 
(AIDS). After the manifestation of this syndrome, opportunistic infections such 
as CMV-retinitis were seen more frequently. The discovery of new infectious 
organisms such as the spirochete Borrelia burgdorferi in 1982, and the 
improvement of PCR techniques also contributed to the increased diagnosis of 
infectious causes of uveitis in the last twenty years. 
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1.2 Classification of uveitis 

Since 1987, the classification of uveitis is based on the localisation of the 
inflammation according to the recommendations of the International Uveitis 
Study Group : anterior (iris, ciliary body), intermediate (pars plana, vitreous), 
posterior (retina, choroid) or pan- (the uveal tract as whole including the retina 
and the optic nerve) uveitis. In addition to the anatomical classification, the 
aetiology is used to make a subclassification. 

Table 2. Classification of uveitis 

Location 

Infectious 

Aetiology 

Presumed non-infectious 

Anterior HSV, VZV 

Mycobacterium sp., Leptospira, Treponema 

pallidum (syphilis), Propionibacterium 

acnes, Bartonella henselae 

HLA-B27-associated uveitis, Fuchs' 

heterochromic iridocyclitis, lens-associated 

uveitis, sarcoidosis, drug-induced uveitis 

(e.g. ß-blockers, rifabutin, IL-6 therapy ) 

Intermediate Borrelia burgdorferi, Toxocara sp., 

Tropheryma whippelii, Human T-

lymphotropic virus type I (HTLV-1) 

Multiple sclerosis-associated uveitis, 

sarcoidosis, inflammatory bowel disease-

associated uveitis (M. Crohn) 

Posterior/ Parasites: Toxoplasma gondii, Toxocara sp., 

pan- Ascaris sp., Onchocerca volvulus 

viruses: HSV, VZV, CMV, HIV 

bacteria: T whippelii, M. tuberculosis, 

T. pallidum 

Fungi: Candida sp., Aspergillus sp., 

H. capsulatum 

Sarcoidosis, Behcet's disease, 

white dot syndromes : 

VKH, APMPPE, MEWDS, birdshot 

chorioretinopathy, sympathetic 

ophthalmia 

Presumed ocular histoplasmosis syndrome 

VKH= Vogt-Koyanagi-Harada disease, APMPPE= acute posterior multifocal placoid pigment epitheliopathy, 

MEWDS= multiple evanescent white dot syndrome 

1.3 Incidence 

The incidence of uveitis is currently estimated at 17/100.000.24 The kind of 
uveitis seen varies per study, depending on whether the clinic was a referral 
centre or a community-based clinic (Table 4).25 Anterior uveitis is more 
frequently seen in a general centre, while posterior uveitis is more frequently 
seen in a referral centre. In the study reported by McCannel et al.25 CMV was 
considered to be the most frequently seen infectious cause of uveitis. The 
authors stated that this was probably due to the high prevalence rates for AIDS 
in the region where the study was done. This is in contrast to many other 
reports, in which T. gondii is listed as the most frequently seen infectious 

26,27 

cause. 
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The latest figure for the incidence of uveitis is from Leicester in the United 
28 

Kingdom (1996)," where the total annual incidence was 7.4/100.000, with the 
highest incidence for idiopathic anterior uveitis, followed by HLA-B27-
associated acute anterior uveitis and Fuchs' heterochromic iridocyclitis. HSV 
and toxoplasmosis had the highest incidence among the infectious causes. 
Overall, anterior uveitis (idiopathic or HLA-B27-related) had the highest 
incidence. 

Infectious causes seem to have decreased in the past decades, probably 
because of the development of antimicrobial agents. Examples include the 
decline of ocular syphilis after the introduction of penicillin and the decrease of 
ocular tuberculosis after the development of tuberculostatics. Nowadays, 
infectious causes are mainly seen in posterior uveitis and account for 
approximately 15-52% of cases, ' if HIV-infected patients are included, then 
the number of infectious causes is increasing. The number of infections causing 
uveitis is also largely dependent on the region under investigation. In certain 
regions of Africa, onchocerciasis used to be the most frequently seen infectious 
cause, while in the Western World this is toxoplasmosis."6 ' Systemic 
(presumed non-infectious) diseases account for approximately 30% of all cases 
of uveitis.32 The incidence of drugrelated uveitis is estimated at 0.5%.15 In spite 
of the fact that several diagnostic tests are increasingly available and more 
diseases associated with uveitis are known, approximately 30-50% of uveitis 
cases are still classified under the term 'idiopathic' (unknown cause) (Table 3 
and 4). 

In most reports concerning the impact of blindness, uveitis is not considered 
as a distinct entity.3' One study describing the causes of blindness in Germany3'' 
reports that the prevalence of blindness as a result of uveal inflammation is the 
highest in younger blind persons (3.6%) as compared to elderly people in whom 
the prevalence of uveal inflammatory disease accounted for 2.4% of the cases.36 

Uveitis causes about 10% of the visual handicaps in the world.37 The main 
cause of blindness due to uveitis is cystoid macular oedema, followed by 
corneal opacities and macular inflammatory lesions/ 

Table 3a. Anatomical localisation of uveitis as seen in a general versus a referral centre. 

General eentre Referral centre 

N=213 9c N=213 9, 

Anterior uveitis 

Intermediate uveitis 

Posterior/ panuveitis 

Other (e.g. endophthalmitis) 

193 90.6 129 60.6 

3 1.4 26 12.2 

13 6.1 51 23.9 

4 1.9 7 3.3 
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Table 3b. Aetiology of uveitis as seen in a general versus a referral centre. 

General centre Referral centre 

N=229 % N=316 % 

Infectious aetiology (total) 48 21.0 151 48 

- CMV-retinitis 16 7.0 103 32.6 

-HSV/ VZV 16 7.0 30 9.4 

- T. gondii 9 4.0 11 3.4 

- other 7 2.0 7 2.6 

Associated with systemic disease (total) 43 18.8 35 11.1 

-sarcoidosis 2 0.9 2 0.6 

-HLA-B27 33 14.4 23 7.3 

-other 8 3.5 10 3.2 

Lens-associated uveitis 2 0.9 2 0.6 

Idiopathic but categorised (total) 17 7.4 42 13.2 

-Fuchs' heterochromic iridocyclitis 2 0.9 3 0.9 

-Birdshot chorioretinopathy 0 2 0.6 

-Intermediate uveitis 2 0.9 26 8.2 

-other 13 5.6 11 3.5 

Idiopathic but not categorised 119 51.9 86 27.2 

Table 4. Aetiology of posterior uveitis in Europe in % of total uveitis cases 

1975 1990 1993 1996 

Finland Portugal' The Ncthcrl.' ] 29 

înd s United Kin gdorr 28 
1 

Anterior 84 60 52 56 

Intermediate n.s. 4 9 8 

Post/pan- 16 36 39 23 

Infectious 15 23 15 16 

Non-infectious 9 18 36 30 

Lens-associated n.s. n.s. n.s. 1 

Idiopathic 76 49 40 27 

Miscellaneous n.s. 6 8 26 

n.s. = not specified 
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1.4 Immune response in the eye 

As it is very important to preserve the visual function of the eye, this organ is 
protected against blinding damage by its localisation (inside a bony cavity) and 
an altered immune response (immune privilege). It was discovered more than a 
century ago that foreign tissues or antigens placed in the anterior compartment 
of the eye are not rejected and do not cause an inflammatory reaction, a 
phenomenon designated as immune privilege. A status of immune privilege is 
also found in several other sites of the body, such as the subretinal space, brain, 
and testes. 

In the eye, this immune privileged situation is maintained by intrinsic 
mechanisms to limit immune responses in the eye, such as the presence of blood 
ocular barriers (retinal pigment epithelium, epithelium of the ciliary body and 
iris vessels), the (disputable) absence of lymphatic drainage, the presence of a 
variety of immunosuppressive mediators (such as TGF-ß, a-MSH, VIP), and 
the constitutive expression of Fas-ligand on various ocular structures. The 
proliferation of T-cells, that are necessary to elicit an immune response is 
suppressed by factors present in the aqueous humour such as TGF-ß. The 
unique presence of Fas-ligand on corneal epithelial and endothelial cells, iris, 
and retina protects the eye against influx of activated, Fas-expressing T-cells 
because it triggers the apoptotic death of these cells. Release of IL-10 by these 
apoptotic cells has been suggested as one of the key elements in the induction of 
ocular immune deviation. 

Besides these intrinsic mechanisms to protect the eye against severe 
inflammatory responses, immune privilege is also obtained through deviation of 
immune responses. The phenomenon that antigens placed in the anterior 
chamber of the eye elicit a deviant immune response is currently named 
'anterior chamber associated immune deviation' (ACAID). The hallmarks of 
ACAID are antigen-specific deficits in delayed hypersensitivity (DH) and 
complement-fixing antibodies and a unique spectrum of regulatory T-cells: 
CD8+ cells that suppress DH expression and CD4+ cells that interfere with the 
induction of DH effector cells.4 When these protective mechanisms fail as a 
result of, for example, an infectious agent that causes breakdown of the 
bloodocular barrier, the eye will be susceptible to more harmful inflammatory 
reactions. Due to breakdown of the bloodocular barrier, influx of factors that 
block activation of latent into active TGF-ß may result in the abrogation of the 
immune privileged status of the eye. 
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1.5 Aetiology: infectious versus 'non'- infectious 

With the improvement of various laboratory techniques the understanding of the 
aetiology of several uveitis entities has increased. Not only the discovery of the 
infectious organisms but also the increasing knowledge of immunology gave a 
better insight into the aetiology of uveitis. 

It is, however, still difficult to discriminate between infectious and non
infectious causes, because there are only a limited number of procedures that 
can be used in the diagnosis of uveitis. Choroidal or retinal biopsies are difficult 
to perform and may have serious complications. The discrimination between an 
infectious and a non-infectious cause is very important, because the therapeutic 
strategies are different. If an infectious cause is suspected, corticosteroid 
therapy may induce exacerbation or even worsen the visual outcome as seen in, 
for example, ocular toxoplasmosis.45 On the contrary, corticosteroids seem very 
helpful in the treatment of non-infectious uveitis, as is seen in, for example, in 
ocular sarcoidosis and in HLA-B27-associated anterior uveitis. 

There are a number of mechanisms that may be involved in the pathogenesis 
of infectious uveitis. The damage in the eye can be the result of 

(-1-) the infectious organism itself, as was seen in patients with AIDS and 
CMV-retinitis in a period when highly active anti-retroviral therapy (HAART) 
was not yet available. In these patients, CMV-retinitis appears as necrotising 
retinopathy spreading rapidly over the retina. Anti-CMV therapy is needed to 
conquer the virus and prevent reactivation. The result of direct viral damage to 
the retina is also seen in patients with acute retinal necrosis (ARN). 
Histopathological examination of enucleated eyes with ARN showed large 
regions of necrosis with many viral particles.10 Preliminary findings show that 
the visual prognosis is much better when antiviral therapy is administered 
directly into the vitreous than when it is applied systemically, thus indicating 
that rapid clearance of the virus is necessary to limit retinal damage [Van der 
Lelij, personal communication]. Patients with ocular toxoplasmosis treated with 
corticosteroids without anti-parasitic medication ' and patients with AIDS and 
ocular toxoplasmosis may present with full-thickness retinal necrosis. 
Histopathological examination reveals little or no retinal inflammation, 
supporting the hypothesis that the damage in these cases is also due to 
proliferating organisms rather than the host immune response. 

Furthermore, (-2-) the host immune response against an infectious organism 
can result in damage to the retina. This mechanism is difficult to distinguish 
from the damage caused by the infectious organism, but a clear example is that 
of uveitis caused by Toxocara sp.. In 1974, Byers48 reported that inflammatory 
signs due to the larva of Toxocara start after the death of the larva, and that 
these signs disappear after treatment with corticosteroids. Although small-scale 
studies were performed in which patients were treated with antihelmintics, most 
authors feel that these therapeutic agents do not have additional value. 
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In case of recurrent ocular toxoplasmosis it seems that the inflammatory 
reaction seen at the border of an old scar is due to the immune response against 
the parasite, because ocular toxoplasmosis is usually a self-limiting disease. 
During the eighties it was thought that recurrence of ocular toxoplasmosis could 
be due to a hypersensitivity reaction against retinal antigens.30 Others have 
suggested that retinal autoimmunity was not of major importance but could be 
an epiphenomenon following retinal inflammation.11, 52 During active ocular 
toxoplasmosis, intraocular antibody production can be detected53 and T. gondii-
specific T-lymphocytes can be derived from ocular fluid samples.54 These 
findings point to a host anti-parasitic immune response that leads to damage of 
ocular structures instead of a direct noxious effect caused by the parasite itself. 

The latest example of inflammation due to the host immune response is the 
transient vitritis seen in patients with AIDS who have been treated with 
HAART and have a CMV-retinitis, this in contrast to CMV-retinitis in the pre-
HAART period, when the vitreous was clear during CMV-retinitis. The authors 
proposed that the vitritis was the result of an increased host immune response 
against the virus.5 The appearance of an unexplained vitritis was also reported 
in patients with non-active CMV-retinitis after HAART.36 Others reported that 
in AIDS patients following immune restoration continuous anti-CMV therapy is 
no longer needed, as the host seemed to be able to control CMV replication.57'58 

Another mechanism that could result in ocular damage is (-3-) an 
'autoimmune' reaction triggered by either infectious organisms or trauma. This 
is a rather speculative point, because there are only indications for possible 
mechanisms. One is molecular mimicry: cross-reactivity between the host and 
an infectious organism; the general assumption is that certain antigenic 
determinants (as small as 6 or 8 aminoacids) of an infectious organism have to 
be similar enough (compared to 'self') to induce a cross-reactive immune 
response, but with sufficient differences to elicit an immune response. This 
immune response is then also directed at self-protein and results in 
inflammation of those tissues expressing this antigen.59 This mechanism has 
been described in an animal model for retinal S-antigen (S-Ag), whereby 
experimental autoimmune uveitis (EAU) could be induced with several viral 
proteins that had an aminoacid sequence homology with the uveopathogenic site 
of S-Ag. 

A recently reported example of molecular mimicry in ocular disease is that 
of uveitis in patients infected with the nematode Onchocerca volvulus. The 
cause of ocular damage in the posterior segment is not yet clear, but an 
association with the worm is equivocal. It was suggested that the damage is due 
to the presence of antibodies directed at retinal antigens such as anti-retinal S-
antigen (S-Ag), but no cellular or humoral response was seen against either 
interphotoreceptor retinoid binding protein (IRBP) or S-Ag in patients with 
uveitis due to Onchocerciasis." ' McKechnie et al., however, discovered a 
retinal protein (hr44) that cross-reacts with the parasite antigen Ov39. This 
Ov39 antigen is able to induce class II expression on retinal microglia and 

10 
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causes retinal disease in rats after immunisation with this antigen. 
To what extent molecular mimicry plays a role in the aetiology of other 
'presumed non-infectious' uveitis entities has to be investigated. 

A second possibility might be an autoimmune mechanism following the 
breakdown of immunological tolerance that has been implicated as a cause of 
non-infectious uveitis. Examples are sympathetic ophthalmia (SO) and lens-
associated uveitis (LAU).64 SO appears after penetrating trauma in one eye 
involving the uvea, causing a granulomatous inflammation in both eyes (one eye 
'sympathises' with the other). This was thought to be the result of an 
autoimmune response directed at uveal proteins. 

LAU, formerly called phacoanaphylactic or phacogenic uveitis or 
endophthalmitis, may appear after extracapsular cataract extraction, when the 
lens cortex is not fully removed or especially when the lens capsule is ruptured, 
and the 'dropped' nucleus may provoke an inflammatory reaction in the 
vitreous. This is also thought to be an autoimmune reaction (against lens 
proteins). The general thought was that both uveal and lens proteins were 
sequestered and thus invisible for the immune system: i.e., that these proteins 
would not be recognised as 'self' when the immune system comes in contact 
with these proteins. If bloodocular barriers are damaged by (surgical) trauma, 
the immune system will elicit a response to these 'foreign' proteins. Despite the 
fact that these hypotheses have been around for a number of decades, no 
definite 'autoantigen' has been characterised for either SO or LAU. 

To date, the only proven human autoimmune disease caused by an 
immunological reaction against retinal proteins is cancer-associated retinopathy 
(CAR). The CAR syndrome serves as a model to illustrate how retinal damage 
can manifest as an immune-mediated repercussion evoked by the patient's 
immune response to recoverin, a 23 kD autoantigen that is aberrantly expressed 
by the neoplasm (mostly small cell carcinoma of the lung). 

Some disorders can simulate chronic uveitis; these disorders are classified 
under the term 'masquerade syndromes'. When the underlying cause has been 
treated, the 'uveitis' will also resolve. These disorders are mostly of malignant 
origin, as for example intraocular lymphoma, but sometimes non-malignant 
such as intraocular foreign bodies, retinal detachment, or drug reactions. As 
malignant disorders often require prompt therapy it is very important that a 
distinction can be made between, for example, intraocular lymphoma and an 
infectious cause. 

When patients are treated with corticosteroids, because a non-infectious 
cause is suspected, and the uveitis does not resolve, a diagnostic pars plana 
vitrectomy is indicated to exclude a 'masquerade syndrome'. The vitreous 
specimen that is obtained can be used for cellular analysis, but has to be 
processed rapidly to preserve the morphology and integrity of the cells. Since 
it can be very difficult to evaluate a biopsy via a histopathological method, other 
diagnostic tests, such as the detection of cytokines and PCR to diagnose 
intraocular lymphoma, are currently under investigation. 
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1.6.1 Laboratory procedures in uveitis: systemic factors 

HLA 
Since Brewerton reported the association of HLA-B27 with acute anterior 
uveitis, other HLA-associations have been reported for other uveitis entities 
(Table 5), indicating that genetic components play a role in their pathogenesis. 

Table 5 HLA associations with uveitis. ' 

HLA-molecule Uveitis entity 

HLA-B27 Acute anterior uveitis 

HLA-A29 Birdshot chorioretinopathy 

HLA-B51 Behcet's disease 

HLA-DR15 Intermediate uveitis 

HLA-DRw2/B7 Presumed ocular histoplasmosis syndrome 

HLA-DR4/HLA-B53 Vogt-Koyanagi-Harada disease 

In patients with acute anterior uveitis, HLA-typing is important and can 
result in early diagnosis of ankylosing spondylitis when patients are HLA-B27 
positive. An early diagnosis is very important in this disease as it may prevent 
disability in these patients when treated adequately at this stage. The other 
HLA- associations mentioned in Table 5 are not included in the diagnostic 
criteria, but are of great interest since they may lead to a better understanding of 
their pathogenesis. 

Immunoglobulins 
The presence of specific immunoglobulins in serum can be used to detect the 
presumed causative infectious agent of uveitis if this organism does not infect 
virtually all people in the population under investigation. Due to the availability 
of antimicrobial agents, the prevalence of syphilis has decreased, resulting in a 
very low seropositivity in the population. Therefore, positive serum titres may 
give an adequate indication of the cause of uveitis. In infections that affect a 
large part of the population seroconversion can be useful. The following 
changes are used to indicate acute infection: seroconversion from IgG negative 
to positive, the presence of IgM or IgA, or a four-fold increase in IgG level. 
In Europe, most people have been infected with several viruses, such as VZV 
(chickenpox) and EBV (M. Pfeiffer), and some parasites such as T. gondii; thus, 
IgG against these organisms is readily detected in their serum. In Europe and 
Brazil, the percentage of patients seropositive for T. gondii increases with age, 
so that in the elderly population approximately 70% have been in contact with 
the parasite. ' 
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Several studies have reported that the presence of specific IgG in serum is of 
little help to investigate whether the uveitis is caused by the suspected organism 
or not, since no difference was found between infected patients with or without 
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uveitis. ' Therefore, in these cases, the detection of intraocularly produced 
immunoglobulins is very important, and has been shown to be a reliable method 
to indicate active infection in the eye. 

Cytokines 
The absence of pro-inflammatory cytokines in serum does not reflect the 
situation in the eye, because IL-6, for example, could not be detected in the 
serum of patients with uveitis but could be detected in the ocular fluid. 82 There 
are, however, indications that increased levels of IL-8 and soluble intercellular 
adhesion molecule (ICAM) in serum from patients with intermediate uveitis 
disclose a predisposition for systemic involvement.83'84 

The presence of other cytokine-related substances, such as IL-1 receptor 
antagonist (IL-Ira)85 and IL-2 receptor,86 in serum has been investigated but 
these studies failed to demonstrate a clear diagnostic value of these tests. The 
presence of IL-1 ra could be used to indicate the therapeutic effects of treatment 
with cyclosporin and corticosteroids in patients with Behcet's disease.85 

Other factors 
Most of these factors indicate the presence of 'immune'-mediated systemic 
diseases that can involve the eye. Angiotensin converting enzyme (ACE) and 
lysozyme are released by epitheloid cells and macrophages within sarcoid 
granulomas. Serum ACE is elevated in 60-90% of patients with active 
sarcoidosis, and it seems to confirm uveitis in correlation with sarcoidosis in 
patients not accessible to biopsy.87 The detection of increased ACE levels is 
highly specific, but can also be found in other uveitis-related disorders such as 
tuberculosis and leprosy.89 Lysozyme levels usually parallel ACE activity, but 
an increased level is less specific than ACE. The combination of elevated ACE 
and lysozyme may carry a higher predictive value than either test alone. 

The presence of anti-phospholipid antibody (anti-cardiolipin antibodies and 
lupus coagulant) and anti-double stranded DNA antibodies (ds-DNA) indicate 
systemic lupus erythematosus (SLE) in patients with retinal vasculitis. 

Anti-neutrophil cytoplasmic antibody (ANCA) shows three reaction 
patterns: 1- cytoplasmic (c-ANCA), 2- perinuclear (p-ANCA) and 3-a diffuse 
pattern which is a non-specific reaction due to miscellaneous antibodies.90 The 
presence of p-ANCA in patients with uveitis has recently been re-investigated. 
It appeared that patients who were p-ANCA positive and had uveitis were either 
HLA-B27 positive or had systemic evidence of immune-mediated diseases.91 

The presence of c-ANCA is an indication for Wegener's granulomatosis.92 For 
general uveitis screening, however, the detection of these antibodies has a 
limited value, uveitis is present in only 16% of patients with Wegener's disease 
and this disease itself is very rare. 
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Anti nuclear antibodies (ANA) are present in patients with rheumatic 
diseases, in children with uveitis this should be measured as uveitis can precede 
rheumatic complaints. 

1.6.2 Diagnostic procedures involving intraocular fluids 

Wardrop (1782-1869) evacuated aqueous humour as a therapeutic measure to 
control the raised intraocular pressure and the acute anterior inflammation in 
uveitis patients. It was thought that after removing the aqueous, new aqueous 
would flow into the anterior chamber thereby increasing the amount of 
antibodies.' 

In 1940, Irvine et al. wanted to get better insight into uveitis by studying 
the aqueous humour. They measured 'sugar' levels and protein content and 
made smears to detect what cells were important, but the outcomes were not 
related to the aetiology. Bruckner did the first paracenteses for diagnostic 
reasons in 1919. In 1943, Amsler and Verrey published a paper 94 on the 
practical use of anterior chamber paracentesis; in 1954 they published the 
results of some 4500 anterior chamber taps that were done to investigate the 
cytology and immunology of the aqueous. No relation could be detected 
between the cell types in the aqueous and the presumed aetiology of the uveitis. 
It was also very rare to find living organisms in the samples, so that the cultures 
of aqueous humour samples were often negative.95 In 1954, Goldmann and 
Witmer had shown that specific antibodies that were produced in the eye could 
be detected in horses with uveitis caused by leptospira and in a few patients 
with uveitis caused by tuberculosis. At the same time, Cavara detected viral 
particles of HSV in the aqueous humour during iritis.97 

When, however, aqueous humour was used for diagnostic purposes, it was 
either cultured or inoculated into an animal to make the diagnosis of either viral 
or other infectious origin. This often resulted in false-negative tests and when 
the test was positive, contamination could not be excluded. Witmer93 first used 
intraocular antibody production to determine the aetiology of uveitis in 693 
patients with uveitis in 1978. He concluded that only 10% of the aqueous 
chamber punctures were of benefit to the patients, but this was the result of the 
large volume needed for the tests. Since many ophthalmologists were of the 
opinion that paracentesis had more disadvantages than benefit, most 
investigators only used antibody detection in serum. The presence of antibodies 
in serum, however, does not substantiate the cause of the ongoing inflammation 
in the eye as was shown for ocular toxoplasmosis. Therefore, testing of the 
intraocular fluid for antibodies is useful, and the calculation of the Goldmann-
Witmer (GWc) or Witmer-Desmonts coefficient is commonly used, although 
seldom outside Europe. 
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antibody level ocular fluid total IgG ocular fluid 
GWc = 

antibody level serum total IgG serum 

In 1973, Allansmith et al.98 investigated the amount of immunoglobulins in 
several parts of the eye and concluded that the main immunoglobulin (Ig) 
present is IgG (MW 140,000). The mean level of 0.01 mg/ml in non-inflamed 
eyes was probably due to diffusion from the circulation. Since the diffusion 
factor is taken into account when calculating the GW- coefficient, the result can 
become false-negative, as is the case during uveitis related to an acute systemic 
infection with high serum antibody titres. It might therefore be useful to use 
other immunoglobulin classes. In patients with ocular toxoplasmosis who are 
not suffering from an acute systemic infection, intraocular antibody production 
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will aid in the diagnosis in approximately 75% of cases. 
After the development of the polymerase chain reaction (PCR) to detect 

DNA by Saiki et al. in 1988, many investigators thought that the use of PCR 
would contribute greatly to making a definite diagnosis because the organism 
can be detected directly and only a small sample size is needed. For culture or 
serology a larger volume was needed and both were often negative. Viruses and 
certain bacteria, such as anaerobic bacteria, are difficult to culture, so the result 
is often false-negative. The diagnosis can also be false-negative if the 
production of locally produced antibodies is not yet fully started. 
Although PCR is now very popular it also has its limitations. PCR as a 
diagnostic means in uveitis was first used by Fox et al. in 1991 to detect viral 
DNA in vitreous or aqueous humour from patients with suspected 
cytomegalovirus retinitis and by Brezin et al. to detect Toxoplasma gondii 
DNA. De Boer et al.100 compared the use of the detection of locally produced 
antibodies and PCR and concluded that in immunocompetent patients, PCR is 
useful in the very acute stage of inflammation but that after about 4 weeks, 
calculating the GW-coefficient is more useful. In patients immunocompromised 
by infection with the human immunodeficiency virus or as a result of 
immunosuppressive therapy, PCR might be more useful since antibody 
production is disturbed, resulting in polyclonal antibody formation. In 
immunocompetent patients, PCR seems to contribute to the definite diagnosis in 
only 30%.I03 

Although many investigators have demonstrated the reliability of laboratory 
investigation of aqueous humour samples, aqueous chamber paracentesis is not 
yet routinely used for the diagnosis of uveitis, since most ophthalmologists do 
not have the possibility to investigate the samples because the volume is very 
small and access to laboratories experienced in the analysis of ocular fluids is 
limited. Before performing more interventional procedures, such as retinal or 
choroidal biopsies, it would be better to perform anterior chamber paracentesis, 
regarding which Van der Lelij and Rothova reported that it is a safe procedure 
with few complications, often providing an answer in cases presenting as a 
diagnostic dilemma. 
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Cytokines 
A great deal of research has been done to investigate the presence of 
inflammatory cytokines in ocular fluid samples from patients with uveitis in 
order to get a better understanding of the immunology of uveitis. Until now, 
only Chan et al. reported the useful application of cytokine detection as a 
diagnostic measure. In 1995, she reported the use of the ratio between IL-6 and 
IL-10 to discriminate between uveitis and an intraocular lymphoma.105 In 
patients with uveitis, high levels of IL-6 and very low or undetectable levels of 
IL-10 were found in the ocular fluid sample. This was in contrast to patients 
with an intraocular lymphoma in whose ocular fluid very high levels of IL-10 
and only low levels of IL-6 could be detected. The level of IL-10 corresponded 
with the number of malignant cells in the ocular fluid sample. 

1.7 The aim of this study 

When dealing with uveitis patients, it is of the utmost importance to 
discriminate between an infectious and a non-infectious aetiology, because the 
treatment of these two forms can be very different. Uveitis of infectious origin 
has to be treated with antimicrobial agents, while uveitis of non-infectious 
aetiology can be treated with anti-inflammatory or immunosuppressive therapy. 
When, however, uveitis of infectious origin is treated solely with 
immunosuppressive medication, it can result in an unnecessarily poorer visual 
outcome. To treat the patient or possibly come to other 'novel' therapeutic 
strategies, it is therefore important to be able to identify the cause of uveitis, and 
also to investigate whether other factors may be playing a role in the 
pathogenesis of uveitis to be able. 

The role of the Epstein-Barr virus as a cause of uveitis is still a controversial 
issue. The first part of this study was therefore designed to investigate the role 
of the Epstein-Barr virus in the pathogenesis of uveitis and to analyse whether 
routine diagnostic screening for this virus is necessary (Chapter 2). 

Ocular toxoplasmosis is still the most important cause of posterior 
infectious uveitis. Until now the diagnosis of ocular toxoplasmosis is confirmed 
either by PCR or by the detection of intraocular anti- T. gondii IgG antibody 
production; approximately 75% of cases can be confirmed using these methods. 
As the detection of IgA antibodies has been described to have a diagnostic value 
in encephalitis, the use of anti- T. gondii IgA detection in ocular fluids was 
evaluated in patients with ocular toxoplasmosis (Chapter 3). In the following, 
chapter the discrimination between primary ocular toxoplasmosis in the setting 
of either acute or chronic systemic toxoplasmosis is described. This 
discrimination is important and has implications for the therapy; primary ocular 
toxoplasmosis may mimic other focal uveitis entities (Chapter 4). 
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To investigate whether the presumed ocular histoplasmosis syndrome 
(POHS) in The Netherlands is associated with Histoplasma capsulatum or other 
infectious parasites, a search for antibodies and possible risk factors in Dutch 
patients with POHS was investigated and the results are presented in Chapter 
5. No risk factors of either infectious or non-infectious origin could be 
identified in our patients. In the USA, an association with either HLA-DR2 or 
HLA-B7 was reported for patients with POHS. We performed HLA-typing in 
Dutch patients with POHS to investigate whether a same genetic predisposition 
can be found in our patients who have POHS. (Chapter 6). 

To investigate whether a profile of immunoregulatory cytokines can point to 
a certain uveitis entity, we measured IL-2, IL-4, IL-6, IL-10 and IFN-y in 
patients with acute retinal necrosis and ocular toxoplasmosis. The results were 
compared with the results of patients with 'autoimmune' uveitis and non-uveitic 
controls (Chapter 7). 
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Abstract 

Aim: To investigate whether routine testing for Epstein-Barr virus (EBV) is 
necessary in the examination of a patient with uveitis. 
Methods: Intraocular EBV DNA was determined in 183 ocular fluid samples 
taken from patients with AIDS and uveitis, HIV negative immunocompromised 
uveitis, acute retinal necrosis, toxoplasma chorioretinitis, intraocular lymphoma, 
anterior uveitis, and miscellaneous uveitis of unknown cause. In 82 samples of 
this group of patients paired serum/ocular fluid analysis was performed to detect 
local antibody production against EBV. Controls (n=46) included ocular fluid 
samples taken during surgery for diabetic retinopathy, macular pucker or 
cataract. 
Results: Serum antibody titres to EBV capsid antigen proved to be significantly 
increased in HIV negative immunocompromised patients with uveitis (p<0.01) 
compared with controls. Local antibody production revealed only three positive 
cases out of 82 patients tested, two results were borderline positive and one 
patient had uveitis caused by VZV. EBV DNA was detected in three out of 46 
control ocular fluid samples. In the different uveitis groups EBV DNA was 
noted, but was not significantly higher than in the controls, except in six out of 
11 HIV negative immunocompromised patients (p=0.0008). In four out of these 
six cases another infectious agent (VZV, HSV, CMV or Toxoplasma gondii) 
had previously been identified as the cause of the uveitis. 
Conclusions: When comparing various groups of uveitis patients, EBV DNA 
was found more often in HIV negative immunocompromised patients with 
uveitis. Testing for EBV does not have to be included in the routine 
management of patients with uveitis, since indications for an important role of 
this virus were not found in the pathogenesis of intraocular inflammation. 
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Introduction 

The Epstein-Barr virus (EBV) is a member of the herpes virus group. It is an 
ubiquitous virus and the majority of the adult population has been infected. 
Individuals are usually infected through saliva during adolescence and display 
symptoms such as pharyngitis, fever and lymphadenopathy. The presence of 
atypical lymphocytes in a blood smear is characteristic of EBV infection, hence 
its name of "infectious mononucleosis". It is often a self limiting disease and in 
most cases infection passes asymptomatically. After primary infection, a large 
pool of infected B lymphocytes is generated, the number of which gradually 
reduces once host-cell immunity develops. After infection, latent EBV remains 
present in approximately one out of 106 B-lymphocytes." The humoral immune 
response is mainly directed against the virus capsid antigen (VCA) and Epstein-
Barr nuclear antigen (EBNA) and remains detectable throughout life. 

The cellular immune response to EBV is mediated by both cytotoxic and 
helper T cells.1 EBV specific T cells can be suppressed or inhibited due to 
immunodeficiency allowing EBV to reactivate, resulting in proliferation of 
virus particles, as has been noted in AIDS patients and in patients, who 
underwent organ transplantation followed by immunosuppressive therapy . 
EBV has also been associated with the development of Burkitt's lymphoma in 
African children, with nasopharyngeal carcinoma in the middle aged population 
in southern China, with lymphoma in immunocompromised patients (AIDS, 
transplantation patients), and with Hodgkin's disease. 

The role of EBV in the pathogenesis of ocular disease is still controversial. 
It has been associated with a variety of symptoms, such as conjunctivitis, 
keratitis,6 uveitis,7' 8 choroiditis, and retinitis. In these reports, the diagnosis 
was based on virus culture from conjunctival or tear samples, or substantiated 
by serological findings in serum. Only one group has provided evidence of 
intraocular EBV antibody synthesis in three immunocompetent patients with 
bilateral anterior uveitis, and no evidence of infectious mononucleosis. The 
authors suggested that EBV uveitis might be a new clinical entity. 

So far, the evidence for a possible role of EBV in the pathogenesis of 
uveitis is mainly based on serological evidence. With the availability of more 
specific laboratory techniques (PCR) for the identification of infectious agents 
during intraocular inflammation we decided to investigate the role of EBV in 
uveitis and more specifically whether routine testing for this virus is useful in 
the laboratory examination of a patient with uveitis. Our findings have not yet 
pointed to a direct role of EBV in uveitis, but did reveal EBV DNA to be 
present more often in the eyes of HIV negative immunocompromised patients 
with uveitis than in the eyes of controls. 
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Patients and Methods 

In our study, uveitis was diagnosed according to the criteria of the International 
Uveitis Study Group and the research committee of the American Uveitis 
Society. ~ Aqueous humour (AH) samples (100-200 |xL) were collected by 
paracentesis for diagnostic purposes. Vitreous fluid (VF) samples (200-1000 
(iL) were collected during a therapeutic or diagnostic vitrectomy. A venous 
blood sample was collected at the time of paracentesis or vitrectomy, and serum 
was obtained after clotting. In some cases another venous blood sample was 
taken in a tube with 0.34 M EDTA to obtain peripheral blood leucocytes 
(PBLs). Erythrocytes were lysed by adding three times the volume of the 
venous blood sample of lysis buffer (150 mM NH4C1, 10 mM KHC03, 1 mM 
EDTA). After lysis of erythrocytes the sample was centrifuged at 450 g and the 
pellet of PBLs washed with phosphate buffered saline (PBS). The PBL sample 
was centrifuged at 10000 g for 15 seconds and the remaining pellet stored at -
70°C until use. 

We investigated 183 ocular fluid samples from the following patient groups: 
AIDS, 32; HIV negative immunocompromised, 11; acute retinal necrosis, 24; 
toxoplasma chorioretinitis, 45; intraocular lymphoma, 11; anterior uveitis, 32; 
and miscellaneous uveitis with unknown cause, 28. 
Of the 32 patients with AIDS, 27 had a clinical picture of cytomegalovirus 
(CMV) retinitis, that was confirmed by PCR in 21 cases. The five other patients 
had, respectively, panuveitis caused by HSV, toxoplasma chorioretinitis, 
progressive outer retinal necrosis (PORN), papillitis of unknown cause and in 
one patient no details were available concerning the clinical picture. 

As controls we used samples obtained during vitreoretinal surgery of 46 
patients with diabetic retinopathy, macular pucker, vitreous haemorrhage, 
retinal detachment, epiretinal membrane or cataract. The mean age of patients 
and controls is shown in Table 1. Patients were informed about the procedures 
and their consent was obtained. 

All ocular fluid samples were tested for the presence of EBV DNA by PCR. 
From the group of 183 patients, EBV antibody detection was performed on 82 
paired ocular and serum samples (AIDS, 21; anterior uveitis, 11; acute retinal 
necrosis, 16; miscellaneous uveitis, 8; HIV negative immunocompromised. 10; 
intraocular lymphoma, 9; toxoplasma chorioretinitis. 7) Paired EBV antibody 
analysis was also performed on 20 control samples. From 22 patients we only 
tested the EBV antibody titre in their serum. These samples were aselectivelv 
chosen from our serum bank to match the size of the different groups in which 
antibodies against EBV were tested. Serum antibody levels against EBV were 
thus available from 104 patients of the original group of 183. EBV DNA PCR 
analysis was also performed in 1 1 serum samples from the HIV negative 
immunocompromised patients with uveitis and in available PBL samples (n=17) 
from all patient groups (see Table 1.). 
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Polymerase Chain Reaction 
DNA was isolated from intra-ocular fluid samples according to the method of 
Boom et al..13 In short, samples (35-100 uL) were lysed in 0.1 M Tris, 0.003 M 
HCl, 10 M guanidinium thiocyanate, 0.036 M EDTA (pH 8.0), 2.6% Triton X-
100, and incubated with 40 (iL silicon dioxide beads. Subsequently, the 
suspension was washed twice with 0.1 M Tris, 0.003 M HCl, 10 M guanidinium 
thiocyanate, then twice with 70% ethanol and once with acetone. After washing, 
the DNA was eluted from the beads in distilled water, while shaking at 56°C for 
10 minutes, using 20 pL more than the volume from which it originated. DNA 
from serum and PBL samples was isolated in the same way, but DNA was 
eluted from the beads using half the volume from which it originated plus 20 pL 
of distilled water. For detection of EBV DNA we chose primers encoded in the 
BAM-H1-W fragment (EMBL accession number: J02072), since the Bam-Hl-
W fragment is repeated 10 times in the EBV genome. The primer sequence we 
used was: 

5' primer: CTC TGG TAG TGA TTT GGA CC nucleotide location 781 
3' primer: GTG A AG TCA CAA AC A AGC CC nucleotide location 1001. 

The expected size of the amplified product was 240 base pairs. 
To prevent carryover contamination with PCR products from previous 

reactions we used uracil DNA glycosilase and dNTPs (dTTP was replaced by 
dUTP) according to Longo et ai. " Other precautions included the use of 
filtertips and separate rooms for isolating DNA, preparing the PCR mixture and 
running the PCR. 

The PCR mixture (50 pL) contained: 50 mM KCl, 10 mM Tris (pH 8.3), 10 
Lig of bovine serum albumin, 2.0 mM MgCl2, 0.4 pmol of each primer, 0.2 pmol 
of dUTP (Sphaero Q, Leiden), 0.2 "pmol each of dGTP, dATP, dCTP 
(Pharmacia), 1 unit of Ampli-Taq DNA Polymerase (Perkin Elmer), 0.1 unit of 
uracil DNA glycosilase (Life Technologies), 5 pL of isolated DNA solution, 
and distilled H20 was added to a total volume of 50 pL. The PCR was run in a 
Biometra Trio Thermoblock (Westburg, Leusden), using the following cycling 
regimen: 10 minutes at 37°C, 5 minutes at 95°C, then 40 cycles were performed 
as follows: 30 seconds at 95°C, 30 seconds at the optimal annealing temperature 
(58°C). and 1 minute at 72°C. After the last cycle the samples were incubated 
for 7 minutes at 72°C for final elongation. 

A volume of 10 (iL of the PCR product was run on a 1.8% agarose gel 
containing ethidium bromide. Bands were visualized by ultraviolet light, and to 
preserve the results the gel was photographed. In some cases gels underwent 
Southern Blotting. DNA was transferred to a positively charged nylon 
membrane (Qiagen, Westburg. Leusden) and hybridised with a '"P-labelled 
oligonucleotide probe specific for the product formed (GAA GCG GGT CTA 
TGG TTG GCT GCG CTG nucleotide location 925).'4 
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EBV primer specificity was tested on samples containing DNA isolated 
from Toxoplasma RH strain tachyzoites, from human fibroblasts infected with 
cytomegalovirus strain AD 169, from varicella zoster virus and from herpes 
simplex virus type 1 strains. No cross reactivity was observed. DNA isolated 
from an EBV transformed B cell line was used as a positive control. 

DNA from varicella zoster virus (VZV), herpes simplex virus type 1 (HSV-
1), cytomegalovirus (CMV) and Toxoplasma gondii was detected as described 
previously by de Boer et a/..16 The detection limit for each agent, determined by 
using known amounts of plasmid containing target DNA, was varicella zoster 
virus, 20 copies; cytomegalovirus, 20 copies; herpes simplex virus type 1, 35 
copies; Epstein-Barr virus, 20 copies; and Toxoplasma gondii, 30 copies. 

The presence of DNA in the various isolates was verified using a PCR for 
ß-globin as described elsewhere.17 

Serology 
Determination of intra-ocular IgG-antibody production against CMV, HSV, 
VZV, EBV and Toxoplasma gondii was performed according to techniques 
described elsewhere. IgG antibodies detected in the immunofluorescence assay 
for EBV (Gull Laboratories, Inc, Salt Lake City, UT, USA) are mainly directed 
to the EBV capsid antigen. Local intraocular antibody production was 
considered to be present when the Goldmann-Witmer (GW) coefficient was 
higher than 3.0.18 

During data analysis a cut off value of 1: 512 was taken to indicate an 
increased serology. 

S t a t i s t i c s 

Statistical analysis of the data was performed using the %2 test and the Fisher's 
exact test. Cumulation of type I errors was corrected for by taking a=0.01. 

Results 
Sc rol P.m 

To evaluate the role of EBV in the pathogenesis of uveitis, the serum IgG 
antibody level to EBV CA (capsid antigen) was tested in uveitis patients and 
controls (Fig 1). When a cut off value of 1:512 was taken, the serum titres were 
significantly increased compared to controls in the HIV negative 
immunocompromised patients (p=0.002). All HIV negative 
immunocompromised patients (n=l 1) had a titre > 1:512 to EBV compared with 
eight out of 18 controls. All other groups of uveitis patients tested did not have 
significantly raised EBV titres in their blood compared with controls. 
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Fig. I. Serum titres against EBV as measured by immuno
fluorescence assay. 1 p-value calculated by Fischer Exact 
test = 0.001 

To further investigate the role of EBV in uveitis we also investigated 
local intraocular antibody production against this virus. Local EBV antibody 
production was not found in the controls tested (n=20; diabetic retinopathy, 
nine; cataract, six; vitreous haemorrhage, three; retinal detachment, one; and 
epiretinal membrane, one). On the other hand, local antibody production to 
EBV could be detected in three out of 82 uveitis samples (Table 1). Of these 
three positive patients one (female, 26 years, GW coefficient for EBV 3.8) 
belonged to the HIV negative immunocompromised patients and had a clinical 
diagnosis of choroiditis during a rejection period of her kidney transplant. 
Diagnostic tests for other infectious causes (Toxoplasma gondii, CMV, HSV 
and VZV) were negative in this patient. The other two patients showing local 
EBV antibody production belonged to the group of miscellaneous uveitis 
patients. One young patient (male, 9 years, GW coefficient for EBV 5.6) had 
posterior uveitis and also showed local antibody production to VZV virus (GW 
coefficient for VZV 11.3). The third patient (female, 63 years, GW coefficient 
for EBV 3.6) suffered from intermediate uveitis and did not have a positive test 
to other infectious agents. Of these three patients, only the kidney transplant 
recipient with choroiditis had an elevated serum antibody titer (1:2048) against 
EBV. None of the patients showing local EBV antibody production had 
detectable intraocular EBV DNA. 

From the data described above, the conclusion was made that serological 
screening for EBV did not provide conclusive evidence for a major role of this 
virus in the pathogenesis of ocular inflammation in our patient groups. 
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Table I. Detection of intraocular antibody production against EBV and results of PCR for 

EBV DMA in patients with uveitis 

Diagnosis Sex 

M/F 

Mean age 

(years) 

(range) 

EBV DNA present in EBV DNA Positive 

ocular fluid sample present in GW-

(PCR) PBL sample coefficient 

(PCR) to EBV 

Aqueous Vitreous 

AIDS (n=32) 27/5 40 (27-88) 2/25 1/7 11 17 0/21 

HIV negative immunocom 7/4 44(14-63) 1/4* 5/7* 1/3 1/10 

promised (n= 11 ) 

Acute retinal necrosis (n=24) 11/13 49.8 (27-89) 0/ 11 1/ 13 0/2 0/ 16 

Toxoplasma chorioretinitis 25/20 36.1 (8-47) 3/28 1/ 17 1/5 0/7 

(n=45) 

Intraocular lymphoma (n=l 1) 7/4 59.9(23-75) 0/2 3/9 0/ 1 0/9 

Anterior uveitis (n=32) 12/20 45.8 (7-83) 3/31 0/ 1 0/3 0/11 

Miscellaneous uveitis (n=28) 10/ 18 43.6 (8-79) 3/ 17 2/ 11 0/0 2/8 

(unknown cause) 

Controls (n=46) 23/ 23 59.6(22-81) 0/9 3/37 0/0 0/20 

Total (n=229) 122/ 107 12/ 127 16/ 102 9/31 3/ 102 

The data indicate the number of positive samples over total number tested PBL= peripheral blood leucocyte; 
GW= Goldmann-Witmer; ' p-valuc of aqueous and vitreous samples together calculated by Fischer's exact 
test= 0.008. 

Polymerase chain reaction 
Since serology only provides indirect evidence for a causal relationship between 
an infectious agent and inflammation, we also used non-serological methods to 
detect EBV in the eyes of uveitis patients. We therefore isolated DNA from 
ocular fluids of various uveitis patients and controls, and performed a PCR for 
an EBV DNA fragment that is known to occur at least 10-fold in the genome of 
this virus. 

The EBV PCR results are shown in Table 1. EBV DNA was detectable in 
three vitreous samples out of 46 control samples (nine aqueous, 37 vitreous). No 
DNA of other infectious agents {Toxoplasma gondii, CMV, HSV-1 and VZV) 
could be detected in these controls. None of the controls were known to use any 
immunosuppressive medication. 

Compared with the controls, the presence of EBV DNA was only 
significantly increased in samples of the HIV negative immunocompromised 
patient group (p< 0.0008). Six out of 11 patients in this group had detectable 
EBV DNA in their ocular fluids (five of seven vitreous and one of four aqueous 
samples). 
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In four out of these six patients another infectious agent could be detected 
either by measurement of local antibody production or by PCR. The details of 
these patients were as follows (see Table 2): 
Patient 1 (female, 27 years) had systemic lupus erythematosus (SLE) and was 
treated with high doses of azathioprine and pulse doses of corticosteroids 
because of exacerbation of her SLE (November 1992). In March 1993, the SLE 
was in remission but the patient was still using azathioprine. She developed a 
bilateral retinitis and vasculitis. The clinical diagnosis was CMV retinitis which 
was confirmed by PCR and local antibody production (GW coefficient for 
CMV 4.0). 
Patient 3 (male, 62 years) had received a heart transplant in 1993. In March 
1994 he developed a clinical picture of CMV retinitis which was confirmed by 
PCR and local antibody production (GW coefficient for CMV 4.6). 
Patient 5 (male, 55 years) had received a heart transplant in November 1993. 
After 22 months of complaints, the patient went to the ophthalmologist in 
September 1994 and showed a clinical picture of a possible CMV retinitis and 
therefore a diagnostic vitrectomy was done. Laboratory tests were performed for 
CMV, HSV-1 and VZV. The GW coefficient revealed local antibody 
production against HSV (6.1) with a negative PCR result for HSV-1 DNA. The 
patient was treated with acyclovir, but the clinical picture did not resolve. In 
October 1994 a retinal detachment was seen and the patient underwent a pars 
plana vitrectomy whereby an circling band was placed, membranes were 
removed and the vitreous fluid was replaced by silicon oil. Part of the vitreous 
fluid was used to evaluate the inflammation. Laboratory tests were performed 
for the herpes viruses and Toxoplasma gondii. The GW coefficient for HSV had 
decreased (<1). Testing for Toxoplasma gondii revealed local antibody 
production (GW coefficient 3.0) and a positive PCR for T. gondii. The 
remainder of the first vitreous fluid sample was subsequently tested for 
Toxoplasma gondii and showed a GW coefficient of 12.1 as well as a positive 
PCR. 
Patient 8 (male, 14 years) suffered from leukaemia. During his first 
chemotherapy he developed a clinical picture of acute retinal necrosis caused by 
varicella zoster virus (GW coefficient for VZV 7.1). 

Of the two patients, who were exclusively positive for intraocular EBV 
DNA one was clinically diagnosed as having toxoplasma chorioretinitis and the 
other having anterior uveitis with unknown cause. The details of these patients 
were as follows. 
Patient 4 (male, 63 years) who had received a heart transplant 6 months earlier, 
was diagnosed as having toxoplasma chorioretinitis. Ocular fluid samples taken 
at that time confirmed the diagnosis: local antibody production against T. gondii 
(GW-coefficient 7.7) and T. gondii DNA could be detected. After eight weeks, 
maintenance therapy (pyrimethamine and folinic acid) was instituted and visual 
acuity restored from 3/60 to 1.0 in about 3 months. Despite the maintenance 
therapy, the visual acuity decreased to 0.25 in another 3 months, due to vitreous 
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opacities. The previous toxoplasma chorioretinitis scars were completely quiet. 
A diagnostic pars plana vitrectomy was performed, since intraocular lymphoma 
was suspected. At that time his general medication consisted of prednisone, 
cyclosporine and azathioprine among others. Intraocular lymphoma could not be 
confirmed in the vitreous fluid by cytological examination. A negative GW 
coefficient (< 3) and PCR test did not support a diagnosis of active toxoplasma 
chorioretinitis. PCR tests for CMV, HSV-1, VZV, T. gondii were all negative 
but the PCR test for EBV was positive. 
Patient JO (male, 42 years) suffering from Hodgkin's disease, had a clinical 
diagnosis of anterior uveitis. No other infectious agents were detectable in his 
ocular fluid sample. This patient had a very high titer to EBV (> 1: 512.000 in 
serum). 

Table 2. Clinical details and laboratory test results in the group of HIV negative 
immunocompromised patients with uveitis 

PaLicnt no, Diagnosis Ocular Sample Positive Immunosup Positive 

sex and age Diagnosis GW pressive PCR lor 

(years) medication 

1 F, 27 SLE CMV retinitis VF CMV=4 Aza CM V/EBV 

2M.47 Non-Hodgkin's 

lymphoma 

CMV retinitis VF CMV=7.2 CHOPP None 

3 M. 62 Heart 

transplantation 

CMV retinitis VF CMV=4.6 CsA/ pred/ Aza EBV 

4 M, 63 Heart 

transplantation 

Toxoplasma 

chorioretinitis 

VF None CsA/ pred/ A/.a EBV 

(Toxo)* 

5 M. 55 Heart 

transplantation 

Toxoplasma 

chorioretinitis 

VF Toxo=3.0 CsA/ pred/ Aza Toxo/EBV 

6 F. 35 NHUBM 

transplantation) 

Toxoplasma 

chorioretinitis 

AH Toxo=3.1 CsA/ Aza Toxo 

7 M. 59 Kidney 

transplantation 

VZV acute 

retinal necrosis 

AH None Aza/ 

dexamethasone 

VZV 

SM. 14 1 .eukaemia VZV acute 

retinal necrosis 

VF VZV=7.1 Ara CI 

dacrorubiane 

EBV 

9 F, 26 Kidney 

transplantation 

Choroiditis AH EBV=3.8 Aza / pred None 

10 M. 42 Hodgkin's 

lymphoma 

Anterior uveitis AH None Not mentioned EBV 

1 1 F. 55 Mammacarcinoma Uveitis VF None Dexamethasone None 

AH= aqueous humour; VF= vitreous fluid; CsA= cyclosporin A; Aza= azathioprine; Pred= prednisone; Ara C= 
cytarabine, CHOPP= cyclophosphamide, doxorubicin, vincristine, prednisone; NHL=non-Hodgkin's 
lymphoma; BM= bone marrow. 

A previously taken ocular fluid sample had a positive result for Toxoplasma DNA. 

34 



Epstein-Barr virus DNA in patients with uveitis 

In the HIV positive immunocompromised patient group three out of 32 
patients had EBV DNA in their eye (not significantly different compared with 
controls). In these three cases another infectious cause was proved- CMV, HSV 
and T. gondii, respectively. 

As already mentioned above, none of the patients with a positive 
Goldmann-Witmer coefficient against EBV had EBV DNA in their eyes. 
Furthermore, no association could be found between serum EBV antibody 
levels and a positive EBV DNA result in the ocular fluid samples. 

To investigate whether the presence of EBV DNA in the eye is caused by 
"overflow" out of the peripheral circulation, PCR was done on serum and PBL-
samples. Analysis of EBV DNA in serum (11 samples from the HIV negative 
immunocompromised patient group) revealed only one positive sample, patient 
10, who also had a very high level of EBV CA antibody titre (> 1:512000) and 
EBV DNA in his eye. In this patient the presence of EBV DNA in the eye could 
be due to overflow from the circulation. 

PBL samples were not routinely investigated during the examination of 
patients with uveitis, and were therefore available in only 31 patients of the 183 
patients included in this study. DNA was isolated from the samples and tested 
for the presence of EBV DNA. EBV DNA was found in nine out of 31 PBL 
samples tested (Table 1 ). In this selected group of 31, five cases had EBV DNA 
in their eye, of whom two were also positive in their PBL sample. One of these 
patients was from the HIV positive patient group and one was from the HIV-
negative patient group (patient 5, toxoplasma chorioretinitis). 

To investigate if the positive signal of the ocular fluid sample was caused by 
"overflow" from the peripheral blood circulation, the ocular fluid and PBL 
sample from these two patients were tested for EBV DNA in the same PCR. 
The same was done for ß globin DNA to correct for the amount of cells in the 
ocular fluid sample and the PBL sample. Although the signals for ß globin 
DNA were almost the same, the signal for EBV DNA in both ocular fluid 
samples was clearly more positive than in the PBL samples (Fig 2). This 
indicates local proliferation of the virus in the eyes of these patients. 

Fig. 2. Comparative detection of 
EBV DNA and ß globin DNA 
detection in ocular fluid and PBL 
sample from two patients positive 
for EBV DNA in both ocular fluid 
and PBL sample. Patient A: HIV 
positive immunocompromised 
patient; Patient B: HIV negative 
immunocompromised patient (nr 
5.). 1, ocular fluid sample; 2, 
PBL sample, diluted 1:100; 3, 
PBL sample undiluted (not tested 
for ß-globin). 
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Discussion 

We investigated the role of EBV testing in the management of uveitis in a 
number of patient groups and observed that only the HIV negative 
immunocompromised patients with uveitis had a higher incidence of EBV DNA 
in their ocular fluids than the controls. EBV DNA was found in 54% of HIV 
negative immunocompromised patients compared with 9% in AIDS patients 
with uveitis and this latter group was not different from controls (8%). Systemic 
reactivation of EBV has been described for HIV negative and HIV positive 
immunocompromised patients groups, but to our knowledge no comparative 
study has been reported concerning viral load in patients with acquired 
immunodeficiencies. HIV negative immunocompromised patients differ from 
HIV positive patients in the mechanisms responsible for immunosuppression. 
Immunosuppression due to medication (chemotherapy, immunosuppressive 
drugs) may follow another mechanism than immunosuppression due to infection 
with HIV. 

To our knowledge, this is the first report investigating the presence of 
intraocular EBV DNA and intraocular EBV antibody production in a large 
group of uveitis patients. Analysis of local antibody production against EBV 
only revealed three positive cases out of 82 patients tested, whereby two results 
were borderline positive. The remaining positive patient also had a GW 
coefficient for VZV. Whether this was due to a double infection or cross 
reactivity between these two herpes viruses remains an open question. From 
these results we have concluded that routine testing for intraocular EBV 
antibody production in a general uveitis population has no additional value in 
the examination of these patients. Usui and Sakai described a typical clinical 
picture of anterior uveitis in these patients whereby intraocular EBV antibody 
production was found. We did test a small group of patients with anterior 
uveitis, but none showed evidence of EBV infection which may be due to the 
fact that our group of patients did not contain individuals with the entity as 
described by Usui and Sakai. 

Analysis of EBV DNA in our patients with uveitis also did not support a 
direct role for this virus in the pathogenesis of the intraocular inflammation in 
these cases. This conclusion is based on the fact that ocular viral DNA was 
found in 8% of "non-uveitic" control samples and in 5-10% of uveitis cases 
with known "other" infectious cause such as T. gondii, VZV, CMV, or HSV. In 
view of these findings a positive EBV PCR test result in our patient group with 
miscellaneous uveitis with an unknown cause was difficult to interpret. 

Many investigators have been intrigued by the possible role of EBV in the 
pathogenesis of intraocular inflammation.1 '" The main problem in 
establishing direct proof is the ubiquitous presence of this virus. Until now. the 
evidence was mainly based on serological findings and not supported by viral 
culture or molecular biological analysis. 
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A recent study described the presence of EBV DNA in 50% of aqueous and 
20% of vitreous samples taken from normal cadaveric eyes." We only found 
the EBV genome in 8 % of the vitreous and in none of the aqueous samples 
taken from "non" uveitic eyes. The large difference between our results and 
those published by Chodosh et al. is probably due to the sensitivity of the 
technique because they used Southern blotting and hybridisation with 
radioactive probes, whereas we only scored amplified products after 
electrophoresis and ethidium bromide staining of the agarose gel. 

The increased presence of EBV in HIV negative immunocompromised 
patients could be due to either local reactivation of intraocular latent EBV or 
spreading of reactivated systemic EBV to various organs and tissues including 
the eye. B lymphocytes and various epithelial tissues are known to harbour 
latent EBV but, as yet, no intraocular site harvesting latent EBV has been 
reported. The local reactivation in this group of patients is probably due to the 
fact that they were severely immunocompromised as a result of the 
administration of various immunosuppressive drugs. 

From our investigations on peripheral blood leucocytes and ocular fluid 
samples, we conclude that despite a broken blood-retmal barrier in the HIV 
positive patients and detectable EBV DNA in their PBLs, this does not 
necessarily lead to an influx of EBV into the eye. In the two patients positive for 
EBV DNA in both PBL and ocular fluid sample, the detection in the ocular 
fluid sample might have been the result of "overflow" from the peripheral 
blood. From the fact that the signal in the eye was clearly more positive than in 
the PBLs compared with a similar ß globin signal for both samples, we 
conclude that in those patients the presence of EBV in the eye may have been 
caused by a local reactivation. Further evidence of local reactivation should 
include mRNA analysis of EBV genes involved in reactivation of this virus.24 

Detection of EBV DNA in other body fluids, such as cerebrospinal fluid, 
has been shown to predict the occurrence of primary central nervous system 
lymphoma in AIDS patients." Whether the detection of EBV DNA in intra
ocular fluids may also predict the presence of intraocular lymphoma in 
immunocompromised patients remains to be investigated. In series of 
immunocompromised patients we investigated so far, no intraocular lymphomas 
were observed. 

Whether the presence of concomitant EBV influences the course of 
intraocular inflammation due to other causes such as Toxoplasma, VZV, HSV 
or CMV remains speculative. EBV is known to produce an active homologue of 
interleukin 10 and may also activate B lymphocytes to produce this 

t i • 29,30 

immunosuppressive cytokine. 
Our current hypothesis is that EBV is not a direct cause of uveitis, but that it 

may well play a role as a secondary factor in the pathogenesis of uveitis. 
Analysis of virally expressed immunomodulatory factors (for example a 
homologue to human IL-10) in the intra-ocular environment may improve our 
knowledge of this issue. 
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Abstract 

Purpose: To investigate the immunoglobulin classes associated with the 
intraocular anti-^. gondii antibody response during clinical ocular 
toxoplasmosis and to determine which immunoglobulin class is the most helpful 
in the diagnosis of this disease. 
Methods: Paired serum and intraocular fluid samples from 155 patients who had 
uveitis were tested for intraocular anti-J.gondii IgG, IgA and IgM antibody 
production. The presence of T. gondii DNA was determined by polymerase 
chain reaction. Patients were divided into two groups, based on the initial 
clinical diagnosis; group 1 included 78 patients with presumed ocular 
toxoplasmosis; and group 2 included 77 patients with uveitis that was not 
clinically suspected to be ocular toxoplasmosis. Samples from 27 nonuveitis 
patients who underwent intraocular surgery were used as control subjects. The 
final diagnosis was based on the clinical course and interpretation of laboratory 
tests. 

Results: A final diagnosis of ocular toxoplasmosis was made in 88 of 155 
patients (group 1, 68; group 2, 20). Among these patients, 65% had intraocular 
IgG production, 52% had intraocular IgA production, 37.5% had both IgG and 
IgA production, 27% had IgG production only, and 15% had IgA production 
only. One of the 13 patients tested, only one had intraocular IgM production. 
Intraocular IgA could not be detected in patients who had final diagnoses other 
than ocular toxoplasmosis or in control subjects. A positive polymerase chain 
reaction combined with a test that was positive for intraocular IgG production 
had a sensitivity of 77%, which increased to 91% after the detection of 
intraocular IgA production was added. 
Conclusions: Immunoglobulin G is the major class involved in the humoral 
immune response against the T. gondii parasite, followed by IgA. The 
determination of IgA production is useful as an additional test in the diagnosis 
of ocular toxoplasmosis. 
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Introduction 

Toxoplasmic retinochorioditis is an important cause of posterior uveitis and is 
often a late expression of congenital infection.' In congenital toxoplasmosis the 
fetus has been infected by transplacental transmission of Toxoplasma gondii, 
with a persistence of the parasite in tissues including the retina, brain and 
muscles. In postnatally acquired toxoplasmosis, the patient is infected by the 
ingestion of food, soil or water contaminated with T.gondii cysts. Primary 
infection with T.gondii induces a cellular immune response, which is considered 
to be the major defence against the parasite.2 Although humoral responses are 
of minor importance in parasite immunity, antibodies are used for the diagnosis 
of toxoplasmosis. A recently acquired T.gondii infection can be demonstrated 
by detection of specific IgM or IgA antibodies, or both, in the blood. 
Immunoglobulin M generally appears in the first week after infection, peaks at 
1 month, and disappears after 9 months.3 However, in some individuals, IgM 
can be detected for more than 1 year after infection, especially when very 
sensitive assays, such as an immunosorbent-agglutination assay are used. 3 The 
reappearance of anti-T.gondii IgM has been sporadically reported in 
congenitally infected children at the time of reactivation of toxoplasmic 
retinochoroiditis.6'7 Anii-T. gondii IgA generally appears 2 to 4 weeks after 
primary infection, peaks around the second or third month, and disappears 
within 7 to 9 months.8 Although anû-T. gondii IgA can reappear during 
reactivation of disease in immunocompromised patients or following the 
interruption of treatment in young children with congenital toxoplasmosis, 
whether it is produced during reactivation in immunocompetent persons with 
ocular toxoplasmosis requires further investigation. 

The diagnosis of ocular toxoplasmic disease is often based on the typical 
clinical appearance and the detection of anti-T. gondii IgG antibodies in the 
blood. However, most adults in continental Europe have been infected with T. 
gondii, making the mere presence of IgG antibodies insufficient for the 
diagnosis of ocular toxoplasmosis.11 Ocular toxoplasmosis may demonstrate a 
wide range of clinical features and can be confused with other causes of 
retinochoroiditis. A helpful diagnostic tool in these situations is the 
determination of intraocular IgG antibody production against T. gondii or other 
infectious agents (Goldmann-Witmer coefficient) or the detection of anti-
T.gondii DNA by polymerase chain reaction techniques in the aqueous humor 
or vitreous fluid obtained through anterior chamber paracentesis or vitreous 
surgery.12 Unfortunately, a false-negative Goldmann-Witmer coefficient can 
occur if a sample is obtained in an early stage of the disease or if a high anti-T. 
gondii IgG titer is present in the circulation. 3'14 Furthermore, T. gondii DNA in 
aqueous humor can be detected in only one third of patients with active 

12 15 
Toxoplasma retinochoroiditis. ' 
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In this study, we used an immunofluorescence assay for the detection of 
anti-TI gondii IgG and a capture enzyme-linked immunosorbent assay (ELISA) 
to determine anti-r. gondii IgA and IgM antibodies in the serum and ocular 
fluid of patients with presumed ocular toxoplasmosis or uveitis attributable to 
other causes, as well as in control subjects without uveitis. These tests were 
performed to investigate the immunoglobulin class of the intraocular anti-T1. 
gondii response during clinical ocular toxoplasmosis and to determine which 
immunoglobulin class is the most useful for the diagnosis of ocular 
toxoplasmosis. 

Patients and Methods 

We studied 155 uveitis patients and 27 control subjects without uveitis. Paired 
serum and ocular fluid (aqueous humor or vitreous fluid) samples had been 
stored at -20°C for each patient after extensive diagnostic screening. Aqueous 
humor was available for 121 uveitis patients and 20 controls; vitreous fluid was 
available for 34 uveitis patients and seven control subjects, including 24 
patients who had been seen by the authors (M.J.H.R. and A.R.) in Sierra 
Leone. ' Immunocompromised patients, such as those who were seropositive 
for the human immunodeficiency virus or who had undergone organ 
transplantation were not included. Depending on the clinical features of the 
inflammation, conventional diagnostic screening of paired serum and 
intraocular fluid sample included determination of intraocular IgG antibody 
production against T. gondii, varicella zoster virus, herpes simplex virus, and 
cytomegalovirus by calculating the Goldmann-Witmer coefficient (specific 
antibody titer ocular fluid/ specific antibody titer serum : total IgG level ocular 
fluid/ total IgG level serum ), and polymerase chain reaction testing of the 
ocular fluid sample to detect DNA of T. gondii, varicella zoster virus, herpes 
simplex virus, or cytomegalovirus. " The polymerase chain reaction was 
performed on 24 of 106 samples collected between January 1990 and July 1995 
and on 72 of 76 consecutive samples collected between March 1996 and March 
1997. 

The patients included in this study were divided in two different ways. The 
first subdivision (initial diagnosis) was based on the clinical presentation at the 
time of ocular fluid sampling. The second (final diagnosis) was based on the 
clinical follow-up (response to therapy and resolution of the inflammation into a 
characteristic toxoplasmic scar) combined with the outcome of the various 
laboratory tests. 

Based on the initial diagnosis, two types of patients were identified; group 1 
consisted of 78 patients who were suspected of having ocular toxoplasmosis on 
the basis of clinical characteristics, and group 2 included 77 uveitis patients 
who were not suspected of having ocular toxoplasmosis initially and for whom 
other infectious causes had to be ruled out. The control group consisted of 27 
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patients who were undergoing ocular surgery for cataract, glaucoma, or 
complications related to diabetic retinopathy and other non-inflammatory retinal 
vasculopathies. 

Besides the conventional anti-T. gondii IgG and polymerase chain reaction 
tests, anti-T. gondii IgA antibody levels were measured in all 182 paired ocular 
fluid and serum samples, whereas anti-T. gondii IgM antibody levels were 
measured in 171 serum samples only. Intraocular anti-T. gondii IgM was 
measured in 13 patients from group 1 and in four patients from group 2. 

ELISA (Eurogenetics, Tessenderloo, Belgium) based on an IgA/IgM 
capture technique was used to measure the anti-T. gondii IgA and IgM levels; 
that is, the micro titer strips, coated with monoclonal anti-human IgA (or IgM) 
antibodies, were incubated in duplicate with 100 pi control sera 
(0;50;100;200;400 U/L, respectively), patients' serum samples (dilution 1:100), 
and ocular fluid (dilution 1:10). During this incubation, IgA (or IgM) antibodies 
were bound to the solid phase. The T. gondii-specific IgA (or IgM) present in 
each well was detected by incubation with a mixture of biotinylated T. gondii 
antigen and streptavidin labeled with horseradish peroxidase. After incubation 
with a substrate solution containing H202 and tetramethylbenzidine, a blue color 
developed in proportion to the amount of T. gondii-specific IgA (or IgM) 
antibody. The reaction was stopped by the addition of 4 M sulfuric acid, and the 
absorbency values were read at 450 nm. A standard curve was obtained by 
plotting each absorbency value vs the corresponding control values. A 
quantitative result of the samples from each patient, expressed in units per litre 
(U/L), was obtained by interpolation from the standard curve, and by comparing 
this value with the established cutoff values. A sample was considered to be 
positive for anti-T.gondii IgA or IgM antibodies when it was found to contain 
more than 110 U/l or more than 90 U/l, respectively. Because of saturation of 
the solid phase with IgA or IgM, absorbency values of positive sera did not 
increase at dilutions that were greater than one in 400 in concentration (data not 
shown). Furthermore, because the absorbency value (or U/L) depends on the 
relative amount T. gondii specific IgA (or IgM) in comparison with total IgA 
(or IgM) in the sample tested, a value of the ocular fluid that exceeded the value 
of the corresponding paired serum sample from the same patient with at least 
10% (correction for the interassay variation) was defined as being a positive test 
result that indicated T. gondii IgA (or IgM) antibody production inside the eye. 
The Student t test was used for statistical analysis. 
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Results 

The mean age of patients, who had an initial diagnosis of presumed ocular 
toxoplasmosis (group 1; 36 years; SD, 14 years; range, 9 to 88 years) was 
significantly lower than that of patients, who had uveitis that was not suspected 
to be ocular toxoplasmosis (group 2; 46 years; SD, 21years; range, 8 to 85 
years) or that of the control group (50 years; SD, 21 years; range, 6 to 81 years; 
P < .05). 

Table 1. Test results for patients with a final diagnosis of ocular toxoplasmosis 

Tests Pattern of test results 

Anti- T. gondii IgG (n=57) + + - - - + + + - + - - nd Nd 

Anti- 7*. gondii IgA (n=46) - - + + - + + - + + - - _ _ 

T. gondii DNA (n=12) nd - Nd + - nd + + + - nd - Nd 

Ocular toxoplasmosis (n=88) 12 9 6 6 1 10 16 3 1 7 4 13 

Uveitis control group (n=67) 40 17 4 6 

Non-uveitis control group (n=27) 5 2 9 18 

Numbers indicate the total number of positive tests results, nd= not done; Patients with uveitis attributable to 
other entities, such as varicella-zoster virus or herpes simplex virus infections, sarcoidosis, multiple sclerosis, 
or presumed ocular histoplasmosis syndrome; ' Patients undergoing surgery for cataract, glaucoma, or other 
disorders. 

Table 1 lists the immunoglobulin class of the intraocular anti- T.gondii 
antibodies for 88 patients who had a final diagnosis of ocular toxoplasmosis. 
Anti- T. gondii IgG antibodies were present in serum from all 88 patients, as 
well as 17 of the 23 control patients tested. Intraocular anti-7. gondii IgG 
production was detected in 57 (65%) of 88 samples from patients who had a 
final diagnosis of ocular toxoplasmosis but not in any of the samples from the 
control subjects. 

Anti-7. gondii IgA antibody levels were positive in serum from 14 (16%) of 
88 patients who had a final diagnosis of ocular toxoplasmosis, but not in any of 
the samples from the control subjects. Intraocular anti-7. gondii IgA production 
was demonstrated in 46 (52%) of 88 patients who had a final diagnosis of 
ocular toxoplasmosis but not in any of the samples from the control subjects. 

Both intraocular anti-7. gondii IgA and IgG production were present in 33 
(38%) of 88 patients. Anti-T. gondii IgA was the sole intraocular antibody 
detected in 13 (15%) of 88 patients, whereas anti-T. gondii IgG was the sole 
intraocular antibody found in 24 (27%) of 88 patients. 

In 32 patients with ocular toxoplasmosis the exact time of onset of uveitis 
could be established. The duration of the inflammatory activity in patients who 
had ocular toxoplasmosis at the time of sampling varied from 3 days to 15 
weeks. 
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If sampling occurred after 4 weeks, intraocular anti-T.gondii IgA antibody 
production could be demonstrated in 11 (85%) of 13 samples. However, if 
sampling occurred within the first 4 weeks of uveitis, intraocular anti-T.gondii 
IgA production could be demonstrated in only six (32%) of 19 samples. 

Anti-T. gondii IgM antibody levels were positive in eight (9%) of 88 serum 
samples from patients who had a final diagnosis of ocular toxoplasmosis. 
Intraocular anti-T. gondii IgM production was demonstrated in one of 13 
patients tested who had a final diagnosis of ocular toxoplasmosis (a serum level 
of 16 U/L, an aqueous humor level 390 U/L); this patient also had intraocular 
anti-T. gondii IgG (Goldmann-Witmer coefficient, 6.8) and IgA (serum, 0 U/L, 
aqueous humor level, 338 U/L) antibody production. Clinically, the patient had 
an active focal retinochoroiditis adjacent to a preexisting scar. Her history 
revealed an episode of ocular inflammation 1 year before the second or current 
episode, which had begun 4 weeks before sampling of the serum and ocular 
fluid. 

Analysis of T gondii DNA was performed in 44 patients who had a final 
diagnosis of ocular toxoplasmosis. A positive test was obtained in 12 cases; in 
11, either intraocular anti-T. gondii IgG or IgA production was also present. 
Only one case had T gondii DNA in the eye without detectable intraocular 
antibody production. 

To investigate the value of immunoglobulin class analysis in the diagnosis 
of ocular toxoplasmosis, we evaluated the laboratory results with respect to the 
initial diagnosis at the time of sampling (Table 2). 

Table 2 Initial diagnosis compared with final diagnosis. 

Final diagnosis 

Intraocular tests 

positive for ocular 

toxoplasmosis 

Initial clinical diagnosis IgG DNA' IgA* Consistent Total Other Unknown 

clinical picture diagnoses 

Ocular toxoplasmosis (group 1 [n= 78]) 44 

Non- toxoplasmic uveitis (group2 [n=77]) 13 

Controls (n=27) 0 

Number of positive Goldman-Witmer coefficient with or without other positive tests (polymerase chain 
reaction or IgA): T Cases with a positive polymerase chain reaction result only; * Cases with intraocular anti-
T.gondii IgA production only; ' Patients without infectious disease 

1 8 15 68 4 6 

1 4 2 20 27 30 

0 0 0 0 2 7 1 0 
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The detection of intraocular anti- T. gondii IgG or Ig A antibody 
detection, or the presence of intraocular 7gondii DNA, or a combination of 
these factors confirmed the clinical diagnosis of ocular toxoplasmosis in 53 
(68%) of 78 patients who had an initial diagnosis of ocular toxoplasmosis. Of 
these 53 cases, the conventional tests (intraocular anti-7 gondii IgG production 
or anti-T.gondii intraocular DNA detection) confirmed the diagnosis in 45 
patients (58%), whereas intraocular anti-7 gondii IgA confirmed the clinical 
diagnosis in an additional eight patients (9%). In 15 patients (17%), the final 
diagnosis of ocular toxoplasmosis was based on the prompt response to anti
parasitic therapy and the resolution of the lesions into typical toxoplasmic scars, 
despite negative laboratory results. In the 10 remaining patients, the initial 
diagnosis of ocular toxoplasmosis was reconsidered and changed to a final 
diagnosis of presumed ocular histoplasmosis (three patients), varicella-zoster 
virus retinitis (one patient), and uveitis of unknown etiology (six patients). 

Of the 77 patients who were initially not suspected of ocular toxoplasmosis 
at the time of ocular fluid sampling further evaluation revealed that 27 patients 
had other causes of posterior uveitis, such as those associated with varicella-
zoster virus or herpes simplex virus infection (confirmed by serum and 
intraocular fluid analysis), sarcoidosis (proved by biopsy), multiple sclerosis, 
juvenile chronic arthritis, Crohn disease, Behcet disease, and Lyme disease or 
primary ocular syndromes, such as presumed ocular histoplasmosis, acute 
multifocal posterior placoid epitheliopathy. None of these cases had evidence of 
intraocular anti-T.gondii antibody production. Serum anti-T. gondii IgM 
antibodies were detected in three of these 27 patients; all three suffered from 
acute retinal necrosis syndrome that was caused by varicella-zoster virus and 
confirmed by intraocular antibody production against this virus or the presence 
of viral DNA. 

In the remaining 50 patients, further evaluation revealed 20 patients 
(40%) had ocular toxoplasmosis. Among these patients, conventional tests 
(intraocular anti-T. gondii IgG production, anti-T.gondii intraocular DNA 
detection, or both) confirmed the diagnosis in 14 patients, whereas an additional 
determination of serum and intraocular anti-7. gondii IgA detected another four 
patients (Table 2). In two patients a final diagnosis of ocular toxoplasmosis was 
based on the prompt response to antiparasitic therapy and the resolution of the 
lesion into a typical toxoplasmic scar, despite negative laboratory results. In 30 
patients, extensive evaluation revealed no specific cause. 

Anti-7. gondii IgG antibodies could be detected in serum from 22 of 27 
control subjects, whereas serum anti-7. gondii IgM could not be detected in 
any. No intraocular anti-7. gondii IgG or IgA production or 7 gondii DNA 
could be detected in any control subjects. No intraocular anti-7. gondii IgM was 
present in the four control subjects tested. 

To investigate the usefulness of the laboratory tests for the diagnosis of 
ocular toxoplasmosis, we calculated the sensitivity and specificity of each test 
(Table 3). A combination of specific intraocular polymerase chain reaction 
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Tests: No. positive 

(%) 

Anti- T. gondii IgG antibodies 32 (73) 

T. gondii DNA 12(27) 

Anti- T. gondii IgA antibodies 24 (55) 

Anti- T. gondii IgG antibodies or T. 

gondii DNA 

34 (77) 

Anti- T. gondii IgG antibodies, 

gondii DNA or anti- T. gondii 

antibodies 

T. 

IgA 

40(91) 

Intraocular anti-T. gondii IgA production inpatients with uveitis 

testing as well as anti- T. gondii IgG TMe J Tests performed on intraocular fluids of 
and IgA antibody production was 44 patients with a final diagnosis of ocular 
performed in 44 patients. Based on toxoplasmosis 
the results, the sensitivity of 
polymerase chain reaction testing 
was 27%, whereas the sensitivity of 
determining intraocular anti-T. 
gondii IgG and IgA production was 
73% and 55%, respectively. The 
conventional tests (intraocular anti-
T. gondii IgG antibody production 
and DNA testing) had a combined 
sensitivity of 77%. Additional 
detection of intraocular anti-T. 
gondii IgA increased sensitivity by 
14%, to a total of 9 1 % . The 
specificity of all tests was 100%, 
based on the absence of intraocular T. gondii DNA, IgG, and IgA in the patients 
who had uveitis as a result of other demonstrable causes (Table 2). 

Because sample volume limits the number of tests that can be performed, 
not all tests could be done in the 88 patients who had a final diagnosis of ocular 
toxoplasmosis. The combination of performed tests yielded a positive result in 
71 (81%) of these cases. 

Discussion 

This study revealed that IgG is the major immunoglobulin class involved in the 
intraocular humoral immune response against the parasite during ocular 
toxoplasmosis. Approximately half the cases showed evidence of intraocular 
anti-T. gondii IgA antibody synthesis. In 14% of patients who had a final 
diagnosis of ocular toxoplasmosis, only intraocular anti-T. gondii IgA could be 
observed, indicating that the detection of these IgA antibodies, in addition to the 
determination of intraocular anti-T. gondii IgG antibody production and the 
detection of T gondii DNA, is a helpful diagnostic tool in patients who have 
posterior uveitis, or panuveitis, increasing the combined test sensitivity up to 
9 1 % , a figure based on patients for whom all tests could be performed. In 
practice, the size of the ocular fluid sample is often not large enough to permit a 
whole battery of tests for the various infectious causes of posterior uveitis to be 
performed; in this study, laboratory evidence of T gondii infection could be 
obtained for 81 % of patients who had a final diagnosis of ocular toxoplasmosis. 

Two earlier studies described the presence of intraocular anti-T. gondii IgA 
during toxoplasmic retinochorioditis, but they did not provide solid evidence for 
their intraocular production. 
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20 

One patient has been described" in whom Western blot analysis showed a 
different IgA banding pattern in the ocular fluid compared with serum against 
an extract of 7 gondii, strongly suggesting intraocular anti-T. gondii IgA 
synthesis. 

In four patients who were not initially suspected clinically of having 7 
gondii retinochoroiditis, intraocular anti-7. gondii IgA antibody production was 
detected. All four had a clinical picture of a necrotizing retinopathy of 
presumed herpetic origin and had been unsuccessfully treated with antiviral 
therapy and corticosteroids, not with parasitic agents. Because these patients did 
not react to therapy, another cause was sought. Administration of systemic or 
periocular corticosteroids without antiparasitic agents may have resulted in 
suppression of the inflammatory response in these patients, allowing 7gondii 
parasites to proliferate. Furthermore, two of the four patients were older than 65 
years. Toxoplasmic retinochoroiditis that is seen as necrotizing retinitis has 
been described in elderly people." It has been hypothesized that the immune 
dysfunction associated with aging increases the susceptibility of older patients 
to severe toxoplasmic eye infections." 

In this study, the determination of intraocular anti-7. gondii IgM antibodies 
did not contribute to the diagnosis of ocular toxoplasmosis, although our sample 
size was relatively small. Only one of 13 patients with ocular toxoplasmosis had 
intraocular anti-T. gondii IgM antibody production. Others have published one 
case of possible intraocular anti-7. gondii IgM production."" 

Anti-7. gondii IgM antibodies were found in the serum from eight (9%) of 
88 patients who had a final diagnosis of ocular toxoplasmosis and in two of 14 
patients with posterior uveitis caused by a herpes virus, which was confirmed 
by detection of DNA or intraocular IgG production; no anti-7 gondii IgM was 
found in serum from the 27 control subjects. A possible relationship between 
the manifestation of latent viral infections and systemic toxoplasmosis has been 
observed and could be caused by an impairment of the host's cellular immunity, 
which permits recrudescence of a latent viral infection." Although detection of 
anti-T", gondii IgM antibodies has been considered an indication of acute 
infection, " the presence of natural anti-7. gondii IgM antibodies has also been 
shown in noninfected individuals." 

We preferred the capture ELISA technique to detect anti-7-. gondii IgA 
rather than the usual immunofluorescence technique to determine the 
Goldmann-Witmer coefficient because it is highly sensitive and specific, and 
there is no need to correct for the total amount of antibodies in the serum and 
ocular fluid. The technique requires only small amounts of ocular fluid (20 ul). 
In this assay, total IgA is captured by the immobilised monoclonal anti-IgA 
antibody. The amount of IgA captured by the solid phase is constant over a 
wide range of IgA concentrations that are present in the experimental sample, 
enabling a simple one dilution analysis of the paired serum and aqueous humor 
sample. Determination of the specific anti-7. gondii antibodies using a labeled 
toxoplasmic antigen provides an indication that does not require an absolute 
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measurement of the anti- T. gondii IgA antibodies because it shows the relative 
amount of specific antibodies in the total IgA that is present in the sample. 
Because measurement of intraocular antibody production is based on the 
comparison of the relative amounts of specific antibodies between the serum 
and the eye, the capture ELISA technique is preferred for performing such an 
analysis. Replacement of the conventional immunofluorescence technique with 
the capture ELISA approach should also be considered for the demonstration of 
specific intraocular IgG production. Whether the detection of intraocular anti-
T. gondii IgA production is still valuable, if intraocular IgG production is 
determined using capture ELISA should to be examined. 

Detection of anti-T. gondii IgA antibodies in serum is used to establish 
recently acquired infection. The anti-7. gondii IgA antibodies in serum are 
generally replaced by a long lasting anti-T.gondii IgG response. The presence of 
intraocular &n\\-T.gondii IgA antibodies not only during postnatally acquired 
but also during recurrent disease could be the result of the unique properties of 
the local environment of the antibody-producing plasma cells. It is well known 
that TGF-ß is an important factor in directing B cells to produce IgA 
antibodies" and that the intraocular compartment contains relatively high levels 
of this cytokine," which may explain intraocular anti-T. gondii IgA antibody 
production during ocular toxoplasmosis. Immunoglobulin A antibodies 
facilitate phagocytosis of antigens through interaction with Fca receptors on 
neutrophils, but they are generally poor activators of the complement system.29 

The production of anti- T. gondii IgA antibodies in the eye therefore may 
prevent activation of the complement system, which limits the blindness 
resulting from inflammation. 

We identified the presence of intraocular production of anti-7. gondii IgA 
antibodies in patients who had ocular toxoplasmosis. Because the detection of 
these antibodies increased the sensitivity of the diagnostic tests for ocular 
toxoplasmosis to 91%, such a test is an important additional tool in the 
diagnosis in ocular toxoplasmosis in cases that represent diagnostic dilemmas. 
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Abstract 

Purpose: Ocular disease is a major complication of toxoplasmic infection in 
immunocompetent patients, however the frequency of acute systemic infection 
in those with ocular involvement is not known. We wanted to discriminate 
between the acute and chronic phase of systemic T. gondii infection in patients 
with ocular toxoplasmosis. 
Methods: Serum samples from 22 patients with primary ocular toxoplasmosis 
(POT) and 42 patients with recurrent ocular toxoplasmosis (ROT) were tested 
for the presence of anti- T. gondii IgM, IgG and IgA antibodies and compared 
with samples from 24 patients with other causes of uveitis. Intraocular 
production of anti- T. gondii IgG and IgA, and the presence of T. gondii DNA 
was determined in patients and controls from whom ocular fluid was available. 
Results: The combination of anti- T. gondii IgA with the standard serologic 
criteria (presence of IgM or a seroconversion) revealed serologic indications of 
acute infection for 11/22 (50%) with POT and for 1/ 42 for the group with 
ROT. In the uveitis control group anti- T. gondii IgM antibodies could be 
detected in 2/24 (8%), but anti- T. gondii IgA antibodies were not detectable. 
The patients with ocular toxoplasmosis and serologic markers of acute infection 
were significantly older than those who had markers of chronic infection. 
Intraocular production of anti- T. gondii IgG was more frequently noted in 
patients with ROT compared to patients with POT (81% vs 41%, p < 0.001) in 
contrast to intraocular T. gondii DNA which was more frequently found in 
patients with POT compared to patients with ROT (36% vs 4%, p < 0.01). 
Conclusions: Acute systemic disease is present in at least 50% of patients with 
primary ocular toxoplasmosis. This presentation is mostly seen in elderly 
patients and is often accompanied by the presence of detectable T. gondii DNA 
in the ocular fluid. 
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Introduction: 

Ocular disease in congenitally and postnatally acquired toxoplasmosis occurs 
usually during the chronic phase of infection, but may occasionally complicate 
the acute phase of systemic infection. Ocular involvement during the acute 
phase of congenitally acquired infections occurs in approximately 15%. The 
frequency of ocular disease in the acute phase of postnatally acquired 
toxoplasmosis was reported to be 3-4%. 

Ocular toxoplasmosis manifests predominantly from the second to fourth 
decade of life, with either primary retinal lesions (primary ocular 
toxoplasmosis; POT) or with active retinal lesions associated with old inactive 
scars (recurrent ocular toxoplasmosis; ROT). Primary ocular lesions were 
traditionally associated with acute toxoplasmosis, but POT in the wake of 
chronic phase of systemic infections was repeatedly reported for both, 
congenitally and postnatally acquired infections. ' 

The differentiation between acute and chronic systemic infection in cases 
with ocular toxoplasmosis might be important because of therapeutic 
consequences.4 The administration of corticosteroids during parasitemia 
(without anti-parasitic medication) can result in enormous tissue destruction and 
might be associated with higher numbers of tissue cysts. It was even suggested, 
that patients with ocular disease during acute systemic toxoplasmosis who 
received corticosteroids might develop more frequent recurrences. 

The differentiation between acute and non-acute phase of infection is 
usually based on the serological findings, mostly a combination of anti- T. 
gondii IgM and IgG antibody levels in serum. 5 The detection of anti-T. gondii 
IgM antibodies is not completely reliable since IgM antibody titres can be 
naturally occurring6 or can even persist for more than two years after the onset 
of disease in some cases.7 For the detection of acute congenital disease in 
fetuses and newborns IgA antibodies are often used, since the IgM production is 
still weak and IgG antibodies can be of maternal origin.8,9 Serum IgA antibodies 
were only found during six to seven months after primary infection. In contrast 
to IgM antibodies,6 no indication for natural IgA antibodies was so far reported 
and anti-T. gondii IgA antibodies were not found in chronic toxoplasmosis. 

To investigate the association of acute systemic infection with primary and 
recurrent ocular toxoplasmosis, we compared the results of laboratory 
investigations (anti-T. gondii IgM, IgG and IgA antibodies in serum) to the 
clinical data of patients with ocular toxoplasmosis. Diagnostic value of specific 
serologic tests and standard tests performed with intraocular fluids was assessed 
for different types of ocular disease, with a special emphasis on the additional 
diagnostic value of serum and intraocular IgA antibodies. 
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Patients and Methods 

Primary ocular toxoplasmosis (POT; group 1) was considered in 22 cases (10 
males, 12 females) with a single cream colored retinal focus in one eye without 
old retinal scars in either eye. Active recurrent ocular toxoplasmosis (ROT; 
group 2) was seen in 42 cases (22 males and 20 females) in whom a 
combination of old scars and an active lesion was present. 

Three patients were on immunosuppressive medication since they had 
received an organ transplant prior to their ocular symptoms. Patients with AIDS 
were excluded from this study, but because infection with the human 
immunodeficiency virus (HIV) was not systematically tested, the eventual 
number of HIV-infected patients without AIDS is not known. 

Sera were obtained during the active intraocular inflammation after patients 
gave informed consent and samples were stored at -20°C. Sera were collected 
from January 1990 to August 1998. From seven patients with POT two or more 
sera were available. 

As control subjects we used samples from 24 patients (12 males and 12 
females) with uveitis not caused by T. gondii, such as herpes simplex or 
varicella zoster virus retinitis (13), endophthalmitis (1), uveitis in relation to 
juvenile arthritis (1) or multiple sclerosis (1) or Lyme's disease (1), presumed 
ocular histoplasmosis syndrome (2), intraocular lymphoma (1), acute posterior 
multifocal placoid pigment epitheliopathy (AMPPE) (1) and 3 patients with 
uveitis of unknown cause. Ten patients with POT, nine patients with ROT and 
all control subjects were also part of a study performed earlier." 

Anti- T. gondii IgA or IgM antibodies were detected in a 1:100 diluted 
serum sample from all patients and controls by a commercial capture enzyme 
linked immunosorbent assay (Eurogenetics, Tessenderloo, Belgium). ' ' Samples 
were considered positive according to the instructions of the manufacturer. 
Anti- T. gondii IgG antibodies were measured by an immunofluorescence 
assay. 

An ocular fluid sample was available from all 22 patients with primary 
ocular toxoplasmosis, from 31 of 42 patients with recurrent ocular 
toxoplasmosis and from all controls. Intraocular production of anti- T. gondii 
IgG was calculated for all these patients (53) and for 18 controls as described 
earlier.12 When ocular fluid was available PCR for T. gondii DNA was 
performed and/or detection of intraocular production of anti- T. gondii IgA 
antibodies (PCR: 43 patients and 12 controls; IgA: 26 patients and 24 
controls). 

For the purpose of this study, the traditional criteria for the diagnosis of 
acute toxoplasmosis were considered 1. the presence of anti-T. gondii IgM in 
serum, 2. a four-fold rise in serum titre of anti- T. gondii IgG. or 3. 
seroconversion (second serum examination was available in seven patients).' 
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Statistics 

To evaluate statistical significance the Mann-Whitney U, Chi-square or Fishers' 
exact test was used. 

Results 

The patients with primary ocular toxoplasmosis (POT; group 1) were older 
(median age 44 years, range: 14 to 76 years) than patients with recurrent ocular 
toxoplasmosis (ROT; group 2, median age 32 years, range: 11 to 67 years, p= 
0.005). The median age of the controls was 41 years (range: 14 to 88 years). 

The overview of specific serum antibodies is given in Table 1. Anti- T. 
gondii IgG levels above 1: 4096 in serum were found in 11 patients with POT 
and in none of the patients with ROT or the controls. Anti- T. gondii IgM was 
present in six patients with POT and in two of the uveitis controls. No anti- T. 
gondii IgM was found in the patients with ROT. Anti- T. gondii IgA was 
detected in eight patients with POT, in one patient with ROT and in none of the 
uveitis controls. 

Based on the traditional combination of serologic criteria (seroconversion or 
a four-fold rise in IgG or the presence of IgM) a presumed diagnosis of acute 
systemic toxoplasmosis was made in 7/22 (32%) patients with POT, in none of 
the 42 patients with ROT and in two of the 24 uveitis controls (8%) (Table 1). 
In six patients with POT the diagnosis of acute systemic toxoplasmosis was 
based on anti-T. gondii IgM in serum; in one patient a four fold rise of anti-T. 
gondii IgG in serum was seen. 

When anti-T. gondii IgA was added as a marker for acute systemic 
toxoplasmosis, 11/22 (50%) patients with POT and one of 42 (2%) patients 
with ROT had serologic markers of acute systemic toxoplasmosis. Anti-T. 
gondii IgA antibodies in serum were present in 8/22 (36%) of patients with 
POT and in 1/42 (2%) of patients with ROT (p< 0.001). None of the controls 
was positive for serum anti- T. gondii IgA antibodies. 

Three of the eight patients with POT and serum anti- T. gondii IgA 
antibodies, had also high anti- T. gondii IgG and IgM antibody titres. Of the 
remaining five patients with POT and serum IgA, four had also high IgG titres 
(Table 1). Of these five patients who were positive for anti- T. gondii IgA and 
negative for anti- T. gondii IgM, two had received an organ transplant before 
developing primary ocular toxoplasmosis. Both these patients were anti-T. 
gondii IgG positive in serum at the time of transplantation. 
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Table 1. Results from serological tests in serum. 

Tests Pattern of 'test resu Its Serovonversi 
four fold rise 
IgG and/or 
positive IgM 

on/ 
of 

Seroconversion/ 
four fold rise of 
IgG and/or 
positive IgM and/ 
or positive IeA 

I g G > 4096 (n=l 1)" + + - - + - + -
IgM (n=8)" + + + + - - - -
IgA (n=9)" + - + - i + - -

Primary ocular toxoplasmosis 3 0 0 3 4* 1' 4 7 7 (32%) 11 (50%) 

(n=22) 

Recurrent ocular toxoplasmosis 0 0 0 0 0 1 0 41 0 1 (2%) 

(n=42) 

Uveitis controls (n=24) t! 0 0 2 il 0 0 22 2 (8%) 2 (8%) 

Total number positive; Including one patient who was IgG positive before receiving an organ transplant: ; 

One patient who was IgG positive before receiving an organ transplant. 

In one immunocompetent patient with ROT, serum anti-7. gondii IgA 
antibodies were detected. This 65-year-old female was referred to our 
department for analysis of recurrent focal chorioretinitis in the left eye (LE) 
since 7 years. At referral, RE was without abnormalities, LE had visual acuity 
of 20/25 and funduscopy revealed a peripheral hyperpigmented lesion with a 
ring of hard exudates. Patient had no systemic complaints and did not use 
medications. The results of uveitis screening were within the normal limits. 
Serology for 7 gondii showed a titre of 1:512 for IgG, absence of IgM, and the 
presence of IgA antibodies (independent repeated measurements of one 
sample). Intraocular fluid analysis revealed intraocular production of anti- 7 
gondii IgG and IgA. PCR analysis for 7 gondii, HSV-1. VZV, CMV was 
negative. 

Eleven patients having POT with serologic markers of an acute 
toxoplasma infection (mean age 56 years, range 28-76) were significantly older 
that those who had POT and serologic evidence of chronic infection (mean age 
36 years, range 14-62), p = 0.008. Three of the 1 1 patients with POT and acute 
systemic toxoplasmosis had general complaints compatible with the diagnosis 
of systemic toxoplasmosis (fluelike symptoms, lymphadenopathy three to four 
months prior to the onset of ocular symptoms). Of the patients with POT and 
serologic characteristics of chronic toxoplasmosis, none had systemic symptoms 
compatible with acute toxoplasmosis. Two patients of the non-toxoplasmic 
controls with uveitis were positive for anti-7. gondii IgM antibodies; both these 
patients had intraocular antibody production against VZV and presented with 
necrotizing retinopathy. Detailed information about systemic symptoms was not 
available for the controls, so that the general symptoms in these two IgM 
positive controls could not be assessed. 
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Table 2 Laboratory tests on ocular fluids for T. gondii 

Local IgG 
production 

Local IgA 
production 

Presence 
DNA 

of At least one of 
three tests 
positive 

N (%) N (%) N (%) N (%) 
Primary ocular toxoplasmosis, total 
- with serological markers of acute 
toxoplasmosis (n=l 1 ) 
- with serological markers of 
chronic toxoplasmosis (n=l 1) 

9/22T 

5/11 

4/11 

(41) 

(45) 

(36) 

8/14* 

7/7 

1/7 

(57) 

(100) 

(14) 

7/19' 

3/8 

4/11 

(37) 

(38) 

(36) 

15/22 

10/11 

5/11 

(68) 

(91) 

(45) 

Recurrent ocular toxoplasmosis 26/311 (81) 3/12'1 (23) 1/24 (4) 26/31 (84) 
Controls 0/18 0/24 0/12 0/24 

Numbers positive over numbers tested; ' Significantly different as compared to controls and to group 2 (p < 
0.004); * Significantly different as compared to the controls (p < 0.003); '" Significantly different as compared to 
controls (p< 0.01) 

Intraocular tests (Table 2) 

Intraocular anti-T. gondii IgG or IgA production or a positive PCR for T. gondii 
DNA in the ocular fluid sample was seen in 15 of 22 (68%) patients with POT 
and in 26 of 31 (82%) patients with ROT. None of the uveitis controls was 
positive in the intraocular tests for T. gondii. 

Intraocular anti- T. gondii IgG production was present in 9 of 22 (41%) 
patients with POT and in 26 of 31 (81%) patients with ROT (p < 0.001). 
Intraocular production of anti- T. gondii IgA antibodies was present in eight of 
14 patients tested with POT and in three of 12 patients tested with ROT (p = 
0.09). 

Intraocular DNA of T. gondii was present in seven of 19 (39%) patients 
with POT; and in one of 24 (4%) patients with ROT (p = 0.006) T. gondii DNA 
was detected. 

Discussion 

The combination of serum anti- T. gondii IgA levels with the classical serologic 
criteria (rise of IgG or the presence of IgM) revealed the presence of serologic 
markers of acute systemic toxoplasmosis in 50% of patients with primary ocular 
toxoplasmosis and in 2% of patients with recurrent ocular toxoplasmosis. 

In ocular disease, testing for anti-T. gondii IgG, IgM or IgA separately is 
not sufficient to differentiate between an acute or a chronic phase of systemic 
toxoplasmosis. Our results illustrate that with a single serologic test a 
considerable percentage of those with acute infections will be missed.'3 The 
high IgG levels (above 1:4096) were present in patients with POT only, but at 
least 4 patients with other serologic characteristics of acute disease had IgG 
titers below 1:4096. 
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Patients often present to the ophthalmologist at different stages of the disease 
and will therefore be tested at different stages of their antibody response 
development. Therefore, multiple tests preferably at different time points are 
required for a more complete assessment of the patients. Although serum anti-2". 
gondii IgM was present in 32% of patients with POT and entirely absent in 
patients with ROT, it was also detected in two patients of the disease control 
group, who had proven varicella-zoster virus necrotizing retinopathy. It is, 
however, not known whether these patients had false positive IgM results or 
may have had genuine acute toxoplasmic infection, not causally related to their 
uveitis. The association of systemic toxoplasma infection and herpetic 
retinopathy has been noted earlier. 

Although anti -T. gondii IgA was repeatedly reported to be absent in 
chronic infections, two patients previously positive (pre-transplant) for anti- T. 
gondii IgG developed anti- T. gondii IgA in serum after organ transplantation at 
the time of POT. Although the presence of serum IgA is attributed to primary 
systemic infection, the presence of serum anti- T. gondii IgA in patients after 
transplantation has been reported earlier. In these cases however, the pre-
transplantation serology was not known. A similar finding of positive anti- T. 
gondii IgA with previously positive IgG has been reported in immunocompetent 
pregnant women with positive serum IgG before pregnancy. '6' 7 It is not clear 
whether the appearance of serum IgA antibodies might be the effect of 
reactivation in patients with chronic disease induced by immunosuppressive 
therapy or pregnancy or whether it is generated as a result of a re-infection. 

One patient with ROT since 7 years, had also a high level of serum anti-
T.gondii IgA, IgG titre of 1:512 and negative IgM. Why this patient was IgA 
positive is not clear; reinfection with T. gondii or a long term persistence of IgA 
antibodies can not be excluded. 

As our results have shown, approximately 50% of patients with primary 
ocular toxoplasmosis had serologic markers of acute toxoplasmosis. These 
patients were older than patients with ocular toxoplasmosis, which manifested 
during the chronic stage of the infection. The more advanced age of patients 
with ocular involvement during the acute stage of toxoplasma infection was 
already noticed by others. ' Our study documents similar age distribution of 
the patients with POT in the wake of a chronic infection and the patients with 
ROT, which was also associated with chronic toxoplasmosis. 

Ocular fluid analysis showed that intraocular anti- T. gondii IgG 
production is more frequently present in patients with ROT, while T. gondii 
DNA was more frequently present in ocular fluid samples from patients with 
POT. The presence of DNA in patients with POT and serologic evidence of an 
acute systemic toxoplasmosis is possibly due to the gradual activation of the 
intraocular T. gondii specific immune response, not yet capable of clearing the 
infectious agent in the early stage of the disease. 

Intraocular anti-T. gondii IgA antibodies could be detected in patients 
with both, acute and chronic stage of the systemic infection, in patients with 
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POT as well as in patients with ROT. In contrast, serum IgA antibodies were so 
far noted only in the acute phase of primary disease. The intraocular presence 
of IgA is therefore not a marker of acute disease, but could be due to the unique 
environment of the eye, where the cytokine TGF-ß is present in relatively high 
levels. 20 TGF-ß is an important factor in directing B lymphocytes to the 
production of IgA antibodies. These antibodies do not activate the complement 
system and could therefore possibly limit the damage during ocular 

12 

toxoplasmosis, as suggested earlier. 
In conclusion, using the combination of serum anti- T. gondii IgG, IgM 

and IgA, serologic characteristics of acute toxoplasma infection were found for 
50% of patients with primary ocular toxoplasmosis in contrast to 2% in 
recurrent ocular toxoplasmosis and 8% for the disease controls. Compared to 
patients with chronic systemic toxoplasmosis, the patients with ocular disease 
during the acute systemic infection were older and were more frequently 
positive for T. gondii DNA in intraocular fluids. 
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Abstract 

Aim: To investigate whether presumed ocular histoplasmosis syndrome in the 
Netherlands is caused by Histoplasma capsulatum and whether other risk 
factors might play a role in the pathogenesis of this syndrome. 

Methods: 23 patients were clinically diagnosed as having presumed ocular 
histoplasmosis syndrome based on the following criteria: peripapillary atrophy, 
punched out lesions, a macular disciform lesion or scar in one eye without 
vitritis. As controls, 66 sex and age matched healthy volunteers were used. 
Serum samples from both patients and controls were tested for the presence of 
antibodies against H. capsulatum, Toxoplasma gondii, Toxocara canis et cati, 
Ascaris sp., and for the presence of antigens of Cryptococcus neoformans. 
Serum samples were also tested for the presence of autoantibodies against 
retinal or choroidal proteins. To investigate other risk factors, patients and 
controls were asked to fill in a health and travel related questionnaire. Ten 
patients with ocular toxoplasmosis were used as a disease control group. 

Results: None of the patients with presumed ocular histoplasmosis syndrome or 
controls had circulating antibodies directed against H. capsulatum. No risk 
factors could be identified and no indications for autoimmunity and no evidence 
for the role of the other infectious agents could be demonstrated. 

Conclusions: In a Dutch group of patients fulfilling the criteria of a disease 
currently named presumed ocular histoplasmosis syndrome, no risk factors or 
relation with the fungus H. capsulatum could be detected. 
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Introduction 

Presumed ocular histoplasmosis is a distinct syndrome characterised by a 
macular disciform lesion or scar caused by choroidal neovascularisation, 
peripapillary and chorioretinal scarring, and multiple, often sharply 
circumscribed white atrophic scars (punched out lesions) in combination with a 
clear vitreous. (Fig 1A and IB) This syndrome is mainly seen in the Midwest 
of the United States and is thought to be caused by Histoplasma capsulatum, 
endemic in this area." In Europe a clinically similar syndrome has been observed 
in areas where the infectious agent H. capsulatum is absent.3'4 

The direct role of H. capsulatum in the pathogenesis of presumed ocular 
histoplasmosis has not been clearly demonstrated, hence the prefix 'presumed'. 
This ocular syndrome is likely to be immunologically mediated.3 However, 
serologically there has been no confirmation of a direct correlation between 
Histoplasma infection and ocular histoplasmosis even in endemic areas.6 The 
relation has been based on epidemiological studies.7,8 In European patients the 
direct contact with this infectious agent preceding the ocular symptoms is 
unlikely, unless the patient has lived or travelled to endemic areas before the 
start of ocular symptoms. It is possible that H. capsulatum does not play a role 
in this syndrome and that other risk factors are more important in the aetiology 
of presumed ocular histoplasmosis syndrome. This study was undertaken to 
investigate possible risk factors associated with the ocular syndrome presenting 
as ocular histoplasmosis in the Netherlands. 

Patients and Methods 

Patients 
In this study, patients were included who had been clinically diagnosed in the 
ophthalmological departments of the university hospitals of Utrecht and 
Amsterdam as suffering from presumed ocular histoplasmosis. Only patients 
with both fundus photography and data concerning the ophthalmic examination 
and therapy were included. All patients had to exhibit a macular disciform 
lesion or scar caused by a choroidal neovascularisation, peripapillary and 
chorioretinal scarring, and multiple, often sharply circumscribed white atrophic 
scars (punched out lesions) in combination with a clear vitreous.' 

Fundus photographs were judged by an experienced ophthalmologist 
(MdS) in a masked fashion; fundus photographs from patients were mixed in a 
file with fundus photographs of patients with other macular disciform lesions. 
Patients were included in the study when the fundus pictures were judged as 
typical as described above. 
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Figure IA. Left eye with peripapillary 

atrophy, peripapillary punched out lesions 

Figure IB. Right eye with disciform macular 

lesion 
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From the patients who were diagnosed as having presumed ocular 
histoplasmosis syndrome, a serum sample was obtained and stored at the serum 
bank at the Netherlands Ophthalmic Research Institute. 

Patients who were immunocompromised, or who suffered from any 
ocular disease that may mimic this syndrome, such as high myopia, age-related 
macular degeneration, and other white dot syndromes were excluded from this 
study. 

Controls 
Two control groups were used: group I consisted of 66 sex and age matched 
healthy volunteers; group II contained 10 patients diagnosed as having a 
toxoplasma chorioretinitis by means of clinical diagnosis which had been 
confirmed by intraocular antibody production against Toxoplasma gondii (and 
in five of these 10 cases also DNA of T.gondii was detected by polymerase 
chain reaction (PCR)). 

All subjects included in the study gave their informed consent to 
participate in this study. 

Methods 
All patients and all healthy controls answered a detailed questionnaire. 
Questions were asked about travel to areas endemic for H. capsulatum; possible 
contacts with infectious agents, use of untreated or poorly treated drinking water 
and swimming in endemic areas; contacts with pets or professional animal 
contacts; contact with soil and sand; eating habits particularly the consumption 
of raw meat, or the frequency of barbecuing. In addition, a medical history 
regarding systemic infectious diseases and previous blood transfusions was 
recorded. 

Laboratory tests 
To exclude H. capsulatum as a possible causative role in our patients suffering 
from presumed ocular histoplasmosis, antibodies against this fungus were 
measured. Antibodies against Toxoplasma gondii, Ascaris sp., Toxocara canis 
and can were tested since these parasites can also give symptoms of 
inflammation of the posterior segment. In order to exclude the presence of any 
other fungal infection, antigens of Cryptococcus neoformans were tested, since 
this fungus is also present in Europe. Antibodies against Candida sp. were not 
tested, as Candida sp. is endemic in this region and all sera were expected to be 
positive. Sera were not tested for antibodies against Blastomyces and 
Coccidioides because both these fungi are not present in Europe and no positive 
serology has been described in European patients. 
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The presence of antibodies against Histoplasma capsulatum was tested by 
immunodiffusion (Fungal immunodiffusion system, Meridian diagnostics, Inc., 
OH, USA) following the manufacturer's protocol.9 Immunodiffusion is highly 
specific for the detection of antibodies directed against H. capsulatum}0 As a 
positive control, serum from a patient with an active systemic histoplasmosis 
was used (courtesy of Dr. Wheat, Indianapolis, IN, USA). 

The presence of Cryptococcus neoformans antigens was tested by a latex 
agglutination test (Crypto-LA test, Whampoule Laboratories, International 
Biological Labs, Inc., Cranbury, USA) according to the manufacturer's 
instructions. 

The presence of antibodies to Toxoplasma gondii was tested in a 1:20 
dilution and the presence of antibodies directed to Toxocara cani et cati and 
Ascaris sp. was tested in a 1:40 dilution. These antibodies were measured by an 
in house enzyme linked immunosorbent assay at the Diagnostic Laboratory for 
Infectious Diseases and Perinatal Screening, National Institute of Public Health 
and the Environment, Bilthoven, The Netherlands. Tests were considered 
positive when the respective dilutions showed a signal. 

To exclude a possible autoimmune component we also tested for the 
presence of autoantibodies against retinal or choroidal proteins. Retina and 
choroid were retrieved from human donor eyes. Total protein extracts were 
obtained by dissolving retina or choroid tissue in SDS-PAGE loading buffer 
containing 2% SDS and 5% ß-mercapto-efhanol followed by boiling for 5 
minutes. After centrifugation, the proteins were size fractioned by SDS-PAGE 
gel electrophoresis and followed by western blotting. Blots were incubated with 
a 1:50 dilution of sera from patients and controls. After 1 hour incubation, blots 
were washed and incubated with peroxidase labelled rabbit anti-human 
immunoglobulins (Dako) for 1 hour. Blots were stained with diaminobenzidine 
tetrahydrochloride (Sigma- Aldrich Chemie, Zwijndrecht, The Netherlands) and 
photographed directly after the reaction was stopped. Sera that gave bands other 
than the control sera were considered positive. 

To further investigate the presence of autoantibodies, cryosections of rat 
eyes were incubated with sera of 13 patients with presumed ocular 
histoplasmosis in a 1:100 dilution for 2 hours. After washing one cryosection 
was incubated with peroxidase labelled rabbit anti-human immunoglobulins and 
one with peroxidase labelled rabbit anti-human IgG. The cryosections were 
stained with diaminobenzidine tetrahydrochloride. Cryosections were 
independently judged by two observers. As a negative control a sample of 
pooled normal human sera was used, and as a positive control a serum sample 
was used known to have antibodies against retinal antigens. 
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Statistics 
Data were evaluated by the Student's t test, Fisher's exact probability test or % 
test. 

Results 

Twenty three patients with presumed ocular histoplasmosis syndrome were 
selected (median age 35 yrs; range 28-60), seven men (median age 33 yrs; range 
28-48) and 16 women (median age 40 yrs; range 29-60). The mean age at the 
onset of symptoms was 30 years. Blood samples were collected in the course of 
the disease with a mean of 8 years after the start of symptoms, 15 of those 
samples were taken within 10 years after the onset of disease and eight within 
five years (Table 1). 

As healthy controls, we used 17 men (median age 36 yrs, range 26-44) 
and 49 women (median age 42 yrs, range 26-60), from whom a venous blood 
sample was collected at the time the questionnaire was completed. Ten patients 
with toxoplasma chorioretinitis (mean age 50, range 29-65), three men and 
seven women, confirmed by detection of intraocular anti-Toxoplasma IgG 
production, were used as disease controls in the serological tests. 

Table I Participant characteristics. 

Patients (n=23) Controls (n=66) Disease controls 

(n=10)  

Median age (years) 

Female 40 (range 29-60) 42 (range 26-60) 46 (range 29-55) 

Male 33 (range 28-48) 36 (range 26-44) 53 (range 36-65) 

Mean age at start of symptoms (years) 30 (SD 6.5) (range 18-44) 

Time interval between start of symptoms 8 (SD 6.7) (range 0.5-23) 

and sample collection (years) 

Sex 16F/7M 49 F/17 M 7 F/ 3 M 

Laboratory test results 
Testing for H. capsulatum antibodies was negative in all persons tested, 

both in patients and in controls (Table 2). The serum of the positive control, 
from a patient with systemic histoplasmosis, showed H and M bands in the 
immunodiffusion test (Fig 2). All sera of patients and controls were negative for 
C. neoformans antigens. 
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Figure 2. Immunodiffusion test for antibodies against H. capsulatum 
Left: positive control serum, showing H and M bands. 
Wells I and 4 positive serum provided with the kit, wells 2 and 5 serum from a patient positive 
for antibodies against H. capsulatum, wells 3 and 6 serum from a patients negative for 
antibodies against H. capsulatum. Well 7 Histoplasmin. 
Right: two negative sera. 

Wells I and 4 positive serum provided with the kit, wells 2, 3, 5, and 6 serum from two patients 
negative for antibodies against H. capsulatum. Well 7 Histoplasmin 

Thirteen of 23 patients (57%) with presumed ocular histoplasmosis syndrome 
were positive for IgG antibodies against T. gondii as compared to 42 of 66 
healthy controls (64%). This was not significantly different (p > 0.01). 

IgG antibodies to Toxocara canis et cati were positive in two out of 23 
patients with presumed ocular histoplasmosis syndrome as compared with four 
out of 66 healthy controls and three out of 10 patients with toxoplasma 
chorioretinitis (p > 0.01). 

Six of 23 patients with presumed ocular histoplasmosis syndrome had 
IgG antibodies to Ascaris sp. in their serum. Twenty two out of 66 controls 
(33%) had IgG antibodies, and eight of 10 patients (80%) with toxoplasma 
chorioretinitis. The patients with toxoplasma chorioretinitis had antibodies 
against Ascaris sp. significantly more often than the healthy controls and 
patients with presumed ocular histoplasmosis (p < 0.01). 

Sera from 23 patients and 20 healthy controls were tested for the presence 
of retinal or choroidal autoantibodies by western blotting. Eight patients had 
chorioretinal autoantibodies as compared to five of the healthy controls. No 
distinctive banding pattern was seen between the two groups. 

Analysis of chorioretinal autoantibodies using immunohistochemistry on 
cryosections did not reveal a positive staining in the patients tested. 
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Table 2. Results of tests to detect antibodies 

H. capsulatum C. neoformans T. gondii Toxocara sp. Ascaris sp. 

Palicnts with presumed ocular o (o %y 0 (0%)* 13(57%) 2 (8%) 6(26%) 

histoplasmosis syndrome (n=23) 

Controls (n=66) 0 (0%) 0 (0%) 42 (64%) 4 (6%) 22 (33%) 

Controls with Toxoplasma 0 (0%) 0 (0%) 10(100%) 2 (20%) 8 (80 %) 

chorioretinitis (n=10) 

Sera were tested for the presence of antigens of C. neoformans. 
The positive control serum used showed only the presence of antibodies against H. capsulatum and was 

negative in all other tests. 
1 The positive control was included in the kit. 

Results from the questionnaire 
Twenty two patients of 23 (95%) returned the questionnaire and all controls of 
group I (healthy volunteers). Only six out of 22 (27%) patients had lived or 
travelled to areas endemic for H. capsulatum prior to the onset of their ocular 
symptoms as compared with 38 out of 66 (57%) controls before obtaining the 
blood sample. 

Animal contact was not significantly different between patients and 
controls. No difference could be demonstrated when comparing patients and 
controls who gardened with or without gloves. 

In both groups, one participant was vegetarian, and no difference could 
be found in the frequency of barbecuing or eating "raw"' meat. 

None of the patients, nor any controls had had therapy for infection with 
herpes viruses, T. gondii, H. capsulatum, or Cryptococcus neoformans. 

One of the patients and eight of the controls remembered having had 
contact with Ascaris sp. or being treated with mebendazole for an infection with 
Ascaris sp.; this was not statistically significant. 

Three of 22 patients had a blood transfusion some time before the onset 
of ocular symptoms, as did six of 66 controls. One of the patients and also one 
of the controls had suffered from gonorrhoea in the past. 

Eight out of 22 patients did mention a period of stress around the onset of 
ocular symptoms, compared with 11 of 66 controls during a similar period prior 
to blood sampling. This seemed statistically significant (p=0.05). Patients 
indicated the start of a new job. moving to another town or pregnancy among 
stress factors. 
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Discussion 

In Europe, an ocular syndrome identical to that called presumed ocular 
histoplasmosis syndrome in the USA has been described/ ' while Histoplasma 
capsulatum is not endemic in this area. Several studies support an association 
between H. capsulatum infection and the classic ocular triad of presumed ocular 
histoplasmosis in humans. This association is mainly based on epidemiological 
data from endemic areas7'8 and animal models, in which H. capsulatum was 
injected into the carotid artery of primates which developed atypical choroidal 
lesions 4 weeks after inoculation." There are no reports of positive H. 
capsulatum cultures in patients with presumed ocular histoplasmosis syndrome, 
but H. capsulatum has been cultured from a patient with post operative 
endophthalmitis.12 In another report, two immunocompetent patients with 
systemic histoplasmosis (confirmed by antibodies in serum as well as in urine) 
showed choroiditis, but no intraocular fluid analysis was performed. " In these 
two patients the clinical pictures did not show the complete typical clinical 
characteristics of presumed ocular histoplasmosis syndrome. Furthermore, one 
would expect that opportunistic ocular infections should be more frequently 
seen in immunocompromised patients, as up to 16% of these patients have a 
disseminated infection by H. capsulatum in endemic areas. In the literature, 
however, positive cultures from ocular fluid samples obtained from patients 
with AIDS are described only twice. In these two patients the clinical picture 
did not resemble the typical clinical characteristics of presumed ocular 
histoplasmosis syndrome. ' 

Serologically there has been no confirmation of a direct link between 
infection with H. capsulatum and presumed ocular histoplasmosis syndrome, 
even in endemic areas. In histopathological studies of eyes from patients with 
presumed ocular histoplasmosis syndrome no direct correlation could be 
demonstrated by immunohistochemical staining. In surgically removed 
membranes of patients suffering from presumed ocular histoplasmosis no fungi 
could be detected by electron microscopy and only non-specific inflammatory 
reaction tissue could be shown.18 Therefore, the ocular changes might be late 
immunological reactions to a previous infection with H. capsulatum, or H. 
capsulatum does not play a role at all in this syndrome. ' 

In our study, no risk factors could be identified through our questionnaire 
that might have played a role in the pathogenesis of presumed ocular 
histoplasmosis syndrome. Careful assessment of travelling, eating habits, and 
animal contacts did not reveal any shared possible infectious risks. 

None of our patients with presumed ocular histoplasmosis syndrome 
showed serological evidence of previous contact with H. capsulatum, as was 
also the case in the group of healthy controls and disease controls. It is generally 
assumed that the manifestations of presumed ocular histoplasmosis syndrome is 
a late sequelae to a previous infection with H. capsulatum and that the interval 
between the primary infection and the first ocular symptoms might take many 
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years.20 IgG antibodies against H. capsulatum persist for years after an acute 
infection.21 Therefore, at least some of our patients with this ocular syndrome 
should have shown serological evidence of previous contact. Skin testing was 
not performed because of described reactivation of the ocular lesions in patients 
with macular disease." 

It was possible to exclude as a causative mechanism other infectious 
agents that are present in Europe and that might induce chorioretinopathy, such 
as C. neoformans, T. gondii, Toxocara sp, and Ascaris sp.. Of these, the first 
was negative in all people, while antibodies to the others were evenly 
distributed in all groups. When the group of patients with ocular toxoplasmosis 
(eight out of 10 had antibodies against Ascaris sp.) was compared with the 
controls (22 out of 66 had antibodies against Ascaris sp.), this difference 
seemed statistically significant (p < 0.01). But when the eight patients with 
ocular toxoplasmosis and positive serology against Ascaris sp. were compared 
with the 19 controls who had antibodies against Toxoplasma gondii as well as 
antibodies against Ascaris sp. the difference was not significant (p= 0.2). This 
might be due to similar risk factors shared by both groups for infection with 
T.gondii and Ascaris sp.. 

Autoimmunity might also play an aetiological role in this syndrome. 
There have been reports of a relation with HLA-DRw2 or HLA-B7, showing a 
higher frequency in these patients with disciform lesions compared with healthy 
people.2'1'24 Racial differences might also play a role as this ocular disease 
occurs predominantly in white females. This is in accordance with our results, 
which included only white Europeans. Nevertheless, no clear evidence was 
found by western blotting and immunohistochemistry to suggest that the ocular 
syndrome might be the result of autoantibodies against choroid or retina. 

In conclusion, no risk factors and no relation with the fungus 
H.capsulatum could be detected. Wwe therefore suggest that this ocular 
syndrome in patients from non-endemic areas should no longer be called 
presumed ocular histoplasmosis. The cause in our patients is probably 
multifactorial and might depend, as in other white dot syndromes, on 
interactions between triggering factors involved in presentation of antigens and 
the host immune system."' Subsequent inflammation around choriocapillary 
dendritic cells can lead to scars seen in several white dot syndromes. 
Therefore, in European patients, it might be better to use as basis for the 
nomenclature not the aetiology but the clinical and histopathological 
presentation. Even in the United States presumed ocular histoplasmosis 
syndrome might be a misnomer; 'multifocal choriodopathy' is, in our opinion, a 
more appropriate description. 
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Introduction 

Ocular inflammation of the posterior pole often presents with white lesions in 
choroid, pigment epithelium and the neuroretina. One of these white dot 
syndromes is the presumed ocular histoplasmosis syndrome (POHS). It is not 
very often seen in general ophthalmological practice, but is a distinct entity. 
White atrophic sharply circumscribed scars are scattered throughout the ocular 
fundus (histospots), there are disciform macular scars, peripapillary scarring, 
and there is no active inflammation. It concerns young patients usually 
presenting with subretinal neovasularisation in the macular region, resulting in 
permanent visual loss of the affected eye in about 50%. 

In the United States it is predominantly seen in the Mid-West, where the 
fungus Histoplasma capsulatum is endemic. Based on epidemiological studies 
in the United States a correlation with this fungus has been established, ' hence 
the name presumed ocular histoplasmosis syndrome. 
The clinical picture of POHS in Dutch patients is identical to the clinical picture 
in the United States, but H. capsulatum is absent in Europe. In Dutch patients 
no serological evidence of previous infection with either the fungus or other 
infectious agents could be detected." There was, however, a predilection of 
females, the age between 20 and 50 years, and myopia. POHS is also 
infrequently seen in African-Americans or immunocompromised patients. '4 

These factors point to a multifactorial etiology where several vectors have a 
common pathway and result in the same clinical picture. One of these vectors 
might be a genetic predisposition, as HLA class I and II have been proved to 
play an important role in the expression of infection in individuals. 
Earlier studies investigating POHS in the United States reported associations of 
HLA class I (HLA-B7)6 and class II (HLA-DR2)7 antigens. To investigate 
whether the genetic predisposition to POHS in Dutch patients is similar to that 
seen in the United States, Dutch patients with POHS were typed for HLA 
anti eens. 

Patients and Methods 

Patients were included in this study when fundus photographs were available, 
showing the following criteria: a macular disciform lesion, peripapillary and 
chorioretinal scarring, and multiple, often sharply circumscribed white atrophic 
scars (punched out lesions) in combination with a clear vitreous.s Twenty-six 
patients were thus included; consisting of six men and 20 women with a median 
age of 38.5 years (range 25-63). Patients were given detailed information about 
HLA-typing and were asked for a written informed consent. 
A venous blood sample was collected in an EDTA tube. DNA was isolated 
from blood-derived lymphocytes by a salting-out method, and sequenced for 
HLA I and II using dye labelled primers as described earlier. ' 
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Results of the HLA typing were compared to the frequency of alleles present in 
the normal Dutch population (N= 2440). 
Statistical significance was determined with the X~-test using Graphpad Instat. 

Results and Conclusions 

Twelve of 26 patients (46%) with POHS had a HLA -DR*15011 allele 
compared with 25% in the normal Dutch population (Table 1). Nine of 26 
(35%) had a HLA-B07 allele compared with 27% in the normal Dutch 
population. In the American patients who had POHS, HLA-DRw2 was present 
81% and in 28% of normal blood donors, HLA-B7 was present in 77% of 
patients with POHS and in 26% of normal blood donors (Table 1). 

Table 1. Frequencies of HLA in American patients who have POHS as compared to Dutch 

patients who have POHS (in %). 

Frequency of HLA Frequency of % relative P 

in patients with HLA in normal risk 

POHS blood donors 

American 

HLA-B7 77 26 32.7 9.5 <10'7 

DRw2 81 28 18.2 10.8 <10"5 

Dutch patients 

HLA-B7 35 27 0.36 1.3 0.54 

DR* 15011 46 25 1.8 0.02 

The American study as well as our study detected an association of POHS and 
HLA-DR2 (currently classified as DR 15 and DR 16). The finding of an 
association with the HLA-B7 molecule is probably the result of a linkage 
disequilibrium that exists between HLA-DR2 and HLA-B7. Although we could 
not confirm the association with HLA-B7, our preliminary data provide 
evidence that there may be a common etiology of presumed ocular 
histoplasmosis syndrome in the Netherlands as well as in the United States and 
that this is based on an association with HLA-DR15. A very strong HLA-
association has already been established for HLA-A29 in Birdshot 
chorioretinopathy (relative risk 224) ' and this might also be the case for other 
white dot syndromes, a subject of future research. 
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Abstract 

Purpose: To investigate the T helper cell cytokine profiles involved in two well 
defined clinical uveitis entities caused by an infectious mechanism. 
Methods: Cytokines (interleukin [IL]-2, IL-4, IL-6, IL-10 and interferon [IFN]-
y) were measured in ocular fluid samples obtained from patients with herpes 
simplex- or varicella-zoster-virus induced acute retinal necrosis (ARN; n=17) 
and toxoplasma chorioretinitis (n=27) using enzyme-linked immunosorbent 
assay techniques. The data were compared with 51 control samples taken during 
cataract surgery (n=10), vitrectomy in diabetic retinopathy (n=10), eye bank 
eyes (n=10) and with samples from patients with 'autoimmune' uveitis (n=21). 
Results: Interleukin-6 could be detected in 44 of 51 control samples and 43 of 
44 eyes of patients with uveitis. The highest levels in the control samples were 
detected in 9 of 10 vitreous samples from patients with diabetic retinopathy 
(mean, 648 pg/ml). In 8 of 10 samples taken from patients during cataract 
surgery and in 7 of 10 of eye bank eyes the amount of IL-6 was significantly 
lower (mean, 10 pg/ml and 136 pg/ml, respectively). Interleukin-6 levels in 
patients with ARN (mean, 1436 pg/ml) were significantly higher than in those 
with toxoplasma chorioretinitis (mean, 272 pg/ml). Interleukin-2 was detected 
in one of the samples from patients with toxoplasma chorioretinitis (1105 
pg/ml) and in three of the controls suffering from Fuchs' heterochromic anterior 
uveitis (mean 752 pg/ml). No IL-4 (< 2 pg/ml) was detected in either patient or 
control samples. Interferon-y could be detected in 7 of 17 ARN patients (range, 
277-3483 pg/ml), in 13 of 27 samples from patients with toxoplasma 
chorioretinitis (range, 12-250 pg/ml), and in 1 of 21 of the samples from control 
subjects with uveitis (31 pg/ml),but was absent in nonuveitic controls. 
Interleukin-10 was detected in 10 of 17 ARN patients (range, 29-3927 pg/ml), 
in 13 of 27 samples from patients with toxoplasma chorioretinitis (range. 4-67 
pg/ml), and only present in 3 of 51 controls (6 pg/ml, 16 pg/ml and 20 pg/ml). 
Conclusions: Various immunoregulatory cytokines (IL-6, IL-10 and IFN-y) 
were detected in ocular fluid samples from patients with uveitis. A separate role 
for either a T-helper type 1 or T-helper type 2 response in the pathogenesis of 
clinical uveitis could not be proven. 
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Introduction 

Uveitis is an important cause of visual impairment and blindness. It can be 
caused by infectious organisms, such as viruses, bacteria, or parasites, or as a 
result of putative autoimmune diseases as, for example, in sarcoidosis and 
Behcet's syndrome.1 Although immunologic factors are considered to play an 
important role in the pathogenesis of uveitis, the precise mechanisms are not yet 
fully understood. 

The cellular immune response has been extensively investigated in both 
clinical and experimental models of uveitis. Flow cytometric analysis of 
lymphocytes obtained from the intraocular fluid of patients with uveitis has 
shown that T lymphocytes predominate in ocular fluids during uveitis. ' 
Immunohistochemical staining of enucleated eyes of patients with Behcet's 
disease, intermediate uveitis, and sarcoidosis has revealed that CD4+ T-helper 
(Th) lymphocytes are present in the retina and choroid in active inflammatory 
lesions, whereas B cells were only scarcely observed. 

T-helper lymphocytes are currently divided into two subsets: Thl and 
Th2 types, a division that is based on the pattern of cytokines secreted by these 
cells.5-6 Thl type cells secrete interferon-y (IFN-y) and interleukin (IL)-2, and 
mediate delayed type hypersensitivity responses. Th2 type cells secrete IL-4, 
IL-5, IL-6, and IL-10 and are involved in humoral responses including 
immediate type hypersensitivity. Both subsets produce cytokines capable of 
cross-regulating each other's function, that is, the Thl type cytokine IFN-y can 
inhibit the proliferation of Th2 type cells but not Thl type cells, whereas IL-4, a 
Th2 type cytokine, inhibits activation of Thl type cells. 

Th 1 type cells are considered to be instrumental in the immune response 
against intracellular living pathogens because of their ability to activate 
macrophages. The Thl type response may be vigorous and can lead to 
extensive tissue destruction. Th2 type cells can decrease this response by 
deactivating macrophages after releasing IL-10. 

Experimental animal models have revealed a major role of Thl type cells 
in the pathogenesis of experimental autoimmune uveitis. However, the role of 
Thl type or Th2 type cell responses in clinical uveitis has not yet been reported 
and was therefore the subject of the study reported here . 

Ocular fluid samples taken from patients with uveitis were analyzed for 
immunoregulatory cytokines using a sensitive enzyme-linked immuno sorbent 
assay technique. Although various immunoregulatory cytokines could be 
detected, the data did not support a conclusion that clinical uveitis is either Thl 
or Th2 driven. 
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Methods 

Patients 
This study followed the tenets of the Declaration of Helsinki. After informed 
consent had been obtained, aqueous humour samples (100-200 uL) from uveitis 
patients were collected by paracentesis for diagnostic purposes, and vitreous 
fluid samples (200-1000 uL) were collected during a therapeutic or diagnostic 
vitrectomy. No periocular steroids were routinely given at the time of ocular 
fluid sampling. A venous blood sample was collected at the time of paracentesis 
or vitrectomy and serum was obtained after clotting and stored at -20°C. 

The final diagnosis, laboratory data, and the remaining volume of ocular 
fluid sample were maintained in a database. For the purposes of this study we 
retrospectively selected patients with the diagnosis of acute retinal necrosis 
(ARN; n=17) and toxoplasma chorioretinitis (n=27) from whom at least 60 uL 
of ocular fluid sample was still available at -70°C conditions and unthawed. The 
selected samples were collected between 1992 and 1996. Control samples 
(Fuchs' heterochromic uveitis, n=12; sarcoid uveitis, n=7; Behcet's disease, 
n=2; diabetic retinopathy, n=10; cataract, n=10); and vitreous fluid samples 
from eye bank eyes, n=10) were collected for the same time period and also had 
been stored under the same conditions noted above. Control samples from 
patients with noninfectious uveitis were taken before cataract surgery or during 
vitrectomy for removal of membranes. 

Patients were diagnosed according to standards of the International 
Uveitis Study Group and the Research Committee of the American Uveitis 
Society. Each ophthalmologist who participated in the study was asked to 
indicate whether intraocular inflammation at the time of paracentesis was either 
active or nonactive. Further subgrading was not attempted because of the 
retrospective nature of the study. Samples taken from patients with nonactive 
disease underwent a vitrectomy for retinal detachment or removal of 
membranes. Samples were routinely divided into three portions and subjected to 
routine diagnostic tests. Intraocular DNA for herpes simplex virus type 1 (HSV-
1), varicella-zoster virus (VZV), cytomegalovirus (CMV), Toxoplasma gondii 
and Epstein-Barr virus (EBV) was detected by polymerase chain reaction, and 
intraocular antibody production was tested for HSV, VZV, and T. gondii as 
described previously. 

Cytokine Assay 
The ocular fluid samples were thawed only once immediately before 
performing all cytokine assays. To measure IL-2, IL-4, 1L-6. IL-10, and IFN-y 
we used commercially available cytokine sandwich ELISAs (Central 
Laboratory of the Blood Transfusion Service of the Netherlands Red Cross, 
Amsterdam). Monoclonal cytokine antibody was used for coating, and a 
biotinylated polyclonal sheep anti-human antibody directed to the various 
cytokines was used as a second antibody. 
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Serum samples were diluted 1:3 in a volume of 100 uL and intraocular 
fluid samples were diluted 1:5 in a volume of 50 uL. Samples and standards 
were diluted in the dilution buffer supplied with the kits. Each ELISA contained 
a standard series of dilutions of the respective cytokine. The detection limits 
were assessed from the standard curves and were as follows: IL-2, 100 pg/ml; 
IL-4, 2 pg/ml; IL-6, 2 pg/ml; IL-10, 4 pg/ml; and IFN-y, 9 pg/ml. 

Statistics 
Differences between the groups was evaluated using the Kruskall-Wallis test. 
Differences between two patient groups were estimated by the Mann-Whitney 
U test, and differences within a patient group were calculated by the Fisher's 
exact test. 

Results 

Control samples 
Ocular fluid samples taken from nonuveitic eyes revealed low levels of IL-6 in 
the cataract group (mean, 10 pg/ml), marginal values in eye bank eyes (mean, 
120 pg/ml) and high levels in the vitreous from patients with diabetic 
retinopathy (mean 655 pg/ml). The mean value of all control samples was 301 
pg/ml. 
Interleukin-10 (20 pg/ml) was only detected in 1 of 30 control samples tested. 
This sample was obtained from an eye bank eye; the donor had died from 
intracerebral metastases. None of nonuveitic control samples contained 
detectable IL-2, IL-4, or IFN-y. 

ARN: 
Interleukin-6 could be detected in all ocular fluid samples (mean, 1436 pg/ml; 
n=17) from patients with ARN (Fig. 1). This was significantly increased 
compared to the cataract samples, the eye bank eye control samples, and 
samples from the other uveitis groups but was not different when compared 

ith the samples from the diabetic control subjects (p=0.09). 
To investigate whether the moment of paracentesis or disease activity 

was related to the amount of cytokines detected, the time between the first 
complaint of the patient and the moment of paracentesis as well as the disease 
activity at the moment of paracentesis was determined (Table 1). Mean IL-6 
levels were significantly higher in ocular fluid samples when taken within 4 
weeks after appearance of symptoms (2232 pg/ml versus 540 pg/ml; p=0.01). 
The level of IL-6 did not have a relation to disease activity. 
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Table I Details of patients with Acute Retinal Necrosis. 

Patient Sample IL-6 IL-10 IFN-y DNA Local Antibody Active Duration 

(pg/ ml) (pg/ ml) (pg/ ml) Production discase 

1 VF 2040 461 1354 VZV VZV:3.9 yes 1 wk 

2 AH 2903 30 3484 - - yes 1 wk 

3 VF 2630 306 1021 VZV VZV:5.4 yes 2 wk 

4 VF 1543 114 277 VZV VZV:23.2 yes 2 wk 

5 AH 3758 3927 1874 VZV VZV: 17.3 yes 3 wk 

6 VF 4490 418 1322 HSV - yes 3 w k 

7 VF 564 <4 82 HSV HSV:4.6 yes 4 wk 

8 VF 123 41 <9 - VZV:7.2 yes 4 wk 

9 AH 300 47 <9 VZV VZV: 10.9 yes 6 wk 

10 VF 172 <4 <9 - - yes 6 wk 

ii VF 491 29 <9 HSV HSV:9.4 yes 2 mon 

12 VF 4 <4 <9 HSV - yes 3 mon 

13 VF 2040 78 <9 - - no 3 wk 

14 VF 2040 <4 <9 - - no 2 mon 

15 VF 824 <4 <9 - HSV/VZV:15 no 3 mon 

16 VF 403 <4 <9 - HSV:7 no 3 mon 

17 VF ss <4 <9 VZV: 18.4 no 2.5 yr 

IL, intcrleukin; IFN, interferon; VZV, varicella-zoster virus; HSV. herpes-simplex virus; VF, vitreous Huid; 
AH. aqueous humor; -, no DNA or Goldmann-Witmer coefficients, meaning no local antibody production. 

IL-10 was found in 10 of 17 samples (mean, 545 pg/ml) and the mean 
was significantly increased compared with noninfectious uveitis and to the other 
controls (p< 0.01). No relation was found between active and nonactive disease, 
but IL-10 levels were significantly higher in samples taken within 4 weeks after 
the appearance of symptoms (p< 0.01). None of the ARN samples contained 
detectable IL-2 or IL-4 

IFN-y was found in 7 of 17 samples (mean, 1046 pg/ml). The mean IFN-y 
level was higher than in control samples (p< 0.01). The mean of IFN-y level 
was higher in samples taken from patients with active disease (p < 0.05) 
compared with samples taken from patients with nonactive ARN. The mean 
level of IFN-y was also increased in samples taken within 4 weeks after the 
appearance of symptoms (p< 0.01) (Figure 2). 
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Toxoplasma Chorioretinitis: 
IL-6 was detected in 26 of 27 samples from patients with ocular toxoplasmosis 
(mean, 272 pg/ml; Tables 2a, 2b) and was significantly elevated compared with 
cataract (p < 0.01) and eye bank (p < 0.05) eyes but was not significantly 
elevated when compared with samples from the diabetic control subjects. 
However, the IL-6 levels in this group were markedly lower than those 
observed in the group of patients with ARN (p< 0.01). 

Table 2a. Active toxoplasmosis 

Patient Sample IL-6 IL-10 IFN-Y DNA Local antibody Active Duration 

(pg/ml) (pg/ml) (pg/ml) production disease 

1 VF 386 33 78 + 6.0 yes Unknown 

2 AH 32 <4 05 - 50.5 ves Unknown 

3 AH 4 <4 <9 - 3.5 yes Unknown 

4 AH 12 21 12 ND 16.8 yes 2 wk 

5 AH 26 <4 <9 - 1.6 yes 2 wk 

6 VF 46 8 15 + 11.1 yes 3 wk 

7 VF 119 67 132 ND <1 yes 4 wk 

8 VF 147 50 167 - 110 ves 4 wk 

9 VF 2040 <4 <9 ND <1 yes 4 wk 

10 VF 130 28 78 + 26.8 yes 2 mon 

11 VF 61 30 109 - 13.4 yes 2 mon 

12 VF 69 <4 <9 - 11.6 yes 2.5 mon 

13 VF 11 <4 <9 + 7.3 yes 4 mon 

14 VF 36 5 64 - 39 yes 5 mon 

15 VF 3576 4 <9 + 81.8 yes 5 mon 

16 VI- 28 <4 18 - 4.4 ves 8 mon 

IL. interleukin; IFN, interferon; VF, vitreous fluid: AH, aqueous humor; +, DNA present in the 
sample; -. no DNA or Goldmann-Wkmer coefficients, meaning no local antibody production; ND, not done. 

Of 27 patients with toxoplasma chorioretinitis, 16 had active disease 
(Table 2a). In these patients, the mean IL-6 was 420 pg/ml, which was 
significantly higher than the mean of 11 patients with nonactive toxoplasma 
chorioretinitis (34 pg/ml; p < 0.05; Fig. 3). All 1 1 patients with nonactive 
toxoplasma chorioretinitis underwent a vitrectomy for removal of epiretinal 
membranes or retinal detachment (Table 2b). The period between sampling and 
start of symptoms had no detectable influence on the IL-6 levels in patients with 
toxoplasma chorioretinitis. 

Interleukin-10 was detected in 13 of 27 patients (mean, 27 pg/ml), and 
IFN-y was found in 13 of 27 patients (mean, 110 pg/ml; Table 2a and 2b). 
Interleukin-10 and IFN-y levels were not significantly different compared with 
those for patients with ARN (p>0.05), but both were higher compared with 
those of the control samples (p < 0.01). The presence of IL-10 and IFN-y in 
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patients with toxoplasma chorioretinitis had no relation to the moment of 
paracentesis or to the activity of the disease (p>0.05). 

Interleukin-2 was detected in only 1 patient with toxoplasma 
chorioretinitis (1105 pg/ml). None of the samples tested had detectable levels of 
IL-4. 

Table 2b Non-active toxoplasmosis 

Palienl Sample IL-6 IL-10 IFN-Y DNA Local antibody Active Duration 

(pg/ml) (pg/ml) (pg/ml) production disease 

! VF 3 <4 <9 ND 27.3 no Unknown 

2 VF 5 <4 <9 - 52.4 no Unknown 

3 VF 33 <4 <9 - 2.3 no Unknown 

4 VF 91 58 123 - 6.7 no 2 mon 

5 VF 11 21 <9 - 47.4 no 3 mon 

6 VF 29 18 28 - 1.2 no 3.5 mon 

7 VF 68 7 <9 ND <1 no 4 mon 

8 VF 78 <4 250 ND <1 no 5 mon 

9 VF 1 1 <4 <9 - 65.4 no 5 mon 

10 VF - <4 <9 ND 6.9 no 3 mon 

1 1 VF 11 <4 <9 + 28 no 9 mon 

IL. interleukin; IFN, interferon; VF, vitreous fluid; AH, aqueous humor; +, DNA present in the 
sample; -. no DNA or Goldmann-Witmer coefficients, meaning no local antibody production.; ND, not done. 

Noninfectious Uveitis: 
Interleukin-2 was detected in only 3 patients with Fuchs' heterochromic uveitis 
(668 pg/ml, 911 pg/ml, 1279 pg/m). None of these 3 patients had active uveitis 
at the moment of sampling. 

IL-6 could be detected in 19/21 samples taken from patients with 
presumed noninfectious uveitis (mean, 131 pg/ml) but was not significantly 
different from the nonuveitic control groups taken as a whole group (Figure 1). 
However, mean IL-6 was significantly higher compared with the mean IL-6 
level of samples taken during cataract surgery (p < 0.01). 
IL-10 was detected (6 pg/ml and 16 pg/ml) in 2 patients with sarcoid uveitis and 
in 1 patient with sarcoid uveitis a low level of IFN-y was observed (31 pg/ml). 
IL-4 was not detected in any of the samples from these patients. 
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Analysis of Serum Samples 
To investigate whether the presence of cytokines in the eye was because of 
overflow resulting from a blood ocular barrier breakdown, we analyzed 59 
available serum samples taken at the time of ocular fluid sampling. Serum and 
intraocular fluid cytokine levels of the individuals with detectable amounts of 
cytokines are summarized in Table 3. No IL-4 or IFN-y was detected in the 
serum samples investigated. Interleukin-10 was detected in only two samples 
from patients with sarcoid uveitis (8 pg/ml and 14 pg/ml) and no detectable IL
IO in their ocular fluids. 

Detectable serum IL-6 was found in 2 of 16 patients with ARN, 5 of 26 
patients with toxoplasma chorioretinitis and in 6 of 20 patients with non
infectious uveitis. In 6 of 13 cases, the IL-6 level in the eye was higher than in 
serum, clearly indicating intraocular production. In 2 patients, the IL-6 cytokine 
levels in serum and ocular fluid were similar, and in 3 patients the IL-6 level in 
serum was markedly higher than that observed in the eye. One was a patient 
with inactive toxoplasmosis who also had a remarkably high IFN-y level in the 
eye; and the other 2 were patients with noninfectious uveitis. 
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Table 3. Detectable IL-6 levels in serum from 
patients with uveitis 

active non-active 
toxoplasmosis toxoplasmosis 

IL-6 in IL-6 in 

serum intraocular 

(pg/ml) fluid 

(pg/ml) 

ARN 9 172 
2 2040 

Toxoplasma 542 78 

5 3576 

25 5 
2 386 

Non-infectious uveitis 4 59 

8 196 

10 12 

13 243 

114 89 

2404 265 

Figure 3 Interleukin-6 levels in 
subjects with active versus nonactive 
toxoplasma chorioretinitis 

96 



Immunoregulatory cytokines inpatients with uveitis 

Discussion: 

In this study the immunoregulatory cytokine profile in intraocular inflammation 
was investigated and revealed the frequent presence of IL-6, IL-10 and IFN-y in 
both ARN and toxoplasma chorioretinitis, whereas IL-2 and IL-4 levels 
remained below the detection limit. The fact that Thl type cytokines (IFN-y) 
and Th2 type cytokines (IL-6 and IL-10) were often found together in the same 
ocular fluid sample of the patients, kept us from drawing any conclusions as to 
whether the uveitis entities were exclusively mediated by either of these T cell 
populations. 

To the best of our knowledge, this is the first study investigating the 
immunoregulatory cytokine profile in ocular fluid samples of patients with 
infectious intraocular inflammation. The first study to report the presence of 
immunoregulatory cytokines in ocular fluid samples of patients with uveitis 
identified IL-2 and IFN-y12 In their study the presence of intraocular IL-2 was 
shown in 4 patients with uveitis using immunohistochemistry, staining the IL-2 
intracellularly, which cannot be directly compared with our data. Mondino et 
al.1 ' who did perform an ELISA for IL-2, were only able to detect IL-2 in 3 of 
10 patients with acquired immunodeficiency syndrome and uveitis. As far as we 
know, none of our patients was infected with the human immunodeficiency 
virus, which can, together with a lack of sensitivity, also be responsible for the 
differences seen when results from the study by Mondino et al. are compared 
with those of the present study. Most studies on ocular fluid samples from 
patients have focused on the detection of (pro) inflammatory cytokines such as 
IL-614'15 and IL-8.16 

The absence of IL-4 in the ocular fluid samples indicates that its levels 
are below the detection limit of our assay (2 pg/ml) or that IL-4 has a short half 
life either because of receptor binding or proteolytic degradation. Proteases, 
which have been observed in ocular fluid samples of patients with uveitis, 
may have selectively degraded IL-4. Although deterioration of IL-4 during 
storage also cannot be excluded, this was kept to a minimum by storing samples 
at -70°C and only thawing them immediately before the cytokine assays. One 
previous report has described the presence of low levels (8.3 pg/ml) of IL-4 in 
aqueous humor taken from patients during cataract surgery. A significantly 
increased value of IL-4 (25 pg/ml) was observed in aqueous humor samples 
taken from patients with anterior uveitis prior to their cataract surgery. 

Our study confirms earlier studies that report high levels of IL-6 in 
uveitis compared with samples taken during cataract surgery. Interleukin-6 
is an important mediator of intraocular inflammation, possibly because of its 
active role in amplifying leucocyte recruitment. Interleukin-6 is produced not 
only by Th2 cells but also by several other cells, for example, infiltrating 
monocytes20 and ocular resident cells such as retinal pigment epithelial cells" 
and therefore cannot be taken as an exclusive marker for a Th2 type response. 
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High levels of IL-6 were also observed in ocular fluids obtained from patients 
with diabetic retinopathy, confirming data of previous studies by others.15'23 

Samples from diabetic retinopathy patients were chosen since an inflammatory 
component may play a role in the pathogenesis of ocular changes in this 
disease, whereas an involvement of lymphocytes is unlikely. This was 
supported by the absence of IL-2, IL-4, IL-10 and IFN-y in those samples. 

IL-10 is also produced by several other cells (i.e. monocytes, 
macrophages)" and therefore is not a good in vivo marker for Th2 type activity. 
Furthermore, it has recently been shown that IL-10 can be produced by human 
Thl type cells.6 Previously, Chan et al.23 suggested that the finding of IL-10 in 
the vitreous humor of patients can aid in the diagnosis of primary intraocular 
lymphoma, because this cytokine was not detected in patients with uveitis. 
These authors also reported 1 patient with ARN in whom they detected IL-6 but 
no IL-10. This might have been caused by a relatively late stage in the course of 
the disease at which vitrectomy was performed, as evidenced by the results 
from our study. 

Interferon-y is also not specific for T lymphocytes, because it is also 
produced by natural killer cells.26 The role of natural killer cells in the 
pathogenesis of clinical uveitis has, to the best of our knowledge, not been 
studied. 

In the current study, IFN-y and IL-10 were detected in samples taken 
within 4 weeks after the start of symptoms in patients with ARN but was not 
found in samples taken after 4 weeks, whereas IL-6 was detected even several 
months after the appearance of symptoms. In patients with toxoplasma 
chorioretinitis this phenomenon was not readily observed, and mean levels of 
IL-6, IL-10, and IFN-y were markedly lower compared with the mean levels in 
ARN. These findings correspond to the clinical pictures in these two forms of 
infectious uveitis in which ARN is known to have a very poor prognosis, often 
leading to blindness. 

Experimental studies in animals 27'2X have shown that in experimental 
autoimmune uveitis the T-cells found in the early stage of disease were mainly 
CD4+ T cells secreting Thl type cytokines (IFN-y) and that in the latter stage a 
shift is taking place toward the Th2 type cytokines (IL-10). Experimental 
models of parasitic infection with T. gondii 29 and Tryponosoma cruzi 30 have 
shown that IL-10 is essential in dampening an ongoing immune response and 
thereby controlling the extent of tissue damage. Whether IL-10 plays a similar 
role in clinical uveitis cannot yet be deduced from our study because of the 
relatively small number of patients and the absence of longitudinal samples. 
Further understanding of the immunoregulatory cytokines involved in the 
pathogenesis of uveitis may hopefully lead to novel therapeutic approaches. 
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SUMMARY AND FUTURE PERSPECTIVES 



Chapter 8 

Uveitis, i.e. inflammation of iris, ciliary body, choroid, retina or vitreous, can be 
caused either by infectious organisms or via non-infectious mechanisms. In 
Chapter 1, it is pointed out that the aetiology of uveitis has changed due to 
progress in techniques, such as the introduction of the slitlamp and 
ophthalmoscope and the development of various laboratory tests. The advances 
in the field of immunology and microbiology have also contributed to the 
changed ideas regarding the aetiology of uveitis. At the beginning of this 
century, infectious organisms were believed to cause the majority of uveitis 
cases. After the development of antibiotics and diagnostic tests the infectious 
causes seemed to decrease. At the time that the association between HLA 
molecules and certain uveitis entities was discovered, together with the 
possibility to elicit uveitis by injection of various retinal antigens in animals, the 
idea arose that autoimmunity could be an important underlying mechanism of 
uveitis. After the eighties, the AIDS epidemic provided the opportunity to study 
the course of several infectious uveitis entities and gave a better insight into the 
importance of the host immune response during the development of uveitis. The 
development of techniques to multiply DNA gave us an opportunity to confirm 
the presence of infectious organisms suspected to cause uveitis, as well as to 
discover new infectious organisms playing a role in the pathogenesis of uveitis, 
as for example Tropheryma whippelii, a bacterium causing inflammation in the 
gut as well as uveitis. 

In our laboratory, the measurement of intraocular antibody production 
against several viruses (VZV, HSV, CMV, Parvo-B19 virus, adenovirus, EBV) 
as well as the detection of DNA (VZV, HSV-I, CMV) have been used to 
identify the possible role of a virus in the pathogenesis of uveitis. Since it was 
not clear whether the Epstein-Barr virus (EBV) plays an important role in the 
pathogenesis of uveitis, we investigated the presence of EBV DNA in patients 
with various uveitis entities by the polymerase chain reaction (Chapter 2). 
When comparing these groups, EBV DNA was found more often in HIV-
negative immunocompromised patients with uveitis. EBV DNA, however, was 
also found in 'nonuveitic' controls and in uveitis cases with known 'other' 
infectious causes such as T. gondii, VZV, or HSV. We therefore concluded that 
testing for EBV was not useful in patients with uveitis, since indications for an 
important role of this virus in the pathogenesis of intraocular inflammation were 
not found. 

More advanced PCR techniques, such as representative differential analysis 
(RDA), may possibly be helpful in discovering new infectious organisms that 
can cause uveitis. In brief, RDA multiplies all DNA present in the ocular fluid 
sample using random primers. 'Self- DNA can be subtracted from the ocular 
fluid sample, leaving 'foreign'- DNA, using lymphocyte- DNA obtained from 
peripheral blood lymphocytes. This 'foreign'- DNA is then sequenced and 
compared to known sequences in the genome database. It is, however, still 
possible that the causative agent cannot yet be identified, because not all known 
infectious organisms are fully sequenced and not all sequences are yet known. 
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This RDA technique will probably not be used for diagnostic purposes since it 
is a very expensive and time-consuming method. 

Another method that can probably be used as a diagnostic tool is the DNA 
chip. " The DNA chip is a glass plate on which many known sequences from a 
large variety of microorganisms are bound. DNA from the ocular fluid sample 
is multiplied by nonspecific primers using labeled nucleotides. The product can 
then be hybridized to the DNA-chip; if the sample contains DNA which 
matches with a sequence from the microorganisms applied to the chip, this will 
lead to a rapid identification of the infectious organism present in the eye. 

Ocular toxoplasmosis is the most important cause of posterior uveitis. 
Although the intraocular production of anti-T. gondii IgG and PCR are very 
useful to confirm the diagnosis of ocular toxoplasmosis, some (atypical) cases 
can still be missed. In Chapter 3 we investigated whether the detection of 
intraocular anti-7. gondii IgA antibodies could be used as an additional 
diagnostic test in patients with ocular toxoplasmosis. Three groups of patients 
with uveitis were tested; group I included patients with clinically diagnosed 
ocular toxoplasmosis; group II, patients with uveitis of non-toxoplasmic origin; 
group III were healthy controls. We showed that the sensitivity of diagnostic 
testing was increased from 77% to 91% by adding the detection of intraocular 
anti-T. gondii IgA production to the conventional diagnostic measurements 
(PCR and the detection of intraocular production of T. gondii IgG). The finding 
of intraocular IgA production in recurrent ocular toxoplasmosis was 
remarkable, because it is usually detected in acute primary disease. As is 
pointed out in this chapter, the presence of these antibodies could be due to the 
unique environment of the eye. 

Since evidence is accumulating that the number of patients with ocular 
toxoplasmosis as a result of post-natally acquired disease is higher than 
previously thought, the presence of serological markers of acute systemic 
toxoplasmosis was investigated; the results are reported in Chapter 4. We were 
able to show that almost 50% of the patients with primary ocular toxoplasmosis 
had serological indications of an acute systemic infection with T. gondii. This 
finding indicated that the prevalence of post-natally acquired ocular 
toxoplasmosis is probably underestimated. The patients with serological 
indications of acute systemic disease were older than the patients without 
serological indication of acute systemic infection, either with primary ocular 
toxoplasmosis or with recurrent ocular toxoplasmosis. Since primary ocular 
toxoplasmosis as a complication of acute disease is mainly seen in elderly 
patients, it may be necessary to treat elderly patients directly after 
seroconversion with antiparasitic medication to prevent ocular disease. The 
results also indicated that, when acute systemic infection is suspected in patients 
with ocular toxoplasmosis, it would be useful to investigate a variety of 
immunoglobulin classes (IgG, IgM, IgA). Additional information could be 
obtained by performing longitudinal serology. 
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In the future, analysis of immunoglobulin avidity may also be used as a marker 
of acute infection. 

Since it is not entirely clear whether the presumed ocular histoplasmosis 
syndrome (POHS) is the result of contact with Histoplasma capsulatum, various 
aspects of this syndrome were studied (Chapter 5 and 6). To investigate 
whether POHS in The Netherlands is associated with previous contact with the 
fungus H. capsulatum, as is presumed for POHS in the United States, the 
presence of antibodies against this fungus and other risk factors were 
investigated. The results are presented in Chapter 5. Twenty-seven patients 
with the presumed ocular histoplasmosis syndrome, having the following 
clinical features: punched-out lesions (histospots), peripapillary atrophy, 
macular scars in combination with a clear vitreous, were studied. No indications 
of previous contact with the fungus could be established using either tests to 
detect antibodies in serum or a questionnaire concerning eating habits and 
travelling to endemic countries. To exclude an autoimmune mechanism, 
antibodies against retina] and choroidal proteins were tested using western 
blotting and immunohistochemistry. The results of both tests did not differ from 
the results in healthy controls. We therefore concluded that POHS in The 
Netherlands is probably not caused by the fungus Histoplasma capsulatum. 

In the United States, POHS is associated with HLA-DR2 and HLA-B7. To 
investigate whether this association could also be found in Dutch patients who 
have POHS, HLA molecules were typed using sequence-based HLA typing. It 
became clear that in Dutch patients with POHS. the same association with 
HLA-DR2 and HLA-B7 was seen as in the American patients (Chapter 6). It is 
therefore possible that Histoplasma capsulatum does not play a role, but that 
another infectious organism or even an autoimmune mechanism is at the basis 
of this syndrome. Based on the findings shown in chapters 5 and 6, we 
suggested that the syndrome in non-endemic countries could better be renamed 
'multiple choroidopathy'. Ongoing studies will address the question whether it 
is possible to characterize the HLA associations. Preliminary results indicated 
that a mutation of an aminoacid sequence in the HLA-DR gene is more 
frequently present in patients with POHS as compared to the normal Dutch 
population. 

The advanced HLA-typing techniques used to investigate the HLA 
association as described in Chapter 6 enables us to better understand the 
pathogenesis of autoimmune-related uveitis entities, and may also contribute to 
new insights into infectious uveitis entities. In ocular toxoplasmosis, for 
example, no clear HLA -association could be detected until now. It is possible 
that an HLA association could be found if a group of patients with ocular 
toxoplasmosis as a complication of acute systemic toxoplasmosis (mostly 
elderly patients) were compared with a sex- and age-matched group with acute 
systemic toxoplasmosis without ocular symptoms. This could be the underlying 
reason why some people are more susceptible to ocular disease and others are 
not. 

106 



Summary and future perspectives 

This difference in susceptibility has been reported for different strains of mice 
infected with the same strain of Toxoplasma; one strain of mice died with a 
brain full of Toxoplasma cysts, while the other survived and had many fewer 
cysts in their brains. 
In the past few years, the role of cytokines in ocular disease has been 
investigated by various groups. In experimental autoimmune uveitis, Thl type 
cells, but not Th2 type cells, seem to play a prominent role in the pathogenesis 
of this disease. Since a role of Thl type or Th2 type cell responses in clinical 
uveitis has not yet been reported, we studied the immunoregulatory cytokine 
profiles in patients with clinical uveitis. Chapter 7 confirmed earlier studies 
reporting high levels of the pro-inflammatory cytokine IL-6 in patients with 
active intraocular inflammation. Although other cytokines (IL-10 and IFN-y) 
could be detected in patients with acute retinal necrosis (ARN) or ocular 
toxoplasmosis, the data did not support a conclusion that clinical uveitis is 
either Thl or Th2 driven, since no representative cytokine profile could be 
detected. We also conclude that the detection of an IL-2, IL-4, IL-6, IL-10, 
IFN-y profile does not aid in the diagnosis of clinical uveitis, because no clear 
cytokine profile could be detected in either ARN, ocular toxoplasmosis, or 
'autoimmune' uveitis (such as sarcoid uveitis). A better understanding of the 
network of cytokines that plays a role in the pathogenesis of uveitis, may lead to 
the development of new therapeutic strategies, as has recently been reported for 
IL-13. 4 The administration of this cytokine appeared to be a promising therapy 
for severe uveitis. 

This thesis has shown that the understanding of the aetiology of uveitis will 
always be subject to change, as new uveitis entities are still appearing. An 
example of a recently recognised entity is the 'immune recovery uveitis' seen in 
AIDS patients with CMV-retinitis in the post-HAART era. 

On the threshold of a new century, with the availability of improved 
laboratory techniques (PCR and other molecular biological methods) and an 
increasing understanding of the mechanisms causing in uveitis, the involvement 
of infectious organisms in the aetiology of uveitis may be better recognised. 
This increased knowledge may lead to the development of new therapeutic 
strategies, thereby hopefully preventing the loss of visual acuity that is often 
associated with intraocular inflammation. 
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SAMENVATTING 



Uveitis is een ontsteking in het oog, die zich kan uiten als, ontsteking van het 
regenboogvlies (iris), vaatvlies (choroid), netvlies (retina), glasvocht (vitreous) 
of oog zenuw (nervus opticus). Het kan veroorzaakt worden door infectieuze 
organismen als bacteriën, virussen, parasieten of schimmels, maar het kan ook 
veroorzaakt worden via een niet infectieus mechanisme bijv. een auto-immuun 
respons. In Hoofdstuk 1 wordt een discussie gepresenteerd, die toont dat de 
gedachten over het ontstaan van uveitis zijn veranderd, als gevolg van de 
toename in kennis op het gebied van de immunologie en de introductie van de 
spleetlamp en de funduscoop. In het begin van deze eeuw hadden infectieuze 
oorzaken de overhand, maar na de ontdekking van antibiotica en het 
ontwikkelen van diagnostische testen, leken de infectieuze oorzaken af te 
nemen. Ook de ontdekking van het Human Leucocyte Antigen (HLA) systeem, 
en het feit dat eiwitten uit het oog uveitis kunnen veroorzaken, als ze ingespoten 
worden in dieren, leidde tot de gedachte dat autoimmuniteit een belangrijk 
onderliggend mechanisme voor het ontstaan van uveitis zou kunnen zijn. 

Na de tachtiger jaren, gaf de AIDS epidemie ons de mogelijkheid om het 
verloop van infectieuze uveitis beter te bekijken. De ontwikkeling van de 
polymerase ketting reactie (PCR) om DNA te vermeerderen gaf ons de 
mogelijkheid de aanwezigheid van bepaalde organismen (waarvan al gedacht 
werd dat deze uveitis zouden kunnen veroorzaken) aan te tonen in het 
kamerwater of het glasvocht. De PCR wordt tevens gebruikt om nieuwe 
organismen te kunnen ontdekken, die een rol zouden kunnen spelen bij het 
ontstaan van uveitis, zoals bijv. de bacterie Tropheryma whippelü, die zowel 
een darmontsteking als uveitis kan veroorzaken. 

Op het IOI zijn het detecteren van locale antistof productie en de PCR 
gebruikt, om de rol van diverse virussen bij het ontstaan van uveitis (zoals 
CMV, HSV, VZV) te onderzoeken. Aangezien het niet duidelijk was of het 
Epstein-Barr virus (EBV, de veroorzaker van de ziekte van Pfeiffer) uveitis kan 
veroorzaken, hebben we bij patiënten met diverse uveitis entiteiten gekeken 
naar het voorkomen van EBV DNA in het glasvocht of kamerwater (Hoofdstuk 
2). Het bleek dat EBV DNA in een groot deel van de patiënten die een gedaalde 
weerstand hadden, maar niet geïnfecteerd waren met het HIV, aanwezig was. 
Helaas werd er ook EBV DNA bij patiënten zonder uveitis aangetoond en bij 
patiënten met een andere oorzaak voor de uveitis (zoals VZV, HSV, of 
Toxoplasma). We hebben daarom geconcludeerd dat het testen op EBV DNA 
niet routinematig bij elke patiënt met uveitis gedaan moet worden. 

Sterk verbeterde PCR technieken zoals de 'representative differential 
analysis' (RDA) zouden mogelijk in de toekomst een rol kunnen spelen bij het 
ontdekken van nieuwe organismen, die uveitis kunnen veroorzaken. Bij RDA 
wordt al het DNA, wat in het kamerwater of glasvocht aanwezig is, 
vermeerderd met behulp van 'random primers'. Het 'eigen' DNA wordt dan uit 
het monster verwijderd door er DNA uit de eigen lymfocyten bij te doen, er 
blijft dan alleen 'vreemd' DNA over. Dit DNA kan dan gesequenced worden, 
en de sequentie kan vergeleken worden met de bekende sequenties in de 
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genbank. Aangezien nog niet alle sequenties bekend zijn, blijft het mogelijk dat 
het oorzakelijke organisme niet geïdentificeerd kan worden. Deze RDA 
techniek zal waarschijnlijk niet als middel voor de diagnostiek gebruikt worden, 
omdat het erg tijdrovend en duur is. 

Een andere methode, die waarschijnlijk wel gebruikt kan worden voor de 
diagnostiek is de 'DNA-chip'. De DN A-chip is een glasplaatje waarop heel veel 
stukjes sequentie van bekende micro-organismen zitten. DNA uit het 
kamerwater of glasvocht wordt d.m.v. aspecifieke primers vermeerderd, terwijl 
er gelabelde nucleotiden worden gebruikt. Het ontstane product wordt dan 
gehybridiseerd aan de chip, en als het monster één van de sequenties bevat, die 
op de chip zitten, dan wordt een signaal uitgezonden. Zo kunnen op een snelle 
manier de organismen, die in het oog aanwezig zijn, geïdentificeerd worden. 

De parasiet Toxoplasma gondii is de belangrijkste veroorzaker van uveitis 
in het achterste gedeelte van het oog (posterieure uveitis). Ondanks dat het 
detecteren van locale Immunoglobuline (Ig) G productie tegen de parasiet of het 
detecteren van het DNA erg nuttig zijn, kunnen atypische gevallen toch gemist 
worden. In Hoofdstuk 3 beschrijven we het gebruik van de detectie van locale 
productie van IgA tegen Toxoplasma. Hiervoor hebben we 3 groepen patiënten 
getest; groep 1 bestond uit patiënten, die er klinisch van verdacht waren oculaire 
toxoplasmose te hebben; groep 2 bestond uit patiënten, die wel uveitis hadden 
maar waarbij het oogheelkundig beeld niet op oculaire toxoplasmose leek; en 
groep 3 bestond uit gezonde controles. We hebben aangetoond, dat de 
sensitiviteit van de testen toenam van 77% naar 91%, als gevolg van de 
toevoeging van de IgA test aan de IgG test en de PCR. Het was nogal 
opmerkelijk dat er IgA in het oog gevonden werd bij patiënten die al meerder 
keren toxoplasma in het oog hadden gehad, omdat gedacht wordt dat IgA alleen 
gemaakt wordt tijdens primaire infectie. De aanwezigheid van deze antistoffen 
is waarschijnlijk het gevolg van de unieke situatie van het oog; dit wordt in 
hoofdstuk 3 bediscussieerd. 

Aangezien er in toenemende mate gedacht wordt dat het aantal patiënten, 
die oculaire toxoplasmose krijgen als complicatie van een postnataal verkregen 
infectie met de parasiet, hoger is dan altijd aangenomen is, hebben we gekeken 
naar de aanwezigheid van serologische markers in het serum van patiënten met 
oculaire toxoplasmose. De resultaten worden beschreven in Hoofdstuk 4. Het 
bleek dat bijna 50% van alle patiënten met een primaire oculaire toxoplasmose 
serologische aanwijzingen hadden voor een acute systemische infectie. Dit wijst 
erop dat de prevalentie van postnataal verkregen oculaire toxoplasmose 
onderschat is geweest. Patiënten met een primaire oculaire toxoplasmose en 
aanwijzingen voor een acute systemische infectie met de parasiet, waren ouder 
dan degenen, die geen serologische aanwijzingen hadden voor acute 
systemische infectie. Aangezien primaire oculaire toxoplasmose als een 
complicatie van acute systemische infectie hoofdzakelijk gezien wordt bij 
oudere patiënten, kan het noodzakelijk zijn om deze patiënten direct na 
seroconversie met antiparasitaire middelen te behandelen, zodat oogheelkundige 
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complicaties voorkomen kunnen worden. De resultaten gaven ook een 
aanwijzing dat, wanneer patiënten met oculaire toxoplasmose verdacht worden 
van een acute systemische infectie met de parasiet, het beter zou zijn om 
meerdere Immunoglobuline klassen (IgG, IgA, IgM) te bepalen. Longitudinale 
sérologie zou daarbij van toevoegende waarde kunnen zijn. In de toekomst is 
mogelijk Immunoglobuline aviditeit van aanvullende waarde om acute infectie 
aan te tonen. 

Aangezien het nog niet duidelijk is of het 'presumed ocular histoplasmosis 
syndrome' (POHS) het gevolg is van infectie met de schimmel Histoplasma 
capsulatum zijn verscheidene aspecten van dit syndroom onderzocht 
(Hoofdstukken 5 en 6). Om te onderzoeken of POHS in Nederland 
geassocieerd is met eerder contact met de schimmel, hebben we gekeken of 
patiënten met dit syndroom, antistoffen tegen de schimmel in hun bloed hadden. 
Tevens zijn andere risicofactoren onderzocht. De resultaten zijn beschreven in 
Hoofdstuk 5. Het bleek dat in geen van de 27 patiënten aanwijzingen gevonden 
konden worden voor eerder contact met de schimmel (geen antistoffen en geen 
verre reizen naar gebieden waar de schimmel wel zou kunnen voorkomen). Om 
autoimmuniteit uit te sluiten is er d.m.v. immunohistochemie en 
immunoblotting, tevens ook gekeken naar antistoffen in het bloed tegen eiwitten 
van de retina en het choroid. Er was echter geen verschil aantoonbaar tussen de 
patiënten en de gezonde controles. Daarom hebben we de conclusie getrokken 
dat POHS in Nederland waarschijnlijk niet veroorzaakt wordt door de schimmel 
Histoplasma capsulatum. 

In de Verenigde Staten wordt POHS geassocieerd met HLA-DR2 en HLA-
B7. Wij waren benieuwd of zo'n zelfde associatie ook in de Nederlandse 
patiënten gevonden zou kunnen worden. Daarom zijn er ook HLA typeringen 
uitgevoerd bij de Nederlandse patiënten met POHS. Dezelfde associatie bleek 
aanwezig te zijn (Hoofdstuk 6). Het is daarom heel goed mogelijk, dat 
Histoplasma capsulatum, zowel in Nederland als in de Verenigde Staten, geen 
rol speelt bij het ontstaan van POHS. Gebaseerd op de bevindingen beschreven 
in hoofdstuk 5 en 6 denken we dat het syndroom, in ieder geval in niet-
endemische gebieden, beter multifocale choroidopathie genoemd kan worden. 
Studies die nog gaande zijn, zijn gericht op de vraag of de HLA associatie beter 
gekarakteriseerd kan worden. Voorlopige resultaten tonen aan, dat een bepaalde 
mutatie in de aminozuur volgorde van het HLA-DR 2 gen vaker bij patiënten 
aanwezig is vergeleken met de Nederlandse bevolking. 

De verbeterde technieken om het HLA type te bepalen, (zoals de bepaling 
die gebaseerd op de basepaarvolgorde van het gen voor HLA), helpt ons om de 
Pathogenese van autoimmuun gerelateerde uveitis entiteiten beter te begrijpen, 
en zouden ook een bijdrage kunnen leveren aan de nieuwe gezichtspunten 
betreffende de infectieuze uveitis entiteiten. Bij patiënten met oculaire 
toxoplasmose is er tot nu toe nog geen HLA associatie gevonden. Het is 
mogelijk dat als er een goed gedefinieerde groep patiënten getest zou worden, er 
wel een HLA associatie gevonden kan worden. 
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Bij verschillende muizen stammen is reeds beschreven, dat er een genetische 
predispositie is om toxoplasmose te ontwikkelen. De ene stam was meer 
gevoelig voor een bepaalde stam van de toxoplasma parasiet, en ging zelfs dood 
aan de grote hoeveelheid cysten in het brein, terwijl de andere stam muizen 
bleef leven, en veel minder cysten in het brein had. 

De laatste jaren is veel onderzoek gedaan naar de rol van cytokinen tijdens 
uveitis. In een experimenteel model is gebleken dat met name de T helper type 
(Th)l lymfocyten (en niet de Th2 lymfocyten) een belangrijke rol spelen bij 
uveitis. Aangezien de rol van de cytokinen, die door deze T-cellen 
geproduceerd worden, nog niet is beschreven bij patiënten met klinische uveitis, 
hebben we gekeken naar het immunoregulatoire cytokine profiel bij deze 
patiënten. Hoofdstuk 7 bevestigt eerdere studies, waarbij een hoog interleukine 
(IL) 6 gehalte is gevonden bij patiënten met een actieve ontsteking in het oog. 
Alhoewel andere cytokinen (IL-10 en interferon [IFN]-y) konden worden 
gevonden bij patiënten met acute retina necrose (ARN) en patiënten met oculair 
toxoplasmose, gaven de resultaten geen duidelijke aanwijzing welke Th cellen 
de meest belangrijke rol spelen gedurende klinische uveitis. Het bepalen van 
een cytokine profiel, bestaande uit IL-2, IL-4, IL-6, IL-10 en IFN-y, levert geen 
directe bijdrage aan de diagnostiek van uveitis, omdat er geen specifiek profiel 
kan worden gevonden in, hetzij patiënten met ARN, oculaire toxoplasmose, of 
een autoimmuun uveitis zoals uveitis gerelateerd aan sarcoïdose. Een beter 
begrip van het netwerk van cytokinen dat een rol speelt gedurende uveitis, zal 
mogelijk leiden tot betere therapeutische mogelijkheden. Recent is bijv. 
beschreven dat het regulatoire cytokine IL-13 mogelijk een waardevolle 
therapie zou kunnen zijn bij de behandeling van uveitis. 

Dit proefschrift heeft laten zien dat de aetiologie van uveitis altijd aan 
verandering onderhevig zal zijn; er worden nog steeds nieuwe uveitis entiteiten 
gezien, zoals bijv. de 'immune recovery uveitis', die gezien wordt bij AIDS 
patiënten met CMV retinitis, die momenteel behandeld worden met krachtige 
anti retrovirale middelen (HAART). 

Aan het begin van een nieuwe eeuw, waar sterk verbeterde laboratorium 
technieken (zoals de polymerase ketting reactie en andere moleculair 
biologische technieken) een bijdrage kunnen leveren aan de aetiologie en de 
diagnostiek van uveitis, lijkt het erop dat de bijdrage van infectieuze oorzaken 
beter herkend kan worden. Deze toegenomen kennis zal mogelijk leiden tot de 
ontwikkeling van nieuwe medicijnen en er zo hopelijk toe leiden dat het visus 
verlies, waarmee uveitis vaak gepaard gaat, voorkomen kan worden. 
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