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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 
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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 
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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 
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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 
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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, 
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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 
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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. 

59 



CHAPTER I 

S B 

*c3 
g 
"> M 
£ en Jz Jü: 
g en' CS i n 

1—1 m \o 
i ^ 
od 
3 

cö 13 H 
— o - C 

ZL 2 >n J3 

"c5 c ^d <N 

S ' " o-i 

ca 

S S J3 J3 
_cd ON "*_ O . <NÏ m' 

a> 1 tu 

3 
cd 
1 3 

cd 

| 
1 

Ü | "cd 

cd 

S 'cd 
"Sfc cd 

1 E 
I N O 

=1 ™ 
l > O 1 E Ö G ö m c 

Cd 

e 
<ü 
o 
ö 
o 
o 
cd 

1 ̂  oo 
zs_ 

1 
' d -

u 

_ed 

'cd > 
E 

^ O N 

o' 
cd i 

C ^D 

cd 

O E ö 1—1 ö C CN e 

1 1 , , 
§ 1 Q j üD C s § 1 zt. i la "St 

11 
i n m 
O <N 

ö ö 

ü. 

CN 
e 
CU 
O 
ö 
o 
o 

11 
cd ' § 

| s 
zl ü I "5b 

zi. 
co 

s i 
( N ( N 
cd —-

CO 
Ö 

'S 

0 Ta» Ta 
Q i n o 

> 
en 

_>•> ,̂ CU 
CU 

> l d > 15 
—i CU 

£ 
OJ 

e 
5b 

ai 

'S l 
C* cd1 

Bö -o 

SD <£ 
£ Où 

*> 
ra 
c 
ÖO 
=L 

O 

c 
cd 

a , 
S 
M 
E 

m 

cd .a 
" O > 
X cd 

$ ! 
E o 

o 'd-

CU > 
o 

1 
"Si) 

e 

e 
5b 

ai i n — CN T f CT\ <N <n 

,_ 
"> o 
o > o 

DU ' o 
c 
ca 
bu 

cd 
3 ' o 

c 
ca 
bu 

o o 
U 

a 

' o 
c 
ca 
bu 

co "5 
"o 

& 

s S 

o v: 
_, r-' 

cd o ° 

O 

O 

E -s 

o 'rä 
Q £ 

~Bp 

d= o . i 

Q, (U u 

60 



S S 

Î5 « T3 

CMV retinitis in HIV-positive patients. 

•p - -U 

S 'S 
S Ü 

-= 2 -S 

s S -s s? • 

i4 

o 

'C C T3 
s- -g> g, S a. 

• - « c 

— o B 
S J ; 

.= .= -o 

•st a. 
> g1 

<-> . 5 o S 
OD -7 

— JE1 o < 
Q 

"5 où °<$ 

61 



CHAPTER I 

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. 

REFERENCE LIST 

1. Goodpasture EM, Talbot FB. Concerning the nature of "protozoan-like" cells in certain 
lesions of infancy. American Journal of Diseases of Children 1921; 21: 415-425. 

2. Von Glahn WC, Pappenheimer AM. Intranuclear inclusions in visceral disease. America 
Journal of Pathology 1925; 1: 445-466. 

3. Smith MG. Propargation of salivary gland virus of the mouse in tissue cultures. Proc Soc 
Exp Biol Med 1954; 86: 434-440. 

4. Klemola E, Kaariainen L. Cytomegalovirus as a possible cause of a disease resembling 
infectious mononucleosis. Bull World Health Organ 1965; 5470: 1099-1102. 

5. Ho M, Suwansirikul S, Dowling JN, et al. The transplanted kidney as a source of 
cytomegalovirus infection. New England Journal of Medicine 1975; 293: 1109-1112. 

6. Dvorak-Theobald G. Cytomegalic incusion disease, report of a case. American Journal 
of Ophthalmology 1959; 309: 950-953. 

7. Smith ME. Retinal involvement in adult cytomegalic inclusion disease. Archives of 
Ophthalmology 1964; 72: 44-49. 

8. Moeller MB, Gutman RA, Hamilton JD. Acquired cytomegalovirus retinitis. Four new 
cases and a review of the literature with implications for management. American Journal 
of Nephrology 1982; 2: 251-255. 

9. Freeman WR, Lerner CW, Mines JA, et al. A prospective study of the ophthalmologic 
findings in the acquired immune deficiency syndrome. American Journal of Ophthalmology 
1984; 97: 133-142. 

70 



CMV retinitis in HIV-positive patients. 

10. Friedman AH, Freeman WR, Orellana J, Kraushar MF, Starr MB, Luntz MH. Cytomegalovirus 
retinitis and immunodeficiency in homosexual males [letter]. Lancet 1982; 1:958 

11. Holland GN, Gottlieb MS, Yee RD, Schanker HM, Pettit TH. Ocular disorders associated with a 
new severe acquired cellular immunodeficiency syndrome. American Journal of Ophthalmology 
1982;93:393-402. 

12. Khadem M, Kalish SB, Goldsmith J, et al. Ophthalmologic Findings in acquired immune 
deficiency syndrome (AIDS). Archives of Ophthalmology 1984; 102: 201-206. 

13. Palestine AG, Polis MA, de SM, et al. A randomized, controlled trial of foscarnet in the 
treatment of cytomegalovirus retinitis in patients with AIDS [see comments]. Annals 
of Internal Medicine 1991; 115: 665-673. 

14. Rosenberg PR, Uliss AE, Friedland GH, Harris CA, Small CB, Klein RS. Acquired 
immunodeficiency syndrome. Ophthalmic manifestations in ambulatory patients. 
Ophthalmology 1983; 90: 874-878. 

15. Culbertson WW. Infections of the retina in AIDS. International Ophthalmology Clinics 1989-
29:108-118. 

16. Felsenstein D, D'Amico DJ, Hirsch MS, et al. Treatment of cytomegalovirus retinitis with 9-[2-
hydroxy-l-(hydroxymethyl)ethoxymethyl]guanine. Annals of Internal Medicine 1985' 103 
377-380. 

17. Holland GN, Buhles WCJ, Mastre B, Kaplan HJ. A controlled retrospective study of 
ganciclovir treatment for cytomegalovirus retinopathy. Use of a standardized system for 
the assessment of disease outcome. UCLA CMV Retinopathy. Study Group. Archives of 
Ophthalmology 1989; 107: 1759-1766. 

18. Jacobson MA, 0*Donnell JJ, Mills J. Foscarnet treatment of cytomegalovirus retinitis 
in patients with the acquired immunodeficiency syndrome. Antimicrobial Agents & 
Chemotherapy 1989; 33: 736-741. 

19. Lalezari JP, Stagg RJ, Kuppermann BD, et al. Intravenous cidofovir for peripheral cytomegalovirus 
retinitis in patients with AIDS. A randomized, controlled trial. Annals ofInternal'Medicine 1997-
126:257-263. 

20. Anonymous. Parenteral cidofovir for cytomegalovirus retinitis in patients with AIDS: 
the HPMPC peripheral cytomegalovirus retinitis trial. A randomized, controlled trial. 
Studies of Ocular complications of AIDS Research Group in Collaboration with the AIDS 
Clinical Trials Group. Annals of Internal Medicine 1997; 126: 264-274. 

2 1. Martin DF, Parks DJ, Mellow SD, et al. Treatment of cytomegalovirus retinitis with an 
intraocular sustained-release ganciclovir implant. A randomized controlled clinical trial 
[see comments]. Archives of Ophthalmology 1994; 112: 1531-1539. 

22. Alrabiah FA, Sacks SL. New antiherpesvirus agents. Their targets and therapeutic 
potential. [Review] [131 refs]. Drugs 1996; 52: 17-32. 

23. Nussenblatt RB, Lane HC. Human immunodeficiency virus disease: changing patterns of 
intraocular inflammation [comment] [see comments], [Review] [25 refs]. American 
Journal of Ophthalmology 1998; 125: 374-382. 

24. Kinney JS, Onorato IM, Stewart JA,, et al. Cytomegaloviral infection and disease. Journal of 
Infectious Diseases 1985; 151 : 112-11 A. 

25. Stewart JA, Reef SE, Pellett PE, Corey L, Whitley RJ. Herpesvirus infections in persons 
infected with human immunodeficiency virus. [Review] [42 refs]. Clinical Infectious 
Diseases 1995; 21 Suppl 1: S114-S120 

26. van der Meer JT, Drew WL, Bowden RA, et al. Summary of the International Consensus 
Symposium on Advances in the Diagnosis, Treatment and Prophylaxis and 
Cytomegalovirus Infection. Antiviral Research 1996; 32: 119-140. 

27. Stagno S, Pass RF, Cloud G,, et al. Primary cytomegalovirus infection in pregnancy: incidence, 
transmission to fetus, and clinical outcome. JA MA 1986; 256:1904-1908. 

28. Wentworth BB, Alexander ER. Seroepidemiology of infectious due to members of the 
herpesvirus group. American Journal of Epidemiology 1971; 94: 496-507. 

29. Krech U. Complement-fixing antibodies against cytomegalovirus in different parts of the 
world. Bull World Health Organ 1973; 49: 103-106." 

30. Drew WL, Mintz L, Miner RC, Sands M, Kelterer B. Prevalence of cytomegalovirus 
infection in homosexual men. Journal of Infectious Diseases 1981; 143: 188-192. 

31. Horwitz CA, Henle W, Henle G, , et al. Heterophil-negative infectious momonucleosis and 
mononucleosis-like illnesses: laboratory confirmation of 43 cases. American Journal of 
Medicine 1977; 63:947-957. 

71 



CHAPTER I 

32. Klemola E, Stenstrom R, Essen RV. Pneumonia as a clinical manifestation of cytomegalovirus 
infection in previously healthy adults. Scandinavian Journal of Infectious Diseases 1972; 4: 
7-10. 

33. Ho M Cytomegalovirus: biology and infection. New York: Plenum, 1991: 2 edn. 
34. Fiala M, Payne JE, Berne TV, et al. Epidemiology of cytomegalovirus infection after 

transplantation and immunosuppression. Journal of Infectious Diseases 1975; 132: 421-
433. 

35. Spector SA, McKinley GF, Lalezari .IP, et al. Oral ganciclovir for the prevention of 
cytomegalovirus disease in persons with AIDS. Roche Cooperative Oral Ganciclovir Study 
Group [see comments]. New England Journal of Medicine 1996; 334: 1491-1497. 

3 6. Hoover DR, Peng Y, Saah A, et al. Occurrence of cytomegalovirus retinitis after human 
immunodeficiency virus immunosuppression. Archives of Ophthalmology 1996; 114:821-827. 

37. HooverDR, Saah AJ,BacellarH,etal. Clinical manifestations of AIDS in the era of Pneumocystis 
prophylaxis. Multicenter AIDS Cohort Study. New England Journal of Medicine 1993; 329: 
1922-1926. 

3 8. Centers for disease control. Revision of the Centers for Disease Control surveillance case 
definition for acquired immunodeficiency syndrome. MMWR 1987; 36 (supp): 1S-16S. 

39. Sison RE, Holland GN, MacArthur LJ, Wheeler NC, Gottlieb MS. Cytomegalovirus 
retinopathy as the initial manifestation of the acquired immunodeficiency syndrome 
[published erratum appears in Am J Ophthalmol 1991 Nov 15;112(5):618]. American 
Journal of Ophthalmology 1991; 112: 243-249. 

40. Holland GN, Sison RF, Jatulis DE, Haslop MG, Sakamoto MJ, Wheeler NC. Survival of 
patients with the acquired immune deficiency syndrome after development of 
cytomegalovirus retinopathy. UCLA CMV Retinopathy Study Group. Ophthalmology 
1990;97:204-211. 

41. Pertel P, Hirschtick R, Phair J, Chmiel J, Poggensee L, Murphy R. Risk of developing 
cytomegalovirus retinitis in persons infected with the human immunodeficiency virus. 
Journal of Acquired Immune Deficiency Syndromes 1992; 5: 1069-1074. 

42. Freeman WR, Stern WH, Gross JG, Taylor PB, Nadel AJ, Wiley CA. Pathologic 
observations made by retinal biopsy. Retina 1990; 10: 195-204. 

43. Rungger-Brandle E, Roux L, Leuenberger PM. Bilateral acute retinal necrosis (BARN). 
Identification of the presumed infectious agent. Ophthalmology 1984; 91: 1648-1658. 

44. Fiala M, Chatterjee SN, Carson S, et al. Cytomegalovirus retinitis secondary to chronic 
viremia in phagocytic leukocytes. American Journal of Ophthalmology 1977; 84: 567-
573. 

45. Gerna G, Zipeto D, Parea M, et al. Monitoring of human cytomegalovirus infections and 
ganciclovir treatment in heart transplant recipients by determination of viremia, 
antigenemia, and DNAemia. Journal of Infectious Diseases 1991; 164: 488-498. 

46. Gerna G, Furione M, Baldanti F, Sarasini A. Comparative quantitation of human 
cytomegalovirus DNA in blood leukocytes and plasma of transplant and AIDS patients. 
Journal of Clinical Microbiology 1994; 32: 2709-2717. 

47. Gozlan ,1, Laporte JP, Lesage S, et al. Monitoring of cytomegalovirus infection and disease 
in bone marrow recipients by reverse transcription-PCR and comparison with PCR and 
blood and urine cultures. Journal of Clinical Microbiology 1996; 34: 2085-2088. 

48. Brosgart CL, Louis TA, Hillman DW, et al. A randomized, placebo-controlled trial of 
the safety and efficacy of oral ganciclovir for prophylaxis of cytomegalovirus disease 
in HIV-infected individuals. Terry Beirn Community Programs for Clinical Research on 
AIDS. AIDS 1998; 12: 269-277. 

49. Baldassano V, Dunn JP, Feinberg J, Jabs DA. Cytomegalovirus retinitis and low CD4+ T-
lymphocyte counts [letter]. New England Journal of Medicine 1995; 333: 670 

50. Gallant JE, Moore RD, Richman DD, Keruly J, Chaisson RE. Incidence and natural history 
of cytomegalovirus disease in patients with advanced human immunodeficiency virus 
disease treated with zidovudine. The Zidovudine Epidemiology Study Group [see 
comments]. Journal of Infectious Diseases 1992; 166: 1223-1227. 

5 1. Kuppermann BD, Petty JG, Richman DD, et al. Correlation between CD4+ counts and 
prevalence of cytomegalovirus retinitis and human immunodeficiency virus-related 
noninfectious retinal vasculopathy in patients with acquired immunodeficiency syndrome. 
American Journal of Ophthalmology 1993; 115: 575-582. 

72 



CMV retinitis in HIV-positive patients. 

52. Saillour F, BernardN, Ragnaud JM, et al. Incidence ofcytomegalovirus disease in the Aquitaine 
cohort of HIV-infected patients: a retrospective survey, 1987-1993. Groupe d'Epidemilogie 
Clinique du SIDA en Aquitaine (GECSA). Journal of Infection 1997; 35: 155-161. 

53. SpaideRF,Gaissinger A, Podhorzer JR. Risk factors forcotton-wool spots and for cytomegalovirus 
retinitis in patients with human immunodeficiency virus infection. Ophthalmology 1995; 102: 
1860-1864. 

54. Gerard L, Leport C, Flandre P, et al. Cytomegalovirus (CMV) viremia and the CD4+ 
lymphocyte count as predictors of CMV disease in patients infected with human 
immunodeficiency virus [see comments]. Clinical Infectious Diseases 1997; 24: 836-
840. 

55. Fekrat S, Dunn JP, Lee D, Miller T, Jabs DA. Cytomegalovirus retinitis in HIV-infected patients 
with elevated CD4+counts [letter]. Archives of Ophthalmology 1995; 113: 18 

56. Baglivo E, Dosso A, Leuenberger PM, Jelk L. Cytomegalovirus retinitis in an AIDS patient 
without severe depletion in CD4 cell count [letter]. British Journal of Ophthalmology 
1995;79:962-963. 

57. Lowder CY, Butler CP, Dodds EM, Secic M, Recillas-Gispert C. CD8+ T lymphocytes and 
cytomegalovirus retinitis in patients with the acquired immunodeficiency syndrome [see 
comments]. American Journal of'Ophthalmology 1995:120: 283-290. 

58. Tay-Kearney ML, Enger C, Semba RD, Royal W, Dunn JP, Jabs DA. T cell subsets and 
cytomegalovirus retinitis in human immunodeficiency virus-infected patients. Journal 
of Infectious Diseases 1997; 176: 790-794. 

59. Butler GA, Friedman AH. Screening indices for cytomegalovirus retinitis in patients with 
human immunodeficiency virus. Mount Sinai Journal of Medicine 1992; 59: 61-65. 

60. MacGregor RR, Pakola SJ. Graziani AL, et al. Evidence of active cytomegalovirus 
infection in clinically stable HIV-infected individuals withCD4+ lymphocyte counts below 100/ 
microliters of blood: features and relation to risk of subsequent CMV retinitis. Journal of 
Acquired Immune Deficiency Syndromes & Human Retrovirology 1995; 10: 324-330. 

61. Pakola SJ, Nichols CW. CD8+ T lymphocytes and cytomegalovirus retinitis in patients with the 
acquired immunodeficiency syndrome [letter; comment]. American Journal of'Ophthalmology 
1996;121:455-456. 

62. Schrier RD, Freeman WR, Wiley CA, McCutchan JA. Immune predispositions for 
cytomegalovirus retinitis in AIDS. The HNRC Group. Journal of Clinical Investigation 
1995; 95: 1741-1746. 

63. Holland GN, Pepose JS, Pettit TH, Gottlieb MS, Yee RD, Foos RY. Acquired immune 
deficiency syndrome. Ocular manifestations. Ophthalmology 1983; 90: 859-873. 

64. Spaide RF, Podhorzer JR, Coleman S,, et al. Risk factors for CMV retinitis. Ophthalmology 
(supplement) 1994; 140:(Abstract) 

65. d'Arminio MA, Mainini F, Testa L, et al. Predictors ofcytomegalovirus disease, natural 
history and autopsy findings in a cohort of patients with AIDS. AIDS 1997; 11: 517-
524. 

66. Finkelstein DM, Williams PL, Molenberghs G, et al. Patterns of opportunistic infections 
in patients with HIV infection. Journal of Acquired Immune Deficiency Syndromes & 
Human Retrovirology 1996; 12: 38-45. 

67. Nelson MR, Erskine D, Hawkins DA, Gazzard BG Treatment with corticosteroids—a risk 
factor for the development of clinical cytomegalovirus disease in AIDS. AIDS 1993; 7: 
375-378. 

68. Verbraak FD, van den Horn GJ, van der Meer JT, et al. Risk of developing CMV retinitis 
following non-ocular CMV end organ disease in AIDS patients. British Journal of 
Ophthalmology 1998; 82: 748-750. 

69. Dodt K.K., Jacobsen PH, Hofmann B, et al. Development of cytomegalovirus (CMV) 
disease may be predicted in HIV-infected patients by CMV polymerase chain reaction and 
the antigenemia test. AIDS 1997; 11: F21-F28 

70. Gellrich MM, Baumert E, Rump JA. Vaith P, Hufert FT, Hansen LL. Clinical utility of 
cytomegalovirus urine cultures for ophthalmic care in patients with HIV. British Journal 
of Ophthalmology 1996; 80: 818-822. 

71. Erice A, Holm MA, Gill PC, et al. Cytomegalovirus (CMV) antigenemia assay is more 
sensitive than shell vial cultures for rapid detection of CMV in polymorphonuclear blood 
leukocytes [see comments]. Journal of Clinical Microbiology 1992; 30: 2822-2825. 

73 



CHAPTER I 

72. Francisci D, Tosti A, Preziosi R, Baldelli F, Stagni G, Pauluzzi S. Role of antigenemia assay in the 
early diagnosis and prediction of human cytomegalovirus organ involvement in AIDS patients. 
European Journal of Clinical Microbiology & Infectious Diseases 1995; 14: 498-503. 

73. Laue T, MertenskotterT, Grewing T, etal. Clinical significance of qualitative human cytomegalovirus 
(HCMV) detection in cell-free serum samples in HIV-infected patients at risk for HCMV disease 
[letter]. AIDS1997; 11:1195-1196. 

74. Francisci D, Tosti A, Baldelli F, Stagni G, Pauluzzi S. The pp65 antigenaemia test as a 
predictor of cytomegalovirus-induced end-organ disease in patients with AIDS. AIDS 
1997; 11: 1341-1345. 

75. Podzamczer D, Ferrer E, Garcia A, et al. pp65 antigenemia as a marker of future CMV 
disease and mortality in HIV-infected patients. Scandinavian Journal of Infectious Diseases 
1997;29:223-227. 

76. Reynes J, Montes B, Atoui N, Segondy M. Significance of cytomegalovirus (CMV)-pp65 
antigenemia in the diagnosis of CMV disease in human immunodeficiency virus-infected 
patients. Journal of Medical Virology 1996; 49: 195-198. 

77. Boivin G, Handfield J, TomaE, Murray G, Lalonde R, Bergeron MG. Comparative evaluation of 
the cytomegalovirus DNA load in polymorphonuclear leukocytes and plasma of human 
immunodeficiency virus-infected subjects. Journal of Infectious Diseases 1998; 177:355-360. 

78. RasmussenL,ZipetoD,WolitzRA,DowlingA,EfronB,MeriganTC.Riskforretinitis in patients 
with AIDS can be assessed by quantitation of threshold levels of cytomegalovirus DNA burden 
in blood. Journal of'Infectious Diseases 1997; 176: 1146-1155. 

79. Boivin G, Handfield .1, Murray G, et al. Quantitation of cytomegalovirus (CMV) DNA in 
leukocytes of human immunodeficiency virus-infected subjects with and without CMV disease 
by using PCR and the SHARP Signal Detection System. Journal of'ClinicalMicrobiology 1997; 
35:525-526. 

80. Gozlan J, Salord JM, Chouaid C, et al. Human cytomegalovirus (HCMV) late-mRNA 
detection in peripheral blood of AIDS patients: diagnostic value for HCMV disease 
compared with those of viral culture and HCMV DNA detection. Journal of Clinical 
Microbiology 1993; 31: 1943-1945. 

8 1. Shepp DH, Match ME, Ashraf AB, Lipson SM, Millan C, Pergolizzi R. Cytomegalovirus 
glycoprotein B groups associated with retinitis in AIDS. Journal of Infectious Diseases 
1996; 174: 184-187. 

82. Engstrom REJ, Holland GN, Hardy WD, Meiselman HJ. Hemorheologic abnormalities 
in patients with human immunodeficiency virus infection and ophthalmic 
microvasculopathy. American Journal of Ophthalmology 1990; 109: 153-161. 

83. Brown HH, Glasgow BJ, Holland GN, Foos RY. Cytomegalovirus infection of the 
conjunctiva in AIDS. American Journal of Ophthalmology 1988; 106: 102-104. 

84. Espana-Gregori E, Vera-Sempere FJ, Cano-Parra J, , et al. Cytomegalovirus infection of the 
caruncle in the acquired immunodeficiency syndrome. American Journal of Ophthalmology 
1994;117:406-407. 

85. Wilhelmus KR, Font RL, Lehmann RP, Cernoch PL. Cytomegalovirus keratitis in 
acquired immunodeficiency syndrome [clinical conference]. Archives of Ophthalmology 
1996; 114: 869-872. 

86. Anonymous. Foscarnet-Ganciclovir Cytomegalovirus Retinitis Trial: 5. Clinical features 
of cytomegalovirus retinitis at diagnosis. Studies of ocular complications of AIDS 
Research Group in collaboration with the AIDS Clinical Trials Group [see comments]. 
American Journal of Ophthalmology 1997; 124: 141-157. 

87. Dhillon B. The management of cytomegalovirus retinitis in AIDS. [Review] [45 refs]. 
British Journal of Ophthalmology 1994; 78: 66-69. 

88. Plummer DJ, Arevalo JF, Fram N, Quiceno JI, Sample PA, Freeman WR. Effectiveness 
of entoptic perimetry for locating peripheral scotomas caused by cytomegalovirus 
retinitis. Archives of Ophthalmology 1996; 114: 828-831. 

89. Anonymous. Foscarnet-Ganciclovir Cytomegalovirus Retinitis Trial. 4. Visual outcomes. 
Studies of Ocular Complications of AIDS Research Group in collaboration with the AIDS 
Clinical Trials Group. Ophthalmology 1994; 101: 1250-1261. 

90. Bloom PA, Sandy CJ, Migdal CS, Stanbury R, Graham EM. Visual prognosis of AIDS 
patients with cytomegalovirus retinitis. Eye 1995; 9: 697-702. 

91 . Gross JG, Bozzette SA, Mathews WC, et al. Longitudinal study of cytomegalovirus 
retinitis in acquired immune deficiency syndrome. Ophthalmology 1990; 97: 681-686. 

74 



CMV retinitis in HIV-positive patients. 

92. Henderly DE, Freeman WR, Causey DM, Rao NA. Cytomegalovirus retinitis and response to 
therapy with ganciclovir. Ophthalmology 1987; 94:425-434. 

93. Geier S A, Nasemann J, Klauss V, Kronawitter U, Goebel FD. Frosted branch angiitis in a patient 
with the acquired immunodeficiency syndrome [letter]. American Journal of Ophthalmology 
1992;113:203-205. 

94. Keunen JE, Rothova A. Images in clinical medicine. Cytomegalovirus retinitis in AIDS. 
New England Journal of Medicine 1995; 333: 637 

95. Secchi AG, Tognon MS, Turrini B, Carniel G. Acute frosted retinal periphlebitis associated 
with cytomegalovirus retinitis. Retina 1992; 12: 245-247. 

96. Holland GN, Shuler JD. Progression rates of cytomegalovirus retinopathy in ganciclovir-treated 
and untreated patients. Archives of Ophthalmology 1992; 110: 1435-1442. 

97. Holland GN. AIDS; retinal and choroidal infections. In: Ryan SJ, Lewis FI, edsMedical 
and surgical retina: advances, contoversies and management. St. Louis; Mosby, 1994; 

98. Gangan PA, Besen G, Munguia D, Freeman WR. Macular serous exudation in patients with 
acquired immunodeficiency syndrome and cytomegalovirus retinitis. American Journal 
of Ophthalmology 1994; 118: 212-219. 

99. Holland GN, Sakamoto MJ, Hardy D, Sidikaro Y, Kreiger AE, Frenkel LM. Treatment 
of cytomegalovirus retinopathy in patients with acquired immunodeficiency syndrome. 
Use of the experimental drug 9-[2-hydroxy-l-(hydroxymethyl)ethoxymethyl]guanine. 
Archives of Ophthalmology 1986; 104: 1794-1800. 

100. Pepose JS, Holland GN, Nestor MS, Cochran AJ, Foos RY. Acquired immune deficiency 
syndrome. Pathogenic mechanisms of ocular disease. Ophthalmology 1985; 92: 472-
484. 

101. Weinberg DV, Moorthy RS. Cystoid macular edema due to cytomegalovirus retinitis in 
a patient with acquired immune deficiency syndrome. Retina 1996; 16: 343-344. 

102.Gross JG, Sadun AA, Wiley CA, Freeman WR. Severe visual loss related to isolated 
peripapillary retinal and optic nerve head cytomegalovirus infection. American Journal 
of Ophthalmology 1989; 108: 691-698. 

103.Grossniklaus HE, Frank KE, Tomsak RL. Cytomegalovirus retinitis and optic neuritis in 
acquired immune deficiency syndrome. Report of a case. Ophthalmology 1987; 94: 1601-
1604. 

104.Pepose JS, Hilborne LH, Cancilla PA, Foos RY. Concurrent herpes simplex and 
cytomegalovirus retinitis and encephalitis in the acquired immune deficiency syndrome 
(AIDS). Ophthalmology 1984; 91: 1669-1677. 

105.Roarty JD, Fisher EJ, Nussbaum JJ. Long-term visual morbidity of cytomegalovirus 
retinitis in patients with acquired immune deficiency syndrome. Ophthalmology 1993; 
100: 1685-1688. 

106. Robinson MR, Streeten BW, Hampton GR,, et al. Treatment of cytomegalovirus optic neuritis 
with dihydroxy propoxymethyl guanine. American Journal of Ophthalmology 1986; 102:533-
534. 

1 07. Patel SS, Rutzen AR, Marx JL, Thach AB, Chong LP, Rao NA. Cytomegalovirus papillitis 
in patients with acquired immune deficiency syndrome. Visual prognosis of patients 
treated with ganciclovir and/or foscarnet. Ophthalmology 1996; 103: 1476-1482. 

108,Nussenblatt RB, De Smet M, Podgor M, et al. The use of the flarephotometry in the 
detection of cytomegalic virus retinitis in AIDS patients [letter]. AIDS 1994; 8: 135-
136. 

109.Muccioli C, Belfort JR, Podgor M, Sampaio P, De Smet R, Nussenblatt. The diagnosis of 
intraocular inflammation and cytomegalovirus retinitis in HIV-infected patients by laser 
flare photometry. Ocular Immunology & Inflammation 1996; 4: 75-81. 

1 lO.Brody JM, Butrus SI, Laby DM, Ashraf MF, Rabinowitz AI, Parenti DM. Anterior segment 
findings in AIDS patients with cytomegalovirus retinitis. Graefes Archive for Clinical 
& Experimental Ophthalmology 1995; 233: 374-376. 

111.Walter KA, Coulter VL, Palay DA, Taravella MJ, Grossniklaus HE, Edelhauser HF. 
Corneal endothelial deposits in patients with cytomegalovirus retinitis. American 
Journal of Ophthalmology 1996; 121: 391-396. 

112. Arevalo JF, Munguia D, Faber D, et al. Correlation between intraocular pressure and CD4+ 
T-lymphocyte counts in patients with human immunodeficiency virus with and without 
cytomegalovirus retinitis. American Journal of Ophthalmology 1996; 122: 91-96. 

75 



CHAPTER I 

113. DhillonB,CacciatoriM,LingC. 'Creeping' cytomegalovirus retinitis in AIDS [letter]. British 
Journal of Ophthalmology 1996; 80: 771 -772. 

114. Keefe KS, Freeman WR, Peterson TJ, et al. Atypical healing of cytomegalovirus retinitis. 
Significance of persistent border opacification. Ophthalmology 1992; 99: 1377-1384. 

1 15.Freeman WR, Henderly DE, Wan WL, et al. Prevalence, pathophysiology, and treatment 
of rhegmatogenous retinal detachment in treated cytomegalovirus retinitis. American 
Journal of Ophthalmology 1987; 103: 527-536. 

116. Jabs DA, Enger C, Bartlett JG. Cytomegalovirus retinitis and acquired immunodeficiency 
syndrome. Archives of Ophthalmology 1989; 107: 75-80. 

1 17.Freeman WR, Quiceno JI, Crapotta JA, et al. Surgical repair of rhegmatogenous retinal 
detachment in immunosuppressed patients with cytomegalovirus retinitis. Ophthalmology 
1992;99:466-474. 

118.Irvine AR. Treatment of retinal detachment due to cytomegalovirus retinitis in patients 
with AIDS. Transactions of the American Ophthalmological Society 1991; 89: 349-363. 

119.Jabs DA, Enger C, Haller J, De Bustros S. Retinal detachments in patients with 
cytomegalovirus retinitis. Archives of Ophthalmology 1991; 109: 794-799. 

120. Freeman WR, Friedberg DN, Berry C, et al. Risk factors for development of rhegmatogenous 
retinal detachment in patients with cytomegalovirus retinitis [see comments]. American 
Journal of Ophthalmology 1993; 116: 713-720. 

121.Baumal CR, Reichel ES. Management of cytomegalovirus-related rhegmatogenous 
retinal detachments [Review]. Ophthalmic Surgery & Lasers 1998; 29: 916-925. 

122. Anonymous. Rhegmatogenous retinal detachment in patients with cytomegalovirus retinitis: 
the Foscarnet-Ganciclovir Cytomegalovirus Retinitis Trial. The Studies of Ocular Complications 
of AIDS (SOCA) Research Group in Collaboration with the AIDS Clinical Trials Group (ACTG). 
American Journal of Ophthalmology 1997; 124: 61-70. 

123.Sidikaro Y, Silver L, Holland GN, Kreiger AE. Rhegmatogenous retinal detachments in 
patients with AIDS and necrotizing retinal infections. Ophthalmology 1991; 98: 129-
135. 

124.Davis JL, Hummer J, Feuer WJ. Laser photocoagulation for retinal detachments and 
retinal tears in cytomegalovirus retinitis. Ophthalmology 1997; 104: 2053-2060. 

125.Regillo CD, Vander .IF, Duker .IS, Fischer DH, Belmont JB, Kleiner R. Repair of retinitis-
related retinal detachments with silicone oil in patients with acquired immunodeficiency 
syndrome. American Journal of Ophthalmology 1992; 113: 21-27. 

126.Garcia RF, Flores-Aguilar M, Quiceno JI, et al. Results of rhegmatogenous retinal 
detachment repair in cytomegalovirus retinitis with and without scleral buckling. 
Ophthalmology 1995; 102: 236-245. 

127.Meldrum ML, Aaberg TM, Patel A, Davis J. Cataract extraction after silicone oil repair 
of retinal detachments due to necrotizing retinitis. Archives of Ophthalmology 1996; 
114: 885-892. 

128.Dugel PU, Liggett PE, Lee MB, et al. Repair of retinal detachment caused by 
cytomegalovirus retinitis in patients with the acquired immunodeficiency syndrome [see 
comments]. American Journal of Ophthalmology 1991; 112: 235-242. 

129. Kuppermann BD, Flores-Aguilar M, Quiceno JI, et al. A masked prospective evaluation 
of outcome parameters for cytomegalovirus-related retinal detachment surgery in 
patients with acquired immune deficiency syndrome. Ophthalmology 1994; 101: 46-55. 

130. Lim JI, Enger C, Haller JA, et al. Improved visual results after surgical repair of 
cytomegalovirus-related retinal detachments. Ophthalmology 1994; 101: 264-269. 

131.Althaus C, Loeffler KU, Schimkat M, Hudde T, Sundmacher R. Prophylactic argon laser 
coagulation for rhegmatogenous retinal detachment in AIDS patients with cytomegalovirus 
retinitis. Graefes Archive for Clinical & Experimental Ophthalmology 1998; 236: 359-
364. 

132.Cox F, Meyer D, Hughes WT. Cytomegalovirus in tears from patients with normal eyes 
and with acute cytomegalovirus chorioretinitis. American Journal of Ophthalmology 
1975; 80: 817-824. 

133.Martin DC, Katzenstein DA, Yu GS, Jordan MC. Cytomegalovirus viremia detected by 
molecular hybridization and electron microscopy. Annals of Internal Medicine 1984; 
100: 222-225. 

76 



CMVretinitis in HIV-positive patients. 

134. Saltzman RL, Quirk MR, Jordan MC. Disseminated cytomegalovirus infection: molecular 
analysis of virus and leukocyte interactions in viremia. Journal of Clinical Investigation 
1988;81:75-81. 

135. Dankner WM, McCutchan JA, Richman DD, Hirata K, Spector SA. Localization of human 
cytomegalovirus in peripheral blood leukocytes by in situ hybridization. Journal of Infectious 
Diseases 1990; 161:31-36. 

136. Gerna G, Zipeto D, Percivalle E,, et al. Human cytomegalovirus infection ofthe major leukocyte 
subpopulations and evidence for initial viral replication in polymorphonuclear leukocytes from 
viremie patients. Journal of Infectious Diseases 1992; 166: 1236-1244. 

137. Gass P, Kiessling M, Schafer P,, et al. Detection of human cytomegalovirus DNA in paraffin 
sections of human brain by polymerase chain reaction and the occurrence of false negative 
results. Journal of Neurology Neurosurgery and Psychiatry 1993; 

138. Griffiths PD, Grundy JE. The status of CMV as a human pathogen. Epidemiology of Infection 
1988;100:1-15. 

139.Borisch B, Jahn G, Scholl BC, , et al. Detection of human cytomegalovirus DNA and viral 
antigens in tissues of different manifestations of CMV infection. Virchows Arch B Cell 
Pathol Incl Mol Pathology 1988; 55: 93-99. 

140. Meyerson D, Hackman RC, Nelson JA,, et al. Widespread presence of histologically occult 
cytomegalovirus. Human Pathology 1984; 15:430-439. 

141. PetrieBL,MelnickJL, Adam E,, et al. Nucleic acid sequences of cytomegalovirus in cells cultured 
from human arterial tissue. Journal of Infectious Diseases 1987; 155 (letter): 158-159. 

142. Lang DJ, Ebert PA, Rodgers BM,, et al. Reduction ofpostperfusion cytomegalovirus-infections 
following the use ofleukocyte depleted blood. Transfusion 1977; 17: 391-395. 

143.Prince AM, Szmuness W, Millian SJ, David DS. A serologic study of cytomegalovirus 
infections associated with blood transfusions. New England Journal of Medicine 1971; 
284: 1125-1131. 

144.Pivetti-Pezzi P, Accorinti M, Ciapparoni V, Vullo V, Aiuti F. Antiretroviral therapy and 
HIV-related retinal microangiopathy [letter]. AIDS 1997; 11: 1890-1891. 

145.Hofman FM, Hinton DR. Tumor necrosis factor-alpha in the retina in acquired immune 
deficiency syndrome. Investigative Ophthalmology & Visual Science 1992; 33: 1829-
1835. 

146.Rolinski B, Geier SA, Sadri I, et al. Endothelin-1 immunoreactivity in plasma is elevated 
in HlV-1 infected patients with retinal microangiopathic syndrome. Clinical Investigator 
1994; 72: 288-293. 

147.Friedman SM, Margo CE. Bilateral central retinal vein occlusions in a patient with acquired 
immunodeficiency syndrome. Clinicopathologic correlation. Archives of Ophthalmology 
1995; 113: 1184-1188. 

148. Yung CW, Harris A, Massicotte S, et al. Retinal blood flow indices in patients infected 
with human immunodeficiency virus. British Journal of Ophthalmology 1996; 80: 723-
727. 

149. Geier SA, Schielke E, Klauss V, et al. Retinal microvasculopathy and reduced cerebral blood 
flow in patients with acquired immunodeficiency syndrome [letter]. American Journal 
of Ophthalmology 1992; 113: 100-101. 

150. Geier SA, Schielke E, Tatsch K, et al. Brain HMPAO-SPECT and ocular microangiopathic 
syndrome in HIV-1-infected patients [published erratum appears in AIDS 1994 
Apr;8(4):following 565]. AIDS 1993; 7: 1589-1594. 

151. Lafeuillade A, Alessi MC, Poizot-Martin I, et al. Endothelial cell dysfunction in HIV 
infection. Journal of Acquired Immune Deficiency Syndromes 1992; 5: 127-131. 

152. Lim LC, Tufail HJ, Fisher TC, Cumberland WG, Benjamin A, Holland GN. Hemorheologic 
abnormalities in HIV-infected individuals. Ocular Immunology & Inflammation 1998; 
6: S56-S56(Abstract) 

153.Mitchell SM, Fox JD, Tedder RS, Gazzard BG, Lightman S. Vitreous fluid sampling and 
viral genome detection for the diagnosis of viral retinitis in patients with AIDS. Journal 
of Medical Virology 1994; 43: 336-340. 

1 54. Jensen OA, Gerstoft J, Thomsen HK, Marner K. Cytomegalovirus retinitis in the acquired 
immunodeficiency syndrome (AIDS). Light-microscopical, ultrastructural and 
immunohistochemical examination of a case. Acta Ophthalmologics 1984; 62: 1-9. 

77 



CHAPTER I 

155. GonzalezCR, Wiley CA, ArevaloJF, et al. Polymerase chain reaction detection of cytomegalovirus 
and human immunodeficiency virus-1 in the retina of patients with acquired immune deficiency 
syndrome with and without cotton-wool spots. Retina 1996; 16:305-311. 

156. Glasgow BJ, Weisberger AK. A quantitative and cartographic study of retinal microvasculopathy 
in acquired immunodeficiency syndrome. American Journal of Ophthalmology 1994; 118:46-
56. 

157.Burd EM, Pulido JS, Puro DG, O'Brien WJ. Replication of human cytomegalovirus in 
human retinal glial cells. Investigative Ophthalmology & Visual Science 1996; 37: 1957-
1966. 

15 8.Burd EM, Pulido JS, Puro DG, O'Brien WJ. Maintenance of replicative intermediates in 
ganciclovir-treated human cytomegalovirus-infected retinal glia. Archives of 
Ophthalmology 1996; 114: 856-861. 

1 59.Qavi HB, Green MT, Lewis DE, Hollinger FB, Pearson G, Ablashi DV. HIV-1 and HHV-
6 antigens and transcripts in retinas of patients with AIDS in the absence of human 
cytomegalovirus. Investigative Ophthalmology & Visual Science 1995; 36: 2040-2047. 

160. Knox KK, Carrigan DR. Disseminated active HHV-6 infections in patients with AIDS 
[see comments]. Lancet 1994; 343: 577-578. 

161. Reux I, Fillet AM, Fournier JG, et al. In situ hybridization of HIV-1 RNA in retinal vascular 
wall. American Journal of Pathology 1993; 143: 1275-1279. 

162. Skolnik PR, Pomerantz RJ, de la Monte SM, et al. Dual infection of retina with human 
immunodeficiency virus type 1 and cytomegalovirus. American Journal of Ophthalmology 
1989; 107: 361-372. 

163. Laycock KA, Fenoglio ED, Hook KK, Pepose JS. An in vivo model of human cytomegalovirus 
retinal infection. American Journal of 'Ophthalmology 1997; 124: 181-189. 

164. Mocarski ES, Roizman B. Structure and role ofthe herpes simplex virus DNA termini in inversion, 
circularization and generation of virion DNA. Cell 1982; 31 : 89-97. 

165.Mocarski ESJ, Abenes GB, Manning WC, Sambucetti LC, Cherrington JM. Molecular 
genetic analysis of cytomegalovirus gene regulation in growth, persistence and latency. 
[Review] [169 refs]. Current Topics in Microbiology & Immunology 1990; 154: 47-74. 

166.Spaete RR, Gehrz RC, Landini MP. Human cytomegalovirus structural proteins. [Review] 
[260 refs]. Journal of General Virology 1994; 75: 3287-3308. 

167.Rasmussen L. Immune response to human cytomegalovirus infection. [Review] [191 
refs]. Current Topics in Microbiology & Immunology 1990; 154: 221-254. 

168.Ammann AJ, Schiffman G, Abrams D, Volberding P, Ziegler J, Conant M. B-cell 
immunodeficiency in acquired immune deficiency syndrome. JAMA 1984; 251: 1447-
1449. 

169. Rasmussen L, Morris S, Wolitz R, et al. Deficiency in antibody response to human 
cytomegalovirus glycoprotein gH in human immunodeficiency virus-infected patients 
at risk for cytomegalovirus retinitis. Journal of Infectious Diseases 1994; 170: 673-677. 

170. Boppana SB, Polis MA, Kramer AA, Britt WJ, Koenig S. Virus-specific antibody responses 
to human cytomegalovirus (HCMV) in human immunodeficiency virus type 1-infected 
persons with HCMV retinitis. Journal of Infectious Diseases 1995; 171: 182-185. 

1 7 1 .Neuwirth J, Gutman I, Hofeldt AJ, et al. Cytomegalovirus retinitis in a young homosexual 
male with acquired immunodeficiency. Ophthalmology 1982; 89: 805-808. 

172.Drew WL. Cytomegalovirus infection in patients with AIDS. [Review] [23 refs]. linical 
Infectious Diseases 1992; 14: 608-615. 

173. Mintz L, Drew WL, Miner RC, Braff EH. Cytomegalovirus infections in homosexual men. 
An epidemiological study. Annals of Internal Medicine 1983; 99: 326-329. 

174.Drew WL, Sweet ES, Miner RC, Mocarski ES. Multiple infections by cytomegalovirus 
in patients with acquired immunodeficiency syndrome: documentation by Southern blot 
hybridization. Journal of Infectious Diseases 1984; 150: 952-953. 

1 75. McLaughlin-Taylor E, Pande H, Forman SJ, et al. Identification ofthe major late human 
cytomegalovirus matrix protein pp65 as a target antigen for CD8+ virus-specific 
cytotoxic T lymphocytes. Journal of Medical Virology 1994; 43: 103-110. 

176.Rasmussen L, Hong C, Zipeto D, et al. Cytomegalovirus gB genotype distribution differs 
in human immunodeficiency virus-infected patients and immunocompromised allograft 
recipients. Journal of Infectious Diseases 1997; 175: 179-184. 

78 



CMV retinitis in HIV-positive patients. 

177. Peek R, Verbraak F, Bruinenberg M, Van der Lelij A, Van denHom G, Kijlstra A. Cytomegalovirus 
glycoprotein B genotyping in ocular fluids and blood of AIDS patients with cytomegalovirus 
retinitis. Investigative Ophthalmology & Visual Science 1998; 39: 1183-1187. 

178. Zipeto D, Hong C, Gerna G, et al. Geographic and demographic differences in the frequency of 
human cytomegalovirus gB genotypes 1 -4 in immunocompromised patients. AIDS Research & 
Human Retroviruses 1998; 14:533-536. 

179.Griffiths PD. Herpesviruses and AIDS. [Review] [46 refs]. Scandinavian Journal of 
Infectious Diseases - Supplementum 1996; 100: 3-7. 

180. Griffiths PD. Herpesviruses and AIDS. [Review] [48 refs]. Journal of Antimicrobial 
Chemotherapy 1996; 37 Suppl B: 87-95. 

181. Leach CT, Detels R, Hennessey K, et al. A longitudinal study of cytomegalovirus infection 
in human immunodeficiency virus type 1-seropositive homosexual men: molecular 
epidemiology and association with disease progression. Journal of Infectious Diseases 1994; 
170:293-298. 

182. Webster A, Phillips AN, Lee CA, Janossy G, Kernoff PB, Griffiths PD. Cytomegalovirus 
(CMV) infection, CD4+ lymphocyte counts and the development of AIDS in HIV-1-
infected haemophiliac patients. Clinical & Experimental Immunology 1992; 88: 6-9. 

183. Berger BB, Egwuagu CE, Freeman WR, Wiley CA. Miliary toxoplasmic retinitis in acquired 
immunodeficiency syndrome. Archives of 'Ophthalmology1993; 111:373-376. 

184.de Smet M. Differential diagnosis of retinitis and choroiditis in patients with acquired 
immunodeficiency syndrome. [Review] [18 refs]. American Journal of Medicine 1992; 
92H7S-21S. 

185. Elkins BS, Holland GN, Opremcak EM, et al. Ocular toxoplasmosis misdiagnosed as 
cytomegalovirus retinopathy in immunocompromised patients. Ophthalmology 1994; 
101: 499-507. 

186. Johnston WH, Holland GN, Engstrom REJ, Rimmer S. Recurrence of presumed varicella-
zoster virus retinopathy in patients with acquired immunodeficiency syndrome. American 
Journal of Ophthalmology 1993; 116: 42-50. 

187.Kuppermann BD, Quiceno JI, Wiley C, et al. Clinical and histopathologic study of 
varicella zoster virus retinitis in patients with the acquired immunodeficiency syndrome. 
American Journal of Ophthalmology 1994; 118: 589-600. 

188.Pfaffl W, Fabricius EM, Scheidegger K, Brommer M. [Acute retinal necrosis and HIV 
infection]. [German]. Fortschritte der Ophthalmologie 1991; 88: 705-711. 

1 89.Pivetti-Pezzi P, Accorinti M, Tamburi S, Ciapparoni V, Abdulaziz MA. Clinical features 
of toxoplasmic retinochoroiditis in patients with acquired immunodeficiency syndrome. 
Annals of Ophthalmology 1994; 26: 73-84. 

190. Schmitz K, Fabricius EM, Brommer H, Emminger C. [Prevalence, morphology and 
therapy of toxoplasmosis chorioretinitis in AIDS]. [German]. Fortschritte der 
Ophthalmologie 1991; 88: 698-704. 

191. Sellitti TP, Huang AJ, Schiffman J, Davis JL. Association of herpes zoster ophthalmicus 
with acquired immunodeficiency syndrome and acute retinal necrosis. American Journal 
of Ophthalmology 1993; 116: 297-301. 

192.Foster RE, Lowder CY, Meisler DM, Huang SS, Longworth DL. Presumed Pneumocystis 
carinii choroiditis. Unifocal presentation, regression with intravenous pentamidine, and 
choroiditis recurrence. Ophthalmology 1991; 98: 1360-1365. 

193.Kestelyn P, Taelman H, Bogaerts J, et al. Ophthalmic manifestations of infections with 
Cryptococcus neoformans in patients with the acquired immunodeficiency syndrome. 
American Journal of Ophthalmology 1993; 116: 721-727. 

194.Lalonde L, Allaire GS, Sebag M, Lamer L, Marcil G, Gervais A. Pneumocystis carinii 
choroidopathy and aerosolized pentamidine prophylaxis in a patient with AIDS. 
Canadian Journal of Ophthalmology 1993; 28: 291-293. 

195.Passo MS, Rosenbaum JT. Ocular syphilis in patients with human immunodeficiency virus 
infection. American Journal of Ophthalmology 1988; 106: 1-6. 

196.Specht CS, Mitchell KT, Bauman AE, Gupta M. Ocular histoplasmosis with retinitis in 
a patient with acquired immune deficiency syndrome. Ophthalmology 1991; 98: 1356-
1359. 

197.Whitcup SM, Fenton RM, Pluda JM, de SM, Nussenblatt RB, Chan CC. Pneumocystis 
carinii and Mycobacterium avium-intracellulare infection of the choroid. Retina 1992; 12:331-
335. 

79 

http://184.de


CHAPTER I 

198. Cochereau-Massin 1, Lehoang P, Lautier-Frau M, et al. Ocular toxoplasmosis in human 
immunodeficiency virus-infected patients. American Journal of Ophthalmology 1992; 114:130-
135. 

199. Holland GNjEngstromREJ, Glasgow BJ, et al.Oculartoxoplasmosis in patients with the acquired 
immunodeficiency syndrome. American Journal of Ophthalmology 1988; 106 : 653-667. 

200. Kuppermann BD. Noncytomegalovirus-related chorio-retinal manifestations of the acquired 
immunodeficiency syndrome. Seminars in Ophthalmology 1995; 10: 125-141. 

201. Cunningham ETJ, Short GA, Irvine AR, Duker JS, Margolis TP. Acquired immunodeficiency 
syndrome-associated herpes simplex virus retinitis: Clinical description and use of a 
polymerase chain reaction-based assay as a diagnostic tool. Archives of 'Ophthalmology 1996; 
114:834-840. 

202.Verbraak FD, Galema M, van den Horn GH, et al. Serological and polymerase chain 
reaction-based analysis of aqueous humour samples in patients with AIDS and necrotizing 
retinitis. AIDS 1996; 10: 1091-1099. 

203. Bâtisse D, Eliaszewicz M, Zazoun L, Baudrimont M, Pialoux G, Dupont. Acute retinal necrosis 
in the course of AIDS: study of 26 cases [see comments]. AIDS 1996; 10: 55-60. 

204. Hellinger WC, Boiling JP, Smith TF, Campbell RJ. Varicella-zoster virus retinitis in apatient with 
AIDS-related complex: Case report and brief review of the acute retinal necrosis syndrome. 
Clinical Infectious Diseases 1993; 16:208-212. 

205. Engstrom REJ, Holland GN, Margolis TP, et al. The progressive outer retinal necrosis syndrome. 
A variant of necrotizing herpetic retinopathy in patients with AIDS [see comments]. 
Ophthalmology 1994; 101:1488-1502. 

206.Moorthy RS, Weinberg DV, Teich SA, et al. Management of varicella zoster virus retinitis 
in AIDS. British Journal of Ophthalmology 1997; 81: 189-194. 

207.Meenken C, van den Horn GJ, Danner SA. Ocular and neurological complications of 
varicella zoster virus infection in a patient with AIDS [letter]. AIDS 1996; 10: 1174-
1175. 

208.Dodds EM, Lowder CY, Boskovich SA, Longworth DL, Foster RE. Simultaneous 
syphilitic necrotizing retinitis and placoid chorioretinitis in acquired immune deficiency 
syndrome. Retina 1995; 15: 354-356. 

209.Gass JD, Braunstein RA, Chenoweth RG. Acute syphilitic posterior placoid chorioretinitis. 
Ophthalmology 1990; 97: 1288-1297. 

210.Shalaby IA, Dunn JP, Semba RD, Jabs DA. Syphilitic uveitis in human immunodeficiency 
virus-infected patients. Archives of Ophthalmology 1997; 115: 469-473. 

21 l.Mansour AM, Li H, Segal EI. Picture resembling hemicentral retinal vein occlusion in 
the acquired immunodeficiency syndrome: is it related to cytomegalovirus? 
Ophthalmologica 1996; 210: 108-111. 

212. Park KL, Marx JL, Lopez PF, Rao NA. Noninfectious branch retinal vein occlusion in 
HIV-positive patients. Retina 1997; 17: 162-164. 

213.Blodi BA, Johnson MW, McLeish WM, Gass JD. Presumed choroidal tuberculosis in a 
human immunodeficiency virus infected host. American Journal of Ophthalmology 
1989; 108 : 605-607. 

2 14.Morinelli EN, Dugel PU, Riffenburgh R, Rao NA. Infectious multifocal choroiditis in 
patients with acquired immune deficiency syndrome. Ophthalmology 1993; 100: 1014-
1021. 

215. Croxatto JO, Mestre C, Puente S, Gonzalez G. Nonreactive tuberculosis in a patient with 
acquired immune deficiency syndrome. American Journal of Ophthalmology 1986; 102: 
659-660. 

216.Davis JL, Nussenblatt RB, Bachman DM, Chan CC, Palestine AG. Endogenous bacterial 
retinitis in AIDS. [Review] [41 refs]. American Journal of Ophthalmology 1989; 107: 
613-623. 

21 7. Dugel PU, Rao NA, Forster DJ, Chong LP, Frangieh GT, Sattler F. Pneumocystis carinii 
choroiditis after long-term aerosolized pentamidine therapy [see comments], American 
Journal of Ophthalmology 1990; 110: 113-117. 

218.Koser MW, Jampol LM, MacDonell K. Treatment of Pneumocystis carinii choroidopathy 
[letter]. Archives of Ophthalmology 1990; 108: 1214-1215. 

219. Sneed SR, Blodi CF, Berger BB, Speights JW, Folk JC, Weingeist TA. Pneumocystitis 
carinii choroiditis in patients receiving inhaled pentamidine [letter]. New England 
Journal of Medicine 1990; 322: 936-937. 

80 



CMV retinitis in HIV-positive patients. 

220. Carney MD, Combs JL, Waschler W. Cryptococcal choroiditis. Retina 1990; 10:27-32. 
221. BibasP, Van Vooren JP, Schakal A,Deworme A, Dargent.IL,Zanen A. [Ciyptococcal chorioretinitis 

and acquired immunodeficiency syndrome: apropos of a case]. [French]. Bulletin de la Société 
Belge d Ophtalmologie 1993; 250: 67-76. 

222.Macher AM. The acquired immunodeficiency syndrome. [Review] [100 refs]. Journal 
of Clinical Apheresis 1985; 2: 410-422. 

223. Engstrom REJ, Holland GN, Nussenblatt RB, Jabs DA. Current practices in the management 
of ocular toxoplasmosis. American Journal of Ophthalmology 1991; 111: 601-610. 

224. Gagliuso DJ, Teich SA, Friedman AH, Orellana J. Ocular toxoplasmosis in AIDS patients. 
Transactions of the American Ophthalmological Society 1990; 88: 63-86. 

225.Newman NM, Mandel MR, Gullett J, Fujikawa L. Clinical and histologic findings in 
opportunistic ocular infections. Part of a new syndrome of acquired immunodeficiency. 
Archives of Ophthalmology 1983; 101: 396-401. 

226. Mitchell S. Diagnostic assays in cytomegalovirus retinitis [editorial; comment]. British 
Journal of Ophthalmology 1996; 80: 195-196. 

227.Zurlo JJ, O'Neill D, Polis MA, et al. Lack of clinical utility of cytomegalovirus blood and 
urine cultures in patients withHIV infection [see comments]. Annals of Internal Medicine 1993; 
118:12-17. 

228. Shinkai M, Bozzette SA, Powderly W, Frame P, Spector SA. Utility of urine and leukocyte 
cultures and plasma DNA polymerase chain reaction for identification of AIDS patients 
at risk for developing human cytomegalovirus disease. Journal of Infectious Diseases 
1997; 175: 302-308. 

229. Marsano L, Perillo RP, Flye MW,, et al. Comparison of culture and serology for the diagnosis 
of cytomegalovirus infection in kidney and liver transplant recipients. Journal of Infectious 
Diseases 1990; 161:454-461. 

230.Gerna G, Zipeto D, Parea M, et al. Early virus isolation, early structural antigen detection 
and DNA amplification by the polymerase chain reaction in polymorphonuclear 
leukocytes from AIDS patients with human cytomegalovirus viraemia. Molecular & 
Cellular Probes 1991; 5: 365-374. 

2 31. Landry ML, Ferguson D. Comparison of quantitative cytomegalovirus antigenemia assay 
with culture methods and correlation with clinical disease. Journal of Clinical Microbiology 
1993; 31: 2851-2856. 

232.Pannuti CS, Kallas EG, Muccioli C, et al. Cytomegalovirus antigenemia in acquired 
immunodeficiency syndrome patients with untreated cytomegalovirus retinitis. American 
Journal of Ophthalmology 1996; 122: 847-852. 

233.Revello MG, Percivalle E, Zavattoni M, Parea M, Grossi P, Gerna G. Detection of human 
cytomegalovirus immediate early antigen in leukocytes as a marker of viremia in 
immunocompromised patients. Journal of Medical Virology 1989; 29: 88-93. 

234.Wetherill PE, Landry ML, Alcabes P, Friedland G. Use of a quantitative cytomegalovirus 
(CMV) antigenemia test in evaluating HIV+ patients with and without CMV disease [see 
comments]. Journal of Acquired Immune Deficiency Syndromes & Human Retrovirology 
1996; 12: 33-37. 

235.Gerna G, Baldanti F, Sarasini A, et al. Effect of foscarnet induction treatment on 
quantitation of human cytomegalovirus (HCMV) DNA in peripheral blood 
polymorphonuclear leukocytes and aqueous humor of AIDS patients with HCMV 
retinitis. The Italian Foscarnet Study Group. Antimicrobial Agents & Chemotherapy 
1994; 38: 38-44. 

236.Doornenbal P, Seerp BG, Quint WG, Kijlstra A, Rothbarth PH, Niesters HG. Diagnostic 
assays in cytomegalovirus retinitis: detection of herpesvirus by simultaneous application 
of the polymerase chain reaction and local antibody analysis on ocular fluid [see 
comments]. British Journal of Ophthalmology 1996; 80: 235-240. 

237.Fenner TE, Garweg J, Hufert FT, Boehnke M, Schmitz H. Diagnosis of human 
cytomegalovirus-induced retinitis in human immunodeficiency virus type 1-infected 
subjects by using the polymerase chain reaction. Journal of Clinical Microbiology 1991; 
29: 2621-2622. 

238.Fox GM, Crouse CA, Chuang EL, et al. Detection of herpesvirus DNA in vitreous and 
aqueous specimens by the polymerase chain reaction. Archives of Ophthalmology 1991; 
109: 266-271. 

81 

http://Dargent.IL


CHAPTER I 

239. Garweg J, Fenner T, Bohnke M, Schmitz H. An improved technique for the diagnosis of viral 
retinitis from samples of aqueous humor and vitreous. Graefes Archive for Clinical & 
Experimental Ophthalmology 1993 ; 231 :5 08-513. 

240.McC.ann .ID, Margolis TP, Wong MG, et al. A sensitive and specific polymerase chain 
reaction-based assay for the diagnosis of cytomegalovirus retinitis. American Journal 
of Ophthalmology 1995; 120: 219-226. 

24 1. Short GA, Margolis TP, Kuppermann BD, Irvine AR, Martin DF, Chandler. A polymerase 
chain reaction-based assay for diagnosing varicella-zoster virus retinitis in patients with 
acquired immunodeficiency syndrome. American Journal of 'Ophthalmology 1997; 123: 157-
164. 

242. Stewart .IF, Croxson MC, Powell KF, Polkinghorne PJ. Identification of cytomegalovirus 
in vitreous using the polymerase chain reaction. Australian & New Zealand Journal of 
Ophthalmology 1993; 21: 165-169. 

243.Danise A, Cinque P, Vergani S, et al. Use of polymerase chain reaction assays of aqueous 
humor in the differential diagnosis of retinitis in patients infected with human 
immunodeficiency virus. Clinical Infectious Diseases 1997; 24: 1100-1106. 

244. Van der Lelij A, Rothova A. Diagnostic anterior chamber paracentesis in uveitis: a safe 
procedure? British Journal of Ophthalmology 1997; 81: 976-979. 

245.Baarsma GS, Luyendijk L, Kijlstra A, et al. Analysis of local antibody production in the 
vitreous humor of patients with severe uveitis. American Journal of Ophthalmology 
1991; 112: 147-150. 

246.de Boer JH, Verhagen C, Bruinenberg M, et al. Serologic and polymerase chain reaction 
analysis of intraocular fluids in the diagnosis of infectious uveitis. American Journal of 
Ophthalmology 1996; 121: 650-658. 

247. Kijlstra A. The value of laboratory testing in uveitis. Eye 1990; 4: 732-736. 
248.Suttorp-Schulten MS, Zaal MJ, Luyendijk L, Bos PJ, Kijlstra A, Rothova A. Aqueous 

chamber tap and serology in acute retinal necrosis. American Journal of Ophthalmology 
1989; 108: 327-328. 

249. Lane HC, Masur H, Edgar LC, Whalen G, Rook AH, Fauci AS. Abnormalities of B-cell 
activation and immunoregulation in patients with the acquired immunodeficiency 
syndrome. New England Journal of Medicine 1983; 309: 453-458. 

250.Porter SB, Sande MA. Toxoplasmosis of the central nervous system in the acquired 
immunodeficiency syndrome [see comments]. New England Journal of Medicine 1992; 
327: 1643-1648. 

2 51. Converse PJ, Fehniger TE, Ehrnst A, Strannegard O, Britton S. Immune responses to 
fractionated cytomegalovirus (CMV) antigens after HIV infection. Loss of cellular and 
humoral reactivity to antigens recognized by HIV-, CMV+ individuals. Clinical & 
Experimental Immunology 1990; 82: 559-566. 

252.D'Antonio D, Iacone A, Fioritoni G, et al. Patterns of cytomegalovirus retinitis in 
immunocompromised patients treated with 9-(2-hydroxy-l-
(hydroxymethyl)ethoxymethyl) guanine (ganciclovir). Journal of Chemotherapy 
1991; 3: 162-166. 

253.Palestine AG, Stevens GJ, Lane HC, et al. Treatment of cytomegalovirus retinitis with 
dihydroxy propoxymethyl guanine. American Journal of Ophthalmology 1986; 101: 
95-101. 

254.Bowen EF, Wilson P, Atkins M, et al. Natural history of untreated cytomegalovirus 
retinitis. Lancet 1995; 346: 1671-1673. 

255. Jabs DA, Newman C, De Bustros S, Polk BF. Treatment of cytomegalovirus retinitis with 
ganciclovir. Ophthalmology 1987; 94: 824-830. 

256.Bachman DM, Bruni LM, DiGioia RA, et al. Visual field testing in the management of 
cytomegalovirus retinitis [see comments]. Ophthalmology 1992; 99: 1393-1399. 

257.Anonymous. Studies of ocular complications of AIDS Foscarnet-Ganciclovir 
Cytomegalovirus Retinitis Trial: 1. Rationale, design, and methods. AIDS Clinical Trials 
Group (ACTG). Controlled Clinical Trials 1992; 13: 22-39. 

258. Anonymous. Mortality in patients with the acquired immunodeficiency syndrome treated 
with either foscarnet or ganciclovir for cytomegalovirus retinitis. Studies of Ocular 
Complications of AIDS Research Group, in collaboration with the AIDS Clinical Trials 
Group [published erratum appears in N Engl J Med 1992 Apr 23;326(17):1172] [see 
comments]. New England Journal of Medicine 1992; 326: 213-220. 

82 

http://240.McC.ann
http://246.de


CMV retinitis in HIV-positive patients. 

259. Anonymous. Assessment of cytomegalovirus retinitis. Clinical evaluation vs centralized 
grading of fundus photographs. Studies of Ocular Complications of AIDS Research Group, 
AIDS Clinical Trials Group. Archives of Ophthalmology 1996; 114: 791-805. 

260. Anonymous. Clinical vs photographic assessment of treatment of cytomegalovirus 
retinitis. Foscarnet-Ganciclovir Cytomegalovirus Retinitis Trial Report 8. Studies of 
Ocular Complications of AIDS Research Group, AIDS Clinical Trials Group. Archives 
of Ophthalmology 1996; 114: 848-855. 

261. Migdal C.Funduscopy versus photographic assessment ofcytomegalovirusretinitis progression: 
a clinician's perspective. [Review] [4 refs].^(ZDS'1996;10Suppl4:S19-S23 

262. Balfour HHJ, Fletcher CV, Erice A, et al. Effect of foscarnet on quantities ofcytomegalovirus 
and human immunodeficiency virus in blood of persons with AIDS. Antimicrobial Agents 
& Chemotherapy 1996; 40: 2721-2726. 

263.Bowen EF, Wilson P, Cope A, et al. Cytomegalovirus retinitis in AIDS patients: influence 
of cytomegaloviral load on response to ganciclovir, time to recurrence and survival. AIDS 
1996; 10: 1515-1520. 

264. GernaG, Percivalle E, Baldanti F, et al. Diagnostic significance and clinical impact of quantitative 
assays for diagnosis of human cytomegalovirus infection/disease in immunocompromised 
patients. New Microbiologica 1998; 21: 293-308. 

265.Manfredi R, Lazzarotto T, Spezzacatena P, et al. Quantitative cytomegalovirus (CMV) 
antigenaemia during antiviral treatment of AIDS-related CMV disease. Journal of 
Antimicrobial Chemotherapy 1997; 40: 299-302. 

266.Marenzi R, Cinque P, Ceresa D, Racca S, Lillo F, Lazzarin A. Serum polymerase chain 
reaction for cytomegalovirus DNA for monitoring ganciclovir treatment in AIDS 
patients. Scandinavian Journal of Infectious Diseases 1996; 28: 347-351. 

267. Smith KL, Dunstan RA. PCR detection ofcytomegalovirus: a review. [Review] [31 refs]. 
British Journal of Haematology 1993; 84: 187-190. 

268.Jabs DA. Controversies in the treatment of cytomegalovirus retinitis: foscarnet versus 
ganciclovir. [Review] [63 refs]. Infectious Agents & Disease 1995; 4: 131-142. 

269.Pepose JS, Newman C, Bach MC, et al. Pathologic features of cytomegalovirus 
retinopathy after treatment with the antiviral agent ganciclovir. Ophthalmology 1987; 
94: 414-424. 

270. Jacobson MA, O'Donnell JJ, Brodie HR, Wofsy C, Mills J. Randomized prospective trial 
of ganciclovir maintenance therapy for cytomegalovirus retinitis. Journal of Medical 
Virology 1988; 25: 339-349. 

271. Spector SA, Weingeist T, Pollard RB, et al. A randomized, controlled study of intravenous 
ganciclovir therapy for cytomegalovirus peripheral retinitis in patients with AIDS. AIDS 
Clinical Trials Group and Cytomegalovirus Cooperative Study Group. Journal of 
Infectious Diseases 1993; 168: 557-563. 

272.Holland GN, Sidikaro Y, Kreiger AE, et al. Treatment of cytomegalovirus retinopathy 
with ganciclovir. Ophthalmology 1987; 94: 815-823. 

273.DeArmond B. Future directions in the management of cytomegalovirus infections. 
[Review] [10 refs]. Journal of Acquired Immune Deficiency Syndromes 1991; 4 Suppl 
1: S53-S56 

274. Höchster H, Dieterich D, Bozzette S„ et al. Toxicity of combined ganciclovir and zidovudine for 
cytomegalovirus disease associated with AIDS: an AIDS Clinical Trials Group Study. Annals 
of Internal Medicine 1990; 113:111-117. 

275.Hardy WD. Combined ganciclovir and recombinant human granulocyte-macrophage 
colony-stimulating factor in the treatment of cytomegalovirus retinitis in AIDS patients. 
Journal of Acquired Immune Deficiency Syndromes 1991; 4 Suppl 1: S22-S28 

276.Jacobson MA, Stanley HD, Heard SE. Ganciclovir with recombinant methionyl human 
granulocyte colony-stimulating factor for treatment of cytomegalovirus disease in AIDS 
patients [letter]. AIDS 1992; 6: 515-517. 

277.Anonymous. Intravenous versus oral ganciclovir: European/Australian comparative 
study of efficacy and safety in the prevention of cytomegalovirus retinitis recurrence in 
patients with AIDS. The Oral Ganciclovir European and Australian Cooperative Study 
Group. /f/DS 1995; 9:471-477. 

278. Drew WL, Ives D, Lalezari JP, et al. Oral ganciclovir as maintenance treatment for cytomegalov irus 
retinitis in patients with AIDS. SyntexCooperativeOral Ganciclovir Study Group [see comments]. 
New England Journal of Medicine 1995; 333: 615-620. 

83 



CHAPTER I 

279. Jacobson MA. Update (1995) on clinical trials of antiviral therapy and prophylaxis for AIDS-
related cytomegalovirus disease. [Review] [25 refs]. Scandinavian Journal of Infectious 
Diseases -Supplementum 1995; 99:96-99. 

280.Katlama C, Dohin E, Caumes E, et al. Foscarnet induction therapy for cytomegalovirus 
retinitis in AIDS: comparison of twice-daily and three-times-daily regimens. Journal of Acquired 
Immune Deficiency Syndromes 1992; 5 Suppl 1 : S18-S24 

281 Jacobson MA, Wulfsohn M, Feinberg JE, et al. Phase II dose-ranging trial of foscarnet 
salvage therapy for cytomegalovirus retinitis in AIDS patients intolerant of or resistant 
to ganciclovir (ACTG protocol 093). AIDS Clinical Trials Group of the National Institute 
of Allergy and Infectious Diseases. AIDS 1994; 8: 451-459. 

282.Jacobson MA, Polsky B, Causey D, et al. Pharmacodynamic relationship of 
pharmacokinetic parameters of maintenance doses of foscarnet and clinical outcome of 
cytomegalovirus retinitis. Antimicrobial Agents & Chemotherapy 1994; 38: 1190-1193. 

283. Anonymous. Morbidity and toxic effects associated with ganciclovir or foscarnet therapy 
in a randomized cytomegalovirus retinitis trial. Studies of ocular complications of AIDS 
Research Group, in collaboration with the AIDS Clinical Trials Group. Archives of Internal 
Medicine 1995; 155:65-74. 

284.Moyle G, Gazzard BG. Foscarnet or ganciclovir for treatment of AIDS and CMV retinitis 
[letter; comment]. American Journal of Medicine 1995; 98: 319-320. 

285.Drusano GL, Aweeka F, Gambertoglio J, et al. Relationship between foscarnet exposure, 
baseline cytomegalovirus (CMV) blood culture and the time to progression of CMV 
retinitis in HIV-positive patients. AIDS 1996; 10: 1113-1119. 

286.Polis MA, deSmet MD, Baird BF, et al. Increased survival of a cohort of patients with 
acquired immunodeficiency syndrome and cytomegalovirus retinitis who received sodium 
phosphonoformate (foscarnet) [see comments]. [Review] [29 refs], American Journal 
of Medicine 1993; 94: 175-180. 

287. Jacobson MA, Causey D, Polsky B, et al. A dose-ranging study of daily maintenance 
intravenous foscarnet therapy for cytomegalovirus retinitis in AIDS. Journal of 
Infectious Diseases 1993; 168: 444-448. 

288.Anonymous. Antiviral effects of foscarnet and ganciclovir therapy on human 
immunodeficiency virus p24 antigen in patients with AIDS and cytomegalovirus retinitis. 
Studies of Ocular Complications of AIDS Research Group in collaboration with AIDS 
Clinical Trials Group. Journal of Infectious Diseases 1995; 172: 613-621. 

289.Danner SA. Management of cytomegalovirus disease. [Review] [16 refs]. AIDS 1995; 
9 Suppl 2: S3-S8 

290.Cantrill HL, Henry K, Meiroe NH, et al. Treatment of cytomegalovirus retinitis with 
intravitreal ganciclovir. Long-term results. Ophthalmology 1989; 96: 367-374. 

291.Cochereau-Massin I, Lehoang P, Lautier-Frau M, et al. Efficacy and tolerance of 
intravitreal ganciclovir in cytomegalovirus retinitis in acquired immune deficiency 
syndrome. Ophthalmology 1991; 98: 1348-1353. 

292.Heinemann MH. Long-term intravitreal ganciclovir therapy for cytomegalovirus 
retinopathy. Archives of Ophthalmology 1989; 107: 1767-1772. 

293.Ussery FM, Gibson SR, Conklin RH, Piot DF, Stool EW, Conklin AJ. Intravitreal 
ganciclovir in the treatment of AIDS-associated cytomegalovirus retinitis. Ophthalmology 
1988; 95: 640-648. 

294.Diaz-Llopis M, Chipont E, Sanchez S, Espana E, Navea A, Menezo JL. Intravitreal 
foscarnet for cytomegalovirus retinitis in a patient with acquired immunodeficiency 
syndrome [see comments]. American Journal of Ophthalmology 1992; 114: 742-747. 

295.Diaz-Llopis M, Espana E, Munoz G, et al. High dose intravitreal foscarnet in the treatment 
of cytomegalovirus retinitis in AIDS. British Journal of Ophthalmology 1994; 78: 120-
124. 

296.Lieberman RM, Orellana J, Melton RC. Efficacy of intravitreal foscarnet in a patient with 
AIDS. New England Journal of Medicine 1994; 330 (letter): 868-869. 

297.Morlet N, Young SH. Prevention of intraocular pressure rise following intravitreal 
injection. British Journal of Ophthalmology 1993; 77: 572-573. 

298. Morlet N, Young S,Naidoo D, Fong T, Coroneo MT. High dose intravitreal ganciclovir for CMV 
retinitis: a shelf life and cost comparison study. British Journal of Ophthalmology 1995; 79: 
753-755. 

84 



CMV retinitis in HIV-positive patients. 

299. Morlet N, Young S, Naidoo D, Graham G, Coroneo MT. High dose intravitreal ganciclovir 
injection provides a prolonged therapeutic intraocular concentration. British Journal of 
Ophthalmology \996;m-.2\A-2\6. 

300.Seregard S. Retinochoroiditis in the acquired immune deficiency syndrome. Findings in 
consecutive post-mortem examinations. Acta Ophthalmologica 1994; 72: 223-228. 

301. Salazar A, PodzamczerD, Rene R, et al. Cytomegalovirus ventriculoencephalitis in AIDS patients. 
Scandinavian Journal of Infectious Diseases 1995; 27: 165-169. 

302.Morinelli EN, Dugel PU, Lee M, Klatt EC, Rao NA. Opportunistic intraocular infections 
in AIDS. Transactions of the American Ophthalmological Society 1992; 90: 97-108. 

303. KirschLS, ArevaloJF, ChavezdlP, MunguiaD, De ClercqE, Freeman WR. Intravitreal cidofovir 
(HPMPC) treatment of cytomegalovirus retinitis in patients with acquired immune deficiency 
syndrome [published erratum appears in Ophthalmology 1995 May ; 102(5):702], Ophthalmology 
1995;102:533-542. 

304.Kirsch LS, Arevalo JF, De Clercq E, et al. Phase I/II study of intravitreal cidofovir for 
the treatment of cytomegalovirus retinitis in patients with the acquired immunodeficiency 
syndrome. American Journal of Ophthalmology 1995; 119: 466-476. 

305. Rahhal FM, Arevalo JF, Munguia D, et al. Intravitreal cidofovir for the maintenance treatment 
of cytomegalovirus retinitis [see comments]. Ophthalmology 1996; 103:1078-1083. 

306. Garcia CR, Torriani FJ, Freeman WR, et al. Cidofovir in the treatment of cytomegalovirus (CMV) 
retinitis. Ocular Immunology & Inflammation 1998; 6:195-203. 

307.Banker AS, Arevalo JF, Munguia D, et al. Intraocular pressure and aqueous humor 
dynamics in patients with AIDS treated with intravitreal cidofovir (HPMPC) for 
cytomegalovirus retinitis [see comments]. American Journal of Ophthalmology 1997; 
124: 168-180. 

308.Taskintuna I, Rahhal FM, Rao NA, et al. Adverse events and autopsy findings after 
intravitreous cidofovir (HPMPC) therapy in patients with acquired immune deficiency 
syndrome (AIDS). Ophthalmology 1997; 104: 1827-1836. 

309.Taskintuna I, Rahhal FM, Arevalo JF, et al. Low-dose intravitreal cidofovir (HPMPC) 
therapy of cytomegalovirus retinitis in patients with acquired immune deficiency 
syndrome. Ophthalmology 1997; 104: 1049-1057. 

3 1 0. Tatarowicz WA, Lurain NS, Thompson KD. In situ ELISA for the evaluation of antiviral 
compounds effective against human cytomegalovirus. Journal of Virological Methods 
1991; 35: 207-215. 

3 1 1 .Collazos J, Diaz F, Mayo J, Martinez E, Fernandez A. Endophthalmitis as a complication 
of intravitreal treatment for cytomegalovirus retinitis [letter]. AIDS 1995; 9: 980-981. 

312.Kreiger AE, Foos RY, Yoshizumi MO. Intravitreous granulation tissue and retinal 
detachment following pars plana injection for cytomegalovirus retinopathy. Graefes 
Archive for Clinical & Experimental Ophthalmology 1992; 230: 197-198. 

3 1 3. Smith TJ, Pearson PA, Blandford DL, et al. Intravitreal sustained-release ganciclovir [see 
comments]. Archives of Ophthalmology 1992; 110: 255-258. 

3I4.Musch DC, Martin DF, Gordon JF, Davis MD, Kuppermann BD. Treatment of 
cytomegalovirus retinitis with a sustained-release ganciclovir implant. The Ganciclovir 
Implant Study Group. New England Journal of Medicine 1997; 337: 83-90. 

315. Kuppermann BD, Quiceno JI, Flores-Aguilar M, et al. Intravitreal ganciclovir concentration 
after intravenous administration in AIDS patients with cytomegalovirus retinitis: 
implications for therapy. Journal of Infectious Diseases 1993; 168: 1506-1509. 

3 1 6. Jabs DA, Wingard JR, De Bustros S, de Miranda P, Sarai R, Santos GW. BW B759U for 
cytomegalovirus retinitis: intraocular drug penetration. Archives of Ophthalmology 
1986; 104: 1436-1437. 

3 17.Kuppermann BD. Therapeutic options for resistant cytomegalovirus retinitis. [Review] 
[40 refs]. Journal of Acquired Immune Deficiency Syndromes & Human Retrovirology 
1997; 14 Suppl 1: S13-S21 

3 18.Drew WL, Miner RC, Busch DF, et al. Prevalence of resistance in patients receiving 
ganciclovir for serious cytomegalovirus infection. Journal of Infectious Diseases 1991; 
163: 716-719. 

319.Arevalo JF, Gonzalez C, Capparelli EV, et al. Intravitreous and plasma concentrations 
of ganciclovir and foscarnet after intravenous therapy in patients with AIDS and cytomegalovirus 
retinitis. Journal of Infectious Diseases 1995; 172:951-956. 

85 



CHAPTER I 

320. Hardy D, Spector S, Polsky B, et al. Combination of ganciclovir and granulocyte-macrophage 
colony-stimulating factor in the treatment of cytomegalovirus retinitis in AIDS patients. The 
ACTG 073 Team. European Journal of Clinical Microbiology & Infectious Diseases 1994; 13 
Suppl2:S34-S40 

321. Lalezari JP, Holland GN, Kramer F, et al. Randomized, controlled study of the safety and 
efficacy of intravenous cidofovir for the treatment of relapsing cytomegalovirus retinitis 
in patients with AIDS. Journal of Acquired Immune Deficiency Syndromes & Human 
Retrovirology 1998; 17:339-344. 

322.Freitas VR, Fraser-Smith EB, Matthews TR. Increased efficacy of ganciclovir in 
combination with foscarnet against cytomegalovirus and herpes simplex virus type 2 in 
vitro and in vivo. Antiviral Research 1989; 12: 205-212. 

323. Manischewitz JF, Quinnan GV, Lane HC, Wittek AE. Synergistic effect of ganciclovir and 
foscarnet on cytomegalovirus replication in vitro. Antimicrobial'Agents & Chemotherapy 1990; 
34:373-375. 

324. Flores-Aguilar M, Kuppermann BD, Quiceno II, et al. Pathophysiology and treatment of 
clinically resistant cytomegalovirus retinitis. Ophthalmology^)^; 100: 1022-1031. 

325 Jacobson MA, Kramer F, Bassiakos Y, et al. Randomized phase I trial of two different 
combination foscarnet and ganciclovir chronic maintenance therapy regimens for AIDS 
patients with cytomegalovirus retinitis: AIDS clinical Trials Group Protocol 151. 
Journal of Infectious Diseases 1994; 170: 189-193. 

326.Kuppermann BD, Flores-Aguilar M, Quiceno JI, Rickman LS, Freeman WR. Combination 
ganciclovir and foscarnet in the treatment of clinically resistant cytomegalovirus retinitis 
in patients with acquired immunodeficiency syndrome. Archives of Ophthalmology 
1993; 111: 1359-1366. 

327. Nelson MR, Barter G, Hawkins D, Gazzard BG. Simultaneous treatment of cytomegalovirus 
retinitis with ganciclovir and foscarnet [letter] [see comments]. Lancet 1991; 338: 250 

328.Weinberg DV, Murphy R, Naughton K. Combined daily therapy with intravenous 
ganciclovir and foscarnet for patients with recurrent cytomegalovirus retinitis. American 
Journal of Ophthalmology 1994; 117: 776-782. 

329.Anonymous. Combination foscarnet and ganciclovir therapy vs monotherapy for the 
treatment of relapsed cytomegalovirus retinitis in patients with AIDS. The Cytomegalovirus 
Retreatment Trial. The Studies of Ocular Complications of AIDS Research Group in 
Collaboration with the AIDS Clinical Trials Group. Archives of Ophthalmology 1996; 
114: 23-33. 

330.Marx JL, Kapusta MA, Patel SS, et al. Use of the ganciclovir implant in the treatment 
of recurrent cytomegalovirus retinitis. Archives of Ophthalmology 1996; 114: 815-820. 

331.Hatton MP, Duker JS, Reichel E, Morley MG, Puliafito CA. Treatment of relapsed 
cytomegalovirus retinitis with the sustained- release ganciclovir implant. Retina 1998; 
18: 50-55. 

332. Dunn JP, MacCumber MW, Forman MS, Charache P, Apuzzo L, Jabs DA. Viral sensitivity 
testing in patients with cytomegalovirus retinitis clinically resistant to foscarnet or 
ganciclovir. American Journal of Ophthalmology 1995; 119: 587-596. 

333. EriceA,ChouS,BironKK,,etal.Progressivediseaseduetoganciclovir-resistantcytomegalovirus 
in immunocompromised patients. New England Journal of Medicine 1989; 320: 289-293. 

334. Jacobson MA, Drew WL, Feinberg J, et al. Foscarnet therapy for ganciclovir-resistant 
cytomegalovirus retinitis in patients with AIDS. Journal of Infectious Diseases 1991; 
163: 1348-1351. 

335. Sullivan V, Coen DM. Isolation of foscarnet-resistant human cytomegalovirus patterns 
of resistance and sensitivity to other antiviral drugs. Journal of Infectious Diseases 1991; 
164: 781-784. 

336.Drew WL. Cytomegalovirus resistance to antiviral therapies. American Journal of 
Health-System Pharmacy 1996; 53: S17-S23 

3 3 7. Cherrington JM, Miner R, Hitchcock MJ, Lalezari JP, Drew WL. Susceptibility of human 
cytomegalovirus to cidofovir is unchanged after limited in vivo exposure to various 
regimens of drug. Journal of Infectious Diseases 1996; 173: 987-992. 

338. Dankner WM, Scholl D, Stanat SC, Martin M, Sonke RL, Spector SA. Rapid antiviral DNA-DNA 
hybridization assay for human cytomegalovirus. Journal of Virological Methods 1990; 28:293-

86 



CMVretinitis in HIV-positive patients. 

339. GernaG, Sarasini A, Percivalle E, et al. Rapid screening forresistance to ganciclovir and foscarnet 
of primary isolates of human cytomegalovirus from culture-positive blood samples. Journal of 
Clinical Microbiology 1995; 33: 738-741. 

340. Jabs DA, Dunn .IP, Enger C, Forman M, BresslerN, Charache P. Cytomegalovirus retinitis 
and viral resistance. Prevalence of resistance at diagnosis, 1994. Cytomegalovirus 
Retinitis and Viral Resistance Study Group. Archives of Ophthalmology 1996; 114: 809-814. 

341. Jabs DA, Enger C, Forman M, Dunn JP. Incidence of foscarnet resistance and cidofovir resistance 
in patients treated for cytomegalovirus retinitis. The Cytomegalovirus Retinitis and Viral 
Resistance Study Group. Antimicrobial Agents & Chemotherapy 1998; 42: 2240-2244. 

342. Jabs DA, EngerC, Dunn JP, Forman M. Cytomegalovirus retinitis and viral resistance: ganciclovir 
resistance. CMV Retinitis and Viral Resistance Study Group. Journal of Infectious Diseases 
1998;177:770-773. 

343. Sarasini A, Baldanti F, Furione M, et al. Double resistance to ganciclovir and foscarnet of four 
human cytomegalovirus strains recovered from AIDS patients. Journal of Medical Virology 
1995;47:237-244. 

344. Smith IL, Shinkai M, Freeman WR, Spector SA. Polyradiculopathy associated with 
ganciclovir-resistant cytomegalovirus in an AIDS patient: phenotypic and genotypic 
characterization of sequential virus isolates. Journal of Infectious Diseases 1996; 173: 
1481-1484. 

345.Spector SA, Hirata KK, Newman TR. Identification of multiple cytomegalovirus strains 
in homosexual men with acquired immunodeficiency syndrome. Journal of Infectious 
Diseases 1984; ISO: 953-956. 

346.Verbraak FD, Bruinenberg M, van den Horn GJ, et al. Cytomegalovirus (CMV) strain 
differences between the eye and blood in AIDS patients with CMV retinitis. AIDS 1998; 
12: 713-718. 

347.Chou S, Guentzel S, Michels KR, Miner RC, Drew WL. Frequency of UL97 
phosphotransferase mutations related to ganciclovir resistance in clinical cytomegalovirus 
isolates. Journal of Infectious Diseases 1995; 172: 239-242. 

348.Hanson MN, Preheim LC, Chou S, Talarico CL, Biron KK, Erice A. Novel mutation in 
the UL97 gene of a clinical cytomegalovirus strain conferring resistance to ganciclovir. 
Antimicrobial Agents & Chemotherapy 1995; 39: 1204-1205. 

349.Bowen EF, Johnson MA, Griffiths PD, Emery VC. Development of a point mutation assay 
for the detection of human cytomegalovirus UL97 mutations associated with ganciclovir 
resistance. Journal of Virological Methods 1997; 68: 225-234. 

35O.Gilbert C, Handfield J, Toma E, Lalonde R, Bergeron MG, Boivin G. Emergence and 
prevalence of cytomegalovirus UL97 mutations associated with ganciclovir resistance 
in AIDS patients. AIDS 1998; 12: 125-129. 

351 .Baldanti F, Sarasini A, Silini E, et al. Four dually resistant human cytomegalovirus strains 
from AIDS patients: single mutations in UL97 and UL54 open reading frames are 
responsible for ganciclovir- and foscarnet-specific resistance, respectively. Scandinavian 
Journal of Infectious Diseases - Supplementum 1995; 99: 103-104. 

352. Baldanti F, Underwood MR, Stanat SC, et al. Single amino acid changes in the DNA 
polymerase confer foscarnet resistance and slow-growth phenotype, while mutations in 
the UL97-encoded phosphotransferase confer ganciclovir resistance in three double-
resistant human cytomegalovirus strains recovered from patients with AIDS. Journal 
of Virology 1996; 70: 1390-1395. 

353.Kimberlin DW, Crumpacker CS, Straus SE, et al. Antiviral resistance in clinical practice. 
[Review] [64 refs]. Antiviral Research 1995; 26: 423-438. 

354. Anderson KP, Fox MC, Brown-Driver V, Martin M.I, Azad RF. Inhibition of human 
cytomegalovirus immediate-early gene expression by an antisense oligonucleotide 
complementary to immediate-early RNA. Antimicrobial Agents & Chemotherapy 1996; 
40: 2004-2011. 

355. Detrick B, keiler JJ, Nagineni C, Anderson KP, Henry S. Inhibition of human cytomegalovirus 
by first and second generation oligonucleotides (ISIS 2922 and ISIS 13312). Ocular 
Immunology & Inflammation 1998; 6: S56-S56(Abstracl) 

356. Mulamba GB, Hu A, Azad RF, Anderson KP, Coen DM. Human cytomegalovirus mutant with 
sequence-dependent resistance to the phosphorothioate oligonucleotide fomivirsen (ISIS 
2922). Antimicrobial Agents & Chemotherapy 1998; 42:971 -973. 

87 



CHAPTER I 

357. Sarraf D, Equi RA, Holland GN, Yoshizumi MO, Lee DA. Transscleral iontophoresis of foscarnet. 
American Journal of'Ophthalmology 1993; 115: 748-754. 

358. Yoshizumi MO, Roca JA, Lee DA, Lee G, Gomez I. Ocular iontophoretic supplementation of 
intravenous foscarnet therapy. American Journal of Ophthalmology 1996; 122: 86-90. 

359. Akula SK, Ma PE, Peyman GA, et al. Treatment of cytomegalovirus retinitis with intravitreal 
injection of liposome encapsulated ganciclovir in a patient with AIDS. British Journal of 
Ophthalmology 1994;78:677-680. 

360. Kuppermann BD, Assil KK, Vuong C, et al. Liposome-encapsulated (S)-l-(3-hydroxy-2-
phosphonylmethoxypropyl)cytosine for long-acting therapy of viral retinitis. Journal of 
Infectious Diseases 1996; 173:18-23. 

361. Hamilton A A, Manuel DM, Grundy JE, etal.Ahumanizedantibodyagainsthuman cytomegalovirus 
(CMV) gpUL75 (gH) for prophylaxis or treatment of CMV infections. Journal of Infectious 
Diseases 1997; 176:59-68. 

362.Anonymous. MSL-109 adjuvant therapy for cytomegalovirus retinitis in patients with 
acquired immunodeficiency syndrome: the Monoclonal Antibody Cytomegalovirus 
Retinitis Trial. The Studies of Ocular Complications of AIDS Research Group. AIDS 
Clinical Trials Group [published erratum appears in Arch Ophthalmol 1998 
Mar;116(3):296], Archives of Ophthalmology 1997; 115: 1528-1536. 

363.Jacobson MA, O'Donnell JJ, Rousell R, Dionian B, Mills J. Failure of adjunctive 
cytomegalovirus intravenous immune globulin to improve efficacy of ganciclovir in 
patients with acquired immunodeficiency syndrome and cytomegalovirus retinitis: a 
phase 1 study. Antimicrobial Agents & Chemotherapy 1990; 34: 176-178. 

364.Gumbel H, Cinatl JJ, Rabenau H, Vogel JU, Doerr HW, Ohrloff C. [Selective inhibition 
of replication of human cytomegalovirus by desferrioxamine in vitro and in vivo (case 
report)]. [German]. Ophthalmologe 1995; 92: 840-843. 

365.Aduma P, Connelly MC, Srinivas RV, Fridland A. Metabolic diversity and antiviral 
activities of acyclic nucleoside phosphonates. Molecular Pharmacology 1995; 47: 816-
822. 

366. Anderson RD, Griffy KG, Jung D, Dorr A, Hülse JD, Smith RB. Ganciclovir absolute 
bioavailability and steady-state pharmacokinetics after oral administration of two 3000-
mg/d dosing regimens in human immunodeficiency virus- and cytomegalovirus-seropositive 
patients. Clinical Therapeutics 1995; 17: 425-432. 

367.Biron KK, Stanat SC, Sorrell JB, et al. Metabolic activation of the nucleoside analog 9-
[( 2-hydroxy-l-(hydroxymethyl)ethoxy]methyl)guanine in human diploid fibroblasts 
infected with human cytomegalovirus. Proceedings of the National Academy of Sciences 
of the United States of America 1985; 82: 2473-2477. 

368.Cundy KC, Petty BG, Flaherty J, et al. Clinical pharmacokinetics of cidofovir in human 
immunodeficiency virus-infected patients. Antimicrobial Agents & Chemotherapy 
1995; 39: 1247-1252. 

369.Henry K, Cantrill H, Fletcher C, Chinnock BJ, Balfour HH, Jr. Use of intravitreal 
ganciclovir (dihydroxy propoxymethyl guanine) for cytomegalovirus retinitis in a 
patient with AIDS. American Journal of Ophthalmology 1987; 103: 17-23. 

3 70. Pearson PA, Jaffe G J, Ashton P. Intravitreal foscarnet for cytomegalovirus retinitis in 
a patient with acquired immunodeficiency syndrome [letter; comment]. American 
Journal of Ophthalmology 1993; 115: 686-688. 

371. Sanborn GE, Anand R, Torti RE, et al. Sustained-release ganciclovir therapy for treatment 
of cytomegalovirus retinitis. Use of an intravitreal device [see comments]. Archives of 
Ophthalmology 1992; 110: 188-195. 

372.Taburet AM, Katlama C, Blanshard C, et al. Pharmacokinetics of foscarnet after twice-
daily administrations for treatment of cytomegalovirus disease in AIDS patients. 
Antimicrobial Agents & Chemotherapy 1992; 36: 1821-1824. 

373. Yuen GJ, Drusano GL, Fletcher C, et al. Population differences in ganciclovir clearance 
as determined by nonlinear mixed-effects modelling. Antimicrobial Agents & Chemotherapy 
1995;39:2350-2352. 

374. Lietman PS. Clinical pharmacology: foscarnet. [Review] [11 refs]. American Journal'of'Medicine 
1992;92:8S-US. 

375. Jacobson MA. Treatment of cytomegalovirus retinitis in patients with the acquired 
immunodeficiency syndrome [published erratum appears inN Engl J Med 1997 Oct2;337(14):l 019]. 
[Review] [94refs]. NewEngland'Journalof"MedicineT997;337: 105-1 14. 



CMV retinitis in HIV-positive patients. 

376. Wu AW, Coleson LC, Holbrook J, Jabs DA. Measuring visual function and quality of life in 
patients with cytomegalovirus retinitis. Development of a questionnaire. Studies of Ocular 
Complication of AIDS Research Group [see comments]. Archives of Ophthalmology 1996; 114: 
841-847. 

377. KaflamaC. Consequences for the management of cytomegalovirus. [Review] [15 refs]. AIDS 
1996;10Suppll:S43-S46 

378. BowenEF, Sabin CA, Wilson P, et al. Cytomegalovirus (CMV) viraemia detected by polymerase 
chain reaction identifies a group ofHIV-positive patients at high risk of CMV disease.AIDS1997; 
11:889-893. 

379. Cole NL, Balfour HH, Jr. In vitro susceptibility of cytomegalovirus isolates from 
immunocompromised patients to acyclovir and ganciclovir. Diagnostic Microbiology 
& Infectious Disease 1987; 6: 255-261. 

380.Feinberg JE, Hurwitz S, Cooper D, et al. A randomized, double-blind trial of valaciclovir 
prophylaxis for cytomegalovirus disease in patients with advanced human 
immunodeficiency virus infection. AIDS Clinical Trials Group Protocol 204/Glaxo 
Wellcome 123-014 International CMV Prophylaxis Study Group. Journal of Infectious 
Diseases 1998; 177: 48-56. 

3 81. Griffiths PD, Feinberg JE, Fry J, et al. The effect of valaciclovir on cytomegalovirus 
viremia and viruria detected by polymerase chain reaction in patients with advanced 
human immunodeficiency virus disease. AIDS Clinical Trials Group Protocol 204/Glaxo 
Wellcome 123-014 International CMV Prophylaxis Study Group. Journal of Infectious 
Diseases 1998; 177: 57-64. 

382.Moore RD, Chaisson RE. Cost-utility analysis of prophylactic treatment with oral 
ganciclovir for cytomegalovirus retinitis. Journal of Acquired Immune Deficiency 
Syndromes & Human Retrovirology 1997; 16: 15-21. 

383.Rose DN, Sacks HS. Cost-effectiveness of cytomegalovirus (CMV) disease prevention 
in patients with AIDS: oral ganciclovir and CMV polymerase chain reaction testing. AIDS 
1997; 11: 883-887. 

3 84,Mackall CL, Fleisher TA, Brown MR, et al. Age, thymopoiesis, and CD4+ T-lymphocyte 
regeneration after intensive chemotherapy [see comments]. New England Journal of 
Medicine 1995; 332: 143-149. 

385.Connors M, Kovacs JA, Krevat S, et al. HIV infection induces changes in CD4+ T-cell 
phenotype and depletions within the CD4+ T-cell repertoire that are not immediately 
restored by antiviral or immune-based therapies [see comments]. Nature Medicine 1997; 
3: 533-540. 

386.Jabs DA, Bartlett JG. AIDS and ophthalmology: a period of transition [editorial; 
comment]. [Review] [42 refs]. American Journal of Ophthalmology 1997; 124: 227-
233. 

3 8 7. van den Horn G.I, Meenken C, Danner SA, et a. Effects of protease inhibitors on the course 
of CMV retinitis in relation to CD4+ lymphocyte response in HIV+ patients. British 
Journal of Ophthalmology 1998; 82: 988-990. 

388.Jacobson MA, Zegans M, Pavan PR, et al. Cytomegalovirus retinitis after initiation of 
highly active antiretroviral therapy [see comments]. Lancet 1997; 349: 1443-1445. 

389.Mallolas J, Arrizabalaga J, Lonca M, et al. Cytomegalovirus disease in HIV-1-infected 
patients treated with protease inhibitors [letter]. AIDS 1997; 11: 1785-1787. 

390.Michelet C, Arvieux C, Francois C, et al. Opportunistic infections occurring during highly 
active antiretroviral treatment. AIDS 1998; 12: 1815-1822. 

391.Macdonald JC, Torriani FJ, Morse LS, et al. Lack of reactivation of cytomegalovirus 
(CMV) retinitis after stopping CMV maintenance therapy in AIDS patients with sustained 
elevations in CD4 T cells in response to highly active antiretroviral therapy. Journal 
ofInfectious Diseases 1998; 177:1182-1187. 

392. Reed JB, Schwab IR, Gordon J, Morse LS. Regression of cytomegalovirus retinitis associated 
with protease-inhibitor treatment inpatients with AIDS [see comments]. American Journal of 
Ophthalmology 1997; 124:199-205. 

393. Tural C, Romeu J, Sirera G, et al. Long-lasting remission of cytomegalovirus retinitis without 
maintenance therapy in human immunodeficiency virus-infected patients. Journal of Infectious 
Diseases 1998;177:1080-1083. 

394. Whitcup SM, Fortin E, Nussenblatt RB, et al. Therapeutic effect of combination antiretroviral 
therapy on cytomegalovirus retinitis [letter] . J/f M/f 1997; 277:1519-1520. 

89 



CHAPTER I 

395. Zegans ME, Walton RC, Holland GN, et al. Transient vitreous inflammatory reactions associated 
with combination antiretroviral therapy in patients with AIDS and cytomegalovirus retinitis [see 
comments]. American Journal of Ophthalmology 1998; 125: 292-300. 

90 


