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Proteinuria was assessed in 100 randomly selected sick cats and 22 healthy cats
by means of the urine protein:creatinine ratio, a traditional urine ‘dipstick’ and
a commercial ELISA-based dipstick designed to detect microalbuminuria (MA)
semi-quantitatively. In addition the repeatability and reproducibility of the MA
test was assessed by comparing results of five replicate tests of 26 urine samples,
interpreted by two different readers. Discrepancies existed in the replicate test
result in 23 and 27% of the samples examined by reader 1 and 2, respectively,
and on several occasions this discrepancy was between whether the sample was
‘positive’ or ‘negative’ for MA. The inter-reader agreement was good (k¼ 0.75),
but again discrepancies were noted and part of the reason for these problems
appeared to be the necessary subjectivity in the interpretation of colour changes
when reading test results. Proteinuria was significantly (P� 0.014) more
prevalent in the sick than the healthy cats with 36 and 9%, respectively, having
detectable MA, 34 and 5%, respectively, having a urine protein to creatinine
(UPC) ratio >0.5, and 84 and 9%, respectively, having positive urine protein
dipstick analysis. There was a moderate significant correlation between UPC
ratio and MA concentrations (rs¼ 0.68, P< 0.0001). While 13/87 cats with a UPC
ratio �0.5 had positive MA results, 10/84 cats with negative MA results had
a UPC ratio >0.5, and none of these had evidence of lower urinary tract disease.
This study confirmed that MA and proteinuria are commonly seen in cats with
a variety of diseases, but they are not necessarily both elevated, and the UPC
ratio can be elevated without an increase in MA results. Furthermore, some
repeatability problems were demonstrated with the semi-quantitative MA test.
These findings demonstrate that the semi-quantitative MA test should not be
relied on as the sole determinant of proteinuria.
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U
rine produced by a healthy kidney con-
tains little protein, as these molecules
are largely retained at the level of the

glomerulus because of their size and/or charge.
Small proteins or amino acids that do pass
through the normal glomerulus are mostly reab-
sorbed by renal tubules, or degraded by tubular
epithelial cells. Persistently increased proteinuria
is an abnormal finding, and in the absence of
lower urinary tract disease may reflect either
altered glomerular permeability, reduced tubular
re-absorption; increased secretion of proteins
from tubular epithelial cells or, less commonly,
overflow from the circulation if there is raised
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serum levels of low-molecular weight proteins
(Kashif et al 2003). Alterations in glomerular
permeability may occur in primary glomerular
disease (amyloidosis, immune-mediated glomer-
ulonephritis, hereditary glomerulonephropa-
thies) or as a result of glomerular capillary
hypertension, or endothelial cell dysfunction
(Syme and Elliot 2006).

Proteinuria (in the absence of lower urinary
tract disease) is, therefore, usually a marker of
renal damage or dysfunction (glomerular or tubu-
lar), although this may result from either primary
or secondary renal disease. In humans, most
cases of renal failure occur secondary to di-
abetes mellitus or essential hypertension, and
there is considerable interest in the potential role
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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of proteinuria as a cause, as well as an indicator, of
progressive renal damage (Venkat 2004). Protein-
uria may be measured quantitatively over 24 h, or
more simply by a random urine protein to creati-
nine (UPC) ratio (the two showing a close correla-
tion in both humans and cats e Monroe et al 1989;
Adams et al 1992). However, evidence in humans
suggests that early increases in albuminuria (mi-
croalbuminuria, MA) reflect glomerular damage
undetectable by the traditional UPC ratio, and
may serve as both a negative prognostic marker
and also potentially contribute to renal damage
in cases of renal failure (Stankeviciute et al 1998,
Kashif et al 2003, Venkat 2004), although MA
may also be found in conditions affecting glomer-
ular function other than renal failure. In man, MA
is defined as an albumin to creatinine ratio (ex-
pressed as mg albumin/g creatinine) in the range
30e300 (Kashif et al 2003), which equates to
urinary albumin loss of 20e200 mg/min, or 20e
200 mg/ml, assuming a standard urine produc-
tion rate of 1 ml/min. Smaller losses are within
normal ranges and greater losses are detectable
by the UPC ratio (overt proteinuria). Monitoring
for MA is encouraged in patients at risk of renal
disease in order to allow early therapeutic
intervention.

In the veterinary field, significant renal-origin
proteinuria has been demonstrated in association
with a variety of underlying conditions in dogs
(Nichols 1994, Cook and Cowgill 1996), and there
is evidence to suggest that in cases of canine
chronic renal failure, proteinuria is a negative
prognostic indicator (Jacob et al 2005), with a num-
ber of recent studies also evaluating MA in dogs
(Jensen et al 2001, Pressler et al 2001, Vaden et al
2001, Lees et al 2002, Whittemore et al 2003).

In the cat, a UPC ratio >0.4e0.5 is accepted as
abnormal (Syme and Elliott 2003b, Lees et al
2005). Proteinuria has been shown to occur in
cats with immune-mediated glomerulonephritis
(Nash et al 1979, Bishop et al 1991), multiple my-
eloma (Patel et al 2005), acute renal failure (Thrall
et al 1984, Rimbeiha et al 2004), chronic renal fail-
ure (Adams et al 1992, Finco et al 1998, Syme and
Elliott 2003a, Mather et al 2004), hyperthyroidism
(Syme and Elliott 2001), acute pancreatitis (Hines
et al 1996), drug reactions (Rottman et al 1991) and
hypertension (Syme and Elliott 2003a). There is
also preliminary evidence that higher levels of
proteinuria correlate with reduced survival times
in cats with or without renal failure (Gunn-Moore
2003, Syme and Elliot, 2003b, Walker et al 2004).
Much less is known about the occurrence and sig-
nificance of MA in the cat though. A commercial
semi-quantitative ELISA-based test for the mea-
surement of feline MA is available, but normal
urine albumin concentrations have not been
well established for feline patients. One brief
report suggests that healthy cats may have an
age-related increase in urinary albumin concentra-
tions, and that cats with a wide range of medical
conditions may also have elevated MA measure-
ments (Langston 2004). However, the fact that
tubulointerstitial disease (rather than glomerular
disease) tends to dominate in feline renal failure
(Minkus et al 1994) raises important doubts over
any assumptions that the interpretation of MA in
cats will necessarily be the same as in humans.

The aim of this study was three-fold. Firstly to
evaluate the reliability of a commercial feline-
specific urine MA dipstick (Feline E.R.D.-Health-
Screen Urine Test, Heska) in a clinical setting, by
assessing intra- and inter-reader variation and by
evaluating changes in detected MA over time
with urine sample storage; secondly, to provide
information on the prevalence and degree of
MA in both healthy and diseased cats from the
UK; and thirdly, to assess the association be-
tween MA concentrations and the UPC ratio in
healthy and sick cats.

Materials and methods
Urine samples were collected from 100 randomly
selected sick cats presented for investigations at
the Small Animal Clinic at the Animal Health
Trust e cats were selected on the basis that urinal-
ysis was being undertaken as part of their clinical
investigations and that sufficient urine was avail-
able for the additional investigations needed for
this study. Urine was collected either by cystocent-
esis (most samples), from voided samples in
a clean litter tray containing non-absorbent litter,
or by urethral catheterisation, where this proce-
dure was appropriate during a patient’s investiga-
tions. Urine samples were also collected from 22
cats belonging to staff from the AHTor the Univer-
sity of Bristol, with no clinical signs of disease,
which were undergoing routine health checks.
Each of the 122 cats underwent a full clinical exam-
ination and where possible (58 cats) a measure-
ment of systolic blood pressure, by Doppler
ultrasonic sphygmomanometry.

Urine samples from all cats were assessed for
specific gravity using a refractometer, and for
routine chemistry using a commercial ‘dipstick’
(Combur9 Test; Roche). The protein pad of the
dipstick contains buffered tetrabromophenol
blue which acts as an indicator dye in the
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presence of albumin, but is much less sensitive to
the presence of other proteins. Urine sediment
cytological analysis was performed using stan-
dard laboratory techniques. The UPC ratio was
calculated from measurements on a commercial
laboratory analyser, the Konelab 20i chemistry
analyser, utilising the Konelab CSF/U total pro-
tein reagent (pyrogallol red dye-binding mea-
surement). Pyrogallol red binds to amino acid
groups of proteins within urine, causing a colour
change which is then detected and compared to
standard (control) protein concentrations by the
analyser. This assay measures total protein and
is not specific for albumin. Semi-quantitative as-
sessment of MA was made using the Feline
E.R.D.-HealthScreen Urine Test (Heska), follow-
ing the manufacturer’s instructions. This test is
designed to detect low albumin concentrations
using a rapid immunoassay method. A mini-
mum volume of 2 ml of urine is collected and
the specific gravity (SG) assessed. The sample
is then diluted to a standard SG of between
1.010 and 1.020 (or tested undiluted if the SG is
<1.020), and the test device is placed in the sam-
ple. Interpretation of the results requires compar-
ison of the intensity of two coloured bands that
develop in the window of the test device, and
readings correspond to a qualitative measure-
ment of the degree of MA (see Fig 1). The in-
structions state that the result may be negative
(lower coloured band appears darker than the
top band), low positive (bands are of equal inten-
sity), medium positive (top band is slightly
darker than the lower band), high positive (top
band much darker) or very high positive (lower
band absent or very faint). Negative results indi-
cate a lack of detectable MA (the lower limit of
detection claimed to be approximately 1 mg/dl
or 10 mg/ml), positive results indicate detectable
MA, although no figures are given for the level of
MA corresponding to ‘low’, ‘medium’, ‘high’
and ‘very high’ positive readings. To the authors’
knowledge, the accuracy and sensitivity of this
test has not been independently reported, but
the manufacturer claims >99% specificity and
a sensitivity of >95% once urine albumin concen-
tration reaches >2 mg/dl (20 mg/ml) (source:
www.Heska.com).

Further clinical investigations were completed
as necessary on an individual basis in the 100
sick cats. These cats were then assigned to one
of eight categories of disease based on their ma-
jor clinical presentation and diagnosis as follows:
endocrine, gastrointestinal, neoplastic, lower uri-
nary tract disease (LUTD), haematological, renal
insufficiency, glomerulonephritis, and miscella-
neous disease. All cats with cytological evidence
of lower urinary tract inflammation were placed
into the LUTD group.

To evaluate the reliability of the MA test kits,
where sufficient urine was available from dis-
eased and control cats (n¼ 26) additional assays
were performed. In 10 of these samples small
amounts of pooled feline serum were added to
ensure proteinuria spanning a wide range of
values was present. Each of the 26 urine samples
was split into six aliquots, one was used for mea-
surement of the UPC ratio and five were tested
for MA concentration. The results were read by
two independent people who were blinded to
each other’s results and to the protein concentra-
tions in the samples.

Finally, to evaluate the effect of storage on
the stability of the test samples, aliquots of the
26 plain and serum-supplemented samples
were stored at fridge (4(C) and room tempera-
ture, and re-tested at 6, 24 and 48 h after
collection.

Fig 1. Appearance of the commercial dipstick for semi-
quantitative microalbuminuria determination. The relative
colour change of the two bands (dark arrows) is used to
determine the quantity of albumin present.

http://www.Heska.com
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Statistical analysis

For the purposes of statistical analysis, the MA
results obtained in this study were converted to
numerical data with a value of 0 being assigned
to a negative result, 1 to a ‘low positive’, 2 to
a ‘medium positive’, 3 to a ‘high positive’ and
4 to a ‘very high positive’.

The correlation between variables was as-
sessed using the Spearman Rank correlation co-
efficient or simple linear regression (Pearson’s
correlation coefficient) as appropriate. Results
of data sets were compared using the Manne
Whitney U test or the KruskalleWallis (with
post-test comparisons between individual data
sets where overall significance was achieved) as
appropriate. Inter-reader agreement for the MA
test was assessed using the Kappa statistic. Pro-
portions (2� k contingency tables) were com-
pared using the c2 or Fisher’s exact test as
appropriate. A P value of <0.05 was considered
significant.

Results

Intra- and inter-reader variability

The results of the intra-reader variability using
26 urine samples are shown in Table 1. From
these data it can be seen that the 26 samples
yielded the same result for every repeat analysis
on 19 (73%) occasions for reader 1, and on 20
(77%) occasions for reader 2. Five of the 26 sam-
ples yielded inconsistent results from both
readers (samples 6, 7, 12, 16 and 22). On every
occasion when there was a discrepancy within
a set of five repeat samples, the variation
observed was of one concentration gap.

To evaluate inter-reader variability, the median
of the five repeat readings for each of the two
Table 1. Data from intra-reader repeatability study with two different readers

Sample UPC ratio Microalbuminuria result,
operator 1

Agreement Microalbuminuria result,
operator 2

Agreement

1 2 3 4 5 1 2 3 4 5

1 0.09 0 0 0 0 0 Yes 0 0 0 0 0 Yes
2 0.13 0 1 1 0 0 No 0 0 0 0 0 Yes
3 0.16 0 0 0 0 0 Yes 0 0 0 0 0 Yes
4 0.19 0 0 0 0 0 Yes 0 0 0 0 0 Yes
5 0.21 0 0 0 0 0 Yes 0 0 0 0 0 Yes
6 0.21 1 1 1 2 2 No 1 1 1 2 1 No
7 0.25 1 1 0 0 1 No 1 1 0 0 0 No
8 0.27 0 0 0 0 0 Yes 0 0 0 0 0 Yes
9 0.29 2 2 2 2 2 Yes 2 2 2 2 2 Yes
10 0.3 2 2 2 2 2 Yes 2 2 2 2 2 Yes
11 0.3 2 2 2 2 2 Yes 2 2 2 2 2 Yes
12 0.44 1 1 1 0 1 No 1 1 0 0 0 No
13 0.47 3 3 3 3 3 Yes 3 3 3 3 3 Yes
14 0.53 3 3 3 3 3 Yes 2 2 2 2 2 Yes
15 0.57 1 1 1 1 1 Yes 1 1 1 1 1 Yes
16 0.73 1 1 2 1 1 No 1 2 2 2 2 No
17 0.79 3 3 3 3 3 Yes 3 3 3 3 3 Yes
18 0.99 2 2 2 2 2 Yes 2 2 2 2 2 Yes
19 1.25 2 2 2 2 2 Yes 2 2 2 2 2 Yes
20 1.32 3 3 3 3 3 Yes 3 3 3 3 3 Yes
21 1.5 3 3 3 3 3 Yes 3 3 3 3 3 Yes
22 1.56 2 3 2 2 2 No 1 2 2 2 2 No
23 1.94 3 3 3 3 3 Yes 3 3 3 3 3 Yes
24 3.41 4 3 3 3 3 No 3 3 3 3 3 Yes
25 4.93 4 4 4 4 4 Yes 4 4 4 4 4 Yes
26 84.51 4 4 4 4 4 Yes 3 4 3 3 4 No

Non-agreement 7 (26.9%) 6 (23.1%)

UPC¼ urine protein to creatinine.
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readers was used. These data demonstrated sig-
nificant (P< 0.0001) and substantial (k¼ 0.748)
agreement between the two readers with 21 of
the 26 (81%) samples evaluated having identical
readings. Where discrepancies were observed
between readers, the difference was of one
concentration gap. On two occasions readings
differed between ‘negative’ and ‘low positive’
MA values; on one occasion between ‘low’ and
‘medium’ positives; on one occasion between
‘medium’ and ‘high’ positives, and on one occa-
sion between ‘high’ and ‘very high’ positives.

Stability of MA readings over time

Overall, there was no significant difference in the
results of the 26 urine samples obtained from the
analysis after storage for different lengths of
time. Of those stored at room temperature, six
samples (21%) had inconsistent results at differ-
ent time points; on each occasion the discrepancy
was one concentration gap different from the ini-
tial sample. Similarly of those stored at 4(C,
there were seven (24%) that had inconsistent
results, again each time the discrepancy was
one concentration gap different from the initial
sample. The proportion of samples that yielded
discrepancies after storage at both room
temperature and 4(C was not significantly
different from the proportions that yielded
discrepancies during intra-reader variability
assessment.

Clinical investigations

Of the 122 cats included in this study, 53 were
females (one entire) and 69 were males (one
entire). There was no significant difference in
UPC ratios or MA concentrations between male
and female cats. The ages of the cats varied
between one and 17 years for the diseased cats
(mean 8.4, median 9) and between one and 13
years for the healthy cats (mean 6.0, median 5).
There was no significant correlation between
the age and UPC ratio (r2¼ 0.002), however,
there was a poor but significant (P¼ 0.002) corre-
lation between age and MA concentration
(rs¼ 0.283).

Blood pressure data were available for 58 of
the cats and in these the systolic pressure (mea-
sured by Doppler ultrasonic sphygmomanome-
try) varied between 85 and 245 mmHg (mean
144, median 140) with 11 cats having pressures
in excess of 160 mmHg. There was no significant
correlation between systolic blood pressure and
either UPC ratio or MA concentration.
UPC ratio and MA concentration

There was a moderate and significant correlation
between UPC and the MA concentrations
(rs¼ 0.679, P< 0.0001). Overall 84 cats had a nega-
tive MA result, 18 had a low positive result, nine
a medium positive, eight a high positive and three
a very high positive result. Figure 2 shows classi-
cal box and whisker plots of the UPC ratios in the
different categories of MA. Further analysis of
these data showed that the median UPC values
in these five groups were significantly different
from each other (P< 0.0001), with post-test analy-
sis demonstrating significant differences between
all pairs of categories with the exception of the
three highest MA categories (‘medium’, ‘high’
and ‘very high’ MA values).

UPC ratio, MA and proteinuria assessed
by urine dipstick

Urine protein dipstick test results correlated
poorly with the UPC ratio (rs¼ 0.281, P¼ 0.002,
Fig 3). A significantly higher (P< 0.0001) propor-
tion of diseased cats (84/100) had positive urine
dipstick protein results compared with healthy
cats (2/22). In total, 54 of 87 (62%) cats with
a UPC ratio �0.5 had positive urine dipstick re-
sults and 3/35 (8%) cats with a UPC >0.5 had

Fig 2. Box and whisker plots of urine protein to creatinine
ratios found in the urine of cats with different quantities of
microalbuminuria. Blue dotted line¼UPC of 0.5.
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negative protein dipstick results (the range of
UPC ratios in these three was 0.53e1.17). Protein
concentration as measured by urine dipstick had
a better, although still only moderate, correlation
with MA results (rs¼ 0.518, P< 0.0001).

Proteinuria in healthy and diseased cats

Overall, 36/100 diseased cats (36%) and 2/22
healthy cats (9%) had positive MA results,
whereas 34 of the diseased cats (34%) and one
of the healthy cats (5%) had a UPC ratio >0.5.

Of the diseased cats, 27 were classified as hav-
ing endocrine disease (22 with hyperthyroidism,
two with primary hyperaldosteronism, two with
diabetes mellitus and one with hyperadrenocor-
ticism), 11 had gastrointestinal disease, nine
had neoplasia, eight had LUTD, seven had hae-
matological disorders, seven had renal failure
and four had glomerulonephritis. There were
27 with miscellaneous disorders. Figure 4 shows
standard box and whisker plots of the UPC ratios
found in these different disease categories and in

Fig 3. Box and whisker plots of urine protein to creatinine
ratios found in the urine of cats with different amounts of
proteinuria measured by urine dipstick. Blue dotted line¼
UPC of 0.5.
the healthy cats. Compared with healthy cats,
diseased cats had significantly higher MA con-
centrations overall (P¼ 0.014, although median
value for both groups was 0), and significantly
higher UPC ratios (P< 0.0001) with median
values of 0.32 (diseased cats) and 0.16 (healthy
cats). Both these results remained significant
when the four cats with glomerulonephritis
(the four with highest levels of proteinuria)
were excluded from the analysis.

Distinguishing normal from abnormal
proteinuria

Using a UPC ratio of >0.5 as abnormal, overall
there were 87 cats with normal UPC ratios, and
35 with elevated ratios (34 diseased cats and
one healthy cat, the latter with a UPC ratio of
0.53). There were, however, discrepancies be-
tween the UPC ratios and the MA results of the
cats, and these are illustrated in Table 2. Cats
with high or very high MA results had UPC
ratios above the normal range, as did all but

Fig 4. Box and whisker plots of urine protein to creatinine
ratios found in the urine of healthy cats, and cats with differ-
ent diseases. Blue dotted line¼UPC of 0.5.
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Table 2. Comparison between ‘cut-off’ values for urine protein to creatinine ratio (UPC) and microalbu-
minuria (MA) results

UPC� 0.5 0.5<UPC� 1.0 1.0<UPC� 3.00 UPC> 3.0 Total

MA negative 74 10 0 0 84
MA low positive 12 3 3 0 18
MA medium positive 1 4 3 1 9
MA high positive 0 2 4 2 8
MA very

high positive
0 0 0 3 3

Total 87 19 10 6 122
one cat with a medium positive MA result (this
cat had a UPC ratio of 0.32). Thus of 20 cats
with a MA result of medium positive or higher,
19 (95%) had an elevated UPC ratio. However,
13/87 (15%) cats with a UPC <0.5 had positive
(low or medium) MA results, while 10/84
(12%) cats with a negative MA result had
a UPC >0.5, and none of the latter had evidence
of any lower urinary tract disease.

Discussion
The recent availability of an easy bed-side test
for the evaluation of MA in canine and feline
patients has created considerable interest in
this test and in the significance of a positive
finding. Several papers and abstracts have re-
ported investigations into MA in dogs (Jensen
et al 2001, Pressler et al 2001, Vaden et al 2001,
Grauer et al 2002, Lees et al 2002, Vaden et al
2002, Donnelly et al 2003, Gary et al 2003, Press-
ler et al 2003), but to the authors’ knowledge
there has been only one published report in
cats (Langston 2004), which contains some data
from the test kit manufacturer (Heska). To the
authors’ knowledge therefore, the present study
is the first independent publication to critically
assess the commercial feline MA test in a clinical
setting.

The E.R.D.-HealthScreen test is quick and sim-
ple to run, but interpretation of results requires
a subjective assessment of the relative intensity
of two blue coloured bands (Fig 1). During the
study, it became evident that it was not always
easy to categorise results e variations may occur
in bandwidth and/or colour intensity along its
length (as was found in a number of samples),
unavoidably contributing to a degree of ambigu-
ity when selecting a result category. Such varia-
tions in colour intensity or bandwidth occurred
without ‘blotched’ or broken lines that would,
in accordance with the test’s instructions, render
the test invalid.

Intra-reader variations occurred frequently in
this study, and although we found good agree-
ment between the two readers, there were still
a number of inter-reader discrepancies. This
could be explained by a number of means e
the test itself may have poor repeatability, the
samples being evaluated could have been ‘bor-
derline’ between two MA categories, or the sub-
jectivity involved in interpreting the test results
noted above could be a factor. While the latter
appears likely to be important, additional work
would be necessary to determine the influence
of other factors, but this study has highlighted
some concerns about the repeatability of the
test results, especially as some discrepancies
occurred between ‘negative’ and ‘low positive’
readings. Regrettably, one serious limitation of
the current study was that an accurate quantita-
tive measurement of urine albumin was not pos-
sible e had this been available the accuracy and
precision of the semi-quantitative MA test could
have been assessed. There is a clear need for this
in future studies.

An additional concern in interpretation of test
results in this study was that in the test kits
used, there was a subtle difference between
the instructions given in the package insert
and the quick-reference card supplied in the
kits. While the insert stated that a result is
‘very high positive’ if the lower band is either
‘very faint or absent’, the card stated that
a ‘very high positive’ result equates to ‘top
band very dark, bottom band absent’. This in-
consistency may have contributed to discrep-
ancies between the two readers and may
explain why sample 26 (which was spiked
with serum to create a very high level of pro-
teinuria) was reported by one reader as only
‘high positive’ on 3/5 occasions.
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There was very poor correlation between urine
dipstick protein readings and UPC ratio, as
might be expected given that urine dipsticks
are semi-quantitative and are not corrected for
either specific gravity or creatinine concentration.
Although it has previously been reported that
protein levels assessed by urine dipstick mea-
surement do not give false negative results
(Moore et al 1991), we found four cats with nega-
tive dipstick results that had elevated UPC ratios.
Interestingly, there was a better and moderate
association between dipstick protein measure-
ments and MA results e this may be explained
partly as the reagent within the dipstick ‘protein’
pad reacts mainly with albumin (Kashif et al
2003, Syme and Elliot 2006), and perhaps also
because both tests generated discrete categorical
results rather than continuous numerical data.

The 36% of sick cats with positive MA results
that we found is slightly lower than the 43% re-
ported in a previous study (Langston 2004), but
still reflects a substantial proportion of clinical
cases presented for investigation. Similarly the
9% of healthy cats testing positive was slightly
lower than 14% in the previous study, although
the number of healthy cats in our study was rel-
atively low, and the age distribution somewhat
limited. An association between MA and age
has been previously reported for both dogs and
cats (Donnelly et al 2003, Langston 2004), and al-
though we found a weak association with age,
there were too few healthy cats (and too few
with positive MA results) to be able to assess
this independently within the healthy group. In-
terestingly though, we found UPC ratios did not
show an increase with age.

MA, UPC ratio and dipstick protein results
were significantly higher in the diseased cats
than the healthy cats. This has been suggested
as justification for assessing proteinuria and/or
albuminuria in as part of a routine health screen
to detect potential underlying disease, be it renal
or extra-renal in origin. However, the clinical rel-
evance of a positive MA or elevated UPC ratio
result may be difficult to interpret, due to the
wide range of diseases that can result in positive
test results (in addition to potential inaccuracies
with the MA test). We also found a moderately
good association between MA concentrations
and UPC ratios in this study, which was antici-
pated as the smaller size of albumin (compared
with other proteins) means that it is likely to be
an early and major constituent of proteinuria
associated with altered glomerular permeability.
Certainly in man, trace proteinuria has been
shown to correlate well with albuminuria (Sam
et al 2003, Davidson and Smiley 1999).

However, as MA measurement is a more sensi-
tive method of detecting urinary albumin than
UPC, it would be expected that a proportion of
cases would show MA in the absence of a raised
UPC ratio (patients with early or mild glomerular
disease). Such a situation is seen in man and has
also been demonstrated in a sub-set of dogs
with hereditary renal disease (Lees et al 2002) or
other conditions affecting glomerular integrity
(Pressler et al 2003, Whittemore et al 2003). In
keeping with these observations, we found 13
cats with positive MA results that had normal
UPC ratios (Table 2). However, the reliability is-
sues with the MA test highlighted in this study
potentially argue the need for further (quantita-
tive) testing of albuminuria in those cases where
a positive MA result is obtained. Additionally,
although cystocentesis-induced blood contami-
nation (the main collection method used in this
study) may not significantly affect the UPC ratio
(Vaden et al 2004), it is not yet known if the
same is true for the MA test and this is an area
that should also be addressed in future studies.

Although we expected to find some cats with
positive MA results and normal UPC ratios, we
also found 10 cats that had elevated UPC ratios
but negative MA results. This was unexpected,
and contrasts with a previous study of canine pa-
tients where negative MA results consistently
predicted a normal UPC ratio (Whittemore et al
2003). As none of these cats had evidence of
LUTD, the cause of this finding remains un-
known. It is possible that the MA test yielded
false negative results, but this assumption cannot
be made without comparison with an accurate
urine albumin measurement, given that the
UPC ratio is not selective for albumin. Addition-
ally the parameters that constitute true MA in
cats have not yet been defined, and it is not
known if the sensitivity of the test is necessarily
appropriate for cats. Quantitative evaluation of
albumin (and other urinary proteins) would
have been very helpful to explore these discrep-
ancies, but was beyond the scope of this study.

There were too few cases of primary renal dis-
ease in this group of cats to draw any meaningful
conclusions about the association between MA,
proteinuria and renal failure. However, it is of
note that we found no association between sys-
temic systolic blood pressure and either MA
measurement or UPC ratio, given that in humans
one of the two major recognised conditions
underlying positive MA readings is essential
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hypertension. However, other studies have
shown a correlation between renally induced
systemic hypertension and MA in cats (Mather
et al 2002). As there were relatively few hyper-
tensive cats (n¼ 11) included in the current study,
this is an area that will also require further
investigation.

In summary, we found that the MA test kit
results correlate quite well with UPC ratios, but
discrepancies between the tests exist and the rea-
son(s) for these could not be determined in this
study. Although the MA kit provides a conve-
nient method for rapid semi-quantitative assess-
ment of albuminuria, there were some problems
with repeatability of the test, and further work is
needed to verify the sensitivity of the test and
whether the cut-off values employed are appro-
priate in cats. However, until more is known, it
is difficult to draw firm conclusions about the
significance of MA in feline urine, and especially
its relationship to primary renal disease. In par-
ticular, the fact that MA does seem to occur in
a wide variety of disease conditions raises con-
cerns that it is not appropriate to view it as a sen-
sitive early-stage marker of chronic renal failure.
Furthermore, as tubulointerstitial disease (or a
combination of this with glomerular disease)
appears to be the major underlying pathophysio-
logical mechanism in feline renal failure
(Minkus et al 1994, Polzin et al 2000), it is not yet
clear whether measurements of MA will offer
significant advantages over the UPC ratio in the
detection and monitoring of cats with renal
disease.
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