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ABSTRACT 

Objective: To evaluate the measurement of intraocular antibody 
production and detection of DNA by the polymerase chain 
reaction (PCR) for diagnosis of the causative microorganism in 
patients with the acquired immunodeficiency syndrome and 
necrotizing retinitis. 
Methods: Paired serum and aqueous humour samples obtained 
from 28 patients with the acquired immunodeficiency syndrome 
and necrotizing retinitis, seen between January 1987 and 
March 1992, were analysed for intraocular antibody production 
against cytomegalovirus (CM V), varicella zoster virus, herpes 
simplex virus, Epstein-Barr virus, and T. gondii. Specific 
antibody titres in the inflamed eye and in the circulation were 
related to total immunoglobulin G content in the aqueous 
humour and serum. In addition, PCR analysis was performed 
in 15 samples. Results were compared to the final diagnosis 
which was based on the subsequent clinical course. Results 
were also related to parameters describing the immune state 
of the patients: CD4 count, time between diagnosis of an AIDS 
defining illness and retinitis, and time of survival following the 
diagnosis of retinitis. 
Results: In 11 (39%) out of 28 patients we found local intraocular 
antibody production which correlated with the final diagnosis 
(one out of two cases with acute retinal necrosis, three out of 
five cases with Toxoplasma retinitis, and eight out of 21 
patients with CMV retinitis). In all 13 patients with CMV 
retinitis PCR analysis detected CMV DNA. In one patient 
with the clinical diagnosis of Toxoplasma retinitis, Toxoplasma 
DNA could be determined, whereas in the same sample CMV 
DNA was also found. In yet another patient with Toxoplasma 
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Differential diagnosis of necrotizing retinitis. 

retinitis only CMV DNA could be detected. A relationship 
between results of local antibody determination with either CD4 
counts, or the time interval between AIDS defining illness and 
retinitis, or survival time after diagnosis of retinitis could not be 
established. CD4 counts were higher than 50 1OVL in eight out 
of 19 patients with CMV retinitis. No complications of the 
paracentesis were seen. 
Conclusions: Detection of intraocular antibody production, 
and PCR analysis are quick and safe procedures and helpful 
tools for diagnosis of the involved pathogen in AIDS patients 
with a necrotizing retinitis. Negative results of local antibody 
production, even in the presence of detectable viral DNA, 
could not be related to the parameters of a more deteriorated 
immune status of these patients. 

INTRODUCTION 

Cytomegalovirus (CMV) is the most common cause of necrotizing 
retinitis in patients with the acquired immunodeficiency syndrome (AIDS), 
occurring in approximately 20 to 30 % of patients [1,2,3,4,5,6, 7]. Less 
frequent causative agents are T. gondii, Herpes simplex virus (HSV), and 
Varicella zoster virus (VZV) [8-16]. Even more rarely other species are 
involved like Pneumocystis carinii, mycobacteria, Treponema pallidum 
or fungal species like Cryptococcus neoformans, Histoplasmosis or 
Candida albicans [17 - 22]. 

Usually, the clinical ophthalmological findings are sufficient to make a 
diagnosis, which is confirmed by a good response to installed therapy. 
However, sometimes the clinical findings are not clear enough to make a 
definite diagnosis, raising the question which therapeutic strategy to 
follow. The differentiation between HIV related retinopathy, which is a 
self-limiting vasculopathy and therefore does not need treatment, and an 
early retinitis can also be difficult. A wrong decision not only causes a 
delay in adequate treatment and a preventable loss of functioning retina 
but also exposes the patient to the toxic side effects of an unnecessary 
medication. 

Measurement of intraocular antibody production by analysing aqueous 
humour samples has been demonstrated to be a safe procedure and a useful 
adjunct in the differential diagnosis of aspecific retinitis [23 - 26]. 

The polymerase chain reaction (PCR) detects DNA of microorganisms 
and is a very sensitive and rapid method which has been used successfully 
in immunocompetent and in immunosuppressed patients with sight-
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threatening retinitis [27 -31]. 
A combined serological and non-serological (PCR) approach in the 

diagnosis of retinitis in Al DS patients has not yet been reported. In this study 
both methods have been used and compared with the final clinical diagnosis 
to investigate whether these tests can aid in the differential diagnosis of an 
atypical necrotizing retinitis or confirm a suspicion of retinitis in patients with 
AIDS. 

PATIENTS AND METHODS 

Between 1987 and 1992 a total of 1453 HIV+patients were seen in the 
Ophthalmological Department of the Academic Medical Centre in 
Amsterdam, 523 of whom had a diagnosis of AIDS according to the 1987 
Centres for Disease Control surveillance definition [32]. In 151 patients 
a diagnosis of necrotizing retinitis was made. 

Paracentesis was performed in 28 AIDS patients with a diagnosis of 
necrotizing retinitis. In 15 patients, paracentesis was performed because of 
diagnostic problems. In 12 cases ophthalmological examination was not 
sufficiently reliable to make a differentiation between a retinitis caused by 
CMV, VZV, HSV, or T. gondii. In three patients retinal lesions were 
observed that could have been HI V-related retinopathy, but were suspected 
to be CMV retinitis. In the other 13 patients there was no doubt concerning 
the diagnosis, but aqueous humour samples were taken in combination with 
other procedures, for example, intravitreal treatment or retinal detachment 
surgery. 

With one exception all patients were homosexual men. One female patient 
used intravenous drugs (patient 7, Table 1). Mean age at diagnosis of a 
necrotizing retinitis was 38.8 years (range, 25 - 47 years). 

Paracentesis was performed directly after the diagnosis of retinitis, before 
treatment was started. In two patients, 2 weeks elapsed before a paracentesis 
was performed, because treatment with ganciclovir failed (patient 4, and 9; 
Table 1), and in one patient paracentesis was performed during a retinal 
detachment procedure after 22 weeks (patient 24; Table 1). All aqueous 
humour samples were taken between January 1988 and March 1992. 
Only those general disease characteristics that could be related to the 
possible pathogens causing the retinitis are summarized in Table 1. 

Anterior chamber taps were taken after topical oxybuprocainechloride 
0.4% and tetracainechloride 0.1%. The eye was gently grasped with a 
fixating forceps at the nasal side and the anterior chamber entered just 
anterior of the limbus from the temporal side with a 29-gauge needle on a 
1 ml syringe with the plunger removed. After collecting 0.1 cc of aqueous 
humour the needle was removed. Patients were examined after 1 h. The 
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Table 1 Patient characteristics. 
Patient Age' AIDS to AIDS-defining Retinitis to Date of General disease Survival 

(years) retinitis diagnosis Paracentesis of paracentesis specifics time5 

(months) (weeks) (date of diagnosis) 

1 36 7 Generalised MAI 0 Jan 1991 Herpes zoster(1990) 

HlVpolyneuro-

pathy(1991) 11 

2 49 22 PCP 0 Aug 1991 8 

3 40 15 PCP 0 Jan 1989 Herpes analis 

(1988) Intracerebr. 

tumor(1989) 6 

4 25 0 Retinitis 2 Jan 1991 15 

5 29 0 Retinitis 0 Mar 1992 Candida 5 

6 30 8 PCP 0 Mar 1990 6 

7 42 0 Retinitis / PCP 0 Aug 1988 Cerebral 

Toxoplasma (Aug 1988) 26 

8 47 0 Retinal detachment 0 Dec 1991 10 

9 44 14 PCP 2 Aug 1990 Herpes zoster (1985) 5 

10 43 11 Kaposi's sarcoma 0 July 1990 Cerebral Toxoplasma 

11 44 18 PCP 0 Aug 1989 

12 43 24 PCP 0 May 1991 

13 39 12 Candida 

oesophagitis 

0 Aug 1990 

14 39 14 PCP 0 Aug 1990 

15 34 5 Cerebral 

Toxoplasma 

0 Nov 1988 

16 43 21 Kaposi's sarcoma 0 June 1991 

17 43 9 Candida oesophagitis 0 Feb 1988 

18 40 34 Kaposi's sarcoma 0 Sept 1990 

19 40 1 PCP 0 Jan 1987 

20 34 9 ? 0 Jan 1988 

21 43 8 Candida oesophagitis 0 Oct 1987 

22 37 5 PCP 0 Mar 1990 

23 37 3 PCP 0 Dec 1987 

24 42 18 Cerebral Toxoplasma 22 Feb 1991 

25 35 18 PCP 0 Jan 1988 

26 30 17 PCP 0 Jan 1988 

27 41 0 Retinitis 0 Nov 1987 

28 38 ? ? 0 Mar 1987 

(May 1990) 

Cryptococcal meningitis 

(Jan 1991) 

CMV colitis (May 1989); 

generalized MAI (Nov 1989) 

Generalised CMV (Feb 1991); 

oral HSV ulcer 

Cerebral Toxoplasma (Juli 1990); 

Herpes sacralis 

6 (UCD) 

Cerebral Toxoplasma (June 

1988) Herpes analis (1988); 

Herpes gastritis (1989) 43 

Luetic uveitis posterior (Dec 1989) 6 

4 

Herpes analis; CMV 

oesophagitis (Aug 1990) 

Herpes zoster(1982); 

CMV gastritis (Nov 1987); 

Cerebral Toxoplasma (Feb 1988) 

Herpes zoster(1989); 

CMV hepatitis (March 1990) 

CMV stomatitis (Sept 1987) 

CMV colitis (Aug 1990); 

Cerebral Toxoplasma 

(March 1988) 

Herpes analis 

Herpes zoster (Janl988) 

4 (UCD) 

15 

20 

4 (UCD) 

9 

10 

7 

42 

16 

11 

24 

* Age at diagnosis of necrotizing retinitis.s After diagnosis of retinitis. MAI, Mycobacterium Avium-intracelhilare. 

PCP = Pneumocystis carinii pneumonia. UCD, Unnatural Cause of Death 
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eyes were given dexamethasone 0.03% / gentamycine 0.3% ointment and 
an eye patch. No complications were seen. 

Intraocular antibody production to herpesviruses and T. gondii were 
measured as previously described [26, 33, 34]. The fixed cell 
immunofluorescence technique for antiviral antibodies, available as a 
ready to use kit (Gull Laboratories, Salt Lake City, Utah, USA), served 
as a quantitative detection method for antibodies to CMV, HSV, VZV, 
and Epstein-Barr virus. Toxoplasma antibodies were measured by using 
a commercially available immunofluorescence test kit (Behringwerke 
AG, Marburg, Germany) according to the manufacturer's instructions. 
Paired serum and aqueous humour samples were tested at the same time. 
Total immunoglobulin (lg) G and albumin levels in serum and aqueous 
humour were determined by radial immunodiffusion. Results of specific 
antibody titres and IgG concentrations were obtained within 48 h of the 
samples arriving at the laboratory. 

Intraocular antibody production was determined by calculation of the 
Goldmann- Witmer coefficient [24,3 5 ] : [(antibody titre aqueous humour) 
/ (antibody titre serum)] : [(total IgG aqueous humour) / (total IgG serum)]. 
The ratio of antiherpesviral antibody level in serum and aqueous humour 
was compared to the ratio of total IgG in serum and aqueous humour. 
Theoretically, a Goldmann-Witmer coefficient greater than 1.0 should 
indicate intraocular antibody production. In view of the variability in the 
results of various measurements, a coefficient of 3.0 or more was 
considered to be positive [36]. 

To perforin the polymerase chain reaction, DNA was isolated from 
aqueuos humour according to the method of Boome/ al. [37]. Primers for 
CMV, VZV, HSV-1, and T. gondii( Table 2) were selected from published 
sequences [38 - 42]. All primers were tested for the optimal annealing 
temperature and Mg2+ concentration. Uracil DNA glycolase was used to 

Table 2 Primer sequences for herpesviruses and Toxoplasma gondii. 

PCR primer sequences (5'-3') 

Cytomegalovirus AGCTGCATGATGTGAGCAAG 

GAAGGCTGAGTTCTTGGTAA 

Varicellazostervirus TACGGGTCTTGCCGGAGCTGGTAT 

AATGCCGTGACCACCAAGTATAAT 

Herpes simplex virus 1 ATCACGGTAGCCCGGCCGTGTGACA 

CATACCGGAACGCACCACACAA 

Herpes simplexvirus 2 AACTCGGGRSCGTACTGYTT' 

CGGGAACGCGCCGGCCCAAC 

T. gondii GGCATTCCTCGTTGAAGATT 

CCTTGGCCGATAGGTCTAGG 

"R indicates A or G, S indicates G or C, Y indicates C or T. 
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control carry-over contamination [43]. The amplification mixture contained 
0.4 pmol of 3' and 5' primer (Isogen Bioscience, Amsterdam, The 
Netherlands), 0.2 mmol of dUTP (Sphaero Q, Leiden, The Netherlands), 
dATP, dCTP, dGTP (Lite Technologies, Breda, The Netherlands), 0.1 U 
Taq polymerase (Sphaero Q), 0.1U uracil DNA glycosylase, 5 ~1 of isolated 
template DNA solution, diluted to a final volume of 50 ~1. with distilled 
water. PCR was performed in a Biometra Trio-Thermoblock (Westburg, 
Leusden, The Netherlands) as follows: the samples were incubated for 10 
min. at 37 °C and afterwards at 95 °C for 5 min, then 40 cycles were 
performed for 1 min at 95 °C denaturation, 1 min. at the optimal temperature 
for annealing, and 1.5 min at 72 °C for elongation. After the last cycle the 
samples were incubated for 7 min at 72 °C for final elongation. One fifth 
of the PCR product was run on a 1.8% agarose gel, stained with ethidium 
bromide and photographed. The gel was subjected to Southern blotting and 
hybridized by using oligonucleotide probes specific for the amplified 
fragment. For VZV and CMV the oligonucleotide probes were designed 
with the following sequences: VZV, CTC ACT ACC AGT CAT TTC TAT 
CCA TC; CMV, GGC CTT AGC CTG CAG TGC AC. For HSV-1 the 
probe was used as previously described [39]. Southern blotting was not 
performed for Toxoplasma, because the short length of the PCR product. 
Identification of PCR product was performed by ethidium bromide staining 
after agarose gel electrophoresis and comparison of the length of the product 
of the experimental sample with a positive control. 

Using known amounts of plasmid containing viral DNA, the detection 
limit of the PCR was 20 target molecules for CMV DNA and VZV DNA, 
and 35 target molecules for HSV-1 DNA. For Toxoplasma DNA the 
detection limit of the PCR was 10 copies. Toxoplasma RH strain tachyzoites 
and human fibroblasts infected with the CMV strain AD 169, VZV or HS V-
1 - 2 strains isolated from patients were tested as positive controls. No cross-
reactivity between each of the primer sets and positive controls for 
herpesviruses, Toxoplasma or human DNA was observed. 

The CD4 counts nearest the time of paracentesis were used to relate the 
results to the immune status ofthe patients. Time between paracentesis and 
CD4 count never exceeded 2 weeks. 

Patients were subdivided according to their presumed diagnostic entities: 
ARN(ARN) due to VZV or HSV, Toxoplasma retinitis, and CM V retinitis. 
A presumed definite diagnosis was made retrospectively on the basis ofthe 
eventual course of the retinitis, development of additional ophthalmological 
symptoms especially anterior uveitis and vitritis, the aspect ofthe retinal 
lesions, and response to treatment. ARN was diagnosed in cases of a more 
rapid progression ofthe retinitis, considerable vitreous inflammation, an 
extensive arteriolitis, and a favourable response to aciclovir. Toxoplasma 
retinitis was diagnosed in cases of a relatively severe anterior uveitis and 
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vitritis, scarce haemorrhages, a more massive exudative retinitis and a good 
response to therapy with daraprim / pyrimethamine. The more common 
CM V retinitis was diagnosed in those cases that showed a slow progression 
rate, an almost absent uveitis or vitritis, more granular exudative areas with 
haemorrhages spreading along the large vessels, with a good response to 
therapy with ganciclovir or foscarnet. 

RESULTS 

A paracentesis was performed in 28 AIDS patients with a necrotizing 
retinitis. No complications of the procedure were encounterd. 

Two patients had a definite diagnosis of ARN. In one patient, local 
antibody production was detected against HSV (patient 1; Table 3). 
Aqueous humour analysis in the other patient was not informative. PCR 
could not be performed. 

In five patients the final diagnosis was Toxoplasma retinitis. In three of 
these patients a positive coefficient for Toxoplasma was found (patients 3, 
5, and 6; Table 3). In patient 5, a borderline positive coefficient was found 
for Toxoplasma and HSV. PCR was performed inpatients 6 and 7. In patient 
6, no Toxoplasma DNA could be detected, but CMV DNA was present. 
In patient 7, both Toxoplasma and CMV DNA were detected. 

CMV retinitis was observed in 21 patients. In eight patients the coefficient 
was positive for CMV (patients 11, 14, 15, 18, 19, 23, 25, and 27; Table 
#). In all 13 patients tested with PCR, CMV DNA could be detected, and 
no DNA of the other pathogens was detected. Excluding patient 5 with 
an ambiguous result, positive results were found in 11 out of 28 patients 
(39%) by determination of local antibody production. With the exception 
of patient 5, with a borderline positive result, no false-positive results 
were found. 

In both patients, with Toxoplasma retinitis as final clinical diagnosis, 
analysed with PCR, CMV DNA could be detected, although in only one of 
them (patient 7) Toxoplasma DNA was also detected. CMV DNA was 
detected in all samples tested of patients with CMV retinitis. 

To investigate whether the immune status of the patients correlated with 
the presence of detectable local antibody production, data of three possible 
parameters were collected: CD4 counts, time between diagnosis of the 

Patient numbers correspond with those inTable 1. Goldmann-Witmer coefficient >= 3 is 
considered to be positive.s Serum titre > 2000 * Ratio between albumin in aqueous humour and serum 
above 10%, indicating a considerable break in blood-retina barrier. CMV, Cytomegalovirus; VZV, 
varicella zoster virus; HSV, herpes simplex virus; ARN, Acute Retinal Necrosis; Toxoplasma. 
Toxoplasma chorioretinitis; CMVR, Cytomegalovirus retinitis +, positive reaction; - , negative 
reaction, no antibodies detected; blank spaces indicate that insufficient material was available to 
perform all the tests. 
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AIDS-defining illness and retinitis, and survival time afterthe diagnosis of 
retinitis. There was no correlation between CD4 counts and detection of 
intraocular antibody production. In 50% (8 out of 16 cases; Table 3) of the 
patients with a CD4 count below 50 x 106 / L a positive result was found, 
and in only 33% (4 out of 12 cases; Table 3) of the patients with a CD4 count 
of 50 x 106 / L or more a positive coefficient could be calculated. 

In five of the 28 patients the retinitis was the AIDS defining diagnosis 
(patients 4, 5, 7, 8, and 27; Table 1). In two cases the patient history was 
incomplete. Omitting these 7 patients a mean time between the diagnosis 
of AIDS and retinitis was 12.8 months (range, 1-34 months). No 
correlation could be found between duration of this period before 
diagnosis of retinitis and results of determination of the Goldmann-
Wittmer coefficient (excluding the 2 patients with a lack of data): local 
antibody production could be detected in six out of the 15 patients (40%) 
with a time interval less than 13 months, and five out of 11 patients (46%) 
with an interval of over 13 months or more. 

Mean survival time afterthe diagnosis of a necrotizing retinitis was 12.7 
months (range, 3-43 months), excluding three cases of (known) euthanasia 
(patient 10, 18, and 21; Table 1). No correlation could be found with 
measurements of local antibody production: apositive Goldmann-Witmer 
coefficient was seen in 47% of patients (eight out of 17) with a survival time 
less than 13 months, and in 3 8% (three out of eight) with a longer survival 
period. 

DISCUSSION 

Detection of intraocular antibody production is a quick and safe procedure 
and may be decisive in patients with AIDS and a necrotizing retinitis that 
is difficult to classify. In 11 (39%) out of 28 AIDS patients with 
necrotizing retinitis, a positive Goldmann-Witmer coefficient was found 
indicating local antibody production against the involved pathogen. One 
case showed two equally borderline positive coefficients, one of which 
was in accordance with the final diagnosis. 

Results of PCR analysis appear to be even more accurate: in all 13 patients 
with CM V retinitis CM V DNA could be detected, and no DNA of the other 
pathogens was found. Especially in the early phase of a necrotizing retinitis, 
detection of viral DNA by PCR seems to be superior to determination of 
local antibody production, which is in accordance with other studies [27, 
31,44-46]. 

In two patients with Toxoplasma retinitis, PCR analysis yielded unexpected 
results: in both patients CMV DNA was present and in only one of them 
was Toxoplasma DNA also detected. 
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In patient 6 we suspected that both CMV and Toxoplasma infection were 
present in the eye. The patient presented with an atypical retinitis, for which 
reason an aqueous humour sample was taken. Based upon the local 
antibody response against T. gondii (Goldmann-Wittmer coefficient 6.3) 
a presumptive diagnosis of Toxoplasma retinitis was made and the 
patient was treated accordingly. After initial improvement the ocular 
inflammation became worse despite adequate anti-Toxoplasma treatment 
and suspicion arose that the patient had additionally developed, or 
already suffered from, CMV retinitis (Fig.l). Although treatment was 
adjusted, follow-up was too short to draw any conclusions because the 
patient died shortly thereafter. In retrospect, PCR analysis of the aqueous 
humour revealed the presence of CMV DNA confirming the clinical 
impression of a dual infection. The occurrence of a dual infection, as in 
this case with CMV and T. gondii, has been reported previously in AIDS 
patients [15, 47]. 

In patient 7, the initial suspicion of a Toxoplasma retinitis was confirmed 
by follow-up. She developed a typical clinical picture of Toxoplasma 
retinitis (Fig.2) with a favourable response to anti-Toxoplasma therapy. In 
addition, neurological examinations revealed cerebral Toxoplasma infection. 
During follow-up, fundus examination did not support a diagnosis of CMV 
retinitis. The unexpected finding of CMV DNA could be explained by 
excessive breakdown of the blood-ocular barrier due to Toxoplasma 
retinitis with CMV-infected cells entering the eye, perhaps with only latent 
virus present. Almost all HIV-infected patients have serological evidence 
of previous CMV infection, and PCR analysis in peripheral blood leukocytes 
is positive in over 60% of cases [48,49]. The albumin ratio between 
aqueous humour and serum was more than 10% indicating a considerable 
breakdown of de blood-ocular barrier in this patient. 

Fig. 1. Fundus of the left eye of patient 6 at the time it was suspected that a dual infection with 
Toxoplasma gondi and cytomegalovirus was involved. 
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Fig. 2. Fundus ofthe right eye ot'patient 7, with a typical Toxoplasma lesion, at the end of a 2-week 
period of induction therapy against Toxoplasma gondi. 

Although PCR is a very sensitive and specific test, results must be 
interpreted with caution. They cannot always resolve diagnostic dilemmas 
and can never replace clinical judgement. 

False-positive results seem an unlikely explanation for the above-
mentioned findings. At the time this investigation took place, a number of 
other patient groups were tested and served as controls for this study [36, 
50]. Patients without any ocular infection (n=38) never showed evidence 
of local antibody production or a positive PCR result for CM V, HS V, VZV 
or T. gondii. Analysis of ocular fluids of patients with intraocular infections 
showed the following results. In 81% of patients with ARN (n=16), 
combined PCR and serological analysis showed involvement of VZV or 
HSV, and positive test results were not found for CMV or T. gondii. In a 
group of immunocompetent patients with Toxoplasma chorioretinitis 
(n=22), 68% had a positive test result for T. gondii and no positive results 
were seen for either CMV, VZV or HSV. At present there are no data 
available concerning ocular fluid analysis of AIDS patients without active 
retinitis. As apositive control group one may consider the 13 patients with 
an unquestionable CMV retinitis from the start, from which aqueous 
humour samples were taken in combination with other invasive procedures, 
for example intravitreal treatment or retinal detachment surgery. A 
positive CMV test result was obtained in all 10 patients tested by PCR 
analysis. 

Paracentesis is an easy procedure to perform and results of measurement 
of local antibody production and PCR can be available within 24 h. Although 
it is an invasive procedure with its hazards (e.g., cataract secondary to 
perforation ofthe lens capsule or even endophthalmitis), the benefit of a 
reliable result guiding the route to the correct therapy outweighs the risks. 
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No complications were seen in any of the procedures in this study or in 
previous studies [23 - 25, 34, 51]. 

The present study is an extension of the study by Luyendijke? al. [34] 
reporting detection of intraocular antibody production against CMV in eight 
out of 16 AIDS patients with CMV retinitis [34]. In our study, other 
diagnoses than CMV were also included and results were related to 
various clinical parameters of the patients (CD4 count at time of 
paracentesis, time interval after a diagnosis of an AIDS-defining illness 
and retinitis, and survival time after retinitis). In addition, in 15 patients 
enough aqueous humour was still present to perform a PCR analysis. 
In 16 patients (57.1 %), no positive Goldmann-Witmer coefficient could be 
measured. Other pathogens could be involved, but this seems unlikely. In 
seven of these patients, PCR was positive for CMV DNA in accordance 
with the final clinical diagnosis. Furthermore, all retinitis cases that could 
eventually be classified responded in a favourable way to the proper 
treatment once installed, and there was no reason to suspect the involvement 
of more rarely occurring pathogens. Nevertheless, this possibility cannot 
be excluded. 

Local antibody production below detection levels could be explained by 
the altered immune status of the patients, or by factors masking a 
measurable normal local antibody production. Low CD4 cell counts, long 
time interval after a diagnosis of an AIDS-defining illness, and a short 
survival time after the first appearance of retinitis are all factors pointing 
towards a more suppressed immune system at the time of diagnosis of a 
retinitis [5,7]. More positive results were expected in the less deficient 
patients with higher CD4 counts, shorter time interval between AIDS 
diagnosis and retinitis, and longer survival time after a diagnosis of retinitis. 
However, no correlation could be found between these factors and the 
results of measurement of intraocular antibody production. 

Abnormal or deficient B-cell function in AIDS patients may explain the 
low sensitivity of serological diagnosis in AIDS patients with retinitis [52, 
53]. Evidence for this assumption comes from a study reporting a lack of 
detectable antibody production in serum in up to 22% of pathologically 
proven cases of toxoplasmosis of the central nervous system [53]. 

In a recent study of patients with ARN it was shown that most negative 
results were seen in samples taken in the first 2 weeks after onset of 
symptoms or in samples taken after 6 months [26]. In seven patients with 
CMV retinitis, no local antibody production could be determined, although 
at the same time PCR analysis detected CMV DNA. This is in agreement 
with other studies which showed undetectable antibody levels in the 
presence of herpetic viral DNA in the eye or cerebrospinal fluid early in the 
disease course [39,54]. Almost all samples in the present study were taken 
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at the first time retinitis was diagnosed, which is of course not the same as 
the real starting point of the disease, especially in an infection as slowly 
progressive and indolent as CMV retinitis. Nevertheless, this could explain 
the absence of local antibody production against the causative microorganism 
in some of the cases presented in this study. 

Other factors which could be involved include a very high serum titre that 
may mask a relatively low intraocular antibody production. Antibody titres 
above 1 / 2000 were seen in 10 patients (Table 3), and in five patients these 
were titres of antibody against the expected pathogen. In only one out of 
the 12 positive coefficients (patient 25; Table 3) the serum titre was 1 / 
2000; all others were less. Breakdown of the blood-retinal barrier could 
also mask local antibody production. Taking the ratio of intraocular 
albumin versus serum albumin as a measure of protein leakage with a 
breakpoint at 10% (above 10% meaning considerable leakage) in only 
patient 7 was a significant leakage present. There are certainly arguments 
to implicate breakdown of the blood-retinal barrier and high serum titres 
in explaining false negative results. On the other hand, most positive 
results in 28 ARN patients were found in cases with an increased 
permeability of the blood-retinal barrier and in cases with high serum 
titres against VZV [26]. 

Previous studies have shown that CD4 counts are correlated with the 
prevalence of CMV retinitis in AIDS patients. All patients with CMV retinitis 
described in these studies had CD4 counts of less than 50 x 10V1 [5, 7]. 
Surprisingly, in our study eight patients with CMV retinitis had CD4 counts 
above 50 x 106/1, varying between 90 and 290 x 10V1 (Table 3). This 
confirms the observations of other authors, and has direct implications for 
screening strategies of HI V-positive patients [55]. 

In cases of necrotizing retinitis there is always a high chance of a systemic 
disease, with the same pathogen occurring before or after the diagnosis of 
retinitis [12, 56]. In the present study, only one of the five patients with 
Toxoplasma retinitis had a cerebral toxoplasmosis, and conversely in only 
one of the six patients with cerebral toxoplasmosis was the retinitis 
ascribed to the same agent (Tables 1 and 3). A systemic illness due to 
VZV or HSV was seen in 10 patients, and in one of these cases an ARN 
type of retinitis known to be caused by HSV or VZV was seen. A better 
correlation was found between the presence of CMV infection elsewhere 
and CMV retinitis: all seven patients with systemic disease also showed 
CMV retinitis. Other authors described a strong correlation between the 
presence of CMV retinitis and CMV encephalitis based on a post-mortem 
study [57]. This raises the question whether purely local therapy is 
sufficient in patients with CMV retinitis [58, 59]. 

The present study had several potential limitations. First, this is a 
retrospective study. Final diagnosis was made as objectively as possible, but 
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was not pathologically proven. On the other hand in previous post-mortem 
studies, a typical clinical picture of CMV retinitis was always confirmed by 
histopathological examination [57]. 

Lack of sufficient material prevented testing for all possible pathogens. 
For the same reason not all 28 patients could be analysed with PCR. Samples 
were taken over a long time-span, from 19 8 7 to 1992. During that time new 
therapeutic modalities evolved, systemic and ophthalmological, and survival 
of patients increased with further breakdown of the immune system before 
a retinitis occurred [6, 60]. 

Both measurement of local antibody production and PCR analysis 
improve the diagnosis of indistinct cases of necrotizing retinitis in patients 
with AIDS. Although PCR seems to be superior, the mere presence of viral 
DNA is no definite proof of infection with the virus involved. Quantification 
of the PCR signal, measuring the virus load, could make this test more 
accurate. Detection of mRNA, implicating active replication of virus, is 
another possibility. Studies are being undertaken to evaluate these methods 
and may further improve the diagnosis of retinitis in patients with AIDS. 
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