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Abstract
Aims—To determine whether urinary
neopterin:creatinine (UNC) ratios relate
to disease activity in idiopathic retinal
vasculitis (RV).
Methods—18 patients with RV were pro-
spectively recruited into a year long longi-
tudinal study. Patients collected first
morning urine samples on a weekly basis
and on the same day completed a diary
which documented their subjective view of
RV activity and any concurrent infection.
They were examined in clinic on a 6–8
weekly basis and an objective assessment
was made of RV disease activity. 14
healthy controls collected urine samples
in the same way.
Results—UNC ratios were significantly
higher in patients than in controls
(p=0.004, Mann-Whitney U test). UNC
ratios were significantly higher when,
according to their diaries, the patients had
a subjective flare up of RV (p=0.001,
Mann-Whitney U test). Subjective in-
creased RV activity occurred more often
when the patients had a concurrent infec-
tion (p<0.0001, ÷2 test). There was no
significant diVerence in the UNC ratio
between objective clinical relapse and
non-relapse of RV. There was moderate
agreement between the clinical assess-
ment and patients’ subjective impression
of RV activity (ê=0.48).
Conclusions—Higher neopterin levels re-
flect cell mediated disease that occurs in
RV, but UNC ratios are not recommended
as a means of monitoring clinical disease
activity in RV.
(Br J Ophthalmol 2001;85:30–33)

Idiopathic retinal vasculitis (RV) is a poten-
tially blinding disease1 that is mediated by acti-
vated T helper cells.2 It may be treated with
systemic immunosuppressive agents; oral pred-
nisolone is used as first line treatment, with
cyclosporin A or azathioprine commonly intro-
duced as second line agents.3 The overall aim
of treatment is to control potentially blinding
cell mediated disease processes. Once the
disease is under control, treatment can be
tailored according to disease activity and
increased should there be a relapse. One of the
dilemmas of this type of therapeutic regimen is
that it is not possible at present to predict dis-
ease relapse. It would be very useful to have an
easily measurable parameter that correlates
with RV activity and, in particular, one that
could predict an imminent flare up. While
serum levels of soluble intercellular adhesion
molecule 1 (sICAM-1) are known to be associ-

ated with RV relapse,4 5 regular monitoring of
its levels in the clinical setting is not practica-
ble.

Neopterin is a pyrazimo-pyrimidine deriva-
tive6 that is used as a marker of disease activity
in many inflammatory conditions and, as such,
it has excited much recent interest. It is
produced by human monocytes and macro-
phages in response to stimulation with inter-
feron gamma7 and, as it is relatively stable, it
provides a useful marker of cell mediated
immune activation. It is not catabolised, so its
biological half life relies solely on renal
clearance.8 This, together with the relative ease
and cost eYciency for its analysis, makes neop-
terin a useful biological marker.9 For more
accurate analysis, urinary neopterin concentra-
tions are related to creatinine content to take
account of physiological variations of urinary
dilution. Thus the urinary neopterin:creatinine
(UNC) ratio is normally used. Neopterin has a
diurnal variation, with higher values at night.
To obtain maximum levels for detection, it is
therefore usual to analyse first morning urine
samples.10

In a pilot study of 10 RV patients with active
disease who were oV treatment, we found that
not only were UNC ratios higher in patients
than controls, but that UNC ratios correlated
with sICAM-1 levels,11 a parameter that
reflects disease activity.5 We therefore wished to
investigate the role of the UNC ratio as a quick,
easy, cheap and non-invasive marker of disease
activity in RV; in particular, we wished to
ascertain whether it would be of use as a
predictor of imminent disease relapse.

Methods
CLINICAL STUDY

Patients with idiopathic RV were prospectively
recruited from the medical eye unit for a 1 year
period, having given their informed consent to
enter the study. Idiopathic RV is characterised
by retinal vascular leakage, cells in the vitreous,
and is a condition which is apparently isolated
to the eye, with no systemic inflammatory dis-
ease. Patients who were pregnant, those
younger than 16 years of age, and those who
were unable to give informed consent were not
included in the study. A systemic inflammatory
condition was excluded on the basis of history,
systemic examination, and the following rou-
tine investigations: full blood count, erythro-
cyte sedimentation rate (ESR), urea and
electrolytes, glucose, liver function test, serum
angiotensin converting enzyme, and chest
radiography. At each outpatient attendance a
full ophthalmological assessment was made
including Snellen and near vision acuities, slit
lamp biomicroscopy, and indirect binocular
ophthalmoscopic examination. RV disease ac-
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tivity was documented as either relapse or non-
relapse (objective RV activity), disease relapse
being defined as an increase in vitreous
cellularity, often in association with other
features of retinal inflammation such as cystoid
macular oedema.12 The type and dosage of sys-
temic immunosuppressive treatment was re-
corded.

Patients made weekly collections of 2 ml first
morning urine and stored the samples in their
home freezers. Just before freezing the patients
labelled each bottle with their name and date
of collection. Urinary neopterin levels are not
altered by repeat freeze/thaw cycles and are
therefore not vulnerable to periodic rises in the
temperature of home freezers (unpublished
data). On the day of urine collection they kept
a diary which documented their present
treatment, whether they felt that they were
having a disease relapse (subjective RV activity
assessment), and if they had any concurrent
infection. Patients were asked to write a
comment in the diaries as to the nature of their
relapse, such as whether they had noticed an
increase in floaters or reduced vision. Likewise,
they documented the type of concurrent infec-
tion when it occurred, such as a cold. The
patients then brought the collected samples to
the next outpatient visit which they attended at
6–8 weekly intervals, together with the com-
pleted diary for that time period.

The control subjects were healthy members
of staV with no ocular or systemic disease.
They collected first morning urine samples in
the same way as the patients and kept a note of
any concurrent infections.

LABORATORY STUDIES

Urinary neopterin levels were measured by
reverse phase, high pressure liquid chromato-
graphy (HPLC). Aliquots of urine (100 µl)
were diluted and mixed with 1 ml Sorensen
potassium phosphate buVer containing
5.4 mmol/l disodium diaminoethylene tetra-
acetate to dissolve urinary sediments. Separa-
tion of analytes was performed with a column
packed with 5 µm reversed phase C-18 mate-
rial. Chromatographic elution was performed
with degassed Sorensen potassium phosphate
buVer at a concentration of 15 mmol/l, pH 6.4.
Neopterin was detected by its native fluores-

cence (353 nm excitation, 438 nm emission
wavelengths). Creatinine concentration was
analysed by UV absorption at 235 nm in the
same chromatographic run to allow for varia-
tions in urinary density.10

STATISTICAL ANALYSIS

For analysis of UNC ratios, values were
omitted when subjects had a concurrent infec-
tion so that diVerences in the ratio between
diVerent subject groups would only reflect RV
in terms of disease activity. DiVerences in
UNC ratio between groups were measured by
the Mann-Whitney U test. Comparison of
agreement between objective and subjective
assessments of RV activity was made by kappa
analysis (ê)13: objective clinic examinations
were compared with the most recent preceding
diary entry. From the patients’ diaries, ÷2

analysis was used to investigate whether RV
activity (relapse or non-relapse) was associated
with the presence or absence of a concurrent
infection.

Results
SUBJECT CHARACTERISTICS

Eighteen patients and 14 control subjects were
recruited; half of each group were women. The
age ranges in the patient and control groups
were 20–61 years (mean 42) and 28–54 years
(mean 39), respectively. There was no signifi-
cant diVerence in age between the two groups.

With regard to treatment, three patients
were oV systemic treatment throughout the
study, five were on prednisolone plus second
line immunosuppressants, and 10 were taking
prednisolone in doses ranging from 80 mg to
2.5 mg.

The patients collected their urine samples
over a mean period of 9 months (range
3–15.5). In the control group the mean period
of collection was 7 months (range 3.25–12).

UNC RATIOS

Median UNC ratios are summarised in Table
1.

Patients versus controls
Median UNC ratios were 164 for patients with
RV and 133 for controls, the ratio being signifi-
cantly higher in the patient group than in con-
trols (p<0.0001, Mann-Whitney U test).

Subjective RV activity (patients’ diaries)
From the patients’ diaries corrected UNC lev-
els were significantly higher when the patients
felt subjectively that there was a flare up of RV
(median UNC ratio 170 versus 138 for
“stable” RV; p=0.0005, Mann-Whitney U
test).

Objective RV activity (examination at clinic
visits)
Of a total of 81 patient clinic visits, a relapse of
RV was diagnosed on 13 occasions. There was
no significant diVerence in the most recent
preceding UNC ratio between relapse and
non-relapse of RV (median levels 179 and 138,
respectively) as judged objectively in the clinic
(p=0.78, Mann-Whitney U test).

Table 1 Summary of UNCR results in patients with retinal vasculitis (RV) and control
subjects

No. UNC ratio
counts*

Median (range) UNC
ratio p value†

Controls 383 133 (49–674) 0.01
RV patients 461 164 (22–68236)

Clinic (objective) RV activity
Relapse 13 179 (47–1199) 0.78
Non-relapse 68 138 (16–53501)

Diary (subjective) RV activity
Relapse 54 170 (16–1199) 0.0005
Stable 407 138 (35–53501)

Systemic treatment
Yes 376 149 (22–18013) <0.0001
No 85 410 (24–68236)

*Values omitted when concurrent infection noted in the subjects’ diaries.
†Mann-Whitney U test.
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Treatment
The median UNC ratio was significantly lower
in patients on systemic treatment (149) than in
those who were oV treatment (410; p<0.0001,
Mann-Whitney U test). There was no signifi-
cant diVerence in levels between patients
receiving prednisolone in a dose of <20 mg/
day, prednisolone in a dose of >20 mg/day, or
prednisolone plus second line immunosup-
pressants.

SUBJECTIVE ASSESSMENT OF RV ACTIVITY AND

CONCURRENT INFECTION

Of a total of 630 diary entries, patients felt that
their disease was stable on 522 occasions
(82.9%, Table 2). When they recorded stable
RV, only 86 of 522 entries (16.5%) docu-
mented a concurrent infection. This was in
contrast to 108 entries of subjective RV relapse
(17.1%) with a concurrent infection recorded
in 50 of the 108 entries (46.3%). Thus, there
was significant association between stable RV
and no concurrent infection, and between
relapse of disease with an infection (p<0.0001,
÷2 test).

COMPARISON OF OBJECTIVE AND SUBJECTIVE

ASSESSMENT OF DISEASE ACTIVITY

The observed frequencies of RV activity docu-
mented in the clinic (relapse or non-relapse)
and those documented in the patients’ most
recent preceding diary entries (stable or
relapse) are shown in Table 3. Of a total of 85
clinic visits, both patient and clinician agreed
that the RV was stable at 65 (76.5%) of the
visits. When the clinician diagnosed a disease
relapse (this occurred 13 times), the patient
agreed in eight cases (61.5%). Overall agree-
ment between objective and subjective views of
RV activity was moderately good (ê=0.48).

Discussion
This is the first longitudinal study of urinary
neopterin in patients with idiopathic RV;
corrected urinary neopterin levels were found
to be significantly higher in patients with RV
than in controls. UNC ratios were higher when
patients had a subjective flare up of disease

documented in their diaries. There was a
significant association between a subjective
increase in RV activity and a concurrent infec-
tion, and moderate agreement between subjec-
tive and objective assessment of RV activity.
There were only 13 episodes of objective clini-
cal relapse throughout the study, and neopterin
levels were not significantly diVerent between
clinical relapse and non-relapse.

Neopterin was first discovered in 1963 in
bee larvae and 4 years later it was found in
human urine.14 Since then raised levels have
been found to be associated with a number of
inflammatory and infectious human condi-
tions. Urinary neopterin levels are potentially
very useful for monitoring disease in the clini-
cal setting as they provide a quick, cheap, and
non-invasive test. Increased neopterin meas-
urements occur in body fluids of recipients of
solid grafts such as kidney15 and heart,16 and in
bone marrow recipients levels are predictive of
graft rejection.17 Urine and serum neopterin
concentrations are increased in patients with
rheumatoid arthritis, and levels correlate with
both radiological stage and with disease
activity.18 In thyroiditis neopterin concentra-
tions diVerentiate autoimmune from non-
autoimmune disease, being higher in the
former.19 In systemic lupus erythematosus
(SLE) levels are high in active disease.20 Moni-
toring of neopterin in the clinical setting shows
most potential in relation to HIV. In HIV-1
infections raised levels are usually seen several
days before seroconversion, allowing a poten-
tially useful screening method for donor blood
that has negative HIV-1 antibody titres.21 The
addition of neopterin values to the CD4+
count improves the predictive value for pro-
gression from HIV-1 infection to AIDS.22

Neopterin levels can also provide a useful
prognostic index for survival time in HIV-1
infection.23

Neopterin levels have previously been inves-
tigated in acute anterior uveitis. In that study,
in contrast to our findings, levels did not diVer
between patients and controls, but were higher
in patients with active disease.24 The research-
ers analysed serum levels rather than urinary
levels of neopterin using a commercial immu-
noassay against which HPLC (used in our
study) is considered the gold standard. In
addition, direct determination of neopterin in
serum is more diYcult as its concentration is
500 times lower than in urine, which could also
account for the discrepancy in findings be-
tween the two studies.25

The significantly raised levels of urinary
neopterin found in patients with RV compared
with controls further raises the question as to
whether RV is an ocular manifestation of a sys-
temic disease. This finding parallels that of
serum sICAM-1, higher levels of which are
also found in patients with RV.5 It is possible
that the increased neopterin levels reflect cell
mediated inflammatory activity in the eye
alone, but extraocular neopterin production
would also be possible. Since raised UNC
ratios occur in patients with multiple sclero-
sis,26 and as there is a known association
between RV and multiple sclerosis,27 it is feasi-

Table 2 From the patients’ diaries: comparison of presence
or absence of infection with subjective RV activity

Concurrent infection

No Yes Total

Subjective RV activity
Stable 436 86 522
Relapse 58 50 108
Total 494 136 630

p<0.0001 (÷2 test).

Table 3 Frequencies of objective RV activity documented
in clinic compared with patients’ subjective assessment

Subjective (patient diaries)

Stable Relapse Total

Objective (clinical assessment)
Non-relapse 65 7 72
Relapse 5 8 13
Total 70 15 85

ê = 0.48.
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ble that the increased urinary neopterin levels
recorded in some of these patients with appar-
ently idiopathic disease was due to presympto-
matic or subclinical multiple sclerosis. Like-
wise, some of these patients could have a
systemic inflammatory disease such as sar-
coidosis.28

We have found that UNC ratios in RV were
not significantly raised in clinical relapse,
although there were only 13 episodes of clinical
relapse for all of the patients which limits the
power of the analysis. At present, therefore, the
case for using urinary neopterin levels as a
means of monitoring this disease is not proved
but merits further investigation. Neopterin lev-
els were, however, significantly higher when the
patients subjectively felt they had a flare up of
RV. This, together with the moderate agree-
ment between objective and subjective disease
activity, suggests that patients are good moni-
tors of their disease.

Urinary neopterin levels were lower when
patients were on treatment. Neopterin is
produced by macrophages in response to
stimulation primarily by the cytokine inter-
feron gamma (IFNã), whilst tumour necrosis
factor alpha (TNFá) synergistically amplifies
its production.7 Since glucocorticoids reduce
production of these two cytokines,29 it is not
surprising that oral prednisolone reduces
neopterin levels. This finding is consistent with
other studies in which prednisolone has been
shown to reduce neopterin. In HIV positive
patients with wasting disease, a reduction in
neopterin is seen 7 days after starting oral
prednisolone.30 In both rheumatoid arthritis
and SLE a fall in neopterin occurs when
patients show a reduction in disease activity in
response to immunosuppressive treatment.18 20

It is interesting that there was no diVerence in
UNC ratios between patients on diVerent
doses of prednisolone, nor between those on
additional second line immunosuppressants.
This may be because some patients required
more treatment than others to bring their
disease activity under similar control.

In conclusion, while UNC ratios are not rec-
ommended as a means of monitoring disease
activity in RV, this study has shown for the first
time that higher levels of urinary neopterin
occur in patients with RV than in controls. This
reflects immune activation which occurs with
this disease and gives further evidence that
idiopathic RV could be an ocular manifestation
of a systemic disease.
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