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Urine protein:creatinine ratio in growing kittens: new insight

Razao proteina:creatinina urinaria em filhotes felinos em crescimento: nova visao

Marcy Lancia Pereira'™ @, Crysttian Arantes Paixao? 2, Marileda Bonafim Carvalho?

ABSTRACT: This study aimed to evaluate the urinary excretion of protein employing the urine protein:creatinine ratio in
growing health kittens and included twelve clinically healthy multi-mixed-breed kittens, seven males and five females from
three different litters. Urine collections started when the kittens completed the fourth week of life. The study followed a
controlled longitudinal experimental model, with 14 repeated measures, one per week. A total of 168 urine samples from
12 healthy growing kittens were analyzed. UPC ratio median value was 0.56 (confidence interval 0.51 - 0.62), revealing
urinary protein excretion more remarkable than is expected for healthy adult cats. Two-way repeated-measures ANOVA
results indicated no statistically significant differences in urine protein:creatinine ratio values concerning the kittens’ ages
and genders. Additionally, there was a striking fluctuation of urine protein: creatinine ratio values for all kittens over the
14 weeks (coefficient of variation 53.3%). Urine protein:creatinine ratio of healthy growing kittens changes unexpectedly,
and most values reach magnitudes considered pathological for adult cats, suggesting a clinically irrelevant condition. Since the
fluctuation of the UPC is not related to age (from the fourth to the seventeenth week of age), to interpret of UPC of growing
kittens, in practice or research, it is mandatory to repeat the measures, at least three times, at one week apart, to discharge
pathologic event.
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RESUMO: Este estudo teve como objetivo avaliar a excre¢io urindria de proteinas empregando a razdo proteina:creatinina uri-
ndria (RPCU) em filhotes felinos saudéveis em crescimento e incluiu doze animais sem raca definida clinicamente sauddveis,
sendo sete machos e cinco fémeas de trés ninhadas diferentes. As coletas de urina iniciaram quando os gatinhos completaram
a quarta semana de vida. O estudo seguiu um modelo experimental longitudinal controlado, com 14 medidas repetidas, uma
por semana. Um total de 168 amostras de urina dos 12 felinos sauddveis em crescimento foram analisadas. O valor mediano do
indice RPCU foi de 0,56 (intervalo de confianga 0,51 - 0,62), revelando excreio urindria de proteinas mais notdvel do que o
esperado para gatos adultos sauddveis. Os resultados da ANOVA de medidas repetidas bidirecionais nio indicaram diferencas
estatisticamente significativas nos valores da RPCU em relagio as idades e ao sexo dos gatinhos. Além disso, houve uma flu-
tuacdo importante nos valores da RPCU para todos os gatinhos ao longo das 14 semanas (coeficiente de variagio de 53,3%).
A proporgio proteina:creatinina urindria de filhotes felinos saudéveis em crescimento muda inesperadamente, € a maioria
dos valores atinge magnitudes consideradas patolégicas para gatos adultos, sugerindo uma condigio clinicamente irrelevante.
Como a oscilagio da RPCU nio estd relacionada a idade (da quarta & décima sétima semana de vida), para interpretagao da
RPCU de gatinhos em crescimento, na prética ou na pesquisa, é obrigatério repetir as medidas, pelo menos trés vezes, em com
intervalo de uma semana, para descartar evento patolégico.

PALAVRAS-CHAVE: proteinria fisioldgica; RPCU; gato; urina.

INTRODUCTION

To estimate the presence of protein in the urine, the first

The presence of urinary proteins in healthy cats may not be
pathological (Giraldi ez a/., 2020). Therefore, measuring urine
protein concentration is admittedly essential for diagnosing
and following kidney diseases.

tool to be performed is the dipstick test. For dogs, the mea-
surement of protein by dipstick test together with the urine
specific gravity is reliable to guide the decision to assess or not
a quantitative test (Zatelli ez a/., 2010). However, the same
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procedure does not work for cats because the dipstick test is
not accurate for protein detection in this species (Pérez-Accino
et al., 2020). Therefore, urinary protein must be analyzed by
quantitative methods, such as the Coomassie brilliant blue
(CBB) or the Pyrogallol red-molybdate (PRM), the most
common colorimetric tests in use.

Urine protein:creatinine ratio (UPC) from a urine spot
sample accurately estimates urinary protein loss in cats
(Grauer, 2007). Reference values for UPC available for adult
cats, including borderline proteinuria, ranges from 0.2 to 0.4
(International Renal Interest Society, 2023). However, enough
data are lacking to establish any agreement on UPC in kittens.
Therefore, this study aimed to access the UPC of healthy kit-
tens in a controlled longitudinal experiment whose method-
ology is applicable in clinical practice or research.

MATERIAL AND METHODS

The project has been approved by the Animal Ethics and
Welfare Committee from the Federal University of Santa
Catarina, protocol number 9616120417.

The study included 12 clinically healthy multi-mixed-breed
growing kittens, seven males and five females, from three lit-
ters of different parents. Each pregnant mother stayed housed
in an individual comfortable cage before natural delivery.
Mothers were removed after weaning, and the litters remained
until the end of the experiment, being fed ad libitum with
water and commercial kittens™ diet (39% of crude protein).
In addition, kittens were allowed to exercise and play once a
day on the room floor for one hour.

All kittens assigned to this study remained healthy during
the entire experimental period and have endoparasite control

with praziquantel and pyrantel pamoate at 30 and 45 days
of age. Immediately after the sample collection period, core
vaccination protocol started, and the kittens were adopted.

Urine sampling was performed once a week, starting on
the thirtieth day after birth (fourth week) and completed in
the seventeenth week. Samples were obtained by stimula-
tion and gentle compression of the urinary bladder, always
at night (from 7:00 pm to 10:00 pm). Uncentrifuged urine
samples, ranging from 0.5 to 2.0 mL, were stored in micro-
tubes at —20°C for a month. The urine protein and creatinine
analysis were done with the commercial kits pyrogallol red-
molybdate method and modified Jaffé test (both from Labrtest
Diagnostica®), respectively. The analyses were performed in
duplicate for both analytes using semi-automatic biochemical
analyzer, and arithmetic means were used to calculate the UPC.

The study design is a controlled longitudinal experiment
with repeated measures (RM). The statistical analysis, includ-
ing descriptive statistics, two-way RM ANOVA (main fac-
tors: gender and age), and graphics, were performed using the
GraphPad Prism version 9.3.0 (463) for Windows (GraphPad
Software, San Diego, California USA).

RESULTS
The statistical analysis included all the 168 UPC ratios
obtained. Results of descriptive statistics (Table 1) show high
coefficients of variation (CV) for males (51.1%) and females
(54.9%). In addition, both male and female sets of repeated
measures had striking fluctuations in UPC values over the
14 weeks (Figure 1).

ANOVA results (Table 2) show that the interaction gen-
der x age was not statistically significant. Likewise, testing the

Table 1. Descriptive statistic data of urine protein:creatinine ratio (UPC) from 12 healthy, multi-mixed-breeds kittens, from 4t to

17t weeks of age. Urine was sampled once a week at 14-time points.

Minimum 018 0,23 018
25% Percentile 0.37 040 0.38
Median 0.54 0.60 0.56
75% Percentile 077 091 0.83
maximum 194 196 196
Range 176 173 178
Confidence level of median 96.7% 95,9% 96.3%
Lower confidence limit 047 0.50 0.51
Upper confidence limit 0.61 073 0.62
Mean (Std. Deviation) 0.61(0.31) 0.70(0.38) 0.65 (0.35)
Mean (Std. Error of mean) 0.61(0.032) 0.70 (0.05) 0.65 (0.03)
Mean confidence level 95% 95% 95%
Lower confidence limit 0.55 0.61 0.60
Upper confidence limit 0.67 079 070
Coefficient of variation 511% 549% 53.3%
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gender or age as a source of UPC variation resulted as statis-
tically not significant.

The UPC fluctuation (Figure 2) shows an apparent cha-
otic up-and-down pattern over the weeks not influenced by
the analyzed sources of variations. Each of the 12 kittens pres-
ents this up-and-down pattern.

DISCUSSION

The studied kittens presented UPC values ranging from 0.18
to 1.96, which seems pathological since to be non-protein-
uric, adult cats must have UPC <0.2. However, in a contest
of healthy kittens presenting relevant fluctuations of UPC

Male Female

Figurel. Scatterdot plotterwith median of urine protein:creatinine
ratio (UPC) from seven males and five females, multi-mixed-
breed healthy kittens, evaluated in 14 time-points (once a week)
from 4th to 17th weeks of age.

values, the physiological cause is more reasonable to explain
the events.

Although the reference value for elderly and geriatric cats
is no different to that of adult felines (Mortier ez al., 2023a),
when we think about kittens, this can be considered differ-
ent. In a pioneering study of growing kittens, Hoskins ez 4/.
(1991) found UPC similar to that observed in healthy adult
cats. Although the authors randomly composed experimen-
tal groups (7 to 14 kittens for each week of age, out of 29
kittens available for the study), the statistical design implied
the absence of actual repeated measures due to the dissocia-
tion between the evaluated groups. Thus, it may not have

Figure 2. (A) Means of urine protein:creatinine ratio (UPC) from
the male set (black symbols) and female set (grey symbols)
longitudinal data. (B) Median with maximum and minimum
values of longitudinal data. From 12 multi-mixed-breed healthy
kittens (7 male and 5 female), evaluated in 14 time-points (once a
week), from 4th to 17th weeks of age (n= 168).

Table 2. Two-way RM ANOVA (alpha = 0.05) of urine protein:creatinine ratio (UPC) data from 12 healthy multi-mixed-breeds kittens
(7 males and 5 females), from the 4t to 17" weeks of age. Urine was sampled once a week at 14-time points.

Gender x Age 391 0.8492 ns
Gender 162 0.3195 ns
Age 149 0.0983 ns
Kittens 14.7 0.0023 *

Gender x Age 0.779 13 0.069 F(13,130) = 0.602 0.8492

Gender 0.322 1 0.322 F(,10)=110 0.3195

Age 298 13 0.229 F(297,297)=2.30 0.0983

Kittens 294 10 0.294 F(10,130) =295 0.0023

Residual 129 130 0,100
Differencebetweenrowmeans

Mean of male 0.610

Mean of female 0.699

Difference between means -0.0888

SE of difference 0.0848

95% Cl of difference -0.278t0 0.100
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been possible to capture the subject’s significant variations
of UPC values. There was no such bias in the present study,
which allowed the identification of large fluctuations in the
UPC manifested in all 12 kittens over the 14 weeks of evalu-
ation. To the authors’ knowledge, this statistic design bring-
ing natural UPC behavior for healthy growing kittens has
not been reported.

Interesting findings in children point out proteinuria as
a common finding in routine testing (10%). However, in test
repetition, the incidence drops to 1%. At basal condition,
the UPC values must be <0.2 or UPC <0.5 if the child is
6-24 months old). In transient or functional proteinuria, the
natural causal factors include age, exercise, stress, cold expo-
sure, or idiopathic (Leung ez al., 2017). Despite the apparent
difference between the species, it seems plausible to consider
that the kittens also had transient proteinuria. Although the
cause remains undetermined in the present study, it is prob-
ably a physiological event since all kittens grew up properly
as expected.

Many factors can be causes of variation or even errors in
measuring and interpreting the UPC ratio. Therefore, uri-
nalysis, including sedimentoscopy, is helpful (International
Renal Interest Society, 2023). However, at least 5 mL of urine
is necessary to obtain a trustworthy urinalysis result for cats.
Unfortunately, in the present study, urinalysis could not be
performed due to the small urine volume (2 mL as maximum)
collected to prevent bladder harm.

In this study, uncentrifuged animal urine samples were
stored at -20°C for one month before processing, which is in
accordance with a study that found that centrifugation of urine
samples before analysis did not affect UPC values (Mortier
et al., 2023b). Furthermore, these authors obtained changes
in UPC results with urine stored only after 6 months.

Cystocentesis is considered the ideal method for urine
sample collection to assess proteinuria once it excludes pro-
teins from the urethra and genital tract. Although, it can
lead to microscopic hematuria in various degrees (Lees ez 4l.,
2005). However, urine sampling by cystocentesis or manual
bladder compression may not influence the quantification of
urinary protein for cats (Vilhena er 4/, 2015, Mortier et 4l.,
2023c). Despite that, cystocentesis was disregarded in the

present study to avoid iatrogenic harm, mainly considering
that the subjects are kitten. Evermore, following the mother’s
care, kittens were conditioned to urinate with minimum vesi-
cal compression by the experimenter.

Although the kittens evaluated were very young in
the first few weeks, cats are more active at night than most
dogs. So then, in this study, to avoid unnecessary stress on
kittens that might be sleeping during the day, we opted for
weekly nocturnal collections, thus preventing additional
behavior disturbance.

In a series of experiments to compare dye-binding meth-
ods-dependency to analyze urinary protein in cats, both PRM
and CBB were precise. However, the CBB method tended
to detect urine protein and UPC significantly higher than
those detected by the PRM method (Giraldi ez 4/., 2018).
However, besides differences in laboratory methods used for
quantifying urinary proteins excretion, some other factors can
generate dependencies on the variables used for UPC (e.g.,
food, collection time, environmental stress, water intake)
(Mortier et al., 2023d). In the present study, it should be
considered that kittens were fed ad libitum but ate more at
night when they were most active. Urine collections were
performed at night from 7:00 pm to 10:00 pm, which may
have been the cause of the high UPC values found. On the
other hand, fluctuations in UPC values were present since
the beginning of the experiment when the kittens were still
under the mother’s care.

Finally, the highlight of this study is the presentation of
impacting data, which may lead to new and more enlightening
research on the urinary excretion of proteins in growing kittens.

CONCLUSIONS

Urine protein:creatinine ratio of healthy growing kittens
changes unexpectedly, and most values reach magnitudes
considered pathologic for adult cats, suggesting a clinically
irrelevant condition.

Since the fluctuation of the UPC is not related to age
(from the fourth to the seventeenth week of age), to inter-
pret of UPC of growing kittens, in practice or research, it is
mandatory to repeat the measures, at least three times, at one
week apart, to discharge pathologic event.

REFERENCES

GIRALDI, M. et al. Evaluation of the analytical variability of urine
protein-to-creatinine ratio in cats. Veterinary Clinical Pathology,
v. 47,p.1-10, 2018.

GIRALDI, M. et al. Electrophoretic patterns of proteinuria in feline
spontaneous chronic kidney disease. Journal of Feline Medicine
and Surgery, v. 22, n. 2, p. 114-121, 2020.

GRAUER, G.F Measurement, interpretation, and implications of
proteinuria and albuminuria. Veterinary Clinics of North America:
Small Animal Practice, v. 37, p. 283-295, 2007.

HOSKINS, J.D. et al. Quantitative urinalysis in kittens from four to
thirty weeks after birth. American Journal of Veterinary Research,
v. 52, p.1295-1299, 1991.

Acta Veterinaria Brasilica June 18 (2024) 163-167



Urine protein:creatinine ratio in growing kittens: new insight

INTERNATIONALRENALINTEREST SOCIETY. IRIS Staging of CKD.
Available from: http:/www.iris-kidney.com/guidelines/staging.
html. Accessed May. 01, 2023.

LEES, G.E. et al. Assessment and management of proteinuria in
dogs and cats: 2004 ACVIM Forum Consensus Statement (Small
Animal). Journal of Veterinary Internal Medicine, v. 19, p. 377-
385, 2005.

LEUNG, A.K.C. et al. Proteinuria in children: Evaluation and
differential diagnosis. American Family Physician, v. 95, p.
248-254, 2017,

MORTIER, F. et al. Determination of age-specific reference intervals
forselected serum and urinary biomarkers in elderly cats. Journal
of Feline Medicine and Surgery, v. 25, n. 11, p. 1-8, 2023a.

MORTIER, F. et al. Effect of laboratory and sample storage factors
on urinary protein: creatinine ratios and clinical decision making
in cats. Journal of Veterinary Internal Medicine, v. 37, n. 6, p.
1038-1046, 2023b.

MORTIER, F et al. Comparison of cystocentesis versus home
sampling to determine urinary protein: Creatinine ratio and urine
specific gravity in cats. Journal of Veterinary Internal Medicine,
v. 37, n. &4, p. 1401-1408, 2023c.

MORTIER, F. et al. Biological variation of urinary protein: Creatinine
ratio and urine specific gravity in cats. Journal of Veterinary
Internal Medicine, v. 37, n. 6, p. 2261-2268, 2023d.

PEREZ-ACCINO, J. et al. The utility of combined urine dipstick analysis
and specific gravity measurement to determine feline proteinuria.
Journal of Small Animal Practice, v. 61, p. 541-546, 2020.

VILHENA, H.CR. et al. Urine protein-to-creatinine concentration
ratio in samples collected by means of cystocentesis versus manual
compression in cats. Journal of the American Veterinary Medical
Association, v. 246, p. 862-867, 2015.

ZATELLI, A. et al. Evaluation of a urine dipstick test for confirmation
orexclusion of proteinuria in dogs. American Journal of Veterinary
Research, v. 71, p. 235-240, 2010.

© 2024 Universidade Federal Rural do Semi-Arido

This is an open access article distributed under the terms of the Creative Commons license.

Acta Veterinaria Brasilica June 18 (2024) 163-167

167


http://www.iris-kidney.com/guidelines/staging.html
http://www.iris-kidney.com/guidelines/staging.html

