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ABSTRACT 

The objective of this study was to evaluate a filter system to harvest plasma in order to 

assess failure of passive transfer (FPT) in newborn calves. Blood samples (n = 227) were 

collected from Holstein calves aged 1 to 6 days, from 4 commercial dairy herds in the 

northeast of Germany. Serum IgG concentration was determined in serum using an ELISA 

test. Failure of passive transfer was defined as IgG concentrations ≤ 10 mg/mL and used as a 

gold standard. An optical refractometer and 2 different digital BRIX refractometers were used 

to assess FPT in serum or plasma. Serum was obtained through centrifugation. Plasma was 

either obtained through a filter system or centrifugation. A receiver operating characteristic 

curve analysis was used to determine an optimum threshold for each of the 3 devices using 

different media. Sixty-seven (30%) calves had FPT. For device 1, the optimum threshold was 

8.9% (Se 82.1%; Sp 63.8%; AUC 0.81), 9.4% (Se 76.1%; Sp 73.7%; AUC 0.80), using serum 

and centrifuged plasma, respectively. For device 2, the optimum threshold was 8.7% (Se 

74.6%; Sp 76.2%; AUC 0.83), 9.5% (Se 80.6%; Sp70.6%; AUC 0.83), 9.2% (Se 58.2%; Sp 

87.5%; AUC 0.80) using serum, centrifuged plasma, and filtered plasma, respectively. For 

device 3, the optimum threshold was 5.6 g/dL (Se 70.1%; Sp 80.0%; AUC 0.85), 6.3 g/dL (Se 

82.1%; Sp 68.1%; AUC 0.84), 6.0 g/dL (Se 56.7%; Sp 90.0%; AUC 0.80) using serum, 

centrifuged plasma, and filtered plasma, respectively. Based on AUC the 3 devices yielded 

comparable test characteristics to identify calves with FPT. In conclusion, a filter system can 

be used to facilitate the evaluation of FPT as a point of care technique in calves without the 

need for serum centrifugation. 

Keywords: Calves, colostrum, failure of passive transfer. 
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RESUMO 

O objetivo deste estudo foi avaliar um sistema de filtragem para recolher plasma para 

avaliar a falha na transferência passiva (FTP) em vitelos recém-nascidos. As amostras de 

sangue (n = 227) foram recolhidas a partir de vitelos da raça Holstein (1 a 6 dias de idade), de 

4 explorações leiteiras comerciais localizadas no nordeste da Alemanha. A concentração 

sérica de IgG foi determinada no soro utilizando o método ELISA. A falha da transferência 

passiva foi definida como concentrações de IgG ≤ 10 mg/mL e utilizada como padrão. Um 

refratómetro óptico e dois refratómetros digitais BRIX foram usados na avaliação do FTP no 

soro ou plasma. O soro foi obtido por centrifugação. O plasma foi obtido através de um 

sistema de filtração ou de centrifugação. Utilizou-se uma análise de curva característica de 

operação do receptor para determinar um limiar ótimo para cada um dos 3 dispositivos que 

utilizam meios diferentes. Sessenta e sete (30%) bezerros tinham FTP. Para o dispositivo 1, o 

limiar ótimo foi de 8,9% (Se 82,1%; Sp 63,8%, AUC 0,81), 9,4% (Se 76,1%; Sp 73,7%, AUC 

0,80), utilizando soro e plasma centrifugado, respectivamente. Para o dispositivo 2, o limiar 

ótimo foi de 8,7% (Se 74,6%, Sp 76,2%, AUC 0,83), 9,5% (Se 80,6%, Sp70,6%, AUC 0,83), 

9,2% (Se 58,2%; Sp 87,5%, AUC 0.80) utilizando soro, plasma centrifugado e plasma 

filtrado, respectivamente. Para o dispositivo 3, o limiar ótimo foi de 5,6 g/dL (Se 70,1%; Sp 

80,0%, AUC 0,85), 6,3 g/dL (Se 82,1%; Sp 68,1%; AUC 0,84), 6,0 g/dL (Se 56,7%; Sp 

90,0%; AUC 0,80) utilizando soro, plasma centrifugado e plasma filtrado, respectivamente. 

Com base na AUC, os 3 dispositivos produziram características de teste comparáveis para 

identificar vitelos com FTP. Em conclusão, um sistema de filtro pode ser usado para facilitar a 

avaliação de FTP como técnica de ponto de tratamento em vitelos sem a necessidade de 

centrifugação no soro. 

Palavras-chave: colostro, falha na transferência passiva, vitelos. 
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INTRODUCTION  

The dairy market is growing all over the world. In the year 2005, world milk production 

averaged 650 millions of tons, increasing by 26% until 2015 (IDFA, 2017). According to 

FAO (2016) the Europe Union is the second largest producer of milk, overdue only by Asia. 

Feeding and management programs for calves are important in determining their health 

and survival as they are designed to help ensure that calves reach their biological growth 

potential (BAMN, 2017). To achieve the expected result of a dairy production, special care is 

required in the management of animals and, for this, the key factor is to achieve early and 

adequate intake of high quality colostrum to deliver maternal immunoglobulins (Ig’s), 

nutrients, and non-nutrient factors that have been shown to impact the metabolism and the 

future performance of the neonatal calf (Van Amburgh, 2017). Continuous monitoring of 

successful passive transfer of IgG in newborn calves should be a crucial component of a 

sound colostrum management (DCHA, 2016). 

For the assessment of a successful passive transfer a validated method is to use the 

concentration of serum total protein (TP) of calves aged at least 24 hours until 7 days using 

refractometry (Deelen et al., 2014). The failure of passive transfer (FPT) in calves is defined 

as serum IgG concentrations below 10 mg/mL (Godden, 2008). Prevalence of FPT ranged 

from 1.3 to 36% in the modern dairy industry (Lee at al., 2008; Morrill et al., 2013; Deelen et 

al., 2014; Elsohaby et al., 2015; Hernandez et al., 2016). Both optical and digital 

refractometry were highly correlated with the gold standard to assess FPT using the 

concentration of Ig in the serum of calves. Thresholds to define successful passive transfer for 

optical refractometer and digital BRIX refractometer were 5.5 g/dL and 8.4%, respectively 

(Weaver et al., 2000; Deelen et al., 2014). A calves’ passive transfer status and the amount of 

liquid nutrition consumed during the preweaning period plays an important role in resistance 

to disease and growth (BAMN, 2017). For monitoring IgG or TP it is necessary to separate 

the serum from the blood cells using a centrifuge, therefore, its application as an on-farm test 

is limited (Wallace et al., 2006). In human medicine a filter system was developed for point of 

care devices to separate plasma from blood cells (Wang et al., 2012). This system was shown 

to be efficient in separating plasma from cells and has several advantages, such as being 

portable, quick and requiring only small amounts of blood (Crowley et al., 2005; Chen et al., 

2009). However, it has not been validated in veterinary medicine. 
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The objective of this study was to evaluate a filter system to harvest plasma in order to 

assess FPT in newborn calves. We hypothesized that TP measured in filtered plasma using 

refractometry is highly correlated with serum IgG concentration obtained by centrifugation. 
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I – LITERATURE REVIEW 

1. Colostrum 

Colostrum is a fluid secreted by the female mammary gland in the first 24 hours after 

calving (Jaster, 2005), in which the main function is to meet the complete nutritional needs of 

the newborn (McGrath et al., 2016). The milk produced by the third day after the first milking 

is called transitional milk, after the first milking changes occur in the composition (BAMN, 

2001). During the dry period, about two months before giving birth, the mammary gland 

begins a rebuilding phase (Hurley and Theil, 2011). Colostrum formation begins a few weeks 

before delivery, under the influence of lactogenic hormones such as prolactin, and abruptly 

terminates after calf birth (Godden, 2008). 

The first food is very important for the development of the calf, both for immunity and 

body weight gain (Rebelatto and Weiblen, 1992). Faber et al. (2005) published a paper 

describing the importance of colostrum for the development of the newborn. They compared 

feeding 4 vs. 2 liters of maternal colostrum to 68 Brown Swiss heifer calves. The calves that 

received 4 liters of colostrum (classified as high quality) grew faster (1.03 vs. 0.80 kg/day), 

had fewer sick days (5 vs. 8 days/calf), and produced 550 kg of additional milk during two 

entire lactations. Feitosa et al. (2001) described the importance of transferring Ig’s to newborn 

animals. In their study seven newborn (n = 40) calves died due to passive transfer failure. The 

mean total protein concentration of those animals was 4.7 g/dL, while the survivors presented 

an average of 7.0 g/dL. 

1.1. Composition 

Colostrum contains many important substances for calf health such as energy, 

cytokines, growth factors, and increased levels of vitamins and minerals (McGrath et al., 

2016). The concentration of these compounds, especially of antibodies and proteins, decrease 

after the first day of milking and an increase in lactose concentration occurs (McGrath et al., 

2016; TCRM, 2017) (Table 1). 

The composition and physical characteristics of colostrum vary due to several factors, 

including individuality, race, parity, pre partum feeding, duration of dry cow period, 

postpartum milking time, among others (Weaver et al., 2000). In fact, as shown in the Table 

1, the concentration of lactose is low in colostrum and changes inversely to other nutrients, 

such as fats and proteins, emphasizing the importance of providing colostrum on the first day 

of life. McGrath et al. (2016) refers that the lactose concentration reaches a normal 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurley%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theil%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
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concentration within 7 days postpartum. Colostrum also has higher energy content than 

normal milk which is important since newborn calves lack large reserves of fat (Lorenz et al., 

2011). 

Table 1. Composition of colostrum, transition milk and milk (TCRM, 2017) 

Milking number 

 1 2 3 11 

 Colostrum Transition milk Milk 

Total solid (%) 23.9 17.9 14.1 12.5 

Fat (%) 6.7 5.4 3.9 3.9 

Protein (%) 14.0 8.4 5.1 3.1 

Antibodies (%) 6.0 4.2 2.4 0.09 

Lactose (%) 2.7 3.9 4.4 4.9 

Minerals (%) 1.11 0.95 0.87 0.74 

Vitamin A (μg/dL) 295 190 113 34 

The growth and performance of the calf are related to a large number of factors, such as 

feeding (Miller-Cushon and DeVries, 2015). Growth is regulated by the daily intake of 

protein and energy found in milk (Faber et al., 2005). Therefore, after the supply of colostrum 

as the first feeding, it is very important to continue providing milk in the first days of life, 

with the introduction of a new diet (Miller-Cushon and DeVries, 2015), until the rumen starts 

supplying energy and microbial proteins in quantities sufficient to maintain growth (BAMN, 

2017). 

2. Immunoglobulins 

Antibodies or Ig's are proteins normally found in the bloodstream and are vital 

components of the immune system, but they are not present in the calf circulation of 

newborns because they cannot cross the placenta during gestation (Wattiaux, 1996). The 

bovine placenta forms a syncytium between the maternal endometrium and the fetal 

trofoectoderm separating the blood circulation of the fetus and the mother and preventing the 

transmission of Ig’s in uterus (Weaver et al., 2000). 

Thus, the newborn acquires Ig’s through colostrum, where they are transported through 

the mammary epithelial cells by receptor-mediated mechanisms and transferred out of the 

mammary gland by ejection of colostrum during suction (Hurley and Theil, 2011). In other 
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words, the antibodies will be absorbed after ingestion of colostrum (Wattiaux, 1996). The 

release of Ig’s from the blood serum to the mammary glands begins two to three weeks before 

delivery (Heinrichs and Elizondo-Salazar, 2008). These Ig’s are derived from various sources 

and represent the natural immunity acquired over the life of the cow due to exposure to 

antigens and therefore with a response of their immune system (Hurley and Theil, 2011). 

Several studies have shown that without an adequate amount of antibodies in the blood, the 

mortality of newborn calves increases dramatically in the first days and weeks of life (Lorenz 

et al., 2011; Meganck, 2014). 

There are different classes, what differs from Ig’s are the chemical structure, number of 

binding sites and antigen function (Jefferis et al., 2006). The main classes of Ig’s found in 

blood serum are IgG, IgA and IgM (Cole and Bowen, 1976). Immunoglobulin M is the class 

that appears initially when an organism is exposed to an antigen for the first time, in which it 

has a lower potential in the defeat of an infection (Hurley and Theil, 2011). Immunoglobulin 

A is the major class of Ig found in mucous secretions and prevents mucosal infections by 

binding microbes whereas IgG is the primary Ig class found in colostrum and milk (Hurley 

and Theil, 2011) and constitutes approximately 85% of the Ig’s in colostrum (Butler, 1983). 

IgG is produced by plasma cells in the spleen, lymph nodes and bone marrow. Because it is 

the smallest of Ig, IgG can migrate more easily from blood vessels than other isotypes 

(Tizard, 2013). 

There are other classes such as IgE and IgD, which are found in lower concentration in 

the blood serum (Cole and Bowen, 1976). Immunoglobulin E is responsible for immunity 

against parasites and for allergy response and IgD is found on the surface of immature 

lymphocytes (Tizard, 2013). Godden (2008) reported that IgE is an important element in the 

defense against microorganisms in the first weeks of life and in particular against intestinal 

parasites. 

3. Passive Transfer 

Passive transference is defined by the transfer of Ig’s from the cow to the calf through 

the colostrum, being important for the protection of the neonate against infectious diseases 

(McGuirk and Collins, 2004). The FPT makes the calf more susceptible to the development of 

diseases (Weaver et al., 2000), which may interfere with farm productivity, neonatal mortality 

increases due to diarrhea, respiratory diseases, increased veterinary costs, and use of 

antibiotics (Meganck et al., 2014). This may also reflect calf growth rate, daily weight gain 

and also milk production (USDA, 2008; DeLaval, 2014). Therefore, it is essential to provide 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurley%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theil%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurley%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theil%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurley%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theil%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
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adequate amount of high quality colostrum in the first days of life, so that the calf develops 

his own immune system through passive immunity (Stelwagen et al., 2009). Almost 60% of 

maternal colostrum on farms is inadequate, increasing the risk of mortality of newborns 

(Morrill et al., 2012). 

To minimize FPT in newborn calves, colostrum should be ingested within the first 24 

hours of life so that it to absorbed Ig’s, in which the equivalent of 10% of its body weight 

should be ingested within the first two hours of life (DCHA, 2016). It is very important that 

the newborn feed within this period, because that is when the digestive system can absorb 

large molecules, such as intact antibodies (Quigley and Mills, 2004) (Figure 1). This is 

because colostrum contains enzymes that inhibit digestive enzymes, which already have 

limited activity, present in the abomasum and small intestine of calves, allowing antibodies to 

reach the small intestine and be absorbed (BAMN, 2001). Factors such as the method and 

volume of administration of colostrum and the time of ingestion will also influence the 

success of passive transfer (Weaver et al., 2000). 

 

Figure 1. Calf survival by serum IgG concentration (AHDB, 2015). 

Figure 1 shows that the ability of the calf to absorb Ig’s is greater in the first two hours 

after birth. After six hours this skill decreases progressively. Therefore, the calf will have a 

higher concentration of circulating IgG in the blood if fed early. It happens because a calf’s 

gastrointestinal tract has the ability to temporarily absorb large molecules, including Ig’s, 

during the first 12 to 24 hours of life (Beam et al., 2009). These antibodies will remain in the 

bloodstream until around the 4
th

 month when calves will be able to produce their own 

antibodies. In this phase, passive antibodies (absorbed via colostrum) are eliminated and 

exchanged for antibodies produced by the animal (Oliveira, 2012). 
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Colostrum should be of high quality, with an IgG concentration ≥ 50 g/L (McGuirk and 

Collins, 2004; Godden, 2008). The quality of the colostrum may vary according to the age of 

the cow, time of the first milking since calving, udder leakage before delivery, duration of the 

dry period, breed and feeding (DeLaval, 2014; TCRM, 2017). 

The DCHA (2016) refers that the TP concentration in the blood serum of animals from 

2 to 7 days of age should be ≥ 5.2 g/dL and the IgG concentration ≥ 10.0 mg/mL (Godden, 

2008). Vogels et al. (2013) and Elsohaby et al. (2015) performed studies to determine the 

prevalence of failure to transfer passive immunity in calves. They found that 38% of the 

animals had a low TP concentration in serum (≤ 5.0 g/dL) and 27.5% of the animals had a low 

IgG in serum (≤ 10.0 mg/mL). 

Weaver et al. (2000) pointed out the factors mentioned above, namely colostrum intake 

per calf, method and volume of administration of colostrum, ingested colostrum Ig’s. They 

also cited that the metabolic status of the newborn calf and the stress experienced by the calf 

during calving are factors that affect the absorption of colostrum Ig’s. 

Continuous monitoring of successful passive transfer of IgG in newborn calves should 

be a crucial component of a sound colostrum management (DCHA, 2016). Only 6.2% of dairy 

farms, however, routinely monitories FPT on a regular basis (USDA, 2016). 

3.1. Methods for Assessing Passive Immunity 

There are tests available that evaluate serum IgG concentrations such as radial immune 

diffusion (RID) and enzyme-linked immune sorbent assay (ELISA), but these tests cannot be 

considered on-farm because they are technically demanding and costly (Davis and Giguère, 

2005; Hogan et al., 2015). A practical alternative that can be performed at the farm for passive 

transfer monitoring is the refractometer, which is an indirect measure of the TP (Deelen et al., 

2014). 

Tests to evaluate the concentration of Ig’s can be done on calves with a minimum age of 

24 hours to 7 days (McGuirk and Collins, 2004). The refractometer is used on dairy farms to 

evaluate colostrum quality, estimation of serum IgG concentration in neonatal calves, and 

non-salable milk evaluation of total solids for calf nutrition (Floren et al., 2016). There are 

two types of refractometers, optical and digital. Both determine the density of a liquid through 

a beam of light that shines through the sample, that is, it measures the amount of light that is 

refracted by the TP of the sample (Quigley et al., 2013). Thus, the result estimates the passive 

transfer of Ig’s (Wallace et al., 2006). Several studies have already proven that these methods 

are advantageous. One of such study was conducted by Quigley et al. (2013) who reported 
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that it is a cheap, fast method, requires minimal equipment and easy-to-learn technique. The 

optical and the digital refractometry were highly correlated with the gold standard to assess 

FPT using the concentration of Ig in the serum of calves (McCracken et al., 2017). Thresholds 

to define successful passive transfer for the optical refractometer and the digital BRIX 

refractometer were 5.5 g/dL and 8.4%, respectively (Weaver et al., 2000; Deelen et al., 2014). 

Another method that measures the quality of colostrum is the colostrometer, which 

measures the specific gravity of colostrum and estimates the total gamma globulin based on 

statistical relationship and allows estimating the quality of colostrum based on the linear 

correlation between immunoglobulin concentration and its density (Godden, 2008; Weaver et 

al. 2000). Colostrum containing more than 49.8 mg/mL of globulins is considered to be of 

good quality (Fleenor and Stott, 1980). 

In a recent publication Bartens et al. (2016) showed that the Brix refractometers 

provided the most accurate assessment of colostrum quality of the evaluated devices and 

demonstrated excellent repeatability accuracy. This is probably because the refractometers, as 

the optical as the digital, are precise instruments and the results are practically instantaneous, 

that can be used with the sample in temperature without there are distortions of results 

(Quigley et al., 2013). Mechor et al. (1991) reported that the temperature at which the 

measurement is carried out influences the readings carried out, when the test is carried out in 

low temperature conditions an overestimation of the Ig’s concentration occurs and when it is 

carried out under high temperature conditions there is an underestimation of that 

concentration. 

4. Management 

A well-managed colostrum program is the most important step in reducing disease in 

neonatal calves on farms (Smith and Foster, 2007). For many years this subject has been 

studied by several researchers such as Wells et al. (1996). These researchers confirmed that 

the first feeding method is essential for calf survival, in which the colostrum supply can 

prevent up to 31% of the calves prevalence up to 21 days of age. 

At the first step after birth, calf should be separated from the mother because allowing a 

calf to feed colostrum directly from its dam in the first hours of life can present many 

problems, such as increasing the risk that the calf does not get adequate amounts of colostrum 

(DeLaval, 2014). When a calf feeds on its dam, it is not possible to measure the amount of 

colostrum consumed or to estimate the quality of the ingested antibodies (USDA, 2008). A 

study by Franklin et al. (2003) showed that the newborn does not absorb sufficient amounts of 
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IgG when fed directly from the mother, that is, the minimum concentration of circulating Ig's 

in the blood is not enough to immunize the animal (threshold 5.0 g/dL). Separation may also 

prevent calf from ingesting feces, bedding or other environmental contaminated material from 

the cow (USDA, 2008). 

Colostrum should be the first food consumed by the calf, should not ingest any food or 

even water before (Oliveira, 2012). As previously mentioned, colostrum should be given the 

equivalent of 10% of the live weight of the animal in the first 24 hours of life (DCHA, 2016), 

in which 4 liters of colostrum are normally offered (Godden, 2008). These processes are very 

important not to expose the animal to pathogenic agents, if bacteria reach the intestine before 

colostrum, they usually enter the blood and can prevent the antibodies from reaching the calf's 

blood or even bring the animal to death (DeLaval, 2014). 

Colostrum of cows with mastitis should not be provided, since calves are extremely 

vulnerable to disease during the first days of life, therefor, the use of a commercial colostrum 

supplement is recommended if colostrum is of poor quality or insufficient for the calf 

(DeLaval, 2014). 

In other words, there are 4 key factors that contribute to the success of passive 

immunity: colostrum feeding with high immunoglobulin concentration, colostrum volume, 

time to feed the calf after birth and minimizing colostrum bacterial contamination (Weaver et 

al., 2000; Johnson et al., 2007; Godden, 2008). 

Incorrect management can lead to death of the calf, in which 39% of mortality is related 

to passive transfer failure (Tyler et al., 1999). Therefore, it should offer the right amount of 

colostrum and also a quality food, since neonates with low passive immunity had higher 

mortality rates, lower weight gain and lower performance (Rebelatto and Weiblen, 1992). 

4.1. Methods Feeding Colostrum 

As before, allowing the calf to feed directly from the mother is not the best method. 

There are some methods to feed the newborn with colostrum, such as: nipple bottle, bucket 

and tube feeding (Moran, 2002; Lorenz et al., 2011; TCRM, 2017). 

The most practical form of feeding is the bucket, but, like bottle feeding, it can take 

time and trouble when calves are not motivated to drink, thus increasing the risk of FPT of 

immunity (Moran, 2002). However, when fed with bottle colostrum, calves rarely drink more 

than 2.5 liters voluntarily (Kaske et al., 2005). For this reason, some dairy farms have recently 

introduced esophageal tube feeding a way to ensure that calf ingests the right amount of 
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colostrum (Laestander, 2016). In the US feeding colostrum by esophageal feeder is used as a 

routine measure in about 14% of dairy heifer calves (USDA, 2007).  

Feeding with an esophageal tube gives the opportunity to control the quantity fed, the 

quality of the milk fed and when the calf is feed, which is, according to some, the most 

important aspects in regard to failure of passive transfer (Weaver et al., 2000). But some of 

the reported disadvantages with using an esophageal tube is that there is a risk of feeding the 

calf too much and too fast, hurting the mouth, throat and esophagus and a risk of getting fluid 

in the calf’s lungs (Quigley and Mills, 2004; Kaske et al., 2005). 

If the only alternatives are the nipple bottle and the bucket, the best option is the nipple 

bottle because the use of a nipple bottle to feed the calves allows the staff to ensure that the 

calves be fed a specific amount of colostrum as well as allowing the calves to perform the 

natural behavior of suckling and thus benefit from the positive effects of suckling 

(Laestander, 2016) (Figure 2). 

 

Figure 2. Illustration of two methods of supplying colostrum (DeLaval, 2014); a) 

Colostrum feeding nipple bottle method and b) Colostrum feeding bucket method.  

Figure 2 shows simple methods of supplying colostrum. When calves are drinking or 

sucking colostrum, it will bypass the rumen and flow directly into the abomasum (it is the 

only one of the calf’s four stomachs that is functionally developed at birth) through the 

esophageal groove (the channel between esophagus and abomasum) (DeLaval, 2014). Studies 

describe that providing quality colostrum and the volume that meets the needs of the animal, 

the result with nipple bottle and tube feeding methods will be the same (Godden et al., 2009; 

Chigerwe et al., 2012; Laestander, 2016). In contrast to this assertion, Kaske et al. (2005) state 

that the esophageal tube is better, but in this study the volume of colostrum was different 

(nipple bottle = 2 liters, esophageal tube = 4 liters). 
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4.2 Pasteurization 

Unpasteurized colostrum is a potential mean of exposure to microbial pathogens for the 

newborn calf, where contamination may occur during milking, storage or feeding of the 

newborn (McGuirk and Collins, 2004). These pathogens can also be spilled directly from an 

infected gland (Stewart et al. 2005). One way to control the transfer of these pathogens 

through colostrum is the heat treatment (Godden et al., 2003; Johnson et al., 2007). 

Pasteurization is a method of exposing liquids at elevated temperatures and thereafter the 

decrease in temperature over a period of time as a means of reducing bacterial contamination 

of the product (Godden et al., 2003). This method was developed by Louis Pasteur in 1864, 

when he developed this method to reduce the transmission of diseases to people by 

contaminated wine (Quigley, 2003). 

Table 2. Least squares means for bacterial load of bovine colostrum after heat treatment 

at 3 different temperatures for 0, 30, 60, or 90 minutes
1 

(Elizondo-Salazar et al., 2010) 

Bacterial count
2 

(log10 cfu/mL) 

Temperature 

(ºC) 

Time 

(minutes) 
SPC ES SAG CNS SA CC NC 

Ambient 0 4.60
a
 4.23

a
 1.33

a
 4.31

a
 4.31

a
 4.32

a
 4.58

a
 

57 

30 3.85
b
 3.86

bc
 -0.52

b
 3.85

b
 1.15

b
 3.87

b
 3.85

b
 

60 4.02
b
 4.01

b
 0.00

b
 3.84

b
 0.48

b
 3.84

b
 3.53

bc
 

90 3.58
b
 3.53

bc
 0.00

b
 3.53

c
 0.00

b
 1.46

c
 0.00

c
 

60 

30 3.63
bcd

 3.85
bc

 0.00
b
 3.54

c
 0.00

b
 0.48

c
 0.00

c
 

60 3.55
bc

 3.63
bc

 0.00
b
 1.60

c
 0.00

b
 0.00

c
 0.00

c
 

90 2.63
de

 3.53
bc

 0.00
b
 0.90

c
 0.00

b
 0.00

c
 0.00

c
 

63 

30 2.83
cde

 3.53
bc

 0.00
b
 1.46

c
 0.00

b
 0.00

c
 0.00

c
 

60 2.31
e
 3.52

bc
 0.00

b
 0.00

c
 0.00

b
 0.00

c
 0.00

c
 

90 0.30
e
 0.70

c
 0.00

b
 0.00

c
 0.00

b
 0.00

c
 0.00

c
 

Legends:
a–e 

Means with different superscripts within a column indicate a significant difference 

(P < 0.05);
1  

n = 3/sample point;
2
 SPC = standard plate count; ES = environmental streptococci; 

SAG = Streptococcus agalactiae; CNS = Coagulase - Negative staphylococci; SA = 

Staphylococcus aureus; CC = coliform count; NC = noncoliformcount. 

There are various uses of temperatures and times, but the most common in the use are 

high temperature and longtime pasteurization, which consists in heating the milk to 63°C for 

30 minutes and thereafter the milk is rapidly cooled (Quigley, 2003). Exposing colostrum to a 
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60°C heat treatment for 60 minutes does not adversely affect IgG and TP concentrations but 

decreases or eliminates of pathogens such as Mycoplasma bovis, Listeria monocytogenes, E. 

coli, Salmonella enteritidis and Mycobacterium avium subsp. paratuberculosis (Godden et al., 

2006; Johnson et al., 2007; Donahue et al., 2012). Elizondo-Salazar et al. (2010) showed that 

the temperature of 60°C for 60 minutes (or 30 minutes) is the ideal thermal treatment of 

colostrum, without significantly altering the concentration of Ig. These researchers also 

analyzed the concentration of bacteria present in colostrum from different thermal treatments 

(Table 3). The concentration of bacteria declined over time and increase in temperature 

compared to bacterial counts in untreated colostrum. A decline (P < 0.05) in SPC was 

observed at the shortest time and temperature combination (57°C for 30 minutes). Treatment 

at 57°C for 90 minutes or 60°C for 30 or 60 minutes resulted in almost 1 log10 reduction in 

SPC, and treatment at 60°C for 90 minutes or 63°C for 60 minutes resulted in approximately 

2 reductions log10 in SPC. Fresh colostrum supplied to calves should contain concentrations 

less than 100,000 CFU/mL of total bacteria and 10,000 CFU/mL of total coliforms (McGuirk 

and Collins, 2004). 

In an investigation carried out by Johnson et al. (2007) the concentration of IgG and TP 

in the serum of calves fed different treatments were evaluated. The result of this research was 

that newborns fed pasteurized colostrum had a greater success in passive transfer (IgG = 22.3 

mg/mL; TP = 6.3 mg/dL) when compared to natural colostrum’s (IgG = 18.1 mg/mL; TP = 

5.9 mg/dL). 

Table 3. Effect of heat treatment of colostrum and milk on STP levels, mortality and 

morbidity rates, and cause of illness and death in 21-d-old Holstein calves fed with raw 

(NP group) and pasteurized (P group) colostrums (Armengol and Fraile, 2016) 

 Treatment group 

Parameter NP group 

(n = 287) 

P group 

(n = 300) 
P-value 

STP
1
 (g/dL) 7.27

a
 (5.8 - 9.2) 7.34

a
 (5.8 - 9.0) 0.12 

Mortality (%) 6.5
a
 2.8

b
 <0.001 

Legends:
a,b

 Values within a row with different superscript letters are significantly different;
1
 STP = 

serum total protein. Reported values reflect mean and range in parentheses. 

It is observed that the supply of pasteurized colostrum and milk significantly reduces 

morbidity and mortality during the first 3 weeks of life due to the concentration of TP that is 

not significantly altered by the heating of colostrum and also by the reduction of bacteria. In 
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this work, the unpasteurized group was fed with frozen colostrum (- 20°C) (6-8 liters during 

the first 12 hours of life) which was preheated to 40°C (4°C) of the bulk tank which was also 

reheated to 40°C (1.8 liters each 12 hours). The pasteurized group was also fed colostrum and 

milk, but both were pasteurized before freezing (pasteurization =  60°C for 60 minutes). 

4.3 Storage 

Storing high quality colostrum is a good management practice (Heinrichs and Jones, 

2003). Colostrum can be preserved frozen without any loss of immune value and is a good 

strategy to ensure that good quality colostrum is always available (Wattiaux, 1996). Yet it 

should be collected and stored properly, otherwise dangerous microbial contamination may 

occur in acquired colostrum (La Belle Colostrum, 2012). Heinrichs and Jones (2003) made 

several recommendations: 

- Not to let the colostrum rest at room temperature; even half an hour at room 

temperature during the summer may allow bacterial populations to fold, taking the 

same care after the frozen colostrum is thawed; 

- Refrigeration (at 1.5°C) can preserve colostrum quality for only about 24 hours before 

bacterial growth reaches unacceptable levels; 

- For colostrum long-lasting storage, freezing is the best alternative. Colostrum can be 

frozen (at -20 °C) for up to one year without antibody decomposition; 

- Freezers without freezing are not ideal for long-term storage of colostrum as they 

undergo freeze-thaw cycles that can allow the colostrum to melt; 

- Repeated freezing and thawing cycles markedly reduce colostrum storage life. 

Therefore, management strategies to prevent bacterial proliferation in stocked colostrum 

may include freezing, refrigeration, and the use of preservatives such as potassium sorbate in 

fresh frozen colostrum (Bittar et al., 2006). 

5. Filter 

The majority of clinical blood tests are performed in serum or plasma to prevent 

hemoglobin and red blood cells from interfering in biochemical detection, where isolation is 

commonly achieved by centrifugal methods (Wu et al., 2011). In human medicine, in order to 

maximize yield or reduce processing time, a filter has been developed which features a 
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transverse flow microfilter device to isolate plasma from the total blood (Crowley et al., 2005) 

(Figure 3). The microfilters fractionate the blood in a controlled manner with cellular lysis 

(Crowley et al., 2005). Another filter model was developed by Wang et al. (2012) (figure 3). 

 

Figure 3. Systems developed in human medicine for blood filtration; a) published by 

Crowley et al. (2005); b) published by Wang et al. (2012). 

Both teams concluded that their filter models are efficient at separating plasma, not 

interfering with cells, making the apparatus very efficient. In addition, they emphasize the 

practicality of the apparatuses by being portable and with a rapid obtaining of the sample. The 

filter developed for veterinary medicine (Figure 4), in which it is being tested, performs the 

same function as the filters developed to human medicine. 

 

Figure 4. Filter device developed for veterinary medicine. 
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II – EXPERIMENTAL WORK 

1. Material and Methods 

The experimental procedures reported here in were conducted with the approval of the 

Institutional Animal Care and Use Committee of the Freie Universität Berlin. 

1.1. Samples 

Holstein calves from 4 commercial dairy herds in the Northeast Germany were sampled 

between August and December 2017.Whole blood was collected from 227 calves (127 female 

and 100 male) 1 to 7 days old by jugular venipuncture using a 20-gauge, 1.5-inch hypodermic 

needle (Vacutainer, Greiner Bio-One GmbH, Kremesmünster, Austria). Blood was collected 

into 2 sterile, plastic, Vacutainer tubes. One tube did not contain any anticoagulant (8.5 mL, 

BD Vacutainer, Belliver Industrial) and the other contained Lithium-Heparin (9 mL, Greiner 

Bio-One GmbH). Samples were stored on ice for transportation to the Freie Universität 

Berlin. 

Within 4 to 6 hours of collection, serum and heparinized plasma was separated by 

centrifugation at 1,500 × g for 6 min at ~ 20°C or by filtration. Aliquots of serum and plasma 

were collected for further analysis using a standard optical refractometer (Handheld 

refractometer, Euromex Holland, Arnhem, Netherlands). One aliquot of each serum sample 

was shipped on ice to the Department of Veterinary Sciences, Chair of Animal Welfare, 

Ethology, Animal Hygiene and Animal Husbandry (Faculty of Veterinary Medicine, LMU 

Munich, Germany) for IgG testing. 

1.2. Animals 

The first phase of the study involved a questionnaire about general management 

practices on farms. During the sampling period, 2 dairy herds separated the calf immediately 

after birth. The protocol for feeding colostrum aimed at providing neonatal calves with 4 liters 

of colostrum within 2 hours after birth. Tube feeding of colostrum was used on 2 farms. The 

other 2 farms were using a nipple bottle. One farm used a colostrometer (1459 colostrometer, 

Albert Kerbl GmbH, Buchbach, Germany) and another farm used a digital refractometer (HI 

96801 Digital Refractometer, Hanna Instruments, Woonsocket, USA) to assess colostrum 

quality, respectively. Threshold to define high quality colostrum using the digital BRIX 

refractometer was 22% BRIX. 
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1.3. Samples Analysis 

Two blood samples from the jugular vein of each calf inscription were collected in a 

common vacutainer tube: 

- Samples in a vacutainer tube without anticoagulant: The samples were centrifuged and 

the serum was obtained from the separation with the red blood cells. Then, with the 

aid of a pipette and a tip, a small serum sample was placed on the prism of the digital 

and optical refractometer (Figure 5) for reading TP concentration. Two types of digital 

refractometers were used. 

 

Figure 5. Devices used in the study; 1) Device 1: Digital refractometer Hanna HI 

96801; 2) Device 2: Digital refractometer Misco PA201; 3) Device 3: Optical 

refractometer. 

- Samples in a vacutainer tube with heparin: With the aid of a syringe and a needle, a 

blood sample was withdrawn from the tube and transferred to a filter device. Two 

plasma drops (< 0.5 mL) were obtained from the filter (Figure 6), where they were 

placed directly in the prism of the digital (device 2; Figure 5) and optical 

refractometers for reading TP concentration. Subsequently, the same samples were 

placed in a centrifuge to obtain the plasma and the same reading process was 

performed in digital and optical refractometers. 
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Figure 6. Illustration of the blood filtration process to obtain the plasma; a) with the aid 

of a syringe, the blood is injected into the apparatus; b) with the pressure that the 

syringe makes, the sample passes through the filter; c) plasma sample is filtered. 

The Figure 6 shows how blood filtration works. Separation of liquids is initiated by 

inserting 2.0 mL of blood into the filter device. The sample will pass through the filtration 

system through a small pressure placed by the syringe. The red blood cells are held in the 

filter and the plasma is obtained. The result of this procedure is two drops of plasma. 

Each calf was categorized as having or not FPT according to each threshold determined 

by the statistical program. The following diagram (Figure 7) summarizes what was done for 

total protein analysis. 

 

Figure 7. Summary scheme of total protein analysis. 
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Device 2 
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1.4. Statistical Analysis 

The TP and Brix refractometer results, in grams per deciliter and percentage points 

Brix, respectively, from centrifuged plasma or filtered plasma were plotted against 

centrifuged serum. From these distribution plots, correlation coefficients (r-values) were 

determined. These comparisons were performed only for the optical refractometer and the 

digital BRIX device 2. Test characteristics (sensitivity and specificity) were calculated using 

MedCalc software (version 15.6.1, MedCalc, Mariakerke, Belgium) for all 3 devices and the 

different media (i.e., centrifuged serum, centrifuged plasma, filtered plasma). Sensitivity was 

defined as the probability of a test result correctly indicating FPT for a sample with IgG ≤ 10 

mg/mL. Specificity was defined as the probability of a test result correctly indicating adequate 

passive transfer for a sample with IgG ≥ 10 mg/mL. A receiver operating characteristic curve 

was created to plot the true positive rate against the false positive rate at 0.1 g/dL and 0.1% 

Brix intervals, respectively. 

2. Results and Discussion 

Results of Holstein calves (n = 227) tested for IgG (ELISA), STP, and percentage points 

Brix, were normally distributed (P > 0.05, respectively). Mean and standard deviation (SD) 

data are provided (Table 4). 

Table 4. Descriptive statistics of serum and plasma samples from two different 

populations of Holstein calves. 

Device Method n Mean SD Minimum Maximum 

IgG (mg/mL)  227 18 11.6 1.1 55.5 

Device 1
1
 (%) 

Centrifuged plasma 227 9.6 0.80 7.7 12.4 

Centrifuged serum 227 9.0 0.85 6.9 11.6 

Device 2
2
 (%) 

Filtered plasma 227 9.8 0.86 7.6 12.5 

Centrifuged plasma 227 9.6 0.82 7.7 12.5 

Centrifuged serum 227 9.0 0.87 7.0 11.6 

Device 3
3 
(g/dL) 

Filtered plasma 227 6.5 0.68 4.9 8.8 

Centrifuged plasma 227 6.4 0.66 4.8 8.6 

Centrifuged serum 227 5.9 0.68 4.4 8.0 

1Digital refractometer Hanna HI 96801; 2Digital refractometer Misco PA201; 3Optical refractometer. 

Sixty-seven (30%) calves had serum IgG concentrations ≤ 10 mg/mL and 160 (70%) 

calves had serum IgG concentrations ≥10 mg/mL. The prevalence of FPT in our study was 
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comparable with other studies using the same definition of FPT and similar age of calves (Lee 

at al., 2008; Morrill et al., 2013; Elsohaby et al., 2015). Hernandez et al. (2016) found only 

1.3% of FPT, but here 12 mg/mL was used as a threshold to define FPT. It was not the 

objective of our study to determine a representative prevalence of FPT because the dairy 

farms enrolled constitute a convenience sample. It is difficult to conclude if the participating 

dairies are representative for all dairies of the given region. In fact, the selection of herds 

might have been biased by an underlying interest to participate stimulated by a previous 

history with the condition at hand (i.e. diarrhea in calves). 

2.1. Correlation Coefficients and Linear Regression 

The correlation coefficients and the coefficients of determination are summarized in 

Table 5 and Figure 9. The readings from the optical and the 2 digital refractometers were 

positively correlated with IgG using centrifuged serum, centrifuged plasma, or filtered 

plasma. 

The correlation between TP and IgG determined by ELISA in our study was lower 

(r = 0.57) than previously reported in other studies (Deelen et al., 2014; Elsohaby et al., 2015; 

Hernandez et al., 2016; Cuttance et al., 2017). All reported studies, however, used RID or TIA 

for IgG analysis instead of an ELISA test. The correlation between percentage points BRIX 

and IgG determined by ELISA in our study was lower (device 1: r = 0.50; device 2: r = 0.55) 

than previously reported in other studies (Morril et al., 2013; Deelen et al., 2014; Elsohaby et 

al., 2015; Hernandez et al., 2016; Cuttance et al., 2017). Two recent studies evaluated the 

agreement between an ELISA and RID to analyze IgG in serum of calves and found only 

weak to moderate correlations (Gelsinger et al., 2015; Dunn et al., 2018). They emphasize that 

a new threshold should be attributed for ELISA testing to determine FPT in newborn calves. 

While this might be a limitation of our study when we want to compare with other studies 

using RID or TIA, it is not limiting our ability to compare different devices and media using 

the same gold standard to assess FPT. 

The primary disadvantage of refractometry to determine FPT in calves is that it requires 

the use of serum and very few dairy farms own a centrifuge to obtain the samples (Morril et 

al., 2013). However, Canadian researchers reported that serum collected from blood tubes 

allowed to clot had a serum TP content (as determined by refractometer) that was highly 

correlated (r
2
 = 0.95; n = 234) to serum TP content of a duplicate sample that was centrifuged 

before serum collection (Wallace et al., 2006). 
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Table 5. Calculated correlation coefficients (r), coefficients of determination (r
2
), and results of linear regression between serum IgG 

determined by ELISA, total protein by optical refractometer and percentage points Brix (% Brix) in Holstein calves 

 n r r
2
 Y-intercept Regression 

coefficient 

P 

Device 1
1
serum (%) x IgG (mg/mL) 227 0.50 0.25 0.036 8.280 <0.001 

Device 1 plasma (%) x IgG (mg/mL) 227 0.43 0.18 0.029 9.056 <0.001 

Device 2
2
 serum (%) x IgG (mg/mL) 227 0.55 0.30 0.040 8.239 <0.001 

Device 2 plasma (%) x IgG (mg/mL) 227 0.49 0.24 0.034 8.983 <0.001 

Device 2 filter (%) x IgG (mg/mL) 227 0.46 0.21 0.033 9.194 <0.001 

Device 3
3
 serum (g/dL) x IgG (mg/mL) 227 0.57 0.33 0.033 5.314 <0.001 

Device 3 plasma (g/dL) x IgG (mg/mL) 227 0.51 0.26 0.028 5.873 <0.001 

Device 3 filter (g/dL) x IgG (mg/mL) 227 0.47 0.22 0.027 5.998 <0.001 

1
Digital refractometer Hanna HI 96801; 

2
Digital refractometer Misco PA201; 

3
Optical refractometer. 
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Figure 8. Correlation coefficients and linear regression graphs; a) Serum IgG 

concentration, determined by ELISA, compared with TP of calves in centrifuged serum 

(n = 227; r = 0.57); b)  Serum IgG concentration, determined by ELISA, compared with 

TP of calves in centrifuged plasma (n = 227; r = 0.51); c) Serum IgG concentration, 

determined by ELISA, compared with TP of calves in filtered plasma (n = 227; 

r = 0.47); d) Serum IgG concentration, determined by ELISA, compared with 

percentage points BRIX of calves in centrifuged serum using the misco BRIX (n = 227; 

r = 0.55); e) Serum IgG concentration, determined by ELISA, compared with 

percentage points BRIX of calves in centrifuged plasma using the misco BRIX 

(n = 227; r = 0.49); f) Serum IgG concentration, determined by ELISA, compared with 

percentage points BRIX of calves in filtered plasma using the misco BRIX (n = 227; 
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r = 0.46); g) Serum IgG concentration, determined by ELISA, compared with 

percentage points BRIX of calves in centrifuged serum using the HANNA-BRIX 

(n = 227; r = 0.50); Serum IgG concentration, determined by ELISA, compared with 

percentage points BRIX of calves in centrifuged plasma using the HANNA-BRIX 

(n = 227; r = 0.43). 

An alternative to obtain samples for analysis of the passive transfer, in a fast way, is the 

use of the filter. According to the results of the table 5, serum and plasma filter samples had a 

moderate correlation; r = 0.64 (device 3 serum); r = 0.62 (device 3 filter), indicating that both 

can be used. 

2.2. Test Characteristics 

Test characteristics for the optical and digital refractometers to identify calves with FPT 

using three different media were determined by ROC curve analyses and summarized in 

Table 6. In general, optimal thresholds to define calves with FPT using plasma were greater 

compared with serum irrespective of centrifugation. The 3 different devices had comparable 

AUC irrespective of the medium used. 

Using the AUC as an overall indicator of test characteristics irrespective of the device 

or the medium used the AUC ranged from 0.80 to 0.85 in our study. This is comparable to 

other studies using an optical refractometer (Lee et al., 2008; Elsohaby et al., 2015; 

Hernandez et al., 2016; Cuttance et al., 2017) or a digital BRIX refractometer (Morrill et al., 

2013; Elsohaby et al., 2015; Hernandez et al., 2016; Cuttance et al., 2017) to assess FPT in 

calves. 

The optimum threshold in our study for identification of calves with FPT using TP in 

centrifuged serum was 5.6 g/dL. This is comparable with other studies (Lee et al., 2008; 

Elsohaby et al., 2015; Hernandez et al., 2016; Cuttance et al., 2017) using serum IgG 

concentration as a gold standard to define FPT and a ROC curve analysis to determine the 

best threshold. Sensitivity (Se) and specificity (Sp) was 70.1% and 80.0%, respectively, using 

5.6 g/dL. This is comparable with a recent meta-analysis (Buczinski et al., 2018), where Se 

and Sp was 88.2% and 77.9%, respectively, using 5.5 g/dL as a threshold in a population of 

calves below the age of 14 days. There were only studies included in the meta-analysis where 

calves with FPT were identified either with radial RID or TIA. 

The 2 different digital BRIX refractometers we tested in our study were comparable to 

identify calves with FPT. The optimum threshold in our study for identification of calves with 

FPT using these 2 devices and centrifuged serum was 8.7% and 8.9% for device 1 and 2, 



23 
 

respectively. This is in agreement with other studies (Elsohaby et al., 2015; Hernandez et al., 

2016; Cuttance et al., 2017) using serum IgG concentration as a gold standard to define FPT 

and a ROC curve analysis to determine the best threshold. Reported test characteristics for the 

2 devices are comparable with other recent studies (Elsohaby et al., 2015; Cuttance et al., 

2017). These 3 studies reported greater overall test characteristics (AUC = 0.90, Elsohaby et 

al., 2015; AUC = 0.95, Hernandez et al., 2016; AUC = 0.94, Cuttance et al., 2017) compared 

with our study (AUC = 0.83 device 1; AUC = 0.81 device 2). The reason for this difference 

remains speculative. 

Using the AUC as an overall indicator of test quality, the results of the 3 different 

devices and media are comparable because the 95% CI for the AUC overlaps. Nevertheless, 

the different thresholds estimated by the ROC curve analysis show that one needs to use 

specific thresholds for serum and plasma. In general, threshold for plasma were higher 

compared with serum. This was somehow expected as fibrinogen represents a part of the 

protein fraction and this is captured during clotting (Lumeij and Maclean, 1996). 
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Table 6. Test characteristics for serum total protein (g/dL) and percentage points Brix for identification of calves with failure of passive 

transfer (FPT; IgG ≤ 10.0 mg/mL) aged from 1 to 7days using 3 different media 

Device Medium n Threshold
1
 AUC (95% CI) P-value Sensitivity Specificity 

Device 1
2
 

Centrifuged plasma 227 9.4 0.80 (0.74 – 0.85) 0.001 76.1 73.7 

Centrifuged serum 227 8.9 0.81 (0.75 – 0.86) 0.001 82.1 63.8 

Device 2
3
 

Filtered plasma 227 9.2 0.80 (0.74 – 0.85) 0.001 58.2 87.5 

Centrifuged plasma 227 9.5 0.83 (0.77 – 0.88) 0.001 80.6 70.6 

Centrifuged serum 227 8.7 0.83 (0.78 – 0.88) 0.001 74.6 76.2 

Device 3
4 

Filtered plasma 227 6.0 0.80 (0.74 – 0.85) 0.001 56.7 90.0 

Centrifuged plasma 227 6.3 0.84 (0.79 – 0.89) 0.001 82.1 68.1 

Centrifuged serum 227 5.6 0.85 (0.80 – 0.89) 0.001 70.1 80.0 

1
Optimal threshold was determined by receiver operating characteristic curve analysis using the threshold with the highest sum of sensitivity and specificity to 

identify calves with FPT;
2
Digital refractometer Hanna HI 96801; 

3
Digital refractometer Misco PA201;

4
 Optical refractometer. 
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3. Conclusion 

From the study, it can be concluded that: 

- A filter system can be used to facilitate FPT assessment as a point of care analysis in 

calves without the need to centrifuge serum; 

- All the devices showed a correlation with similar IgG, indicating that all tests may 

indicate FPT. With this, the filter is an alternative since the IgG test is expensive; 

- The device 1 was not used because the amount of filtered plasma was not enough for 

the reading area of the apparatus. That is, perhaps the size of the filter could be larger 

to obtain more plasma and thus increasing the possibility of analysis; 

- The objective of the study was not to evaluate the prevalence of FPT, but a high 

percentage of FPT was presented, indicating a reassessment of farm management; 

- The best test for this study is ROC, since many samples presented false positive. 

  



26 
 

 



27 
 

III - REFERENCES  

AHDB 2015. Calf Management. A Practical Guide to Rearing Healthy Calves. Agriculture 

and Horticulture Development Board, Warwickshire, UK, 28 pp.. 

https://dairy.ahdb.org.uk/non_umbraco/download.aspx?media=22586 

Armengol, R. and Fraile, L. 2016. Colostrum and Milk Pasteurization Improve Health Status 

and Decrease Mortality in Neonatal Calves Receiving Appropriate Colostrum Ingestion. 

J. Dairy Sci., 99: 4718-4725. http://dx.doi.org/10.3168/jds.2015-10728 

BAMN 2001. A Guide to Colostrum and Colostrum Management for Dairy Calves. USDA-

APHIS-CEAH-BAHM., Fort Collins, USA. 

http://www.aphis.usda.gov/vs/ceah/ncahs/nahms/dairy/bamn/BAMNGuide_to_Dairy_Feeding.pdf 

BAMN 2017. A Guide to Feeding and Weaning Healthy and Productive Dairy Calves. 

USDA-APHIS-CEAH-BAHM., Fort Collins, USA. 

https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/bamn/BAMN17_GuideFeeding.pdf 

Bartens, M. C., Drillich, M., Rychli, K., Iwersen, M., Arnholdt, T., Meyer, L. and Klein-

Jöbstl, D. 2016. Assessment of Different Methods to Estimate Bovine Colostrum 

Quality on Farm. N. Z. Vet. J., 64 (5): 263-267. 

http://dx.doi.org/10.1080/00480169.2016.1184109 

Beam, A. L., Lombard, J. E., Kopral, C. A., Garber, L. P., Winter, A. L., Hicks, J. A. and 

Schlater, J. L. 2009. Prevalence of Failure of Passive Transfer of Immunity in Newborn 

Heifer Calves and Associated Management Practices on US Dairy Operations. J. Dairy 

Sci., 92: 3973-3980. http://dx.doi.org /10.3168/jds.2009-2225 

Bittar, C. M. M., Ferreira, L. S. and Bittar, C. 2006. A Temperatura que Devemos 

Descongelar o Colostro? MilkPoint. https://www.milkpoint.com.br/colunas/carla-bittar/a-que-

temperatura-devemos-descongelar-colostro-31184n.aspx 

Buczinski, S., Gicquel, E., Fecteau, G., Takwoingi, Y., Chigerwe, M. and Vandeweerd, J. M. 

2018. Systematic Review and Meta-analysis of Diagnostic Accuracy of Serum 

Refractometry and Brix Refractometry for the Diagnosis of Inadequate Transfer of 

Passive Immunity in Calves. J Vet Intern Med., 32: 474-483. 

https://doi.org/10.1111/jvim.14893 

Butler, J. E. 1983. Bovine Immunoglobulins: An Augmented Review. Vet Immunol 

Immunopathol, 4 (1-2): 43-152. https://doi.org/10.1016/0165-2427(83)90056-9 

https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/bamn/BAMN17_GuideFeeding.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartens%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=27192928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Drillich%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27192928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rychli%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27192928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwersen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27192928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arnholdt%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27192928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meyer%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27192928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klein-J%C3%B6bstl%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27192928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klein-J%C3%B6bstl%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27192928
https://www.ncbi.nlm.nih.gov/pubmed/27192928
http://dx.doi.org/10.1080/00480169.2016.1184109


28 
 

Chen, X., Cui, D. and Chen, J. 2009. Design, Fabrication, Characterization of Nano-filters in 

Silicon Microfluidic Channels Based on MEMS Technology. Electrophoresis, 30: 3168-

3173. http://dx.doi.org/10.1002/elps.200900068 

Chigerwe, M., Coons, D. M. and Hagey, J. V. 2012. Comparison of Colostrum Feeding by 

Nipple Bottle versus or Oesophageal Tubing in Holstein Dairy Bull Calves. JAVMA, 

241 (1): 104-109. https://doi.org/10.2460/javma.241.1.104 

Cole, M. F. and Bowen, W. H. 1976. Immunoglobulins A, G, and M in Serum and in Some 

Secretions of Monkeys (Macaca fascicularis synirus). Infection and Immunity, 

American Society for Microbiology, 13 (5): 1354-1359. 

http://iai.asm.org/content/13/5/1354.full.pdf 

Crowley, T. A. and Pizziconi, V. 2005. Isolation of Plasma from Whole Blood Using Planar 

Microfilters for Lab-on-a-chip Application. Lab Chip, 5: 922-929. 

http://dx.doi.org/10.1039/b502930a 

Cuttance, E. L., Mason, W. A., Denholm, K. S. and Laven, R. A. 2017. Comparison of 

Diagnostic Tests for Determining the Prevalence of Failure of Passive Transfer in New 

Zealand Dairy Calves. New Zealand Vet. J., 65 (1): 6-13. 

https://doi.org/10.1080/00480169.2016.1230525 

Davis, R. and Giguère S. 2005. Evaluation of Five Commercially Available Assays and 

Measurement of Serum Total Protein Concentration Via Refractometry for the 

Diagnosis of Failure of Passive Transfer of Immunity in Foals. J. Am. Vet. Med. 

Assoc., 227: 1640-1645. https://doi.org/10.2460/javma.228.2.215 

DCHA 2016. DCHA Gold Standards. Performance and Production Standards for Dairy 

Calves and Heifers, from Birth to Freshening. 2
nd

 Edition, Dairy Calf and Heifer 

Association, Madison, USA, 24 pp.. 

http://haasnutrition.com/wp-content/uploads/2015/09/DCHA_GoldStandards_high-res_122016.pdf 

Deelen, S. M., Ollivett, T. L., Haines, D. M, and Leslie, K. E. 2014. Evaluation of a Brix 

Refractometer to Estimate Serum Immunoglobulin G Concentration in Neonatal Dairy 

Calves. J. Dairy Sci., 97: 3838-3844. https://doi.org/10.3168/jds.2014-7939 

DeLaval 2014. Calf Management. Lifetime Productivity Starts When the Calf is Born. 

DeLaval International AB, Tumba, Sweden, 75 pp.. 

http://www.delavalfrance.fr/Global/PDF/Calf-Management-Book-141016.pdf 

Donahue, M., Godden, S. M., Bey, R., Wells, S., Oakes, J. M., Sreevatsan, S., Stabel, J. and 

Fetrow, J. 2012. Heat Treatment of Colostrum on Commercial Dairy Farms Decreases 

http://dx.doi.org/10.1002/elps.200900068
http://iai.asm.org/content/13/5/1354.full.pdf
http://dx.doi.org/10.1039/b502930a


29 
 

Colostrum Microbial Counts While Maintaining Colostrum Immunoglobulin G 

Concentrations. J. Dairy Sci., 95: 2697-2702. http://dx.doi.org/10.3168/jds.2011-5220 

Dunn, A., Duffy, C., Gordon, A., Morrison, S., Argűello, A., Welsh, M. and Earley, B. 2018. 

Comparison of Single Radial Immunodiffusion and ELISA for the Quantification of 

Immunoglobulin G in Bovine Colostrum, Milk and Calf Sera.Journal of Applied 

Animal Research. 46 (1): 758-765. https://doi.org/10.1080/09712119.2017.1394860 

Elizondo-Salazar, J. A., Jayarao, B. M. and Heinrichs, A. J. 2010. Effect of Heat Treatment of 

Bovine Colostrum on Bacterial Counts, Viscosity, and Immunoglobulin G 

Concentration. J. Dairy Sci., 93: 961-967. http://dx.doi.org/10.3168/jds.2009-2388 

Elsohaby, I., McClure, J. T. and Keefe, G. P. 2015. Evaluation of Digital and Optical 

Refractometers for Assessing Failure of Transfer of Passive Immunity in Dairy Calves. 

J. Vet. Intern. Med., 29: 721-726. https://doi.org/10.1111/jvim.12560 

Faber, S. N., Faber, N. E., McCauley, T. C. and Ax, R. L. 2005. Case Study: Effects of 

Colostrum Ingestion on Lactational Performance. Prof Anim. Sci., 21: 420-425. 

https://doi.org/10.15232/S1080-7446(15)31240-7 

FAO 2016. Food Outlook. Biannual Report on Global Food Markets. Food and Agriculture 

Organization of the United Nations. Rome, Italy, 132 pp.. http://www.fao.org/3/a-i6198e.pdf 

Feitosa, F. L. F., Birgel, E. H., Mirandola, R. M. S. and Perri, S. H. V. 2001. Diagnóstico de 

Falha de Transferência de Imunidade Passiva em Bezerros Através da Determinação de 

Proteína Total e de suas Frações Eletroforéticas, Imunoglobulinas g e m e da Atividade 

da Gama Glutamil Transferase no Soro Sangüíneo. Ciência Rural, 31 (2): 251-255. 

http://dx.doi.org/10.1590/S0103-84782001000200010 

Fleenor, W. A. and Stott, G. H. 1980. Hydrometer Test for Estimation of Immunoglobulin 

Concentration in Bovine Colostrum. J Dairy Sci. 63 (6): 973-7. 

http://dx.doi.org/10.3168/jds.S0022-0302(80)83034-7 

Floren, H. K., Sischo, W. M., Crudo, C. and Moore, D. A. 2016. Technical Note: Use of a 

Digital and an Optical Brix Refractometer to Estimate Total Solids in Milk Replacer 

Solutions for Calves. J. Dairy Sci., 99: 7517-7522. http://dx.doi.org/10.3168/jds.2015-10834 

Franklin, S. T., Amaral-Phillips, D. M., Jackson, J. A. and Campbell, A. A. 2003. Health and 

Performance of Holstein Calves that Suckled or Were Hand-Fed Colostrum and Were 

Fed One of Three Physical Forms of Starter. J. Dairy Sci., 86: 2145-2153. 

https://doi.org/10.3168/jds.S0022-0302(03)73804-1 

https://www.ncbi.nlm.nih.gov/pubmed/7400425
https://doi.org/10.3168/jds.S0022-0302(80)83034-7
http://dx.doi.org/10.3168/jds.2015-10834


30 
 

Gelsinger, S. L., Smith, A. M., Jones, C. M. and Heinrichs, A. J. 2015. Technical Note: 

Comparison of Radial Immunodiffusion and ELISA for Quantification of Bovine 

Immunoglobulin G in Colostrum and Plasma. J. Dairy Sci., 98: 4084-4089. 

http://dx.doi.org/10.3168/jds.2014-8491 

Godden, S. M. 2008. Colostrum Management for Dairy Calves. Vet. Clin. Food Anim., 24: 

19-39. http://dx.doi.org/10.1016/j.cvfa.2007.10.005 

Godden, S. M., Haines, D. M., Konkol, K. and Peterson, J. 2009. Improving Passive Transfer 

of Immunoglobulins in Calves. II: Interaction Between Feeding Method and Volume of 

Colostrum Fed. J. Dairy Sci., 92: 1758-1764. http://dx.doi.org/10.3168/jds.2008-1847 

Godden, S. M., McMartin, S., Feirtag, J., Stabel, J., Bey, R., Goyal, S., Metzger, L., Fetrow, 

J., Wells, S. and Chester-Jones, H. 2006. Heat-treatment of Bovine Colostrum. II: 

Effects of Heating Duration on Pathogen Viability and Immunoglobulin G. J. Dairy 

Sci., 89 (9): 3476-3483. http://dx.doi.org/10.3168/jds.S0022-0302(06)72386-4 

Godden, S. M., S. Smith, J. M. Feirtag, L. R. Green, S. J. Wells, and J. P. Fetrow. 2003. 

Effect of On-Farm Commercial Batch Pasteurization of Colostrum on Colostrum and 

Serum Immunoglobulin Concentrations in Dairy Calves. J. Dairy Sci. 86: 1503-1512. 

https://doi.org/10.3168/jds.S0022-0302(03)73736-9 

Heinrichs, A. J. and Elizondo-Salazar, J. A. 2009. Reducing Failure of Passive 

Immunoglobulin Transfer in Dairy Calves. Revue de Médecine Vétérinaire, 160 (8-9): 

436-440. 

https://www.researchgate.net/publication/286006684_Reducing_Failure_of_Passive_Immunoglobulin_Tr

ansfer_in_Dairy_Calves 

Heinrichs, A. J. And Jones, C. M. 2003. Feeding the Newborn Dairy Calf. College of 

Agricultural Sciences, Agricultural Research and Cooperative Extension, The 

Pennsylvania State University, Pennsylvania, USA, 24 pp.. 

https://articles.extension.org/mediawiki/files/2/2a/feednewborn2003.pdf 

Hernandez, D., Nydam, D. V., Godden, S. M., Bristol, L. S., Kryzer, A., Ranum, J. and 

Schaefer, D. 2016. Brix Refractometry in Serum as a Measure of Failure of Passive 

Transfer Compared to Measured Immunoglobulin G and Total Protein by 

Refractometry in Serum from Dairy Calves. The Veterinary Journal, 211: 82-87. 

http://dx.doi.org/10.1016/j.tvjl.2015.11.004 

Hogan, I., Doherty, M., Fagan, J., Kennedy, E., Conneely, M., Brady, P., Ryan, C. and 

Lorenz, I. 2015. Comparison of Rapid Laboratory Tests for Failure of Passive Transfer 

http://dx.doi.org/10.3168/jds.2008-1847
https://www.ncbi.nlm.nih.gov/pubmed/?term=Godden%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=McMartin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feirtag%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stabel%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bey%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goyal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Metzger%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetrow%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetrow%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wells%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chester-Jones%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16899682
file:///C:/Users/Ramiro%20Valentim/AppData/Local/Temp/J.%20Dairy%20Sci
file:///C:/Users/Ramiro%20Valentim/AppData/Local/Temp/J.%20Dairy%20Sci
http://dx.doi.org/10.3168/jds.S0022-0302(06)72386-4


31 
 

in the Bovine. Irish Veterinary Journal, 68 (18): 10 pp.. https://doi.org/10.1186/s13620-015-

0047-0 

Hurley, W. L. and Theil, P. K. 2011. Perspectives on Immunoglobulins in Colostrum and 

Milk. Nutrients, 3 (4): 442-474. http://dx.doi.org/10.3390/nu3040442 

International Dairy Foods Association. 2017. The World Dairy Situation 2016. Brussels, 

Belgium, 6 pp.. 

http://www.idfa.org/docs/default-source/d-news/world-dairy-situationsample.pdf 

Jaster, E. H. 2005. Evaluation of Quality, Quantity, and Timing of Colostrum Feeding on 

Immunoglobulin G1 Absorption in Jersey Calves. J. Dairy Sci., 88: 296-302. 

https://doi.org/10.3168/jds.S0022-0302(05)72687-4 

Johnson, J. L., Godden, S. M., Molitor, T., Ames, T. and Hagman, D. 2007. Effects of 

Feeding Heat-Treated Colostrum on Passive Transfer of Immune and Nutritional 

Parameters in Neonatal Dairy Calves. J. Dairy Sci., 90: 5189-5198. 

https://doi.org/10.3168/jds.2007-0219 

Kaske, M., Werner, A., Schuberth, H. J., Rehage, J. and Kehler, W. 2005. Colostrum 

Management in Calves: Effects of Drenching vs. Bottle Feeding. Journal of Animal 

Physiology and Animal Nutrition, 89: 151-157. 

http://dx.doi.org/10.1111/j.1439-0396.2005.00535.x 

La Belle Colostrum 2012. Colostrum and Newborn Calves. La Belle Colostrum, 1, 8 pp.. 

http://www.animalhealthinternational.com/animalhealthinternational.com/media/Animal-Health-

International/Training/LaBelle/AH-COLOSTRUM-AND-NEWBORN-CALVES.pdf 

Laestander, C. 2016. Comparison of Three Different Colostrum Feeding Methods on Passive 

Transfer of Immunity, Growth and Health in Dairy Calves. Department of Animal 

Nutrition and Management, Faculty of Veterinary Medicine and Animal Science, 

Swedish University of Agricultural Sciences, Uppsala, Sweden, 30 pp.. 

https://stud.epsilon.slu.se/9018/7/laestander_c_160513.pdf 

Lee, S. H., Jaekal, J., Bae, C. S., Chung, B. H., Yun, S. C., Gwak, M. J., Noh, G. J. and Lee, 

D. H. 2008. Enzyme-linked Immunosorbent Assay, Single Radial Immunodiffusion, 

and Indirect Methods for the Detection of Failure of Transfer of Passive Immunity in 

Dairy Calves. J. Vet. Intern. Med., 22: 212-218. https://doi.org/10.1111/j.1939-1676.2007.0013 

Lorenz, I., Mee, J. F., Earley, B. and More. S. J. 2011. Calf Health from Birth to Weaning. I. 

General Aspects of Disease Prevention. Irish Veterinary Journal, 64 (10): 8 pp.. 

https://doi.org/10.1186/2046-0481-64-10 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurley%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theil%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=22254105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257684/
https://dx.doi.org/10.3390%2Fnu3040442
http://www.idfa.org/docs/default-source/d-news/world-dairy-situationsample.pdf
https://doi.org/10.3168/jds.2007-0219
https://doi.org/10.1111/j.1439-0396.2005.00535.x
https://doi.org/10.1111/j.1939-1676.2007.0013.x
https://dx.doi.org/10.1186%2F2046-0481-64-10


32 
 

Lumeij, J. T. and Maclean, B. 1996. Total Protein Determination in Pigeon Plasma and 

Serum: Comparison of Refractometric Methods with the Biuret Method. Journal of 

Avian Medicine and Surgery, 10 (3): 150-152. http://www.jstor.org/stable/30133088 

Jefferis, R. 2012. Antibodies. In: Immunology: With Student Consult Online Access, D. 

Male, J. Brostoff, D. Roth and I. Roitt (Eds), 8
th

 Edition, Elsevier Saunders, 

Philadelphia, USA, 482 pp.. 

McCracken, M. M., Morrill, K. M., Fordyce, A. L. and Tyler, H. D. 2017. Technical Note: 

Evaluation of Digital Refractometers to Estimate Serum Immunoglobulin G 

Concentration and Passive Transfer in Jersey Calves. J. Dairy Sci., 100: 1-5. 

https://doi.org/10.3168/jds.2017-12847 

McGrath, B. A., Fox, P. F., McSweeney, P. L. H. and Kelly, A. L. 2016. Composition and 

Properties of Bovine Colostrum: A Review. Dairy Sci. and Technol., 96: 133-158. 

https://doi.org/10.1007/s13594-015-0258-x 

McGuirk, S. M. and Collins, M. 2004. Managing the Production, Storage, and Delivery of 

Colostrum.Vet. Clin. Food Anim., 20: 593-603. https://doi.org/10.1016/j.cvfa.2004.06.005 

Mechor, G. D., Gröhn, Y. T., and Van Saun, R. J. 1991. Effect of Temperature on 

Colostrometer Readings for Estimation of Immunoglobulin Concentration in Bovine 

Colostrum. J. Dairy Sci. 74 (11), 3940–3943. https://doi.org/10.3168/jds.S0022-0302(91)78587-

1 

Meganck, V., Hoflack, G. and Opsomer, G. 2014. Advances in Prevention and Therapy of 

Neonatal Dairy Calf Diarrhea: A Systematical Review with Emphasis on Colostrum 

Management and Fluid Therapy. Acta Veterinaria Scandinavica, 56: 75. 

https://doi.org/10.1186/s13028-014-0075-x 

Miller-Cushon, E. K. and DeVries, T. J. 2015. Invited Review: Development and Expression 

of Dairy Calf Feeding Behaviour. Can. J. Anim. Sci., 95: 341-350. 

http://www.nrcresearchpress.com/doi/pdf/10.4141/cjas-2014-163 

Moran, J. 2002. Calf Rearing. A Practical Guide. 2
nd 

Edition, LandLinks Press, Victoria, 

Australia, 211 pp.. 

http://vet.uokufa.edu.iq/staff/amr%20jabr/new/books/Calf%20Rearing%20A%20Practical%20Guide.pdf 

Morrill, K. M., Conrad, E., Lago, A., Campbell, J., Quigley, J. and Tyler, H. 2012. 

Nationwide Evaluation of Quality and Composition of Colostrum on Dairy Farms in the 

United States. J. Dairy Sci., 95: 3997-4005. https://doi.org/10.3168/jds.2011-5174 

https://dx.doi.org/10.1186%2Fs13028-014-0075-x
http://www.nrcresearchpress.com/doi/pdf/10.4141/cjas-2014-163


33 
 

Morrill, K. M., Polo, J., Lago, A., Campbell, J., Quigley, J. and Tyler, H. 2013. Estimate of 

Serum Immunoglobulin G Concentration Using Refractometry with or without Caprylic 

Acid Fractionation. J. Dairy Sci., 96: 4535-4541. http://dx.doi.org/10.3168/jds.2012-5843 

Oliveira, M. C. S. 2012. Cuidados com Bezerros Recém-nascidos em Rebanhos Leiteiros. 

Circular Técnica 68 – Embrapa. São Paulo, Brasil, 7 pp.. 

https://ainfo.cnptia.embrapa.br/digital/bitstream/item/57830/1/Circular68.pdf 

Quigley, J. D. 2003. Calf Note #96 – Pasteurized Colostrums. Calf Notes.com, 4 pp.. 

http://calfnotes.com/pdffiles/CN096.pdf 

Quigley, J. D. and Mills, V., 2004. The Role of Oral Immunoglobulins in Systemic and 

Intestinal Immunity of Neonatal Calves. Diamond & Rapids, Cedar, 13 pp.. 

https://www.researchgate.net/publication/247986176_THE_ROLE_OF_ORAL_IMMUNOGLOBULINS

_IN_SYSTEMIC_AND_INTESTINAL_IMMUNITY_OF_NEONATAL_CALVES 

Quigley, J. D., Lago, A., Chapman, C., Erickson, P. and Polo, J. 2013. Evaluation of the Brix 

Refractometer to Estimate Immunoglobulin G Concentration in Bovine Colostrum. J. 

Dairy Sci., 96: 1148-1155. http://dx.doi.org/10.3168/jds.2012-5823 

Rebelatto, M. C. and Weiblen, R. 1992. Importância da Imunidade Passiva para o Terneiro. 

Ciência Rural, 22 (1): 109-118. http://dx.doi.org/10.1590/S0103-84781992000100017 

Smith, G. W. and Foster, D. M. 2007. Short Communication: Absorption of Protein and 

Immunoglobulin G in Calves Fed a Colostrum Replacer. J Dairy Sci. 90 (6):2905-2908. 

http://dx.doi.org/10.3168/jds.2006-682 

Stelwagen, K., Carpenter, E., Haigh, B., Hodgkinson, A. and Wheeler, T. T. 2009. Immune 

Components of Bovine Colostrum and Milk. J. Sci., 87 (Suppl. 1): 3-9. 

https://doi.org/10.2527/jas.2008-1377 

Stewart, S., Godden, S., Bey, R., Rapnicki, P., Fetrow, J., Farnsworth, R., Scanlon, M., 

Arnold, Y., Clow, L., Mueller, K. and Ferrouillet, C. 2005. Preventing Bacterial 

Contamination and Proliferation During the Harvest, Storage, and Feeding of Fresh 

Bovine Colostrum. J. Dairy Sci., 88: 2571-2578. 

https://doi.org/10.3168/jds.S0022-0302(05)72933-7 

TCRM 2017. Best Practice from Birth to Three Months. Teagasc Calf Rearing Manual, 

Carlow, USA, 152 pp.. https://www.teagasc.ie/publications/2017/teagasc-calf-rearing-manual.php 

Tizard, I. R. 2013.Veterinary Immunology. 9
th

 Edition, St. Louis, USA, 554 pp.. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=17517730
https://www.ncbi.nlm.nih.gov/pubmed/?term=Foster%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=17517730
https://www.ncbi.nlm.nih.gov/pubmed/17517730
https://doi.org/10.3168/jds.2006-682
https://doi.org/10.2527/jas.2008-1377
https://www.ncbi.nlm.nih.gov/pubmed/?term=Godden%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bey%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rapnicki%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetrow%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farnsworth%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scanlon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arnold%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clow%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mueller%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrouillet%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15956318
https://doi.org/10.3168/jds.S0022-0302(05)72933-7


34 
 

Tyler, J. W., Hancock, D. D., Thorne, J. G., Gay, C. C. and Gay, J. M. 1999. Partitioning the 

Mortality Risk Associated with Inadequate Passive Transfer of Colostral 

Immunoglobulins in Dairy Calves. J. Vet. Intern. Med., 13: 335-337. 

https://doi.org/10.1111/j.1939-1676.1999.tb02191.x 

USDA. 2007. Dairy 2007. Part I: Reference of Dairy Cattle Health and Management Practices 

in the United States, 2007. USDA-APHIS-VS, CEAH, #N480.1007, Fort Collins, USA, 

122 pp.. 

https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy07_dr_PartI.pdf 

USDA 2008. Colostrum Feeding and Management on U.S. Dairy Operations, 1991-2007. 

Aphis Veterinary Services Centers for Epidemiology and Animal Health, Washington, 

USA, 4 pp.. 

http://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy07_is_Colostrum.pdf 

Van Amburgh, M. 2017. Nutrition of the Preweaned Calf. In: Large Dairy Herd Management, 

D. K. Beede (Ed), 3
rd

 Edition, American Dairy Science Association, Champaign, USA, 

409-419. 

https://ldhm.adsa.org/Large_Dairy_Herd_Management_Third_Edition_(Preface_Only).pdf 

Vogels, Z., Chuck, G. M. and Morton, J. M. 2013. Failure of Transfer of Passive Immunity 

and Agammaglobulinaemia in Calves in South-west Victorian Dairy Herds: Prevalence 

and Risk Factors. Australian Veterinary Journal, 91 (4): 150-158. 

https://doi.org/10.1111/avj.12025 

Wallace, M. M., Jarvie, B. D., Perkins, N. R. and Leslie, K. E. 2006. A Comparison of Serum 

Harvesting Methods and Type of Refractometer for Determining Total Solids to 

Estimate Failure of Passive Transfer in Calves. Can. Vet. J., 47 (6): 573-575. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1461409/pdf/cvj47pg573.pdf 

Wang, S. Q., Sarenac, D., Chen, M. H., Huang, S. H., Giguel, F. F., Kuritzkes, D. R. and 

Demirci, U. 2012. Simple Filter Microchip for Rapid Separation of Plasma and Viruses 

from Whole Blood. Int. J. Nanomedicine, 7: 5019-5028. 

http://dx.doi.org/10.2147/IJN.S32579 

Wattiaux, 1996. Heifer Raising – Birth to Weaning. 28) Importance of Colostrum Feeding. 

Dairy Essentials, Babcock Institute for International Dairy Research and Development, 

University of Winsconsin-Madison, USA, 109-112. 

http://www.infodairy.com/infodairy_upload_files/Cows_heifers_calves/Calves/0188Importance%20of%2

0colostrum%20feeding-e.pdf 

http://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy07_is_Colostrum.pdf
http://www.infodairy.com/infodairy_upload_files/Cows_heifers_calves/Calves/0188Importance%20of%20colostrum%20feeding-e.pdf
http://www.infodairy.com/infodairy_upload_files/Cows_heifers_calves/Calves/0188Importance%20of%20colostrum%20feeding-e.pdf


35 
 

Weaver, D. M., Tyler, J. W., VanMetre, D. C., Hostetler, D. E. and Barrington, G. M. 2000. 

Passive Transfer of Colostral Immunoglobulins in Calves. J. Vet. Intern. Med., 14: 569-

577. https://doi.org/10.1111/j.1939-1676.2000.tb02278.x 

Wells, S. J., Dargatz, D. A. and Ott., S. L. 1996. Factors Associated with Mortality to 21 days 

of Life in Dairy Heifers in the United States. Preventive Vet. Med., 29: 9-19. 

Wu, C. C., Hong, L. Z. and Ou, C. T. 2011. Blood Cell-free Plasma Separated from Blood 

Samples with a Cascading Weir-type Microfilter Using Dead-end Filtration. J. Med. 

Bio. Eng. 32 (3): 163-168. https://doi.org/10.5405/jmbe.937 


