
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Hartsleben et al. Acta Veterinaria Scandinavica           (2023) 65:43 
https://doi.org/10.1186/s13028-023-00707-9

Acta Veterinaria Scandinavica

*Correspondence:
Katharina Lichtmannsperger
katharina.lichtmannsperger@vetmeduni.ac.at
1Department for Farm Animals and Veterinary Public Health, University 
Clinic for Ruminants, University of Veterinary Medicine Vienna, 
Veterinaerplatz 1, Vienna 1210, Austria
2Bioinformatics and Biostatistics Plattform, University of Veterinary 
Medicine Vienna, Veterinaerplatz 1, Vienna 1210, Austria
3Animal Health Service Salzburg, Bundesstraße 6, Wals-Siezenheim  
5071, Austria

Abstract
Background As calves are born without circulating immunoglobulin G (IgG) they depend on transfer of passive 
immunity via colostrum within the first hours of life. If calves are not sufficiently supplied with high qualitative 
colostrum they suffer from Failure of Transfer of Passive Immunity (FTPI). The objectives of this study were to evaluate 
a calf-side point-of-care test to detect calves with FTPI and to evaluate the cut-offs for a positive test result. Two 
hundred fifty calves from 11 dairy farms (born between September 2021 and September 2022) were included, 
whereof 23 were excluded due to incomplete data. Twelve to 16 h post partum the farmers carried out a point-of-care 
test (FASTest® IgG bovine, Megacor, Austria) using a whole blood sample. Between the 3rd and the 6th day of age, 
all calves were physically examined and blood samples were collected to carry out further point-of-care tests using 
whole blood supernatant and plasma and for measuring the Brix values in serum and plasma. Brix values in serum 
were used as reference for the evaluation of the point-of-care test between the 3rd and the 6th day of age, as radial 
immunodiffusion assays could not be conducted simultaneously.

Results Brix values were not normally distributed (median at 8.6% and 9.3% in serum and plasma). In this study, 
the cut-off values for the point-of-care tests using whole blood supernatant and plasma were at 8.3% Brix in serum. 
FASTest® IgG bovine shows high sensitivities of 90% and 84% and specificities of 70% and 72% for whole blood 
supernatant and plasma.

Conclusions Of the 227 investigated calves, 39.7% showed Brix values of < 8.4% (cut-off for FTPI) which indicates an 
urgent need to improve colostrum management. The results of the study suggest that the FASTest® IgG bovine is a 
suitable on-farm method to assess FTPI in whole blood supernatant and plasma of calves between the 3rd and the 
6th day of age. However, the results also show that FASTest® IgG bovine is not adequate to test for FTPI using whole 
blood at 12 to 16 h post partum.
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Background
Due to the cotyledonary synepitheliochorial structure of 
the bovine placenta, calves are not supplied with mater-
nal antibodies during pregnancy and consequently they 
are born without circulating immunoglobulin G (IgG) 
[1, 2]. Therefore, calves rely on transfer of passive immu-
nity with IgGs (~ 85–90% IgG1) from maternal colos-
trum which has to be provided during the first hours of 
life [1, 2]. Neonatal calves that fail to absorb sufficient 
colostral IgG therefore suffer from Failure of Transfer of 
Passive Immunity (FTPI). The threshold value for FTPI 
varies in literature. Many sources give a serum IgG con-
centration below 10  mg/mL as the cut-off value [3, 4]. 
Others, however, raise the cut-off value up to a serum 
IgG concentration of 15 mg/mL [5]. FTPI is known as a 
significant problem that can lead to early calf losses due 
to gastroenteritis, pneumonia or septicaemia [3, 6, 7]. 
Besides high economic losses and reduced profitability, 
the increased morbidity and mortality rates pose a major 
animal welfare issue [8–12]. A study from Switzerland 
investigated 373 dam-calf pairs, whereof 162 (43.5%) of 
the calves showed FTPI [13]. It has been reported that 
the probability of a low serum immunoglobulin concen-
tration in calves increases significantly (odds ratio = 10.7), 
if the colostrum contains less than 50 g/L IgG [13]. Pre-
liminary results from a project by the Austrian Animal 
Health Service on the evaluation of colostrum manage-
ment on dairy farms show that 49.8% of the investigated 
colostrum samples showed Brix values of less than 22% 
[14]. Besides high colostrum quality the time between 
parturition and colostrum delivery to the neonatal calf 
plays an essential role, since the absorption of immuno-
globulins in the intestine decreases within the first 24 h 
of life and completely ceases at 24 to 36 h. In summary, 
timing of colostrum feeding after parturition (within 
2 h), colostrum quality (≥ 50 g/L IgG) and the amount of 
colostrum fed to the calf (> 4 L) within the first hours of 
life are the most important factors to prevent FTPI [1, 
3, 15–17]. Furthermore, the efficiency of immunoglobu-
lin absorption tends to be higher in colostrum with low 
bacterial contamination [18]. In an Austrian online ques-
tionnaire on calf management, only 20.8% of the farm-
ers had a colostrum testing protocol, and of these, 86.1% 
based the protocol on visual inspection [19]. It is essen-
tial for farmers to be able to evaluate the success of pas-
sive immunity transfer at the herd-level to improve their 
colostrum management [20, 21]. Although there are vari-
ous direct methods to assess the immunoglobulin con-
centration in calves they are rarely used in practice since 
they are typically time consuming and expensive. The 
radial immunodiffusion (RID) assay is the gold standard 
method to measure the quantity of IgG in calf serum 
[3, 22]. This method has to be performed by laboratory 
technicians and takes 18 to 24 h. A common alternative 

is to use indirect methods such as the Brix refractom-
eter using calf plasma or serum [23]. Since the correla-
tion between the measurement by Brix refractometry 
and the RID is good (r = 0.93) [23], Brix refractometry can 
be considered a reliable method to directly identify FTPI 
under field conditions [24–26] by measuring the total 
solids which approximates to the total protein concentra-
tion. The serum Brix measurements of the calves can be 
categorized using the thresholds described elsewhere [1, 
23, 26–29]. Cut-off values to detect FTPI by measuring 
Brix percentage in serum vary from 7.8% [26, 28], 7.9% 
[29], 8.4% [23] to 8.7% [27]. Because of these variations, 
the Brix measurements can be divided into the four cat-
egories “excellent” (Brix level ≥ 9.4%), “good” (8.9–9.3%), 
“fair” (8.1–8.8%) and “poor” (< 8.1%) [1], which can also 
be used on a herd-level. Blood samples are obviously 
required to assess the immunoglobulin concentration in 
serum or plasma. In Austria taking blood samples punc-
turing a vein is restricted to veterinarians but farmers are 
allowed to scarify the skin producing a blood drop from 
capillaries. Therefore, indirect methods such as the Brix 
refractometer are rarely used in practice. It is frequently 
not practical to take a venous blood sample in the first 
hours of the calf ’s life. However, a commercially available 
point-of-care test could be used to assess immunoglobu-
lin concentrations by farmers since only a few microli-
ters of blood are required for the procedure. To the best 
of our knowledge, there has been limited research been 
done on testing the transfer of passive immunity of neo-
natal calves 12 to 16 h after birth [30]. In the majority of 
studies, calves from 24 h of age until 7 [31], 8 [32], 11 [33] 
or 15 days of age [34] were studied. To implement a reli-
able tool to assess the IgG status of the neonatal calf, an 
early, inexpensive and practical tool such as the FASTest® 
IgG bovine (FASTest® IgG bovine, Megacor, Austria) 
might be used. The point-of-care test is a qualitative 
test for the detection of bovine IgG in serum, plasma or 
whole blood supernatant. According to the manufactur-
er’s specifications, the point-of-care test shows a negative 
result if the immunoglobulin concentration is less than 
10 mg/mL and the FASTest® IgG bovine is licensed to be 
used in calves from 24 h up to 7 days of life.

The objectives of this study were to evaluate the feasi-
bility of a calf-side point-of-care test carried out at dif-
ferent times post partum (pp) to detect calves with FTPI 
and to evaluate the cut-offs for a positive test result. Since 
the point-of-care test is not approved for whole blood, 
the results with this medium were assessed by compar-
ing with the results of point-of-care tests carried out with 
whole blood supernatant and plasma.

We hypothesized (1) That the threshold of the point-of-
care test to indicate FTPI is 8.4% Brix in serum (2) That 
the results of the point-of-care tests carried out 12 to 
16 h pp and the point-of-care test carried out 3 to 6 days 
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pp are strongly associated indicating that the early mea-
surement has a sufficient diagnostic value. Therefore, the 
results of the point-of-care tests with whole blood, whole 
blood supernatant and plasma were compared.

Methods
Ethical consideration
This study was approved by the Ethics and Animal Wel-
fare Committee (ETK) of the University of Veterinary 
Medicine, Vienna and the Austrian national authorities, 
according to § 26 of the Tierversuchsgesetz 2012 – TVG 
2012 (GZ.: 2021 − 0.644.875).

Study farms and animals
Two hundred and fifty calves from 11 dairy farms in the 
region of Enns-Pongau and Lungau (federal state of Sal-
zburg, Austria) born between September 2021 and Sep-
tember 2022 were included (see Fig. 1). The calves were 
included in the study on the sequence of their birth and 
excluded only, if they were extremely stressed, uncoop-
erative or died within the first 6 days of life (n = 0). Seven 
farms already participated actively in a previous project 
by the Austrian Animal Health Service on the evalua-
tion of colostrum management in dairy farms. A part of 
this larger investigation has been published previously 
[14]. The remaining 4 farms joined the study on their 
own intention as they could provide additional samples 

conveniently. In total, 227 female and male calves aged up 
to 6 days of age were finally involved after removing the 
data of 23 calves due to missing information. The breed 
was primarily Fleckvieh (Simmental) (n = 118 with 59.3% 
female and 40.7% male calves), Pinzgauer (n = 65 with 
33.8% female and 66.2% male calves) and cross-breeds 
(Belgian Blue) (n = 44 with 45.5% female and 54.5% male 
calves). All calves were separately from their dams within 
one hour and the farmers took care that suckling was not 
possible. Of the 227 calves included, 217 calves received 
colostrum from their own dam and 10 calves received 
non-maternal colostrum (pooled frozen colostrum, fresh 
colostrum from another cow than mother). Two hundred 
and eight calves received their first meal within 4  h pp. 
Nineteen calves received the colostrum after ≥ 4  h. Of 
these, 17 calves initially showed no suckling reflex and 
2 calves were fed later since the farmer did not man-
age to deliver the colostrum within 4  h. One hundred 
and eighty-seven calves had a colostrum intake of ≥ 2 L 
whereas 40 calves had a colostrum intake of less than 
two liters. All calves were in barns and they only received 
colostrum and transition milk within the first 6 days 
pp. The calves were fed twice daily under supervision of 
the farmers. Twelve calves were fed several times a day 
because their general condition and sucking reflex were 
poor. Factors that were associated with colostrum quality, 
FTPI and their impact on health events in the first three 

Fig. 1 Total number of included male and female calves per farm. In total, 227 calves originating from 11 dairy farms participated in the study
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weeks of life was also evaluated and already published 
[35].

Point-of-care test implementation at 12 to 16 h post 
partum by farmers
Prior to the study, all 11 dairy farms were visited by one 
author (CH) and the farmers were trained using the 
point-of-care test system (FASTest® IgG bovine, Megacor, 
Austria) (Fig. 2). The FASTest® IgG bovine is a qualitative 
test for the detection of bovine IgG in serum, plasma or 
whole blood supernatant. The point-of-care test includes 
a control line and a test line. According to the manu-
facturer’s specifications, the test line solely appears, if 
the immunoglobulin content is less than 10  mg/mL 
(FTPI). Twelve to 16 h pp, the point-of-care test was car-
ried out by the farmers as described (Fig. 2). The skin of 
right or left ear edge was scarified using a hypodermic 
needle. Subsequently, the whole blood drop (approxi-
mately 20 µL) was collected using a plastic pipette and 
the test was carried out according to the manufacturers 
specifications. Briefly, the blood sample was put on the 
sample window of the test cassette and three drops of 

buffer solution (approx. 120 to 150 µL) were added to the 
sample window. After 10 min at 20 to 25  °C the test kit 
was read by the farmers. The test results were recorded 
on paper and a digital photograph was taken of each 
test result. Subsequently, the photograph was sent to 
the principal author (CH) for further review of the test 
result. It is common to feed transition milk of the mother 
to the calves for 3 days. Farmers were instructed to carry 
on with their herd-specific management regardless of the 
point-of-care test result.

Point-of-care test implementation at 3 to 6 days of age by 
the principal author (CH)
EDTA and serum samples were collected by the prin-
cipal author (CH) from calves between 3rd and 6th day 
of age by jugular venipuncture using an 18-gauge nee-
dle and vacutainer tubes (Vacuette®, Greiner Bio-One 
GmbH, Austria). The point-of-care tests were performed 
using two different samples: whole blood supernatant 
and plasma. To receive whole blood supernatant, EDTA 
blood samples were left untouched in an upright position 
for 5 min at 20 to 25 °C. Plasma and serum samples were 

Fig. 2 All 11 farms were visited by the principal author and the farmers received a training on the usage of the point-of-care test (FASTest® IgG bovine, 
Megacor, Austria) for the detection of Failure of Transfer of Passive Immunity (FTPI). The farmers draw the samples 12 to 16 h post partum
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produced by centrifugation at 1,500  g for 10  min at 20 
to 25  °C on the farms (CGOLDENWALL 800D Electric 
Centrifuge Medical Lab Centrifuge 4,000  rpm with CE 
6 × 20 mL, Zhengzhou Jin Chen Electronic Technology 
Co. Ltd., China). All tests were carried out according to 
the manufacturer’s specifications under field conditions 
(Fig. 3).

Reference method: brix refractometry
Serum and plasma Brix values were determined imme-
diately after sample collection under field conditions 
(approx. 20 to 25  °C) on each farm using a digital Brix 
refractometer (MA871 Refractometer, Hebesberger, 
Austria) (Fig. 3). The Brix refractometer (0 to 85% Brix) 
was calibrated using deionized water. Calibration was 
carried out routinely at the beginning of the analysis on 
each farm and following the measurement of 10 serum 
or plasma samples. After calibration, serum or plasma 
was pipetted onto the prism using a one-way 2 ml plas-
tic pipette. The Brix percentage was recorded twice and 
the mean value was used for statistical analysis. Aliquots 
were made in 1.5 mL Eppendorf tubes® (Eppendorf®, 

Eppendorf Austria GmbH, Austria) and transported on 
ice in a polystyrene box. All samples were frozen within 
two hours at minus 18 °C.

Statistical analysis
Descriptive and explorative statistical analysis was per-
formed using Microsoft Excel 2010 (Microsoft®, Wash-
ington, USA) and IMB® SPSS® Statistics Version 28 (IBM®, 
New York, USA). The serum and plasma Brix percent-
ages of the calves were categorized using the threshold 
described elsewhere (excellent = ≥ 9.4%, good = 8.9–9.3%, 
fair = 8.1–8.8%, poor = < 8.1%) [1]. For each calf three 
point-of-care tests were performed: One by the farmer 
(whole blood) and two by the principal author (whole 
blood supernatant and plasma) (see Fig.  3). Statistical 
analysis was performed in two stages: Primary, test valid-
ity of point-of-care tests with whole blood supernatant 
and plasma using the BRIX values in serum as reference 
was assessed using the Youden-Index and ROC-analysis. 
The Youden index, which is calculated from the sum of 
sensitivity and specificity minus 1, to calculate the opti-
mum limit value. The area under the receiver operating 

Fig. 3 The samples were collected 12 to 16 h post partum (whole blood) by the farmers and 3 to 6 days pp (EDTA and serum) by the principal author (CH). 
All calves were clinically examined at the time of sampling. The figure illustrates the steps from sample collection to sample analysis
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characteristic (ROC) curve (AUC) was included as a 
measure of the quality of the test. The AUC values range 
between 0.5 and 1.0, where the higher values indicate 
better quality. Second, the results of the three different 
point-of-care tests for each individual calf were com-
pared to each other. There were three comparisons: 
Firstly, the comparison of the results of the farmer’s 
point-of-care tests using whole blood with the results 
of the point-of-care tests with whole blood supernatant, 
carried out by the principal author. Secondly, the results 
of the farmer’s point-of-care tests using whole blood 
were compared to the results of the point-of-care tests 
with plasma. Thirdly, the results of the point-of-care tests 
with whole blood supernatant were compared to those 
with plasma (both carried out by the principal author). 
Definition of a negative point-of-care test result was if the 
calf showed FTPI (IgG less than 10 mg/mL according to 
the manufacturer’s specifications which equals 8.4% Brix 
in serum according to previous investigations [23]). For 
this purpose, cross tables were created and the Cohen’s 
Kappa (κ) was used. Cohen’s Kappa was calculated based 
on the comparison of point-of-care tests and describes 
the agreement between them. Kappa values can range 
from 0 to 1 and they are interpreted as follows: ≥0.81 very 
good agreement; 0.61 to 0.8 good agreement; 0.41 to 0.6 
moderate agreement; 0.21 to 0.4 fair agreement; and ≤ 0.2 
poor agreement [36]. Using cross tables, sensitivity and 
specificity of the point-of-care test comparisons were cal-
culated. All tests were calculated with a significance level 
of P < 0.05. Tests of normality were carried out using Kol-
mogorov-Smirnov test.

Results
Farms and calves
In total 227 calves originating from 11 farms were 
included. IgG levels based on the measurements of the 
calves’ serum were categorized as poor, fair, good and 
excellent [23] (Fig. 4). The proportion of calves that had 
low levels of IgG varied greatly across the farms.

Brix values
The intra- and inter-reliabitity for the digital Brix refrac-
tometry was not calculated in the present study as the 
accurate assessment [37]. According to the Kolmogorov-
Smirnov-test, P-value for Brix values in serum was 
< 0.001 and for Brix values in plasma 0.002, which means 
that data were not normally distributed. Regarding the 
Brix values in serum, there was a minimum of 6.3% and 
a maximum of 11.8%. Percentiles (10th, 25th, 75th, 90th 
) were at 7.6%, 8.0%, 9.3% and 9.9% respectively. The 
median was at 8.6% with a variance of 0.9%. For Brix val-
ues in plasma the minimum was at 7.0% and the maxi-
mum at 12.4%. The percentiles in this case were at 8.4%, 
8.7%, 9.3%, 9.9% and 10.5%. A median of 9.3% with a vari-
ance of 0.8% was calculated.

In total, 137 of the calves (60.3%) and 90 of the calves 
(39.7%) showed serum Brix values of ≥ 8.4% and serum 
Brix values of < 8.4%, respectively (Fig. 5). Consequently, 
39.7% of the calves were classified as suffering from FTPI. 
The statistical measures varied between the individual 
farms. Further details are published elsewhere [35].

Fig. 4 Summary of the four categories for immunoglobulin G levels based on the BRIX measurements in serum on the 11 included farms according to 
Godden and colleagues (2019)

 



Page 7 of 12Hartsleben et al. Acta Veterinaria Scandinavica           (2023) 65:43 

Receiver operating curves
Evaluating cut-offs for the point-of-care test carried out by 
the principal author using whole blood supernatant
The point-of-care test using whole blood supernatant 
carried out by the principal author between 3rd and 6th 
day pp was carried out using 137 ‘no FTPI’ and 90 FTPI 
samples. In this case, the AUC was 0.84 and 0.88 when 
using the Brix values from serum and the Brix values 
from plasma (collected between the 3rd and the 6th day 
of age). The optimal cut-off was set at 8.3% Brix for serum 
(SE = 0.90; SP = 0.70) and 9.2% Brix for plasma (SE = 0.79; 
SP = 0.80). The Youden Index was 0.60 and 0.59 for serum 
and plasma, respectively (Fig. 6).

Evaluating cut-offs for the point-of-care test carried out by 
the principal author using plasma
The point-of-care test using plasma carried out by prin-
cipal author between 3rd and 6th day pp was carried out 
on 153 ‘no FTPI’ and 74 FTPI test results. The AUC was 
0.81 and 0.81 when using the Brix values from serum and 
the Brix values from plasma (collected between the 3rd 
and the 6th day of age), respectively. The optimal cut-off 
was set at 8.3% Brix for serum (SE = 0.84; SP = 0.72) and 
8.9% Brix for plasma (SE = 0.87; SP = 0.68). The Youden 
Index was 0.56 and 0.55 for serum and plasma, respec-
tively (Fig. 6).

Point-of-care test comparison
In order to know if the point-of-care test 12 to 16 h pp 
and the point-of-care tests between 3rd and 6th day pp 
are strongly associated the results of all 3 point-of-care 
tests were compared to each other (Table 1).

Comparison of point-of-care test results from whole blood 
(12 to 16 h post partum) and whole blood supernatant (3 to 6 
days post partum)
Of the 227 included calves 132 calves (60.4%) had a suf-
ficient immunoglobulin concentration and 90 calves 
(39.6%) had an insufficient immunoglobulin concentra-
tion according to the test result after 3 to 6 days using 
the whole blood supernatant samples. Of the 185 (100%) 
point-of-care test results showing ‘no FTPI’ gained after 
12 to 16 h by the farmer, 132 (71.4%) were correctly iden-
tified as ‘no FTPI’ and 53 (28.6%) were incorrectly identi-
fied as ‘no FTPI’ (Table 2). The sensitivity and specificity 
in this comparison were 96.4% and 41.1%, respectively. 
The kappa coefficient was 0.412 (0.300; 0.525), indicating 
a moderate agreement (see Table 1).

Comparison of point-of-care test results from whole blood 
(12 to 16 h post partum) and plasma (3 to 6 days post 
partum)
Of the 227 included calves, 153 calves (67.4%) showed ‘no 
FTPI’ and 74 calves (32.6%) had an insufficient immuno-
globulin concentration according to the test result after 

Fig. 5 Boxplots of the Brix values in serum for each individual farm (n = 11) and 227 investigated calves
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3 to 6 days using the plasma samples. Of the 185 (100%) 
point-of-care test results gained after 12 to 16  h by the 
farmer, 141 (76.2%) were correctly identified ‘no FTPI’ 
and 44 (23.8%) were incorrectly identified as ‘no FTPI’ 
(Table 2). The sensitivity and specificity in this compari-
son were 92.2% and 40.5%, respectively. The kappa coeffi-
cient was 0.368 (0.240; 0.496), indicating a fair agreement 
(see Table 1).

Comparison of point-of-care test results from whole blood 
supernatant and plasma (3 to 6 days post partum)
As described in the manufacturer’s specifications, the 
point-of-care test using plasma after 3 to 6 days pp was 
implemented as the reference test for comparison. Two 
hundred and twenty seven calves were included. Of these 
calves, 137 calves showed ’no FTPI’ and 90 calves were 

categorized as having FTPI, according to the point-of-
care test with whole blood supernatant. Of the 137 calves 
that showed ”no FTPI”, 135 were correctly and 2 were 
incorrectly identified as having ”no FTPI” in comparison 
to the point-of-care test with plasma (Table 2). The sensi-
tivity and specificity in this comparison were 88.2% and 
97.3%. The kappa coefficient was 0.81 (0.732; 0.889), indi-
cating a good agreement (Table 1).

Discussion
Occurrence of FTPI
In order to protect calves against FTPI, adequate sup-
ply of high qualitative colostrum is necessary. Calf-side 
point-of-care tests would be a suitable on-farm method 
to detect calves with FTPI with some limitations. Accord-
ing to the manufacturer’s specifications of FASTest® IgG 

Table 1 Comparison of the three point-of-care tests carried out for each individual calf
Point-of-care
test

Comparison
test

PPV
(95% CI)

NPV
(95% CI)

SE
(95% CI)

SP
(95% CI)

К
(95% 
CI)

Whole blood* whole blood 
supernatant#

71.4%
(64.6%; 77.5%)

88.1%
(76.1%; 95.6%)

96.4%
(92.3%; 98.7%)

41.1%
(31.3%; 51.4%)

0.412
(0.300; 
0.525)

Whole blood* plasma# 76.2%
(69.7%; 82.0%)

71.4%
(56.8%; 83.5%)

92.2%
(87.2%; 95.7%)

40.5%
(29.8%; 51.9%)

0.368
(0.240; 
0.496)

Whole blood supernatant# plasma# 98.5%
(95.6%; 99.8%)

80.0%
(71.0%; 87.4%)

88.2%
(82.5%; 92.7%)

97.3%
(91.9%; 99.5%)

0.81
(0.732; 
0.889)

This table gives an overview of the comparison of the three point-of-care tests carried out for each individual calf. As there was no RID implemented, the three 
point-of-care tests were compared to each other in order to calculate these values. Positive predictive value (PPV), negative predictive value (NPV), sensitivity (SE), 
specificity (SP) and Cohen’s Kappa (К) of one point-of-care test (FASTest® IgG bovine, Megacor) using different blood collecting time points pp (*12 to 16 h pp by the 
farmers; #3 to 6 days pp by the principal author) and different media. The lower and upper 95% confidence intervals are given in parentheses (95%CI).

Fig. 6 Receiver Operating Curve for the point-of-care test (FASTest® IgG bovine, Megacor) using whole blood supernatant (left) and plasma (right) carried 
out 3 to 6 days post partum. The Brix values from serum and plasma were used as reference to calculate the optimal threshold
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bovine, the cut-off value is set at 10  mg/mL which has 
been described to equal 8.4% Brix in serum with a sen-
sitivity and specificity of 88.9% [23]. Different Brix val-
ues have been estimated to correspond to a serum IgG 
concentration of 10  mg/mL [1, 23, 26–29]. It has to be 
stressed that studies have used different reference tests 
to determine an optimal cut-off. For example, serum total 
protein (STP) or enzyme-linked immunosorbent assays 
are used as comparison methods to implement a value 
corresponding a serum IgG concentration of 10 mg/mL 
[26]. RID as gold standard would be optimal as a refer-
ence comparison [23]. Therefore, we hypothesized that 
the threshold of the point-of-care test indicating FTPI 
is 8.4% in serum [23], as it has been described that a 
serum IgG concentration of 10 mg/mL equals 8.4% Brix 
in serum with a high sensitivity and specificity [23]. Fur-
thermore, there was a high correlation of Brix percent-
age and IgG (analyzed by RID) of r = 0.93 [23]. In general, 
it has to be emphasized, that one single cut-off value is 
not adequate to categorize calves with FTPI on a herd-
level. It would be beneficial to divide the serum brix val-
ues of the calves into categories, for instance as described 
by Godden and coworkers [1]. A dichotomous approach 
(FTPI yes or no) is possible for instance by using such a 
point-of-care test. However, on a herd-level the catego-
rization would be beneficial since it should be empha-
sized that calves do not just have an IgG level of > 10 mg/
mL, they should have an excellent colostrum supply with 
> 25 mg/mL. In the present study, however, there had to 

be a limit value based on the validity of the point-of-care 
test (yes/no).

This applies not only to the cut-off value determination 
of Brix percentage, but also to the cut-off value determi-
nation of other units, such as serum IgG concentration. 
Regarding this, cut-off values range from 10  mg/mL [3, 
4] to 15 mg/mL [5]. Further studies are needed to clarify 
this issue.

Brix percentages and their cut-off values
In total, 90 calves (39.7%) showed serum Brix percent-
ages of < 8.4%, respectively. In other studies, the number 
of calves with FTPI was at 27% [28], 13% [26], 8.3% [29], 
4.75% [23] and 43.3% [27]. These great differences are 
due on the one hand to the different cut-offs, and on the 
other hand, there are both, geographical- and manage-
ment-related differences. Furthermore, parameters such 
as season, temperature, time of sampling and cattle breed 
can have an effect on the results. In the present study, 
there are differences between the individual farms. Fur-
ther studies and a greater study population are necessary 
to show the impact of these parameters on Brix values.

Brix cut-off values in serum were at 8.3% for point-of-
care tests using plasma and whole blood supernatant. 
According to the ROC analysis, sensitivity and specific-
ity were at 84.3% and 71.6% for point-of-care tests with 
plasma and at 89.8% and 70.0% for point-of-care tests 
with whole blood supernatant, respectively. Compared 
to an investigation carried out on dairy calves, the cal-
culated cut-off values of the present study were lower, 
possibly explaining the high number of false results (‘no 
FTPI’) [23]. Assuming the calculated cut-off values in the 
point-of-care test were higher, more calves would show 
FTPI, as discussed elsewhere [5].

Brix cut-off values in plasma were also investigated. 
The cut-offs in this respect were at 8.9% for point-of-care 
tests with plasma and 9.2% for point-of-care tests with 
whole blood supernatant, respectively. There are multiple 
studies showing a substantial difference between serum 
and plasma Brix levels of 8.7% Brix in serum and 9.4% 
Brix in plasma and 7.8% Brix in serum and 8.6% Brix in 
plasma [27, 28]. The cut-off results of the present inves-
tigation were within the range of the aforementioned 
studies. One of the potential explanations for cut-offs 
in plasma being higher than in serum might be because 
plasma contains coagulation proteins such as fibrinogen, 
which is soluble and clots during serum processing [38]. 
Furthermore, EDTA (used in this study) as well as other 
anticoagulants (lithium-heparin, citrate or heparin) can 
incorrectly lead to an increase of plasma total protein 
concentrations due to an incorrect ratio between blood 
and the anticoagulant [39].

It has been proven elsewhere that Brix values of 
serum samples show higher agreement with RID than 

Table 2 Cross tabulation on the point-of-care test results
FASTest® IgG bovine with 
whole blood supernatant (3 to 
6 days p.p.)
no FTPI FTPI total

FASTest®IgG bovine with 
whole blood
(12 to 16 hp.p.)

no 
FTPI

132 53 185

FTPI 5 37 42
total 137 90 227

FASTest®IgG bovine with 
plasma (3 to 6 daysp.p.)
no FTPI FTPI total

FASTest®IgG bovine with 
whole blood
(12–16 hp.p.)

no 
FTPI

141 44 185

FTPI 12 30 42
total 153 74 227

FASTest®IgG bovine with 
plasma (3–6 daysp.p.)
no FTPI FTPI total

FASTest®IgG bovine with 
whole blood supernatant
(3–6 daysp.p.)

no 
FTPI

135 2 137

FTPI 18 72 90
total 153 74 227

This table shows a cross tabulation on the point-of-care test results carried out 
by the farmers (12 to 16 h post partum (pp)) and by the principal author (3 to 6 
days pp) using different media for the test
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those from plasma with an accuracy of 79.7% in serum 
and 74.7% in plasma, respectively [27]. A digital Brix 
refractometer has been implemented as reference in the 
present study. Currently, the RID is recognized as gold 
standard in detecting immunoglobulins in bovine serum 
samples. Multiple investigations showed that the RID 
results and the Brix results show a good accuracy. There-
fore, it has to be stressed that using the Brix values as ref-
erence was suboptimal. With regard to the Brix values in 
serum on days 3 to 6 of life, 90 calves (39.7%) had FTPI, if 
a threshold of 8.4% was used [23].

Point-of-care test comparison
The second hypothesis was that the results of the point-
of-care tests carried out 12 to 16 h pp and the point-of-
care tests carried out 3 to 6 days pp give the same test 
result (FTPI yes or no) indicating that the early measure-
ment has sufficient diagnostic value. Since the point-of-
care test is not approved for whole blood, the results with 
this medium were checked by comparing with the results 
of point-of-care tests carried out with whole blood 
supernatant and plasma. It was feasible to carry out the 
point-of-care test using whole blood from the calf ’s ear. 
Nevertheless, the point-of-care test showed a poor per-
formance in terms of false positive and false negative 
rates in comparison to the tests carried out after 3 to 6 
days of age. It needs to be stressed that no reference test 
(Brix value) was available for this time point. In future 
investigations, the gold standard also needs to be carried 
out in parallel.

In total, 185 calves were identified as having ‘no FTPI’ 
by the point-of-care test using whole blood after 12 to 16 
hours pp (by the farmers). Of these 185 calves, 28.7% (53) 
and 23.8% (44) of the calves had been identified incor-
rectly using whole blood supernatant and plasma as the 
reference test for comparison at 3 to 6 days of age. The 
high number of false ’’no FTPI’ results make the farmers 
believe that the new-born calves are supplied sufficiently 
with IgG. The FASTest® IgG bovine has a low specificity 
12 to 16 h pp, which might be due to any kind of cross 
reaction between the whole blood cells and the antibod-
ies of the lateral flow ELISA. The exact causes seem to be 
unknown.

In total, 42 calves have been identified as having FTPI 
by the farmers’ point-of-care test with whole blood. Of 
these 42 calves, (11.9%) 5 (comparison test with whole 
blood supernatant) and 28.6% (12) (comparison test with 
plasma) had been identified incorrectly. One of the major 
limitations of the study was, that there was no reference 
test (digital Brix refractometry) carried out 12 to 16  h 
after birth. In brief, it can be summarized that the collec-
tion of whole blood from the calf ’s ear using a capillary 
was feasible but the timing and the sample type do not 
seem to be suitable for FASTest® IgG bovine.

Additionally, the qualitative point-of-care test solely 
divides the calves into the ones having FTPI and the ones 
not having FTPI. It is well known that the IgG status of 
the calves should not just be divided dichotomously since 
there is a difference in morbidity and mortality rates 
between calves having poor (< 8.1% Brix in serum), fair 
(8.1–8.8% Brix in serum), good (8.9–9.3% Brix in serum) 
or excellent (≥ 9.4% Brix in serum) TPI [1]. Therefore, it 
needs to be further investigated if the point-of-care test 
is an economically useful investment taking into account 
the information you receive and the conclusions you can 
draw from the results.

Point-of-care tests with whole blood supernatant and 
plasma compared to each other show a very good agree-
ment with a kappa value of 0.81 (ranging from 0.73 to 
0.89). The ZAPvet Bovine IgG (ZAPvet Bovine IgG test, 
ZBx Corp., Toronto, ON, Canada), which is a different 
calf-side point-of-care test, shows a sensitivity of 82.0% 
and a specificity of 65.0% [33]. Sensitivity as well as speci-
ficity are significantly lower for ZAPvet Bovine IgG than 
for FASTest® IgG bovine regardless the sample used. 
FASTest® IgG bovine has a sensitivity of 90% and 84% and 
a specificity of 70% and 72% for whole blood supernatant 
and plasma, respectively.

General limitations
There were some major limitations in the present study. 
The used reference method was not the gold standard 
(RID). There is good evidence showing that there is a high 
correlation between the RID and Brix refractometry [23, 
27–29]. Since there is an accuracy of almost 80% between 
Brix values in serum and RID, this value was used as the 
reference method [27]. The digital Brix refractometer was 
used as a fast and cost effective reference method, which 
can be carried out in the local veterinary practice without 
any special skills or equipment. Nevertheless, it has to be 
mentioned that even this method is not cheap. Initial cost 
may range from $US 200–400 and an annual calibration 
has to be done. With regard to the calculation of sensitiv-
ity and specificity, it has to be emphasized at this point 
that their calculation would have been preferable using 
the gold standard method (RID).

As it was not feasible for the principal author (CH) 
to visit each calf and take a blood sample 12 to 16 h pp, 
due to night parturition for example, farmers were also 
involved in sample collection. Since the national law 
allows farmers only to draw capillary blood, whole blood 
was used even though FASTest® IgG bovine is approved 
for whole blood supernatant, plasma and serum. Accord-
ing to the manufacture’s specifications, the test time 
slot for FASTest® IgG bovine is from 24  h up to 7 days 
pp. In future investigations, additional serum and plasma 
samples have to be drawn from the calves 12–16  h pp 
to describe whether the cross-reactivity of the blood 
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constituents with the antibodies or other factors influ-
ence the test results. Another aspect is that the value of 
IgG may still be increasing at this time point. For exam-
ple, if a calf did not drink colostrum until 6 h pp, there is 
a high probability of having a test result with FTPI 12 h 
pp. However, since TPI is not yet complete at this time, 
the same calf might not have FTPI at a later time point 
of measurement. Another aspect is that providing addi-
tional colostrum even 24  h pp is beneficial and might 
increase IgG levels [30, 40]. So, if the point-of-care test 
had been done at a later time point (for example 18–24 h 
post par,tum), better matches to the results of the tests 
performed between 3rd and 6th day might have been 
achieved. Furthermore, Brix refractometry or even better 
RID should be done at 12 to 16 h pp in order to check the 
presented values for FASTest® IgG bovine at this timeslot.

The 11 farms are a good representation of the region 
of Enns-Pongau and Lungau (federal state of Salzburg, 
Austria). In order to get a reliable overview on the actual 
colostrum supply of calves in the province of Salzburg, 
further studies are necessary. To the best of our knowl-
edge, this was the first attempt to focus on the feasibility 
of a calf-side point-of-care test in Austria. Further stud-
ies are needed to investigate if capillary whole blood is 
a reliable medium to test for FTPI in calves at different 
time points with calf-side point-of-care tests. This study 
was solely a small scale investigation in a defined region 
in Austria. To receive data on the true prevalence of FTPI 
in Austria, further studies are needed including a prior 
sample size calculation and defined inclusion criteria 
(randomisation). It is also necessary to do further studies 
in other countries, because globally, there are many dif-
ferent managements and thus differences in the IgG sup-
ply of the calves.

Conclusions
39.7% of the investigated calves from the regions Enns-
Pongau and Lungau, Austria showed Brix values of < 8.4% 
(cut-off for FTPI). This shows that there is an urgent need 
for improvement in terms of colostrum management in 
these specific regions of Austria. This study also deter-
mined that the point-of-care tests using whole blood 
supernatant and plasma carried out between the 3rd 
and the 6th day of age are suitable to get information on 
the status of transfer of passive immunity in calves. The 
point-of-care test showed a sensitivity of 90% and a spec-
ificity of 70% for whole blood supernatant and a sensitiv-
ity of 84% and a specificity of 72% for plasma using 8.3% 
Brix as the cut-off. It was feasible to carry out the point-
of care test at 12 to 16  h after birth using whole blood 
collected from the ear edge by the farmer. Further studies 
are needed to evaluate if an early evaluation of transfer 
of passive immunity (12 to 16 h pp) might be useful and 

whether the point-of-care test provides an accurate result 
using whole blood.
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