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B Evaluation of Precision Xceed® for on-site monitoring of blood
B-hydroxybutyric acid and glucose in dairy cows
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B AEwoAdynom g xorjongs tov Precision Xceed® og peronti
NG CVYREVTEMOONG ToV B-vdpoEufovTuELrov 0E€og naL Tng YAVROLNS
0AM%0V AiLaTOg TOV YOAIRTOTAQUYO YDV AYELAOWY

N. ITavovong', DVM, PhD, DipECBHM, M. Koitoénn?, DVM, PhD, lo. Kagayiavvng!, DVM,
Ep. Kahaitiaxng', DVM, PhD, Lafi S.}, DVM, PhD, X. Mmgozog!, DVM, PhD

! Khwviaerj IHopaywyixdv Zobwv, Kenviatowj ZyoAr, Aptototédeio Havemiotijuio Ocooalovixng
2 Awayvwortixd Eoyaotijoto, Keyviatouxtj Zyolj, Aotarotédeto Havemiorijuio Ocooalovinng

3 Touéac Haboloyixiic Avarouxiic xat Yyeioc twv Zdwv, Kryviatowxi Xyo, loodavixd Havemioriuio Emiotnudy xou
u VIx] LK1 b4 NVLATQLXY) 2)OAT], 10O nu nu
Teyvoloyiag, lounivt, lopdavia

ABSTRACT. The aim of the study was to evaluate the usefulness of the Precision Xceed® hand-held meter as an on-site method
for determining blood B-hydroxyboutyric acid (BHBA) and glucose concentrations, for the diagnosis of subclinical ketosis in dry
and lactating dairy cows. A total of 163 clinically healthy Holstein cows (113 lactating, 8-50 days-in-milk; and 50 dry, 10-40 days
pre-partum) from 5 farms located around Thessaloniki region, were blood-sampled once, from the jugular vein of each animal, 5
to 8 hours after the start of morning feeding. BHBA was determined in all 163 cows, whereas glucose only in 114 cows (50 dry and
64 lactating cows). These analyses were performed, for each cow, by both laboratory method (in serum) and Precision Xceed®
meter (in whole blood, cowside). Using laboratory serum BHBA concentrations = 1.2 mmol/L as the cut-off point, 11/163 (6.7%)
of the tested cows were considered as subclinically ketotic, whereas raising the cut-off to =1.4 mmol/L, 9/163 (5.5%) cows had
subclinical ketosis. All these cows (11 and 9, respectively) were lactating. None of the dry cows had subclinical ketosis at BHBA
cut-off of =1.4 mmol/L. One out of the 50 dry cows (2%) and 15/113 (13.3%) lactating cows sampled were classified as subclinically
ketotic when the Precision Xceed® meter was set at BHBA concentrations =1.2 mmol/L. Overall, mean BHBA and glucose
concentrations were not statistically different (P>0.05) between the two methods. Significant positive correlations were found for
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BHBA (strong correlation: r=0.99; n=163; P<0.01) and glucose (moderate correlation: r=0.63; n=114; P<0.01) concentrations
between Precision Xceed® and laboratory results. Precision Xceed® is less accurate for measuring glucose (glucometer) compared
to BHBA (ketometer). The low percentage of false positive (<0.6%) and false negative (<4%) indicating that the Precision Xceed®
meter is an accurate screening test and its results are highly reliable under field conditions. Precision Xceed® meter was highly
sensitive (90.9%) and specific (96.05%) at cut off point of BHBA concentrations =1.2 mmol/L and it had excellent test agreement
for detection of subclinical ketosis when using a threshold of blood BHBA =1.4 mmol/L.

Keywords: dairy cows, ketometer, glucometer, ketosis

IHEPIAHWH. O 0t6)0¢ ™¢ TaQoioas WEAETS NTav 1) EXTIUNON TS 0rQIPELOS ®ou TS xonowodmtag tov Precision Xceed®,
QoG €UON0TNG QOENTIS CUOREVTS YLOL TN UETENON TS OUYXEVTOMONG Tov B-udoEufoutuouoy oE€os (BHBA) xaw g yAuroing
TOU OMXOU aipoTog TV yohaxtomagaywydv ayehddmv. H uétonon tov BHBA eivon amaaitn yio ) Sudyvwon Ts VITorMVIRNG
RETWONG TWV ayeAAIWV 7OV POIOROVTAL 0T YOAUKTOTTOQOY WY 1] OTNY ENOG tei0d0. Zuvolxd yonowortoniOnxay 163 ayelddeg
@uMic Holstein, o omoieg ftav xhvixd vyieic v nuéga g derypatoMpiag, amd 5 extoo@éc ™ evEUTEONS TEQLOYTS TS
Beooarovixng: ov 113 amd autég Poloxoviav oto agyrd otddio yohortomapoaywyrc (8-50 nuépes) row ov vtdhoutes 50 oto
telMnd otddo g Enods meprddou (10-40 nuépeg oy amd tov avapevouevo toxetd). H cupolmpio €ywve and m ogpoyinda
PAEPa, amak oe vdbe ayelhdda, 5 wg 8 e uetd amd TV TEmwvY Tapddeon e Teopiic. To BHBA uetodnxze xow ot 163
ayehddeg, evad | YAurdln og 114 (50 omv Enpd mepiodo xan 64 ot yahartomagaywyn). H pétonon tov magamdve €ywve, yia
%d0e Lo, emrémov otig exTRoWES e to Precision Xceed® (0to oMxd atpa), vabmg xaw 0to Awayvwotikd Egyaotioio mg K-
viatoung Zxoiic AILO. (otov 006). ‘Otay yio Tov ©aB0QLoUS TS VTTOXMVIXIG RETMONG YONOOTOU|ONXE 1S GQLO 1) OUYKEVTOMOT)
BHBA 0009 aipatog =1,2 mmol/L, 11/163 ayerddeg (6,7%) elyav vorhviry ®ETmon, eve 6tav To 6oto avEndnre oe =1.4
mmol/L, og 9/163 ayehadeg (5,5%) mpoodiopiomre 1 véoog. ‘Ola tor Ldda Tov eugdvioay vrorhiviry ®€Tmon BEIOXROVTOY OTO
aQyro otddio g yohaxtomapaywyns. Kaplo ayehdda wov Porondtay omv Enod mepiodo dev enpdvioe vtorhviry ®ETmon,
Gtav to 6pto BHBA yia ) v600 t€0nxe oto =1,4 mmol/L. Xonowomoudvrag to Precision Xceed® ue 6puo yia tov xafopoud
™G VITORMVIRNG XETMONG T ovYrEvTpmon BHBA olxov alpatog =1,2 mmol/L, 1/50 ayehddeg oty Enpd mepiodo (2%) nan
15/113 om yahoxtomtapayoyn (13,3%) tawvomiBnray wg mtegLotamind VIToxMviriis XETWong. ZuVolxd, oL UEOES OUYREVTIQDOELS
BHBA o yAurotng dev diépepay onpavird (P>0,05) neta&t tov 2 vird otyrouon puefddmv pétonong. ZTatotind onpavireg
ovoyetioels Pogbnray yio to BHBA (woyver ovoxénion: r=0,99; n=163; P<0,01) xou yio ) yAvroln (nérora ovoyénon:
r=0,63; n=114; P<0,01) peta&l twv arxoteleopdtmv tov Precision Xceed® raw avtdv tomv epyaomoiaxdv nedBédmv. To
Precision Xceed® eivar hMydtego axQi€c yio ™ pnéronon mg YAvrotng (YAurolopeto) ouyxortxd pe v argifewa mou
TepovoLdler mg petonTis tov BHBA (retovdpeto). To wohl xopmAs mooootd Yevdag Oetinadv (<0,6%) o Pevdos aovnundv
(<4%) neTENOEMV LOXVQOTOLEL TNV AXQIPELC TWV UTOTEAECUATOV ROt TNV AELOTLOTICL TMV UETQIOEMV 08 OUVOTRES RAWIRIG
TRAENS. Zvumegaouatikd, to Precision Xceed® eivon wodd evaiadnro (90,9%), molt ewdxd (96,05%) o €xeL GOLoT™) oUUpOVia
1E TV €QYQOTNOLIXRY UEBODO Vit TH SLdY VOO THE VTTOXAVIXIEC RETWONS TMV YOMAXTOTAQUY WY DV oy LA™V, 1OLOTEQM GTUV 1S
3010 Yo ToV %0000LoNS T™E Xonowuoroteiton To emitedo BHBA =1.4 mmol/L.

A&&e1g gvgeTnoiaong: YAAIXRTOTAQAYMYES 0ryEMAOES, POENTOS UETONTIC, RETOVOOTMUATAL, YAUROTT, RETOON

INTRODUCTION

ince the late 1990’s, ketosis has emerged as the

most important metabolic disease in dairy herds,
surpassing ruminal acidosis and milk fever in clinical
significance (Oetzel 2007). It typically occurs in dairy
cows in early lactation, while it rarely occurs in cattle
in late gestation, at which time it resembles pregnancy
toxemia of ewes (Merck 2011). Although data con-
cerning pregnancy ketosis’s prevalence in dairy cows
herds are lacking, it is not considered a significant
problem in modern dairies.

Subclinical ketosis (SCK) can be defined
objectively as “a condition marked by increased levels
of circulating ketone bodies without the presence of
clinical signs of ketosis”. SCK causes economic losses

in dairy herds directly by decreasing milk production
and indirectly by increasing the risk for displaced
abomasum and other periparturient diseases (Oetzel
2004).

Serum B-hydroxybutyric acid (BHBA) is the most
accurate ketonic body for investigating herds with
presumptive ketosis (Oetzel 2004). Researchers use 2
different cut-offs to define SCK: serum BHBA
concentration =1.2 mmol/L (Geishauser et al. 1998,
Sakha et al. 2007) or =1.4 mmol/L (Duffield 2000,
Geishauser et al. 2000, Carrier et al. 2004, Oetzel
2004).

Early and accurate diagnosis of subclinical
metabolic disorders, like ketosis, is important for the
dairy industry. A variety of cowside tests (in urine, milk
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and, nowadays, blood) are available for ketosis moni-
toring of dairy herds. However, none of the cowside
tests have perfect sensitivity and specificity compared
to blood BHBA measurement in a laboratory (Oetzel
2004). Since determining BHBA in laboratory is costly
and time consuming, the evaluation of a reliable on-
site test for the determination of BHBA concentration
is rewarding. Moreover, measuring on-site blood
glucose concentration would, also, contribute in
ketosis diagnosis and treatment.

Abbott Laboratories have developed a small hand-
held meter (the trade name in Greece is Precision
Xceed®, whereas in other countries it is known as
Precision Xtra®), for human use, which measures
either whole blood BHBA or whole blood glucose,
using different strips. As far as we are concerned, no
other human glucometer can function as a ketometer
as well (i.e. able to measure blood BHBA). There are
only few data in the literature concerning the
usefulness of this portable meter in diagnosis and
decision-making for treatment and prevention of
ketosis in dairy cows.

Considering the above, the aim of this study was to
evaluate the usefulness of the Precision Xceed® hand-
held meter as an on-site method for measuring blood
BHBA and glucose concentrations, in order to
diagnose ketosis in dry and lactating dairy cows.

MATERIALS AND METHODS

A total of 163 clinically healthy Holstein cows (3-9
years old, 1-6 lactations), from 5 farms located around
the Thessaloniki region, were randomly selected and
blood-sampled once. The animals were divided into 2
categories: dry cows (10-40 days pre-calving; 50
animals) and lactating cows (8-50 days in milk - DIM;
113 animals). Sampling was performed from January
2010 until March 2010. The milk yield of the lactating
cows ranged from 18.4 to 38.2 kg/d at the sampling
period.

BHBA analyses were performed in all 163 cows,
whereas glucose was measured in 114 cows (50 dry and
64 lactating cows). Blood samples were collected from
the jugular vein of each animal, 5 to 8 hours after the
start of morning feeding, by using 18-gauge disposable
needles in 10-ml plain glass tubes (BD Vacutainer®)
without anticoagulant for serum BHBA and glucose
measurement in the laboratory. Before clotting, whole
blood BHBA and glucose were measured on-site with

the Precision Xceed® (Abbott, Abbott Diabetes Care
Ltd., Oxon, UK) hand-held meter in the farms’ office,
at a steady room temperature (20°C), following the
manufacturer’s instructions, within 15 minutes after
sampling. After clotting, serum was separated by low
speed centrifugation (1600g for 15 minutes) within 15
minutes after sampling, then it was stored in plastic
vials and refrigerated at 4°C until analysis. Serum
BHBA and glucose concentrations were measured
additionally in the Diagnostic Laboratory of the School
of Veterinary Medicine. A spectrophotometric kinetic
method was used to determine serum BHBA (Gau
1987), whereas a colorimetric spectrophotometric
method was used for the determination of glucose
concentration (Barham and Trinder 1972).

Since two different cut-off values are used in
literature for defining subclinical ketosis, in the present
study we have used for analysis both cut-offs.
Consequently, lactating cows having serum BHBA
concentration =1.2 mmol/L and =1.4 mmol/ were
considered as subclinically ketotic, whereas lactating
cows having serum BHBA concentration <1.2 mmol/L
and <1.4 mmol/L, respectively, were considered non-
ketotic. On the other hand, there is not any cut-off
value for defining subclinical ketosis in dry cows in the
accessed literature; consequently, we have used the
same with lactational ketosis serum BHBA cut-offs
(=1.2 and =1.4 mmol/L) in order to investigate the
usefulness of the Precision Xceed® for determining
pre-calving blood BHBA. Consequently, dry cows
having serum BHBA concentrations <1.2 mmol/L and
<1.4 mmol/L were, similarly with lactating, considered
as non-ketotic.

For statistical analysis, data were entered onto a
computerized database and analyzed with the
Statistical Program of Social Sciences (SPSS) software
for Windows, Version 17.0. Serum BHBA concentra-
tions determined in laboratory were regarded as the
gold standard. Correlation coefficients (Pearson’s
product moment correlation) were calculated between
BHBA concentrations in serum measured in the
laboratory and values displayed on the hand-held
meter test (Precision Xceed®) for whole blood. Means,
standard deviations, minimum and maximum values
were calculated. Sensitivity, specificity, positive and
negative predicted values and their binomial 95%
confidence interval (CI95) for the Precision Xceed®
hand-held meter at cut-off points (BHBA concen-

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2011, 62(2)
ITEPIOAIKO THX EAAHNIKHZ KTHNIATPIKHX ETAIPEIAX 2011, 62(2)



112 PANOUSIS N., KRITSEPI M., KARAGIANNIS L., KALAITZAKIS E., LAFI S., BROZOS CH.

Table 1. Descriptive statistics of $-hydroxyboutyric acid (BHBA) concentrations of dry and lactating dairy cows determined

on-site with Precision Xceed® hand-held meter and in laboratory.

Parameter Method
Precision Xceed?® Laboratory
BHBA (mmol/L) n Mean SD Min-Max n Mean SD Min-Max
All cows 163 0.78 0.88 0.20-5.80 163 0.81 0.82 0.28-5.31
Dry cows 50 0.45° 0.18 0.20-1.03 50 0.49° 0.15 0.30-1.01
Lactating cows 113 0.93° 1.01 0.20-5.80 113 0.95¢ 0.94 0.28-5.31
At BHBA <1.2 mmol/L
Dry cows 49 0.44 ¢ 0.13 0.20-0.80 50 0491 0.15 0.30-0.78
Lactating cows 98 0.62%¢ 0.21 0.20-0.80 102 0.68* 0.22 0.28-0.74
At BHBA = 1.2 mmol/L
Dry cows 1 1.30 - 0 - - -
Lactating cows 15 2.97 1.66 1.20-5.80 11 3.41 1.45 1.20-5.31
At BHBA = 1.4 mmol/L
Dry cows 0 - - - 0 “ < -
Lactating cows 7 4.12 1.05 2.80-5.80 9 3.88 1.10 2.39-5.31

Mean difference of rows and columns with same letter or *, respectively, is statistically significant (P<0.05).

tration =1.2 and =1.4 mmol/L) and k-statistics (test
agreement) were calculated. Sensitivity was calculated
as the proportion of cows with serum BHBA concen-
trations =1.2 and = 1.4 mmol/L correctly diagnosed as
positive by the hand-held meter. Specificity was
calculated as the proportion of cows with serum
BHBA concentrations <1.2 and <1.4 mmol/L
correctly diagnosed as negative by the hand-held meter
test. The positive predicted value was calculated as the
proportion of the animals with positive results at the
hand-held meter that were truly subclinically ketotic.
The negative predictive value was calculated as the
proportion of the animals with negative results at the
hand-held meter test that were truly non-ketotic. A P
value of <0.05 was considered statistically significant.

RESULTS

Using laboratory serum BHBA concentrations
equal or above 1.2 mmol/L as the cut-off point, 11/163
(6.7%) of the tested cows were considered as sub-
clinically ketotic. Raising the cut-off to equal or above
1.4 mmol/L, only 9 out of the 163 cows (5.5%) had
subclinical ketosis using the laboratory method. All
these (11 and 9, respectively) cows were lactating. One
out of the 50 dry cows (2%) and 15/113 lactating cows
(13.3%) sampled were classified as subclinically ketotic
when the Precision Xceed® meter was used at a cut-off

point of >1.2 mmol/L. Means, standard deviations,
minimum and maximum values of BHBA concen-
trations determined using the two different methods
are shown in Table 1.

BHBA concentrations of all the cows resulted
from the Precision Xceed® meter ranged from 0.20 to
5.80 mmol/L, whereas those resulted from the
laboratory method varied from 0.28 to 5.31 mmol/L.
Overall, the mean whole blood BHBA concentrations
resulted from the Precision Xceed® hand-held meter
and the laboratory serum BHBA concentrations were
not significantly different (P>0.05). However, when
cows were stratified according to their production
status (dry and lactating), BHBA concentrations were
significantly higher (P<0.05) for the lactating
compared to dry cows in both methods (laboratory and
hand-held meter). None of the dry cows had BHBA
concentrations above the cut-off point =1.4 mmol/L.

Glucose concentrations varied from 22-98 mg/dLL
when determined with the Precision Xceed® meter and
from 35-103 mg/dL when determined with the labora-
tory method. Means, standard deviations, minimum
and maximum values of glucose concentrations
determined using the two different methods are shown
in Table 2. Overall, mean glucose concentration values
were significantly higher (P<0.05) with laboratory
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Table 2. Descriptive statistics of glucose concentrations of dry and lactating dairy cows determined on-site with Precision

Xceed® hand-held meter and in laboratory.

Parameter Method
Precision Xceed?® Laboratory
Glucose (mg/dL) n Mean SD Min-Max n Mean SD Min-Max
All cows 114 60.03* 10.88 22-98 114 66.75* 10.19 35-103
Dry cows 50 62.18* 8.99 48-98 50 69.16%2 8.30 54-103
Lactating cows 64 58.34* 11.95 22-82 64 64.88% 11.15 35-102
At BHBA <1.2 mmol/L
Dry cows 49 62.42* 8.90 48-98 50 69.16* 8.30 54-103
Lactating cows 54 60.26* 9.52 48-82 57 66.18* 9.05 51-83
At BHBA = 1.2 mmol/L
Dry cows 1 50.00 - 0 - - -
Lactating cows 10 48.00 18.02 22-78 7 54.30 19.87 35-93
At BHBA = 1.4 mmol/L
Dry cows 0 - - 0 -
Lactating cows 7 47.00 20.58 22-78 7 54.29 19.87 35-93

Mean difference of rows and columns with same letter or *, respectively, is statistically significant (P<0.05).

method than that determined with the Precision
Xceed® meter. Even when data were stratified accor-
ding to their production status (dry and lactating), the
glucose concentrations remained significantly higher
(P<0.05) with the laboratory method than with the
Precision Xceed® meter. Moreover, when determined
with the laboratory method, the glucose concentrations
were significantly higher (P<0.05) for dry than
lactating cows (Table 2). When BHBA concentrations
were <1.2 mmol/L, glucose concentrations for
lactating and dry cows were significantly higher
(P<0.05) when determined with the laboratory
method compared to Precision Xceed® meter determi-
nation (Table 2). Overall, when determined with the
laboratory method, glucose mean concentration was
significantly higher (P<0.05) in dry compared to
lactating cows.

Analysis of pooled data revealed strongly
significant positive correlations (Figure 1 and Figure
2) for BHBA (r=0.99; n=163; P<0.01) and glucose
(r=0.63; n=114; P<0.01) concentrations between the
Precision Xceed® hand-held meter results and the
laboratory results. In addition, a statistically significant
negative correlation (r=-0.32; n=114; P<0.01)
between BHBA and glucose determined with labora-
tory method was evident, whereas the correlation
coefficient between BHBA and glucose determined

with the hand-held meter was —0.44 (n=114; P<0.001).

Overall, the test performance of the Precision
Xceed® hand-held meter at the cut-off points of =1.4
mmol/L was highly sensitive and highly specific relative
to serum BHBA for detection of subclinical ketosis.
From sensitivity of 90.9% and specificity of 96.05%
(cut-off point =1.2 mmol/L), the hand-held meter
provided <0.6% false negatives and <4% false posi-
tives, respectively. A perfect agreement was revealed,
at the cut-off point of =1.4 mmol/L, between the hand-
held meter and the serum BHBA for detection of
subclinical ketosis in all cows (Table 3).

DISCUSSION

According to the manufacturer’s instructions, the
suggested for the Precision Xceed® hand-held meter
altitude is less than 2,100 m and the suggested reading
temperature ranges between 18 and 30°C for BHBA
and 15 and 40° C for glucose. The altitude where the
cow-side measurements in the present study took place
was less than 120 m; all readings for BHBA and
glucose were done at a room temperature of 22°C.

There is a diurnal variation of BHBA concentra-
tions in dairy cows, which is related to time after
feeding (Eicher et al. 1998, Duffield 2000). In order to
capture peak BHBA concentrations, all the blood
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Figure 1. Correlation of f-hydroxyboutyric acid concentrations
determined in serum (with laboratory method - BHBL) and
whole blood (with Precision Xceed® hand-held meter - BHBP):
r=0.99; n=163; P<0.001.

Figure 2. Correlation of glucose concentrations determined in
serum (with laboratory method) and whole blood (with Precision
Xceed® hand-held meter): r=0.63; n=114; P<0.001.

Table 3. Sensitivity, specificity and test agreement (k) for f-hydroxyboutyric acid (BHBA) determined with Precision Xceed®

hand-held meter in dairy cows.

Precision Xceed® BHBA BHBA Sensitivity Specificity PPV* NPV' k-statistics
Cut-off (Clys) (Clys) (Clys) (Clys)
(mmol/L)
All Cows (n= 163) =1.2 90.9% 96.1% 62.5% 99.3% 0.72
(57.1-99.5%)  (91.2-98.4%) (35.9-83.7%)  (95.7-99.9%)
=14 100% 100% 100% 100% 1.00
Lactating cows (n=113) =12 90.9% 95% 66.7% 98.9% 0.74
(57.1-99.5%)  (88.1-98.1%) (38.7-87.1%)  (93.2-99.9%)
Dry cows (n= 50) =12 98.00% NA* NA NA NA

(88.0-99.9%)

*PPV: Positive predicted value

samples in the present research were consistently
collected between 5 to 8 hours after the start of the
morning feeding. This period would make the
possibility to detect subclinical ketosis cases higher.
Blood samples for BHBA determination should not be
collected from the mammary vein; it is lower in BHBA
because the udder tends to extract BHBA but it
releases acetoacetic acid (Kronfeld et al. 1968). This
ketone body is more stable in blood than acetone or
acetoacetate (Tyopponen and Kauppinen 1980).
Therefore, blood sampling in the present study was
performed with jugular vein puncture of each cow.

The estimated cost of subclinical ketosis is $78 per

fNPV: Negative predicted value

#NA: Not applicable

cow, whereas the cost of clinical ketosis is $145 per cow
(Geishauser et al. 2001, Duffield 2003). However,
because the subclinical form is more prevalent, its cost
at the herd level is much higher (Geishauser et al. 1998,
Duffield 2003). Therefore, identification of cows
suffering from SCK in the immediate postpartum
period at herd level is important to reduce the negative
impact of the disease. The prevalence of SCK in a dairy
herd can be evaluated by sampling 12 or more cows in
early lactation (between 5 and 50 DIM) and deter-
mining how many cows have blood BHBA concentra-
tions above 1.4 mmol/L; if more than 10% of the
sampled cows have BHBA >1.4 mmol/L, the farm is
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considered “at high risk” for ketosis (Oetzel 2004).

Subclinical ketosis’s prevalence in dairy herds
ranges from 8.9% to 34%, with an average of about
15% (Nielsen et al. 1994, Geishauser et al. 1998,
Osborne et al. 2002, Carrier et al. 2004). Evaluating the
SCK status of 766 cows in 56 herds, the overall
prevalence of SCK was 15%, whereas 34% of these
herds had SCK prevalence below 10% (Oetzel 2004).
On average, SCK affects 40% of dairy cows at least
once during lactation, whereas approximately 5% of
them experience clinical ketosis (Geishauser et al.
2001, Duffield 2003). In the present study, 6.7%
(11/163) of the tested cows were considered as
subclinically ketotic at serum BHBA cut-off concentra-
tion of =1.2 mmol/L, whereas elevating the cut-off to
1.4 mmol/L, 5.5% (9/163) of the cows had subclinical
ketosis. All these cows were lactating. Since the overall
number of tested cows was limited compared to the
overall intensively managed dairy cows population in
Greece, the above prevalence cannot be considered as
representative for the disorders’ status in the Greek
dairy industry. A thorough investigation in the future
is necessary to draw safe conclusions concerning the
prevalence of SCK in the Greek dairies.

Overall, in the present study, the mean BHBA
concentrations resulted from the Precision Xceed®
hand-held meter were similar compared to that arisen
from the laboratory method. In other studies in dairy
cows, the Precision Xtra® hand-held meter gave
significantly higher BHBA values in comparison with
the laboratory method (Voyvoda and Erdogan 2010),
whereas Iwersen et al. (2009) found slightly lower
BHBA values with the hand-held meter.

BHBA concentrations were significantly higher in
the lactating compared to dry cows, in both methods,
when data were stratified according to the production
status (dry or lactating). This is an anticipated finding
as it is well-established that lactational ketosis is far
more common than pregnancy ketosis (Merck 2011)
and the high BHBA concentrations is the main cause
of the disease. The same result was, also, evident in
non-ketotic cows (serum BHBA <1.2 mmom/L), when
data were stratified according to BHBA concentrations.

A high positive correlation between BHBA
measurement with the hand-held meter and laboratory
is reported in lactating dairy cows (Jeppesen et al.
2006, Oetzel and McGuirk 2007, Iwersen et al. 2009,

Voyvoda and Erdogan, 2010), in dogs and cats (Hoenig
et al. 2008) and in humans (Byrne et al. 2000, Chiu et
al. 2002, Noyes et al. 2007). Moreover, a good test
agreement is evident between the two measuring
methods in cows (Oetzel and McGuirk, 2007, Voyvoda
and Erdogan 2010). The present results revealed that
the Precision Xceed® had a strong (r=0.99), signifi-
cantly positive correlation, as well as excellent sensi-
tivity and specificity and perfect test agreement with
BHBA laboratory measurement, in both pregnant and
lactating dairy cows (at a cut- off point =1.4 mmol/L).
Consequently, Precision Xceed® can be a very useful
tool for on-site monitoring and decision-making for
ketosis treatment/prevention in the dairy industry.

Overall, mean glucose concentration resulted from
the laboratory method was significantly higher
compared to that obtained from the Precision Xceed®
hand-held meter. This is in contrast to other results in
lactating dairy cows, where glucose results of the hand-
held meter were higher compared to those obtained by
the laboratory method (Voyvoda and Erdogan 2010).
In contrast to BHBA, serum glucose was significantly
higher in dry compared to lactating cows, when data
were stratified according to the production status (dry
or lactating). This is an anticipated result, since lack of
energy is the major implicating mechanism of type 1
ketosis (spontaneous or underfeeding ketosis) (Herdt
2000); as previously mentioned, ketosis is much more
prevalent in early lactation than dry period.

The correlation of glucose was moderate (r=0.63),
significant and positive between the laboratory method
and the hand-held meter; however, it was lower than
BHBA'’s correlation. This is in agreement with other
results from lactating dairy cows, where the correlation
of glucose between the hand-held meter and the
laboratory method was lower than that of BHBA
(Oetzel and McGuirk 2007, Voyvoda and Erdogan
2010). This hand-held meter is considered less accurate
for measuring glucose (glucometer) compared to
BHBA (ketometer) in dairy cows (Rollin 2006, Oetzel
and McGuirk 2007, Voyvoda and Erdogan 2010).
Instead of Precision Xceed®, another portable meter
(One Touch Vita) that can only function as a gluco-
meter has been recently found that it can be used in
practice to determine glucose concentrations in cows,
having very good accuracy (Katsoulos et al. 2011).

The main interest of hand-held glucometers in
cattle is found in neonatology and every time a glucose-
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containing solution is infused intravenously (Rollin
2006). Although it is not necessary to confirm the
hypoglycemia before treating cows with intravenous
glucose or an oral glucose precursor, there are situa-
tions involving individual sick animals where their
glucose status is uncertain and some information about
their blood glucose status could guide treatment
decisions. These situations could include ketotic
(particularly following multiple treatments), any sick
cows that are less than about 4 DIM (these cows are
often hyperglycemic because they calved so recently),
and off-feed, without an obvious cause, cows (Oetzel
and McGuirk 2007). In these circumstances, know-
ledge of the animal’s glucose status would be valuable
prior to treatment and the Precision Xceed® offers an
immediate and quite reliable result. Treating cows with
glucose intravenously (or over-treatment with oral
glucose precursors) can have negative consequences
and it should not be undertaken in cows that are
already hyperglycemic (Oetzel and McGuirk 2007).

A statistically significant negative correlation
between BHBA and glucose determined with the
laboratory method (r= -0.32), as well as with the hand-
held meter (r= -0.44), was revealed. A moderate, but
significant, negative correlation between BHBA and
glucose concentrations was, also, observed in lactating
cows (Sakha et al. 2007, Voyvoda and Erdogan 2010),
which is expected, since hypoglycaemia is the major
factor that causes sublinical ketosis. However, some
dairy cows suffering from type-II ketosis can become
ketotic without the coexistence of significant
hypoglycaemia (Oetzel 2004).

The low percentage of false positive (<0.6%) and

false negative (<4%) indicating that the Precision
Xceed® meter is an accurate screening test and its
results are highly reliable under field conditions.

Tests available to clinicians for diagnosing diseases
and disorders effectively on-site are rewarding. It is
desirable for these tests to: 1) provide rapid, sensitive,
specific and reliable results; 2) require small size, easy
to use instrumentation; and 3) be inexpensive. The
Precision Xceed® hand-held meter meets all these
conditions and can be used in place of submitting
serum or plasma samples to a laboratory for BHBA
analysis. A small drop of whole blood is added to the
end of the test strip, which is inserted in the meter, and
results are displayed in 5 and 10 seconds, for the
glucose and the BHBA, respectively. Less than 1.5 uL.
of whole blood are required and an important practical
issue is that not any additional calibration or
adjustment from the human system is necessary in
order to obtain the results. The respective blood
volume and time for glucose measurement is less than
0.6 uL and 5 seconds, respectively. Furthermore, the
cost of the apparatus and strips is affordable and less
than laboratory testing. Moreover, sending a blood
sample to a laboratory for BHBA analysis requires
some processing and it is time-consuming.

Conclusions

Precision Xceed® hand-held meter seems to be a
very useful tool for the practicing veterinarian in cows’
medicine. It is highly sensitive, highly specific and it has
excellent test agreement for detection of subclinical
ketosis, especially when using a threshold of blood
BHBA =1.4 mmol/L. I

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2011, 62(2)
ITEPIOAIKO THX EAAHNIKHZ KTHNIATPIKHX ETAIPEIAX 2011, 62(2)



N.TIANOYEHZ, M. KPITZEITH, IS. KAPATTANNHE, EM. KAAAITZAKHE, LAFI S., X. MITPOZOX 117

REFERENCES

Barham D, Trinder P (1972) Improved colour reagent for
determination of blood glucose by oxidase system. Analyst 97: 142—
145. -

Bruss ML (1997) Lipids and ketones. In: Clinical Biochemistry of
Domestic Animals, 5th ed. Kaneko JJ, Harvey JW, Bruss ML
(Eds.), Academic Press, San Diego: pp 83-117.

Byrne HA, Tieszen KL, Hollis S, Dornan TL, New JP (2000)
Evaluation of an electrochemical sensor for measuring blood
ketones. Diabetes Care 23:500-503.

Carrier J, Stewart S, Godden S, Fetrow J, Rapnicki P (2004) Evaluation
and use of three cowside tests for detection of subclinical ketosis
in early postpartum cows. J Dairy Sci 87:3725-3735.

Chiu RW, Ho CS, Tong SF, Ng KF, Lam CW (2002) Evaluation of a
new handheld biosensor for point-of-care testing of whole blood
beta-hydroxybutyrate concentration. Hong Kong Med J 8:172-176.

Duffield T (2000) Subclinical ketosis in lactating dairy cattle. Vet Clin
N Am-Food A 16:231-253.

Duffield T (2003) Minimizing subclinical metabolic diseases. In:
Proceedings of Tri-State Dairy Nutrition Conference, Fort Wayne,
IN, USA: pp 1-14.

Eicher R, Liesegang A, Bouchard E, Tremblay A (1998) Influence of
concentrate feeding frequency and intrinsic factors on diurnal
variations of blood metabolites in dairy cows. In: Proceedings of
the 31st Annual Convention of the American Association of
Bovine Practitioners, Rome, GA, USA: pp 198-202.

Gau N (1987) Acetoacetic acid. In: Methods in Clinical Chemistry.
Pesce AJ, Kaplan LA (Eds.), CV Mosby Co., St. Louis, MO: pp
97-104.

Geishauser T, Leslie K, Kelton D, Duffield T (1998) Evaluation of five
cowside tests for use with milk to detect subclinical ketosis in dairy
cows. J Dairy Sci 81:438-443.

Geishauser T, Leslie K, Tenhag J, Bashiri A (2000) Evaluation of eight
cow side ketone tests in milk for detection of subclinical ketosis in
dairy cows. J Dairy Sci 83:296-299.

Geishauser T, Leslie K, Kelton D, Duffield T (2001) Monitoring for
subclinical ketosis in dairy herds. Comp Cont Educ Pract Vet
23:565-S70.

Herdt TH (2000) Ruminant adaptation to negative energy balance:
Influences on the etiology of ketosis and fatty liver. Vet Clin N Am
—Food A 16:215-230. -

Hoenig M, Dorfman M, Koenig A (2008) Use of a hand-held meter
for the measurement of blood beta-hydroxybutyrate in dogs and
cats. ] Vet Emerg Crit Car 18:86-87.

Iwersen M, Falkenberg U, Voigtsberger R, Forderung D, Heuwieser
W (2009) Evaluation of an electronic cowside test to detect
subclinical ketosis in dairy cows. J Dairy Sci 92:2618-2624.

Jeppesen R, Enemark JMD, Enevoldsen C (2006) Ketone body
measurement in dairy cows. In: Proceedings of the 24th World
Buiatrics Congress, Nice, France: Ref: OS 43-2.

Katsoulos PD, Minas A, Karatzia M, Pourliotis K, Christodoulopoulos
G (2011) Evaluation of a portable glucose meter for use in cattle
and sheep. Vet Clin Pathol 40:245-247.

Kronfeld DS, Raggi F, Ramberg CF Jr. (1968) Mammary blood flow
and ketone metabolism in normal, fasted and ketotic cows. Am J
Physiol 215: 218-227.

Merck (2011) Ketosis in Cattle: Introduction. In: Merck Sharp &
Dohme Corp., a subsidiary of Merck & Co., Inc., Whitehouse
Station, NJ, USA. http:/www.merckvetmanual.com/mvm/
index.jsp?cfile=htm/bc/80900.htm [Accessed 2 May 2011].

Nielen M, Aarts MGA, Jonkers AGM, Wensing T, Schukken YH
(1994) Evaluation of two cowside tests for the detection of
subclinical ketosis in dairy cows. Can Vet J 35:229-232.

Noyes KJ, Crofton P, Bath LE, Holmes A, Stark L, Oxley CD, Kelnar
CJH (2007) Hydroxybutyrate near-patient testing to evaluate a
new end-point for intravenous insulin therapy in the treatment of
diabetic ketoacidosis in children. Pediatr Diabetes 8:150-156.

Oetzel GR (2004) Monitoring and testing dairy herds for metabolic
disease. Vet Clin N Am — Food A 20:651-674.

Oetzel GR (2007) Herd-Level Ketosis — Diagnosis and Risk Factors.
In: Pre-conference Seminar 7C: Dairy Herd Problem Investigation
Strategies: Transition Cow Troubleshooting, 40th Annual
Conference of the American Association of Bovine Practitioners,
Vancouver, BC, Canada: pp 67-91.

Octzel GR, McGuirk S (2007) Fact sheet - Cowside blood BHBA
testing with a hand-held “ketometer”- version 4, 3/5/09, School of
Veterinary Medicine, University of Wisconsin-Madison, USA.

http://www.vetmed.wisc.edu/dms/fapm/fapmtools/tci/BHBA-Testing-
Update-090305.pdf [Accessed 2 May 2011].

Osborne TM, Leslie KE, Duffield T, Petersson CS, Ten Hag J, Okada
Y (2002) Evaluation of keto-test in urine and milk for the detection
of subclinical ketosis in periparturient Holstein dairy cattle. In:
Proceedings of the 35th Conference of the American Association
of Bovine Practitioners, Rome, GA, USA: pp 188-189.

Rollin F (2006) Tools for a prompt cowside diagnosis: what can be
implemented by the bovine practitioner? In: Proceedings of the
24th World Buiatrics Congress, Nice, France: pp 75-85.

Sakha M, Ameri M, Sharifi H, Taheri I (2007) Bovine subclinical
ketosis in dairy herds in Iran. Vet Res Commun 31:673-679.

Tyopponen J, Kauppinen K (1980) The stability and automatic
determination of ketone bodies in blood samples taken in field
conditions. Acta Vet Scand 21:55-61.

Voyvoda H, Erdogan H (2010) Use of a hand-held meter for detecting
subclinical ketosis in dairy cows. Res Vet Sci 89:344-351.

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2011, 62(2)
ITEPIOAIKO THX EAAHNIKHZ KTHNIATPIKHX ETAIPEIAX 2011, 62(2)


http://www.tcpdf.org

