
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

CMV retinitis in HIV-positive patients in the pre-HAART era

Verbraak, F.D.

Publication date
1999
Document Version
Final published version

Link to publication

Citation for published version (APA):
Verbraak, F. D. (1999). CMV retinitis in HIV-positive patients in the pre-HAART era. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/cmv-retinitis-in-hivpositive-patients-in-the-prehaart-era(f8e98b21-0725-45a0-9996-68abcb883f34).html


CMV retinitis in HIV-positive 
patients in the pre-HAART era 

F.D. Verbraak 

? 5 : K ^ - ' ; • 

/x/ 



ÙBA003000070 



CMV RETINITIS IN HIV-POSITIVE PATIENTS 
IN THE PRE-HAART ERA. 





CMV RETINITIS IN HIV-POSITIVE PATIENTS 
IN THE PRE-HAART ERA. 

ACADEMISCH PROEFSCHRIFT 

ter verkrijging van de graad van doctor 
aan de Universiteit van Amsterdam, 
op gezag van de Rector Magnificus 

prof.dr.JJ.MEranse 
ten overstaan van een door het 

College voor promoties 
ingestelde commissie 

in het openbaar te verdedigen 
in de Aula der Universiteit 

op donderdag 8 april 1999, te 15.00 uur 

door 

Franciscus Daniel Verbraak 

geboren te Amsterdam 



Promotie commissie 

Promotor: 
Co-promotor: 

Prof.dr A.Kijlstra 
Dr.R.Peek 

Beoordelingscommissie: Prof.dr. S.A. Danner 
Prof. M.D. de Smet 
Dr.GJ.van den Horn 
Dr.A.van der Lelij 
Prof.dr. J. van der Noordaa 

The research presented in this thesis was carried out in the department of 
Ophthalmology of the Academie Medical Center of the University of 
Amsterdam, Amsterdam, and the department of Ophthalmo-immunology 
of the Netherlands Ophthalmic Research Institute, Amsterdam. 

Publicatie van het proefschrift kon ten uitvoer worden gebracht mede 
door financiële steun van: zie bijlage. 

Cover design by: Frank Verbraak, Ton Put 
Lay-out: G.M. Science Productions 

Druk: 

IV 

Ponsen & Looijen, bv 
Grafisch bedrijf 
Wageningen 



TABLE OF CONTENTS 

Outline of the thesis. 1 

Chapter 1 CMV retinitis in HIV-positive patients in the pre- 5 
HAART era, a review 

Chapter 2 Serological and polymerase chain reaction-based 
analysis of aqueous humour samples in patients 
with AIDS and necrotizing retinitis. 

Chapter 3 Risk of developing CMV retinitis following non- 91 
ocular CMV end organ disease in AIDS patients. 

Chapter 4 Cytomegalovirus (CMV) strain differences between 111 
the eye and blood of AIDS patients with 
cytomegalovirus retinitis. 

Chapter 5 Cytomegalovirus glycoprotein B genotyping in 119 
ocular fluids and blood of AIDS patients with 
cytomegalovirus retinitis. 

Chaper 6 Influence of Highly Active Anti Retroviral Therapy 131 
(HAART) on the development of CMV retinitis in 
HIV positive patients at high risk for CM V disease. 

Summary and general conclusion 143 

Samenvatting 153 

Previous publications 169 

Curriculium Vitae 177 

Epiloog 179 





OUTLINE OF THE THESIS 



OUTLINE OF THE THESIS 

CMV is the most frequent viral opportunistic infection in HIV-positive 
patients. The annual incidence of CMV disease varied between 25 and 
30% in the era preceding the introduction of Highly Active Anti-
Retroviral Therapy (HAART). In the majority of patients (>90%) the eye 
is involved with a necrotizing retinitis. In treating these patients many 
questions arose, some of which we tried to answer: can we make our 
diagnosis more accurate, can we specify risk factors for developing CMV 
retinitis, can we make use of new polymerase chain reaction (PCR) based 
assays to analyse ocular derived CMV, and what is the influence of 
HAART on the determination of CMV viral load and the occurrence of 
CMV retinitis. 
In the first chapter of the thesis an extensive review is presented of the 
clinical implications of CMV retinitis in the pre-HAART era. The 
pathogenesis, diagnosis, treatment, and prevention of the disease are 
discussed. 

The diagnosis of CMV retinitis relies on the clinical findings and is 
most of the time straightforward for those experienced in judging these 
retinal infections. Problems in the diagnosis however do occur in the 
early stages of retinitis and in atypical presentations, where other 
pathogens could be involved. In the second chapter we present results of 
a combined serologic and PCR based analysis of aqueous humour 
samples in HIV-positive patients with necrotizing retinitis as an aid in the 
differential diagnosis. 

Extra-ocular CMV disease is considered to be a risk factor for the 
subsequent development of CMV retinitis, but exact data were never 
reported. Our clinical impression was that retinitis is very frequent 
following extra-ocular CMV disease. In chapter 3 we present a 
retrospective analysis regarding the development of retinitis in HIV-
positive patients with biopsy proven extra-ocular CMV disease. 

The polymerase chain reaction based assays enabled the direct analysis 
of CMV recovered from intraocular fluid samples in HIV-positive 
patients with CMV retinitis. In chapter 4 results of CMV strain typing in 
ocular fluid samples and paired blood samples are reported, and in 
chapter 5 the observed frequency of glycoprotein B (gB) genotypes in 
ocular fluid samples is presented. 

The presence of increasing levels of CMV viral load in blood of HIV-
positive patients is considered to be a high risk factor for developing 
CMV disease. Quantification of the PCR assay to detect CMV DNA in 
blood has recently been introduced in the Academic Medical Centre. 
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At the same time Highly Active Anti Retroviral Therapy (HAART) 
became available. As a result of HAART, the CD4+ cell counts rise 
dramatically in most patients. The restoration of the immune system 
leads to a drop in the incidence of CMV retinitis and a better control of 
pre-existing CMV retinitis. We conducted a prospective follow-up study 
to evaluate the influence of HAART on CMV viral load, and the 
development of CM V retinitis in a group of HI V-positive patients at high 
risk for developing CMV retinitis. Results are presented in chapter 6. 

The introduction of HAART has shown that restoration of the patient's 
immune response is the best treatment of CMV retinitis. At the moment 
we are in a period of transition with many uncertainties regarding the 
management of HIV-positive patients, who previously were at high risk 
for developing CMV disease, or who have a pre-existing CMV retinitis. 
For this reason the following title of the thesis was chosen: 
"Cytomegalovirus retinitis in HIV-positive patients in the pre-HAART 
era". 

How long this period will be, and for what time HAART will remain as 
effective as it is now, nobody knows. Unfortunately the number of patients 
failing anti-retroviral therapy is growing, either because of development of 
resistance or as a result of the inability to tolerate the drug regime. With the 
subsequent loss of immunity, patients will again become prone to development 
of opportunistic infections like CMV retinitis. 
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CHAPTER I 

CYTOMEGALOVIRUS RETINITIS IN HIV-
POSITIVE PATIENTS IN THE PRE-HAART ERA, 

A REVIEW 
Frank D. Ver braak, MD. Aize Kijlslra, PhD. MarcD. de Smet, MD. 

HISTORICAL BACKGROUND 

Cytomegalia was reported for the first time in 1921 by Goodpasture in 
a 6 week old child as large mononuclear inclusions disseminated in multiple 
organs. ' In 1925 von Glahn suggested that cytomegalia was caused by 
a virus of the herpes group.2 In 1954 successful growth and isolation of 
Cytomegalovirus (CMV) was finally achieved.3 A mononucleosis-like 
syndrome occurring in adults was added to the disease spectrum in 1965 
by Klemola.4 CMV was increasingly reported in the following years. 
Particularly in immunocompromized patients CMV disease occurred with 
a more severe course, even life threatening.5 For example patients using 
immunosuppressive therapy for kidney transplantation, or patients treated 
for systemic vasculitic disorders such as systemic lupus erythematosus. 

Although the retina was recognised in 1959 as the primary site of ocular 
CMV disease in infants with disseminated CMV, the first case of CMV 
retinitis in an adult was described by Smith in 1964.6; 7 In 1982 Moeller 
reviewed the literature and could only trace 50 reported cases of adult 
CMV retinitis.8 

This was soon to change dramatically. With the advent of the AIDS 
epidemic in 1981, it became clear that CMV was the most common 
opportunistic viral infection in HIV-positive patients.9"14 If left untreated 
CMV retinitis invariably lead to blindness in a relatively short time, an 
unbearable burden for AIDS patients then and now.15 

Since 1980, therapy for CMV was first introduced on a compassionate 
basis in unrandomized studies of ganciclovir, followed by FDA approval in 
1989 after a randomised study. '6 ; 17 In 1991, a randomised controlled trial 
demonstrated efficacy of foscarnet, another anti-CMV drug.13-18 More 
recently cidofovir has been added to the list of effective anti-CMV drugs.19; 

20 All three medications had to be delivered intravenously to reach effective 
intraocular doses, but in urge to avoid systemic toxicity, strategies for direct 
intraocular treatment have been developed for all three. The success of this 
strategy lead to the elaboration of a sustained intravitreal delivery device, 
which came on the market in 1997.21 Inhibition targeted to the CMV virus 
itself by antisense therapy is a recent development in an ongoing battle to 
prevent replication and progression of the virus.22 



CMV retinitis in HIV-positive patients. 

Anti retroviral treatment with a combination of two reverse transcriptase 
inhibitors and a protease inhibitor, so called Highly Active Anti Retroviral 
Therapy (HAART) or triple therapy, has been proven to be very effective. 
HAART seems to restore the immune system of AIDS patients, at least in 
part. This resulted in a dramatic decline in incidence of newly diagnosed and 
recurrent CMV retinitis.23 

EPIDEMIOLOGY 

Humans are believed to be the only reservoir for HCMV. Transmission 
of CMV appears to require close contact with an individual excreting virus 
through body fluids. Sexual contact plays an important role especially in 
the homo-bisexual population.2426 Other transmission pathways include 
blood products, transplantation with CMV infected organs, and 
transplacental infection of infants from mothers with a primary, or rarely 
a recurrent, CMV infection during pregnancy. Symptomatic disease in the 
new-born is believed to be more frequent when maternal infection occurs 
earlier in pregnancy.27 

More than half of the adult population is seropositive for CMV.25 

Prevalence increases with age and differs geographically with higher 
numbers in the developed countries. Closeness of contacts within population 
groups appears to be the most important factor for the transmission rate. 
In the HIV-positive population the prevalence is much higher and largely 
due to an almost 100% seropositivity among the homo / bi-sexual HIV-
positive individuals whereas in the heterosexual HIV-positive population, 
the frequency is equal to the general population frequency.25;283° 

A clinical manifest primary infection from CMV occurs in only a 
fraction of immunocompetent adults. CMV is estimated to be the cause 
in 6 to 8% of all infectious mononucleosis-like syndromes. After primary 
infection CMV remains latent and infected individuals may periodically or 
chronically excrete CMV for the rest of their lives, in saliva, urine, semen, 
cervical excretions, and breast milk.3132 

In immunosuppressed post transplantation patients the frequency of 
clinical manifest disease is much higher. After a kidney transplantation 
patients can either suffer from a primary CMV infection, in subjects 
without antibodies against CMV before transplantation, or from secondary 
infection, in a person already seropositive for CMV. The latter consists of 
reactivation or superinfection.26 Following transplantation an average of 
83% of patients, with primary CMV infection, developed clinical manifest 
disease and 44% of the patients, after a presumed reactivation of CMV 
infection.33 The manifestation of CMV disease is associated with the 
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organ of transplant. In bone marrow and lung transplant patients pneumonia 
is a major problem, whereas hepatitis more often is seen after liver 
transplantation. The most common clinical presentation is a febrile 
mononucleosis.26 CMV retinitis is reported in a minority of clinical manifest 
CMV disease after transplantations, the most frequent in renal allograft 
recipients (1 to 5%).34 

In HIV-positive patients the incidence of clinical manifest CMV disease 
is 24% / year in patients with CD4+ lymphocyte counts less than 50 cells 
/ mm3. In over 90% of these cases the eye is involved, showing a necrotizing 
retinitis.35 In 1996 Hoover et al. reported about the prevalence of CMV 
disease in a prospective study of a cohort of 3 67 HIV-positive patients. At 
4 years after CD4+ cell count dropped below 100 cells / mm3 the probability 
of these patients to (1 ) remain living without CMV retinitis was 11 %, (2) 
dye without experiencing CMV retinitis was 66%, (3) experience CMV 
retinitis and be living 6%, and (4) experience CMV retinitis and died was 
18%.36 CMV disease is an opportunistic infection developing most often late 
in the course of HIV disease. The number of patients with CMV disease 
increased with better treatment of other opportunistic infections. For 
example the cumulative lifetime occurrence of CMV disease in patients 
before effective prophylaxis against PCP was 24%, compared to 45% after 
the introduction of'Pneumocystis Carz«//Pneumonia prophylaxis.37 It can 
be an AIDS defining disease. In 2% of patients CMV disease is the single 
present first manifestation of AIDS.3839 The mean duration of AIDS before 
the development of CMV retinitis in patients with other AIDS defining 
diagnoses is 18 months (range between 0 and 45 months).40;41 

RISK FACTORS 

In immunocompetent patients CMV retinitis has been described in 
otherwise healthy individuals with a clinical picture of Acute Retinal 
Necrosis.42;43 There are no known risk factors for the development of CMV 
retinitis. In immunosuppressed patients after transplantation a longer 
duration of CMV viremia was associated with a higher rate of CMV 
retinitis .44 Other risk factors reported more recently in immunosuppressed 
posttransplantation patients include CMV antigenemia, CMV DNA-emia, 
positive blood and or urine cultures.4547 

In HIV-positive patients a large number of risk factors for developing 
CMV retinitis have been reported. The search for risk factors became 
important with the availability of potentially useful prophylactic therapy for 
prevention of CMV retinitis. Selection of high risk patients became 
mandatory because results of studies on the effectiveness of primary 
prophylaxis were ambiguous in patients, selected on the basis of CD4+ 
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lymphocyte counts, (see Prevention section, page 62).35:48 

Risk factors have been reported, which are related to the immune status 
of the patient, like CD4 positive lymphocyte count, CD8 positive lymphocyte 
count, and the presence of specific HLA types related to T-cell reactivity 
against CMV. The presence of HIV related microangiopathy has been 
considered a risk factor. Other factors are more epidemiological, like HIV 
acquisition through homo / bi-sexual contact,previous extra-ocular CMV 
infection, previous pattern of opportunistic infections, or treatment with 
corticosteroids. Recovery of CMV from body fluids has become the most 
promising risk factor, not the presence of positive CMV cultures out of 
blood or urine, but especially CMV antigenemia, and CMV DNA-emia. 

CD4+, CD8+ lymphocyte counts and CD4+/CD8+ ratio 
In many studies the presence of a low CD4 positive lymphocyte count, 

generally less than 5 0 cells / mm3, has been associated with the development 
of clinically manifest CMV disease. The prevalence of CMV retinitis in 
patients with a CD4+ cell count less than 50 cells / mm3 is reported to vary 
between 30% to 40%. Inpatients with CD4+ cell counts less than 100 cells 
/ mm3 reported prevalence varied between 6.8% and 11.3%.41-49-53 

Hoover et al. in his prospective cohort study of 3 67 HIV-positive patients 
after a first drop of the CD4+ cell count below 100 cells / mm3, reported 
CMV retinitis in 19% (n=73) of patients. In over 80% of patients CD4+ cell 
count was less than 50 cells/mm3 at the time of diagnosis of CMV disease. 
36 

Gerard et al. prospectively followed 192 patients for one year. CMV 
disease developed in 21 patients. The probability to develop CMV disease 
within 6 months was 13% for patients with baseline CD4+ cell count less 
than 50 c/mm3, 3% for those with baseline CD4+ cell count between 50 
and 100 cells / mm3, and zero for those with cell counts above 100 cells 
/ mm3.54 

Although association with low CD4+ cell counts is very strong, occasionally 
patients are reported with much higher cell counts : Bagli vo reported a patient 
with a CD4+ cell count of 3 5 5 cells / mm3, Fekrat reported two patients one 
with a cell count of 255 and the other with 235 cells / mm3.55 56 

Cut off levels for CD4+ cell counts below 50 cells / mm3 and CD8+ cell 
counts below 520 cells / mm3 were both equally predictive for the presence 
of CMV retinitis.57 Both counts were highly correlated and addition of low 
CD8+ cell counts into regression analysis did not add substantially to the 
predictive value of low CD4+ counts alone. However patients with CMV 
retinitis had significantly lower CD8+ cell counts compared to the other 
patients, an observation confirmed by a second study.5S Suggestions that 
specifically a sharp drop in CD8+ cell counts could precede a CMV retinitis 
have been made, but not substantiated. 

9 
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Butler et al. presented some evidence that a low CD4 / CD8 ratio would 
predict CMV retinitis, but other authors were unable to confirm this 
observation. In the prospective study of Macgregor the CD4+ / CD8+ 
ratio was not significantly related to the development of CMV retinitis.59-

HLA association 
Schrier et al. reported that HIV-positive patients with a low T-cell 

responsiveness to CMV are at higher risk for developing a CMV retinitis than 
patients with normal T-cell proliferative responses.62 In the same study an 
association was found between certain HLA alleles and the occurrence of 
CMV retinitis, especially the combined association of either B44, B51 or 
DR7 was highly significant (p=.008, relative risk of CMV retinitis =15). 

The presence of HIV related microangiopathy 
HIV related microvasculopathy - microaneurysms, haemorrhages, 

vasculitis, and cotton wool spots - has been implicated in the pathogenesis 
of CMV retinitis (see pathogenesis section).It is generally agreed that HIV 
related microangiopathy precedes the occurrence of CMV retinitis.63 Spaide 
et al. found the presence of cotton wool spots also highly related to CD4+ 
cell counts: 32.7% in patients with less than 50 cells/mm3,23% in patients 
with counts between 50 and 100 cells /mm3, and 10 % inpatients with cell 
counts over 100 cells / mm3.64 Unfortunately the time period between the 
presence of HI V related vasculopathy and the development of CMV retinitis 
can be highly variable. The vasculopathy can be present for a relatively short 
time, at a time the patient's CD4+ cell counts are rather high and the risk 
of CMV retinitis low, and becomes almost undetectable by normal 
ophthalmoscopic observation later on. Perhaps for these reasons the 
presence of HIV related microangiopathy has never been reported as an 
independent risk factor for the development of CMV retinitis. 

Epidemiological risk factors 
The incidence of CMV disease is higher in the homo-bi sexual group of 

patients.14;64;6S Spaide et al. reported that CMV retinitis was present in 17% 
(63/348) homo-bisexual patients and in only 4.7% (4/68) ofthe intra-venous 
drug users, while patients in both groups were comparable with regard to 
their CD4+ counts.64 This can be explained by the higher frequency of 
previous exposure to CMV infection in this group of patients, reflected in 
the high rate of CMV seropositive patients.50 In addition homo-bisexual 
patients suffer more frequently from superinfection with different CMV 
strains, either successively in time or simultaneously present at different 
sites. 50 

10 
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Finkelstein et al. studied the pattern of development of opportunistic 
infections in a cohort of 1530 HIV-positive patients and found that the 
occurrence of ' Pneumocystes Carinii pneumonia, ox Mycobacterium avis 
complex, and to a lower extend the occurrence of a systemic mycosis 
predisposes a patient to the subsequent development of CMV retinitis, 
even after adjusting for the CD4+ cell counts.66 

Treatment with corticosteroids increases the risk for the occurrence of 
CMV disease. Nelson et al. compared 13 0 HIV-positive patients receiving 
corticosteroids with a case control cohort and found CMV disease in 11 of 
130 steroid treated patients and in only 2 patients of the control cohort in 
aperiod of 28 days following steroid treatment. Mean dose of corticosteroid 
treatment was 4477 units in the patients with CMV disease, and 2017 in the 
patients without CMV disease. One unit dose was equivalent to 1 mg 
Prednisolon, 0.8 mg methylprednisolon, and 0.13 mg dexamethason. The 
duration of the corticosteroid treatment was not specified.67 

Verbraak et al. demonstrated an incidence of 85% of CMV retinitis in 
HIV-positive patients with an immuno-histologically confirmed diagnosis 
of extra-ocular CMV disease after a mean follow-up of 6.4 months.68 

Extra-ocular CMV disease is a major risk factor for developing CMV 
retinitis. CMV retinitis occurred despite the fact that the extra-ocular 
disease seemed to be completely healed after 3 to 5 weeks of anti viral 
treatment. 

Presence of positive CMV cultures out of blood or urine 
Sensitivity of positive blood culture as a predictor of future CMV disease 

varies between 66% and 76%, and specificity between 88% and 95%. 
Likewise the positive predictive value is relatively low (60%), but negative 
predictive value high (95%). So even though positive viral cultures, 
conventional or by shell vial method, seem to have a very low sensitivity 
in predicting CMV disease, patients with a negative viral culture have a 
very low risk for subsequent development of CMV disease. 54; 69 The 
same conclusion was made concerning urine cultures.70 

CMV antigenemia and PCR based DNA-emia 
TheCMVpp65 antigenemiatestisaquick method for identifying CMV 

in peripheral polymorphonuclear leukocytes. It is amore sensitive marker 
of viremia than virus isolation in standard cell cultures or on shell vial 
cultures.71 The test is quantitative and performed with an indirect 
immunofluorescence technique, using a monoclonal fluorescein labelled 
anti-viral-pp65 antibody, counting fluorescent nuclei in aliquots of 
cytocentrifuged isolated peripheral blood leukocytes. The number of 
positive staining cells per 105 leukocytes is used.72 Antigenemia assays 
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can differ in the technical details of the procedure: the number of 
polymorphonuclear granulocytes cytocentrifuged onto the microscopic 
slides, the type of fixation, the type of monoclonal antibodies, or the timing 
for sample collection and processing. This is one of the reasons different 
authors use different cut-off levels, and can explain the variability in some 
of the results. 

Determination of CM V DNA in peripheral blood is considered the most 
promising test in use as apredictive marker for CMV disease. Detection of 
CMV DNA can be performed on whole blood, testing the peripheral blood 
cells for the presence of CMV, and on plasma or serum, testing the cell free 
fraction of the blood. The test can be qualitative merely showing the 
presence of CMV DNA in a sufficient amount to be above detection level 
of the technique used, or quantitative in which case the test uses an internal 
reference to calculate the number of CMV DNA copies present in the 
specimen tested. Most laboratories first perform a qualitative assay which 
is followed by a quantitative test if positive. In quantitative tests a threshold 
is defined, depending on the sensitivity of the test, above which a result is 
considered to be positive. 

Results ofboth tests are influenced by the inclusion criteria of the patients, 
especially the CD4+ cell count as indicator of the immunesuppresion 
present, the length of follow-up, the scheduling of follow-up visits, the way 
patients are examined during follow-up (eye examination included or not), 
and the total number of CM V events diagnosed during follow-up. Another 
important factor is the definition of a positive test as predictive. Some 
authors included patients with only one positive test just before or even at 
the time of diagnosis of CMV disease, which can hardly be considered to 
be of any predictive value.73 Results of recent studies, which all included 
regular eye examinations during follow-up, are summarised in Table 1 (page 
15). 

The antigenemia test is a very sensitive method to detect the presence of 
CMV in peripheral blood leukocytes. For this reason a cut-off level has to 
be specified to increase specificity of the test. Most authors define this cut
off level retrospectively and naturally will chose a level that will result in the 
best possible predictive values. By taking a high cut-off level the sensitivity 
decreases, and specificity increases. The reported sensitivity and specificity 
of the antigenemia test varied between 80 and 90%, and between 90 and 
97% respectively. Positive predictive values, reflecting the number of CMV 
events in all patients with a positive test were always exceeded by negative 
predictive values. Patients with a negative test had a very low chance to 
develop a CMV event.7476 

The CMV DNA-emia assay in most studies is qualitative and uses plasma 
or serum samples of patients at risk for developing CMV disease. The 
sensitivity of the assays varies between 70% and 95%, and the specificity 

12 



CMV retinitis in HIV-positive patients. 

between 60% and 88%. Like the antigenemia test the positive predictive 
value is much lower compared to the negative predictive value, meaning that 
a negative test makes disease highly unlikely, but a positive test is not 
invariably followed by disease. 

Both tests, detection of CMV DNA by PCR, either in whole blood or in 
plasma / serum, and the quantitative pp65 antigenemia, are significant risk 
factors for developing CMV retinitis in HIV-positive patients, allowing a 
better discrimination between patients, with comparable CD4+ cell counts, 
who will and who will not develop CMV retinitis. Both tests have about the 
same sensitivity, specificity, and predictive values predicting CMV disease. 
In addition they can be performed in most laboratories. Multivariate analysis 
in a study comparing different tests in the same patient group have shown 
no additional gain in predictive accuracy by doing both tests.69 

Unfortunately the time between a positive PCR assay or a positive pp65 
-antigenemia test, and the occurrence of CMV disease can vary considerably. 
The interval can be in the order of 3 to 8 months or even longer. In spite 
of high expectations there is only a marginal gain in predictive value of a 
quantitative PCR assay, compared to a qualitative assay. In PBL's CMV 
DNA can be detected more often and in higher quantities. Using PBL's a 
quantitative assay is mandatory with definition of a cut-off level to 
differentiate between high and low risk patients.77 Provided the assay is 
sensitive enough plasma or serum tests are slightly more accurate in 
predicting CMV retiniti s than peripheral white blood cell tests.78 Plasma and 
serum assays are equally sensitive.69 

Quantitative assays have shown that the peak values of CMV viral load 
measured in many patients precede the occurrence of retinitis by 3 to 7 
months, while in the same patients CMV viral load at the time of diagnosis 
is only slightly above normal, or even normal. The duration of a high CMV 
viral load seems to be an important additional risk factor.78 

Most PCR protocols are time consuming and require a fair amount of 
expertise, especially when quantitative tests are performed, which is 
mandatory in tests using PBL's. Each laboratory performs its own assay 
to detect CMV DNA, using different ways in handling of the samples, 
different ways to extract DNA, different primers, different procedures of 
the PCR. For this reason results of tests can never be compared between 
different laboratories. There is a high need for standardisation of the PCR 
protocol used to detect CMV DNA. Recently a test has been developed, 
which allows simple batch testing of large numbers of samples and is 
commercially available. (Amplicor CMV test, Roche Diagnostic Systems, 
Inc,Branchburg, NJ.).77:79 Results of these tests compare favourably 
with previous reported test results, with a sensitivity and specificity of 
about 90%. 

Why roughly 10% of patients with considerable CMV viral load measured 
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in peripheral blood do not proceed to develop CMV retinitis (or CMV 
disease elsewhere), and why CMV retinitis will develop in up to 20% of 
patients with negative PCR assays in peripheral blood, are questions that 
remain to be answered.77; 78 

The occurrence of CMV retinitis is a multifactorial determined event, 
additional factors have to be considered: the presence of replicating 
infectious CMV in blood indicated by detection of mRNA's encoding 
structural or envelope proteins, specification of CMV strains more likely to 
cause retinitis, or immunologic host factors that make some individuals 
more susceptible for clinical manifest CMV infections. 62; 80; 81 Local 
factors in the eye like the presence of HIV related vasculopathy, and 
systemic factors like rheological abnormalities can add to the susceptibility 
of an individual to get an active ocular CMV infection.82 

CLINICAL FEATURES 

CMV is the most common opportunistic viral disease in HIV-positive 
patients and the eye the most commonly affected organ. Ocular CMV 
disease is primarily an infection of the retina. Positive cultures of CMV 
have been reported from conjunctival swabs of AIDS patients. ,2:83; 84 

CMV has also been shown to be present by electron microscopy in 
conjunctiva, cornea, and tears, but the importance of these findings seem 
to be limited. A case of bilateral dentritic epithelial keratitis in an AIDS 
patient with a generalised rash has been described. Cytological examination 
and viral cultures of corneal scrapings showed CMV to be the involved 
pathogen. This patient went on to develop a stromal keratouveitis despite 
anti-viral treatment.8S 

Most of our knowledge about the clinical aspects of acquired CMV 
retinitis today comes from HIV-positive patients. Symptoms caused by 
CMV retinitis are modest in most affected patients, and 20 to 40% of 
patients are totally unaware of the presence of an ocular disease, and are 
only diagnosed by ophthalmologic screening procedures for patients at 
high risk for CMV disease.51; 86; 87 Peripheral lesions can more likely 
remain silent. Complaints, if any, are blurring of vision (in 50% of cases), 
loss of visual field (20%), and photopsia or floaters (60%).8e> The severity 
of the symptoms is closely related to the location and the extent of retinal 
lesion(s) in the eye. Posterior lesions can be noticed by the patient as 
(para)central scotomas. Entoptic perimetry has been recommended to 
detect scotomas between the central 10 degree radius, evaluated by the 
Amsler grid, and the 30 degree radius.88 Involvement of the macular area 
or the optic nerve head will lead to early complaints of blurred vision or 
even severe visual loss. Floaters reflect vitreous opacities as a result of the 
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inflammation, even in lesions in the far periphery of the retina. However 
inflammation is usually minimal in HIV-positive patients and more subtle 
opacities are easily ignored by the patient. CMV retinitis starts as abilateral 
disease in the minority (20 to 40 %) of patients.89"92 In unilateral cases the 
unaffected eye may "mask" the loss in the diseased eye. Pain is never a 
complaint. 

The clinical appearance of untreated CMV retinitis has been described as 
a spectrum with two extremes: fulminant/oedematous type and indolent/ 
granular type. Atthe start ofthe AIDS epidemic CMV retinitis was mostly 
of the fulminant/oedematous type, which was more or less identical to the 
classical descriptions of CMV retinitis in immunocompromized patients in 
the pre-epidemic period. The retinal lesions are dense and whitish, 
obscuring all details ofthe underlying choroid. Haemorrhages are abundantly 
present, adding to the obscuration of deeper layers. This combination of 
signs has led to the descriptive term "pizza pie" lesion for obvious reasons. 
In the periphery lesions tend to be more ofthe granular/ indolent type, 
while the majority ofthe centrally located lesions are ofthe fulminant/ 
oedematous type, reflecting perhaps structural differences in the retinal 
anatomy at these sites.89; 92 Vasculitis and inflammatory sheathing can be 
present and the lesions follow the vascular tree, spreading along large 
vessels. Patients have been described with widespread involvement ofthe 
large vessels throughout the entire fundus, giving rise to a clinical picture 
comparable to so-called frosted branch angiitis.9395 Within 7 days this 
evolved into a typical necrotizing retinitis. 

In later years the indolent/granular type of CMV retinitis became more 
frequent. This type of retinitis shows less dense retinal opacifications, 
allowing for some visibility ofthe underlying choroid. Haemorrhages, 
although present, are scarce, and the lesions do not show a tendency to 
follow the retinal vascular tree. In 1990/91, a multicenter study of 240 AIDS 
patients described the base line characteristics as indolent/granular in 54%, 
and fulminant/exudative in 46% of eyes.86 Atthe leading edge ofboth lesions 
a dry-appearing granular border is present. Satellite lesions some at 500pm 
or more ofthe main border can be seen. Spread ofthe retinal necrotic area 
is relatively slow in both types, marching on average 250 urn / week.96 

Previous treatment ofthe HIV-positive patient, with medications like 
zidovudine or acyclovir, can also influence the appearance ofthe CMV 
lesions.97 Some of these drugs have at least a partial anti CMV activity. 
Perhaps the availability of more effective drugs with time explains the shift 
from predominant fulminant type of CMV retinitis in the beginning ofthe 
HIV epidemic to predominant indolent type seen in later period. Lastly the 
extend of loss of immune-responsiveness of patients can dictate the way 
CMV disease presents itself in the eye. The severity of the disease 
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depending on the ability of patients to defend themselves against CMV 
infection. 

CMV retinitis in the posterior pole of the eye can lead to foveal exudations, 
macular oedema and even frank serous detachments. ̂ 100 Lipid exudates 
and / or exudative detachments have been described in 3 5 of 618 eyes (6%) 
of patients with CMV retinitis. All these eyes had a centrally located 
retinitis.98 An autopsy study revealed exudative retinal detachments in 10 
out of 35 eyes of patients with CMV retinitis. 10° Visual loss due to central 
exudative lesions is reversible, and responds well to anti CMV therapy. 
Occasionally a parafoveal HIV related vasculopathy is present and 
causes cystoid macular oedema (CME) even in eyes with more peripheral 
lesions. '3 Cystoid macular oedema has also been described in a patient 
with CMV retinitis without foveal vasculopathy.101 The CME disappeared 
after treatment with a non steroidal anti-inflammatory drug. 

Optic disc swelling is present in 7% of patients with retinitis at presentation. 
86 It can be seen in eyes with CMV retinitis in the peripapillary region. In 
these cases central vision remains good, although sometimes deep visual 
field defects may occur, even though histologic examinations do not show 
CMV to be present in the optic nerve. Nevertheless cases do exist where 
the optic nerve is secondarily affected by CMV infection through spread 
of adjacent retinal CMV disease. In a minority of patients the optic nerve 
and the peripapillary area is the primary site of inflammation by CMV. 
Central vision is deeply affected and sometimes permanently lost early in 
the course of the disease in the eyes of these patients. 102-106 However 
patients with papillitis treated aggressively with prolonged induction 
courses of ganciclovir and a prompt switch to foscavir after failure of 
ganciclovir, did respond much better, and useful vision (mean vision 20/68, 
range 20/400-20/25) was retained in 75% of eyes.107 

At presentation most patients have one necrotic lesion in the eye(s), more 
than three foci is very uncommon. CMV retinitis most often starts adj acent 
to the vascular arcade bordering the macular area. Untreated the lesions 
expand relentlessly and affect the entire retina within a period of 6 months. 
The pattern in which the lesions expand and spread throughout the retina 
is depending upon the location where the lesions start.91;96 

In spite of large areas of necrotic retina the inflammatory response is 
minimal in both the vitreous cavity and the anterior chamber. A variable 
amount of vitreous opacities develops with only a slight flare and almost no 
cells. In the anterior chamber cells are sporadic and flare again minimal. 
Flare measurements, with the laser flare photometer, have been advocated 
for screening ofHIV-positive patients for the presence of CMV retinitis. The 
increase in flare was indeed measurable, but values (mean value 35.3 
photon/msec), although above normal (mean value 6.8 photon/msec), were 
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barely detectable by slitlamp examination. The use of flare measurements 
for screening purposes is best kept for situations, where local circumstances 
prevent examination by an ophthalmologist.108 '09 

Small corneal endothelial deposits can be seen by careful slitlamp 
examination in 50 to 80% of patients with CMV retinitis, but can easily be 
overlooked, and best seen with retro-illumination.86; ' ' ° These endothelial 
deposits are stellate in shape not unlike the deposits seen in Fuch's 
iridocyclitis. Post mortem examination in one patient disclosed a 
preponderance of large dendritic macrophages arranged in chains. There 
was no evidence of CMV infection in the endothelium.1U 

Comparison of the eyepressure between HIV-positive patients, with and 
without CMV retinitis, and normal controls, showed the intraocular 
pressure to be lower in HIV-positive patients, mean 12.6 mmHg, and 
lowest in patients with CMV retinitis, mean 9.8 mmHg (mean normal 
value 16.1 mmHg). 112 Eye pressures were significantly correlated with 
CD4+ lymphocyte counts, but no explanation could be provided for this 
phenomenon. It was argued that in evaluating HIV-positive patients for 
the presence of glaucoma one had to take this shift in the value of 
intraocular pressures into account. This observation was confirmed by a 
recent multicenter study in 240 patients at presentation of a CMV retinitis. 
The eye pressure in the unaffected eye in unilateral cases was significantly 
higher compared to the eye with retinitis, although the difference was 
small, 12.1 versus 13.2 mmHg, p<.001.86 

Healing of the retinitis after successful induction therapy with anti viral 
medications leads to a change in the aspect of the lesions in the eye. The 
fulminant/exudative type of inflammation subsides and changes into a 
granular/indolent type of lesion. Both the granular and the fulminant type 
lose their active border and the lesions do not expand any further. 
Affected retina is replaced by gliotic atrophic tissue without the prominent 
scarring and / or pigmentary changes, seen in other inflammatory 
disorders of the retina. Sometimes a fine mottling of the retinal pigment 
epithelium can be appreciated. The fact that the entire retinal pigment 
epithelium is destroyed in the inflammatory process is probably the reason 
for this inconspicuous scarring. In most patients induction therapy is able 
to stop progression. However all available medications are virustatic 
rather than virucidal. Recurrence is inevitable when prophylaxis is 
stopped, unless there is restoration of the immunesystem. Until the advent 
of protease inhibitors and multidrug regimes, maintenance therapy was 
required life long to prevent recurrence. However in most instances 
maintenance was only able to delay recurrence. Successive reinductions 
lead to shorter relapse free periods and in many cases to frank resistance. 

In some patients it can be difficult to make a distinction between 
smouldering slowly progressive retinitis and a quiet non progressive lesion. 
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113 Only careful comparison of the location of the borders of the lesion 
between successive follow-up examinations is decisive. Many clinicians, 
including ourselves, advocate follow-up with base-line fundus photographs 
taken as soon as the lesion is fully quiescent. Atypical healing has been 
described in 12% of patients consisting of a white flat border opacification 
that does not advance for weeks to months. m Some of these patients 
received re-induction with all its side effects, without any effect on the 
lesion. Histology of one such case showed stable structures of dead 
cytomegalic cells within the retina.114 

Visual function 

Although anti viral treatment is reported to be successful in controlling 
CMV retinitis in most patients, patients do lose vision in a slow but 
continuous fashion even in the absence of complications or recurrence. It 
was estimated in the SOCA study that involved eyes lost vision at a rate 
of approximately one line of the eye chart (ETDRS chart) every 2 months. 
89 The 6 months cumulative probability of a visual acuity worse than 20/ 
40 in all involved eyes was 0.40 for foscarnet assigned patients and 0.34 
for ganciclovir assigned patients. Visual fields also deteriorated and 
patients lost their vi suai field in the involved eye at a rate of 5% of the total 
visual field each month. Because the ability to function is determined by 
the visual acuity of the better eye, the SOCA study group also evaluated 
the visual acuity of the better eye and found a probability of 0.07 for 
ganciclovir, and of 0.12 for foscavir treated patients, at 6 months to have 
a vision less than 20 / 40. Initial visual acuity less than 20/40, decreased 
vision in the involved eye before treatment, fulminant / oedematous type 
lesions, and CD4+ cell counts less than 14 cells /mm3 were all associated 
with a worse visual outcome. These factors were related to one another, 
because centrally located lesions were more often of the fulminant/ 
oedematous type, and more often associated with significant loss of vision 
from the start. Due to the central location these lesions had a greater 
chance of damaging the fovea or the optic nerve. It was found that 
patients with such lesions not only ended with the worse visual acuity, but 
also lost their vision at a faster rate. Slight progress of centrally located 
lesions can cause a dramatic loss of vision. 

Bloom performed a study to the visual prognosis of 228 eyes with CMV 
retinitis of 147 AIDS patients, who were all treated according to standard 
protocol with intravenous ganciclovir.90 At presentation visual acuity was 
above 6/12 in 80% and above 6/60 in 94% of eyes, just prior to death visual 
acuity was above 6/12 in 49% and above 6/60 in 75% of eyes. The vision 
in the better eye of the patients at last follow-up before death, was above 
6/12 in 77%, above 6/24 in 92%, and below 6/60 in only 5% of patients. 
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Reduced vision was caused by macular involvement of retinitis in 36% of 
eyes, by optic nerve involvement in 23%, due to retinal detachment in 21 %, 
and due to cataract in 4%. 

Controversially an improvement of vision in patients with centrally 
located lesius 1 lesions can occur in case of central macular oedema 
secondary to retinitis lesions, adjacent butnot involving the fovea, resolving 
after a favourable response to therapy. Improvement of vision has even 
been reported in 96% of such lesions.98;" Some cases with lesions near 
the optic disc have also been reported to show visual improvement,.106 

Complications 

The most frequent complication of CMV retinitis is a rhegmatogenous 
retinal detachment. Retinal tears in the necrotic retina allows fluid to flow 
into the subretinal space leading to detachment of the retina. Prevalence 
of retinal detachment varies between 15 and 35%. 91;99; l05; ,15; "6 The 
median and mean time following the first diagnosis of CMV retinitis and 
the occurrence of a detachment is approximately 4 and 7 months, 
respectively.I17119 The prevalence increases overtime with a cumulative 
risk of around 20% after 6 months and around 38% after one year.89; U9~ 
12! 

Several characteristics of CMV retinitis have been reported to be 
associated with the development of retinal detachments. Eyes infected in 
the peripheral retina, extending to the ora serata, are at higher risk for 
developing a detachment. In this location, the vitreous is more firmly 
adherent tot the retina. It also experiences more centipetal tractional 
forces. As the posterior hyaloid detaches, tears will easily form in this 
location. 

The area and the location of CMV retinitis seem to be important 
determinants of the risk for developing retinal detachment. Patients with 
more than 50% of the retina involved at base line are at higher risk to 
develop a retinal detachment. '19 The cumulative probability developing a 
retinal detachment increased to 50% in 6 months in those patients with 
more than 50% of retina involved at initial examination. In a second study 
a relation between lesion size, even in lesions less than 50% of the retina, 
and the presence of a retinal detachment was found. 12° CMV retinitis 
extending to the ora serrata has a higher risk of developing a detachment122 

No firm association has been found between CMV retinitis related retinal 
detachment and the state of activity of the retinitis. CMV retinitis can be 
active or quiescent when the detachment is noted 11912l; 123 

The introduction of intraocular therapy modalities, especially the intra
ocular drug deliver devices do seem to increase the number of detachments 
or at least hasten their development. The surgical procedure to install such 
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a device disrupts the vitreous base, leading to local traction and an 
increased risk for the development of retinal tears.21 

The presence of retinal detachment in one eye is a risk factor for the 
development of a detachment in the fellow eye. In 20% of patients there 
is bilateral involvement (reported bilaterally: in 17 to 67 % of cases). This 
could merely be a reflection of the symmetry of CM V retinitis in both eyes 
of the same patient, but other host factors could also play a role.I22 One 
such host factor could be myopia, but results of several studies were 
contradictory. 118; l22 

Treatment of retinal detachment in these patients is particularly challenging. 
For one, necrotic retina can easily tear, particularly if the vitreous base is 
not completely removed from its overlying surface. Secondly, progression 
of the retinitis is usually the norm. Thus any measure taken to reattach the 
retina must provide a permanent tamponade which not only takes in 
account presently involved retina but also the unaffected retina. As with 
all detachments, localisation of the lesion and the presence of proliferative 
vitreoretinopathy (PVR) will influence the choice of therapy. Some 
degree of PVR can be seen in up to 20% of cases.124:125 Luckily high-
grade PVR is a rare event, though with the advent of protease inhibitors, 
it can become more frequent. '2I Treatment of retinal detachment in 
AIDS patients can be broadly categorised in 2 groups. For retinal 
detachment not involving the retina affected with CMV, standard 
detachment procedures prevail. For detachments involving the affected 
retina or originating there, the preferred procedure has been a pars plana 
vitrectomy, and silicone oil tamponade, with or without a scleral buckle. 
Most studies have reported a high anatomic success rate, and a high macular 
reattachment rate.ll8; 119; l21; 122; 126 Interestingly, repairs of the detachment 
before or just after macular detachment leads to the same end result. Use 
of silicone oil is not without complication. Cataract formation and optic 
atrophy have both been described. Cataract formation tends to occur within 
2 to 15 months (mean 6 months) of the detachment procedure. '27 These 
patients benefit from a cataract extraction and intraocular lens (IOL) 
implantation. The IOL power calculation can be accurate, but axial length 
should be calculated for aqueous, lens, and silicone oil separately and 
summed, a constant should be added to compensate for the refractive index 
of silicone oil, and only convexplano IOL's should be used.127 

Of greater concern is the higher rate of optic atrophy in vitrectomised eyes, 
which may also be responsible for the observed decline in vision after 
successful repair. "8:123; 128 Optic atrophy may be due to direct toxicity of 
silicon oil. Another explanation is the high intraocular pressure occurring 
during the procedure, which, on top of the already compromised bloodflow 
of the optic nerve head in HIV-positive patients, leads to progressive loss 
of nerve fibres.128 Other authors believe that progression of the retinitis is 
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responsible for the continuous decline in vision and the optic atrophy only 
follows the progressive loss of functional retina.123; 127; '29 One argument 
in favour of this hypothesis is the observation in one patient, that the amount 
of optic atrophy was equal in both eyes, successfully repaired in one eye. 
129 

Although final visual results in eyes after surgical intervention at first 
glance are rather disappointing, they are certainly better compared to eyes 
which are not treated. Mean visual acuity in treated eyes after a follow-up 
of 20 weeks is reported to be 20/200 (range 20/25 to no light perception), 
compared to hand motion level or worse in the untreated eyes. I29; 130 

Because of the high rate of bilateral disease and bilateral detachments there 
is another argument in favour of surgical intervention, even in patients with 
good vision in the fellow eye. The preserved vision in the operated eye could 
become the best vision in case the opposite eye suffers from the same or 
more serious complications. 

Prophylactic argon laser coagulation for rhegmatogenous retinal detachment 
in eyes with quiescent CM V lesions seems to reduce the rate of progressive 
retinal detachment with no need for vitrectomy and silicone oil tamponade. 
In four out of 22 treated eyes a tear developed in the CMV retinitis scar with 
local retinal detachment, which stopped at the laser scar.131 

PATHOGENESIS AND HISTOPATHOLOG Y 

CMV disease can be either acquired, congenital, or can be due to 
reactivation of latent virus. In immunocompetent patients CMV disease will 
be self limiting, only in the immunocompromized patients, especially the 
HI V-positive patients CMV disease can have serious consequences like loss 
of vision or even death. Once a patient is infected with CMV, infection 
remains latent and CMV can be shed intermittently or chronically in saliva, 
urine, semen, cervical excretions. Such patients serve as a source of CMV 
infection. After acquisition of the virus hematogenous cell-associated 
spread give rise to a disseminated presence of virus throughout the body. 
Molecular studies have shown virus to be present in granulocytes and to a 
lesser extend monocytes.44; 132~134 Even viral RNA has been detected in 
these cells indicating active viral replication, although the pathophysiologic 
role of this phenomenon is unclear. '35; 136 During viremia early viral antigens 
can be detected in the nucleus of neutrophylic granulocytes. Many organs 
become involved and CMV can be detected in a variety of organs: kidney, 
spleen, salivary glands, brain, inner ear, lungs, gastrointestinal tract, adrenal 
glands, and testis. 33; 137; 138 

Immunohistochemical techniques using labelled monoclonal antibodies 
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against viral antigens showed CMV to be present in endothelial, epithelial, 
smooth muscle, and parenchymal cells. U9~14' 

After a first episode of CMV infection CMV can remain latent probably 
throughout life. In this latent state the CMV genome is present somewhere 
in the body, but does not replicate and gene expression is absent or 
minimal. The exact site of latency is still unknown. An important candidate 
site of latent CMV could be the leukocytes, but definite proof is lacking and 
evidence only indirect: the probability of seroconversion in individuals after 
bloodtransfusions is proportional to the amount of blood transfused and 
decreases with the transfusion of leukocyte-poor blood.142; 143 In humans 
CMV DNA has been shown to be present in monocytes, macrophages, 
endothelium, and it is most probable that there is more than one cell type 
in which latency may occur. 

In the HIV-positive patients retinal infection can occur during the primary 
infection, following reactivation of latent CMV, or following reinfection 
with a second CMV strain. Immunosuppressed patients already 
seropositive for CMV can still acquire new CMV strains. In the sexual 
active population reinfection is relatively common and in 
immunocompromized patients coinfection with multiple strains has been 
detected25; 26 

It seems a realistic assumption that virus reaches the eyes through 
dissemination of virus via the blood during a period of viremia. Once clinical 
manifest CMV disease is present in a patient, the amount of viral DNA 
detectable in granulocytes, reaches high levels especially in patients with 
gastrointestinal inflammation. This rise in viremia is probably relative to the 
extend of tissue inj ury and viral replication. The higher the level of viremia, 
the higher the chance of infection at other sites. This could explain the high 
incidence of CMV retinitis following gastrointestinal CMV disease in HIV-
positive patients.68 

It has been hypothesised that HIV related microangiopathy allows 
entrance of CMV into the retina via damaged microvasculature. 10° The 
pathogenesis of this microangiopathy has not been clearly defined and 
different hypotheses have been formulated, including deposition of 
immunecomplex, by chronically increased levels of products of immune 
activation (cytokines, interleukines), direct damage to endothelial cells 
caused by HIV, or by alterations in blood flow.I44 

The retina of AIDS patients has been found immunohistochemically 
positive for tumour necrosis factor (TNF-alpha), which suggests that 
cytokines may play a role in HIV-associated microangiopathy. 145 

Endothelin-1 is a cytokine with a potent vasoconstrictive activity. '^HIV-
positive patients were found to have higher levels of endothelin-1 
immunoreactivity in plasma compared to controls. Moreover, in HIV-
positive patients with signs of microangiopathy in the retina, endothelin-1 
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immunoreactivity was higher compared to patients with a normal appearing 
retina. This findings suggests that of endothelin-1 may also play a role in 
the pathogenenisofHIV related angiopathy. 

Post mortem examination of a patient with central retinal vein occlusion 
showed the absence of HIV in the retinal vessels.I47 The authors conclude 
that probably other hemorhologic abnormalities must be the cause of the 
vein occlusion. 

Retinal blood flow indices as measured by scanning laser angiography 
showed a normal arteriovenous passage time, but a significantly reduced 
perifoveal capillary blood flow velocity in HIV-positive patients compared 
to normal controls. '48 This alteration may trigger events leading to 
ischaemia, and could be an initiating event in the pathogenesis of 
microvascular angiopathy. Another microvascular abnormality described 
in HIV-positive patients is conjunctival microvasculopathy visible as an 
increased sludge phenomenon. The presence of cotton wool spots and the 
conjunctival sludge phenomenon are both highly related to a reduced 
cerebral blood flow, both ascribed to HIV infection. 149: l5° Systemic 
hemorhologic abnormalities may lead to widespread microangiopathy. 
Increased sedimentation rate, increased fibrinogen, von Willebrand factor, 
and plasminogen activator inhibitor levels have been described in AIDS 
patients and may produce a sluggish blood flow.82; '51 Altered blood flow 
could be caused by an increased rigidity of the leukocytes as a result of 
HIV infection, leading to slowing of blood flow through the capillaries.152 

There is evidence for the presence of CMV in the eye long before a clinical 
manifest CMV retinitis presents itself. CMV DNA has been detected in 
vitreous of a patient with toxocara, without CMV retinitis, who went on 
to develop CMV retinitis 6 weeks later.153 In a patient with CMV retinitis 
in the right eye, CMV could be cultured post mortem from the unaffected 
left eye. I54 In a post-mortem study it was shown by PCR detection that 
CMV DNA was present in retinal tissue of HIV-positive patients without 
clinical retinitis. There was a significant correlation between the presence 
of a cotton wool spot and CM V DNA. Ninety % of cotton wool spots were 
positive for CMV DNA versus 22% of normal appearing retina.155 HIV 
related vascular abnormalities are separate from and preceding CMV 
retinitis in AIDS patients. The vascular abnormalities were more diffuse and 
more pronounced in eyes with CMV retinitis. While CMV retinitis and 
retinal vasculopathy are related topographically, it remains to be determined 
whether they are related pathogenically. '56 

In eyes with extensive CMV retinitis, CMV can be detected throughout 
all layers ofthe retina, including the retinal pigment epithelium.100 Because 
of the presumed pathogenesis of CMV retinitis suggesting that the retinal 
vasculature is the first to become infected it seemed likely that retinal glia 
cells played an important role in the further spreading ofdisease.lt has been 
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shown that retinal glial cells were indeed permissive for CMV replication 
and probably played an important role in the pathogenesis of CM V retinitis. 
Additionally, replicative intermediates of CMV were maintained in ganciclovir 
treated CMV infected retinal glial cells, capable of replication after removal 
of the drug. 157: ,5S 

Dual and even triple infections ofthe retina have been described with HI V-
1, Herpes Virus type 6 (HHV-6), and CMV in AIDS patients, and some 
authors suggested that this was more than coincidence. Viral antigens and 
transcripts were analysed in 50 globes of AIDS patients with and without 
clinical signs of CMV retinitis. More than 50% ofthe retinas showed co
existence of HIV-1 or Human Herpes Virus type 6 (HHV-6) activity, 
without CMV activity suggesting that either virus alone or in combination 
could play a permissive role in the pathogenesis of CMV retinitis. '59 HHV-
6 has been found to be an important pathogen in AIDS patients, which is 
disseminated throughout the body.160 Active replication of HIV-1 has been 
demonstrated in the retinal vascular wall by in situ hybridisation of HI V-1 
RNA.161 Immunohistochemical staining coinfection of individual retinal 
cells have been demonstrated with HIV-1 and CMV.162 

Animal model 

Because ofthe extreme species -specificity of CMV it has been difficult 
to model in vivo. Laycock et al. succeeded in constructing a model in 1997. 
163 Human retina was introduced into the anterior chamber of a-thymic rats 
and allowed to attach to the iris. Human CMV was then injected into the 
anterior chamber. After 4 weeks multiple foci of human CMV replication 
were found in the transplant. The CMV infected transplant sustained long 
enough to permit multiple cycles of viral replication and could be useful to 
evaluate antiviral therapies. 

VIROLOGY AND IMMUNE-RESPONSE 

Human CMV is a DNA virus with a capsid, a tegument and an envelope. 
CMV has the largest genome ofthe herpesvirusses (230 kbp) encoding for 
over 200 genes. The genome can be divided into a long (L) and a short (S) 
segment. Each segment consists of unique sequences, UL and Us respectively, 
flanked by repeat sequences. The two segments are linked within the 
junctional area (J) through the internal repeat sequences, IR^ and IRS and 
end in terminal repeat sequences (TR). Within the junctional area the a-
region is located, anon-coding region which is thought to contain signals for 
cleavage and packaging essential for viral replication.164 

Viral replication reflects the expression of three categories of genes termed 
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immediate early (IE) (alpha), early (beta), and late (gamma). These 
categories correspond to the timing of the appearance of messenger RNA 
or proteins in an infected cell. Many proteins of HCMV have been identified 
and classified. 165; l66 The capsid proteins are a relatively simple set of 
proteins. Antibodies to these proteins do not exhibit virus-neutralising 
activity and are unable to bind to either extracellular CMV or the surface 
of infected cells.167 The region between the capsid and the surface of the 
virus is called the tegument and consists of at least 7 proteins, including pp65. 
The function of these proteins is unclear. Tegument proteins do not play 
a role in the induction of antibodies which are either neutralising or have the 
capacity to bind virus infected cells. The third category of proteins are the 
envelope glycoproteins. They play a pivotal role in the attachment to surface 
receptors, the penetration into a cell, the assembly of newly formed virions, 
and the egression of these virions out of the infected cells. The envelope 
proteins are important antigens for the humoral and perhaps also the cellular 
immune response. The most important glycoproteins are gB complex 
(gpUL55) and gH (gpUL75). Both are targets for virus neutralising 
antibodies. The gB homologue is immunodominant compared to gH and 
human neutralising monoclonal antibodies to gB have been generated.26 

Compared to normal controls, AIDS patients had a significantly lower 
response following immunisation with pneumococcal polysaccharide and 
protein, suggesting a B-cell immunodeficiency.168 A deficiency has been 
observed in antibody response to CMV gH glycoprotein in HIV-positive 
patients with CD4+ cell counts below 100 cells / mm3, in the presence of 
high titres of gB antibodies. Antibody titre of gB was comparable to titres 
found in HIV seronegative patients with CMV disease, and was equally 
high in HIV-positive patients with or without CMV retinitis. This would 
mean that precisely at a time these patients were at higher risk of 
developing active CMV disease their humoral response was less efficient. 
169 However, in a study comparing patients with and without CMV 
retinitis, levels of anti CMV antibodies, including the two major envelope 
proteins gB and gH, were not specifically deficient. In this study higher 
levels of neutralising antibodies did correlate with a more favourable 
clinical course. '70 

Seroconversion is usually a good marker of primary CMV disease, but 
not useful in HIV patients because most patients are already CMV 
seropositive. CMV infection is ubiquitous in humans, 50 to 70 % of the adult 
population is seropositive for antibodies to CMV by the age of 40 years.25 

Primary infection is followed by persistent infection. The precise site of 
latency is unknown.26 In HIV-positive patients other than the homo/bi
sexual population the prevalence of CM V seropositive patients equals the 
general population. Inthehomo/bi-sexual population CMV seropositivity 
is almost 100%.25;28"30;50 Two cases have been reported of HIV-positive 
& 
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patients, with histologically proven CMV disease, in which CMV serology 
was negative.171 

The IgG titres may be very high in HIV patients with active CMV disease, 
but can not be used as a diagnostic tool. m IgM is presumed to be only 
present upon a primary infection, but titres have been shown to be almost 
continuously present in over 90% of HI V-positive individuals. '73 This high 
prevalence of positive IgM titres can be attributed to reactivation of 
previously latent infection, but is in most cases the result of repetitive 
exposure to different strains of virus. m 

Cellular immunity is important in HCMV infections, and has been shown 
to play a critical role in keeping latent infection in check. The target antigens 
to which the response is elicited are unknown. Structural proteins could be 
involved. The tegument protein pp65 is identified as a target for CD8+ class 
I major histocompatibility complex (MHC) -restricted CMV specific 
cytotoxic T lymphocytes (CTL). 175 Recognition of pp65 on target cells 
occurs prior to viral gene expression. Apparently these proteins are available 
to MHC molecules for presentation at the cell surface directly after 
penetration of the cell, before the onset of viral gene expression, and the 
pp65 specific CTL could play an important role in the early limitation of 
CMV infection. 

As already mentioned Schrier reported an association between certain 
HLA alleles and the occurrence of CMV retinitis, especially the combined 
association of either B44, B51 or DR7 was highly significant (p=.008, 
relative risk of CMV retinitis =15). The patients with CMV disease also 
showed a lower T-cell responsiveness to CMV, compared to HIV-
positive patients without CMV disease.62 

Studies have been performed to relate a certain gB genotype of CMV with 
the development of CMV retinitis. In a first report retinitis was seen in 14 
out of 18 patients with an isolate with gB2 genotype and in only 6 out of 
26 isolates with one of the other genotypes (gB 1,3, or 4) This association 
suggested that this gene, or one linked to it, was an important virulence 
factor for CMV strains. 81 A second study could not confirm these 
findings, but did find an increased incidence of gB2 genotype in HIV-
positive patients compared to allograft recipients. 176 Comparing gB 
genotypes of intraocular CMV strains and strains from paired blood 
samples of patients with CMV retinitis, in at least 50% of cases genomic 
differences could be detected between the eye and the blood compartment. 
The gB2 genotype was not more frequently seen in the eye compared to 
the other types, but a new variant gB type, gB3' was discovered in the 
intraocular samples, that was not detectable in the blood.177 Geographical 
differences in prevalence of the gB genotypes do exist and can also 
account for the observed variability.178 

There is evidence to suggest that herpesvirusses including CMV could 
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increase the pathogenicity of HIV by acting as a co-factor. '79; 180 In vitro 
experiments have shown CMV to activate HIV gene expression or alter 
the cellular tropism of HIV through a variety of mechanisms (antigen 
presentation, cytokine release, pseudotype formation, CD4 cell surface 
upregulation, Fc receptor formation, transactivation). The beneficial effect 
of acyclovir on the survival of HI V-positive patients could well be related 
to the inhibition of the herpes viruses acting as co-factor in vivo. Some 
additional observations point to a role of CMV in the evolution of HIV 
infection. There is an increased rate of HI V infection progressing to AIDS 
in patients shedding multiple CMV strains in semen as compared to patients 
shedding a single strain or not shedding CMV. '8I The age adjusted relative 
risk of developing AIDS is 2.4 times higher for HIV-positive haemophilia 
patients, who are CMV seropositive, than for those who are seronegative 
for CMV. ,82 

DIFFERENTIAL DIAGNOSIS 

CMV retinitis is the most common cause of necrotizing retinitis in patients 
with the acquired immunodeficiency syndrome. Less frequent causative 
agents are Toxoplasma gondii, Varicella Zoster, and Herpes simplex 
virus.183~191 Even more rarely other species are involved Wke Pneumocystis 
Carinii, Mycobacteria, Treponema pallidum or fungal species like 
Cryptococcus neoformans, Histoplasmosis, or Candida albicans. 192~ 
197 Besides these other infectious retinitis cases CMV retinitis has to be 
differentiated from retinal abnormalities caused by HIV associated 
vasculopathy and from intraocular neoplasms. 

Differential diagnosis has to be accurate and without delay, because 
therapy for each entity differs, delay can cause permanent visual loss, and 
most medications harbour serious toxic side effects. 

Clinical differential diagnosis 

Other infectious diseases of the retina in HIV-positive patients 

The most frequent cause, besides CMV, of retinitis in HIV-positive 
patients is Toxoplasma gondii. Ocular toxoplasmosis accounts for 3 % of 
retinal infections in the HIV-positive population.I84; 185; l98; '"Toxoplasma 
retinitis is characterised by solitary, round yellow-white lesions, which 
have volume and seem to be prominent, with hazy or fluffy edges. Lesion 
size varies between less than one disc diameter to over 5 disc diameter. 
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Haemorrhages are absent or scarce and no vasculitis is normally seen. No 
pre-existing toxoplasma chorioretinitis scars can be observed. Retinitis is 
unilateral in 82% and most of the time unifocal in 83%, with half of the 
lesions starting in the posterior pole and the other half in the periphery. '90; 

198 Very rarely a miliary pattern has been described.183 The presence of 
inflammatory signs is the most helpful aid in the differential diagnosis. 
Anterior segment involvement, keratic precipitates and anterior flare or 
cells and even posterior synechiae, is present in 60% of eyes, and vitreous 
reaction, although to a much lesser extent than in the immunocompetent 
patient, exists in 72% of cases.198185 Fluorescein angiography can be ofhelp 
in the differential diagnosis. In toxoplasma retinitis the fluorescence starts 
at the edge of the lesion and progresses to the centre, with the final area of 
hyperfluorescence larger than the lesion seen by fundoscopy. In CMV 
retinitis lesions the fluorescence starts in the centre of the lesion and spreads 
to the border, and final hyperfluorescence is less than the observed lesion. 
198 Another important fact to consider is the associated cerebral toxoplasmosis, 
which can be found in 30% of patients. 198 HIV-positive patients with 
toxoplasma retinitis and / or cerebral toxoplasmosis have overall higher 
CD4+ lymphocyte counts, between 50 to 3 50 cells / mm3, than patients with 
CMV retinitis, normally less than 50 cells/mm3, but values do overlap. CT 
scan is mandatory in patients with (suspected) toxoplasma retinitis and can 
help in the differential diagnosis. Because of the relative frequent occurrence 
of toxoplasma retinitis and CMV retinitis both can develop in the same 
patient. In one third of patients with toxoplasma retinitis CMV retinitis has 
been described to develop, which, according to Cochereau ,et al., appears 
not to be more common compared to the whole group HIV-positive patients. 

198 

Necrotizing retinitis can also be caused by Varicella Zoster Virus or 
Herpes Simplex Virus, both giving rise to two different clinical pictures. 
Either a retinitis which has the characteristics of Acute Retinal Necrosis 
(ARN) or a retinitis which has been described as Progressive Outer 
Retinal Necrosis (PORN). 200 Although most of the cases have been 
ascribed to VZV, there is indirect proof of Herpes Simplex Virus type 1 
and type 2 in some cases of PORN and ARN.201;202 HSV and VZV are 
the third-most-frequent cause of retinitis in HIV-positive patients, diagnosed 
in 1.1% of AIDS patients. 184; 188 It is speculated that the severity of 
immune-deficiency determines the form in which the retinitis presents 
itself: ARN occurring in patients with a less affected immune system than 
PORN.200 ARN has been described in patients with relatively high CD4+ 
lymphocyte counts, while PORN is exclusively reported in patients with 
CD4+ counts below 50 cells/mm3, with a mean of 25 cells / mm3. Both 
types occur in 50 to 80% of cases after or sometimes concomitantly with 
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an episode of Zoster or Herpes keratitis, or dermatitis, which may be remote, 
but generally falls in the 18 months before the development of retinitis.200; 

203 

ARN is characterised by yellow-white peripheral lesions, which compromise 
the entire circumference in a short time, accompanied by an occlusive 
vasculopathy, 80% of cases showed arteriitis.203 ARN is much more rapidly 
progressive than CMV retinitis. ARN responds poorly to therapy, and is 
frequently complicated by retinal detachment, leading to blindness in over 
80% of cases.203 The eye is painful especially when the ARN is associated 
with scleritis. Visual loss may be acute and early in the course of the disease 
due to optic neuritis. Partial loss of visual acuity, restriction of visual fields, 
and dyschromatopsia can occur within a period of 8 days prior of the 
diagnosis of ARN, suggestive of a preceding optic neuritis.203 In contrast 
with CMV retinitis there is a marked inflammation of the vitreous and 
sometimes also of the anterior segment.184; 188;204 ARN is bilateral in 54% 
of cases. 

PORN is characterised by deep retinal multifocal lesions, with early 
perifoveal lesions, and a very rapid progression. Macular lesions were 
reported in 32% of cases at diagnosis.205 PORN is not or only minimally 
accompanied by an inflammatory response of vitreous or anterior segment 
in contrast to ARN, and resembles CMV retinitis in this respect. Despite 
treatment, visual loss, to no light perception, has been reported in almost 
70% of cases within 4 weeks after diagnosis. 205 206 Second eye 
involvement is frequent and occurs early, within weeks of diagnosis of 
PORN in the first affected eye. Lesions in PORN lack a granular border, 
lack extensive haemorrhages and do spread very rapidly, these features 
help to distinguish PORN from CMV retinitis. The involvement of outer 
retina, the absence of occlusive vasculitis, and the absence of inflammatory 
signs differentiates PORN from ARN. PORN is also complicated by 
retinal detachment, detachments have been reported in 70% of patients .205: 

206 PORN is associated with an increased risk for VZV encephalitis.200; 

207 

Syphilis is more common in the HI V+individuals compared to the general 
population. HIV modifies the course of the disease increasing the rate of 
cases complicated by neurosyphilis and accelerating the development of 
late manifestations. Ocular syphilis most commonly presents itself with 
anterior and intermediate uveitis, but occasionally posterior uveitis has 
been described with papillitis, and vasculitis. Retinitis also has been 
reported and can take the form of placoid chorioretinitis, which is located 
in the posterior pole, or necrotizing retinitis, which can start in the 
periphery. '95;208_210 This last presentation of syphilis can resemble CMV 
retinitis. In syphilitic retinitis the inflammatory response in the eye is much 
more pronounced with a sometimes dense vitreous reaction and anterior 
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chamber cells and flare. CD4+ lymphocyte counts are generally higher, 
and one has to ask for a history of primary syphilis and look for the 
cutaneous signs of secondary syphilis. Almost all HIV-positive patients with 
ocular syphilis suffered from neurosyphilis as well, frequently with meningeal 
signs and symptoms, for this reason cerebrospinal fluid examination is 
mandatory. 

Vascular abnormalities in HIV-positive patients 

Although CMV is by far the most frequent cause of retinitis in HIV-
positive patients, CMV retinitis is not the most frequent observed retinal 
abnormality in these patients. Non-infectious HIV related retinal vasculopathy 
is much more frequent, seen in about 70% of patients. This vasculopathy 
causes microinfarctions of the retinal vessels leading to small haemorrhages 
and cotton wool spots. This combination of haemorrhages and whitish 
lesions can make the differentiation between both lesions difficult. The 
prevalence of HI V related vasculopathy increases with a decrease in CD4+ 
lymphocyte count, and is much more frequent in patients with CD4+ 
lymphocyte counts below 100 cells / mm3. 53 Nevertheless this non 
infectious vasculopathy tends to be seen in patients with higher CD4+ 
counts compared to patients at risk for CMV retinitis. Some authors 
believe that HIV related vasculopathy acts as a porte d'entrée for CMV 
and plays an important role in the pathogenesis of CMV retinitis.91 Other 
distinguishing features are the complete lack of inflammatory signs in HIV 
related vasculopathy, the involvement of only the superficial layer of the 
retina, the multifocal location of the cotton wool spots with a predilection 
of the posterior pole, and the lack of symptoms. In case of severe doubt 
the most prominent differing factor is the resolution of cotton wool spots 
in 3 to 4 weeks, whereas lesions of CMV retinitis will double their size in 
one month time. If central vision is not j eopardised one can simply wait and 
follow the patient closely, progression of the lesion excludes HIV related 
vasculopathy.200 

Another vascular abnormality which has been described in HIV-positive 
patients is central or branch retinal vein occlusion.,47;2,l;212 Most authors 
believe this to be a vascular abnormality which is either primary, or which 
is related to HIV vasculopathy. Friedman et al.reported about the 
histopathologic findings in one patient with bilateral central retinal vein 
occlusion. He found no evidence of any structural or infectious cause for 
central retinal vein occlusion, and concluded that other hemorheologic 
factors are probably responsible for the predisposition to vascular 
thrombosis. '47 In a few patients branch retinal vein occlusion may present 
with a picture which resembles CMV retinitis. The presence of extensive 
intraretinal haemorrhage with mild retinal whitening and the absence of a 
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granular border distinguishes the two. Fluorescein angiography may also be 
of help, showing stasis or occlusion in case of venous occlusion.212 

Intraocular malignancy, B-cell lymphoma 

B-cell non-Hodgkin lymphoma is a common AIDS related cancer. 
Immune suppressed individuals have a 100-fold greater risk for systemic 
and primary CNS lymphomas, nevertheless reports of intraocular lymphoma 
in AIDS patients are rare. 200 The ocular manifestations are similar to 
those in immunocompetent patients: small retinochoroidal infiltrates, optic 
nerve head swelling, and some vascular sheathing. Vitreous involvement 
is common, but usually mild. The retinal lesions are creamy white, may have 
associated haemorrhages, and can be quite large in size, with sharply defined 
borders. These lesions may be confused with CMV retinitis. Most lesions 
are deeply situated in the retina, and show pigment epithelial alterations. 
Sometimes a serous detachment is present overlying the retinal lesions. 
There is a very high rate of central nerve system involvement and computed 
tomography scans or magnetic resonance imaging can help in the differential 
diagnosis. Diagnostic vitreous biopsy should be reserved for those patients 
with negative results in these tests.184 

Other forms of retinitis 

There are other forms of retinitis, or chorioretinitis associated with a 
variety of systemic infections. The clinical setting and the ocular findings 
of these patients normally do not cause much difficulty in differentiating 
them from CMV retinitis. 

Ocular mycobacterial infections are thought to be a manifestation of 
systemic disease. Lesions of'Mycobacterium avium intracellulars have 
only been described in patients at autopsy series and have consisted of 
isolated choroidal granulomas, discrete and slightly elevated. They do not 
cause complaints in the absence of vitritis and are not clinically important. 
200; 213; 214 Mycobacterium tuberculosis can cause a prominent anterior 
chamber granulomatous reaction, a moderate vitritis, and yellowish-white 
choroidal lesions that can be slightly elevated and typically spare the 
overlying retina.200;215 

Two patients have been described with a clinical picture of fever, weight 
loss, and diarrhoea and retinal lesions. These lesions, multifocal yellow-
white infiltrates with subretinal exudation regressed after instillation of 
therapy with doxycycline. The exact nature of this presumed endogenous 
bacterial retinitis was not determined. Gram positive organisms were 
implicated.216 

Pneumocystis Carinii infection is commonin AIDS patients, but ocular 

32 



CMV retinitis in HIV-positive patients. 

involvement is rare.217"219 Patients most often present with a multifocal 
choroiditis with numerous, deep, round, creamy yellow, slightly elevated 
Vi to 1 disc diameter in size lesions located in the posterior pole. m No 
inflammatory signs accompany the ocular infection, neither in the anterior 
segment nor in the vitreous. Even more seldom patients have been reported 
with unilateral, unifocal, yellow, 1 to 3 disc diameter in size, choroiditis.192 

A relation seemed to exist between the occurrence of pneumocystic 
choroiditis and the start of using aerosolised pentamidine prophylaxis 
against pneumocystic pneumonitis, which would be insufficient to protect 
the eye. In later years prophylaxis proved to be complete and very efficient. 
200 

Intraocular Cryptococcus neoformans is far less common than the neuro-
opthalmologic complications secondary to cryptococcal meningitis. 
Papiledema, abducens paresis, and optic atrophy are the most frequently 
occurring ophthalmic complications.193 Intraocular cryptococcal invasion 
most commonly leads to chorioretinitis. A few of these cases have been 
described in AIDS patients. 193:22°;221 In one of these patients a white 
elevated chorioretinal cryptococcoma was present which responded well 
to treatment with fluconazol. m 

Candida albicans can also cause a choroiditis or chorioretinitis with 
overlying vitritis, but as with al other infections of the eye in AIDS patients 
inflammatory signs are minimal to mild. Most patients had a history of 
intravenous drug use, or sepsis from an indwelling vascular catheter. 
Infection starts deep in the retina and progresses towards the vitreous 
cavity. Upon reaching the vitreous the inflammation becomes more 
intense. 184 

Disseminated histoplasmosis is one ofthe life-threatening opportunistic 
infections associated with AIDS. Ocular histoplasmosis has been reported 
in occasional AIDS patient with disseminated histoplasmosis.I%;222 The 
retinal lesions are described as creamy white intraretinal lesions, 1 / 6 to 
1 /4 disc diameter in size, with sharp borders, and with subretinal infiltrates 
in both eyes. Vitreous inflammation was minimal in these patients. 
Histopathology demonstrated the presence of'Histoplasma capsulatum 
in retina, optic nerve, and choroid. Patients lived in an endemic area ofthe 
US, no cases have been described outside these areas. 

Despite the fact that over 90% of retinitis in HIV-positive patients is 
caused by CMV, one has to be aware of alternative pathogens, especially 
in atypical cases. In most cases the clinical appearance ofthe lesions after 
careful ophthalmologic examination is sufficient to make a correct 
diagnosis. The different pathogens differ in the clinical signs and symptoms, 
which enables the ophthalmologist to make a correct diagnosis after 
careful slitlamp examination andfimdoscopy. 

Especially in cases in which the classical pattern of CMV retinitis is absent, 

33 



CHAPTER I 

history, and systemic findings become much more important in making a 
correct diagnosis. CD4+ lymphocyte counts above 100 cells / mm3 must 
make one suspicious of alternative pathogens beside CMV, like toxoplasma, 
VZV, or HSV. HIV related vasculopathy has to be considered, and 
sometimes it is best to follow a patient carefully for signs of progression of 
the lesions before starting anti-CMV therapy, and commit the patientto life 
long maintenance therapy. Systemic disease status has to be taken into 
account, and discussed with the treating specialist of the internal department, 
because most of the more rarely occurring intraocular inflammations are 
part of a more generalised systemic disease, like syphilis, tuberculosis, or 
B-cell lymphoma. Additional examinations can give a clue towards the 
involved pathogen, like CT-scan or MRI to disclose cerebral involvement 
in patients with toxoplasma or non-Hodgkin lymphoma. 

CMV retinitis can occur concurrently with other retinal infections. Dual 
infections have been reported with Toxoplasma gondii, Cryptococcus 
neofermaus, and HSV. '04; x%y- '89; 202; 223-225 In atypical cases of retinitis, 
which do not respond as expected to therapy, one should always be 
suspicious of the possibility of a dual infection. It has been suggested that 
multiple infections occur more frequently than expected by chance alone. 
Some synergistic effect has been proposed to explain this phenomenon. 
Perhaps some pathogens facilitate infections with other organisms. Or 
perhaps CMV infection causes a more pronounced immune depression 
allowing other pathogens to gain entrance into the eye. Toxoplasma and 
CMV retinitis have been described in different parts of the same eye, so 
coincidental infection is also possible, because CMV retinitis is a frequent 
opportunistic disease in AIDS patients. 

Laboratory investigations 

Diagnosis of CM V retinitis relies on clinical findings, especially the fundus 
appearance, and the lack of inflammatory signs. In some patients the 
presence of a systemic disease makes other etiologies more probable like 
non-Hodgkin lymphoma or syphilis. However in the early stages of 
retinitis and in atypical cases it can be extremely difficult to differentiate 
between CMV and the other herpes viruses, or between CMV and non-
viral pathogens such as Toxoplasma. 

Additional laboratory testing can be helpful in these cases. The laboratory 
diagnosis of CM V disease is hampered by the fact that CMV can be present 
without causing disease. Results of any test should be interpreted in the 
context of the whole clinical impression of the patient and with exclusion 
of other possible causative pathogens.226 
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Viral culture 
Cytomegalovirus can be isolated from blood, urine, saliva, semen, 

broncho-alveolar-lavage, and tissue biopsies. Classical culture techniques 
uses human fibroblasts. Within the cell culture a characteristic cytopathic 
effect can be observed which occurs usually within 2 to 3 weeks, but can 
take as long as 6 weeks to become positive. More rapid culture techniques 
have been developed, the most commonly used is the shell vial method. This 
technique combines the use of centrifugation, to increase the sensitivity of 
viral detection, with monoclonal antibodies to detect early CMV antigens, 
indicative of active CMV replication. Shell vial method is faster but less 
sensitive than the conventional method of culture. Results can be obtained 
within 8 to 32 hours of cell culture infection. Although viral culture is an 
important diagnostic technique, a clear relation between a positive culture 
out ofblood or urine and the presence of tissue destructive disease anywhere 
in the body is missing.227 Isolation of CMV from peripheral sites confirms 
active replicationbut is not diagnostic for target organ disease. Additionally, 
AIDS patients may have positive CMV cultures without evidence of ocular 
disease.226 227 The likelihood of apositive blood or urine culture correlates 
with immunologic status of a HIV-positive patient and has little relation with 
the current or future clinical CMV status of the patient.70;227 At best a 
negative result ofblood or urine culture suggests the absence of current 
CMV disease.228 

Biopsy site is essential and the best method would be direct detection of 
CMV in retinal tissue, which for obvious reasons is not feasable. Viral 
culture of aqueous humour never yielded a positive result, possibly 
because of the minute volume of the sample and the presence of inhibitors 
like neutralising antibodies, hampering in vitro propagation of CMV. CMV 
has been cultured from vitreous samples, but samples were taken post 
mortem. 202; 226 

Serology 

Serologic tests for antibodies against CMV have little or no use in HIV-
positive patients at risk for developing CMV disease. In this population the 
seropositivity for CMV is almost 100% 50;202 Additionally changes in 
antibody titers may not occur in immunocompromized individuals.202—9 

Anti CMV IgM antibodies may persist for many months after infection, 
or can become positive during virus reactivation. For this reasons 
serologic tests only have limited value in AIDS patients. Cytomegalovirus 
retinitis has even been described in apatient without a positive complement 
fixation test on serum. 171;202 
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Antigenemia test and PCR based DNA-emia 

The CMV antigenemia test and the PCR based DNA-emia assays have 
also been used to confirm a diagnosis of a clinical manifest CMV disease. 
Most authors concluded the pp65-antigenemia test of limited value for 
diagnosis of concomitant CMV disease, because of its low positive 
predictive value. The correlation between a negative test and the absence 
of CMV disease, using ahigh level ofpp65-antigenemia, is very strong, but 
a positive test is weakly correlated with the presence of CMV disease.75; 

76; 230-234 

Gerna et al. performed a study of 62 patients with a presumed CMV 
retinitis, before treatment, and compared pp65 antigenemia, CMV DNA 
emia, andresults ofviral culture. In 56patients CMVDNA couldbe detected 
in PBL's of patients. The 6 negative patients were erroneously enrolled in 
the study, because all 6 proved to have only extensive cotton wool spots 
and haemorrhages, without active retinitis. The pp65-antigenemiatestwas 
positive, taking a cut-off level of 10 positive cells /105 leukocytes, in 37 
patients, and conventional viral culture was positive in 32 patients.235 

A negative PCR or a negative pp65 antigenemia test is a very strong 
indication of the absence of CMV disease, but a positive test is only weakly 
correlated with active CMV disease. These tests can be positive in patients 
without retinitis, as has been shown in many studies to determine the 
predictive value of the tests for future development of CMV retinitis. For 
this reason alone the test can not be used in the diagnosis of CMV retinitis. 

Additionally al 1 these studies concentrate on HIV-positive patients with 
and without CMV disease. They do not compare patients with necrotizing 
retinitis caused by other pathogens, with patients with CMV retinitis. 
Therefore the clinical usefulness of these tests in differentiating between 
CMV and other etiologic factors of retinitis in AIDS patients still have to 
be established. 

Testing of ocular fluids 

PCR 

One of the most powerful tools in the differential diagnosis of necrotizing 
retinitis is the detection of DNA of the candidate pathogens in ocular fluid 
samples. '53; 202:235 243 Once it was thought that the sensitivity of the 
method would yield too many false positive results, especially in HIV-
positive patients, who will most of the time suffer from more than one 
opportunistic infection, active or latent. In fact the method proved to be 
both sensitive and specific. Control samples of patients without HIV 
infection, but with other ocular inflammations or vitreous haemorrhages, 
were seldom positive for the pathogens tested (see Table 2, page 39). More 
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importantly Danise et al. reported negative results in all aqueous humour 
control samples taken from 27 HIV-positive patients with uveitis, but 
without retinitis. Patients were tested for the presence of DNA from CMV, 
VZV, HSV, and toxoplasma.243 

Most investigators prefer vitreous samples above aqueous humour 
samples. In aqueous humour the number of false negatives seems to be 
higher.243 Mitchell et al demonstrated the presence of VZV DNA in the 
aqueous humour in two patients, and at the same time CMV DNA in the 
vitreous, both with a final clinical diagnosis of CMV retinitis. 'S3 At the time 
of sampling both patients showed signs of Zoster ophthalmicus inflammation, 
with a keratouveitis, characteristic of an anterior segment inflammation 
caused by VZV. These cases seem to be exceptions rather than the rule. 

Verbraak et al. reported two patients with a clinical diagnosis of 
toxoplasma retinitis with a positive PCR assay for CMV in aqueous humour. 
One of these patients was thought to have a dual infection, but excessive 
breakdown of the blood aqueous barrier was the only explanation in the 
second patient. As such a breakdown will be present in all cases of 
necrotizing retinitis to some extent, the authors conclude that results of 
PCR testing must be interpreted with caution and can never replace 
clinical judgement.202 

Different investigators used different methods of DNA extraction, and 
also different primers. Not all pathogens were tested in each sample, so one 
is not allowed to simply add all data. Nevertheless, with this in mind, to get 
an overall impression, the totals are given in table 2 of those studies, which 
tested for different pathogens. In aqueous humour the PCR assay used, 
demonstrated the causative pathogen in accordance with the final clinical 
diagnosis in 42 of the 47 samples tested. Three samples were false-negative, 
and two samples were false-positive. In vitreous samples agreement 
between the test result and final diagnosis was present in all 127 samples 
tested. Toxoplasma was not tested in vitreous samples. In none of the 47 
control aqueous humour samples, DNA of one of the tested pathogens could 
be detected, 27 of these controls were HIV-positive patients with uveitis 
without retinitis at the time of sampling. In the 125 vitreous control samples, 
only two tested false-positive. One of these patients, with an old previously 
confirmed toxocara granuloma in the tested eye, developed CMV retinitis 
6 weeks after the sample was taken. l33 

The procedure to take a vitreous biopsy has become relatively easy and 
uncomplicated, but is still far more complicated compared to aparacentesis. 
Both procedures have in common that the eye needs to be perforated, and 
both theoretically can cause an endophthalmits. This has never been 
reported after paracentesis or vitreous biopsy, but has been reported 
following intravitreal treatment of retinitis. A vitreous biopsy can cause a 
vitreal haemorrhage and is an additional risk factor for retinal detachment 
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in a patient with a necrotizing retinitis, who is already at high risk for the 
development of a retinal detachment. Detachments have never been 
attributed to the sampling procedure, but one can never be completely sure 
that the biopsy did not play some role in the development of a later occurring 
detachment. Complications are practically never seen following a 
paracentesis, the largest series reported only one complication, secondary 
cataract following puncture of the lens, in over 300 procedures.244 The 
advantage of an aqueous humour tap, as an easy procedure without 
complications, outweighs the slightly higher accuracy ofthe vitreous biopsy. 
Perhaps the only exceptions are patients with obvious anterior segment 
inflammation due to VZV or HSV, like those reported by Mitchel, where 
aqueous humour tested erroneously positive for VZV and the vitreous 
sample proved to test positive for CMV which was considered to be the real 
pathogen involved. 

The standard for comparison is the clinical diagnosis in all studies 
reported. This may be not reliable enough to assess sensitivity and 
specificity of a laboratory method. A definite diagnosis can only be 
established with the histopathologically proven presence ofthe causative 
pathogen in the involved retina.239 This is, for obvious reasons, impossible 
to obtain in patients. Fox has described results of DNA detection in 
aqueous humour and vitreous samples in 4 patients post mortem. Samples 
were obtained within 24 hours after death. Two eyes, one patient, showed 
histologic evidence for CMV retinitis, and tested positive for CMV DNA 
in both aqueous humour and in vitreous. The 6 eyes of 3 patients, without 
histologic proof of CMV retinitis, all tested negative in aqueous humour, 
and positive in only one vitreous sample.238 

Comparing the results of both sample types, vitreous fluid seems to be 
the most accurate sample in diagnosing the eventual involved pathogen. 
However a paracentesis to obtain an aqueous humour sample is much 
easier to perform, and seems to be the safest procedure. Detection of 
DNA in ocular fluid samples is a highly sensitive and specific method to 
determine which pathogen is causing retinitis in a given patient, or exclude 
a pathogen in cases with non-infectious retinal pathology, like branch 
retinal vein occlusion, or HIV related vasculopathy resembling a beginning 
retinitis. 

Intraocular antibody production 
Measurement of intraocular antibody production by analysing aqueous 
humour samples has been proven to be a useful adjunct in the differential 
diagnosis of aspecific retinitis in immunocompetent patients. :4:"248 

Intraocular antibody production was determined by calculation of the 
Goldmann-Witmer coefficient. The ratio of anti-herpes virus or anti-
toxoplasma antibody level in serum and aqueous humour was compared to 
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Table 2 PCR based assay of ocular fluid samples for differential diagnosis of necrotizing 

retinitis in AIDS patients 

Author 
(year) 

Sample Sample 
Type * Number 

PCR 
CMV 

Fenner 
(1991) 

AH 13 
AH 3 
AH 12 

Garweg 
(1993) 

VF 
AH 

VF 

Gerna 
(1994) 

AH 
AH 

McCann 
(1995) 

VF 
VF 
VF 
VF 
VF 

VF 

Doornenbal 
(1995) 

AH 
VF 
VF 
VF 
SRF 
AH 
VF 

Verbraak 
(1996) 

Short 
(1997) 

AH 
AH 

VF 

Danise 
(1997) 

AH 
AH 
AH 
AH 
AH 

Total AH 
AH 
AH 
AH 

Total VF 
VF 
VF 

Stewart (1993) VF 

Mitchel VF 4 
(1994) VF 5 

VF 2 
AH 2 

50 

15 
12 

19 
40 
3 
4 
6 

54 

13 
2 

14 

5 
3 
7 
2 
27 

32 
2 
4 
9 

89 
32 

12 

40 

18 
19 

13 

31 

86 

VZV 

nd 
nd 
nd 

Fox VF 9 9 nd 
(1991) AH 3 3 nd 

SRF 5 5 nd 
VF 8 - nd 
AH 18 - nd 

nd 

nd 
nd 

29 

HSV 
Definite 
Diagnosis 

nd 
nd 
nd 

nd 
nd 
nd 

CMV 
Toxo/VZV 
Control (non HIV +) 

nd CMV 
nd CMV 
nd CMV 
nd Control (non HIV +) 
nd Control (non HIV +) 

nd 
nd 

nd 

nd 
nd 

nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 
nd 

1 

nd 

CMV 
CMV(1 double 
CMV+HSV) 

CMV 

nd CMV (2 weakly pos) 
nd ARN 
nd Toxo 
nd CMV (both typical VZV 

Anterior Segment 
Keratouveitis) 

nd Control (non HIV +) 

CMV, untreated patients 
CMV, treated patients 

nd CMV, untreated patients 
nd CMV, treated patients 
nd ARN /HSV 
nd ARN/HSV 
n d other ( HIV + , non viral 

ocular disease) 
nd Control (non HIV +) 

CMV 
CMV 
CMV 
ARN 
CMV 
Control (non HIV +) 
Control (non HIV +) 

CMV 
Toxo (1 double pos) 

PORN (3 neg, heavily 
treated) 

CMV 
ARN 
Toxo 
ARN/Toxo 
Control (HIV +) 

CMV 
CMV 
ARN 
Toxo (1 double pos) 

CMV 
VZV 
HSV 

AH = Aqueous Humour, VF = Vitreous Fluid, SRF = Sub Retinal Fluid, For additional comment see text. 
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ratio of total IgG in serum and aqueous humour. A coefficient exceeding 
the value of 3 was considered to be positive. Verbraak et al. reported a 
positive Goldmann-Witmer coefficient in 11 out28of tested patients with 
a necrotizing retinitis indicating local antibody production against the 
involved pathogen. The high rate of negative results (60%) were explained 
by antibody production below detection levels, or by factors masking a 
measurable normal antibody production. Abnormal or deficient B-cell 
function in AIDS patients could contribute to the low sensitivity of serologic 
diagnosis in these patients.249; 25° An impaired antibody response has been 
described in the late stages of AIDS both in quantity and in quality.251 

Doornenbal et al. found no confirmation of the diagnosis of CMV retinitis 
in the 9 patients tested. In this study one of the patients tested positive for 
CMV, VZV, and HSV, most probably due to aspecific polyclonal 
stimulation.236 

Detection of local antibody production by determination of the Goldmann-
Witmer coefficient in aqueous humour samples is by far not as sensitive as 
the PCR assay and probably also not as specific in AIDS patients with a 
necrotizingretinitis. Because ofanotoriously variable IgG response the test 
is not useful in this group of patients.226 

THERAPY 

In patients with a iatrogenic immunosuppression the best way to treat 
CMV retinitis is by di scontinuation or reducing the dose of immunosuppresive 
drugs. In case treatment cannot be stopped or reduced, antiviral treatment 
becomes necessary until sufficient restoration of the immune-response 
has occurred. In AIDS patients immune-response deteriorates 
progressively. Additionally, response to anti-viral treatment in patients 
with HIV infection was general ly worse than in patients immunosuppressed 
by other causes.252;253 Without therapy CMV retinitis in AIDS patients 
inevitably leads to blindness in the course of 6 months.254;255 The HIV 
epidemic made CMV retinitis in a short period of time the most common 
intraocular infection, and stimulated the search for effective anti-viral 
therapy enormously. After proving to be effective in uncontrolled studies, 
conducted since 1980, ganciclovir was approved by the FDA in June 1989 
for the use in treating CMV disease, based on a retrospective randomised 
study. "Followed by foscavir, which was licensed for treatment of CMV 
retinitis in September 1991, based on a prospective randomised study by 
Palestine et al..13 With the advent of ganciclovir and foscavir the first 
effective anti-CMV drugs to be registered, two very potent antiviral drugs 
became available. Both drugs are only virustatic and can not eradicate CMV 
from the infected retina. Discontinuation of therapy inevitably leads to 
relapse of retinitis in a short period of time. This necessitates lifelong 
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secondary prophylaxis or maintenance therapy for CMV retinitis in AIDS 
patients. 

Assessment of extent and progression of CMV retinitis 

At the start of the AIDS epidemic reports about CMV retinitis, its 
treatment and its progression were difficult to compare due to lack of 
consistency in the description of the disease and the treatment outcome 
measurements. Visual field determinations have been used to monitor 
patients with CMV retinitis.89;256 Serial measurements can indeed detect 
loss of visual field corresponding to enlargement of the lesions, but the 
method lacks sensitivity to detect the early changes of reactivation of 
retinitis. For patients with central lesions in zone 1, extending 20 degrees 
from the fovea, Amsler grids can be used by the patients to self-monitor 
progression. Generally there is a sharp demarcation of the scotomata caused 
by the lesion which enables patients to detect progression if it occurs. 

A system for assessment of disease outcome was developed by Holland 
et al., that uses retinal photographs and three factors : development of new 
lesions, enlargement ofpre-existing lesions, and change inretinal opacification 
of lesion borders.17 Progression of retinitis was defined as any new lesion, 
or an enlargement of a pre-existing lesion with more than 750 jam. Change 
in disease activity observed as an increase in opacification of the edge of 
a pre-existing lesion was also considered to be a sign of impending 
progression. The border of a pre-existing lesion can suggest disease activity, 
but without actual progression, showing a whiti sh border, which represents 
gliosis with calcification, or conversely can look innocent, while slowly 
progressing, a phenomenon which is called smouldering retinitis. '14 

To describe the extent of the retinitis the retina was divided into three 
zones. Zone 1 consisted of the central macular area, within the major 
vascular arcade, and the retina around the optic disk(l disc diameter, 1500 
um, from the disc and 2 disc diameter, 3000 urn around the fovea). Zone 
2 extended from the edge of zone 1 to the equator of the eye. Zone 3 
extended from the equator to the ora serata. Lesions in zone 1 were 
considered to be immediately sight threatening, and lesions in zone 3, lying 
directly under the vitreous base, would predispose to retinal detachment by 
vitreoretinal traction. The extent of the involved retina was measured in a 
semi quantitative way: 10% of retinal area involvement, between 10 and 
25%, between 25 and 50% , and more than 50% involvement. The area 
within the macular vascular arcade was used as reference and consisted of 
5% of retinal surface. 

In several large trials assessment of progression was performed by a 
central reading centre using a masked grading of fundus photographs, and 
by the participating clinicians.257;2S8 The movement ofthe border of retinitis 
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was detected sooner, and activity of the border was considered to have 
increased more often, when evaluated by the fundus photograph reading 
centre than by the clinician. Disagreement between observations was 
mainly caused by difficulty to detect progression by clinicians in the absence 
of an obvious increase of border activity, and by small border advancement 
in the first 3 to 5 weeks, after initiation of therapy, surpassing the threshold 
for border movement of the reading centre, while retinitis responded 
favourably to anti-viral treatment.259; 260 

Side-by-side comparison of good-quality photographs from the current 
visit (as soon as they are available) with photographs from previous visits 
may be superior in detecting progression accurately, but the ability to detect 
progression by photographs depends entirely on the ability to capture a clear 
image of the retinal area of interest. For peripheral lesions, in case of media 
opacities, or a camera out of focus, inaccurate assessments are inevitable. 
Besides in some patients with advanced AIDS who require bedside 
examination it i s not practical to perform photography. For practical reasons 
clinical assessments usually involve comparisons between current 
ophthalmoscopic appearances and photographs (or diagrams) from previous 
visits. In this way decisions about patient management can be made 
immediately. Perhaps a combined approach provides the most accurate 
information. For central lesions retinal photographs are more accurate, 
whereas for diffuse and peripheral lesions fundoscopy is preferable.261 

Monitoring therapy with PCR or antigenemia 

Patients with CMV retinitis have been followed by pp65-anfigenemia and 
PCR assays to determine the viral load and the effect of treatment on viral 
load. Conclusions that can be drawn from these studies are the following. 
In all patients with a favourable response to therapy there is a dramatic 
decrease of pp65-antigenemia and of PCR based DNA-emia. 69;79;235;262~ 
267 Not all patients become negative for these tests following initiation of 
therapy, even though clinical response is sufficient (around 13% remain 
positive). Patients with the highest base-line levels of viral load, remain 
positive and have a shortertime to relapse (21 versus 72 days) and a shorter 
time to death (difference in median survival of 121 days).235; 263-64 Patients 
with CMV retinitis have significantly lower levels of CMV viral load, 
compared to patients with an extra-ocular CMV disease. The CMV viral 
load increases with development of a relapse of CMV disease, and this 
increase precedes the recurrence in most, but not all patients. Patients have 
been reported with negative or low level viral load at the time of recurrence. 
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Systemic therapy 

Whatever systemic drug is chosen for the treatment of CM V retinitis the 
treatment scheduling is the same. First control of retinitis is achieved with 
a higher dose of the drug ( or more frequent administrations) for 2 to 3 weeks, 
induction therapy, followed by lifelong therapy with a lower dose ( less 
frequent administrations) to prevent a relapse, secondary prophylaxis or 
maintenance therapy. 

Control of CMV retinitis is characterised by the disappearance of 
oedematous necrotic borders changing the lesion into an inactive atrophic 
scar. After 2 weeks of induction therapy the retinal lesions have to show 
a good response to therapy, but some activity can still be present and is 
acceptable. Longer induction periods in these cases are not warranted. 
Generally a full response can be seen 4 weeks after initiation of therapy. 
255; 268 

Present antiviral drugs suppress CMV replication but are unable to 
eliminate the virus from the eye. Viral particles are still present at the borders 
of lesions as shown by electronmicroscopic studies of eyes treated with 
ganciclovir.269 After discontinuation of treatment a relapse will generally 
occur after a 3 week period.270 As a consequence secondary prophylaxis 
has to be given for the rest of the patient's life. 

a. Ganciclovir 
Ganciclovir is a nucleoside analogue that is taken up into viral infected 

cells, triphosphorylated, and then inhibits viral DNA replication. After 
approval by the FDA in 1989 a randomised controlled trial inpatients with 
small peripheral lesions proved efficacy of ganciclovir as initial treatment. 
27 ' In a previous study ganciclovir was shown to significantly prolong the 
time to relapse in patients receiving ganciclovir as maintenance therapy. 
270 Intravenous ganciclovir treatment is initiated with an induction course 
of ganciclovir 5 mg / kg / twice a day, followed by life-long maintenance 
therapy of ganciclovir 5 mg / kg / day for 7 days, or 6 mg / kg / day for 
5 out of 7 days, to prevent reactivation. The 5 out of 7 days maintenance 
was developed for convenience of the patients. Comparisons between 
both maintenance schedules have never been studied. 

The most important toxic side effect of ganciclovir is bone marrow 
suppression, which is reversible when ganciclovir is discontinued. In the 
first years of administration of ganciclovir 38% of patients developed 
dose-limiting neutropenia.272 In 1991, in a closely monitored group of 
patients treated with ganciclovir, 16% were reported to have dose limiting 
neutropenia (defined as an absolute neutrophil count < 500 cells /uL) and 
5% to have dose limiting thrombocytopenia (defined as platelet count < 
20000 / uL).273 Few patients were able to tolerate combined treatment 
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of full doses of ganciclovir and zidovudine.274 Much of this complication 
can now be counteracted by the concurrent use of granulocyte-monocyte 
colony stimulating factor (GM-CSF) or granulocyte colony stimulating 
factor (G-CSF). 275; 276 

Oral maintenance with ganciclovir 

In 1995 two large studies independently showed the efficacy of oral 
ganciclovir as maintenance therapy. Time to progression, assessed by 
photographic evaluation, was compared between an oral dosage of 3 gr 
/ day and intravenous ganciclovir in standard dose (5 mg / kg / day). In 
the European / Australian study mean time to progression in the oral 
maintenance group was 51 days and in the intravenous group 62 days. 
275;277 j n m e American study time to progression was 57 days in the oral 
ganciclovir maintenance group and 62 days inthe intravenous group.275: 

278 Both studies found these differences to be not significant. The 
conclusion of both studies was that the advantage of oral therapy 
outweighed the slightly shorter time to progression found in the oral 
treated group. It justified the choice of an oral dose of 3 gr / day of 
ganciclovir as first line maintenance treatment in those patients without 
immediately sight threatening lesions.275:279 Toxic side effects were less 
frequently reported in the oral compared to the intravenous maintenance 
therapy assigned group. A big advantage of oral over intravenous 
maintenance therapy is that an indwelling catheter can be avoided. 
Besides the fact that these catheters can become infected resulting in 
sepsis (at a rate of 2 per 1000 catheter days), patients experienced the 
placement of such a catheter as an enormously negative stigma. 

b. Foscavir 
Foscavir is a pyrophosphate analogue inhibiting CM V replication. In 

contrast with ganciclovir, foscavir does not need a first phosphorylation. 
After FDA approval in 1991, foscavir was given intravenously in 
induction dosages of 60 mg / kg / three times a day. More recently it has 
been shown that induction with 90 mg / kg / twice a day is equally effective. 
280 Maintenance therapy used dosages of foscavir of 90 to 120 mg / kg 
/day.281;282 

Foscavir is nephrotoxic and can impair renal function. Because foscavir 
is excreted by the kidney an impairment of renal function will lead to higher 
foscavir levels, which again will result in increasing nephrotoxicity and 
can, in a short period of time, end in renal insufficiency. Close monitoring 
of creatinine levels and prompt adjustments of the dose in each patient 
is necessary. Concomitant saline hydration of 5 00 ml with induction dose, 
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and 1000 ml with each maintenance dose lessens the probability of 
nephrotoxicity. Using extra hydration and dose adjustments for renal 
function, the 6 month period prevalence of nephrotoxicity was still 13%. 
283 Hypocalcemia, hypomagnesemia, and hypokalemia, were each reported 
in around 20% of patients receiving foscavir maintenance therapy.283 

Other side effects were dysuria, genital ulcers, infusion related nausea, 
and paraesthesias.13;283:284 In contrast to previous observations seizures 
do not occur more frequently in patients treated with foscavir.283 

Comparison between ganciclovir and foscavir 

The SOCA (Studies of Ocular Complications of AIDS) research group 
conducted a large prospective randomised trial, the Foscarnet-Ganciclovir 
Cytomegalovirus Retinitis Trial (FGCRT), to compare both drugs.2il 

Ganciclovir and foscavir are equally effective in treating CMV retinitis. 
As first line treatment both drugs bring active CMV retinitis under control 
after an induction course of 2 to 3 weeks. The median time to disease 
progression was 47 days for the ganciclovir assigned group and 53 days 
for the foscavir group.258"260 At 120 days 85% of patients experienced 
one or more relapses of CMV retinitis. It was observed that with each 
recurrence the time interval to the next relapse decreased. Increased risk 
of progression was present in patients with bilateral disease from the start, 
and in patients with a CD4+ cell count less then 14 cells / mm3 . Not 
associated with increased risk ofprogression were: location of lesions, size 
of lesions, appearance of lesions, interval from diagnosis of AIDS to 
diagnosis of retinitis, and the Karnofsky score. 259:26° A positive blood 
culture of CMV was another risk factor for a shorter time to progression 
(50% chance of recurrence of 45 days for CMV culture negative patients 
and 27 days for culture positive patients).285 

Survival 

A much debated finding of the study by the SOCA group was the longer 
survival of patients treated with foscavir compared to those assigned to 
ganciclovir. The foscavir receiving group of patients had a median survival 
4 months longer than the ganciclovir group. The exact cause of this 
differencehas never been elucidated, but one ofthe possible explanations 
is the reported antiretroviral activity of foscavir.268-86 One argument in 
favour of this assumption is the fact that in patients receiving the highest 
doses of foscavir maintenance therapy prolongation of survival was the 
longest. 287 The anti-HIV effects of both drugs were analysed by 
comparing the effect ofthe drugs on HIV p24 antigen levels in treated 
patients.288 Each drug had a suppressive effect on circulating p24 antigen, 
which was predictive of improved survival, but no significant difference 
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between this suppressive effect could be demonstrated between both 
drugs. Polis et al. confirmed the increased survival in foscavir treated 
patients and even suggested that for this reason foscavir should become 
the initial treatment of choice inpatients with CMV retinitis.286 However 
other factors not controlled for in the study might play an important role, 
like differences in the anti-retroviral medications used by the patients. For 
example many patients treated with ganciclovir could not tolerate 
additional treatment with zidovudine, because both can cause bone 
marrow suppression.274 Moyle et al. were not able to show a difference 
in survival between patients treated with ganciclovir versus foscarnet 
treated patients, and found that the longest survival was present in those 
patients who could tolerate zidovudine therapy, irrespective of their anti-
CMV therapy.284 

Clinical practice did not change despite the possible higher survival rate 
in the foscavir treated patients.289 The gained survival has to be balanced 
against a higher rate of complications reported in the foscavir group (20% 
of patients on foscavir had to switch to ganciclovir due to drug toxicity 
versus an 8% switch to foscavir in the ganciclovir group) and a loss of 
quality of life due to the long infusion times necessary for foscavir ( 1 hour 
infusion time for ganciclovir versus 1 hour pre-infusion and 1 hour 
infusion for foscavir).257;258 

c. Cidofovir 

Cidofovir is a nucleotide analogue with a broad spectrum of activity 
against DNA viruses including CMV. Initial phosphorylation by viral 
kinases is not necessary and cidofovir is active in infected and uninfected 
cells. It has a long intracellular half life and for this reason administration 
can be infrequent, allowing the drug to be given intravenously, without 
the need for an indwelling catheter. FDA approval was provided in 1996 
based on two randomised controlled trials comparing treatment of 
peripheral lesions with deferral. I9:2° Both studies showed treatment with 
weekly induction treatment of 5 mg / kg cidofovir, followed by maintenance 
therapy once every other week, with 3 or 5 mg / kg to be highly effective. 
Time to progression in patients with a first episode of CMV retinitis was 
120 days in the treatment arm versus 22 days in the deferral arm of the 
study. An important dose limiting nephrotoxicity exists, which is partly 
counteracted by the concurrent use of probenecide and saline hydration 
with the cidofovir infusions. Patients have to be monitored very closely 
for development of proteinuria and a rise in creatinine due to destruction 
of the proximal tubule of the glomerulus occurring with cidofovir 
treatment. In the randomised trials mentioned, in 24% of patients 
treatment was stopped due to treatment limiting nephrotoxicity ( 2+ 
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proteinuria or serum creatinine between 2-3 mg / dl ). A second adverse 
effect was neutropenia which developed in 15% of patients during 
therapy. In addition around 20% of patients exhibited probenecide 
intolerance, manifesting as chills, headaches, high fevers, rash, or nausea, 
resolving after 12 hours to 3 days. 

Surprisingly blood cultures and even urine cultures in which cidofovir 
is concentrated stay CMV culture positive during therapy. Base line blood 
cultures were positive in 41 % and remained positive in 30% of patients 
at 11 weeks, and urine cultures at base line were positive in 87% and 
remained so in 40% of cases. This is in sharp contrast with culture results 
in ganciclovir or foscavir treated patients, which become negative in a 
short period of time in all responsive cases. Nevertheless extraocular 
CMV disease or involvement of the second eye in unilateral cases is not 
more frequent in cidofovir treated patients. 

Local therapy 

The frequent dose-limiting toxicity of the systemic anti-viral drugs 
stimulated the search for alternative treatment modalities. Regimes for local 
intra-vitreal administration of ganciclovir and foscavir have been successfully 
applied. The most common serial intravitreous schedule for ganciclovir is 
to inject 400 ug of drug 2 times weekly as induction therapy, followed by 
400 ug injections once every other week as maintenance. 29°-293 For 
foscavir, induction therapy consists of a 1200 ug intravitreal injection every 
3 days, followed by weekly injections of the same dose as maintenance.294_ 

296 Injections are given after topical anaesthetics and following 15 minutes 
of 30 mmHg decompression to the eye. That way the intraocular pressure 
is lowered before inj ecting the volume of 0.1 mL, adding to patient comfort, 
preventing temporary loss of vision, and avoiding reflux of inj ected fluid at 
the injection site.297 

Recent studies have addressed the safely and efficacy of higher doses of 
the injected drug. Ganciclovir has been given in a dose of 2000 ug.298;299 

It was shown that intravitreal concentrations remained above the inhibitory 
concentration (ID50) for 7 days. Weekly administration did not result in 
accumulation in the vitreous. For this reasons an intravitreal dose of 2000 
ug was recommended. Foscavir has been given in an intravitreal dose of 
2400 ug, which did not result in local complications or intraocular drug 
toxicity, and seemed more effective in controlling retinitis. No conclusions 
can be drawn based on only limited observations of these higher intravitreal 
doses of ganciclovir or foscavir since no comparative studies have been 
performed. 

The observation that direct delivery of the drug to the eye seemed to be 
more effective in halting CMV retinitis progression, lead to the use of 

47 



CHAPTER I 

intravitreal therapy as adjuvant therapy to improve efficacy of systemic 
therapy. The use of this treatment modality in all patients with direct vision 
threatening lesions in zone I, in addition to systemic therapy, is recommended 
by many physicians. Another treatment strategy is the combination of 
adjuvant intravitreal injections in patients using oral maintenance therapy. 
This combination of therapies avoids at the same time the disadvantage 
of strictly local therapy, which does not treat extra-ocular CM V disease. 

All patients with untreated CMV retinitis have evidence of visceral non-
ocular CMV infection at autopsy, but it is not known at which rate these 
infections can cause clinically manifest CMV disease. '00 Autopsy reports 
have shown CMV inflammation to be present in a variety of organs. In a 
consecutive post-mortem examination of 48 AIDS patients Seregard 
found histopathologic evidence of CMV retinitis in 15 patients (31%).300 

In 14 patients a diagnosis of CMV retinitis was made before death and 
patients were treated with anti-viral therapy. In 10 of these patients 
associated non-ocular active CMV infections were present, most often in 
the brain and the adrenal glands, compared to 5 of 33 patients without 
retinitis. Patients have been reported with lethal CMV encephalitis, while 
they received adequate maintenance therapy for their CMV retinitis.301 

Nevertheless systemic therapy for CMV retinitis has been shown to 
reduce the incidence of extra-ocular CMV disease.302 Additionally survival 
appears to be prolonged in patients receiving systemic anti CMV therapy. 
40;287 However, the possible benefit of early treatment of extra-ocular CMV 
infection versus treatment at the time disease becomes clinically manifest, 
has not been investigated. 

Cidofovir can also be given intravitreally. A 20 ug injection of cidofovir 
was initially found to be both safe and effective. In a follow-up study of 
treatment of 24 eyes of 17 patients with intravitreal injections of 20 u.g 
median time to progression after a single injection was 55 days. Eight 
patients received a second inj ection after which median time to progression 
was 63 days, rejecting early occurrence of resistance.303301' Not one patient 
showed a relapse within a period of 35 days and for maintenance therapy 
repeated injections every 5 - 6 weeks seems to be sufficient.306 Patients did 
not receive additional systemic anti-viral therapy. 

Two types of adverse effect can occur after intravitreal injections with 
cidofovir: hypotony and iritis. After a first injection with 20 ugr cidofovir 
intraocularpressure decreased by 20% within2-3 weeks following injection, 
and recovered partially at week 5 or 6. After a second injection intraocular 
pressure dropped significantly without recovery at 5 - 6 weeks. After a third 
injection intraocular pressure again dropped at week 2-3 and tended to 
recover again at week 5-6.307 Fluorophotometry showed a decrease in 
aqueous flow rate, and results of ultrasound biomicroscopy and histopathology 
showed damage of the nonpigmented epithelium of the pars plicata in a 
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manner analogous to the tubular damage when cidofovir is given systemically. 
308 Vision of patients is not affected by the decrease in intraocular pressure 
and the clinical importance of it is not yet known. 

A mild to moderate anterior uveitis can be seen after intravitreal inj ections 
with 20 ug cidofovir, between 3 and 12 days following injection. The use 
of probenecid (2 g orally 3 hours prior to injection, then 1 g orally each at 
2 hours and 8 hours following inj ection) reduced the incidence of iritis from 
70% to 18%. Uveitis responded promptly to local drops ofmydriatics and 
corticosteroids and no permanent sequelae were noted. 
Lower doses of intravitreally administered cidofovir ( 10 ug) did show fewer 
side effects, but at the same time were not as effective in controlling retinitis. 
309; 310 Earjy r e i apS e w a s especially seen in patients treated with the 10 ug 
dose, allowing for development of drug resistance. 

Frequent intravitreal injections are a burden to the patient and to the 
treating ophthalmologist. Complications can occur like scleral induration, 
vitreous haze, iritis, vitreous haemorrhage, infectious endophthalmitis. 29°" 
292; 311 Retinal detachments have been reported following intravitreal 
treatment, but were always ascribed to the always present risk of 
developing a detachment in an eye with necrotizing retinitis. Nevertheless 
a single needle perforation of the pars plana can trigger local granulation 
formation, traction at the vitreous base, and lead to retinal detachment.312 

Intraocular device 

The problems with serial local injections stimulated interest in an 
intraocular device for sustained release of ganciclovir, which was introduced 
in 1992.313 Martin et al. conducted a trial comparing the intraocular device 
with deferred treatment in 26 patients with lesions in zone 2 or 3. Median 
time to progression was 15 days in the deferral group and 226 days in the 
group assigned to get the device implanted.21 The 226 days before disease 
progressed was substantially longer compared to the median 47 days 
reported in the SOC A study in the patients receiving intravenous ganciclovir 
maintenance therapy. A second randomised study compared two types of 
intraocular devices, one with a 1 -ug-per-hour release, and one with a 2-ug-
per-hour release, with intravenous ganciclovir treatment. Median time to 
progression of retinitis was 221 days in the 1 -ug-per-hour implant assigned 
patients, 191 days in the 2-ug-per-hour implant group of patients, and 71 
days for the intravenously treated patients .3 '4 The observed large difference 
in time to progression probably reflects a real difference in efficacy of both 
treatments in controlling CMV retinitis. Intraocular concentration of 
ganciclovir is higher in eyes treated with an intraocular device compared 
withpatients treated intravenously (4.1 ug/ml versus 0.93 ug/ml) Intraocular 
device treated eyes will not show drug level fluctuations, as will be present 
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in eyes of patients receiving intermittently administered systemic maintenance 
therapy. Drug concentration fluctuations might facilitate the emergence of 
viral drug resistance. Vitreous humour concentrations of ganciclovir has 
been shown to be subtherapeutic in patients using intravenous ganciclovir 
maintenance therapy. 315 However in CMV retinitis, being a retinal 
infection, intravitreal levels of anti-viral drugs are perhaps less important. 
Breakdown of blood retinal barrier in retinitis will allow high retinal levels 
of intravenously administered drugs. Subretinal fluid samples taken from 
eyes operated upon because of retinal detachment did show ganciclovir 
levels equal to plasma concentrations of the drug in patients intravenously 
treated with ganciclovir.3'6 

The surgical procedure to place the intraocular device into the eye is a 
risk factor forthe development ofretinal detachment. CMVretinitisby itself 
is, in the absence of intraocular procedures, already associated with a high 
rate ofretinal detachment. For this reason it is difficult to establish the real 
additive effect of perforating procedures upon the normally occurring rate 
ofretinal detachment. The study by Musch et al. comparing treatment with 
the implant and intravenous ganciclovir demonstrated a 12 % occurrence 
ofretinal detachment in the implant treated patients, compared to 5% in the 
systemically treated patients. Surprisingly in contrastwith the first impressions, 
there was no significant difference in time to retinal detachment between 
both groups.314 In the SOC A study the risk of development of detachment 
was 27% at 6 months.89 In the study by Martin et al., detachment or retinal 
tear occurred in 18% of patients, and 5 of the 7 retinal detachments occurred 
sooner than 65 days after device implantation. 

The strictly local therapy of an intraocular device will not prevent CMV 
retinitis in the second eye in patients starting with involvement of only one 
eye. Martin et al. reported a 50% involvement of the second eye in those 
patients with unilateral disease at 6 months.21 The SOCA study reported 
a 27% cumulative risk of bilateral involvement at 6 months in systemically 
treated patients. 89 In the study by Musch et al. treatment with an 
intraocular device as sole treatment doubled the risk of second eye 
involvement compared to intravenous treatment.3'4 

As stated before, extra-ocular CMV disease is left untreated with local 
therapy. Martin et al reported non-ocular disease developing in 31% of 
patients treated with an intraocular device.21 Musch et al. found a 10% 
occurrence of extra retinal CMV disease in the implant treated group of 
patients, and not one case in the intravenously treated patients.314 

Transient intravitreal haemorrhages were seen in 7.8% of eyes receiving 
an implant, endophthalmitis attributable to the implant surgery was 
observed in 2 patients (1.5%).314 In addition to the complications already 
mentioned for invasive local therapies, the surgical procedure of implantation 
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of the device diminishes visual acuity due to surgical induced astigmatism 
for a period of 28 days. 

Long term treatment 

Long term treatment preventing progression in patients with CMV retinitis 
is the most difficult part of the management of patients. Present antiviral 
therapy brings a first episode of CMV retinitis in almost all patients under 
control. Median survival of patients treated with systemic maintenance 
therapy has been reported to be between 8.5 and 12.6 months. Because the 
period between relapses may be as short as 7 - 8 weeks, a significantly 
number of relapses can be anticipated.317 Disease progression has been 
related to the occurrence of more resistant strains, but such a relationship 
has not been shown in all patients.3 '8 Approximately 10% of patients treated 
with systemic therapy harbour viral strains with increased resistance against 
the used drug, rendering current therapy inadequate.I72;3 '8 The progressively 
shorter intervals between successive reactivations of CM V retinitis and the 
increased difficulty to bring recurrences under control can either be 
explained by the emergence of viral resistance or merely reflect an ongoing 
deterioration of the immune-system of the patient.91 Median times to first, 
second, and third progressions were 47, 42, and 35 days and 53, 35, and 
33 days for ganciclovir and foscavir, respectively.89 

Several strategies have been advocated in treating recurrences: increasing 
the dose of the drug, switching to another drug, using a combination of drugs, 
or supplementing systemic therapy with local therapy. 

A first recurrence can be managed in most patients by reinduction therapy, 
a second course of induction therapy of the same anti-viral drug used for 
maintenance.91 Intraocular levels of the drug, reached by maintenance 
therapy, are probably not high enough to stop viral replication and prevent 
reactivation. Vitreous concentrations of ganciclovir and of foscavir have 
been measured in patients, receiving standard intravenous maintenance, 
treated for retinal detachment. Intravitreal concentrations of both drugs 
were higher compared to paired plasma sample concentration, but still 
resulted in borderline or progressively subtherapeutic intraocular 
concentrations.31^319 The prolonged use of ganciclovir at induction levels 
has become possible in patients with the concurrent use of granulocyte-
monocyte colony stimulating factor (GM-CSF) or granulocyt colony 
stimulating factor (G-CSF).320 

The genes conferring resistance to ganciclovir and to foscavir can be 
different and are located in separate regions of the viral genome. For this 
reason switching of therapy can be effective in controlling a relapse. 
However the clinical effect of switching is not as dramatic as one would 
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expect. The ability to switch from ganciclovir to foscavir is limited due to 
the greater toxicity of foscavir.317 With cidofovir a very potent alternative 
treatment for recurrent CM V retinitis became available. In a study to the 
efficacy of cidofovir in treatment of relapsing CM V retinitis in 100 patients, 
extensively treated with a median of 4 anti-CMV courses in the pre-trial 
period, median time to progression was 49 days for the 3 mg kg, and an 
upper-limit of 115 days was reported for the 5 mg /kg treatment arm ofthe 
study (median not reached during study).321 Unfortunately 60% ofthe 
patients in the 5 mg / kg arm experienced treatment limiting events 
necessitating discontinuation of cidofovir. 

Ganciclovir and foscavir did show an in vitro synergistic anti-CMV effect. 
322:323 j,-, r ef ract0ry cases a combination of both drugs has shown superior 
efficacy in controlling disease progression than either drug alone.324"328 

In a randomised trial treatment of relapsing CM V retinitis was compared 
between standard re-induction with the anti-viral the patient already used, 
followed by maintenance with the same drug and continuation of the 
previous maintenance with induction of the second drug followed by 
combined maintenance with daily standard doses of both drugs. Median 
time to progression in the mono-therapy groups were 1.3 months for 
foscavir, and 2.0 months for ganciclovir, while it was 4.3 months for the 
combination therapy. However, although combined treatment was found 
to be more successful in the treatment of recurrences, it was also 
associated with the greatest negative impact of treatment on quality-of-
life measures.329 Another approach is the use of a combination of a lower 
dose of ganciclovir and foscavir as maintenance therapy, either both 
combined daily or each drug on alternating days. 325 Combination of 
ganciclovir and cidofovir is another option that could be considered, 
because in vitro studies suggest synergy between both drugs. Studies on 
this subject have not been reported yet. 

Many clinicians advocate the use of local therapy, intravitreal injections 
with ganciclovir or foscavir, as a supplement to clinically inadequate 
systemic therapy, especially in treating active sight threatening lesions. 
Comparative studies however have not been reported. The efficacy ofthe 
implant in patients with recurrent CMV retinitis also seems very high. Two 
recent studies reported inactive CMV retinitis within one month 
postoperatively in 76% and 86% respectively ofthe eyes treated.330;331 

Median time to progression was 7 months in those eyes with a favourable 
initial response. Most patients (84%) received systemic antiviral medication 
in addition to the implant.330 The most common complication was retinal 
detachment occurring in 12 (21%) out of 56 eyes treated. Self-limiting 
complications were vitreous haemorhage in three eyes and hypotony 
maculopathy in two eyes.331 
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Drug resistance 

Resistance to ganciclovir, foscavir, or cidofovir is a clinical important 
issue in AIDS patients with CMV retinitis who need prolonged, life-long 
maintenance therapy to prevent relapse of active retinitis. Viral drug 
resistance does not play an important role in the early phase of CMV 
retinitis. However CMV strains relatively resistant to ganciclovir and / or 
foscavir have been reported in patients treated for CMV retinitis.318;324; 
332-335 persistent CMV viremia or viruria during prolonged therapy should 
raise the possibility of a drug resistant mutant. The mechanism of resistance 
differs between the three drugs. 

Ganciclovir has to be phosphorylated intracellularly to become an active 
anti-CMV agent. The first step in phosphorylation is initiated by a virally 
induced enzyme, a phosphotransferase, encoded by the UL97 gene. The 
subsequent steps of phosphorylation into a triphosphate is performed by 
cellular enzymes. The triphosphate actively binds to viral polymerase and 
forms the basis for inhibition of viral DNA replication. Clinical resistance 
against ganciclovir is largely induced by mutations in UL97. These 
mutations have been analysed on the molecular level, and around 10 to 15 
mutations have been described.336 

Cidofovir mimics a monophosphate form and avoids the need for the viral 
induced UL97 enzyme action. It is phosphorylated in both infected and 
uninfected cells. The anti-viral activity is due to the ability of its metabolite, 
cidofovir diphosphate, to preferentially inhibit viral polymerase, and also 
to serve as an alternative substrate with respect to dCTP.337 

Foscavir acts in a non-competitive way by blocking the cleavage of 
diphosphate bonds during the incorporation of molecules into the DNA 
polymerase, aborting production of viral DNA. Resistance against cidofovir 
or foscavir is caused by mutations in the viral DNA polymerase, gene 
region UL54. 

Determination of susceptibility and resistance in viral isolates requires 
viral growth in tissue culture. Increasing levels of the tested drug are 
added to a series of culture wells. After a week the cultures are stained and 
the number of plaques in the control well is compared to the plaques in the 
wells with different drug concentrations. The concentration of the drug in 
the well with a reduction of 5 0% of the number of plaques is considered the 
IC50. This value can differ between different laboratories due to the 
techniques used.336 The plaques reduction assay is a labour-intensive and 
time-consuming activity, because after the virus is grown from blood or 
urine, it still takes several passages to yield enough virus to inoculate the test 
wells. Each passage requires at least a week, and results of this test require 
at least 4 to 6 weeks. This means that plaques reduction assays can not be 
ofhelpinmanaging individual patients. Other antiviral susceptibility assays 
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have been developed like the DNA hybridisation assay, or the in situ enzyme 
linked immunoadsorbent assay, but these assays still require virus isolation 
and several passages to obtain sufficient virus.3 '0;338 A more rapid screening 
for resistance to ganciclovir and foscavir of primary isolates of CMV from 
blood has been described using single test doses of each drug and an 
immediate early antigen plaque reduction assay.339 This test provides 
results within 4 to 6 days, but still requires virus isolation from the tested 
sample. 

In a prospective study to the incidence of CMV resistance against 
ganciclovir, foscavir, and cidofovir, 122 patients with CMV retinitis had 
regular CMV cultures performed. Positive cultures were tested for the 
presence of viral resistance. Resistance was defined using the following 
thresholds for IC50 : for ganciclovir 6 uM, for foscavir 400 uM, and for 
cidofovir 2 uM. Around 80% of patients had a pre-treatment positive culture 
from either blood or urine. In 0.9% of the blood samples tested ganciclovir 
resistance was present, and in 2.7% of urine samples. Overall in 4% of the 
patients a blood or urine culture isolate was resistant to foscavir.340:341 

Results of pre-treatment cidofovir resistance were not mentioned. Lifetable 
analysis of the probability to develop drug resistance at 3,6, and 9 months 
of therapy was: ganciclovir 7%, 12%, 27%, foscavir 9%, 26%, 37%, and 
cidofovir 29%, 29%, 29%.341;342 

In a comparative study isolates of patients, who had received ganciclovir 
and / or foscavir, were analysed for resistance against cidofovir. Isolates 
with high level resistance against ganciclovir were also resistant against 
cidofovir, while those with low level resistance were not. Interestingly 
isolates with foscavir resistance, without or with only low level resistance 
against ganciclovir, were not cross-resistant against cidofovir, even 
though it is assumed that a single mutation in the viral DNA polymerase 
could be responsible for resistance to all DNA polymerase inhibitors.343 

Isolates with foscavir resistance and high level ganciclovir resistance 
were also resistant against cidofovir. These results suggest that low level 
ganciclovir resistance, mediated by mutations in the UL97 gene, is not 
associated with resistance against foscavir or cidofovir. However high level 
ganciclovir resistance, due to mutations in the viral polymerase gene, can 
result in cross-resistance against foscavir and cidofovir.26 In another study 
addressingthis subject it was shown that all ganciclovir sensitive strains were 
notresistant against cidofovir, ganciclovir resistant butnot foscavir resistant 
strains were in 15-20% also resistant against cidofovir, and strains resistant 
against both ganciclovir and foscavir were in 80% resistant against cidofovir. 
344 The sequential treatment of patients with ganciclovir followed by 
foscavir can progressively select viruses with multiple mutations in the viral 
DNA polymerase, generating multiple drug resistant CMV strains. 

The clinical relevance of anti-CM V drug resistance detected in an isolate 
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out of blood or urine is another point to consider. Clinicians tend to assume 
that viral resistance has developed when apatient with CMV retinitis shows 
progression during therapy. In recent studies it has been shown that only 
6 out of 117 patients (5%) were CMV culture positive at the time of retinitis 
progression. One explanation for this discrepancy could be that the resistant 
CMV strains were more difficult to isolate. In only 1 out of 9 patients (11%), 
where virus susceptibility testing was performed at the moment of retinitis 
progression, a resistant isolate was found.278 Progression of CMV retinitis 
while patients are on therapy is likely the result of many other factors as well, 
like blood and tissue concentrations of the drug. The host immune response 
probably plays another important role. In vitro testing of isolated CMV may 
not reflect the spectrum of susceptibility of the strains in the infected host. 
Strains shed from one tissue may not necessarily be identical to those in other 
locations of the body. Different strains have been demonstrated at different 
sites, and also the presence of multiple strains in the blood compartment has 
been detected.174;345 The presence of different CMV strains in blood and 
the eye has been demonstrated in patients at the time of diagnosis of CMV 
retinitis. '77; 346 In situ susceptibility testing could be the answer with nucleic 
acid hybridisation techniques detecting resistant genotypes. 

The determination of the most frequent mutations in the UL97 gene 
leading to ganciclovir resistance has allowed the development of molecular 
techniques to detect ganciclovir resistance directly in clinical samples. A 
combination of PCR followed by restriction endonuclease digestion can 
detect 5 of these mutations (at codon460,520,594, F595m, and S595).347; 

348 More recently Bowen et al. has developed a rapid point mutation assay 
to screen for the mutations M460V, M460I, H520Q, A594V, L595S, and 
L595F.349 This allows the rapid identification of resistant virus in clinical 
samples, and provides at the same time quantitative information of the 
prevalence of these mutations within the viral population. This way avoiding 
the problem of a mixed viral population, where the biologic features of the 
resistant strain can always be masked by the drug-sensitive phenotype. 
There is no need for viral passage. It can also detect different wild-type and 
/ or mutant-type CMV strains, from samples of different body-compartments 
of the same patient. In the study by Bowen et al. for example a difference 
was detected in one patient between the blood and the urine samples.349 

The power of this method lies in the possibility to detect the mutations 
in the UL97 gene leading to the emergence of ganciclovir resistance before 
a recurrence develops. In that way therapy can be changed accordingly 
and relapse prevented. In a prospective study of 19 patients treated with 
intravenous ganciclovir the occurrence of mutations was associated with 
a considerable increase in CMV viral load in the blood as well with 
progression of CMV retinitis. In patients without mutations viral load did 
not increase and no progression was seen. 35° 
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However more mutations do exist and a negative test would leave the 
clinician with the decision whether to test further. Additionally a comparable 
molecular analysis of the possible mutations of the viral DNA polymerase 
gene, located in the gene region UL54, associated with resistance against 
foscavir or cidofovir, has not been developed yet. Single aminoacid change 
in conserved domains of the gene has been detected in viral isolates resistant 
to foscavir. 351^352 

For the clinician a more practical means to test for the emergence of 
resistance may be to serially quantitate CMV viral load by PCR or 
antigenemia test. The finding of an increase in viral load suggests a virologie 
problem. The test does not define resistance, but if drug levels are adequate 
and compliance has been good, it is reasonable to assume that resistance 
is beginning to evolve.336:353 

Other modalities, new drugs 

Intravitreal treatment with an antisense oligonucleotide 

Fomivirsen, ISIS 2922, a 21-base oligonucleotide targeting CMV 
immediate early 2 (IE2) m-RNA, via an antisense mechanism exhibits a 
potent and specific anti-CM V activity. In vitro experiments showed ISIS 
2922 activity in CMV strains resistant to ganciclovir and/or foscavir.22 

Activity seems to be accomplished by three mechanisms: anti-sense 
mediated inhibition of target gene expression, sequence dependent inhibition 
of virus replication, and sequence independent inhibition ofvirusadsorption 
to host cells.354 The drug has to be administered intravitreally, injections 
of 0.05 ml of a 3mg / ml concentration are given weekly for 3 weeks as 
induction therapy, followed by the same dosage bi-monthly. Results of 
phase III randomised clinical trials for CMV retinitis have recently been 
reported.355 Median time to progression in the treatment group was 71 
days, versus 14 days in the placebo group. Adverse effects of treatment 
were mild anterior chamber inflammation and vitritis in 15% of patients 
and transient intraocular pressure rise in 18%. Inflammation responded 
well to topical corticosteroid therapy and intraocular pressure normalised 
with topical anti glaucomatous therapy. 

In vitro sequence dependent resistance to ISIS 2922 has been 
demonstrated, implying that the drug acts, at least in part via a virus-
specific process rather than by rendering the host-cell incapable of 
supporting virusreplication.356 

Transscleral iontoforesis 

Transscleral iontoforesis is a local, non-invasive procedure to administer 
antiviral drugs to eyes with CMV retinitis. The procedure uses a low-ampère 
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current to drive molecules of the drug through the tissues of the eye. Foscavir 
is an ideal candidate for transscleral iontoforesis because at the pH level of 
the eye foscavir is a charged compound. Animal studies investigating the 
pharmacokinetics of foscarnet after transscleral iontoforesis demonstrated 
a therapeutic drug concentration in vitreous of 60 hours, without local 
complications.357 Transscleral iontoforesis can also supplement systemic 
therapy in case of recurrence during maintenance therapy, which could be 
due to an insufficient intraocular drug level accomplished with systemic 
therapy. 338 

Liposome encapsulation 

Ganciclovir has been encapsulated in liposomes to increase the intravitreal 
retention of the drug, thereby decreasing the frequency of injections. In a 
study of one patient of the intravitreal concentration following a single 
injection of liposome encapsulated ganciclovir it was shown that 24 days 
after injection the level of ganciclovir was still above the minimal inhibitory 
concentration (MIC50).

 359 Vision was temporarily decreased due to 
vitreal opacification in the period directly after the injection. No clinical 
trials have been reported since. 

Cidofovir is a highly water soluble and polar drug and as such especially 
suitable for liposome encapsulation which would result in sustained release 
of the drug. In rabbit models using a multivesicular liposome system for 
intravitreal drug administration it was demonstrated that a safe sustained 
release is possible.360 

Lobucavir 

Lobucavir is a new nucleoside analogue with a broad antiviral activity in 
vitro. The drug has a similar anti-CMV activity as ganciclovir. However the 
drug has abetter bioavailablity than ganciclovir. It is believed that lobucavir 
acts as a nonobligate DNA chain terminator. At present lobucavir is still in 
the phase of clinical trials for the management of CMV disease in HIV-
positive patients.22 

Laser coagulation 

Laser coagulation of peripheral lesions to form a barrier against progression 
of CMV retinitis has been proven to be ineffective in halting the process. 
1'7 Inastudy to the efficacy ofprophylactic laser treatment to prevent retinal 
detachment in over 50% of the treated eyes reactivated retinitis crossed the 
laser scars (double or triple row of argon green laser coagulations, 500um, 
500 mW, 0.2 sec, gray-white lesion).131 

Passive immunisation 

No vaccine against CMV is available for general use. Passive immunisation 
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with normal or hyperimmune gamma globulin has had some success in 
reducing the severity of CMV disease in transplant patients. In combination 
with antiviral drugs an increased survival rate was reported in transplant 
patients with CMV pneumonitis and gastrointestinal disease. This indicated 
that there was some potential use for prophylaxis or therapy of CMV disease 
with a specific antibody against CMV.361 Rasmussen et al showed antibody 
to CMV gH to be high in HIV-positive patients with CD4+ cell counts above 
100 cells / mm3, but low in patients with CD4+ cell counts less than 100, 
either with or without CMV retinitis.169 Adjuvant treatment with human 
monoclonal antibody (MSL-109) of the immunoglobulin G - kappa subclass 
recognizing gH, appeared to be ineffective for treatment of CMV retinitis, 
in a large randomised trial of 209 AIDS patients with active retinitis. Patients 
received either 60 mg of MSL-109 intravenously once every week or 
placebo. Median time to progression was 67 in the treated versus 65 in the 
placebo assigned group. 362 Boppana et al. did not observe a specific 
deficiency in the antibody response of patients with CMV retinitis, but did 
showamore favourable clinical outcome in patients with higher neutralising 
antibody levels. '70 With the development of humanised antibodies against 
HCMV gH glycoprotein, new potential agents were provided for prevention 
or treatment of CMV infections. No clinical trials have been reported with 
these newly developed antibodies in HIV-positive patients with CMV 
retinitis so far. Hyperimmune CMV immunoglobulin has not proved useful 
in preventing CMV disease in HIV infected patients or as adjunctive therapy 
in the treatment of CMV disease.363 

Desferrioxam ine 

In 1995 desferoxamine (DFO), an iron chelator, was tested in vitro for 
its inhibiting properties of CMV replication. The ID50 of DFO for clinical 
isolates ranged from 3.1 to 4.9 uM. Inhibition of ribonecleotidereductase 
is the probable way the drug is effective. One patient suffering from 
progressive CMV retinitis, despite treatment with combination therapy 
ganciclovir/foscavirwastreatedwithlgrofDFO intravenously each day. 
Retinitis became quiet one month of treatment, and no relapse of CMV 
retinitis was seen during a period of 3 month. No side effects were seen. 

Closing remarks on therapy 

Few studies have addressed the pharmacokinetics of used drugs. The 
concentration of the drug at the site of action and / or inplasma as a function 
of time, is not exactly known. CMV isolates of patients, who have not been 
treated with anti-CMV medications, are inhibited in vitro by 50%, with drug 
concentrations of 1.5 ug /ml ganciclovir, 120 fig / ml foscavir, and 0.6 ug 
/ ml cidofovir. This is the median effective inhibitory dose of each drug 
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(ED.0). The in vivo maximal, and minimal drug concentrations after various 
routes of administration and the in vitro measured ED50 have been the basis 
of current dosing regimes, see Table 3, page 60 .25S: 273; 295; 316; 3is; 319; 337:3&s-
372 

Inter-patient variability seems to be large, resulting in a wide range of 
plasma concentrations in different patients using the same dosage. Large 
population differences have been demonstrated in the ganciclovir clearance, 
with possible important implications for ganciclovir dosing.373 Regimes are 
based on empirical data from clinical trials, constructing dosing regimes that 
may be suboptimal, but nevertheless provide therapeutic benefit.282;374 No 
studies have correlated directmeasurements of intraocular drug concentrations 
with the clinical outcome.37S 

Different treatment modalities, their indications, and complications are 
summarised in Table 4, page 60/61 . 

Now that more drugs and different modes of administration have been 
developed the choice of ideal therapy for each patient has to be individualised. 
Patients with centrally located sight threatening lesions will need high drug 
concentrations directly at the site of infection. This can now be achieved 
with local therapy. Intravitreal injections will give the highest intraocular 
concentrations, and can be repeated in case of clinical suspicion of 
reactivation. The intraocular implant will result in high local levels, 
delivered at a steady state for a long period of time. Local therapy is 
associated with a small risk of developing endophthalmitis and a relatively 
high risk for developing a retinal detachment. These are serious 
complications with a high risk of direct permanent loss of vision. Local 
therapy does not protect the other eye in patients with unilateral involvement, 
and does not treat extra-ocular CMV disease. Systemic therapy has been 
shown to be effective in almost all cases and will treat non ocular disease 
and will protect the second eye, but dose-limiting side effects can occur: 
bone marrow suppression associated with ganciclovir, and nephrotoxicity 
associated with foscavir and cidofovir. Systemic maintenance with either 
ganciclovir or foscavir demands placement of an indwelling catheter, with 
a risk of infection. Forthat reason oral maintenance with ganciclovir could 
be the preferred therapy, but at the cost of lower efficacy and shorter time 
to relapse. Because of the infrequent administration needed for intravenous 
cidofovir, an indwelling catheter is also not necessary. The very narrow 
therapeutic index of cidofovir and the serious nephrotoxicity that can 
develop, limits the use of cidofovir. The additional use of probenecid 
reduces the toxic side effects of cidofovir, but adds its own toxicity profile. 
Treatment of relapsing CMV retinitis with a combination of intravenous 
ganciclovir and foscavir is more effective than monotherapy with either 
drug, but the majority of patients is unable to continue this treatment for 
a long period of time. 
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Combinations of local therapy with the additional use of oral maintenance 
would theoretically seem to provide an optimal treatment modality, 
combining the advantages of each therapy, while reducing the complications 
associated with both. However, comparative studies have not been 
reported. Treatment choices should be individualised for each patient, 
taking into account the needed efficacy, the risk of specific toxic side 
effects, the risk of complications associated with drug delivery, and the 
underlying medical condition (including concomitant medications). 

Treatment evaluation first and foremost emphasised enlargement of 
previous retinal lesions and/ or the occurrence of new lesions. This end 
point is useful in comparing the efficacy of a treatment versus no 
treatment or between different treatments. The loss of visual function is 
not taken into account, and the consequences of a second or third relapse 
of retinitis may have more serious implications towards visual functioning 
of a patient. Quantification of the rate of loss of functional retina, the loss 
of visual acuity and visual field should perhaps be part of therapy studies 
more often. 

Besides visual function also the quality of life is as a rule not taken into 
account. Wu developed a questionnaire to access patient-reported visual 
function in CMV retinitis and found it to be a valid and reliable method 
to measure performance of vision related activities, visual symptoms, and 
the impact of treatment administration. Nevertheless to our knowledge no 
longitudinal studies have made use of such a questionnaire to evaluate 
therapeutic modalities.376 

Treatment of CMV retinitis requires the active participation of several 
health care providers and last but not least the patient self. Patients should 
be encouraged to become involved in their own health care. The primary 
care physician (internist, infectious disease specialist), the ophthalmologist, 
family practitioner, nurses, social workers and the patient each with his / 
her expertise will be part of the management team. Assessment of retinitis 
progression, monitoring treatment and its side effects, the safe and 
effective delivery of the treatment regime, organisation of home care 
therapy, and the assistance in providing low-vision care in case of serious 
loss of vision are all integral parts of this treatment. Patients should be 
active participants in the decision making about which therapy to use, how 
aggressive therapy should be. Involving patients in their own care often 
confers a sense of empowerment over their disease. This is particularly 
important for HIV infected patients. 

Prevention 

Treatment of CMV retinitis requires lifelong administration of virustatic 
drugs that are toxic and expensive. Progression of disease despite 
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treatment is inevitable in most patients. For these reasons prevention of 
CMV disease has become a top priority. 

The natural history of CM V according to most authors can be described 
in 3 phases. In phase 1 CMV is truly latent, the patient is anti-CMV-IgG 
seropositive, but pp65 antigenemia, CMV-DNA-emia, and viral cultures 
are negative. In phase 2, CMV is reactivated in the patient without overt 
disease, but antigenemia, PCR and cultures become positive. In phase 3 
the patient suffers from clinical manifest visceral CMV disease.377 To 
prevent CMV disease, therapy in phase 1 is prophylactic, treatment is 
given before active CMV replication is present. In this phase the risk of 
disease is low, and acceptable risk of drug related toxicity is also low. In 
phase 2 active CMV replication is present and therapy is called pre
emptive. This therapy should aim to restore the latent phase in a patient. 
CMV assays should become negative again. Risk of clinical manifest 
disease is higher and acceptable drug related toxicity increases likewise. 
In phase 3 a patient receives a full course of available treatment. To 
prevent blindness drug toxicity has to be, and will be accepted. 

As has been stated in the section "Risk factors" the most sensitive method 
to discriminate between low and high risk HIV-positive patients for future 
development of CM V disease is the determination of CM V DNA in blood, 
which in the model implicates active CMV replication, and precedes visceral 
disease. This being true, still two considerable problems arise in translating 
this to an acceptable and successful prevention of CMV disease in the 
individual patient. First the time between a first positive test and disease is 
highly variable: mean time is in the order of 5 months and can be as long 
as 18 months, resulting in a very long period to use prophylaxis in perhaps 
to many patients. Secondly in 20% of patients at the time of diagnosis of 
CMV retinitis no CMV DNA could be detected in peripheral blood samples. 
263:377:378 perhapS5 during a prior period of active CMV replication, CMV 
reaches the eye, remains latent intraocular, and can cause a local CMV 
retinitis some months later, without systemic detectable CMV DNA in the 
interlude, or even at the moment of diagnosis of retinitis. So a high number 
of patients would erroneously not receive prophylaxis, while actually they 
were at high risk for developing CMV disease. 

The ideal drug to use in prophylactic or pre-emptive therapy should be 
orally administered, have a high specific anti-CMV activity, a minimal 
toxicity, a minimal interaction with other drugs, and be potent enough not 
to select resistant strains. No such drug exists at the moment. Three 
studies report about the use of known anti-CMV drugs in preventing CMV 
disease in HIV-positive patients. 

Valaciclovir, a valine ester of aciclovir, can achieve a 3- to 4 fold higher 
total plasma aciclovir exposure compared to oral aciclovir. With oral 
valaciclovir in a dosage of 2 gr 4 times a day, is total aciclovir exposure 
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comparable with 10 mg / kg / day of aciclovir given intravenously. This is 
considered to be efficient in many strains of CMV to inhibit replication.m 

In a randomised double-blind trial, oral valaciclovir in the maximum 
tolerated dose, 2 gr. 4 times a day, was compared with two dose regimes 
of oral aciclovir, 800 mg 4 times a day, and 400 mg twice a day, as 
prophylaxis for CMV disease in 1227 HIV-positive patients, with CD4+ 
cell counts less than 100 cells / mm3, without previous CMV disease, but 
seropositive for CMV. 38° CMV disease developed in 11.7% of patients 
receiving valaciclovir, and in 17.5% of aciclovir treated patients. A 
reduction of 3 3% comparing the valaciclovir group with the pooled data of 
the aciclovir groups. Time to CMV disease was significantly longer in the 
valaciclovir group, buttoxicity and earlier medication discontinuation was 
also more common. Even atrend toward earlier mortality in the valaciclovir 
group was reported. CMV retinitis was the diagnosed end point in 80% of 
patients, while gastrointestinal disease accounted for 15%. Valaciclovir 
resulted in a proportional reduction in the different CMV diagnoses. 

In a substudy the impact of base-line CMV DNA detection in whole blood 
samples were analysed on the effect of prophylactic therapy. For this 
analysis data of 310 patients were used, who fulfilled the above mentioned 
entry criteria, and of which in addition blood samples were available.381 

Patients, PCR positive in blood at baseline, were 2.57 times more likely to 
develop CMV disease at any time during follow-up, and time to CMV 
disease was significantly shorter. Comparing these data of the valaciclovir 
receiving group with the pooled data of the aciclovir groups, the greatest 
difference occurred in valaciclovir treated patients, who were PCR 
positive in blood at base line. The higher rate of CMV disease, and the 
earlier occurrence of CMV disease found in the PCR positive patients 
disappeared in those patients treated with valaciclovir. The authors 
conclude that the greatest effect of valaciclovir could be demonstrated in 
patients, who were PCR-positive in blood at trial entry, indicating that 
valaciclovir is most effective as pre-emptive therapy. 

Two randomised placebo controlled trials of the efficacy oforal ganciclovir 
in preventing CMV disease gave conflicting results.35:48 In the first study, 
the Syntex study, patients were enrolled with CD4+ cell counts less than 
50 cells /mm3, or CD4+ cell count less than 100 cells / mm3 and a diagnosis 
of an AIDS defining opportunistic infection. Median CD4+ cell count was 
22 cells/mm3, and 88% ofpatients had cell counts less than 50 cells/mm3. 
Patients received either oral ganciclovir, 1000 mg 3 times a day, or 
placebo. Patients underwent an ophthalmologic examination, including 
fundoscopy in mydriasis, at entry and every other month during follow-
up. Kaplan-Meier estimates of protocol defined CMV events at 12 
months were 26% in the ganciclovir treated, and 14% in the placebo 
receiving group. Resultinginareductionrisk of49%. Ganciclovir decreased 
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the risk of CMV disease irrespective of the anti-retroviral therapy the 
patients used. Concomitant use of acyclovir did not influence the risk of 
CMV disease. During the study period 19% of patients in the ganciclovir 
group, and 16% of patients in the placebo group, discontinued the 
medications because of adverse side effects. Granulocyte colony-
stimulating factor was prescribed in 24% of patients in the ganciclovir, and 
in 9% of placebo receiving patients. Patients receiving ganciclovir did not 
show a longer overall survival compared to placebo, 12 months Kaplan-
Meier death rate of 21% respectively 26%. 

In the second study, the CPCRA study, patients were included, with 
CD4+ cell counts less than 100 cells /mm3, without previous CMV disease, 
and received either oral ganciclovir, 1000 mg 3 times a day, or placebo. 
Median CD4+ cell count was 34 cells /mm3. Neither at base line nor during 
follow-up ophthalmologic screening was included, and only performed in 
case of complaints by the patients. No difference could be found of CMV 
event rate between both groups (101/ 662 ganciclovir receiving patients 
versus 55 / 332 placebo assigned patients) Anti retroviral medication, 
especially didanoside, influenced the CMV eventrate considerably. Subgroup 
analysis of patients without didanoside at study entry suggested a protective 
effect in this subgroup. Adverse effects were more frequently reported in 
patients with ganciclovir, especially serious neutropenia (neutrophils < 750 
x 106/1). 

CMV event rate was higher in the Syntex study 22%, compared to 16% 
in the CPCRA study. This could be due to the difference in CD4+ cell 
counts, median CD4+ cell counts in the Syntex 1654 study 22 cells /mm3, 
versus 34 in the CPCRA study, but more likely is caused by different 
examination protocols. In the CPCRA study systematic ophthalmologic 
examination was not part of the protocol. CMV retinitis can be present 
without signs. Without fundoscopy in mydriasis, one can easily miss a 
substantial number of CMV events. 

In the Syntex study the effect of a CMV DNA PCR assay in peripheral 
blood was analysed. Surprisingly the effect of prophylaxis resulted in a small 
reduction of CM V disease in those patients with high viral loads at base line, 
a 39% reduction in event rate in patients with medium level viral loads, and 
a 90% reduction in those who were PCR negative. Oral ganciclovir seems 
to be best in preventing clinical manifest CMV disease in patients belonging 
to phase I, CMV present but latent, and functions in this group of patients 
as a true prophylaxis. However the prevalence of CMV disease in patients, 
PCR negative at base line, was very low and the need for prophylaxis 
questionable. 

A point of concern is the observation that both foscavir and ganciclovir 
given intravenously are capable of clearing circulating CMV for a relative 
short period of time. Within 2 to 3 weeks of treatment even with the most 
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sensitive method, the CMV DNA PCR assay, one cannot detect CMV in 
the peripheral blood. However 40% of patients again show a positive CMV 
DNA-emia after 1 month of cessation of therapy, rising to over 80% after 
2 months.377 

Other drugs such as cidofovir, or lobucavir have not been tested as 
prophylactic drug and perhaps will show some success in the prevention of 
CMV disease, but the working spectrum and the toxicity profile of these 
drugs is such that a real improvement seems unlikely. 

Perhaps different strategies of prophylactic / pre-emptive therapy can be 
more effective. The use of a combination of oral therapies could be the 
answer. Or the use of pulsed therapy, using intravenous treatment when 
viral load is high, switching to oral therapy, when viral load is again low. 
Monitoring viral load will then become very important to anticipate 
development or relapse of visceral disease, and also to detect the 
occurrence of resistance. 

New drugs and different strategies need to be evaluated and there is great 
need for a more reliable quantitative virologie marker, or markers, to 
differentiate between patients, at no or low risk for development of CMV 
disease, and those at high risk, who will benefit most from adequate 
prophylaxis. 

Recently several studies have addressed the cost-effectiveness of CMV 
disease prevention in AIDS patients using oral ganciclovir and periodic 
plasma testing for CMV viral load.382;383 These studies were performed 
based on costs of health care in the USA. The studies showed a small 
benefit at great cost. The authors conclude that at the moment there are 
no cost-effective strategies for advanced HIV infection and positive 
CMV serology. Perhaps it would become potentially cost effective if it 
would become possible to target the prophylaxis to patients who are most 
likely to benefit. 

INFLUENCE OF HAART 

The immune system is attacked by HIV in an unprecedented way.23 At 
the start of the infection there is a polyclonal activation of both T- and B 
cells, and an increase in the production of proinflammatory lymphokines, 
like interleukin 2, tumour necrosis factor alpha and interleukin 6. A 
threefold to fourfold increase in T cell turnover of both CD4+ and CD8+ 
cells has been noted. This process also augments the replication of HIV 
and ultimately leads to cell death of T lymphocytes. Especially the CD4+ 
lymphocytes become victim of this process. The CD4+ lymphocyte is the 
carrier of long term immune memory and plays a pivotal role in the 
concerted action of the immune system against an invading organism. 
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Each T-lymphocyte has a specific receptor that determines the antigen 
against which the T-cell will respond maximally. In healthy individuals there 
exists a large repertoire of antigen specificity due to the presence of a large 
number of different T-cells. The continuous loss of CD4+ lymphocytes will 
lead to a diminishing repertoire of antigens against which an effective 
immune response can be elicited. Important defence against opportunistic 
infections of T lymphocytes reside in the CD4+ subset. Ongoing loss of 
these cells will eventually put the patient at higher risk for developing an 
opportunistic infection like CMV retinitis. Besides this loss of T-cells, there 
is also an inability of the remaining cells to respond in a proper way, because 
of the presence of actively replicating HIV. The risk of CMV retinitis will 
become significant after the CD4+ cell count drops below 100 cells/mm3. 
Not all patients will develop CMV retinitis, however, because the immune 
competence against CMV also depends on the anti-CM V repertoire of the 
remaining T-cells. 

Protease inhibitors interfere with the enzymatic reaction that cuts long 
strands of HIV-encoded protein into usable strands. The combination of 
two reverse transcriptase inhibitors and one protease inhibitor, triple 
therapy, has a profound effect on HIV viral load in patients. This 
combination therapy has been called Highly Active Anti-Retroviral 
Therapy (HAART). As a result the CD4+ cell counts rise dramatically in 
most patients. However, will the increase in CD4+ cell counts also lead 
to a restoration of the immune-repertoire? Reconstitution of T-cell 
repertoire is age dependent. In patients immunocompromized due to 
chemotherapy it has been shown that beyond the age of 20 years, hardly 
any reconstitution takes place.384 Studies of the T-cell receptor repertoire 
after the start of HAART have shown that in spite of a rise in CD4+ cell 
count, the repertoire stayed as restricted as before therapy.385 

In those patients with an increase in the number of CD4+ cells and a 
sufficient extension of their repertoire, as a consequence of the restoration 
of the immune system, there is a drop in incidence of CMV retinitis and 
a better control of pre-existing CMV retinitis.386;387 Is it still necessary 
to screen patients with previously low CD4+ cell counts? Which patients 
will need continuation of maintenance, and which can stop? 

Before HAART, screening of HIV-positive patients was scheduled 
according to their CD4+ cell counts. Patients with CD4+ cell counts above 
100 cells / mm3 were seen annually. Screening every 6 months started 
when CD4+ cell count fell between 50 and 100 cells / mm3. When CD4+ 
cell count were less than 50 cells / mm3 patients were seen every 2 to 3 
months. This seemed prudent in light of the observation that 15% of 
patients with CD4+ cell counts less than 50 cells / mm3 could harbour 
unsuspected CMV retinitis. The positive change in immune-responsiveness 
caused by HAART brings up the question which patient still has to be 
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screened. Patients have been reported with excellent response to HAART, 
with CD4+ cell counts above 100 cells / mm3, who still developed CMV 
retinitis.388"390 Almost all patients were diagnosed with retinitis in the first 
2 months after the start of HAART. Three out of 4 patients who were 
diagnosed after this period belonged to the group of patients defined as poor 
responders to HAART, with either continuing high HIV viral loads, or no 
increase in CD4+ cell counts.390 Most authors advise to screen all patients 
according to the lowest CD4+ cell count recorded before the start of 
HAART irrespective of the first favourable response to HAART.386 

Another issue is the need for continuation of maintenance therapy in 
patients with a quiet CMV retinitis and a good response to HAART with a 
rise in CD4+ cell count of over 100 cells / mm3.391394 Recurrences have 
been reported following HAART, but almost exclusively in those patients 
that did respond poorly to HAART.387 HIV viral load, CD4+ cell count, 
presence or absence of activity of retinitis, localisation of the lesions, visual 
acuity, general condition and current medications, and last but not least the 
patient's own opinion, are all important in the decision to stop or to continue 
maintenance. 

Interestingly, patients with CMV retinitis have been described with an 
increased inflammatory response in the eye following the start of HAART. 
395 This increased vitreous inflammation could be the result of immune-
restoration with recurrence of a more effective immune response, not 
seen in the pre-HAART era.23 

With the advent of H AART a dramatic improvementhas been accomplished 
in the course of the HIV infection, with it a sharp decline in the incidence 
of CMV retinitis. How long this trend will continue is not known. 
Unfortunately the number of patients who fail antiretroviral therapy 
increases, either because of the development of resistance or as a result 
of the inability to tolerate the drug regime. 

There is a need to monitor the efficacy of the immune system of the 
individual patient to control CMV. The CD4+ cell count and the HIV viral 
load are indirect and surrogate markers in this respect. Perhaps CMV 
viral load measurements, if standardised and commercially available, and 
immunologic tests to evaluate the response to CMV antigens, can more 
accurately determine the immune functionality against CMV of the 
patient. 

SUMMARY 

With the advent of the AIDS epidemic in 1981, it became clear that CMV 
was the most common opportunistic viral infection in HIV-positive patients. 
The incidence of clinical manifest CMV disease is 24% / year in HIV-
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positive patients with CD4+ lymphocyte counts less than 50 cells / mm3. 
In over 90% of these cases the eye is involved, showing a necrotizing 
retinitis. Patients withhigherCD4+cell counts and CMV retinitishave been 
reported, but were exceptional. Detection of CMV DNA by PCR, either in 
whole blood or in plasma / serum, and the quantitative pp65 antigenemia, 
al low a better discrimination between patients, with comparable CD4+ cell 
counts, who will and who will not develop CMV retinitis. 

Initial symptoms caused by CMV retinitis are modest in most affected 
patients, and 20 to 40% of patients are totally unaware of the presence of 
an ocular disease. The clinical appearance of untreated CMV retinitis has 
been described as a spectrum with two extremes: fulminant/oedematous 
type and indolent/granular type. At the lead edge of both lesions a dry-
appearing granular border is present. Satellite lesions some at 500 um or 
more of the main border can be seen. Spread of the retinal necrotic area is 
relatively slow, and in spite of large areas of necrotic retina the inflammatory 
response is minimal. 

The most frequent complication of CMV retinitis is a rhegmatogenous 
retinal detachment. Prevalence of retinal detachment varies between 15 and 
35%. Although final visual results in eyes after surgical intervention at first 
glance are rather disappointing, they are certainly better compared to eyes 
which are not treated. 

CMV probably reaches the eyes through dissemination of virus via the 
blood during a period of viremia. It has been hypothesised that HIV related 
microangiopathy allows entrance of CMV into the retina via damaged 
microvasculature. The pathogenesis of this microangiopathy has not been 
clearly defined and different hypotheses have been formulated. The most 
important one seems to be a change in bloodflow caused by 
haemorheological abnormalities. 

Besides other infectious retinitis cases, like toxoplasma, VZV and HSV 
retinitis, CMV retinitis has to be differentiated from retinal abnormalities 
caused by HIV associated vasculopathy and from intraocular neoplasms. 
Differential diagnosis has to be accurate and without delay, and detection 
of DNA in ocular fluid samples is a highly sensitive and specific method 
to determine which pathogen is causing retinitis in a given patient, or 
exclude a pathogen in cases with non-infectious retinal pathology. 

The treatment of CMV retinitis consists of an induction therapy to bring 
the retinitis under control, achieved with a higher dose of drug for 2 to 3 
weeks, followed by lifelong maintenance therapy with a lower dose to 
prevent a relapse. Ganciclovir, foscavir and cidofovirhave all been proven 
to be effective in the treatment of CMV retinitis. All three drugs are able 
to control CMV retinitis and to prevent relapse for a considerable length 
of time. An oral formulation of ganciclovir is only slightly less effective as 
maintenance therapy, and forms a reasonable alternative for those 
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patients without direct sight threatening lesions. 
Regimes for local intra-vitreal administration of ganciclovir, foscavir, and 

cidofovir have been successfully applied. The lack of protection of the 
second eye in unilateral cases, and the lack of treatment of extra ocular CMV 
disease is amajor disadvantage of strictly local therapy. The most effective 
local therapy is delivered by the intraocular device. Median time to 
progression was 221 days in patients with the implant, versus 71 days with 
intravenous therapy. Several strategies have been advocated in treating 
frequent recurrences : increasing the dose of the drug, switching to another 
drug, using a combination of drugs and supplementing systemic therapy 
with local therapy. CMV strains resistant to ganciclovir and/ or foscavir and 
/ or cidofovir have been reported in patients treated for CMV retinitis. 
Although oral valaciclovir, and oral ganciclovir, significantly reduced CMV 
event rate in patients at risk for developing CMV disease, the unwanted toxic 
side effects, and their modest efficacy, limits the wide spread use of these 
drugs as primary prophylaxis. 

Asa result of Highly Active Anti-Retroviral Therapy (HAART) the CD4+ 
cell counts rise dramatically in most patients. As a consequence of the 
restoration of their immune system there is a drop in incidence of CMV 
retinitis and a better control of pre-existing CMV retinitis. 

How long this trend will continue is not known. Unfortunately the number 
of patients who fail antiretroviral therapy increases, either because of the 
development of resistance or as a result of the inability to tolerate the drug 
regime. 
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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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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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ABSTRACT 

A im-lo describe the risk of developing cytomegalovirus (CMV) 
retinitis after a first episode of extraocular CMV disease in 
AIDS patients. 
Methods-A review of the clinical records of 20 AIDS patients, 
without CMV retinitis, with histologically confirmed extraocular 
CMV disease, was performed. The main outcome measures 
were occurrence of CMV retinitis, time to development of 
CMV retinitis, relation to maintenance therapy, and survival. 
Results-A CMV retinitis was diagnosed in 17 of 20 (85%) 
patients with an immunohistologically confirmed diagnosis of 
extraocular CMV disease after a mean follow up of 6.4 
months. Four patients received maintenance therapy. Three of 
them developed retinitis after a mean of 9.6 months (range 2-
16 months). Sixteen did not receive maintenance and retinitis 
was diagnosed in 14 of them after a mean of 5.7 months (range 
2-11 months). Mean survival was 9.9 months afterthe diagnosis 
of extraocular disease, and 4.5 months after the diagnosis of 
retinitis. In the four patients receiving maintenance therapy, 
mean survival was 11.5 months, and in the 16 other patients 
mean survival was 9.5 months. Patients did not receive 
protease inhibitors. 
Conclusion-ln the preprotease inhibitor era extraocular CMV 
disease strongly predisposes to the subsequent development of 
CMV retinitis. Although maintenance therapy did not prevent 
the occurrence of retinitis, the time period between both events 
seems to lengthen considerably. In patients receiving main 
tenance survival is also longer. 
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CMV retinitis following extra-ocular CMV disease. 

Clinically manifest cytomegalovirus (CMV) disease is the most often 
diagnosed opportunistic viral infection in HIV positive patients. The annual 
incidence in patients with CD4+ lymphocyte counts below 100 cells x 107 
1 is 14%; and if CD4+ cell counts fall below 50 the incidence rises to 24% 
per year. The most debilitating, clinically significant CMV disease affects 
the eye, and CMV retinitis is present in approximately 90% of all cases with 
CMV disease.13 

Extraocular CMV disease has been considered to predispose for developing 
CMV retinitis, but exact data are not well known. Although maintenance 
therapy in case of CMV retinitis is mandatory, it is more questionable 
after other end organ disease. Most authors advise maintenance therapy 
only after a relapse of CMV disease.4 5 One study reported an equal 
number of newly diagnosed CMV retinitis with or without maintenance 
therapy after a first episode of gastrointestinal CMV disease.6 Even 
though new treatment modalities, such as oral ganciclovir, are now 
available, secondary prophylaxis is not routinely prescribed.7 

To answer the question, how often CMV retinitis occurs after an 
extraocular CMV disease, and whether there is a rationale for maintenance 
treatment after CMV end organ disease outside the eye, we carried out a 
retrospective analysis in all HIV positive patients seen in the AIDS 
department, who had a biopsy proved non-ocular CMV disease between 
March 1989 and March 1995. The incidence of CMV retinitis after a non-
ocular CMV end organ disease and the time period between both events 
was registered, as was the survival after the occurrence of CMV disease. 
Additionally, the influence of maintenance therapy on these events was 
analysed. 

PATIENTS AND METHODS 

Medical records of patients admitted to the AIDS unit of the Academic 
Medical Centre between March 1989 and March 1995 with a biopsy proved 
first episode of extraocular CMV disease were reviewed. 

For histopathology, biopsies were fixed in 10% buffered formalin (pH 
7.4) and embedded in paraffin, processed, and routinely stained with 
haematoxylin and eosin. Sections 4 ~m thick were used for immunohisto-
chemical detection of CMV, using a monoclonal antibody against the 
immediate early antigen of CMV (E13, Biosoft Lab) with the streptavidin 
method. Before incubation, the slides were deparaffinised and pretreated 
with pepsin 0.25% in 0.01 HCL for 10 minutes. Slides were read positive 
when nuclei of epithelial, endothelial, or stromal cells stained brightly with 
the antibody, whether or not nuclear inclusions were seen on the haematoxylin 
and eosin slides. 
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Table 1 Characteristics of 20 AIDS patients with a histopathologically confirmed first episode of extra-ocular 
CMV disease, but not yet suffering from retinitis. 

Pat nr CMV extra-ocular Induction Interval 
Date Localisation CD4+ Therapy Maintenance E-Oc / Ret Survival 

1 01-06-91 Upper-GI 20 GCV(2)/Fosc(l)/ 
GCV+Fosc(2) 

GCV 16 8 

2 01-03-90 Poly Rad 10 GCV(l)/ 
GCV + Fosc(2) GCV 11 2 

3 10-07-91 Upper-GI 40 GCV(4) GCV - 4 
4 07-04-89 Upper-GI 10 GCV(2) / Fosc(2) Fosc 2 3 
5 01-05-89 Lower-Gl 10 GCV(3) - 3 2 
6 01-07-92 Lungs 10 GCV(3) - 2 2 
7 15-03-95 Upper-GI 10 GCV(2) - 4 4 
8 01-06-92 Upper-GI 10 GCV(4) - 5 1 
9 15-09-92 Upper-GI 10 GCV(2) - 2 2 
10 09-10-92 Upper-GI 10 GCV(2)/Fosc(2) - 6 6 
11 01-06-90 Upper-GI 40 GCV(2) - 6 7 
12 20-01-94 Lower-GI 40 GCV(3) - 9 3 
13 01-04-93 Lower-GI 10 GCV(5) - 8 4 
14 08-05-95 Lower-GI 20 Fosc(3) - 7 2 
15 09-12-93 Lower-GI 10 GCV(2) - 11 5 
16 20-08-92 Lower-GI 10 GCV(3)/Fosc(l) - 9 12 
17 01-08-92 Lower-GI 20 GCV(3) - 2 8 
18 01-02-91 Lower-GI 20 GCV(2) - 6 1 
19 05-03-92 Lungs 10 GCV(l)/Fosc(2) - - 2 
20 20-09-90 Upper-GI 80 GCV(2) - - 11 

Date - Date of diagnosis of extra-ocular CMV disease. Localisation: Upper-GI = upper gastro-intestinal tract; 
Lower-GI =Iower gaslro-intestinal tract; Lungs = CMV pneumonitis;PoIy rad =CMV Polyradiculopathy; 
CD4+ = CD4 positive lymphocyte count, cells x 1071. Induction therapy: GCV = ganciclovir 5mg / kg ! twice 
daily; Fosc = foscavir 90 mg / kg / twice daily; GCV+ Fosc = combination of both therapies, (n) = number of weeks 
treated. Maintenance: GCV = ganciclovir 5mg / kg/ day; Fosc = Foscavir 90mg / kg / day. Interval E-Oc / Ret = 
time between extraocular CMV disease and CMV retinitis in months; (-) = no CMV retinitis occurred. Survival^ 
survival time after diagnosis of CMV retinitis in months. 

According to standard practice of the Academic Medical Centre all these 
patients were seen by an ophthalmologist at the time of diagnosis of 
extraocular CMV disease. Patients were included in this study if no 
retinitis was diagnosed at that time. All patients had to respond favourably 
to induction therapy with either ganciclovir, 5 mg/kg/day twice daily, or 
foscavir, 90 mg kg/day twice daily, or a combination of both drugs. 
Maintenance therapy after extraocular CMV disease is generally not 
prescribed. All patients included had regular, monthly eye examinations by 
an ophthalmologist after the occurrence of an extraocular CMV disease. 
According to the CDC classification, CMV retinitis was diagnosed when 
a necrotising retinitis with a characteristic "cheese-like" appearance was 
present with or without haemorrhages.8 Additionally a favourable response 
to therapy had to be present. 

Entry criteria were fulfilled in 20 patients. Patient characteristics are 
shown in Table 1. Mean age at diagnosis of extraocular CMV disease was 
42 years (range 32-58 years). In two patients the CMV disease was the 
AIDS defining diagnosis. In the other 18 patients the AIDS diagnosis 
preceded the diagnosis of CMV disease with a mean of 2 years (range 0.5-
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CMV retinitis following extra-ocular CMV disease. 

8 years). AIDS defining diagnosis was seven times Pneumocystis carinii 
pneumonitis, five times Kaposi's sarcoma, four times Candida oesophagitis, 
and twice cryptosporidial diarrhoea. 

For statistical analysis, comparing the time period between the first non-
ocular CMV disease and the occurrence of CMV retinitis, in the patients 
receiving maintenance therapy versus the patients not receiving 
maintenance, the Kaplan-Meier method and the log rank test were used. 

RESULTS 
In 17 of 20 (85%) patients with an immunohistologically proved non-

ocular clinically manifest CMV infection a CMV retinitis occurred after a 
mean follow up of 6.4 months (range 2-16 months, see Table 1). Four 
patients (patients 1-4, Table 1) received maintenance therapy, 5 mg 
ganciclovir/kg/day or 90 mg foscavir/kg/day, and in three of them CMV 
retinitis was diagnosed after 2,11, and 16 months (mean 9.6 months). The 
fourth patient (patient 3) died after a follow up of 4 months without the 
occurrence of retinitis. In one patient (patient 4) maintenance therapy was 
stopped after 1 month because of drug toxicity, 1 month before a 
diagnosis of retinitis. Sixteen patients did not receive maintenance. In 14 
of these patients (87.5%) a CMV retinitis was diagnosed after a mean 
follow up of 5.7 months, range 2-11 months. Two patients (patients 19 
and 20) died without the occurrence of retinitis, after 2 and 11 months 
respectively. 

Statistical analysis showed that the difference in the time between both 
events was not statistically significant (P2 = 1.8545, p= 0.17). 

Mean survival after a diagnosis of non-ocular CMV disease was 11.5 
months in the four patients with maintenance and 9.5 months in the 16 
patients without maintenance. Mean survival after a diagnosis of CMV 
retinitis was 4 months in the maintenance group and 4.5 months in the 
non-maintenance group of patients. 

DISCUSSION 

This study shows that extraocular CMV disease is a major risk factor for 
developing CMV retinitis. Seventeen out of 20 (85%) AIDS patients with 
a biopsy proved extraocular CMV disease developed CMV retinitis after a 
mean follow up of 6.4 months. 

Although numbers are small, maintenance therapy seems to postpone the 
development of CMV retinitis after an extraocular CMV disease. Without 
maintenance therapy retinitis occurred after a mean follow up of 5.7 
months, whereas with maintenance therapy the mean retinitis-free interval 
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became 9.6 months (2,11, and 16 months). Owing to the relatively small 
number of patients this difference did not reach statistical significance. 

One recent study reported CMV retinitis to occur in 22% of 239 HIV 
positive patients within 1 year of follow up. CD4+ lymphocyte count was 
less than 50 cells x 106/1 in over 90% of these patients.2 In another 
prospective study of 367 HIV positive patients, with a CD4+ count below 
100 cells x 10V1, and a mean follow up of 2.9 years, 32% of the patients 
developed a CMV retinitis.3 

Both patient groups described are comparable with the patients included 
in this study. All patients have the same disease stage and equal CD4 positive 
lymphocyte counts. Comparing the incidence of CMV retinitis in the 
patients included in this study, 85% in 2 years, with the reported incidence 
in the literature, 22% in 1 year and 35% in 2.9 years, proves extraocular 
CMV disease to be a major risk factor for developing subsequent retinitis. 

To the best of our knowledge there are no reports that systematically look 
for retinitis as a secondary event after a first episode of extraocular CMV 
disease or the effect of maintenance therapy in these cases. The overall 
conclusion out of those studies at least mentioning the occurrence of 
CMV retinitis after a first episode of extraocular CMV disease is that the 
association between both events is very high.3913 

In a study describing the natural history and necropsy findings in a cohort 
of 1227 HIV positive patients, seen between 1984 and 1994, the risk of a 
relapse of CMV disease was significantly higher in patients not receiving 
maintenance therapy.14 Moreover, relapses occurred later in patients 
given maintenance therapy compared with those without maintenance 
treatment (20% of patients, median time of 17 months, versus 62%, 
median time of 5.5 months). Maintenance therapy however did not 
improve survival, with a mean of 8 months in both groups. Relapse was 
defined in this study as a new CMV organ disease at the same or different 
site after a complete resolution of the first episode. No details were 
provided concerning the occurrence of CM V retinitis after a diagnosis of 
extraocular CMV disease. 

Aprevious study however claims no effect of maintenance therapy after 
a successful treatment of gastrointestinal CMV disease.6 Neither the 
number of relapses of gastrointestinal CMV disease, nor the number of 
CMV retinitis developing, nor the median time to occurrence of this 
second event differed between patients receiving maintenance therapy or 
patients without maintenance therapy. In the latter study, the decision to 
embark on further treatment was left to the clinical investigator unless 
there was concurrent retinitis; in such cases, maintenance therapy was 
started routinely. The maintenance receiving group must have included 
patients with retinitis from the start and this must have influenced the 
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recurrence rate in a negative way, in light of the high rate of recurrence of 
CMV retinitis despite maintenance therapy. 

Protease inhibitors were not generally prescribed during the time period 
the patients included in this study were seen, and in fact there were no 
patients included who received protease inhibitors. 

Considering the 85% of patients with a diagnosis of CMV retinitis, 
following a first episode of extraocular CMV disease, after a mean follow 
up of 6.4 months, found in this study, it seems obvious that extraocular CMV 
disease strongly predisposes to the subsequent development of CMV 
retinitis. CMV retinitis occurred despite the fact that extraocular CMV 
disease seemed to be completely healed after 3-5 weeks of antiviral 
treatment. Although maintenance treatment did not prevent the occurrence 
of CMV retinitis the time interval between both events was considerably 
longer in patients receiving maintenance therapy. One patient receiving 
maintenance therapy with foscavir, 90 mg/kg/day, had to stop, owing to 
drug toxicity. This patient developed CMV retinitis within 1 month after 
stopping the maintenance therapy. This patient is a good example of both 
the desirability of an effective maintenance therapy and the unwanted toxic 
side effects of the drugs available today. 

Although our study does not provide conclusive evidence in favour of 
maintenance therapy after an initial extraocular CMV disease, frequent 
ophthalmic examinations are definitely warranted in such patients. The 
introduction of protease inhibitors and the use of anti-HIV multidrug 
combination therapy may alter the treatment strategies against CMV 
drastically in the near future. 
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Objective: To investigate possible differences in cytomegalovirus 
(CMV) strain distribution between the eye and blood in AIDS 
patients with CMV retinitis. 
Methods: CMV DNA sequences from aqueous humour and 
peripheral blood leukocytes (PBL), obtained from 13 AIDS 
patients with CMV retinitis, were compared. DNA was 
isolated and the CMV IE-1 sequence (part of the immediate 
early-1 gene) and the «-sequence (located in the a-region) 
were amplified by polymerase chain reaction (PCR). The 
PCR products of the o-sequence were analysed by Southern 
blotting for amplified fragment-length polymorphisms. The 
level of divergence between the a-sequences of aqueous 
humour- and PBL- derived CMV was studied in two patients 
by cloning these sequences followed by sequence analysis. 
Results: CMV DNA could be detected in all aqueous humour 
samples and in 10 out of 13 paired blood samples. In the 10 
patients, with CMV DNA detectable in both aqueous humour 
and PBL, seven cases showed differences between the 
amplified products of both compartments. Sequence analysis 
in two patients revealed that the aqueous humour and PBL of 
the same patient can harbour both identical, similar and highly 
divergent CMV a-sequences. 
Conclusion: These results indicate that despite haematogenous 
spread of CMV, the eye, being a relatively shielded organ, may 
contain CMV strains different from those found in the blood. 
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INTRODUCTION 

Cytomegalovirus (CMV) is the most common opportunistic viral infection 
in HI V- positive patients and retinitis is the most frequent clinical manifestation 
of CMV disease. The annual incidence of CMV retinitis is approximately 
24% in patients with a CD4+ lymphocyte count below 50 x 1(M [1-3]. 
The diagnosis of CM V retinitis is based on a typical clinical ophthalmologic 
picture consisting of a "cheese-like" necrotizing retinitis with or without 
haemorrhage [4]. Additional confirmation of CMV as the causative 
pathogen can be made by detection of CMV DNA by polymerase chain 
reaction (PCR) [5-7]. Demonstration of intraocular CMV, by cell culture 
or shell vial assay out of vitreous samples taken from patients ante 
mortem, is very rarely successful [5,8,9]. To our knowledge, positive 
results of virus isolation or shell vial assay out of aqueous humour samples 
has not yet been reported. 

In homosexual men, with and without concurrent HIV infection, restriction 
fragment- length polymorphism (RFLP) analysis of CMV isolated from 
blood, urine and semen has shown that infection with multiple CMV 
strains is relatively common. More than one strain has been demonstrated 
in individual patients both simultaneously and serially at different sites, 
such as lungs, prostate, Kaposi's sarcoma lesions, testis, urine and semen 
[10-14]. Multiple strains were even found simultaneously at the same site 
[14]. 

To distinguish between different CMV strains, several PCR-based 
polymorphisms have been described. For example, RFLP of amplified 
coding sequences of CMV glycoproteins revealed at least four different 
genotypes for glycoprotein B and two for glycoprotein H [15-17]. The 
most variable part of the CMV genome described so far is theo-region, 
which is anon-coding region located in the L-Sj unction [between the long 
(L) and short (S) isomers] of CMV and is thought to contain signals for 
cleavage and packaging essential for viral replication [18]. RFLP and 
amplified fragment-length polymorphism (AFLP) analysis of PCR amplified 
a-sequences has been widely used to characterize differences between 
strains in epidemiological studies [ 19-26]. 

No data are available concerning analysis of CMV strains recovered from 
the eyes of patients with CM V retinitis. In this study we therefore compared 
CMV strains in paired aqueous humour and blood samples obtained from 
AIDS patients with CMV retinitis. In view of its hypervariability, the CMV 
a-sequence was used for this study to characterize possible strain 
differences and relatedness. Because very small differences, such as a single 
base-pair change, may lead to strain differentiation in RFLP analysis, we 
used AFLP, which can indicate more drastic variation, such as deletions and 
insertions. 
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The results indicated that CMV strain composition in the eye and blood 
was different based on AFLP in three out of the 10 patients in whom CMV 
DNA could be detected in both compartments. In four additional patients, 
the absence of PCR products suggested strain differences between the 
compartments. 

PATIENTS AND METHODS 

Patient selection 

Between 1993 and 1997,58 aqueous humour and paired blood samples 
of AIDS patients with retinitis were analysed for diagnostic reasons. In 
several cases, sufficient sample material was still available for further 
analysis. Patients were included in this study when there was sufficient 
sample material stored to be analysed and the immediate early (IE)-l 
sequence could be detected in the aqueous humour sample. In addition, 
patients had to have a definite diagnosis of CMV retinitis. A definite 
clinical diagnosis of CMV retinitis was based on the typical clinical 
ophthalmologic findings and a favourable response to conventional (re) 
induction and maintenance therapy with ganciclovir. Thirteen AIDS 
patients with CMV retinitis diagnosed between 1993 and 1997 were 
included in this study. 

The mean age of the patients was 40 years (range, 27-49 years). All 
patients were homosexual men. AIDS diagnosis preceded the occurrence 
of CMV retinitis with a mean of 2.5 years (range, 1-6 years), apart from 
one patient, whose AIDS-defining diagnosis was CMV retinitis. The AIDS-
defming diagnosis was Pneumocystis carinii pneumonia in eight cases, 
Kaposi's sarcoma in two, central nervous system toxoplasmosis in one, 
Candida oesophagitis in one, and CMV retinitis in one. Mean CD4+ 
lymphocyte count at the time of diagnosis of CM V retinitis was 35 x 107 
1 (range, 10-70 x 106/l). Five patients were still living atthe end of the study 
for a mean period of 5.8 months after the diagnosis of CM V retinitis (range, 
2-9 months). Mean survival time afterthe diagnosis of CMV retinitis in the 
seven patients who died during the study was 9.8 months (range, 1-17 
months). With exception of patients 3 and 8, all patients were diagnosed at 
the Department of Ophthalmology of the Academic Medical Center 
(University of Amsterdam). In patients 1-10, samples were collected at the 
first time retinitis was diagnosed, before therapy was started. Inpatients 11, 
12, and 13 there was a 1 -week delay in sample collection and patients had 
already been treated during that week with induction therapy consisting of 
ganciclovir 5 mg / kg twice daily before samples were obtained. 
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Isolation of viral DNA and PCR amplification 

DNA was isolated from peripheral blood leukocytes (PBL) and aqueous 
humour samples, as described by Boom et al. [27]. DNA was dissolved in 
50—1 water. For PCR analysis, 5 ~1 of this solution was amplified in a volume 
of 50 ~1 containing 10 mmol/1 Tris-HCL (pH 8.3), 50 mM KCl, and 1.5 
mmol/1 MgCL, (for CMV IE-1 sequence) or 6 mmol/1 MgCL (for CMV a-
sequence),40pmoldNTP,2.5 U7ag DNA polymerase (AmpliTaq, Perkin 
Elmer, Foster City, California, USA) and 10 pmol of the appropriate sense 
and antisense primers. The PCR reaction was performed in a thermocycler 
(Trioblock, Biometra, Göttingen, Germany): 5 min at 95° C and for 40 
cycles (CMVIE-1 sequence) or 50 cycles at 56°C (CMV ̂ -sequence), 30 
sec at 95° C, 30 sec at 56°C (CMV IE-1 sequence) or 55° C (CMV a-
sequence), and 1 min at 72° C. 

The «-sequence was amplified by using 5'-TTCCCCGGGGAATCAV 
cACAG-3 ' as the first primer and 5 '-TTTTTAGCGGGGGGGTGAAA-
3 ' as the second primer [26]. The CMV IE-1 sequence was amplified using 
the primers 5'-GTCAGCTGAGTCTGGGAGAC-3' and 5 ' -
GATTCTATGCCGCACCATGTCCAC-3'[28]. 

Southern blot analysis 

Part of the PCR reaction volume was size-fractionated on a 3% agarose 
gel, denatured in 0.4 mol/1 NaOH for 20 min, and blotted to Hybond N 
(Amersham, International, Little Chalfont, Buckinghamshire, UK) 
overnight. Blots were hybridized with a random primed labelled IE1-
specific probe (the cloned AD 169 IE-1 PCR product), and an a-
sequence-specific probe (the cloned AD 169 a-sequence). Hybridization 
was performed as described elsewhere [29]. After hybridization, filters 
were washed in 2 x SSC (0.9 M NaCl/0.09 M sodium citrate dehydrate) 
1 % sodium dodecyl sulphate at 65°C for 30 min. Filters were exposed to 
radiographic film at -70° C. After each hybridization, short exposures were 
made in order to analyse doublets of strong hybridizing signals, and long 
exposures were made in order to clearly show the presence or the absence 
of relatively weak signals. 

Cloning, sequence analysis, and alignment of the PCR products. 

To gain further insight in the relationship between the a-sequences of 
CMV from the aqueous humour and PBL of the same patient, PCR-
amplified a-séquences were cloned and subjected to sequence analysis. For 
this analysis the a-sequence of patient 2, with a PCR product of identical 
length in both aqueous humour and PBL and an additional longer PCR 
product in PBL, and the <7-sequence of patient 8, with PCR products of 
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identical length in aqueous humour and PBL, were used. 
Part of the PCR reaction ( 1 ~1) was used to ligate the amplifieda-sequence 

in pGEM-T (Promega, USA). Transformants were screened for the 
presence of the a-sequence by colony hybridization using the a-sequence 
specific probe. Plasmid DNA of positive clones was isolated and digested 
with PvuII to confirm the presence of an insert. At least 10 clones from 
each sample were analysed for significant sequence differences using the 
Sequenase version 2.0 DNA sequencing kit (Amersham). a-Sequences 
were aligned using a multiple sequence alignment program [30]. 

RESULTS 

In 10 out of 13 patients ( 1 -10), CM V DNA could be demonstrated in both 
the aqueous humour and PBL by the presence of the IE-1 ora-sequence-
specific PCR products, or both. In the other three patients (11-13), CMV 
DNA could only be detected in the aqueous humour (Fig. 1). 

In seven patients (patients 1-7), CMV PCR products of aqueous humour 
and PBL were found to be different. In the first three patients (patients 1-
3), amplification of the a-sequence produced two fragments of different 
length in one compartment, whereas only one fragment was present in the 
other compartment. In patients 4 and 5 the IE-1 sequence could be 
amplified from both aqueous humour and PBL, whereas the a-sequence 
could only be amplified from either PBL (patient 4) or aqueous humour 
(patient 5). In patients 6 and 7, the IE-1 sequence could not be amplified 
from PBL, although CMV DNA was clearly present, as demonstrated by 
the PCR products from the a-sequence. In patient 7, the IE-1 sequence 
could only be amplified from the aqueous humour, whereas the a-
sequence could only be found in the PBL. In patients 8-10, no differences 
were found between the CMV PCR products of the eye and blood. In 
patients 11-13, CMV DNA could only be detected in the eye. 

To determine whether the CMV strains found in the aqueous humour and 
PBL of the same patient were related or highly diverged, thea-sequences 
of two patients were cloned and analysed by sequencing. For this analysis, 
we used a-sequences from patient 2, with two a-sequences of different 
length in the PBL and only one a-sequence in the aqueous humour, and 
the a-sequences from patient 8, with a-sequences of equal length in both 
compartments. Ten clones from each compartment were analysed. For 
comparison the a-sequence of the laboratory strain AD 169 is shown in 
addition to the patient-derived sequences (Fig. 2). In the clones derived 
from the PBL of patient 2, an extendeda-sequence, explaining the longer 
a-sequence PCR fragment, was found. The 5' part of this sequence (B2.1 ) 
was highly homologous to B1, whereas the 3' part appeared to be a partial 
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Fig. 1 Amplified fragment length polymorphism's of Cytomegalovirus (CMV) «-sequences. 
Patients were numbered 1-13. E lanes indicate eye-derived CMV sequences andB lanes 
indicate blood-derived CMV sequences. IE-1 indicates the polymerase chain reaction 
(PCR) products of the Immediate Early 1 gene sequence and a-seq indicates the PCR 
products of the a-sequence from each patient. Only one exposure of the Southern blot 
analysis is shown. The position and the intensity of the various PCR fragments, as 
deduced from several different exposures, is schematically indicated at the right site 
of the autoradiograph. 

duplicatedsequence(B2.2),lackingnucleotidesbetweenpositionsland 
51. Al 1 «-sequences identified in the aqueous humour-derived clones from 
patient 2 were identical (E1 ) and the same sequence was identified in PBL 
(B3). 

The o-sequence-specific PCR products from PBL and aqueous humour 
of patient 8 were all of similar length as analysed by Southern blot (Fig. 1 ). 
All PBL-derived clones were identical (sequence B1 ). In aqueous humour, 
the same sequence was found (E2) in addition to the highly similar sequence 
El, which showed several small deletions in the 5' end compared with B1 
and E2. 
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Fig. 2 Sequence analysis of the a-sequence from patient 2 (top panel) and patient 8 (bottom 
panel). The B sequences are blood-derived, and the E sequences are eye-derived. The 
sequence of the laboratory Cytomegalovirus (CMV) strain AD 169 is shown at the 
bottom. Polymerase chain reaction primer sequences are underlined and asterisks (*) 
indicate regions of high homology. The position of the packaging sequences PAC1 
and PAC2 and the endonuclease restriction sites BssHII, Mnll are indicated. 
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DISCUSSION 

PCR analysis of the CMV a-sequence and IE-1 sequence of DNA 
extracted from aqueous humour samples andpaired blood samples of AIDS 
patients with CMV retinitis suggested genomic differences in seven out of 
10 patients. 

AFLP demonstrated the presence of an additional strain in one of the 
compartments in patients 1-3. In patients 4-7, loss of detectable PCR 
product, either a-sequence or IE-1 sequence, occurred in one of the 
compartments. Repeating the PCR and Southern blot analysis of these 
four patients led to the same results (data not shown). These results 
indicated nucleotide variations in the CMV sequences complementary to 
the PCR primers that were sufficient to inhibit PCR amplification. In 
previous reports, others have also assumed mutations at the primer sites 
to be aprobable cause of negative PCR results [22,23,26]. 

PCR analysis of the a-sequence located within the L-S junction is 
considered a reliable method by which to compare CMV strains for 
epidemiological studies [22-26]. This method makes it possible to use 
original clinical specimens directly, and enabled us to compare CMV 
strains from the eye and blood for the first time. 

The CMV strains detected in the aqueous humour are most likely identical 
to the strains causing retinitis. False positive results are unlikely to account 
for the detection of CMV DNA in aqueous humour in HIV-positive 
patients with CMV retinitis. This is supported by two previous studies 
using PCR-based analysis of aqueous humour samples in the differential 
diagnosis of retinitis in AIDS patients [6,7]. In addition, inpatients without 
ocular infection (n=38), and HIV-uninfected patients with intraocular 
infections such as acute retinal necrosis (n=16) or toxoplasmic retinitis 
(n=22), CMV DNA could not be detected by PCR analysis of ocular fluids 
in our laboratory (data not shown). 

Strain differences between blood and the eye, as observed in this study, 
can be explained in several ways. After infection with CMV and during 
continuing replication, different local evolution possibly leads to strain 
differences between the eye and blood. Alternatively, after a first 
infection with CMV, infection with a new CMV strain can occur, which, 
although present in blood, does not reach the eye. If genomic differences 
develop in the course of time between the CMV strain(s) in the eye and 
blood, they can persist for a long period of time because the eye is 
relatively shielded from the blood by the presence of the blood-retinal, and 
blood-aqueous barrier [31]. 

Both mechanisms, different local evolution or reinfection with a new 
CMV strain, were supported by the sequence analysis of the a-sequence 
of patient 2. The 5' part of the partially duplicated a-sequence of clone B2 
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was almost identical to the sequence of clone B1, suggesting that the strain 
with the B2 sequence had evolved from Bl by incomplete duplication. 
In vivo, strain differentiation has been described after inoculation of 
volunteers with the human CM V Towne strain and comparing the original 
strain with the strains that could be cultured afterwards [32]. The 
presence of highly divergent a-sequences in the same compartment, 
suggesting infection with different strains, was also supported by the 
sequence data from patient 2. Thea-sequences B1 /B2 and the ̂ -sequences 
B3/E1 only showed high homology in the PAC-2 region, while many small 
deletions and insertions were present at both the 5' and 3' side of this region. 
This suggests that the CMV strain with the B1/B2 sequence has not (yet) 
reached the eye and represented areinfection of the blood. Reinfection with 
a second CMV strain has been previously described in homosexual HIV-
positive patients [12,13]. 

The sequence analysis of the a-sequences confirmed the differences 
between the strains, as found by AFLP analysis. The most informative 
restriction enzyme sites in the «-sequence for differentiation of CMV 
strains are Mnll and BssHII [26]. Additional RFLP analysis of the cloned 
a-sequences using these enzymes would not have added much to the 
already detected strain differences found by AFLP (Fig. 2). 

The absence of detectable CMV DNA in the blood of patients 11-13 was 
most probably due to the fact that they had already been treated with 
ganciclovir at the time of sampl ing. The rapid disappearance of detectable 
CMV DNA in the blood of patients treated for CMV retinitis has been 
reported previously [33]. 

Differences in the «-region found between C MV strains do not necessari ly 
reflect differences in the remainder of the genome. The coding regions of 
the genome in particular are more conserved. Nevertheless, the different 
strains as observed in this study canhave different biological properties such 
as tropism, virulence and drug resistance. Some CMV strains could be more 
ophthalmotropic, and could still be present in the eye, although absent from 
the blood. Additionally, determination of drug resistance of blood-derived 
CMV strains is therefore not necessarily representative of resistance of the 
intraocular CMV strain(s). Patients with progressive CMV retinitis have 
been reported despite standard treatment with ganciclovir, although CMV 
recovered from the blood of these patients showed normal sensitivity to 
ganciclovir [34]. Limited ocular penetration of systemically administered 
ganciclovir is one explanation, but strain differences between blood and eye, 
as demonstrated in this study, may also account for these observations. 
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PURPOSE: TO determine the frequency of cytomegalovirus 
glycoprotein B (gB) genotypes in clinical samples of ocular fluids 
of patients with acquired immune deficiency syndrome (AIDS) 
who have cytomegalovirus retinitis and to compare these with 
the cytomegalovirus gB genotype in paired peripheral blood 
leukocytes. 
Methods: Glycoprotein B genotypes of cytomegalovirus genomic 
DNA were determined in 29 ocular and 9 paired blood samples 
of 27 patients, by polymerase chain reaction amplification 
followed by restriction fragment length polymorphism analysis. 
Results: In the 29 ocular samples, 30 gB genotypes were 
determined: Glycoprotein Bl was found in 8 samples (27%), 
gB2 in 9 samples (30%), gB3 in 6 samples (20%), and gB4 in 
3 samples (10%). In one sample, a mixed genotype was 
observed. In addition to these previously characterized gB 
genotypes, a new gB variant was observed in the ocular fluid of 
four patients. Partial sequence analysis revealed that this new 
gB genotype is closely related to gB3, and it was therefore named 
gB3'. In the blood samples, only gB 1, gB2, and gB3 genotypes 
were observed. In the nine paired samples of ocular fluid and 
blood, four showed a difference in gB genotype between these 
compartments. 
Conclusions: The distribution of cytomegalovirus glycoprotein 
B genotypes gBI-gB4 in ocular fluids of patients with AIDS who 
have cytomegalovirus retinitis was determined in this study. 
The predominance of gB2, as described by others, was not 
confirmed. The glycoprotein B genotype in the eye can be 
different from the genotype found in the blood of the same 
patient. A new gB variant, gB3 ', was found in the ocular samples 
of 4 of 27 patients, but not in the blood samples tested. 
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Cytomegalovirus infection is the most frequently observed opportunistic 
ocular viral infection in patients infected with human immunodeficiency 
virus (HIV). The incidence of cytomegalovirus retinitis in patients with 
acquired immune deficiency syndrome (AIDS) is reported to be between 
24% and 30%'-2 and is associated with a low CD4+ T-lymphocyte count.34 

It has been suggested that cytomegalovirus infection accelerates the 
progression of HIV-related immunodeficiency.5'6 Several studies have 
shown that a person may harbor multiple cytomegalovirus strains, 
simultaneously and serially, at different sites and even at the same site.7" 
11 Because different cytomegalovirus strains may display widely distinct 
biologic behavior, including tissue tropism, virulence, drug resistance, and 
the ability to stimulate HIV replication13'6, we studied the variation in a 
region coding for cytomegalovirus envelope glycoprotein B (gB). The gB 
protein is involved in virus-cell interactions'7 and is a maj or target for virus-
neutralizing antibody during the host immunologic response.18 Using 
polymerase chain reaction (PCR), followed by restriction fragment length 
polymorphism of the variable part of the gB coding sequence, four discrete 
gB genotypes (gBl-gB4) have been described.19-20 Recently, a new gBl-
related genotype (gB-New) was described in a patient infected with 
HIV.21 The presence of the cytomegalovirus gB2 genotype in the blood 
of HIV-infected patients has been reported to in-crease the incidence of 
cytomegalovirus retinitis.22 To our knowledge, the distribution of 
cytomegalovirus gB genotypes in ocular fluids has not been published. 
Determining the cytomegalovirus gB genotype in the eyes of patients with 
retinitis would be interesting in view of possible differences in cyto
megalovirus strain composition between the blood and the eye and the 
reported association of retinitis and the presence of cytomegalovirus gB2 
in the blood. In this study, we determined the frequency distribution in the 
eye of the cytomegalovirus gB genotype and the differences in cytomegalovirus 
gB genotype in paired clinical samples of the eye and the blood of HIV-
positive patients with cytomegalovirus retinitis. 

METHODS 

Patient Selection 

The 27 patients with AIDS studied in this report were seen between 1988 
and 1996. Twenty-six patients were men. Three patients were intravenous 
drug users; all others belonged to the homosexual risk group. Mean age 
at diagnosis of cytomegalovirus retinitis was 41 years (range, 30-58 
years). All had a positive signal for PCR amplification of part of the 
cytome-galovirus immediate early 1 (Jii-Z^geneDNA^intheocularfluid. 
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Paired peripheral blood leukocytes (PBLs) obtained from nine patients 
could be tested for cytomegalovirus gB genotype. The blood samples were 
obtained at the same time as the ocular samples, unless stated otherwise. 
The tenets of the Declaration of Helsinki were followed, and institutional 
human experimentation committee approval was granted. 

Isolation of Viral DNA, Polymerase Chain Reaction Amplification, 
and Cytomegalovirus Glycoprotein B Genotyping 

Venous blood samples were placed in a tube with EDTA to obtain PBLs. 
Erythrocytes were lysed by adding three times the volume of the venous 
blood sample of lysis buffer ( 150 mM NTLC1,10 mM KHCCX, and 1 mM 
EDTA). After lysis of the erythrocytes, the sample was centrifuged at 
450g, and the pellet of PBLs was washed with phosphate-buffered saline 
(PBS). DNA was isolated from aqueous humor (19 samples) or vitreous 
(10 samples) and PBLs, essentially as described.24 

Briefly, samples ofPBLs(K)6 cells in 100:1 PBS), 100 :1 vitreous fluid 
and 100:1 aqueous humor were lysed in 0.1 MTris.Cl, lOMguanidinium 
thiocyanate, 0.036 M EDTA (pH 8), 2.6% Triton X-100, and incubated 
with 40:1 silicon dioxide beads. Subsequently, the suspension was washed 
twice with 0.1 M Tris.C 1 (pH 8) and 10 M guanidinium thiocyanate, then 
twice with 70% ethyl alcohol 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 20:1 more than the volume from which it originated. 

The presence of amplifiable cytomegalovirus DNA was tested by PCR 
amplification of part of the cytomegalovirus//?-/ DNA.23 The major region 
of gB sequence variability20 was amplified using 2.5 :1 DNA solution in a 
nested PCR, which resulted in the amplification of sequences between 
nucleotides 1232and 1750ofthegB gene. The amplified gB sequence was 
digested with endonuclease MaeWX (Boehringer Mannheim, Mannheim, 
Germany) and subjected to 3% agarose gel electrophoresis. The 
cytomegalovirus gB genotype was determined by analyzing the generated 
fragments characteristic of the known four different gB genotypes.19-20 

Cloning and Sequence Analysis of the Glycoprotein B3 ' Polymerase 
Chain Reaction Fragment 

The gB3' PCR fragment was ligated into pGEMT-easy (Promega, 
Madison, WI).Clones were sequenced using the dideoxy chain termination 
method. Glycoprotein B3' was compared with gBI-gB4 and gB-Ne W21 by 
sequence alignment. The sequence of gB3' is present as an unpublished 
entry in GenBank accession number U88696.25 
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RESULTS 

DNA was isolated from 29 ocular fluid samples of 27 patients with AIDS 
who had cytomegalovirus retinitis. The gB genotype frequency distribution 
was determined by PCR amplification of the gB gene region between 
nucleotides 1232 and 1750, followed by restriction fragment length 
polymorphism analysis. DNA fragment patterns of 23 patients, resulting 
in 23 gB genotypes, could be readily assigned to one of the four known 
cytomegalovirus gB genotypes (Fig. 1, lanes gBl-gB4). Eight (27%) 
belonged to the gB group 1, nine (30%) belonged to gB group 2, six (20%) 
belonged to gB group 3, and three (10%) belonged to gB group 4. 
However, four patients (13%) showed a restriction fragment length 
polymorphism different from gBl-gB4 (Fig. 2). 

False-positive results for cytomegalovirus DNA amplification probably 
do not account for the detection of cytomegalovirus DNA in ocular fluids 
of HIV-positive patients with cytomegalovirus retinitis. Inpatients without 
ocular infection (n = 3 8) and in patients with such intraocular infections as 
acute retinal necrosis (n = 16) or Toxoplasma chorioretinitis (n=22), 
cytomegalovirus DNA could not be detected in ocular fluids by PCR 
amplification of the IE-1 sequence. Results of polymerase chain reaction 
analysis of cytomegalovirus DNA in four patients with AIDS with typical 
Toxoplasma chorioretinitis also proved negative (results not shown). 

Restriction fragment length polymorphism analysis of cytomegalovirus glycoprotein B (gB) 
genotypes observed in ocular samples. Polymerase chain reaction-amplified gB gene 
sequences were digested with restriction endonuclease Maelll and subjected to agarose gel 
electrophoresis and ethidium bromide staining. Bands characteristic of the four known gB 
types (gB 1 -gB4) are shown next to the newly identified genotype gB3 '. Numbers at thefe/? 
indicate sizes (bp) of the molecular weight marker (M). 
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Fig. 2. Frequency of glycoprotein B (gB) genotypes in ocular samples obtained from patients with 
AIDS who have cytomegalovirus retinitis. From 27 patients, 29ocular samples were analyzed, 
in which a total of 30 gB genotypes could be scored. 
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Fig.4. Glycoprotein gB genotypingofpaired ocular(E) and peripheral blood leukocytes (B) samples 
of five patients (pat. 1-5). The second ocular sample of patient 3 (E?) was obtained after a 10-
month interval. For the eye sample, aqueous humor of patients 1 through 4 and vitreous fluid 
for patient 5 were analyzed. 
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The new gB genotype, tentatively designated as gB3', has not been 
previously described in published studies. The DNA restriction pattern is 
characterized by a large Maelll fragment, comigrating with the gB3-
specific 362-bp fragment, and two smaller fragments of which one 
comigrates with the 139-bp fragment of gB4 and one unique fragment of 
approximately 50 bp (Fig.l). Sequence analysis of the gB3' sequence 
coding for amino acids 463 through 532 revealed that gB3' is closely 
related to gB3. Nineofthell amino acid substitutions unique in gB3, (not 
found in gBl, gB2, gB4, and gB-New), are also present in the gB3' 
sequence (Fig. 3). In two patients, two serial samples of the same eye 
were available. One patient initially showed only a cytomegalovirus gB3 
genotype in the aqueous humor and the blood; but after 10 months, a mixed 
gB3-gBl genotype was detected in the aqueous humor of the same eye 
(Fig. 4, patient 3). In the aqueous humor of the other patient a switch from 
a gB4 to a gB3' genotype was observed within 5 months. Aqueous humor 
and vitreous collected at the same time from one eye of a patient showed 
a gB3 genotype in both ocular samples (not shown). Paired ocular and 
blood samples, collected at the same time from nine patients could be 
analyzed by PCR. When these samples were assayed for the 
cytomegalovirus gB genotype, it appeared that four patients displayed a 
different gB genotype in the blood, compared with expression in the 
aqueous humor sample (Fig. 4, patients 1 and 2), whereas the remaining 
five patients had identical gB genotypes in these two compartments (four 
aqueous humor and one vitreous; Fig. 4, patients 3,4, and 5). In the nine 
blood samples, only gBl, gB2, and gB3 genotypes were observed. One 
sample contained a mixed gB2-gBl genotype (Fig. 4, patient 2). 

DISCUSSION 

In this report, the cytomegalovirus gB genotype frequency distribution in 
the eye and the differences in cytomegalovirus gB genotype between ocular 
and blood samples of patients with AIDS who have cytomegalovirus retinitis 
is described. The distribution of gB 1, gB2, gB3, and gB4 genotypes in ocular 
fluids from patients analyzed in the present study was 27%, 30%, 20%, and 
10%, respectively, and was 13% for gB3'. Other laboratories report 
distributions of gB 1 -gB4 of27%, 41 %, 16%, and 16% in viral blood cultures 
of 44 HIV-positive patients (22) with CD4+ lymphocyte counts less than 
100, and 8%, 56%, 30%, and 6% in leukocytes of 31 HIV-positive patients 
with retinitis and a CD4+ count less than 100.21 The high incidence of 
cytomegalovirus gB2 observed in these studies could not be confirmed by 
the gB frequency distribution in ocular samples determined in this study. 
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This discrepancy could result from differences in gB genotype between the 
eye and the blood of the same patient. 

Although in this study aqueous humor and vitreous were used as sources 
of ocular fluid, we assume that the cytomegalovirus genotype in these 
samples of the same eye are identical. The detection of the same 
cytomegalovirus gB genotype in aqueous humor and vitreous obtained 
from one eye argues in favor of this assumption. 
Remarkably, the gB3' genotype isolated from ocular samples of 4 of 27 
patients in the present study was not observed in blood samples or in the 
large number of samples of other tissues analyzed in previous studies (as 
many as 161 samples from 128 patients.25 These findings could indicate 
that cytomegalovirus with the gB3' genotype has a distinct tropism for the 
eye and therefore may not have been detected in other tissues. However, 
we cannot exclude the presence of cytomegalovirus gB3' in low 
concentration or as a small component of an evolving infection. Furthermore, 
the prevalence of cytomegalovirus gB3' in other immunocompromised 
Dutch patient groups is unknown. 

Because heipes simplex virus gB is involved in cell entry, cell fusion,26 

and virulence,27 it is conceivable that the closely related cytomegalovirus 
gBproteinhas similar functions. This is supported by the observation that 
in HIV-positive patients, the distribution of gB genotypes is different in 
leukocytes and semen,21 which suggests distinct tissue tropism for 
different cytomegalovirus gB genotypes. Alternatively, the presence of 
relatively rare cytomegalovirus gB genotypes could be dependent on the 
geographical origin of the samples analyzed. For example, the gB-New 
variant was isolated from only two patients and has not been reported by 
other investigators.21 

Clinical observations such as CD4" lymphocyte counts, time between 
diagnosis of AIDS and diagnosis of retinitis, presence of extra ocular 
cytomegalovirus disease, development of retinal detachment, localization 
and extend of retinitis, and survival time could not be related to the gB 
genotype distribution in this group of patients. However, the number of 
patients in each group is small. Recently a correlation between the 
presence of cytomegalovirus gB2 in the blood and the development of 
cytomegalovirus retinitis in patients with advanced HIV disease was 
reported.22 In view of the difference in genotype between blood-derived 
and eye-derived cytomegalovirus of paired clinical samples, linking of 
blood-derived cytomegalovirus genotypes to clinical manifestations in the 
eye may not be valid. Approximately half of the patients had the same gB 
genotype at both sites, which suggests that in these cases, blood-derived 
cytomegalovirus represents the cytomegalovirus genotype in the eye. In 
view of the small number of different gB genotypes, the presence of the 
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same gB genotype in two body compartments does not necessarily indicate 
an identical cytomegalovirus strain. A linkage study has shown that one gB 
genotype can be associated with different glycoprotein H genotypes.25 

The presence of multiple cytomegalovirus strains, concurrently and 
serially, has been demonstrated in semen of HIV-positive men12 and was 
also shown in ocular cytomegalovirus in the present study. In one patient, 
the ocular gB genotype changed from gB4 to gB3' within 5 months. In 
another patient, only gB3 was detected initially, whereas after 10 months, 
the presence of gB3 and gB 1 was demonstrated in the same eye. 

The difference in cytomegalovirus strain distribution between the blood 
and the eye in samples drawn at the same time, as was seen in several 
patients, is somewhat puzzling. Cytomegalovirus is probably disseminated 
by the bloodstream to various organs by mononuclear cells andneutrophils.28 

This hematogenous spread implies that the cytomegalovirus strain found 
in the eye must have been present in the blood. However, in several 
patients, the cytomegalovirus strain in the ocular sample was different 
from the strain detected in the blood sample. Possibly, the level of the 
ocular cytomegalovirus strain is below detection level in the blood, and the 
difference in strain distribution is established and maintained by tissue 
tropism or restoration of the blood-retinal barrier. Alternatively, the 
intraocular cytomegalovirus strain could originate from a previous viremia 
of a cytomegalovirus gB genotype that has already been cleared from the 
blood but that has remained in a latent state in ocular tissue. The 
differences in cytomegalovirus strain distribution between the eye and the 
blood could explain cases of progressive retinitis observed in patients 
treated with ganciclovir, despite normal sensitivity to this drug of the blood-
derived cytomegalovirus strains.29 Furthermore, these differences argue 
in favor of using ocular samples in determining cytomegalovirus drug-
resistance by PCR-based drug-sensitivity analysis in cytomegalovirus 
retinitis.30 
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ABSTRACT 

Aims/background: In the pre-HAART era, HIV positive 
patients with CD4+ cell counts below 50 cells /mm3, and those 
with detectable CMV DNA in their peripheral blood, were 
considered to be at high risk for the development of CMV 
disease. With the start of HAART, a restoration of immune 
function occured in these patients, and as a consequence 
patients become less vulnerable to CMV disease. Since it is not 
exactly known how HAART influences CMV viral load in 
peripheral blood and the incidence of CMV disease in high risk 
HIV positive patients we followed a group of patients before and 
after initiation of HAART. 
Methods: 25 HIV positive patients, seen in the first three months 
of 1996 at the AIDS clinic of the Academic Medical Centre, at 
high risk for development of CMV disease (positive CMV DNA 
assay in blood and / or CD4+ cell count below 50 cells / mm3), 
without a previous diagnosis of CM V disease, were included in 
a prospective cohort study. HAART was started in the second 
trimester of 1996. Patients were evaluated for the occurrence 
of CMV retinitis, or CMV disease elsewhere, comparing the 
incidence of CMV events before and after the start of HAART. 
Following introduction of HAART, CD4+ cell counts, and 
quantitative PCR for CMV DNA in blood were monitored in all 
remaining CMV disease free patients (n=l 8). Follow-up was 
performed until August 1998, mean follow up after the start of 
HAART was 15.1 months (range 9 - 18 months). 
Results: In the pre-HAART period 3 patients developed CMV 
disease, and 4 patients died (without clinical manifest CMV 
disease). After the start of HAART not one patient developed 
CMV disease, or died. With HAART, mean CD4+ cell counts 
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increased from 32 cells / mm3, to 190 cells / mm3 at the end of 
follow-up. CMV DNA could be detected in blood of 11 patients. 
Quantification showed a decline in the amount of detectable 
DNA during follow-up. At the last examination only one patient 
showed a positive PCR assay. This was the only patient with a 
CD4+ cell count remaining below 100 cells / mm3. 
Conclusion: In HIV positive patients at high risk of CMV 
retinitis, either with a positive CMV PCR assay in blood and / 
or with CD4+ cell counts below 50 cell / mm3, HAART causes 
a dramatic decrease in occurrence of CMV disease. This 
decrease is paralleled by an increase in CD4+cell count, and a 
decrease in the amount of CMV DNA in the blood, which 
decreases below detection levels in all patients with CD4+ cell 
counts above 100 cells / mm3. 

INTRODUCTION 

The presence of CM V DNA either in whole blood or in cell free samples 
has been recognized as an important risk factor, in addition to low CD4+ cell 
counts, for the development of CMV retinitis in HIV positive patients. 
Studies on serum or plasma samples reported useful statistical parameters 
for CM V DNA PCR assay s in predicting C MV retinitis (sensitivity between 
75 and 90%; specificity between 60 and 85%; positive predictive value 
between 60 and 70%; the negative predictive value between 80 and 98%).1_ 

6 Overall incidence of CMV retinitis in these studies during a follow-up 
period of 12 months was between 25 to 35%. Spector et al. reported a 12-
month Kaplan-Meier CMV disease event rate of 14% in PCR CMV 
negative patients and of 43% in the PCR positive patients, corresponding 
to a 3.4-fold increased risk of developing CMV disease. In over 90% of cases 
CMV disease manifested itself as retinitis.2 

The use of triple combination therapy, two reverse transcriptase inhibitors 
and one protease inhibitor, often called Highly Active Anti-Retroviral 
Therapy (HAART), has resulted in a dramatic change in the morbidity 
associated with HIV. A significant decline in the incidence of CMV 
disease has been reported in patients receiving this combination 
antiretroviral therapy.78 Van den Horn et al. reported that patients, with 
CMV retinitis, treated with HAART showed no recurrences during a 
follow-up period of 42 to 52 weeks provided that the CD4+ cell count 
remained above 100 cells / mm3.9 HAART induces a rapid redistribution 
and eventually a restoration of the immune system, and as a result, 
patients, normally expected to be at high risk for developing CMV retinitis 
or recurrences of already present CMV retinitis, are again able to 
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suppress active CMV infection. 
Since it is not exactly known how HAART influences CMV viral load in 

peripheral blood and the incidence of CMV disease inhighriskHIVpositive 
patients, we assessed a group of patients before and after the start of 
HAART. 

PATIENTS AND METHODS 

Patient selection 

Patients were selected from a group of 100 consecutive HIV positive 
patients seen in March and April of 1996 at the AIDS clinic of the Academic 
Medical Center of the University of Amsterdam. Eligible patients either 
tested positive by CMV PCR in blood (n= 18), or had a CD4+ count below 
50 cells / mm3 (n=l 5). Patients with a CMV disease diagnosed before the 
start of the cohort study were excluded (n=4). Additionally 4 patients 
refused to participate. All patients underwent a full ophthalmologic 
examination, including fundoscopy in mydriasis at base line and every other 
month thereafter. 

A CMV event could be either a CMV retinitis, defined as a necrotizing 
retinitis with characteristic "cheese like" appearance with or without 
haemorhages, as observed by an experienced ophthalmologist, or extra
ocular CMV disease, for which diagnosis immuno-histologic proof had to 
be present. 

Table 1 Effect of HAART on occurrence of CMV events and survival in HIV positive patients 
at high risk for developing CMV disease. 

Before HAART (n = 25) After HAART (n = 18) 
PCR + PCR - Time to event PCR + PCR -
n=13 n=12 or death 

(months)* 
n=7 n=l l 

CMV events, _ 2,2,3 _ 
n= 3 
Death, 1 1,2,2,4 -
n= 3 
Living without 11 - 7 11 
CMV, 
n= 7 
Mean follow-up 5 # 18.6 $ 
(months) 

HAART = highly active antiretroviral therapy 
PCR = polymerase chain reaction, + = positive result, - = negative result 

time between start of study and occurrence of event / death 
# mean follow-up between start of study and start of HAART (whole group) 
$ mean follow-up following start of HAART (whole group) 
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Before the start of HAART 4 patients died, without clinical manifest CMV 
disease, after 4, 7, 9, and 15 weeks respectively. Mean follow-up period 
for the other patients, from start of the study to start of HAART, was 5 
months (range 4 to 6 months). Three patients, all belonging to the CMV PCR 
positive patient group, developed a clinical manifest CMV disease in the 
pre-HAART period. All patients were put on HAART in the second 
trimester of 1996. HAART consisted of triple therapy, using a combination 
of two reverse transcriptase inhibitors and one protease inhibitor. Mean 
follow-up after the start of HAART for these patients, without previous 
diagnosis of CMV disease (n= 18), was 15.1 months (range 9 to 18 months). 

Between November 1996 and July 1998 the 18 CMV disease free 
remaining patients, underwent a full ophthalmologic examination, including 
fundoscopy in mydriasis, every month during the first 6 months, and every 
other month during the remaining part of follow-up. At the same time blood 
samples were taken for quantitative PCR analysis. At each visit, the treating 
physician from the department of internal medicine received a questionnaire 
and was explicitly asked for any signs of CMV disease elsewhere. CD4+ 

cell counts were performed every third month. 

PCR analysis 

CMV DNA was purified from 50-1EDT A blood spec imens together with 
70 molecules of Internal Control (IC) DN A as described previously, using 
20 ~1 of size-fractionated silica particles.10 DNA was eluted in 100 ~1 TE 
buffer (10 mM TRIS, 1 mM EDTA, pH 8.0). CMV DNA levels in blood 
were determined as described previously (Boom R, Sol C, Weel J, et al. 
A highly sensitive assay for detection and quantification of human 
cytomegalovirus DNA in serum and plasma by PCR and electro-
chemiluminiscence. Submitted). In short, purified DNA (25 ~1) was 
subjected to a 35-cycle PCR with a single primer pair which amplifies a 
578 bp DNA fragment from exon 4 of the major immediate early gene of 
CMV and a fragment of identical size and GC content from IC DNA. The 
amounts of CM V and IC PCR products were subsequently determined by 
electro-chemiluminescence (ECL) in the QPCR System 5000 (Perkin 
Elmer) after hybridization with {Tris (2,2'-bipyridine) ruthenium (II) 
chelate} (TBR)-labeled probes specific for either CMV or IC amplimers. 
The viral load (expressed as copies CMV / ml blood) was calculated from 
the ratio ( R ) of CMV over IC ECL signals (after background correction) 
by the algorithm "copies CMV / ml blood = R x 1400". 
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Statistical analysis 

For statistical analysis we compared the CM V event rate, during follow-
up before the start of H AART, with CMV event rate following the start of 
HAART, using the Kaplan-Meier method and the log rank test. ' ' 

RESULTS 

During a mean follow-up of 5 months, range 4 to 6 months, before the 
start of HAART, 3 patients developed CMV disease. Two patients were 
diagnosed with CMV retinitis after 7 and 9 weeks respectively, and one 
case of biopsy proven CMV colitis occurred after 12 weeks of follow-up. 
Additionally 4 patients died before the start of HAART, without a clinical 
manifest CMV disease, after 4, 7, 8, and 17 weeks respectively (table 1 ). 
Following the start of HAART not one patient developed a clinical manifest 
CMV disease, during a mean follow-up of 15.1 months (range 9 to 18 
months), and not one of these patients died. 

Statistical analysis comparing the incidence of CMV disease inpatients 
before and after the start of HAART using the Kaplan-Meier method and 
the log rank test resulted in a p-value of. 10, indicative of a trend, but not 
statistically significant. 

Most patients responded to HAART with a steady increase in their CD4+ 

cell counts (table 2). The mean CD4 positive count increased from 32 cells 
/ mm3 (range 10 to 150) at the start of follow-up, through 136 cells / mm3 

(range 40 to 260) halfway, to 150 cells / mm3 (range 20 to 250) after 6 
months, and 190 cells/mm3 (range 60 to 460) at the last examination. With 
the exception of one patient (pat.nr. 10), all CD4+ cell counts were over 100 
cells / mm3 at the last examination. 

In 7 patients a positive CMVPCRtest was obtained during follow-up after 
the start of HAART (table 2). Quantification of the PCR test showed a 
decrease of the amount of CM V DNA detectable in the peripheral blood of 
all these patients. At the 7th examination, longest follow-up 10 months after 
the start of HAART, none of the tested patients had detectable CMV DNA 
intheirblood. However, inpatient 7,12 months following start of H AART, 
280 CMV copies / ml could be measured, and in patient 11,14 months 
following the start of HA ART, 98 CMV copies / ml could be detected (not 
shown in table 2). At the last examination, after a mean follow up of 15.1 
months, only one patient (pat.nr. 10) tested positive, with a CMV viral load 
of 727 copies / ml. This was also the only patient with a CD4+ cell count 
less than 100 cells / mm3. 
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DISCUSSION 

In this study we present data showing that in 18 patients, previously 
considered to be at extremely high risk for developing CM V disease, not one 
new case of CM V disease manifested itself during a mean follow-up of 15.1 
months (range 9-18 months). HAART resulted in a gradual rise in CD4+ 

lymphocyte counts and a gradual drop in CMV viral load in the peripheral 
blood. At the last examination CMV DNA became undetectable, with the 
exception of one patient whose C D4+ cell count remained less than 100 cells 
/ mm3. No patient died during follow-up. 

Comparing the incidence of CMV disease in the patients before and after 
the start of H A ART, using the Kaplan-Meier method with the log rank test, 
we could not find a statistical significant difference between both observation 
periods (p =. 10). A placebo controlled trial was considered to be unethical, 
withholding HAART to these patients. Nevertheless compared to historical 
controls the difference is highly significant. 

During the years 1995 and 1996 the estimated annual incidence of CMV 
disease in HIV positive patients with CD4+ cell counts less than 50 cells / 
mm3 was 17% in our center.I2 The difference between this pre-HAART 
event rate of CMV disease and the observed absence of events in the 
patients in this study following HAART is significant (X2 -test, p<02). 
Additionally we compared our results, with the CMV event rate of 27%, 
observed during a 12 month period, in 201 placebo assigned patients, 
reported in a study by Spector et al.2 Both patient groups are comparable 
with respect to baseline characteristics, including the additional risk of a 
positive result of CMV DNA PCR assay in 45% of patients reported by 
Spector et al., and in 55% (10 / 18) of our patients. Again the difference 
in CMV event rate was significant (X1 -test, p<.02). 

The fact that no clinical manifest CMV disease occurred in our group of 
HIV positive patients can only be explained by the success of the HAART 
treatment. Others have also reported about the decreased incidence of 
CMV disease in HIV positive patients with favorable responses to the 
installation of H AART treatment.7_c' The decrease of CMV viral load found 
in this study confirms the restoration of the immune system enabling the 
patients to successfully suppress reactivation from their latent CMV 
infection. 

All three patients with a clinical manifest CMV disease in the pre-HAART 
period, belonged to the group of patients with a CMV PCR positive blood 
test. This observation confirms the predictive value of the used PCR assay, 
even though patient number is small, and pre-HAART follow-up short 
(sensitivity 100%, specificity 55%, positive predictive value 23%, negative 
predictive value 100%). The test results compare favorably with those 
reported in the literature, suggesting at least an equal sensitivity. ' ~6 
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Although HAART is considered very effective in treating HI V infection, 
with a sometimes dramatic improvement in the clinical manifestations of 
opportunistic infections, CMV retinitis has been reported in HIV positive 
patients after the start of HAART, even after a rise of CD4+ lymphocyte 
count above 100 cells / mm3. '3 '4 Diagnosis was made very shortly after 
the initiation of HAART, within a 4 to 8 week period. During the rest of 
follow-up after these first 2 months, not one new case of CMV disease 
occurred in these studies. 

After the start of H AART, uveitis or vitritis has been described in some 
patients with CMV retinitis.'3 This was believed to be due to restoration of 
the previously deficient immune response in these patients, leading to an 
intraocular inflammatory response against the virus. In our study neither a 
new case of CM V retinitis developed after the start of H AART, nor did any 
patient showed signs of uveitis. 

We conclude that in HIV positive patients at high risk for development 
of CMV retinitis, either with a positive CMV PCR assay in blood and / 
or with CD4+ lymphocyte counts below 50 cells / mm3, HAART causes 
a dramatic decrease in the occurrence of CMV disease. This decrease 
is paralleled by an increase in CD4* lymphocyte count, and a decrease in 
the amount of CMV DNA in the blood, which becomes undetectable in 
all patients with CD4+ cell counts above 100 cells / mm3. 
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SUMMARY AND GENERAL CONCLUSION 

SUMMARY CHAPTER 1 

CYTOMEGALOVIRUS RETINITIS IN HIV-POSITIVE 
PATIENTS IN THE PRE-HAART ERA, A REVIEW. 

Epidemiology 

With the advent of the AIDS epidemic in 1981, it became clear that CMV 
was the most common opportunistic viral infection in HI V-positive patients. 
If left untreated CMV retinitis invariably lead to blindness in arelatively short 
time, an unbearable burden for AIDS patients then and now. In HIV-
positive patients the incidence of clinical manifest CMV disease is 24% /year 
in patients with CD4+ lymphocyte counts less than 50 cells / mm3. In over 
90% of these cases the eye is involved, showing a necrotizing retinitis. 

Riskfactors 

Risk factors have been reported, which are related to the immune status 
of the patient, like C D4 positive lymphocyte count (less than 50 cells / mm3), 
CD8 positive lymphocyte count (less than 520 cells / mm3), and the presence 
of specific HL A types related to T-cell reactivity against CMV (association 
with either B44, B51, or DR7). The presence ofHIV related microangiopathy 
has been considered a risk factor. Other factors are more epidemiological, 
likeHIV acquisition through homo/bi-sexualcontact,previous extra-ocular 
CMV infection, previous pattern of opportunistic infections, or treatment 
with corticosteroids. 

Recovery of CMV from body fluids has become the most accurate 
predicting risk factor for the development of CM V disease, not the presence 
of a positive CMV culture, but especially CMV antigenemia, and CMV 
DNA-emia. Both tests, detection of CMV DNA by PCR, either in whole 
blood or in plasma / serum, and the quantitative pp65 antigenemia, are 
significant risk factors for developing CMV retinitis in HIV-positive 
patients, allowing a better discrimination between patients, with 
comparable CD4+ cell counts, who will and who will not develop CMV 
retinitis. Both tests have about the same sensitivity, specificity, and 
predictive values predicting CMV disease. 

Clinical features 

Initially symptoms caused by CMV retinitis are modest in most affected 
patients, and 20 to 40% of patients are totally unaware of the presence of 
an ocular disease, and are only diagnosed by ophthalmologic screening 
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procedures for patients at high risk for CMV disease. Complaints, if any, 
are blurring of vision (in 50% of cases), loss of visual field (20%), and 
photopsia or floaters (60%). 

The clinical appearance of untreated CMV retinitis has been described as 
a spectrum with two extremes: fulminant/oedematous type and indolent/ 
granular type. At the lead edge of both lesions a dry-appearing granular 
border is present. Satellite lesions some at 500 ~m or more of the main 
border can be seen. Spread of the retinal necrotic area is relatively slow 
in both types, marching on average 250 ~m / week. In spite of large areas 
of necrotic retina the inflammatory reaction is minimal in both the 
vitreous cavity and the anterior chamber. 

Healing of the retinitis after successful induction therapy with anti viral 
medications leads to a change in the aspect of the lesions in the eye. The 
fulminant/exudative type of inflammation subsides and changes into a 
granular/indolent type of lesion. Both the granular and the fulminant type 
lose their active border and the lesions do not expand any further. 
Affected retina is replaced by gliotic atrophic tissue without the prominent 
scarring and / or pigmentary changes. 

Although anti viral treatment is reported to be successful in controlling 
CMV retinitis in most patients, patients do loose vision in a slow but 
continuous fashion even in the absence of complications or recurrence. 

Complications 

The most frequent complication of CMV retinitis is a rhegmatogenous 
retinal detachment. Retinal tears in the necrotic retina allows fluid to flow 
into the subretinal space leading to detachment of the retina. Prevalence 
of retinal detachment varies between 15 and 35%. 

Treatment ofretinal detachment in these patients is particularly challenging. 
For one, necrotic retina can easily tear, particularly if the vitreous base is 
not completely removed from its overlying surface. Secondly, progression 
of the retinitis is usually the norm. Thus any measure taken to reattach the 
retina must provide a permanent tamponade which not only takes in account 
presently involved retina, but also the unaffected retina. 

Although final visual results in eyes after surgical intervention at first 
glance are rather disappointing, they are certainly better compared to eyes 
which are not treated. Mean visual acuity in treated eyes after a follow-up 
of 20 weeks is reported to be 20/200 (range 20/25 to no light perception), 
compared to hand motion level or worse in the untreated eyes. 

Pathogenesis and histopathology 

After a first episode of CMV infection CMV will remain latent throughout 
life. In this latent state the CMV genome is present somewhere in the body, 
but does not replicate and gene expression is absent or minimal. The exact 
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site of latency is still unknown. 
In the HIV-positive patients retinal infection can occur during the primary 

infection, following reactivation of latent CMV, or following reinfection 
with a second CMV strain. It seems a realistic assumption that virus reaches 
the eyes through dissemination of virus via the blood during a period of 
viremia. 

It has been hypothesised that HIV related microangiopathy allows 
entrance of CMV into the retina via damaged microvasculature. The 
pathogenesis of this microangiopathy has not been clearly defined and 
different hypotheses have been formulated. The most important one seems 
to be a change in bloodflow caused by haemorheological abnormalities. 

Virology and immune response 

Human CMV is a DNA virus with a capsid, a tegument and an envelope. 
CMV has the largest genome of the herpesvirusses (230 kbp) encoding for 
over 200 genes. The genome can be divided into a long (L) and a short (S) 
segment. Each segment consists of unique sequences, UL and Us respectively, 
flanked by repeat sequences. 

The envelope proteins are important antigens for both the humoral and 
the cellular immune response. The most important glycoproteins are gB 
complex (gpUL55) and gH (gpUL75). Both are targets for virus 
neutralising antibodies. 

Compared to normal controls, AIDS patients had a significantly lower 
response following immunisation with pneumococcal polysaccharide and 
protein, suggesting a B-cell immunedeficiency. Higher levels ofneutralising 
antibodies against CMV did con-elate with a more favourable clinical course. 

Cellular immunity is important in HCM V infections, and has been shown 
to play a critical role in keeping latent infection in check. The target antigens 
to which the response is elicited are unknown. Structural proteins could be 
involved, like the tegument protein pp65. 

There is evidence to suggest that herpesviruses including CMV could 
increase the pathogenicity of HIV by acting as a co-factor. 

Differential diagnosis 

Besides other infectious retinitis cases, like Toxoplasma, VZV and HSV 
retinitis, CMV retinitis has to be differentiated from retinal abnormalities 
caused by HI V associated vasculopathy and from intraocular neoplasms. 
Differential diagnosis has to be accurate and without delay, because 
therapy for each entity differs, delay can cause permanent visual loss, and 
most medications harbour serious toxic side effects. 
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Diagnosis of CMV retinitis relies on clinical findings, especially the fundus 
appearance, and the lack of inflammatory signs. However in the early stages 
of retinitis and in atypical cases it can be extremely difficult to differentiate 
between CM V and the other herpes viruses, or between CM V and non-viral 
pathogens such as Toxoplasma. Additional laboratory testing can be helpful 
in these cases. The laboratory diagnosis of CMV disease is hampered by 
the fact that CMV can be present without causing disease. 

One of the most powerful tools in the differential diagnosis of necrotizing 
retinitis is the detection of DNA ofthe candidate pathogens in ocular fluid 
samples. Comparing the test results obtained from aqueous humour and 
vitreous samples, vitreous seems to be the most accurate sample in 
diagnosing the eventual involved pathogen. However a paracentesis to 
obtain an aqueous humour sample is much easier to perform, and seems 
to be the safest procedure. Detection of DNA in ocular fluid samples is 
a highly sensitive and specific method to determine which pathogen is 
causing retinitis in a given patient, or exclude a pathogen in cases with 
non-infectious retinal pathology, like branch retinal vein occlusion, or 
HI V related vasculopathy resembling a beginning retinitis. 

Therapy 

Whatever systemic or local drug is chosen for the treatment of CMV 
retinitis the treatment strategy is the same. First control of retinitis is 
achieved with a higher dose ofthe drug (or more frequent administrations) 
for 2 to 3 weeks, induction therapy, followed by lifelong therapy with a 
lower dose (less frequent administrations) to prevent a relapse, secondary 
prophylaxis or maintenance therapy. 

Control of CMV retinitis is characterised by the disappearance of 
oedematous necrotic borders changing the lesion into an inactive atrophic 
scar. After 2 weeks of induction therapy the retinal lesions have to show 
a good response to therapy, but some activity can still be present and is 
acceptable. Present antiviral drugs suppress CMV replication but are unable 
to eliminate the virus from the eye. As a consequence secondary prophylaxis 
has to be given for the rest of life. 

Intravenous ganciclovir, foscavir and cidofovir have all been proven to 
be effective in the treatment of CMV retinitis. All three drugs are able to 
control CMV retinitis and to prevent relapse for a considerable length of 
time. Cidofovir seems even more effective and because administrations of 
the drug are infrequent, once every 2 weeks, instead ofthe daily intravenous 
maintenance treatment with either ganciclovir or foscavir, would be the 
preferred choice, if the therapeutic index was not very small, with serious 
nephrotoxicity as side effect. Nephrotoxicity is also the dose limiting side 
effect of foscavir, while ganciclovir can cause bone marrow suppression. 
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An oral formulation of ganciclovir is only slightly less effective as maintenance 
therapy, and forms a reasonable alternative forthose patients without direct 
sightthreatening lesions. 

The frequent dose-limiting toxicity of the systemic anti-viral drugs 
stimulated the search for alternative treatment modalities. Regimes for local 
intra-vitreal administration of ganciclovir, foscavir, and cidofovir have been 
successfully applied. The lack of protection of the second eye in unilateral 
cases, and the lack of treatment of extra-ocular CMV disease is a major 
disadvantage of strictly local therapy. A combination of local therapy with 
oral ganciclovir could be a more optimal treatment. 

The problems with serial local injections stimulated interest in an 
intraocular device for sustained release of ganciclovir. Ina study comparing 
intravenous ganciclovir with the device, median time to progression was 71 
days in the intravenous treated group and 221 days in the device assigned 
group. The observed large difference in time to progression probably 
reflects a real difference in efficacy of both treatments in controlling CMV 
retinitis. Retinal detachment is a major complication as a consequence of 
the surgical procedure to implant the device. 

Long term treatment preventing progression in patients with C M V retinitis 
is the most difficult part of the management of patients. Time between 
relapses shortens and subsequent relapses are more difficult to control. 
Several strategies have been advocated in treating recurrences: increasing 
the dose of the drug, switching to another drug, using a combination of drugs 
and supplementing systemic therapy with local therapy. 

Resistance to ganciclovir, foscavir, or cidofovir is a clinical important 
issue in AIDS patients with CMV retinitis who need prolonged, life-long 
maintenance therapy to prevent relapse of active retinitis. Viral drug 
resistance does not play an important role in the early phase of CMV 
retinitis. However CMV strains resistantto ganciclovir and/or foscavir and 
/ or cidofovir have been reported in patients treated for CMV retinitis. 
Persistent CMV viremia or viruria during prolonged therapy should raise 
the possibility of a drug resistant mutant. The mechanism of resistance 
differs between the three drugs. 

The ideal drug to use in prophylactic or pre-emptive therapy should be 
orally administered, have a high specific anti-CMV activity, a minimal 
toxicity, a minimal interaction with other drugs, and be potent enough not 
to select resistant strains. No such drug exists at the moment. Valaciclovir, 
in maximal tolerated oral dose of 2 gram / 4 times a day, reduced CMV 
event rate by 33% compared to low dose aciclovir receiving patients. Oral 
ganciclovir, 3 gram / day, reduced CMV event rate by 49% compared to 
placebo, in a study which included regular ophthalmic examinations in the 
follow-up. Unwanted toxic side effects were seen with both regimes, and 
with the modest efficacy, limit the wide spread use of prophylaxis. 
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Influence of HAART 

The combination of two reverse transcriptase inhibitors and one protease 
inhibitor, triple therapy, has aprofound effect on HIV viral load in patients. 
This combination therapy has been called Highly Active Anti-Retroviral 
Therapy (HAART). As a result the CD4+ cell counts rise dramatically in 
most patients. In those patients with a substantial increase in the number 
of CD4+ cells and a sufficient extension of their repertoire, there is a drop 
in incidence of CMV retinitis and a better control of pre-existing CMV 
retinitis, as a consequence of the restoration of their immune system. 

How long this trend will continue is not known. Unfortunately the number 
of patients who fail antiretroviral therapy increases, either because of the 
development of resistance or as a result of the inability to tolerate the drug 
regime. 

SUMMARY CHAPTER 2 

SEROLOGIC AND POLYMERASE CHAIN REACTION BASED 
ANALYSISOF AQUEOUS HUMOURSAMPLESIN PATIENTS 
WITH THE ACQUIRED IMMUNODEFICIENCY SYNDROME 

AND NECROTIZING RETINITIS. 

In a HIV-positive patient with a necrotizing retinitis, usually the clinical 
ophthalmologic findings are sufficient to make a correct diagnosis. However, 
sometimes a diagnosis can not be made with certainty leaving the clinician 
with the question which therapeutic strategy to follow. The measurement 
of intraocular antibody production and detection of DNA by the polymerase 
chain reaction (PCR) in ocular fluid samples have been proven to be safe 
procedures for diagnosis of the causative micro-organism in patients with 
anecrotizing retinitis, with and without immune suppression. A combined 
approach has not yet been reported. In our study both methods have been 
used and results of the assays were compared with the final clinical 
diagnosis. 

For this study we obtained paired serum and aqueous humour samples 
from 28 patients with the acquired immunodeficiency syndrome and 
necrotizing retinitis, seen between January 1987 and March 1992. These 
samples were analysed for intraocular antibody production against 
cytomegalovirus, varicella zoster virus, herpes simplex virus, Epstein-Barr 
virus, andToxoplasmagewd/z'. Specific antibody titers in the inflamed eye 
and in the circulation were related to total IgG content in the aqueous humour 
and serum, by calculating the Goldmann-Witmer coefficient. The ratio of 
antiherpes viral antibody in serum and aqueous humour was compared to 
the ratio of total IgG in serum and aqueous humour. Additionally, PCR 
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analysis was performed in 15 samples, using primers for CMV, VZV, 
HSV1, and Toxoplasma. 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. 

In 11 out of 28 patients (39%) local intraocular antibody production was 
found that correlated with the final diagnosis (1 out of 2 cases with acute 
retinal necrosis, 3 out of 5 cases with toxoplasma retinitis, and 8 out of 
21 patients with cytomegalovirus 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 
detennined, while in the same sample CMV DNA was also found. In yet 
another patient with toxoplasma retinitis only CMV DNA could be 
detected. 

In 16 patients (57.1 %) no positive Goldmann-Witmer coefficient could 
be measured. The failure to detect local antibody production could be due 
to the altered immune state of HI V-positive patients. However, a relationship 
between results of local antibody determination with either CD4 counts, or 
with time interval between AIDS defining illness and retinitis, or with 
survival time after diagnosis of retinitis, could not be established. CD4 
counts were higher than 50 cells/mm3 in 8 out of 19 patients with CMV 
retinitis. 

In two patients with toxopl asma retinitis PC R analysis yielded unexpected 
results: in both patients CMV DNA was present and in only one of them 
toxoplasma DNA could also be detected. A false positive result seemed 
unlikely. In one patient the clinical impression of a dual infection was indeed 
confirmed by the results of the PCR assay. In the second patient this was 
highly unlikely. The only explanation in this patient was an excessive break
down of blood-aqueous humour barrier. 

Detection of intraocular antibody production is a quick and safe procedure 
and may be decisive in patients with AIDS and a difficult to classify 
necrotizing retinitis. No complications of the paracentesis were seen in 
this study. In 11 out of 28 (39%) AIDS patients with necrotizing retinitis 
a positive Goldmann-Witmer coefficient was found indicating local 
antibody production against the involved pathogen. One additional case 
showed 2 equally borderline positive coefficients, one of which was in 
accordance with the final diagnosis. 

Results of PCR analysis seems to be even more accurate: in all 13 patients 
with CMV retinitis tested CMV DNA could be detected, and no DNA of 
the other pathogens tested for. Especially in the early phase of a necrotizing 
retinitis detection of viral DNA by the polymerase chain reaction seems to 
be superior to determination of local antibody production. 
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SUMMARY CHAPTER3 

RISK OF DEVELOPING CMV RETINITIS FOLLOWING NON-
OCULAR CMV END-ORGAN DISEASE IN AIDS PATIENTS. 

Extra-ocular CMV disease has been considered to predispose for 
developing CMV retinitis, but exact data are not well known. Although 
maintenance therapy in case of CMV retinitis is mandatory, it is more 
questionable in case of other end organ disease. Even with the availability 
of oral ganciclovir as an alternative choice for maintenance therapy 
secondary prophylaxis is not routinely prescribed. 

We tried to answer the question how often CMV retinitis occurs after an 
extra-ocular CMV disease, and whether there is a rationale for maintenance 
therapy after CMV end-organ disease outside the eye. A retrospective 
analysis was performed of all HIV-positive patients seen in the AIDS 
department, who had a biopsy proven non-ocular CMV disease between 
March 1989 and March 1995, without a previous diagnosis of retinitis. 
Patients did not receive protease inhibitors. The main outcome measures 
were incidence of CMV retinitis, time to development of CMV retinitis, 
relation to maintenance therapy, and survival. 

A CMV retinitis was diagnosed in 17 of 20 (85%) patients with an 
immuno- histologically confirmed diagnosis of extra-ocular CMV disease 
after a mean follow-up of 6.4 months. Four patients received maintenance 
therapy. Three of them developed retinitis after a mean of 9.6 months 
(range 2 - 16 months). Sixteen did not receive maintenance and retinitis 
was diagnosed in 14 of them after a mean of 5.7 months (range 2-11 
months). Mean survival was 9.9 months after the diagnosis of extra
ocular disease, and 4.5 months after the diagnosis of retinitis. In the four 
patients receiving maintenance therapy, mean survival was 11.5 months, 
and in the 16 other patients mean survival was 9.5 month. 

Considering the 85% of patients with a diagnosis of CMV retinitis, 
following a first episode of extra-ocular CMV disease, after a mean follow-
up of 6.4 months, found in this study, it seems obvious that extra-ocular 
CMV disease strongly predisposes for a subsequent development of CM V 
retinitis. CMV retinitis occurred despite the fact that extra-ocular CMV 
disease seemed to be completely healed after 3 to 5 weeks of anti-viral 
treatment. Although maintenance treatment did not prevent the occurrence 
of CMV retinitis the time interval between both events was considerably 
longer in patients receiving maintenance therapy. One patient receiving 
maintenance therapy with foscavir, 90 mg / kg / day, had to stop, due to 
drug toxicity. This patient developed CMV retinitis within one month after 
stopping the maintenance therapy. This patient is a good example of both 
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the desirability of an effective maintenance therapy and the unwanted toxic 
side effects of the drugs available today. 

The difference in mean survival after a diagnosis of extra-ocular CMV 
disease, between maintenance receiving and non receiving groups of 
patients, was not statistically significant. 

Although our study does not provide conclusive evidence in favour of 
maintenance therapy after an initial extra ocular CMV disease, frequent 
ophthalmic examinations are definitely warranted in such patients. 

SUMMARY CHAPTERS 4 AND 5 

C YTOM EGALOVIRUS STRAIN DIFFERENCES BETWEEN THE 
EYE AND THE BLOOD IN AIDS PATIENTS WITH CMV 

RETINITIS. 

and 

CYTOMEGALOVIRUS GLYCOPROTEIN B GENOTYPING IN 
OCULAR FLUIDS AND BLOOD OF AIDS PATIENTS WITH 

CYTOMEGALOVIRUS RETINITIS. 

The polymerase chain reaction based assays enabled for the first time 
direct analysis of ocular fluid samples for the detection of CMV DNA in 
the eye with a necrotizing retinitis. Detection of CMV DNA is a valuable 
tool in the differential diagnosis of a necrotizing retinitis in case of 
ambiguous clinical findings. More detailed analysis of intraocular CMV is 
also possible with the help of PCR assays. For example analyse of 
genomic make-up of intraocular CMV and peripheral blood CMV and 
detection of mutations in the CMV genome conferring the virus resistant 
to anti-viral drugs. 

In Chapter 4 CMV DNA sequences from aqueous humour and peripheral 
blood leukocytes, obtained from 13 AIDS patients with CMV retinitis, 
were compared. The CMV IE-1 sequence, a part of the Immediate Early 
-1 gene, and the a-sequence, located in the a region were amplified. The 
a-region is a non-coding region and is considered the most variable part 
of the CMV genome. It contains signals for cleavage and package 
essential for viral replication. In epidemiological studies the variability 
of this region has been used to detect PCR amplified product length 
polymorphisms to characterise differences between CMV strains. The 
IE-1 sequence is part of a coding region of the CMV genome, lacks 
variability, and is used in our laboratory as diagnostic PCR assay. 
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CMV DNA could be detected in all aqueous humour samples and in 10 
blood samples. In 7 out of the 10 cases with CMV DNA detectable in both 
compartments, the amplified products showed differences in the amplified 
product lengths. Sequence analysis in two patients revealed that aqueous 
humour and blood of the same patient can harbour both identical, similar 
and highly divergent CM Vo-sequences. In 3 patients at least two different 
strains were present in one compartment. 

The differences in the a-sequences do not necessarily reflect differences 
in the remainder of the CMV genome. Nevertheless the different strains 
as observed can have different biological properties like tropism, virulence, 
and drug resistance. 

In Chapter 5 PCR assays have been used to determine the frequency of 
CMV glycoprotein B (gB) genotypes in ocular fluid samples of AIDS 
patients with CMV retinitis and compare these with gB genotype of CMV 
from paired blood samples. Glycoprotein B (gB) has been determined in 
29 ocular fluid samples and 9 paired blood samples from 27 patients, by 
PCR followed by restriction fragment length polymorphism analysis. 

In the 29 ocular samples, 30 gB genotypes were found: gBl in 8 
samples (27%), gB2 in 9 samples (30%), gB3 in 6 samples (20%), and 
gB4 in 3 samples ( 10%). In one sample a mixed genotype was observed. 
In addition a new gB variant could be detected in 4 ocular samples. Partial 
sequence analysis revealed that this genotype was closely related to gB3, 
and was therefore named gB3'. In the paired blood samples only gBl, 
gB2, and gB3 genotypes could be detected, and 4 showed a difference in 
gB genotype between these compartments. 

A previous study has suggested an increased risk for developing CMV 
retinitis in those patients from which CMV could be isolated with the gB2 
genotype. Based on these findings one would expect the same 
preponderance of the gB2 genotype in intraocular samples. However, we 
were unable to confirm this. Remarkably, the gB3' genotype isolated 
from 4 out of 29 ocular samples was only found in the eye and was not 
present on the blood, this could point to an ophthalmotropism of this 
particular genotype. 

The presence of multiple strains concurrently and serially, has also been 
observed in this study. In one patient the ocular gB genotype changed from 
gB4 to gB3' within 5 months, and in another patient from gB3 to a 
combination of gB3 and gBl, within a period of 10 months. 

The difference in CMV strain distribution, as demonstrated in both 
studies, between the eye and the blood in samples drawn at the same time 
is an unexpected finding. These strain differences can be explained in several 
ways. Due to local differences in environment, continuing replication of 
CMV can lead to a divergent development of CMV in the eye compared 
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to extra-ocular CMV and ultimately to genomic different strains. Alternatively, 
after a first infection with CMV, infection with a second CMV strain occurs, 
which although present in the blood, does not reach the eye. The level of 
the ocular strain could also be below detection level in the blood, and the 
difference in distribution is established and maintained by tissue tropism or 
the blood-retinal barrier. 

The conclusion must be that despite the haematogenous spread of CMV, 
the eye, being a relatively shielded organ, may contain CMV strains different 
from those found in the blood. These differences argue in favour of the use 
of ocular samples to determine drug resistance by PCR-based drug-
sensitivity analysis. 

SUMM ARY CHAPTER 6 

INFLUENCE OF HIGHLY ACTIVE ANTI RETROVIRAL 
THERAPY (HAART) ON THE DEVELOPMENT OF CMV 

RETINITIS IN HIV-POSITIVE PATIENTS AT HIGH RISK FOR 
CMV DISEASE. 

Recently it has been shown that Highly Active Anti-Retroviral therapy 
(HAART), usually a combination of two reverse transcriptase inhibitors and 
one protease inhibitor, is very effective in the treatment of the HIV infection. 

In the pre-HAART era, HIV-positive patients with CD4+ cell counts 
below 50 cells / mm3, and those with detectable CMV DNA in their 
peripheral blood, were considered to be at high risk for the development of 
CMV disease. Overall incidence of CMV disease during a follow-up of 12 
months varied between 25 and 35% in these patients. In over 90% of cases 
CMV disease manifested itself as retinitis. 

With the start of H AART, a restoration of immune function occurred in 
these patients, and as a consequence patients become less vulnerable to 
CMV disease. Since it is not exactly known how HAART influences 
CMV viral load in peripheral blood and the incidence of CMV disease in 
high risk HIV-positive patients we followed a group of patients before 
and after initiation of HAART. 

We included 25 HIV-positive patients, seen in the first three months of 
1996 at the AIDS clinic of the Academic Medical Centre, at high risk for 
development of CMV disease (positive CMV DNA assay in blood and / 
or CD4+ cell count below 50 cells / mm3), without a previous diagnosis 
of CMV disease, in a prospective cohort study. HAART was started in the 
second trimester of 1996. Patients were evaluated for the occurrence of 
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CMV retinitis, or CMV disease elsewhere, comparing the incidence of CM V 
events before and after the start of HAART. Following introduction of 
HAART, CD4+ cell counts, and quantitative PCR for CMV DNA in blood 
were monitored in all remaining CMV disease free patients (n= 18). Follow-
up was performed until August 1998, mean follow up after the start of 
HAART was 15.1 months (range 9-18 months). 

In the pre-HAART period 3 patients developed CMV disease, and 4 
patients died (without clinical manifest CMV disease). After the start of 
HAART not one patient developed CMV disease, or died. With HAART, 
mean CD4+ cell counts increased from 32 cells /mm3, to 190 cells / mm3 

at the end of follow-up. 
Comparing the incidence of CMV disease in the patients before and after 

the start of HAART, using the Kaplan-Meier method with the log rank test, 
we could not find a statistical significant difference between both observation 
periods (p =. 10). A placebo controlled trial was considered to be unethical, 
withholding HAART to these patients. Nevertheless compared to historical 
controls the difference is highly significant. 

During the years 1995 and 1996 the estimated annual incidence of CMV 
disease in HIV-positive patients with CD4+ cell counts less than 50 cells / 
mm3 was 17% in our centre. The difference between this pre-HAART event 
rate of CMV disease and the observed absence of events in the patients in 
this study following HAART is significant (X2 -test, p<.02). 

In 7 patients a positive CMV PCRtest was obtained during follow-up after 
the start of HAART. Quantification of the PCR test showed a decrease of 
the amount of CMV DNA detectable in the peripheral blood of all these 
patients. At the 7th examination, longest follow-up 10 months after the start 
of HAART, none of the tested patients had detectable CMV DNA in their 
blood. However, in three patients CMV DNA could incidentally be detected 
afterwards. In one patient, 12 months following start of HAART, 280 CMV 
copies / ml could be measured, and in another patient, 14 months following 
the start of HAART, 98 CMV copies / ml could be detected. At the last 
examination, after a mean follow up of 15.1 months, only one patient still 
tested positive, with a CMV viral load of 727 copies / ml. This was also the 
only patient with a CD4+ cell count less than 100 cells / mm3. 

We concluded that in HIV-positive patients at high risk of CM V retinitis, 
either with a positive CMV PCR assay in blood and / or with CD4+ cell counts 
below 50 cell / mm3, HAART causes a dramatic decrease in occurrence of 
CMV disease. This decrease is paralleled by an increase in CD4+ cell count, 
and a decrease in the amount of CMV DNA in the blood, which decreases 
below detection levels in all patients with CD4+ cell counts above 100 cells 
/ mm3. 
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GENERAL CONCLUSION 

With the advent of the AIDS epidemic CMV retinitis has become the most 
frequent infectious cause of retinitis in the western world. In the pre-
HAART era, the annual incidence of CMV retinitis in HIV-positive 
patients, with CD4+ cell counts less than 50 cells / mm3, was around 30%. 
One in every three patients developed a serious sight threatening infection 
of the eyes. Most HIV-positive patients, visiting the AIDS clinic of the 
Academic Medical Centre in Amsterdam, are well informed about the 
possible opportunistic infections, and the consequences of such a diagnosis. 
Ophthalmologic screening strategy, with an increased frequency of 
examinations with each substantial decrease in CD4+ cell count, also 
increased the fear of the patients to hear the verdict: CMV retinitis. Minor 
and innocent complaints became ominous signs of a much dreaded 
complication. Most patients were of an age that necessitated an addition 
for near sight, and it was no exception that we had to reassure frightened 
patients that their "loss of vision" was due to a normal ageing phenomenon. 

The fear of patients to develop CMV retinitis was not only caused by the 
possible loss of their vision, but also by the knowledge, that life-long therapy 
had to be installed, that they needed an indwelling catheter, that frequent 
controls by the internal physician and the ophthalmologist would become 
the new routine of their lives, and above all, by the collapse of their life 
expectancy, survival could suddenly be measured in months instead of 
years. For many patients this seemed to be more than they could bear and 
some, especially those who lost their vision, even chose for euthanasia. 
Because of the enormous impact of CMV retinitis, one must be quite certain 
about its diagnosis. 

Diagnosis of CMV retinitis relies on clinical findings, especially the fundus 
appearance, and the lack of inflammatory signs. However in the early stages 
of retinitis and in atypical cases it can be extremely difficult to differentiate 
between CMV and the other herpes viruses, or between CMV and non-viral 
pathogens such as toxoplasma. To improve the accuracy of our diagnosis 
we have analysed the diagnostic value of the measurement of intraocular 
antibody production and PCR based detection of DNA of different 
pathogens in aqueous humour samples. We concluded that the analysis of 
aqueous humour samples is a quick and safe procedure. PCR assays, 
detecting DNA of the candidate pathogens in ocular fluid samples, has 
become one of the most powerful tools in the differential diagnosis of 
necrotizing retinitis. Detection of DNA in ocular fluid samples is ahighly 
sensitive and specific method to determine which pathogen is involved in 
the retinitis of a given patient. Likewise, it can also exclude a pathogen in 
cases with non-infectious retinal pathology, such as branch retinal vein 
occlusion, or HIV related vasculopathy, resembling a beginning retinitis. 
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One of the risk factors for developing CMV retinitis often mentioned in 
literature is a diagnosis of extra-ocular CMV disease. However, literature 
does not provide exact data on this subject. In a retrospective study to the 
risk of developing CMV retinitis in HIV-positive patients with a previous 
biopsy proven extra-ocular CMV disease, we could confirm our clinical 
impression of a very high frequency of retinitis in these patients. One 
conclusion could be that this group of patients would benefit of some 
form of treatment to prevent CMV retinitis. However, maintenance 
therapy is not routinely prescribed to patients after healing of the extra
ocular CMV disease. Although not statistical significant, we were able to 
demonstrate a beneficial effect of maintenance treatment following 
extra-ocular CMV disease, resulting in at least a considerable delay in the 
occurrence of retinitis. 

It seems arealistic assumption that CMV virus reaches the eyes through 
dissemination of virus via the blood during a period of viremia. Once clinical 
manifest CMV disease is present in a patient, the amount of viral DNA 
detectable in the blood, reaches high levels especially in patients with 
gastrointestinal inflammation. This rise in viremia is probably relative to the 
extent of tissue injury and viral replication. With increased levels of viremia, 
the chance of infection at other sites becomes more probable. This could 
explain the high incidence of CMV retinitis following gastrointestinal CMV 
disease in HIV-positive patients. 

It is very difficult, if not impossible, to isolate CMV from ocular fluids of 
patients with CMV retinitis. This prevented studies to analyse ocular CMV. 
PCR enabled the direct analysis of CMV from ocular fluid samples of 
patients with CMV retinitis. In a first study we compared CMV from the 
eye with CMV from paired blood samples, using the ̂ -sequence located in 
the a-region of the CMV genome. In the majority of cases genomic 
differences could be demonstrated between ocular and blood derived CMV 
strains. Despite haematogenous spread of CM V the eye may contain CMV 
strains different from those found in the blood. This could explain the clinical 
observations of development of gastrointestinal CMV disease in a patient 
with a totally quiet retinitis, or progression of retinitis in the absence of 
substantial drug resistance in blood derived CMV (despite adequate 
treatment). The observed differences argue in favour of the use of ocular 
samples to determine drug resistance by PCR based drug-sensitivity 
analysis. 

In the literature an association between the occurrence of CM V retinitis 
with a certain glycoprotein B (gB) genotype, gb2, was reported, suggesting 
that this gene, or one linked to it, was an important virulence factor for CMV 
strains. In a second study, we determined the frequency of CMV glycoprotein 
gB genotypes in ocular fluid samples.The gB2 genotype was not more 
frequently seen in the eye compared to the other types, but a new variant 
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gB type, gB3' was discovered in the intraocular samples, that was not 
detectable in the blood. We have also compared gB genotypes of intraocular 
CM V strains and strains from paired blood samples of patients with CMV 
retinitis, and confirmed our previous observation of genomic differences 
between ocular and blood derived CMV strains. 

The combination of two reverse transcriptase inhibitors and one protease 
inhibitor, triple therapy, has a profound effect on HIV viral load in patients. 
This combination therapy has been called Highly Active Anti-Retroviral 
Therapy (HAART). As a result the CD4+ cell counts rise dramatically in 
most patients. We have conducted a prospective study to the effect of 
HAART in HIV-positive patients at high risk for developing CMV retinitis, 
and concluded that HAART caused a dramatic decrease in occurrence of 
CMV disease. This decrease was paralleled by an increase in CD4+ cell 
count, and a decrease in the amount of CMV DNA in the blood, which 
decreased below detection level in all patients with CD4+ cell counts above 
100 cells/mm3. 

At the moment we are in a period of transition. The positive change in 
immune response caused by HAART, brings up the questions which 
patients still have to be screened, and how often they must be seen. 
Another issue is the need for continuation of maintenance therapy in a 
patient with a quiet CMV retinitis, and a good response to HAART, with 
a rise in CD4+ cell count of over 100 cells / mm3. With the advent of 
HAART a dramatic improvement has been accomplished in the course 
of the HIV infection, with it a sharp decline in the incidence of CMV 
retinitis. How long this trend will continue is not known. Unfortunately the 
number of patients who fail antiretroviral therapy increases, either because 
of the development of resistance or as a result of the inability to tolerate the 
drug regime. 

It is to be expected that patients who fail multiple drug anti retroviral 
therapy again will become victim of opportunistic infections like CMV 
retinitis. There is a need to monitor the efficacy of the immune system of 
the individual patient to control CMV. The CD4+ cell count and the HIV 
viral load are indirect and surrogate markers in this respect. Perhaps CMV 
viral load measurements, if standardised and commercially available, and 
immunologic tests to evaluate the response to CMV antigens, can more 
accurately determine the immune functionality against CMV of the patient. 
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Met de aanvang van de AIDS epidemie in 1981 bleek al snel dat CMV 
de meest voorkomende opportunistische virale infectie bij HIV-positieve 
patiënten is. De jaarlijkse incidentie van een klinisch manifeste CMV 
ziekte ligt tussen de 25 en 30% bij patiënten met een daling van het aantal 
CD4+ lymphocyten tot onder de 50 cellen / mm3. In meer dan 90% is 
hierbij het oog aangedaan en is sprake van een necrotiserende retinitis. 
Onbehandeld leidt CMV retinitis onvermijdelijk tot blindheid in een vrij 
korte periode, een ondraaglijke belasting voor AIDS patiënten toen en 
nu. 

De ervaring opgedaan bij de behandeling van CMV retinitis bij HIV-
positieve patiënten wierp vragen op, zoals : is de differentiaal diagnostiek te 
verbeteren, welke risicofactoren zijn er voor het krijgen van een CMV 
retinitis, kunnen we gebruik maken van polymerase chain reaction (PCR) 
voor het nader karakteriseren van CMV uit het oog, en welke relatie 
bestaat er tussen de "viral load" van CMV gemeten in het bloed en het 
krijgen van een CMV retinitis? 

De meeste HIV-positieve patiënten, die de AIDS kliniek bezoeken zijn 
goed geïnformeerd over de mogelijke opportunistische infecties, welke zij 
op kunnen lopen en over de consequenties van deze diagnoses. De 
screenings strategie welke wij volgen voor de beoordeling van de ogen 
houdt in dat bij iedere verdere verlaging van het aantal CD4+ cellen de 
frequentie van het oogheelkundig onderzoek toeneemt. Met een toename 
van het aantal bezoeken aan de polikliniek oogheelkunde neemt 
logischerwijs ook de vrees van de patiënt toe CMV retinitis te hebben. 
Veel patiënten hebben net de leeftijd dat er behoefte aan een leesadditie 
ontstaat en het was geen uitzondering dat we een totaal ontredderde 
patiënt gerust konden stellen met de mededeling dat de "visusdaling" 
slechts een fysiologisch ouderdoms verschijnsel was. 

De angst van de patiënt voor het horen van de diagnose CMV retinitis werd 
niet alleen ingegeven door de mogelijkheid van een ernstig visusverlies, 
maar ook door de wetenschap veroordeeld te zijn tot een levenslange anti-
CMV therapie, de noodzaak voor een permanent infuus (Port-a-Cath), 
frequentere controles door internist en oogarts en bovenal door het besef 
dat de levensverwachting drastisch daalde en niet langer in jaren, maar in 
maanden gemeten moest worden. Voor vele patiënten was dit meer dan zij 
konden verdragen en sommigen, met name patiënten met reeds een ernstig 
visusverlies, kozen voor euthanasie. De enorme gevolgen van de diagnose 
CMV retinitis maakt het absoluut noodzakelijk dat de diagnose met de 
grootst mogelijke zekerheid wordt gesteld. 
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De diagnose van CMV retinitis berust op het klinische beeld, vooral het 
aspect van de fundus en het ontbreken van secundaire 
ontstekingsverschijnselen. Een oogarts met ervaring in het ziektebeeld 
zal de diagnose meestal op grond van deze bevindingen kunnen stellen. 
Toch kan de diagnose moeilijk zijn, vooral in het prille begin van de 
retinitis en ook bij meer aspecifiek gevallen, waarbij het onderscheid met 
ontsteking door andere herpesvirussen en vooral door Toxoplasma 
gondii, lastig zo niet onmogelijk is, op het klinisch beeld alleen. Wij 
onderzochten de waarde van meting van locale antistof productie, met de 
Goldmann-Witmer coëfficiënt, en van bepaling van de aanwezigheid 
van DNA van in aanmerking komende pathogenen, met een polymerase 
chain reaction (PCR) assay, in kamerwater van patiënten met een 
moeilijk te classificeren necrotiserende retinitis. Onze conclusie luidde 
dat deze bepaling een snelle en voor de patiënt veilige methode is, leidend 
tot een duidelijke verbetering van onze differentiaal diagnostische 
mogelijkheden, bij patiënten waar de klinische afwijkingen alleen, 
onvoldoende houvast bieden voor het stellen van een definitieve diagnose. 
Vooral de PCR assay is een methode met hoge sensitiviteit en specificiteit 
bij deze groep van patiënten en heeft inmiddels zijn waarde in de kliniek 
bewezen. 

Klinisch manifeste extraoculaire CMV ziekte is vaak aangehaald in de 
literatuur als een risico factor voor het krijgen van een CMV retinitis, maar 
vreemd genoeg ontbraken exacte cij fers hierover. Voor ons een reden om 
een retrospectief onderzoek te doen bij patiënten met een histopathologisch 
bewezen extraoculaire CMV ziekte naar het optreden van een CMV 
retinitis. Onze klinische impressie dat dit zeer frequent voorkwam konden 
wij in dit onderzoek bevestigen. Dit rechtvaardigt mogelijk het geven van 
enige vorm van profylaxe,maaronderhouds therapie wordt niet routinematig 
voorgeschreven aan deze categorie van patiënten. In ons onderzoek vonden 
wij aanwij zingen, dat onderhoudstherapie het optreden van CMV retinitis 
aanzienlijkuitstelt. 

CMV kon tot op heden nooit geïsoleerd worden uit een oog met CMV 
retinitis. Dit verhinderde nader onderzoeknaar CMV afkomstig uit het oog. 
Met de mogelijkheden die PCR biedt, werd het voor het eerst wel mogel ij k 
oculaire CMV verder te karakteriseren. In twee studies analyseerden wij 
met behulp van PCR uit het oog afkomstige CMV stammen. In de eerste 
studie vergeleken wij het CMV uit kamerwater van patiënten, met een CMV 
retinitis, met CMV uit gelijktijdig afgenomen bloed. Daarbij werd dea-
sequentie geanalyseerd, een relatief geconserveerd deel van het CMV 
genoom gelokaliseerd in een hypervariabel gebied, de a-regio. Analyse van 
de a-sequenties toonde aan, dat in de meerderheid van de patiënten 
genomische verschillen bestonden tussen de CMV stam(men) in het oog en 
die in het bloed. Ondanks het aannemelijke gegeven dat CMV het oog via 
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de bloedstroom bereikt ontstaan er blijkbaar verschillen tussen CMV in het 
oculaire en het bloed compartiment. Hiermee kan wel verklaard worden, 
dat sommige patiënten, ondanks een volstrekt rustig aspect van hun CMV 
retinitis onder onderhoudstherapie, toch een CMV infectie ontwikkelen 
buiten het oog, evenals patiënten met een recidief van hun CMV retinitis, 
ondanks het ontbreken van enige vorm van resistentie tegen het (op 
adequaat voorschrift) gebruikte geneesmiddel in uit het bloed geïsoleerde 
CMV. 

In een tweede studie gingen wij in op een in de literatuur vermelde 
associatie tussen een der glycoproteine B (gB) genotypen, gB2, en het 
voorkomen van een CMV retinitis. Dit suggereerde een verband tussen 
dit gen en de virulentie van CMV. Daartoe onderzochten wij de frequentie 
van voorkomen van de verschillende gB genotypen in uit het oog 
afkomstige CMV van patiënten met een CMV retinitis. Het gB2 genotype 
was echter niet vaker terug te vinden in het oog dan de overige typen. Wel 
vonden wij een variant gB, gB3', welke wel in het oog, maar niet in het 
bloed gevonden kon worden. Opnieuw konden we in tegelijk afgenomen 
oog / bloed monsters onze eerder bevindingen met de <7-sequentie 
bevestigen, dat het CMV genotype in het oog in veel gevallen verschilde 
van het genotype van CMV in het bloed, maar nu voor een meer 
geconserveerd deel van het genoom, het gB genotype. Deze bevindingen 
pleiten voor de directe analyse van CMV uit het oog voor bijvoorbeeld 
resistentie bepalingen met behulp van reeds beschikbare PCR technieken. 

De combinatie therapie met twee "reverse transcriptase" remmers en 
een protease remmer, de zogenaamde "triple therapy", resulteert bij de 
meeste HIV-positieve patiënten in een enorme afname van de HIV viral 
load. Deze combinatie therapie wordt ook wel Highly Active Anti 
Retroviral Therapy of kortweg HAART genoemd. Het aantal CD4 + 
lymfocyten stijgt flink bij de patiënten, terwijl de incidentie van 
opportunistische infecties afneemt. Wij deden een prospectief onderzoek 
naar de invloed van HAART bij HIV-positieve patiënten met een 
verhoogd risico op het krijgen van een CMV retinitis. Als gevolg van 
HAART nam de incidentie van CMV retinitis aanzienlijk af. De tevens 
gemeten CMV viral load daalde in de loop van het onderzoek tot onder 
de detectie grens bij alle patiënten met een toename van het aantal CD4+ 
cellen tot boven de 100 cellen / mm3. 

Op dit moment, na de introductie van HAART, bevinden we ons in een 
overgangsperiode voor wat betreft de behandeling van HIV-positieve 
patiënten met een CMV retinitis, of met een verhoogd risico op het 
krijgen van CMV retinitis. Welke patiënten moeten we nog screenen en 
hoe vaak? Kunnen we de onderhoudsbehandeling staken bij patiënten 
met een volledig rustig aspect van hun CMV retinitis en een toename van 
het aantal CD4+ lymfocyten tot boven de 100 cellen / mm3 ? Om die 
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reden hebben we gemeend dit proefschrift de titel "CMV retinitis in HIV 
positive patients in the pre-HAART era" te moeten geven. 

Met de introductie van HAART is een dramatische verbetering opgetreden 
in het ziektebeeld door HIV veroorzaakt, met een forse afname van het 
aantal patiënten met een nieuw gediagnostiseerde CMV retinitis. Helaas 
lijkt het erop dat het aantal patiënten dat toch weer achteruit gaat onder 
HAART aan het toenemen is. Hetzij door het optreden van resistentie, 
hetzij door de onmogelijkheid voor de patiënt om het zware 
geneesmiddelen regime, met alle bijwerkingen, vol te houden. Indien op 
korte termijn geen nieuwe aangrijpingspunten in de therapie van de HIV 
infectie toepasbaar worden, is het te verwachten, dat een toenemend 
aantal patiënten in de naaste toekomst opnieuw zal moeten leven met een 
verhoogd risico op het krijgen van opportunistische infecties, zoals 
CMV retinitis. 
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CURRICULUM VITAE 

De schrijver van dit proefschrift werd geboren op 3 januari 1956 te 
Amsterdam. In 1974 behaalde hij het Gymnasium B diploma aan het St-
Ignatius college te Amsterdam. Uitgeloot voor de studie medicijnen werd 
1 jaar Natuur- en Wiskunde, bijvak Scheikunde gestudeerd aan de 
Universiteit van Amsterdam, maar, alsnog ingeloot, is hij in 1975 
begonnen met de studie Geneeskunde aan dezelfde universiteit. In 1981 
haalde hij zijn doctoraal examen Geneeskunde, in 1983 zijn artsexamen. 
Tussen mei 1983 en november 1986 werkte hij op de afdeling 
Ophthalmogenetica van het Interuniversitair Oogheelkundig Instituut 
(IOI) te Amsterdam, onder leiding van prof. dr. J.W.Delleman, met als 
opdracht de patiënten-gegevens van het uitgebreide archief van de 
afdeling per computer op te slaan en toegankelijk te maken. Hier ontstond 
het enthousiasme voor de oogheelkunde, welke uitmondde in een 
opleidingsplek voor de specialisatie Oogheelkunde in het Academisch 
Medisch Centrum onder leiding van prof. dr. A.C. Breebaart. 

Op 1 november 1990 rondde hij de opleiding tot oogarts af en keerde 
hij terug naar de afdeling Ophthalmogenetica van het IOI, inmiddels 
onder leiding van prof. dr. E.M. Bleeker-Wagemakers, nu met de 
opdracht het klinisch ophthalmologisch onderzoek te verrichten bij de 
patiënten aangemeld aan de afdeling met vragen over erfelijke 
oogheelkundige aandoeningen. 

De algemene oogheelkunde bleef echter trekken en vanaf februari 
1991 werkte hij naast de aanstelling bij het IOI, in deeltijd, 
achtereenvolgens in het St-Lucasziekenhuis (dr. P.F.J. Hoyng), als 
vrijgevestigde oogarts op de Willemsparkweg en het Jan van Gooyen 
Centrum, in de Maasstraat (dr.N.T.Tijmes) en bij de oogheelkundige 
afdeling van het West-Fries Gasthuis te Hoorn (drs.D.W.van Westrhenen). 

De (academische) klinische oogheelkunde bleek de meeste aan
trekkingskracht te hebben en sinds 1 maart 1994 is hij aangesteld op de 
afdeling oogheelkunde van het Academisch Medisch Centrum, 
aanvankelijk onder leiding van prof. dr. A.C. Breebaart, later waar
genomen door drs. P.J.M. Bos, nu onder leiding van prof M.D. de Smet, 
met als zwaartepunt de uveitis. De nevenopdracht tot het verrichten van 
promotie onderzoek resulteerde uiteindelijk, onder begeleiding van prof. 
dr. A. Kijlstra en dr. R. Peek, in het proefschrift welke nu voor u ligt. 
De schrijver is getrouwd met Jeanine Kreyenbroek en heeft 2 kinderen, 
Sam (7 jaar) en Barend (4 jaar). 
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EPILOOG 

Uiteraard wil ik tot slot iedereen bedanken die bijgedragen heeft aan de 
tot standkoming van dit proefschrift. 
Aize, je hebt waargemaakt wat we besproken hebben op onze allereerste 
bijeenkomst gewijd aan dit promotie onderzoek. Je bent de inspirerende 
stok achter de deur geweest, die mij voortdreef op weg naar de afronding 
van het proefschrift. De snelheid waarmee je teksten doornam en van 
kritisch commentaar voorzag hield de vaart er goed in. 
Ron, je no nonsense benadering van de ingewikkelde materie, die de PCR 
en de moleculaire biologie voor een oogarts nu eenmaal is, werkte 
verfrissend, en resulteerde in vrij korte tijd in een aantal publikaties welke 
ook deel uit maken van dit proefschrift. Ik ben blij datje als co-promotor 
hebt willen optreden, als het moleculair biologisch geweten van dit 
proefschrift. 

De commissie leden, die het manuscript hebben beoordeeld, prof. dr. 
J. van der Noordaa, prof. M.D.Desmet, prof.dr.S.A.Danner, dr. A.van 
der Lelij, en dr. G.J.van den Horn, ben ik dankbaar voor de tijd, die zij 
hierin hebben geïnvesteerd. 

De kern van dit onderzoek berust in belangrijke mate op de resultaten 
van onderzoek verricht op het laboratorium van de afdeling Ophthalmo-
Immunologie van het Interuniversitair Oogheelkundig Instituut. Ik ben 
dan ook de vele medewerkers van dit laboratorium erkentelijk voor het 
uitvoeren van de vele bepalingen en testen, waar ik gebruik van heb 
mogen maken in dit proefschrift. Met name wil ik hierbij Leny Luyendijk 
noemen en Marcel Bruinenberg, die ondermeer het "monnikenwerk" 
gedaan heeft voor de CMV stam typeringen. 

Pauline Wertheim-van Dillen, René Boom en Jan Weel van de afdeling 
Klinische Virologie van het AMC wil ik danken voor de interesse in het 
totale promotie onderzoek.Vooral wil ikjullie danken voorde enthousiaste 
en onvoorwaardelijke samenwerking, die heeft geleid tot de resultaten 
van ons prospective onderzoek naar de invloed van HAART op CMV bij 
HIV-positieve patiënten. 

Jan van der Meer steunde mij menigmaal bij de statistische analyses 
van de onderzoeksgegevens van een deel der publikaties. Jan, dank voor 
het aanhoren, en oplossen, van mijn soms wat basale vragen op dit 
gebied. 

Ook alle overige co-auteurs hebben ieder op hun eigen wijze een vaak 
belangrijke bijdrage geleverd aan de publikaties in dit proefschrift, 
zonder hen geen promotie. Zij zullen zich herkennen in de delen van de 
publikaties, waar zij bij betrokken zijn geweest. 

De collegae van de afdeling Interne Geneeskunde, Infectieziekten, 
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Tropische Geneeskunde en AIDS wil ik danken voor de samenwerking 
bij de behandeling van de HlV-positieve patiënten met CMV retinitis en 
tevens voor hun bereidwillige medewerking aan het prospectieve 
onderzoek naar de invloed van HAART op CMV bij HlV-positieve 
patiënten. 

Ans Althof en Daphna Meijer, jullie benadering van de patiënten, die 
deelnamen aan het prospectieve onderzoek naar de invloed van HAART 
op CMV bij HlV-positieve patiënten, heeft ertoe geleid dat vrijwel alle 
deelnemers niet alleen trouw kwamen, maar zelfs graag kwamen. Dit 
onderzoek kon alleen maar dankzij jullie inzet uitgevoerd worden. 

De fotografen van het IOI en vooral Ton Put wil ik danken voor het 
vervaardigen van de foto's en figuren in de publikaties. Ton vooral ook 
dank voor je hulp bij het ontwerpen van de omslag. 

Gerben van der Meulen heeft de laatste fase, het persklaar maken van 
het manuscript op zich genomen en daarvoor ben ik hem erg dankbaar. 

In mijn loopbaan, zoals ongetwijfeld in de meeste loopbanen, zaten een 
aantal cruciale momenten van verandering, van beslissingen over de te 
vervolgen koers. Op die momenten zijn soms sleutelfiguren aanwezig, 
die een gidsfunctie vervullen. Twee van die sleutelfiguren wil ik bij deze 
graag noemen. Ten eerste Willem Delleman, die mij inwijdde in de 
oogheelkunde en daar zo goed in slaagde dat ik, al mijn eerdere voornemens 
ten spijt, koos voor een opleiding tot oogarts. Willem, we zijn ieder een 
ander pad opgegaan, maar je bezielende stem hoor ik nog steeds in mijn 
hoofd en vooral in mijn hart. Ten tweede Hans van den Horn, die mij 
overhaalde de kelder van ophthalmogenetica te verruilen voor een 
herintrede in de klinische oogheelkunde. Hans, ik ben je dankbaar voor 
je begeleiding bij mijn eerste schreden op het pad van vrijgevestigd 
oogarts, en de onovertroffen wijze waarop je mijn eerste chirurgische 
ingrepen coachte, zowel tijdens de opleiding, als na mijn herintrede. 

Alles is betrekkelijk en een promotie onderzoek niet minder. Belangrijker 
is voor mij de wetenschap dat ik de steun had en heb van een geweldige 
vrouw en twee heerlijke zonen. Zelfs het schrijven van dit proefschrift 
kon schijnbaar zonder problemen uitgevoerd worden. Jeanine, ik ben je 
dankbaar voor je aanmoedigingen en voor al die kwaliteiten, als thuis
zorg-coördinator, die het voor mij mogelijk maakten al die tijd in het 
proefschrift te steken. Sam en Barend, eindelijk zit pappa niet meer 
"altijd achter de kompjoeter". 
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