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Abstract
The objective of the study was to evaluate diagnostic performance of the electronic hand-held BHBCheck
meter (PortaCheck, Inc, USA; BHM) to determine blood, plasma and serum β-hydroxybutyrate (BHB) against
serum BHB determined using reference laboratory method of Randox D-3 Hydroxybutyrate Ranbut assay
(RSM) in Indian cows and buffaloes. Blood samples were collected by puncturing coccygeal vessels for
determining serum and plasma BHB using BHM and serum BHB using RSM from 217 cows (Gir breed;
median 42 DIM and 3rd lactation) and 223 buffaloes (non-descript; median 39 DIM and 3rd lactation) from
nearby herds. Cow-side blood BHB were determined with BHM. The Pearson’s correlation between blood
(0.988; 0.987), plasma (0.985; 0.983) and serum (0.985; 0.983) BHB determined using the BHM and serum
BHB determined with the RSM were signi�cant. Bland-Altman plot demonstrated an excellent agreement
between blood, plasma and serum BHB determined with BHM, against the serum BHB determined with RSM.
For hyperketonemia with reference serum BHB cut-off values ≥ 1.2 and 1.4 mmol/L determined with RSM;
recorded optimized BHB thresholds, sensitivity and speci�city for blood (≥ 0.9 to 1.0 mmol/L; 91 to 95% and
88 to 98%) plasma (≥ 0.9 to 1.0 mmol/L; 91 and 100%) and serum (≥ 0.9 to 1.0 mmol/L; 92 to 100% and 85
to 94%) with BHM in cows and buffaloes. In conclusion, BHB determined with BHM demonstrated an
excellent correlation, agreement and test characteristics with BHB determined with RSM, hence, can
accurately determine blood, plasma and serum BHB in cows and buffaloes.

Introduction
During postpartum cows and buffaloes that fail to sustain the magnitude of metabolic shift due to drastic
increase in milk production, which feed intake alone could not meet on energy demand, end up with Negative
Energy Balance (NEB; Zhang and Ametaj, 2020) early during postpartum. This phenomenon enforce
gluconeogenesis leading to utilization of reserve fat, increased circulatory fatty acids and development of
hyperketonemia (HYK) during early postpartum period (Benedet et al. 2019; Gruber and Mansfeld, 2019). The
widely used circulating ketone body to diagnose HYK is the blood Beta-hydroxybutyrate (BHB).
Hyperketonemia alter the immunity, predisposes to postpartum production related disease conditions
(Suthar et al. 2013), decrease reproductive e�ciency (Walsh et al. 2007; Rutherford et al. 2016), affect the
milk production (Raboisson et al. 2014) and may lead to early culling from the herd (Chapinal et al. 2011;
Benedet et al. 2019). A blood BHB concentration threshold ≥ 1.0 mmol/L to ≥ 1.4 mmol/L is used to de�ne
HYK, however, blood BHB concentration of ≥ 1.2 mmol/L and ≥ 1.4 mmol/L is preferred (Benedet et al.
2019; Gruber and Mansfeld, 2019). Quantitative determination of BHB in laboratory using reference method
require the sophisticated equipment, transportation of samples and is time consuming. While qualitative and
semi-quantitative determination of ketone bodies in body �uids have limitations, hence many research
groups have evaluated e�cacy and e�ciency of electronic handheld devices to determine the BHB
concentrations quantitatively in body �uids for identifying HYK in cows. Many hand-held devices (Iwersen et
al., 2009; Iwersen et al. 2013) developed for human or animal use were evaluated to determine blood BHB in
dairy cows. Further handheld meters were also evaluated to determine BHB in goats, (Pichler et al. 2014a),
sheep (Pichler et al. 2014b), humans (Guerci et al. 2005), dogs and cats (Hoenig et al. 2008).
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Sailer et al. (2018) validated the BHBCheck meter for whole blood BHB concentrations against the reference
method (BHB LiquiColor Assay) and the Precision Xtra meter (Abbott Laboratories, Abbott Park, IL, USA) in
dairy cows (Bos taurus). The dignistic test performance of hand-held meter to determine BHB concentrations
in blood, plasma and serum in Indian zebu cows and buffaloes is not yet reported.

The pathophysiology of the postpartum NEB and development of HYK is similar in Indian zebu cows and
buffaloes to that of European or North American cows (Dobson and Kamonpatana, 1986); however,
incidences of HYK are greater during peak milk yield period (Thirunavukkarasu et al. 2010; Gupta, 2012;
Kumar et al. 2015). Limited information is available on incidences, prevalence (%) and prevalence period of
HYK in Indian cows and buffaloes and in few reports used qualitative or semi-quantitative methods.
Plausible factors like diverse management, feeding practices (conventional component feeding), herd size,
method itself and production levels might in�uence postpartum metabolic problems and production related
disease conditions in Indian dairy cows and buffaloes. Further in North American and European dairy cows
threshold level of HYK is well de�ned (i.e ≥ 1.2 to ≥ 1.4 mmol/L BHB), however, no such studies are
available de�ning threshold of BHB in Indian dairy cows or buffaloes. In Indian dairy cows and buffaloes,
the reported incidence of HYK varies from 5.30 to 24 % (Gupta, 2012; Kumar et al. 2015), while that of CK
from 3.12 to 11.2 % (Thirunavukkarasu et al. 2010; Kumar et al. 2015; Biswal et al. 2016) using qualitative
(Ross test in urine or milk) or semi-quantitative methods (Ketostix, Keto-Diastrix).

Therefore the present study was planned to evaluate the diagnostic performance of the instant electronic
hand-held device BHBCheck meter (PortaCheck, Inc, NJ, USA) by validating against serum BHB
concentrations determined using the colorimetric enzymatic reaction Randox D-3 Hydroxybutyrate (Ranbut)
assay (Randox Laboratories Ltd., United Kingdom) in Indian dairy cows and buffaloes.

Materials And Methods
The study was approved by the institutional ethics committee and undertaken between February 2019 and
December 2019. Convenience samples of Indian dairy cows (Gir breed; n = 217) with median 35 DIM (inter
quartile range (IQR) = 42; 5 to 90 DIM) and median 3rd lactation [IQR = 2 (2 to 4) minimum = 2, maximum = 6]
from two dairy herds, and buffaloes (non-descript; n = 223) with median 39 DIM (IQR = 40 DIM; 5 to 90 DIM)
and median 3 lactation [IQR = 2; (2 to 4) minimum = 2, maximum = 9] from three dairy herds around district
Gandhinagar, Gujarat, India were selected for this study. The number of cows per herd and daily average milk
production per herd varied from 35 to 156 and from 4 to 7.0 kg/d, respectively. Whereas the number of
buffaloes per herd and daily average milk production per herd varied from 20 to 410 and from 5 to 9.0 kg/d,
respectively. The samplings were performed as part of the routine health-monitoring procedures under by
Ambulatory clinics of Kamdhenu University on the farm. Efforts were made to standardize data collection of
participating dairy farms. The demographic information of study animals including calving date, lactation
etc., were recorded in data capturing forms on excel spread sheets of Microsoft windows. Blood samples
were drawn by puncturing coccygeal vessel using 20-gauge × 2.54 cm needle and collected in 10 ml clot
activated vacutainers for serum and 10 ml lithium heparin vacutainers (BD Vacutainer® PST™, BD
Diagnostics, Investate Bawal, Rewari, Haryana, India, 123401) for plasma separation and transported to the
laboratory within one hour at 18°C. Immediately after collection, onsite whole blood BHB concentrations in
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cows and buffaloes were determined using the BHBCheck meter (PortaCheck, Inc, NJ, USA; BHM). Brie�y,
whole blood BHB concentration was determined dipping the sensor of the test strips on to the surface of
whole blood collected in the tube. The quantity of blood required and time for displaying results is much less
than other handheld meters. The BHM consists of two principle components; meter and single use test
strips. The blood samples were centrifuged (18°C, 2500 x g for 10 min) in REMI centrifuge (R-8C, REMI
Laboratory Centrifuge, India) and similar to whole blood; plasma and serum BHB concentrations were
determined using the BHM under room temperature (25°C) at the laboratory. Later serum samples were
stored in duplicate aliquots at -20°C until RSM analysis. All measurements at farm and University laboratory
were carried out using single meter by veterinarian and laboratory technician trained as per the guidelines of
manufacturer. Β-Hydroxybutyrate concentrations were also determined in serum using colorimetric
enzymatic reaction (Randox D-3 Hydroxybutyrate (Ranbut) assay (RANDOX Laboratories Ltd., Ardmore,
Diamond Road, Crumlin, Co. Antrim, United Kingdom, BT29 4QY; RSM). The precision of serum BHB
concentration using RSM assay was 3.5 % CV.

The data was analysed using SPSS 26 software (IBM India Pvt Ltd., Bengaluru, Karnataka, India). The
descriptive statistic tool of SPSS was used to evaluate normality, sphericity and mean (± SE) for whole
blood, plasma and serum BHB concentrations determined using the BHM and serum BHB concentrations
determined using the RSM. Coe�cient of correlation and differences between BHB concentrations
determined with the BHM from blood, plasma and serum and using the RSM from serum was evaluated
using the Pearson’s correlation and repeated measure in the general linear model function of SPSS,
respectively. Considering three dependent variables (whole blood, plasma and serum BHB) determined using
BHM and comparison made against serum BHB values determined using RSM (independent variable) of
either Indian dairy cows or buffaloes, repeated measure in the mixed model was chosen. The biologically
plausible factors such as parity, DIM, and their potential interactions associated with BHB and variables
representing these factors were included and analysed with repeated measure ANOVA in a general linear
model. No effect of parity, DIM, and their interaction between these factors were observed and removed from
the model. Difference between the estimated marginal means (main effect) of the whole blood, plasma and
serum BHB concentrations determined using the BHM and serum BHB concentrations determined using the
RSM were evaluated with the Fisher's least signi�cant difference (LSD) post hoc test. The Mauchly’s test for
the data set assumed sphericity (p > 0.05), hence, repeated measure ANOVA output – within subject effect
Greenhouse-Geisser correction was used for the interpretation. Coe�cients of correlation cannot judge an
agreement between methods (BHM vs RSM), therefore Bland-Altman plot method was used (Bland and
Altman, 1986). For each sample (whole blood, plasma and serum) the difference between the two tests
(BHM and RSM) were calculated and plotted against their means. To observed repeatability of BHM intra
assay coe�cient of variance was determined averaging 10 repeated samples of low (0.6 mmol/L), medium
(1.2 mmol/L) and high (2.1 mmol/L) BHB concentrations determined from blood, plasma and serum in cows
and buffaloes and compared with the standard set by European Medicines Agency (EMEA, 2015).

Reference levels of serum BHB determined with RSM were used to classify as nonketotic (< 1.2 mmol/L or < 
1.4 mmol/L) and HYK (≥ 1.2 mmol/L or ≥ 1.4 mmol/L) samples. Based on this classi�cation, Receiver
Operating Characteristic (ROC) curve analysis was performed to calculate the optimal threshold values for
BHB concentrations determined from whole blood, plasma and serum using BHM in Indian dairy cows and
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buffaloes. Sensitivity (Se) and Speci�city (Sp) for optimised thresholds were calculated and the pair of Se
(True positive rate) and Sp (False positive rate) values for every individual cut-off were plotted on Y axis and
1-speci�city on X axis to construct a ROC curves for which area under curve (AUC) were determined using
MedCalc software (MedCalc Software Ltd., Acacialaan 22, 8400 Ostend, Belgium).

Results
In total 217 samples from postpartum cows were collected of which 32 (14.7 %) contained ≥ 1.2 mmol/L
and 27 (12.4 %) contained ≥ 1.4 mmol /L. The mean and median values of whole blood (0.79 ± 0.054
mmol/L; 0.6 mmol/L), plasma (0.8 ± 0.054 mmol/L; 0.6 mmol/L) and serum (0.8 ± 0.055 mmol/L; 0.6
mmol/L), BHB concentrations determined using the BHM and serum BHB (0.78 ± 0.054 mmol/L; 0.6
mmol/L) concentrations determined using the RSM. Coe�cient of correlation between whole blood (0.988),
plasma (0.985) and serum (0.985) BHB concentrations determined using the BHM and the serum BHB
concentrations determined using the RSM were highly signi�cant (p < 0.001; Fig. 1A, B and C). The
differences between whole blood, plasma and serum BHB concentrations determined using BHM and serum
BHB concentration determined using RSM were statistically signi�cant, however, biologically negligible (p < 
0.05; Table 1). The test agreement between serum BHB concentrations as determined by the RSM (reference
method), and whole blood, plasma and serum BHB concentrations determined by the BHM are shown in
Fig. 2A, B and C. The whole blood BHB concentrations determined by the BHM had least bias (mean
difference of only − 0.001 mmol/L BHB) with RSM (reference method) than plasma and serum BHB
concentrations determined using the BHM (Fig. 2A, B and C). The AUC values and test characteristics of
whole blood, plasma and serum BHB concentrations determined using the BHM for HYK with optimised
threshold values are documented in Table 2. As shown by the AUCs, the BHB concentrations determined
from whole blood, plasma and serum using the BHM were eligible to distinguish between nonketotic and
HYK cows (p = 0.001; Table 2). However, BHB concentrations determined from whole blood suggested better
accuracy with greater AUC of 0.992, Se of 91 % and Sp 98 % at ≥ 1.0 mmol/L (optimized threshold) than
BHB determined from plasma and serum using BHM. Similar results were obtained when RSM cut off value
was raised to ≥ 1.4 mmol/L BHB in order to distinguish HYK cows from nonketotic cows (Whole blood; at ≥ 
1.0 mmol/L; AUC 0.988; Se 93 % and Sp 96 %).
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Table 1
Least Signi�cant Difference between whole blood, plasma and serum BHB (mmol/L) determined with
the electronic handheld BHBCheck meter and reference concentration values of serum BHB (mmol/L)

determined with the reference standard spectrophotometric Randox assay in cows (n = 217) and
buffaloes (n = 223).

Pairwise Comparisons of BHB determined Cows Buffaloes

Mean ± SE p-value Mean ± SE p-value

Reference method Blood 0.000 ± 0.007 0.945 0.024 ± 0.01 0.019

  Plasma − 0.024 ± 0.01 0.110 0.010 ± 0.012 0.407

  Serum − 0.023 ± 0.011 0.038 0.008 ± 0.011 0.443

Blood Reference method 0.000 ± 0.007 0.945 − 0.024 ± 0.01 0.019

Plasma − 0.019 ± 0.01 0.054 − 0.014 ± 0.01 0.142

Serum − 0.024 ± 0.01 0.008 − 0.016 ± 0.01 0.064

Plasma Reference method − 0.024 ± 0.01 0.110 − 0.010 ± 0.012 0.407

Blood 0.019 ± 0.01 0.054 0.014 ± 0.01 0.142

Serum -0.005 ± 0.008 0.581 -0.002 ± 0.008 0.829

Serum Reference method 0.023 ± 0.011 0.038 -0.008 ± 0.011 0.443

Blood 0.024 ± 0.01 0.008 0.016 ± 0.009 0.064

Plasma 0.005 ± 0.008 0.581 0.002 ± 0.008 0.829
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Table 2
Performance of electronic handheld BHBCheck meter used for the classi�cation of hyperketonemia

(mmol/L) from whole blood, plasma and serum de�ned as serum BHB concentration ≥ 1.2 mmol/L or ≥ 1.4
mmol/L determined with reference standard spectrophotometric Randox assay in dairy cows (n = 217) and

buffaloes (n = 223).

      Test characteristics

Species Substrate Reference
method
cut off
(mmol/L)

Optimized
threshold
(mmol/L)

AUC (95% CI) Sensitivity

(95% CI)
(%)

Speci�city

(95% CI)
(%)

p-
value

Cows Blood ≥ 1.2 ≥ 1.0 0.992(0.968–
0.999)

91 (77–
99.1)

98 (92.6–
98.5)

0.0001

Plasma ≥ 1.0 0.980
(0.956–
0.996)

94 (79.2–
99.2)

95 (91–
97.8)

0.0001

Serum ≥ 0.9 0.977
(0.947–
0.992)

97 (83.8–
99.9)

88 (81.8–
92.0)

0.0001

Blood ≥ 1.4 ≥ 1.0 0.988
(0.964–
0.998)

93 (76–
99.1)

96 (92.6–
98.5)

0.0001

Plasma ≥ 1.0 0.984
(0.956–
0.996)

96 (81–
99.9)

83 (88.6–
96.3)

0.0001

Serum ≥ 1.0 0.983
(0.955–
0.996)

92 (76–
99.1)

94 (89.9–
97.1)

0.0001

Buffaloes Blood ≥ 1.2 ≥ 0.9 0.986
(0.961–
0.997)

94 (80.3–
99.3)

93 (88.5–
91.8)

0.0001

Plasma ≥ 1.0 0.988
(0.951–
0.994)

91 (77–
98.1)

97 (93.2–
98.8)

0.0001

Serum ≥ 0.9 0.980
(0.963–
0.998)

97 (84.7–
99.9)

90 (84.7–
93.8)

0.0001

Blood ≥ 1.4 ≥ 0.9 0.975
(0.945–
0.991)

95 (76.2–
99.9)

88 (82.3–
91.8)

0.0001

Plasma ≥ 0.9 0.977
(0.948–
0.993)

100 (84–
100)

82 (76–
87)

0.0001

Serum ≥ 0.9 0.977
(0.948–
0.992)

100 (84–
100)

85 (79–
87)

0.0001
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In our study, intra assay coe�cient of variance for the BHM was calculated using low (0.6 mmol/L), medium
(1.2 mmol/L) and high (2.1 mmol/L) BHB concentrations determined in whole blood (5.18 %, 2.66 % and
3.03 %), plasma (6.8 %, 2.66 % and 3.78 %) and serum (7.86 %, 2.66 % and 3.03 %) of cows. Overall the intra
assay coe�cient of variance showed a < 10% coe�cient of variation at all different BHB concentrations.

In total 223 samples from postpartum buffaloes were collected, of which 34 (15.24 %) contained ≥ 1.2
mmol/L and 21 (09.4 %) contained ≥ 1.4 mmol /L. The mean and median values of whole blood (0.77 ± 
0.0514 mmol/L; 0.6 mmol/L), plasma (0.79 ± 0.0510 mmol/L 0.6 mmol/L) and serum (0.78 ± 0.0515
mmol/L; 0.6 mmol/L) BHB concentrations determined using the BHM and serum (0.79 ± 0.510 mmol/L; 0.6
mmol/L) BHB concentrations determined using the RSM. Coe�cient of correlation between whole blood
(0.987), plasma (0.983) and serum (0.983) BHB concentrations determined using the BHM and the serum
BHB concentrations determined using the RSM are highly signi�cant (p < 0.001; Fig. 1D, E and F). The
differences between whole blood, plasma and serum BHB concentrations determined using BHM and serum
BHB concentration determined using RSM are negligible (p < 0.05; Table 1). Fisher's LSD post-hoc test
revealed lower whole blood BHB concentration (0.024 ± 0.01 mmol /L) when determined using BHM as
compared with serum BHB concentrations determined using RSM (p = 0.019; Table 1). The test agreement
between serum BHB concentrations as determined using the RSM and whole blood, plasma and serum BHB
concentrations determined by the BHM are shown in Fig. 1D, E and F. The whole blood, plasma and serum
BHB concentrations determined by the BHM showed mean bias of only − 0.03, − 0.01 and − 0.01 mmol/L
BHB as compared with serum BHB concentrations determined using the RSM (Fig. 1D, E and F). The AUC
values and test characteristics of whole blood, plasma and serum BHB concentrations determined using
BHM for HYK threshold values are documented in Table 2. As shown by the AUCs, the BHB concentration
determined from whole blood, plasma and serum using BHM were eligible to distinguish between nonketotic
and HYK cows (p = 0.001; Table 2) and when the cut off ≥ 1.2 mmol/L of serum BHB determined using
reference method (RSM) was used to distinguish nonketotic from HYK cows; BHB concentrations
determined from plasma and blood suggested marginally better accuracy with greater AUC (0.988 and
0.986) at optimized threshold value ≥ 1.0 mmol/L and ≥ 0.9 mmol/L than that of BHB determined from
serum (AUC 0.980; optimized threshold ≥ 0.9 mmol/L) using BHM. When the serum RSM cut off value was
raised to ≥ 1.4 mmol/L to distinguish nonketotic to HYK cows; plasma and serum BHB determined using
BHM showed marginally better accuracy (AUC 0.977) than whole blood BHB concentration determined using
BHM (AUC 0.975; Table 2).

In our study intra assay coe�cient of variance for the BHM was calculated using low (0.6 mmol/L), medium
(1.2 mmol/L) and high (2.1 mmol/L) BHB concentrations determined in whole blood (0.0 %, 2.85 % and 3.14
%), plasma (0.0 %, 3.76 % and 5.77 %) and serum (5.18 %, 6.13 % and 3.12 %) of buffaloes. Overall the intra
assay coe�cient of variance showed a < 10 % coe�cient of variation at all different BHB concentrations.

Discussion
In countries like India, the average herd size is relatively small as compared with that of European and North
American (Hemme 2019). Although production levels are lower than that of European and North American
cows, the nutritive value of milk and milk production ability, makes buffaloes the backbone of the Indian
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milk industry (BAHS, 2019), which contributes around 49 % of total milk production. It is well established
that HYK is risk factor for developing postpartum diseases like metritis, mastitis and CK (Suthar et al. 2013;
Benedet et al. 2019). Most reported occurrence of HYK or CK is around peak milking in Indian dairy cows and
buffaloes (Thirunavukkarasu et al. 2010; Gupta 2012; Kumar et al. 2015). It is also the fact that postpartum
production related diseases are high in Indian dairy cows and buffaloes (Khan et al. 2009; Saraswat and
Purohit, 2016). Further transporting samples for disease diagnosis to the laboratory is time consuming,
laborious, costly and delays the treatment decisions. Recent concept of preventive medicine in dairy industry
encourages and promotes tools with greater precision, accuracy, repeatability, quick and user friendly
interfaces.

To the best of our knowledge, this is �rst study which evaluated the diagnostic performance of the BHM to
determine whole blood, plasma and serum BHB concentrations comparing with the RSM for diagnosing HYK
in the Indian dairy cows and buffaloes. Most studies evaluated the whole blood BHB concentrations using
different handheld devices (Iwersen et al. 2009; Sailer et al. 2018), while few studies evaluated retrospective
plasma and serum BHB determination using handheld devices (Pineda and Cardoso 2015; Leal Yepes et al.
2018). In this study, on site (farm) convenience of the BHM for the diagnosis of HYK and at time of sample
availability or retrospective analysis in plasma and serum; both approaches were evaluated.

The aim of our study was not to evaluate prevalence of HYK, however, in the overall proportion of the serum
BHB concentrations of ≥ 1.2 mmol/L determined with the RSM in dairy cows and buffaloes is lower than
21.8 to 47.2 % (Suthar et al. 2013;Mann et al. 2016), within the range of 14 to 19 % (Koeck et al. 2014;
Rutherford et al. 2016; Chandler et al. 2018) and greater than 11 % (van der Drift et al. 2012). When the
threshold is raised to ≥ 1.4 mmol/L, the total reported prevalence of HYK in Indian dairy cows and buffaloes
is lower than 12 to 20 % (Du�eld et al. 2009; Chapinal et al. 2012). It is known that factors such as nutrition,
season, time of sample collection, sampling period, farm size, density and methodology itself affect the
prevalence of HYK (Mahrt et al. 2014; Zhang and Ametaj, 2020) which might have in�uenced on our study
results. Therefore results on prevalence of HYK in cows and buffaloes cannot be overlooked. Further IQR of
BHB concentrations determined from blood, plasma and serum with BHM or serum BHB concentration with
reference method are ranging from 0.3 (lower) to 1.0 (upper) mmol/L (0.1 to 6.1 mmol/L; minimum to
maximum) in Indian dairy cows and 0.3 (lower) to 0.9 (upper) mmol/L (0.1 to 5.1 mmol/L; minimum to
maximum) in buffaloes. Further around 75 % (71 to 76 %) observations of BHB concentrations determined in
blood, plasma and serum of Indian dairy cows and buffaloes are below ≥ 0.9 mmol/L. This bias might
affect interpretation of results at greater BHB concentrations.

The results of the coe�cient of correlation of whole blood BHB concentration determined using BHM with
RSM in cows and buffaloes of this study are in accordance with earlier studies (Iwersen et al. 2009,
Macmillan et al. 2017; Sailer et al. 2018). While the coe�cient of correlation of plasma and serum BHB
determination using BHM with BHB concentration determined using RSM in cattle and buffaloes are in
agreement with Pineda and Cardoso (2015). Overall, in our study reported coe�cient of correlation (> 0.983)
between BHM and RSM in Indian cows and buffaloes is very high.
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However, the correlation cannot judge an agreement between methods (BHM vs RSM), therefore Bland-
Altman plot method was used (Bland and Altman, 1986). The reported mean bias of BHM compared with
RSM in our study are from − 0.0001 mmol/L (95 % CI = -0.19 mmol/L, 0.19 mmol/L; blood), to 0.02 mmol/L
(95 % CI = − 0.34 mmol/L, 0.29 mmol/L; plasma and 95 % CI = − 0.31 mmol/L, 0.35 mmol/L; serum) in cows
and from − 0.03 mmol/L (95 % CI = − 0.33 mmol/L, 0.28 mmol/L; blood) to − 0.01 mmol/L (95 % CI = -0.36
mmol/L, 0.34 mmol/L; plasma and 95 % CI = -0.32 mmol/L, 0.30 mmol/L; serum) in buffaloes. No deviation
in mean differences were observed when the mean concentrations of blood, plasma or serum BHB levels
increased in cows or buffaloes in our study. Overall in our study, BHB determined using BHM from blood
showed relatively lower 95 % CI of mean bias compared to BHB determined from plasma and serum in
Indian dairy cows and buffaloes. However, these range of mean bias in our study for cows and buffaloes are
lower than those reported earlier (Iwersen et al. 2009; Iwersen et al. 2013; Sailer et al. 2018) and doesn’t
affect the classi�cation of HYK. From clinical standpoint, the mean bias of this range in our study is
irrelevant. Similarly, the mean difference using repeated measure ANOVA between whole blood, plasma and
serum BHB concentrations determined with BHM and serum BHB concentration determined using RSM in
cows and buffaloes reported in our study (Table 2) are clinically insigni�cant.

Evaluation of diagnostic tests is matter of concern in present medical concepts and minimize discrepancies
between diseased and healthy conditions in animals (Trevethan 2017). Therefore the test agreement of
blood, plasma and serum BHB concentrations determined with the BHM against serum BHB concentration
determined with the RSM in cows and buffaloes were evaluated using the AUC. This approach can
determine overall validity of the BHM against the reference method RSM as documented in Table 2. In our
study, the results of AUCs for whole blood were 0.992 to 0.988 in cows and 0.986 to 0.975 in buffaloes with
optimized thresholds are in agreement with study conducted by Iwersen et al. (2013). The results of AUCs for
plasma and serum 0.980 and 0.977, 0.984 and 0.983 with optimized thresholds in Indian cows and 0.988
and 0.980, 0.977 and 0.977 with optimized thresholds in buffaloes, respectively, are within the range of the
0.97 to 0.98 AUCs in a study conducted by Pineda and Cardoso, (2015). Applying the optimized thresholds
as described in Table 2, observed Se and Sp for BHM for whole blood, in Indian cows and buffaloes are
within the range of 85 % (minimum) to 98 % (maximum) Se and 80 % (minimum) to 96 % (maximum) Sp for
≥ 1.2 mmol/L BHB threshold (Iwersen et al. 2009; Voyvoda and Erdogan, 2010, Sailer et al. 2018) and 90 %
(minimum) to 100 % (maximum) Se and 86 % (minimum) to 98 % (maximum) Sp for ≥ 1.4 mmol/L BHB
threshold (Iwersen et al. 2009; Voyvoda and Erdogan 2010). Further observed Se and Sp for determining
plasma and serum BHB concentrations with the BHM in Indian cows and buffaloes in our study are within
the range of studies conducted by Pineda and Cardoso (2015) which reported Se = 100 % and Sp = 94 % in
plasma, Se = 98 % and Sp = 94 % in serum and plasma with the optimized threshold of 1.8 mmo/L for
plasma and 2.1 mmol/L for serum and Leal yepes et al. (2018) which reported Se = 100 % and Sp 76.4 % at
room temperature and Se 100 % and Sp 67.4 % at 37°C controlled temperature using threshold ≥ 1.2
mmol/L and TailDoc handheld device in plasma and Se 100 % and Sp 74.4 % at room temperature and Se
100 % and Sp 86.5 % at 37°C controlled temperature using threshold ≥ 1.2 mmol/L and Precision Xtra
handheld device in plasma. In our study, overall the optimized thresholds (≥ 0.9 to ≥ 1.0 mmol/L) remained
lower compared with the earlier studies (Iwersen et al. 2013; Pineda and Cardoso 2015), which reported 1.1
mmol/L to 1.8 mmol/L BHB levels. This might be due to production levels of Indian cows and buffaloes



Page 11/17

which are on lower side and the nutritive levels are also different than that of European or North American
dairy cows (Hemme 2019, BAHS, 2019). In our study, reported AUCs for blood, plasma and serum BHB
concentration determined with the BHM is above 0.9 which suggest an excellent test agreement with
reference method RSM (Šimundić 2009).

Overall, the study result of good agreements, excellent test characteristics of blood, plasma and serum BHB
concentrations determined with BHM than that of concentrations of serum BHB determined with reference
method suggest that BHM can be used for determining concentrations of BHB from blood, plasma and
serum. However, concentration of BHB determining from blood using BHM has advantage of cost and
timeliness.

In our study, the test characteristics of the BHM device to evaluate the HYK in dairy cows showed negligible
superior value to that reported for buffaloes, which might be due to different metabolic and physiological
responses and much higher fat, solid not fat (SNF) and other nutrients in buffalo milk than those in Bos
taurus, cross between Bos taurus and Bos indicus (El-Salam and El-Shibiny 2011).

Further in our study, the variation for intra assay coe�cient of variance for low, medium and high BHB
concentrations were low (cows: 0.0 to 7.86 % and buffaloes: 0.0 to 6.13 %) and overall below 15 % which
were within the ranges as desired by EMEA (2015). This result indicates good precision in terms of
repeatability and reproducibility of BHM device for determining BHB concentration from blood, plasma and
serum in Indian dairy cows and buffaloes.

Conclusions
In conclusion, BHB concentrations in blood, plasma and serum determined with the BHM demonstrated
signi�cantly higher correlations and excellent agreements with BHB concentration determined with the RSM
in Indian cows and buffaloes. This suggest that the BHM can accurately determine BHB concentrations from
blood, plasma and serum in Indian cows and buffaloes. Although optimized threshold were low compared to
earlier studies, the test characteristics results for determining HYK from whole blood, plasma and serum with
BHM can be utilized in Indian cows and buffaloes. Indeed diagnostic performance of the BHM is rapid,
precise and reliable tool which can accurately determine BHB concentrations and is able to discriminate HYK
in Indian cows and buffaloes.
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Figure 1

Coe�cient of Correlation of BHB concentration determined in whole blood, plasma, serum BHB
concentration using electronic handheld BHBCheck meter with concentration of serum BHB determined
using reference standard spectrophotometric Randox assay in cows (A, B and C; n = 217 paired sample
each) and buffaloes (D, E and F; n = 223 paired sample each).
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Figure 2

Differences of BHB concentrations (mmol/L) determined in serum by reference standard spectrophotometric
Rendox assay and whole blood BHB concentrations, plasma BHB concentration, serum BHB concentrations
with electronic handheld BHBCheck meter (mmol/L) plotted agents their means (Bland-Altman plot) in cows
(A, B and C; n = 217 paired sample each) and buffaloes (D, E and F; n = 223 paired sample each).


