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Abstract
Aim—Intravenous cidofovir is used to
treat cytomegalovirus (CMV) retinitis,
and has been reported to cause anterior
uveitis. Relations were sought between
this complication and patient characteris-
tics that might help predict its occur-
rence.
Methods—17 patients with AIDS and
CMV retinitis who were treated with
intravenous cidofovir were identified, and
the following data collected in a retrospec-
tive chart review: demographic character-
istics, duration of CMV retinitis, retinal
lesion characteristics, dose and duration
of cidofovir therapy, tests of renal func-
tion, CD4+ T lymphocyte counts, visual
acuity, intraocular pressure, iris colour,
history of diabetes mellitus, and use of
concomitant medications. Case-control
analyses were performed to determine
risk factors for developing cidofovir asso-
ciated uveitis.
Results—Anterior uveitis characterised
by pain, ciliary injection, and decreased
visual acuity occurred in 10 patients
(59%). Median interval to development of
uveitis was 11 doses of cidofovir. Symp-
toms developed 4.4 (SD 2.5) days (median
3.5) after an infusion of cidofovir. Patients
who developed uveitis had a significantly
greater rise in CD4+ T lymphocyte count
while receiving cidofovir (68.4 (75.7) ×106/l
versus 5.0 (0.6) ×106/l, (p = 0.04)). By step-
wise linear regression, this factor ac-
counted for 33% (p = 0.03) of the eVect of
developing uveitis. Mean follow up time,
intraocular pressure decline during cido-
fovir therapy, serum creatinine and urine
protein concentrations, and rates of pro-
tease inhibitor use were not significantly
diVerent between patients who developed
uveitis and those who did not. Uveitis
responded to topical corticosteroids and
cycloplegia.
Conclusion—Anterior uveitis in patients
receiving intravenous cidofovir therapy
may be related to improving immune
function. The uveitis responds to treat-
ment and may not preclude continuation
of cidofovir.
(Br J Ophthalmol 1999;83:1153–1158)

Cidofovir ([S]-1-[3-hydroxy-2-phosphonyl-
methoxypropyl] cytosine, Vistide, Gilead
Sciences, Foster City, CA, USA), an acyclic
nucleotide analogue, is eVective in delaying

progression of cytomegalovirus (CMV)
retinitis.1–5 Non-granulomatous uveitis has
been reported to be a complication in 26–44%
of patients receiving intravenous cidofovir6 7

and 24% of patients receiving intravitreal cido-
fovir under an investigational protocol.8 The
cause of this reaction is unknown but has been
associated with protease inhibitor use,6 sug-
gesting that patients with better immune func-
tion are at increased risk, and possibly explain-
ing why recently reported rates of uveitis are
higher than those reported during the drug’s
development. In patients receiving intravitreal
injections of cidofovir the rate of anterior uvei-
tis appears to lower with concomitant use of
probenecid through unknown mechanisms.8

We studied all patients receiving cidofovir for
CMV retinitis at our institution to gain
additional insight into factors related to the
development of drug associated uveitis.

Materials and methods
We conducted a retrospective chart review of
all patients with AIDS and CMV retinitis who
were treated with intravenous cidofovir at the
University of Rochester, Rochester, NY, USA
between 1 March 1996 and 31 December
1996.

The following factors were collected for each
patient: age, sex, race, intraocular pressure,
visual acuity, extent, location,9 laterality, and
prior treatment of CMV retinitis, dose of cido-
fovir, time since diagnosis of CMV retinitis,
CD4+ T lymphocyte count, serum creatinine
and urine protein concentrations, iris colour,
history of diabetes mellitus, and use of
concomitant medications at the time of start-
ing cidofovir therapy. We collected only those
creatinine and urine protein concentrations
measured immediately before infusions, as is
standard protocol.

As CD4+ T lymphocyte counts were not
consistently obtained before initiation of the
cidofovir therapy in all patients, levels obtained
within 3 months before commencing cidofovir
therapy were used in the study as baseline level.
CD4+ T lymphocyte count levels at the time of
uveitis also were not available in many patients;
thus, any determination within 1 month of
onset of uveitis was used. For patients who did
not develop uveitis, the highest CD4+ T
lymphocyte count, serum creatinine, and urine
protein level documented during the course of
cidofovir therapy were used for comparison
with the measurements for the group with
uveitis in the data analysis. Data from three
patients (one who developed uveitis and two
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who did not) was censored for statistical analy-
ses involving changes in CD4+ T lymphocyte
count levels, as these patients did not have
separate measurements before and after initia-
tion of cidofovir therapy.

For quantification of anterior chamber cells,
we used measurements recorded in charts; in
general, grading of anterior chamber inflam-
mation is done at our institution according to
the method of Hogan and associates using a
scale of 0 to 4+.10 For the purposes of this
study, an episode of anterior uveitis was
defined by one or more of the following: devel-
opment of symptoms (redness, pain, photo-
phobia) with any degree of anterior chamber
cells; an increase of anterior chamber cells by 2
grades or to an absolute level of >3+; or new
inflammatory signs (keratic precipitates or
posterior synechiae). The intraocular pressure

measurement used for baseline values was
obtained from the last eye examination imme-
diately preceding the onset of cidofovir treat-
ment. For intraocular pressure during therapy,
we recorded measurements taken at the exam-
ination during which uveitis was diagnosed or,
for patients without uveitis, the lowest intra-
ocular pressure measured while on cidofovir
treatment. Hypotony was defined as a 50%
drop in intraocular pressure from baseline or a
pressure of 4 mm Hg or less. Corneal oedema
was defined as the presence of folds in
Descemet’s membrane with any degree of loss
of corneal transparency. Posterior synechiae
were any adhesions present between the poste-
rior iris and the anterior lens capsule.

Visual acuity recorded at each ophthalmo-
logical examination was converted into
logMAR scores for statistical correlations.

Table 1 Comparison of patient baseline characteristics

Patients with uveitis (n=10) Patients without uveitis (n=7) p Value

Age (mean (SD)) 38.1 (5.5) (n=10) 40.6 (4.4) (n=7) 0.34
Sex

Males 7 (70%) 7 (100%) 0.11
Females 3 (30%) 0 (0%)

Race
Non-Hispanic white 4 6 0.29
Non-Hispanic black 4 1
Hispanic 1 0
Other 1 0

Time from CMV retinitis diagnosis to start of cidofovir
therapy (months) 7.3 (5.5) (n=10) 4.3 (6.0) (n=6) 0.33

Previous anti-CMV retinitis therapy
Ganciclovir 1 1 0.68*
Foscarnet 1 0
Ganciclovir and foscarnet 7 5

Duration of previous anti-CMV retinitis therapy
(months) 8.0 (5.6) (n=9) 6.2 (6.3) (n=10) 0.56

Medications used during cidofovir treatment
Protease inhibitors 7 (70%) 6 (86%) 0.45
Antiretrovirals 9 (100%) 5 (100%) 1.0
HAART† 7 (70%) 4 (80%) 0.68
Rifabutin 1 (10%) 1 (14%) 0.79
Sulpha antibiotics 5 (56%) 4 (80%) 0.36
Fluconazole 4 (44%) 3 (60%) 0.58

Diabetes mellitus 0 (0%) 1 (14%) 0.22
Number of cidofovir doses‡ 8.0 (3.8) (n=10) 6.9 (2.5) (n=7) 0.47
CD4+ T lymphocyte count (×106/l) 44.2 (75.3) (n=9) 40.7 (54.0) (n=7) 0.92
Duration between CD4+ T lymphocyte count

measurement and cidofovir initiation (months) 1.6 (1.4) (n=10) 1.6 (1.6) (n=7) 0.98
Serum creatinine (mg/dl) 1.05 (0.29) (n=10) 1.03 (0.32) (n=7) 0.89
Proteinuria

0+ 5 3 0.77
Trace 2 2
1+ 3 1
2+ 0 0
3+ 0 0
4+ 0 0

Vision (logMAR units)§ 0.121 (0.178) (n=9) 0.164 (0.148) (n=7) 0.62
Iris colour

Blue 2 2 0.25
Hazel 1 3
Brown 6 2

Intraocular pressure (mm Hg){ 12.6 (1.7) (n=8) 11.7 (4.3) (n=6) 0.62
CMV retinitis
Laterality

Right eye 2 2 0.68
Left eye 5 2
Both eyes 3 3

Extent of fundus involved
<10% 2 1 0.96
10–24% 3 2
25–49% 2 2
>50% 2 1

CMV retinitis in zone 1# 6 (60%) 5 (71%) 0.63

*p Value is comparison of therapy with foscarnet versus without foscarnet.
†Highly active antiretroviral therapy (the combination of an HIV protease inhibitor with two or more nucleoside analogues).
‡Lesser of number of doses before uveitis or total number of doses.
§Snellen visual acuity was recorded for the right eye in patients without uveitis or with bilateral uveitis, or the aVected eye in patients
with unilateral uveitis, and converted to logMAR units.11 12

{Intraocular pressure was recorded for the right eye in patients without uveitis or with bilateral uveitis, or the aVected eye in
patients with unilateral uveitis.
#Lesions were assigned to the retinal zones described by Holland and associates.9
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Counting fingers vision was converted to log-
MAR score of 2.0, hand movements to 3.0,
light perception to 4.0, and no light perception
to 5.0.11 12 Visual acuity measured at the last
eye examination immediately before the start
of cidofovir therapy was recorded as the base-
line measurement. For visual acuity during
therapy, we recorded measurements at the
examination during which uveitis was diag-
nosed, and for patients without uveitis, the
worst visual acuity measured while on cidofo-
vir treatment was used for comparison.

We compared patients who developed uveitis
with those who did not to determine whether
diVerences existed between the two popula-
tions at baseline. We also compared patient
characteristics at the time uveitis developed
with the relevant values in patients without
uveitis during treatment.

Continuous variables were compared using
standard linear analysis of variance and step-
wise linear regression analysis. Pre- and
post-cidofovir therapy diVerences were ana-
lysed by two tailed paired Student’s t test. Cat-
egorical variables were compared using the
Pearson ÷2 test. Kaplan–Meier analysis was

performed to estimate median interval to uvei-
tis. Unless otherwise stated all results are given
as mean (SD).

Results
All patients received cidofovir 5 mg/kg once
weekly for 2 weeks (induction) and then 5
mg/kg once every 2 weeks (maintenance).
Cidofovir was administered by intravenous
infusion in 100 ml of normal saline during a 1
hour period after intravenous hydration with 1
litre of normal saline. All patients received oral
probenecid on the day of cidofovir infusion,
administered as 2 g 3 hours before each
infusion, and 1 g 2 hours and 8 hours after
each infusion.

Anterior uveitis occurred in 10 (59%) of 17
patients. No significant diVerences between
patients who developed uveitis and those who
did not were identified at baseline, including in
rates of use of protease inhibitors or highly
active antiretroviral therapy (Table 1). Patients
who developed uveitis had a significantly
greater rise in CD4+ T lymphocyte count
while on cidofovir (68.0 (76.1) ×106/l) than
controls (5.0 (10.6) ×106/l) (p = 0.04) (Table
2). Paired analysis revealed that the change in
CD4+ T lymphocyte count among patients
with uveitis was significant (p = 0.03); no
significant change occurred in patients without
uveitis (p = 0.35) (Fig 1). Stepwise linear
regression analysis revealed that the increase in
CD4+ T lymphocyte count explained 33% (p
= 0.03) of the eVect in development of uveitis.
The mean CD4+ T lymphocyte count at the
time of uveitis (103.1(107.1) ×106/l) was
greater than the maximal CD4+ T lymphocyte
count of controls (61.4 (57.2) ×106/l) but was
not statistically significant (p = 0.44). Mean
follow up time for patients who did not develop
uveitis (6.9 (SD 2.5) doses) was not signifi-
cantly diVerent from mean time to develop-
ment of uveitis among their counterparts (8.0
(3.8) doses) (p = 0.47).

Intraocular pressure decline during cidofovir
therapy was not significantly diVerent between
patients with uveitis, 4.9 (2.3) mm Hg, and
controls, 3.6 (2.5) mm Hg (p = 0.39). Hypo-
tony among patients with uveitis (two (22%) of
nine) was not significantly more common than
among patients without uveitis (one (14%) of
seven) (p = 0.69). The decline in logMAR
vision among patients with uveitis (0.247
(0.195)) was significantly greater than that in
controls (0.0 (0.0)) (p = 0.005). As all patients
received prophylactic probenecid and intra-
venous prehydration, the eVect of these vari-
ables could not be studied.

Table 3 lists the characteristics of the uveitis.
Uveitis developed 4.4 (SD 2.5) days (median
3.5) after the preceding infusion of cidofovir,
and after 8.0 (3.8) doses (median 8.5) of cido-
fovir administration. Kaplan–Meier analysis
revealed that the median interval to develop-
ment of uveitis was 11 doses of cidofovir (95%
CI, 5–12 doses). Among patients with unilat-
eral CMV retinitis who developed uveitis, the
ipsilateral eye alone developed uveitis in 75%;
in the remaining 25% uveitis was bilateral. In
50% of patients with bilateral CMV retinitis

Table 2 Comparison of patients at the time of uveitis onset compared with maximal levels
in patients without uveitis

Patients with uveitis
(n=10)

Patients without
uveitis (n=7) p Value

CD4+ T lymphocyte count (×106/l) 103.1 (107.1) (n=10) 61.4 (57.2) (n=5) 0.44
Change in CD4+ T lymphocyte

count from baseline (×106/l) 68.0 (76.1) (n=9) 5.0 (10.6) (n=5) 0.04
Serum creatinine (mg/dl) 1.20 (0.27) (n=10) 1.20 (0.25) (n=7) 1.0
Change in serum creatinine from

baseline (mg/dl) 0.15 (0.10) (n=10) 0.17 (0.19) (n=7) 0.76
Proteinuria

0+ 1 1 0.50
Trace 2 0
1+ 4 2
2+ 3 1
3+ 0 1
4+ 0 0

Vision (logMAR units)* 0.362 (0.230) (n=10) 0.164 (0.148) (n=7) 0.06
Change in vision (logMAR units) 0.247 (0.195) (n=9) 0.0 (0.0) (n=7) 0.005
Intraocular pressure (mm Hg)† 7.8 (1.9) (n=9) 9.0 (3.8) (n=5) 0.43
Change in intraocular pressure from

baseline (mm Hg) 4.9 (2.3) (n=7) 3.6 (2.5) (n=5) 0.39

*Snellen visual acuity was recorded for the right eye in patients without uveitis or with bilateral
uveitis, or the aVected eye in patients with unilateral uveitis, and converted to logMAR units.11 12

†Intraocular pressure (IOP) was recorded for the right eye in patients without uveitis or with
bilateral uveitis, or the aVected eye in patients with unilateral uveitis. For patients without uveitis,
the least IOP measurement while on cidofovir therapy was used.

Figure 1 Scatter plot of change in CD4+ T lymphocyte
count from baseline to time of uveitis (or maximal level in
patients without uveitis).
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who developed uveitis, it was bilateral. All 10
patients reported one or more symptoms (red-
ness, pain, photophobia). Uveitis was accom-
panied by a significant decrease in logMAR
vision (0.247 (0.195) units, p = 0.004). Six
(60%) patients developed posterior synechiae,
two (20%) had corneal oedema, and two
(20%) had a hypopyon. There was no associ-
ation between the severity of anterior chamber
inflammation and CD4+ T lymphocyte count
at the time of uveitis (p = 0.30) or change in
CD4+ T lymphocyte count (p = 0.30).

Hypotony developed concurrently with uvei-
tis in two (22%) patients, one of whom had an
intraocular pressure of 4 mm Hg. There was no
significant diVerence in anterior chamber cell
or flare, development of corneal oedema or
posterior synechiae, visual acuity, or mainte-
nance dose of cidofovir between patients who
developed hypotony and those who did not in
the group with uveitis.

Treatment with prednisolone acetate 1%
and cycloplegia eVected resolution of inflam-
mation in almost all patients. Topical medica-
tions were tapered as the inflammation re-
solved without recrudescence of uveitis in
some patients. The majority of patients,
however, had a chronic relapsing course of
anterior uveitis often exacerbated by cidofovir
infusions. Many patients therefore self medi-
cated with topical corticosteroids, 1 or 2 days
before the anticipated arrival of symptoms.

Discussion
Intravenous cidofovir therapy for CMV retini-
tis in patients with AIDS was associated with
the development of anterior uveitis in 10
(59%) of 17 patients. Early studies of intra-
venous cidofovir did not often report uveitis as
an adverse reaction.1 2 One reason may be that
those cohorts were studied before the wide-
spread availability of HIV protease inhibitors,
which promote regeneration of CD4+ T

lymphocytes, a factor significantly associated
with the development of uveitis in our patients.

Our data reveal a significant association
between rising CD4+ T lymphocyte counts
and the development of anterior uveitis while
on cidofovir therapy. Although CD4+ T
lymphocyte counts were not available for all
patients on the first day of cidofovir therapy,
the mean duration between CD4+ T lym-
phocyte count measurement and cidofovir ini-
tiation was not significantly diVerent between
patients who developed uveitis and those who
did not. While rising CD4+ T lymphocyte
counts were associated with uveitis, there
appeared to be no threshold level associated
with its occurrence.

In contrast with the results published by
Davis et al,6 but in concurrence with Akler et
al,7 we did not find the use of protease
inhibitors alone to be associated with the
development of uveitis. Our data suggest that
patients on protease inhibitor therapy are at
risk for uveitis if they experience immune resti-
tution, as reflected by elevation in CD4+ T
lymphocyte counts. Uveitis itself is not be-
lieved to be a complication of protease
inhibitor use; the only case report of uveitis
associated with protease inhibitor use was in a
patient who was also receiving intravenous
cidofovir.13 Some protease inhibitors have been
shown to increase serum concentration of
rifabutin,14 thereby increasing the risk of uveitis
associated with that drug.15 A similar interac-
tion with cidofovir cannot be excluded by our
data.

Our data provide additional support for the
association between intravenous cidofovir
therapy and anterior uveitis. Uveitis was
observed only after multiple injections of cido-
fovir, suggesting that accumulation of the drug
is necessary to initiate the inflammatory
reaction.

A few anti-infective agents have been associ-
ated with uveitis. Rifabutin prophylaxis and
therapy of Mycobacterium avium complex has,
in a dose related manner, been linked to a ful-
minant hypopyon uveitis with inflammatory
vitreous opacities that resolves with cortico-
steroid therapy.16–18 Rifabutin use was not
significantly associated with uveitis in our
patients. The incidence of uveitis among
rifabutin users in our cohort is much higher
than the reported incidence of rifabutin associ-
ated uveitis,18 although our sample size is small.
None of our patients had inflammatory vitre-
ous opacities, and of the two with hypopyon
one had a history of rifabutin use at the time of
starting cidofovir therapy but not at the time of
uveitis.

The cause of cidofovir associated uveitis
remains unclear. One possibility is direct toxic-
ity, but this must be reconciled with the fact
that uveitis resolves despite continuation of the
drug. The concomitant use of probenecid
decreases the incidence of uveitis associated
with intravitreal cidofovir.8 Probenecid inhibits
renal tubular secretion of cidofovir19 and may
inhibit secretion from the ciliary body, which
shares many of the transport mechanisms in
the kidney, resulting in decreased intraocular

Table 3 Characteristics of uveitis (n=10 cases)

Anterior chamber cell
1+ 1 (10%)
2+ 5 (50%)
3+ 2 (20%)
4+ 1 (10%)
Hypopyon 2 (20%)
Not recorded 1 (10%)

Anterior chamber flare
0+ 2 (20%)
1+ 2 (20%)
2+ 3 (30%)
3+ 1 (10%)
4+ 1 (10%)
Not recorded 1 (10%)

Corneal oedema 2 (20%)
Posterior synechiae 6 (60%)
Hypotony 2 (22%)
Days since last cidofovir infusion, mean

(median) 4.4 (SD 2.5) (3.5)
Number of cidofovir doses before

uveitis, mean (median) 8.0 (SD 3.8) (8.5)
Relation to CMV retinitis

Unilateral CMV retinitis (n=8)
Unilateral uveitis, ipsilateral to
CMV retinitis 6 (75%)
Unilateral uveitis, contralateral to
CMV retinitis 0 (0%)
Bilateral uveitis 2 (25%)

Bilateral CMV retinitis (n=2)
Unilateral uveitis 1 (50%)
Bilateral uveitis 1 (50%)
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drug levels. Hypotony associated with intravit-
real cidofovir appears to be due to damage to
the ciliary body.20 21 Akler et al 7 found an
association between increasing serum creati-
nine while receiving cidofovir and development
of uveitis, suggesting that decreased renal
excretion may lead to toxic accumulation of
drug. We could not confirm this result.

Cidofovir associated uveitis is quite diVerent
in its manifestation from immune recovery
uveitis (IRU), which also is associated with ris-
ing CD4+ T lymphocyte counts. IRU is a dis-
tinctive type of vitreous inflammation, some-
times associated with optic disc oedema,
macular oedema, epiretinal membrane forma-
tion, or cataract.22–26 Essentially it is a posterior
or intermediate uveitis and is not associated
with posterior synechiae or granulomatous
keratic precipitates, which frequently are ob-
served in cidofovir associated uveitis. CMV
infection itself can be associated with a low
grade anterior chamber reaction but has not
been reported to result in the type of marked
inflammation observed in our patients with
uveitis.

We found that patients with uveitis tended
to have the diagnosis of CMV retinitis for a
longer period of time (7.3 (SD 5.5) months)
than those without uveitis (4.3 (6.0) months)
(p = 0.33). This trend was not found to be
statistically significant because of insuYcient
power (0.15) owing to the small sample sizes.
However, this diVerence may be clinically
meaningful as breakdown of the blood-ocular
barrier is significantly higher in eyes with
CMV retinitis than those without and in-
creases with duration of CMV retinitis,27 and
may promote higher intraocular cidofovir lev-
els. Patients with CMV retinitis in zone 1,9

compared with those with peripheral disease,
have a greater degree of blood-ocular barrier
breakdown as measured by laser flare
photometry.27 However, we found no associ-
ation between uveitis and zone 1 involvement.
Davis et al 6 reported an association between
diabetes mellitus, in which the blood-ocular
barrier is altered, and the development of
uveitis. We, like Akler et al,7 were unable to
confirm this association as only one of our
patients had diabetes mellitus and he did not
develop uveitis.

We found that patients who developed uvei-
tis had a greater rise in CD4+ T lymphocyte
counts while on cidofovir, and there is much
evidence linking CD4+ T lymphocytes to the
pathogenesis of uveitis. Experimental autoim-
mune uveitis induced by retinal S antigen28 or
by melanin associated protein29 is mediated by
CD4+ T lymphocytes. CD4+ T lymphocytes
are found in high levels in the aqueous
humour30 and retina31 of patients with uveitis.
The immunopathogenesis of these entities
resembles that of recurrent iridocyclitis in
humans32 and antibodies against CD4+ T lym-
phocytes inhibit their development.33

The development of uveitis in these patients
is important because uveitis in an immuno-
compromised patient can be ominous and
warrant extensive diagnostic evaluation and
trigger potentially morbid diagnostic proce-

dures or systemic treatment. Recognition of
cidofovir associated uveitis can save the patient
potentially invasive interventions and lead to
proper management.

It has been suggested that the cidofovir asso-
ciated hypotony is an accompaniment of severe
drug associated uveitis.6 However, our data
suggest that hypotony and uveitis are inde-
pendent complications of cidofovir use as one
patient without uveitis developed hypotony
and seven patients with uveitis never developed
hypotony. In addition, probenecid decreases
the incidence of uveitis but does not alter
intraocular pressure in eyes treated with intrav-
itreal cidofovir.20 Patients with hypotony and
uveitis may simply be manifesting concurrent
complications. Alternatively, although we did
not find a relation between uveitis and
intraocular pressure, it is possible that hypot-
ony may complicate severe uveitis.

While the development of hypotony war-
rants discontinuation of the drug, uveitis alone
may not preclude continuing cidofovir as it
responds to topical corticosteroids and cy-
cloplegics. Although manageable, cidofovir
associated uveitis can be accompanied by pain,
visual loss, posterior synechiae, and hypotony,
and may be a consideration in selecting among
treatments for CMV retinitis. These patients
may benefit from ganciclovir or foscarnet
therapy as an alternative to cidofovir; in some
cases, specific anti-CMV medications may be
discontinued in patients experiencing a sus-
tained CD4+ T lymphocyte count rise above
100 cells ×106/l on HAART for at least 3
months.34 35
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