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Methods: Urine was obtained by perineal stimulation or urethral catheterization

determined. Diagnostic test performance was evaluated using Spearman's rho and
logistic regression to determine the area under the receiver operating curve (AUC)
and optimal cut point for diagnosing hypohydration (Ugsm 2800 mOsm/kg). P < .05
was considered significant.

Results: The best performing test for diagnosing hypohydration was Usg.r
(AUC = 0.90) at an optimal cut point >1.030. The second-best performing test
was Ugc (AUC =0.82) at a cut point of 223.7 mS/cm, followed by Ucreat
(AUC = 0.76) at a cut point of 295.3 mg/dL, and Ucejor (AUC = 0.74) at a cut point
of 24 on an 8-point scale. Urine specific gravity measured by dipstick performed
poorly (AUC = 0.63).

Conclusions and Clinical Importance: Usg_gr and Ugc provide practical and sufficiently
accurate methods for measuring UC in dairy cattle. Urine color had moderate clinical
utility as a no-cost cow-side method for assessing UC, whereas dipstick refractome-

try is not recommended for assessing UC.

Abbreviations: +LR, positive likelihood ratio; AUC, area under the receiver operating curve; POC, point-of-care; ROC, receiver operating characteristic; Se, sensitivity, Sp, specificity; UC, urine
concentration; Uc,, urine total calcium concentration; Uy, urine chloride concentration; Ucoior, Urine color; Ucyeat, Urine creatinine concentration; Ugc, urine electrical conductivity using an
OAKTON Con 6 conductivity handheld meter; Ug,, urine glucose concentration; Uy, urine concentration of potassium; Uyg, urine magnesium concentration; Uy, urine concentration of sodium;
Uosm, urine osmolality; Up, urine inorganic phosphate concentration; Usg.p, urine specific gravity measured Multistix-SG urine reagent dipstick; Usg.-g, urine specific gravity measured by optical
refractometry; «, kappa coefficient..
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1 | INTRODUCTION

Urine concentration (UC) provides a practical clinical method for
assessing hydration status and renal function in adult ruminants.*™®
The gold standard method for measuring UC is urine osmolality
(Uosm),*® and the consensus definition for hypohydration in children
and adults, where hypohydration represents a general deficit in body-
water content, is Uogm 2800 mOsm/kg.6® Measuring Ugsm Using
freezing point depression osmometry is expensive, and a point-of-care
(POC) device for measuring osmolality is not currently available.” Urine
specific gravity is therefore commonly used as a screening method for
evaluating UC because specific gravity can be measured accurately
using low-cost handheld analyzers such as a refractometer.2#1°

Urine specific gravity is a measure of the density of urine relative to
the density of distilled water.**2 Urine specific gravity measured by
refractometry (Usg.g) can falsely suggest a very concentrated urine in
the presence of appreciable quantities of large molecules such as glu-
cose, radiocontrast media, or protein, with Usg.r increasing by 0.002
per 10 g/L of glucose and 0.003 per 10 g/L of protein.® Therefore,
urine specific gravity measured by reagent dipstick (Usg.p) was intro-
duced in the early 1980s as an alternative POC method for measuring
specific gravity because the dipstick method is minimally affected by
the presence of glucose and radiocontrast media.2* However, the dip-
stick used for measuring specific gravity has been calibrated to human
urine, where pH is usually slightly acidic with pH ~ 6.0.2°

Urine electrical conductivity is a nonlinear function of the number
of electrically charged particles.*®'” Urine electrical conductivity (Ugc)
has been evaluated in several studies as an indirect method for
assessing UC in humans.2’~2° However, the clinical performance of
Ugc does not appear to have been investigated in ruminant urine.
Urine color (Ucoor) provides an attractive no-cost alternative cow-side
tool for estimating UC.82%22 Urine color is primarily because of the
presence of urochrome pigment, which is a byproduct of hemoglobin
breakdown.?! A decrease in the free water component of urine
increases the concentration of the urochrome pigment and darkens
the urine color.2® To the best of our knowledge, the clinical utility of
Ucolor has not been evaluated for assessing hydration status in rumi-
nants. Finally, the urine creatinine concentration (Uceat) May also pro-
vide insight into hydration status because creatinine is formed at a
constant rate in mammals from the spontaneous, irreversible, non-

24,25

enzymatic conversion of creatine in skeletal muscle, and is excreted

at a constant rate in the urine in dairy cows.?® However, Ucyeat is

2426 and there-

dependent on both muscle mass and hydration status,
fore exhibits a large degree of variation between animals.?’

Based on the above, we hypothesized that Usg.r, Uec, and Ucgior
provide accurate, practical, and low-cost methods for assessing UC in

dairy cattle. We also hypothesized that Uc,eat and Usg.p would not

provide suitable methods for evaluating UC in dairy cattle because
variable muscle mass and urine pH >8.0 are frequently observed in
ruminants. The main objective of this study was therefore to evaluate
the clinical performance of Usg.r, Uec, Ucolors Ucreat, and Usg.p for

measuring UC in dairy cattle.

2 | MATERIALS AND METHODS

All methods were evaluated and approved by the Purdue Animal Care

and Use Committee.

2.1 | Animals and sampling

Twenty periparturient multiparous Holstein-Friesian cows were ran-
domly fed 1 of 2 rations of different dietary cation-anion difference
as described elsewhere.?® A total of 390 urine samples were collected
by perineal stimulation approximately on days —-14, -9, 1, 3, and
5 and by bladder catheterization approximately on days -5, -3, 7, and
14 relative to the expected calving date. Urine samples were collected
into 15-mL polypropylene vials that were completely filled with urine,
immediately closed to minimize exposure to air, and placed in a 37 °C
water bath for measurement of urine pH. An aliquot of urine was
placed in a 2 mL polypropylene vial, stored at —20 °C, thawed at room
temperature, and urine specific gravity, electrical conductivity, color,

osmolality, and creatinine concentration determined.

2.2 | Urine pH

Urine pH was measured within 15 minutes of collection using a glass
electrode (M3 internal reference glass pH electrode, Medical Instru-

ments Corp., Solothurn, Switzerland).

2.3 | Urine specific gravity

Urine specific gravity was measured in duplicate using an automatic
temperature-calibrated optical refractometer (MASTER-SUR/Na, Atago
Co Ltd, Bellevue, WA 98005 U.S.A) that had a measurement range of
1.000 to 1.060 in increments of 0.001. For Usg.r, a drop (20.3 mL) of
urine was placed using a disposable pipette onto a clean dry prism sur-
face at the tip of the refractometer. The cover of the prism was closed
and gently pressed to remove any trapped air bubbles and assist in dis-
persing the urine sample over the prism surface. The specific gravity
value was obtained by identifying the line where the blue and light
fields met, with the line being visualized by holding the refractometer
toward a fluorescent light source. The mean of the 2 readings was used

as the measured value.
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Urine specific gravity was also measured using Multistix-10-SG
urine reagent dipsticks (Siemens Medical Solutions Inc; Usgp,
Malvern, PA 19355, USA) with a measurement range from 1.000 to
1.030 in increments of 0.005. The reagent pad on the test strip was
dipped into the urine sample and blotted by touching the edge of the
strip to a paper towel to remove excess urine. The test strip was then
placed on a flat clean surface with the indicator pad facing up. The color
of the test strip was recorded after 45 seconds and compared to the
color chart provided by the manufacturer. The measured value for Usg.
p was corrected whenever urine pH 26.5 by adding 0.005 to the mea-

14,29,30

sured value, and the corrected value used for statistical analysis.

2.4 | Urine electrical conductivity

Urine electrical conductivity was determined using an automatic tem-
perature compensated handheld meter (CON 6, Oakton Instrument,
lllinois) that the manufacturer reports is accurate to +1.0%. Electrical
conductivity was measured by immersing the tip of the unit in the
urine sample and applying an alternating current between 2 electrodes
spaced by a known distance. The change in voltage across the 2 elec-
trodes reflects the resistance of the urine sample, with conductivity
representing the reciprocal of resistance. The unit was calibrated each
day using 12 and 80 mS/cm standards and the probe rinsed with
deionized water and air dried before each measurement to avoid carry-
over effects in measurement. The temperature compensated measured
value for conductance (milliSiemens per centimeter, mS/cm) at 25 °C
displayed on a screen became stable within a few seconds of placement

in the urine sample, and this was the value used for analysis.

2.5 | Urine color

The urine sample was placed in a clear, glass 5-mL tube and urine
color was determined under fluorescent lighting by comparing the
color of the urine sample placed against a white background next to
the 8-color chart® Urine color was determined using a custom-
designed urine color 8-point chart (hex codes; 1 = #ffffeb, 2 = #fff9be,
3 = #ffebéb, 4 = #ffd759, 5 = #ffc430, 6 = #ffb907, 7 = #ffaa00, and
8 = #bc7d00). This urine color chart appeared similar to standardized
color samples for human urine based on plate/grid numbers of 17/B1,
9/H1, 17/J)1, 17/L1, 9/13, 9/L3, 12/Ké6, 23/L1, respectively,22 and
house paint colors named Pale Sunshine, Cornsilk, Sunbeam, Banana
Peel, Snapdragon, Crown Yellow, Yellow Tulip, and Tarnished Brass.

Urine colors 1 to 3 were light and 6 to 8 were dark (Figure 1).

2.6 | Urine osmolality and biochemical analysis

Urine osmolality was measured in triplicate using freezing point
depression (Advanced 3MO, Advanced Instruments Inc., Norwood,
Massachusetts) on urine samples that had been stored at —20 °C for
up to 2 months. The mean value from the 3 measurements was used
for statistical analysis.

Urine biochemical analysis was performed within 3 months on

urine samples stored at —20 °C. Stored samples were thawed at

DAIRY CATTLE URINE 8-COLOR CHART
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FIGURE 1 Eight-color urine chart for assessing urine
concentration in periparturient multiparous dairy cows

room temperature and vortexed for 10 seconds immediately before
biochemical analysis. Urine concentrations of creatinine (Ucreat,
picric acid method), total calcium (Uc,, cresolphthalein method), magne-
sium (Uvg, Arsenazo dye binding method), inorganic phosphate (Up,
ammonium molybdate method), and glucose (Ug,., hexokinase method)
were determined spectrophotometrically (Hitachi 911, Roche Diagnos-
tics, Switzerland). Urine chloride concentration (Uc)) was measured using
a mercuric nitrate spectrophotometric method. Urine concentration of
sodium (Upna), and potassium (Uy) were determined using ion-selective
electrodes and appropriate dilutions (Hitachi 911, Roche Diagnostics,
Switzerland).

2.7 | Statistical analysis

Statistical analyses were performed using MedCalc Statistical Soft-
ware version 18.6 (MedCalc Software bvba, Ostend, Belgium, 2018)
and SAS 9.4 (SAS Inc., Cary, North Carolina). P < .05 was considered
significant. Spearman's correlation coefficients were used to evaluate
the associations between Uosm, Ucreats Usg-r, Usg-b, Ucolor Uec, Uph,
Unas Uk, Uca, Umg, Ua, Up, and Ugyye. The association of Usg.p with
urine pH was explored graphically. Mixed models analysis with an
unstructured covariance matrix, random intercept, and cow as the
subject was used to characterize the relationship between Usg.g,
corrected Usg.p, Ugc, and Ucreat (dependent variables) and Uggm
(predictor variable).

A threshold of Ugg,, 2800 mOsm/kg was used in this study to
define the presence of hypohydration based on expert opinion and
research studies in humans.®~8 A consensus is currently not available as
to whether this cut point is also applicable to adult cattle; however, a
recent study identified a mean value for Uy, of 781 mOsm/kg in
healthy dairy cattle,® suggesting that hypohydration in cattle is equal to,

or greater than, a Uy of 800 mOsm/kg. Binary logistic regression was
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used to characterize the relationship between Uggn, (1, 2800 mOsm/kg;
0, <800 mOsm/kg) and Usc.r, Usc.D, Uec, Ucolor, and Ucreat- The
adequacy of the logistic regression model fit was evaluated using
plots of deviance influence statistics against the predicted values.!
Receiver-operating characteristic (ROC) curves were constructed for
each logistic regression model and the area under the curve (AUC)
calculated as a global index of test performance; AUC values for ROC
curves >0.9 typically indicate a highly accurate test, whereas AUC
values of 0.7 to 0.9 indicate moderate accuracy, 0.5 to 0.7 low accu-
racy, and 0.5 represents a chance result.>2 Sensitivity (Se) and specific-
ity (Sp) were calculated at the optimal cut point of the ROC determined
by the Youden index (the cut point where the following expression has
its maximum value: Se + Sp — 1), which equally weights Se and Sp. The
positive likelihood ratio (+LR) was calculated as: +LR = Se/(1 — Sp); values
>10 indicate that a positive test is good at ruling in a diagnosis such as
hypohydration.®® The Kappa coefficient (k) was calculated at the optimal
cut point to characterize the level of agreement between the tests
(PROC FREQ). Values for x <0.2 indicate poor agreement, whereas
0.2 < k < 0.4 indicates fair agreement, 0.4 < x < 0.6 indicates moderate
agreement, 0.6 < k < 0.8 reflects good agreement, and k >0.8 indicates
excellent agreement.3* Ninety-five percent confidence intervals were

calculated for ROC, Se, Sp, +LR, and «k as described elsewhere.3®

3 | RESULTS

Associations between variables of interest are summarized in Table 1.
Urine osmolality was most strongly associated with urine specific
gravity measured by refractometry, followed by Ugc, Uk, Ucreat, and
Ucolor- Urine osmolality was weakly associated with Usg.p, and was
not associated with urine glucose or protein concentration.

3.1 | Urine specific gravity measured by optical
refractometry

Mixed models regression between urine Usgr and Upgm (reference
method) for 242 urine samples indicated a linear relationship (Figure 2),
such that Usgg = 0.000030 X Uggm + 1.0056. A linear relationship also
existed between Uceat and Usgr (n = 215; P <.001, data not shown),
such that Ugreat = 4682 x Usg.r — 4713. Logistic regression analysis indi-
cated that Usgr accurately identified dairy cows with hypohydration
(Uosm 2800 mOsm/kg), with AUC of 0.90 (95% Cl, 0.86-0.94). The opti-
mal cut point for Usgr to diagnose hypohydration was 21.030, with
Se = 0.84 (95% Cl, 0.76-0.90), Sp = 0.79 (95% Cl, 0.71-0.87), and +LR of
4.1 (95% Cl, 2.8-5.9). A good agreement was found between Usg.r and
Uosm for detecting hypohydration in dairy cattle (x = 0.63; 95% Cl,
0.54-0.73).

3.2 | Urine specific gravity measured by Multistix-SG
dipstick

Mixed models regression between corrected Usg.p and U, (reference

method) for 241 urine samples indicated a linear relationship (Figure 3),
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2
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2
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(1]
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%) [ ]
U= [ ]
£ x
a
a 1.010 4
g :
= @ CUeo
> 1.000 ; ; ; . ;
0 250 500 750 1000 1250 1500
Urine osmolality (mOsm/kg)
FIGURE 2 Scatterplot of the linear relationship between urine

specific gravity measured by optical refractometry (Usg.r) and urine
osmolality (Uosm, reference method) for 242 urine samples obtained
periodically from 20 multiparous periparturient Holstein-Friesian
cows from late gestation to early lactation. Some data points are
superimposed. The solid black line is the line of regression. The solid
gray vertical line indicates the recommended threshold value for
diagnosing hypohydration (Ugsm 2800 mOsm/kg), and the solid gray
horizontal line indicates the optimal cut point of Usg.g (21.030)
identified by logistic regression for diagnosing hypohydration. The
box and whiskers plot represents the median (middle line),
interquartile range (ends of the shaded rectangle), 10% to 90%
confidence interval (whiskers), and values outside this confidence
interval (small gray circles)

such that Usg.p = 0.0000085 x Upsm + 1.005. Logistic regression
analysis indicated that the AUC for corrected Ugg.p was 0.63 (95% Cl,
0.56-0.70). The optimal cut point for corrected Usg.p to identify
hypohydration was 21.015, with Se of 0.51 (95% Cl, 0.42-0.60), Sp of
0.76 (95% Cl, 0.67-0.83), and +LR of 2.1 (95% ClI, 1.5-3.1). A poor
agreement was found between corrected Usg_p and Ugs,, for detecting
hypohydration in dairy cattle (x = 0.26, 95% Cl, 0.15-0.38). The poor
agreement was due, at least in part, to the confounding effect of urine

pH on the measured value for Usg_p (Figure S1).

3.3 | Urine electrical conductivity

Mixed models regression revealed that Ugc was linearly associated
with Uosm (n = 237; Figure 4), such that Ugc = 0.021 x Uggn, + 5.79.
Logistic regression analysis indicated that the AUC for Ugc was 0.82
(95% Cl, 0.77-0.87). The optimal cut point of Ugc for diagnosing
hypohydration was 223.7 mS/cm, with Se of 0.72 (95% Cl, 0.64-0.80),
Sp of 0.73 (95% Cl, 0.64-0.81), and +LR of 2.7 (95% Cl, 1.9-3.7). A
moderate agreement was found between Ugc and U, for detecting
hypohydration in dairy cattle (x = 0.45; 95% Cl, 0.34-0.56).

3.4 | Urine color

The median Uy, Was 262, 692, 812, 848, 962, 993, and 1109 mOsm/kg
for urine color (Ucgor) scores of 1 (very light yellow), 2, 3, 4, 5, 6, and

7 (dark yellow), respectively (Figure 5). Logistic regression analysis
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FIGURE 3 Box and whiskers plot of the association between
corrected urine specific gravity measured by urine dipstick (Usg.p)
and urine osmolality (Ugsm, reference method) for 241 urine
samples obtained periodically from 20 multiparous periparturient
Holstein-Friesian cows. The solid gray vertical line indicates the
recommended cut point for Ugg, (2800 mOsm/kg) for diagnosing
hypohydration, and the solid gray horizontal line indicates the
optimal cut point for corrected Usg.p (21.015) identified by logistic
regression for diagnosing hypohydration. The box and whiskers
plot represents the median (middle line), interquartile range

(ends of the shaded rectangle), 10% to 90% confidence interval
(whiskers), and values outside this confidence interval (small

gray circles)

indicated that the AUC for Ucgor for diagnosing hypohydration was
0.74 (95% Cl, 0.69-0.80) at an optimal color score 24, with Se of 0.53
(95% Cl, 0.45-0.62), Sp of 0.81 (95% Cl, 0.73-0.88), and +LR of 2.9
(95% Cl, 1.9-4.4). Moderate agreement was found between Ucgor and
Uosm for detecting hypohydration in dairy cattle (x = 0.34; 95% ClI,
0.23-0.45).

3.5 | Urine creatinine concentration

Mixed models regression of the relationship between Uceat and Uosm
(reference method) for 217 urine samples obtained periodically from
20 periparturient multiparous Holstein-Friesian cows indicated a linear
relationship (Figure 6), such that Uceat = 0.152 X Uggm — 13.93. Logis-
tic regression analysis indicated that the AUC for Uceat to identify
hypohydration (Uosm 2800 mOsm/kg) in dairy cattle was 0.76 (95%
Cl, 0.70-0.82). The optimal cut point of Uceat for hypohydration was
295.3 mg/dL with Se of 0.68 (95% Cl, 0.58-0.76), Sp of 0.78 (95%
Cl, 0.69-0.86), and +LR of 3.1 (95% Cl, 2.1-4.5). Moderate agreement
was found between Ugg, and Uc,eat for detecting hypohydration in
dairy cattle (x = 0.45; 95% Cl, 0.33-0.57).

3.6 | Comparison of hypohydration predictors

Urine specific gravity measured by optical refractometry had a
greater AUC (0.90) for identifying cows with hypohydration (Uosm
2800 mOsm/kg) than that for Ugc (AUC = 0.82; P =.006), Ucreat
(AUC = 0.76; P <.001), Ucoor (AUC = 0.74; P <.001), and Usg.p
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FIGURE 4 Scatterplot of the linear relationship between
urine electrical conductivity (Ugc) and osmolality (Uosm) for
237 urine sample obtained periodically from 20 multiparous
periparturient Holstein-Friesian cows. Some data points are
superimposed. The solid line is the line of regression. The solid
gray vertical line indicates the recommended cut point for Uosm
(2800 mOsm/kg), and the solid gray horizontal line indicates
the optimal cut point for Ugc (223.7 mS/cm) identified by
logistic regression for diagnosing hypohydration. The box and
whiskers plot represents the median (middle line), interquartile
range (ends of the shaded rectangle), 10% to 90% confidence
interval (whiskers), and values outside this confidence interval
(small gray circles)

(AUC = 0.63; P < .001; Figure 7). Urine specific gravity measured by
optical refractometry had the highest Se (0.84), +LR (4.1), and x value
(0.65) for identifying cows with hypohydration when compared to all
other methods. However, Ucqr had the highest Sp (0.81) among the

evaluated methods.

4 | DISCUSSION

This study evaluated the clinical performance of 4 on-farm tests for
detecting high UC and hypohydration (Ugsy, 2800 mOsm/kg) in
periparturient dairy cows, including optical refractometry, OAKTON
Con 6 conductivity meter, a custom-designed urine color 8-point
chart, and Multistix-SG urine dipstick. A laboratory test for detecting
high UC, Ucreat, Was also examined. To the best of our knowledge,
this is the first study to characterize the clinical utility of Ugc and
Ucolor for predicting UC in dairy cattle. The first major finding of this
study was that optical refractometry provided the most accurate
method for monitoring UC in dairy cattle. The second major finding
was that Ugc provided a moderately accurate method for monitoring
UC in dairy cows. The third major finding was that an 8-level urine
color scale was predictive of UC in dairy cows; however, the
AUC = 0.72 and +LR of 2.9 at the optimal color score cut point 24
suggested moderate clinical utility. The fourth major finding was
that the urine reagent dipstick performed poorly when estimating
UC in dairy cattle.
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FIGURE 5 Box and whiskers plot of the association

between urine color (8 levels) and urine osmolality (Uosm;
reference method) for 237 urine samples obtained periodically from
20 multiparous periparturient Holstein-Friesian cows. The solid
gray vertical line indicates the recommended cut point for Ugsm,
(2800 mOsm/kg) for diagnosing hypohydration, and the solid gray
horizontal line indicates the optimal cut point for color (24)
identified by logistic regression for diagnosing hypohydration.
The box and whiskers plot represents the median (middle line),
interquartile range (ends of the shaded rectangle), 10% to

90% confidence interval (whiskers), and values outside this
confidence interval (small gray circles)

The strong association between Usg_r and U, observed in this
study (rs = 0.85) was consistent with the findings of studies involv-
ing calf urine (r=0.72),' dairy cow urine (r = 0.92),®> human urine
(r=0.83),° and dog urine (r = 0.93).> The slope of the Usg-r-Uosm
relationship was 0.000030, which approximated that for calf urine
(0.000024).* The value of urine specific gravity measured by refrac-
tometry is dependent on the number, size, and weight of urine sol-
utes, with the most abundant molecules in urine from healthy
mammals being urea, electrolytes, and creatinine.>¢ Two previous
studies reported a strong correlation (r = 0.83-0.88, P < .001) between
Usc.r and Ugreat,> 28 that was consistent with the results of this study.
Surprisingly, we could not identify any research studies that statistically
examined whether Usgr was correlated with Uceat in cattle. The
results of this study suggest that Usg_r can be used as an alternative to
Ucreat to correct the concentration of urinary metabolites for changes
in urine free water.3%° However, further studies are required to vali-
date this supposition.

The results of this study indicated that the urine reagent dip-
stick provided an inaccurate method for evaluating UC (r, = 0.31).
To our knowledge, only 1 study had investigated the clinical perfor-
mance of the urine reagent dipstick for measuring specific gravity
in urine from dairy cattle; the results of that study indicated that
the urine reagent dipstick measured 0.014 lower than Usg_g.% Urine
specific gravity was poorly correlated (r=0.36) with Uggy in

dog urine (r = 0.39),4142

and human urine.r®434* The dipstick pad
has 3 main ingredients: a cation exchanger, pH color indicator

(bromothymol), and buffers. Reagent dipstick principle is based on
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FIGURE 6 Scatterplot of the linear relationship between urine
creatinine concentration (Uc,eat) and urine osmolality (Uosm;
reference method) for 217 urine samples from 20 multiparous
periparturient Holstein-Friesian cows. Some data points are
superimposed. The solid line is the line of regression. The solid
gray vertical line indicates the recommended threshold value for
detecting hypohydration (Ugsny, 2800 mOsm/kg), and the solid
gray horizontal line indicates the optimal cut point value for Uceat
(295.3 mg/dL) identified by logistic regression for diagnosing
hypohydration. The box and whiskers plot represents the median
(middle line), interquartile range (ends of the shaded rectangle),
10% to 90% confidence interval (whiskers), and values outside
this confidence interval (small gray circles)

the ionic strength of the urine, whereby urine cations are attracted
to negatively charged carboxyl groups of a partially dissociated
polymer embedded in the strip pad. Dissociation of carboxyl groups
depends on the ionic strength and temperature (which impact the
value for the equilibrium constant, K,) of the urine sample as well as
the pH; protons are released from the strip pad reagent poly (methyl
vinyl ether/maleic anhydride) in response to an increase in ionic
strength because of increased Ugg,. The protons react with a pH
indicator (bromothymol blue) in the strip pad, changing the pad color
from deep blue green through different shades of green to yellow
green.*?%*> Urine pH therefore impacts the analytical performance
of the reagent dipstick, particularly in alkaline urine, by promoting
the release of protons from the polymer. Urine pH <6.0 or >8.0
interferes with the analytical accuracy of the reagent dipstick
by altering the release of protons because of change in ionic
strength.1®143046 Because Upn in dairy cattle fed nonacidogenic
diets is alkaline with a pH exceeding 8.0 and can be below 6.0 in
cattle fed an acidogenic diet,2® the results of this study indicate
that the reagent dipstick method should not be used to measure
urine specific gravity in dairy cattle.

Our results indicated that Ugc is a clinically useful method for
assessing UC in dairy cattle. The median value for Ugc in peri-
parturient dairy cattle was 23.7 mS/cm, which was similar to the
mean value for urine from adult humans in India (21.6 mS/cm),*” and
Turkey (25.5 mS/cm),? but greater than that reported for children in
Turkey (9.1 mS/cm).*® We found a good association (rs = 0.70)
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FIGURE 7 Receiver operating characteristic (ROC) curves
and the area under the curve (AUC) demonstrating the diagnostic
ability of urine specific gravity measured by optical refractometry
(Usg-r, blue solid line; AUC = 0.90), urine electrical conductivity
(Ugc, purple 2-dashed line; AUC = 0.82), urine creatinine
concentration (Uc,eat, green dash-dot line; AUC = 0.76), urine
color (Ucolor, brown long-dashed line; AUC = 0.74), and urine
specific gravity measured by Multistix-SG urine dipstick (Usg.p,
red short-dashed line; AUC = 0.63) to detect hypohydration
(2800 mOsm/kg) in dairy cattle. The diagonal line represents

the ROC curve for a test of no predictive ability. The optimal cut
points for detecting hypohydration were 21.030, 223.7 mS/cm,
24, 295.3 mg/dL, and 21.015, for the Usg.r, Uec, Ucolors Ucreat, and
Usc.p, respectively

between Ugc and Ugg, that was consistent with studies in human
urine, where correlation coefficients ranged from 0.67 to 0.91.18-20
Interestingly, based on a cut point of Ugsy, 2800 mOsm/kg as the
optimal threshold for defining hypohydration in humans,®~® Ugc had
the second highest AUC (0.82) for diagnosing hypohydration in the
study reported here after Usg_g (0.90). This result suggests that the
majority of particles in bovine urine are charged.*®

Our finding of the association between Uc,or and U, (rs = 0.58),
and between Ucgior and Usgr (rs = 0.58) was similar to that observed

7 and consistent with results from other human stud-

in humans,*
ies.2?2148 Urine color has been recently evaluated in dog urine as an
indicator of UC, and a similar correlation was reported between Ucgior
and Usg_r.*° Urine color is independent of diet because the color is
generated by the concentration of urochrome pigment that is a
byproduct of hemoglobin breakdown.?! However, Uosm is gener-
ated by the concentration of solutes, mainly urea, Na, K, and Cl,
and therefore is diet dependent.>® The ROC curve analysis indi-
cated that Ucoor provided a moderately accurate diagnostic test for
assessing UC in dairy cattle. The diagnostic ability of a cut point of
Ucolor 24 identified in this study was the same optimal threshold
value for defining hypohydration in humans.® Because urine color
can be assessed easily and at no cost, the results of this study sug-

gest that Ucoior has some clinical value as an alternative cow-side
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tool to Usg.g for identifying the individual cow with hypohydration.
For screening purposes, combining urine color with other diagnos-
tic tests may improve the clinical utility of urine color to detect
cows with hypohydration.

Urine creatinine is routinely measured to evaluate renal function
because creatinine is excreted at a reasonably constant rate.>* The lin-
ear relationship reported in this study between Uggm and Ucreat has
been previously reported in human urine.>2 The AUC for Ugyeat identi-
fied in this study suggests that Uc,cat could be of value in assessing
UC in dairy cattle. However, Uc,eat is @ nonspecific indicator of hydra-
tion status as it depends on several factors, including the muscle
mass (which determines the rate of creatine metabolism), renal blood
flow, and glomerular filtration rate.?#27-°! This is likely to negatively
impact its clinical usefulness in evaluating hydration status in lactat-
ing dairy cows.

The main limitation of this study was that it was conducted in
20 periparturient dairy cattle in 1 herd fed an acidogenic diet during
late gestation. As such, the study was not able to explore the effect of
breed, season, and diet on urinary predictors of UC.

5 | CONCLUSIONS

We conclude that Usg.r provides an accurate on-farm method for
assessing UC in dairy cattle; however, the urine reagent dipstick test
is not a suitable method for evaluating UC. Urine electrical conductiv-
ity and Ucolor have moderate clinical utility as low-cost (<20 cents/test
for Ugc) or no-cost (Uceior) cow-side tests for assessing UC in dairy
cattle.
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