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Calves are born immunologically naive, thus they achieve passive immunity via colostrum 

intake and absorption. If the transfer of colostral antibodies is insufficient, the calf has failure 

of passive transfer of immunity (FPTI), which predisposes the calf on diseases and increases 

the risk of mortality. The aim of this study was to analyze the prevalence of FPTI and 

association with morbidity and mortality risk of dairy calves reared in large Estonian dairy 

herds. In total, the number of calves were 372 (number of herds = 30) for the mortality 

analysis and 209 (n = 20 herds) for the morbidity analysis (bovine respiratory disease (BRD) 

and diarrhea). Blood samples from jugular vein were collected from 2-7-day-old calves. 

Serum total protein (TP) concentration was measured by using a refractometer, a TP cut-off 

point of 5.2 g/dl was used to discriminate poor and good passive immunity groups. The calf-

level follow-up period was 6 months. Survival analysis was used for data analysis. Prevalence 

of FPTI was 47.0% (175 calves out of total 372 calves). According to the mixed-effect Cox 

regression model, mortality hazard for calves that acquired poor immunity was on average 

3.3 times higher compared to mortality risk of those calves that had good passive immunity 

(p = 0.007). In poor passive immunity group there was on average 33% higher chance for a 

calf to develop diarrhea and on average 3% higher change for a calf to develop BRD 

compared to good passive immunity group. These differences were statistically insignificant 

(p = 0.263, p = 0.929, respectively). In conclusion, roughly half of the studied calves were 

identified having FPTI indicating that colostrum feeding practices should be improved in 

large-scale Estonian dairy herds. Although morbidity was not significantly affected by low 

serum TP levels, calves with FPTI had considerably increased risk for mortality during the 

first six months of age. Further studies are motivated to analyze the reasons for FPTI in 

Estonian dairy herds. 

 

Keywords: colostrum, failure of passive transfer of immunity, diarrhea, bovine respiratory 

disease, death 
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Vasikad sünnivad immunoloogiliselt naiivsetena, seega saavad nad passiivse immuunsuse 

ternespiimas olevate antikehade imendumise kaudu. Kui antikehade ülekanne ternespiimaga 

on ebapiisav, ebaõnnestub vasikal passiivse immuunsuse ülekanne (ingl k failure of passive 

transfer of immunity - FPTI), mis soodustab tal haiguste tekke- ja suremusriski. Käesoleva 

töö eesmärgiks oli analüüsida Eesti suurtes piimakarjades peetavate piimavasikate FPTI 

levimust ning seost haigestumis- ja suremusriskiga. Kokku oli vasikate arv suremusanalüüsis 

372 (karjade arv = 30) ja haigestumusanalüüsis (veiste hingamisteede haigus (ingl k bovine 

respiratory disease – (BRD) ja kõhulahtisus) 209 (n = 20 karja). Vereproovid koguti 2–7-

päeva vanustelt vasikatelt kägiveenist. Seerumi üldvalgu (ingl k total protein - TP) 

kontsentratsiooni mõõdeti refraktomeetriga, halva ja hea passiivse immuunsusega rühmade 

eristamiseks kasutati TP piirväärtust 5,2 g/dl. Vasikate jälgimisperiood oli 6 esimest elukuud. 

Andmete analüüsiks kasutati elumusanalüüsi. FPTI levimus oli 47,0% (175 vasikal kokku 

372 vasikast). Segamõjulise Cox regressioonimudeli järgi oli ebapiisava passiivse 

immuunsuse omandanud vasikate suremusrisk keskmiselt 3,3 korda kõrgem võrreldes nende 

vasikate suremusriskiga, kellel oli hea passiivne immuunsus (p = 0,007). Halva passiivse 

immuunsusega vasikate rühmas oli kõhulahtisuse tekkerisk keskmiselt 33% suurem ja 

BRDsse haigestumise risk keskmiselt 3% suurem võrreldes piisava passiivse immuunsuse 

omandanud vasikate rühmaga. Need erinevused olid statistiliselt ebaolulised (vastavalt p = 

0,263 ja p = 0,929). Kokkuvõttes tuvastati ligikaudu pooltel uuritud vasikatel FPTI, mis 

näitab, et ternespiima jootmise praktikaid tuleks Eesti suurtes piimakarjades parandada. 

Kuigi haigestumisriski seerumi madal TP tase oluliselt ei mõjutanud, oli FPTI-ga vasikatel 

esimese kuue elukuu jooksul märkimisväärselt suurem risk surra. Edasistes uuringutes oleks 

vajalik analüüsida Eesti suurtes piimakarjades peetavate vasikate FPTI põhjuseid. 

 

Märksõnad: ternespiim, passiivse immuunsuse ülekanne, kõhulahtisus, veiste 

hingamisteede haigus, surm 
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INTRODUCTION 
 

Failure of passive transfer of immunity (FPTI) is a condition that predisposes the neonate to the 

development of the disease, mostly bovine respiratory disease (BRD) and diarrhea (Weaver et 

al., 2000). FPTI is also linked with increased mortality risk. FPTI is both animal welfare and 

economical problem as the average total cost per dairy calf with FPTI is 60€ in Europe 

(Raboisson et al., 2016).  

The cotyledonary synepitheliochorial placenta prevents passive transfer of immunoglobulins 

between the dam and fetus and calves are born agammaglobulinemic. Thus, the calf almost fully 

relies on colostrum-based passive immunity for the first 4 weeks of life (Gulliksen et al., 2008; 

Peter, 2013). The failure of neonatal calf to absorb immunoglobulins (Ig) via colostrum within 

the first hours of life results in FPTI. The key to avoid FPTI is to ensure good colostrum 

management. The calf should get a sufficient amount of high quality colostrum within a few 

hours of birth (Raboisson et al., 2016). As colostral Ig mostly consists of immunoglobulin G 

(IgG), the diagnosis of FPTI is based on the amount of IgG in calf serum. Many measurement 

methods to detect FPTI are available. The minimal quantity of IgG that is required for optimum 

colostral transfer is approximately 150 g (Chigerwe, 2008).  

Prevalence of FPTI in dairy farms has decreased in many countries during the last decades due 

to dramatically improved monitoring and correction of failures in this regard. In the USA, the 

prevalence of FPTI was 12.1% in years 2014-2015 (Shivley et al., 2018). In comparison, the 

prevalence of FPTI was 41% in Italy in 2014 (Lora et al., 2018) and 25% in New Zealand in 

2012 (Lawrence et al., 2017).  Currently, there is no information about FPTI prevalence in 

Estonian dairy herds.  

In general, studies have shown that FPTI is a significant risk factor for the development of 

diseases (BRD, diarrhea) and mortality (Raboisson et al., 2016). However, it should be noted 

that FPTI is not a single risk factor for morbidity and mortality in dairy calves. The farm 

condition and prevalence of infectious diseases in specific populations can also have an effect 

(Beam et al., 2009). Thus, it is essential to analyze the contribution of FPTI to calf morbidity 

and mortality in the local cattle population.  
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The aim of this Thesis was to analyze the prevalence of FPTI of calves reared in large 

commercial dairy herds in Estonia. Additionally, the association between FPTI and morbidity 

(BRD and diarrhea) and mortality was analyzed. The hypothesis for this study was that calves 

with poor passive immunity would have higher morbidity and/or mortality risk in comparison 

to calves with good passive immunity.  
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1. LITERATURE REVIEW 

 

1.1. Basic components of calf immunity 
 

Immunity is divided into two parts, innate immunity and adaptive immunity. However, there is 

much interaction between them. Innate immunity includes physical, chemical, and microbiological 

barriers. In addition, it involves the elements of the immune system which provide immediate host 

defence, such as monocytes, macrophages, and neutrophils. Adaptive immunity can be divided 

into passive immunity and active immunity (Parkin and Cohen, 2001). Passive immunity is defined 

as immunity acquired from someone else (maternal immunoglobulins, antibodies). Active 

immunity is defined as immunity which results from the production of antibodies by the immune 

system in response to the antigen (antibodies produced after exposure to an infection or antibodies 

produced after the calf is vaccinated). Innate immunity response to a pathogen is rapid whereas 

adaptive immunity response can take several days or weeks to develop (Tizard, 2017).  

 

1.2. Passive transfer of immunity  
 

The cotyledonary synepitheliochorial placenta of the bovine prevents maternal Ig transfer from 

dam to her calf (Peter, 2013). Consequently, calves are born deficient of immunoglobulins (Lopez 

et al., 2022). Passive transfer of immunity is defined as a process by which a calf acquires 

immunity via intestinal absorption of colostral immunoglobulins (Barrington and Parish, 2001).  It 

should be noted that this process takes place for a limited amount of time. The neonatal enterocyte 

has the unique ability to absorb protein macromolecules, immunoglobulins, by pinocytosis. 

Immunoglobulins are further transported across the cell into the lymphatics by exocytosis. After 

that, the immunoglobulins get access to the circulatory system through the thoracic duct. When 

immunoglobulins are no longer absorbed, the term “closure” is used. The exact mechanism of 

“closure” is not known. However, it is most likely a combination of exhaustion of pinocytotic 

capability and enterocyte replacement by more mature gut epithelial cells. This passive transfer of 

IgG across the small intestinal epithelium is optimal within the first four hours of life and rapidly 

declines after 12 h postpartum (Fischer et al., 2018; Weaver et al., 2000). 
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Active immunity of the calf is not efficient for at least 2 to 4 weeks after birth. Circulating levels 

of self-produced IgA, IgG1, and IgG2 do not reach significant levels before that time period 

(Barrington and Parish, 2001).  The transition from maternal immunoglobulins (passive immunity) 

to self-produced immunoglobulins (active immunity) is illustrated in the Figure 1. As an exception, 

if the calf is infected in the utero, very low levels of Ig might be produced (Barrington and Parish, 

2001). To sum up, passive immunity via the colostrum provides a “borrowed memory” and 

protection from pathogens until the calf immune system is mature enough to make their own 

antibodies. 

 

Transition from passive immunity to active immunity 

 

Figure 1. A simplified illustration of the transition from passive immunity to active immunity. 

The numbers present age in days. The figure is adapted from the study of Hulbert and Moisá 

(2016). 

 

1.2.1. Colostrum content  

 

Colostrum is the first milk produced by the dam following calving. It is tan to yellow in colour and 

has thick consistency. As previously discussed, colostrum provides a temporary immunization to 

the newborn calf (Quigley and Drewry, 1998). Colostrum contains three main components to 

provide immunity. These are 1) antibodies, 2) cytokines, and 3) immune cells (Figure 2) (Chase, 

2008). The most important aim of colostrum is to provide antibodies to the newborn calf, especially 

immunoglobulin G (IgG).  Cytokines are associated with a pro-inflammatory response, thus they 

help in recruiting and developing neonatal lymphocytes into the gut. In addition, cytokines 

improve phagocytosis and oxidative burst in neutrophils (Menge et al, 1998). Pro-inflammatory 

cytokines are positive mediators of inflammation. In contrast, anti-inflammatory cytokines help to 

Age in days 
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lessen local inflammatory conditions to allow commensal gut microbiota colonization (den Hartog 

et al., 2011). Colostrum delivers leucocytes to the small intestine (Osorio, 2020). According to 

Foley et al. (1978) these main components accumulate in the mammary gland during the prepartum 

dry period. This process begins several weeks before calving, under the influence of lactogenic 

hormones such as prolactin. Concentrations of many of these components are greatest in the first 

milking colostrum, then decline over the next 6 milkings (transition milk) (Foley et al., 1978).  

 

Main components of colostrum 

 

Figure 2. A simplified illustration on main components of colostrum. IgG1 is the principal 

immunoglobulin for passive immunization of the calf  

 

Immunoglobulins or antibodies are glycoproteins that are produced by plasma cells. There are 

three main colostrum immunoglobulins: IgG, IgA and IgM. The percentages of the total Ig in 

colostrum are respectively 85% to 90%, 5%, and 7% (Larson et al., 1980). According to Newby 

et al. (1982), the levels of different immunoglobulins are highly variable among cows. The 

primary immunoglobulin in cows is IgG, and it can be divided into subclasses IgG1 and IgG2 

(Butler, 1969). IgG1 accounts for 80% to 90% of the total IgG (Larson et al., 1980). IgG1 is the 

principal immunoglobulin for passive immunization of the calf. IgG1 is selectively transported 

by the udder from the circulation to the lacteal secretions. IgG2 occurs in high concentrations 

in bovine serum. Bovine IgA occurs as “secretory IgA” in milk and colostrum (Butler, 1969). 

COLOSTRUM

ANTIBODIES

IgG (85-90%)

IgG1

IgG2

IgA (5%)

IgM (7%)CYTOKINES

IMMUNE 
CELLS
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Bovine IgM occurs in serum, colostrum, and milk. IgM is important in the primary immune 

response, complement fixation, and as an agglutinating antibody of the serum. IgM seems to be 

especially associated with parasitic infections. The concentration of IgG in colostrum is 

considered the hallmark for evaluating colostrum quality, with high quality defined as IgG 

levels greater than 50 g/l (Shivley et al., 2018). Many studies report a tendency for older cows 

to produce higher-quality colostrum. Probably because of older animals have had a longer 

period of exposure to pathogens. However, even the colostrum from first lactation can have a 

good quality (Morin et al., 2001; Shivley et al., 2018). Thus, producers should test and record 

the quality of all colostrum fed, even from a primiparous cow ( 

 et al., 2019). Breed of the dam can effect on colostrum quality. In the study of Muller and 

Ellinger (1981), it was stated that the Ayrshire breed produced colostrum with higher IgG 

content in comparison to Holstein.  

 

1.2.2. Failure of passive transfer of immunity (FPTI) 

 

The failure of neonatal calf to absorb immunoglobulins (Ig) via colostrum within the first hours of 

life results in FPTI. The minimal quantity of IgG that is required for optimum passive immunity 

is approximately 150 g (Chigerwe, 2008). FPTI is a condition that predisposes the neonate to the 

development of the disease, mostly bovine respiratory disease (BRD) and diarrhea (Weaver et al., 

2000). There are three major reasons for FPTI: production failure, ingestion failure, and absorption 

failure. First, the dam may produce poor quality colostrum because of insufficient dry period or 

excessive dripping. Premature births may also lead to production failure as colostrum 

accumulation takes place in late pregnancy. Second, the colostrum may have good quality but the 

newborn calf has inadequate colostrum intake. Colostrum feeding errors or poor mothering are 

possible causes for this. Additionally, the newborn calf may have a poor suckling drive. Sometimes 

damaged teats of the dam prevent sufficient colostrum intake and ingestion failure occurs. Third, 

there may be a failure of absorption from the calf intestine. This is called absorption failure (Tizard, 

2017). FPTI is an important global problem in dairy. In the following chapter prevalence of FPTI 

in different countries is discussed. 

Canada (Elsohaby et al., 2019): 
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In the study of Elsohaby et al. (2019) the diagnostic performance of RID and digital BRIX 

refractometer for diagnosis of FPTI in dairy calves was estimated. In total there were 691 Holstein 

calves from 40 commercial dairy farms. The age of the calves varied from 1 to 14 days old. The 

blood samples were collected between June 2013 and September 2015. FPTI prevalence was 

36.6% by RID and 29.5% by BRIX refractometer (BRIX cut off-point 8.2%).  

Italy (Lora et al., 2018): 

In the study of Lora et al. (2018) factors associated with passive immunity transfer in dairy calves, 

such as delivery time and amount and quality of the first colostrum meal, were analyzed. In total, 

there were 244 Holstein Friesian calves from 21 dairy farms. The blood samples were collected 

between March to August 2014. The age of the calves varied from 1 to 5 days of age. FPTI 

prevalence was 41% measured by electrophoresis.  

New Zealand (Lawrence et al., 2017): 

In the study of Lawrence et al. (2017) prevalence of passive transfer of maternal antibodies in 

dairy calves was analyzed. In total, there were 230 Friesian, Jersey and crossbred calves from 11 

dairy farms. The blood samples were collected during August and September 2012. The age of the 

calves was less than 1 week. FTP prevalence was 25% measured by refractometry (cut off-point 

50 g/L).  

USA (Shivley et al., 2018): 

In the study of Shivley et al. (2018) preweaned heifer management on USA dairy operations 

was analyzed, namely the factors associated with colostrum quality and passive transfer status 

of dairy calves. In total there were 1,623 Holstein calves from 101 farms. The blood samples 

were collected from Mach 2014 to September 2015. The age of the calves varied from 1 to 7 

days of age. FPTI prevalence was 12.1% measured by RID. The authors concluded that the FPT 

prevalence has remarkably decreased from the early 1990’s (Shivley et al., 2018). 
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1.3. Measuring passive immunity in calves 

To diagnose FPTI, calf serum immunoglobulin G (IgG) concentration must be determined within 

1-6 days after birth. At this point, immunoglobulin absorption is considered complete. Several 

methods measuring FPTI are available (Tizard; 2017; Hameed et al., 2019). Common direct 

measuring methods of IgG concentration are radial immunodiffusion (RID) and enzyme-linked 

immunosorbent assay (ELISA). Common indirect measuring methods of IgG concentration are 

refractometry and sodium sulfate turbidity test (Hameed et al., 2019). Direct measuring methods 

measure serum IgG concentration while indirect measuring methods measure serum total protein 

(TP) concentration.  Serum TP strongly correlates with IgG levels measured during the first week 

of life (de Souza et al., 2021).  

Cut-off value is used to discriminate poor results (calves with FPTI) from good results (calves 

without FPTI). Cut-off value influences test’s sensitivity and specificity. Sensitivity means 

proportion of FPTI calves correctly classified as positive. Specificity means proportion on non-

FPTI calves correctly classified as negative. A perfect test would correctly classify every calf status 

– sensitivity 100% and specificity 100%. However, this is not possible in the real world. False 

negatives and false positives will occur. By choosing a right cut-off value, it is possible to affect 

the proportion of false negatives and false positives tested with a specific test (Lee et al., 2008). 

Different cut off-points are used to diagnose FPTI. In dairy calves FPTI is usually defined as a 

serum IgG level less than 10 mg/ml (Lopez et al., 2022). This standard for FPTI (10 mg/ml) has 

been used for more than 35 years and is mainly based on a decreased risk of mortality when values 

are greater or equal to 10 mg/ml (Godden, 2019). In the study of Tyler et al. (1996) it was 

demonstrated that serum TP concentration of 5.2 g/dl was equivalent to an IgG concentration of 

10 mg/ml. However, different cut off-points are proposed in recent studies and they are further 

discussed. 

RID is the gold standard method for evaluating IgG concentration in calf serum. In other words, 

RID is the reference test that serves as a comparison for other tests to confirm FPTI  (Godden et 

al., 2008; Weaver et al., 2000). When using RID, FPTI is considered as serum IgG < 10 mg/ml at 

24h after birth (Shivley et al., 2018). RID is a semiquantitative method in which serum sample and 
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control are deposited in separate wells of a plate agarose gel with a bovine IgG-specific antiserum. 

The serum samples and control antigens diffuse into the gel. A precipitating ring is formed after 

18–24 h with a diameter proportional to the IgG concentration. The IgG concentration for a 

particular diameter can be obtained after drawing a standard curve (Ameri and Wilkerson., 2008).  

Disadvantages of RID are high price and the long time it requires (minimum 18 h). RID is a 

laboratory test that requires trained laboratory technicians to conduct it. Thus, RID is not 

recommended for routine FPTI monitoring (Deelen et al., 2014). There is a concern that results 

between two commercial RID kits can vary from each other because of inaccuracies in internal kit 

standards (Lee et al., 2008). Additionally, an uneven spread of the immunoprecipitin ring diameter 

can confound the results (Sutter et al., 2020). Despite this, RID is widely used as the gold standard 

in research on FPTI in calves (de Souza, 2021).  

Like RID, ELISA is a direct semiquantitative measuring method performed in a laboratory. 

Antigen-coated reagent wells of the microplate are incubated with diluted calf serum samples. 

ELISA is based on antigen-antibody colour reaction which can be further used for antibody 

concentration evaluation (Tizard, 2017). According to Lee et al. (2008), ELISA has advantages 

over RID in terms of cost, time, and the capacity for measuring a large number of samples at once, 

which might render it useful for the confirmatory diagnosis of FPTI in herds. Lee et al. (2008) 

performed a study where the results of RID and ELISA were compared. They evaluated 115 

Holstein calves in total at 0–10 d old and identified a 94% agreement with a 0.98 area below the 

curve, 98% sensitivity, and 91% specificity between the results obtained from RID and ELISA. 

However, Dunn et al. (2018) analyzed 10 calf serum samples 48 h old and found that, although 

there was a high correlation between RID and ELISA, on average, the IgG values determined using 

RID were 1.8 times higher than those determined by ELISA.  

Refractometry is an indirect method to measure calf serum IgG concentration. Different 

refractometers are available, protein refractometer (digital or optical) and BRIX refractometer. 

Protein refractometer measures the amount of light retracted due to the serum sample total 

protein content. The higher the amount of refracted light, the higher the serum total protein 

content. Protein refractometry has several advantages, as it is portable, simple, fast and cheap. 
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Protein refractometer can be used on the farm, and no laboratory technicians are needed (de 

Souza et al., 2021). Protein refractometer has some disadvantages. It is not accurate enough to 

determine small differences as most refractometers are accurate to 0.2 g/dl (de Souza et al., 

2021). There is also a concern that equipment quality, calibration, and sample temperature may 

influence the results (Weaver et al., 2000). Low hydration status of an ill calf can falsely rise 

the results (Buczinski et al., 2018).  

BRIX refractometer determines the serum BRIX score by passing a light beam through the 

sample to the prism, measuring the refractive index, and reading it on a scale (% BRIX). The 

BRIX refractometer measures sucrose concentration in liquids, such as fruit juice. When used 

in liquids without sucrose, the BRIX percentage (% BRIX) approximates the total solid 

percentage. The advantages and disadvantages are similar to those of protein refractometry (de 

Souza, 2021).  

In the study of Gamsjäger et al. (2021) authors evaluated test performance of digital and optical 

serum total protein refractometers and a BRIX refractometer for assessment of passive immunity 

in beef calves. Refractometer results were highly correlated with RID. Refractometer results were 

highly correlated with each other. Overall test performance was excellent. The TP concentrations 

of ≤5.1, ≤5.1, and ≤5.7 g/dl and Brix percentages of ≤7.9%, ≤8.3%, and ≤8.7% indicated IgG 

concentrations <10, <16, and <24 g/l, respectively.  

In the study of Hernandez et al. (2016) they evaluated BRIX refractometry for the assessment of 

FPTI in dairy calves compared to RID and serum total protein refractometry. When FPTI was 

defined as serum IgG < 10 g/L, Brix % ≤ 8.5% showed optimal sensitivity (100%) and specificity 

(89.2%) to predict FPTI. At the same IgG cut-point, a TP value of ≤ 5.2 g/dl showed a similar 

sensitivity (100%) and specificity (80.4%) to predict FPTI.  

Sodium sulfate turbidity test is an indirect test that uses different solutions (14%, 16%, 18%) 

that selectively precipitate high-molecular-weight proteins, immunoglobulins, which help to 

evaluate turbidity (cloudiness) (Pfeiffer and McGuire, 1977). In the study of Lee et al. (2008) they 

compared the three-tube sodium sulfite test (14, 16, and 18%) results to the RID results in 115 

calves 0–10 d of age, and considered 1.0 g/dl as the IgG concentration cut-off point, and an 
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observed area below the curve, the sensitivity, and specificity to be 0.88, 76%, and 99%, 

respectively. This suggests that the three-tube sodium sulfite test was superior to the other indirect 

methods compared in the study (total protein by refractometry). However, in the study of Tyler et 

al. (1996) using 14 or 16% test solution tended to misclassify large numbers of calves with 

adequate serum immunoglobulin concentrations as FPTI. Sodium sulfate turbidity test is one of 

the fastest and cheapest techniques with a maximum time of 1 h. Thus, sodium sulfite turbidity 

testing could be an effective, rapid, simple, inexpensive, and indirect method for the assessment 

of FPTI in the field, particularly in small farms with few calf births, where the purchase of a 

refractometer may not be suitable.  

 

1.4. Enhancing immunity in neonatal calves 
 

1.4.1. Vaccination of pregnant cattle 

 

Vaccination of pregnant heifers can result in a greater deposition of specific antibodies in 

colostrum and increase the duration of maternal immunity thus, decreasing morbidity and mortality 

of the calves. Vaccination can provide passive protection in neonatal calves against diarrhea 

causing agents such as enterotoxigenic Escherichia (E.) coli (ETEC). E. coli can cause a fatal 

disease in calves if left untreated. Antibodies transferred through colostrum block colonization of 

bacteria, thereby preventing the development of disease (Jayppa et al., 2008).  

In the study of Jayappa et al. (2008), pregnant heifers were vaccinated at 3 months of gestation 

with either a polyvalent oil-adjuvanted vaccine containing inactivated coronavirus, rotavirus, E. 

coli K99 subunit antigen, and Clostridium perfringens β and ε toxoid or normal saline as a placebo. 

The beef heifer population consisted of 31 one-to two-year-old pregnant, crossbred Angus beef 

heifers. Calves were orally challenged with E. coli at 1 day of age, and were observed for 

development of clinical signs of diarrhea for 10 days. Signs of severe diarrhea were noted in 75% 

of control calves and 28.6% of vaccinates, and the severity of diarrhea was significantly higher (p 

= 0.0382) in the control group. The mortality rate was significantly higher (p = 0.0007) in the 

control group (80%) than in the vaccinate group (14%).  
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In the study of Viidu and Mõtus (2022), heifers and cows were vaccinated with a trivalent vaccine 

containing rotavirus, coronavirus and ETEC. Vaccination was performed 3-12 weeks before 

expected calving. After calving, the calves were fed with vaccinated dam’s milk (hyperimmune 

milk) for minimum 14 days. On average, calf mortality hazard decreased among calves of the 

vaccinating herds. This study was conducted in large commercial Estonian dairy farms. 

In the study of Reppert et al. (2019) the objective was to evaluate the effect of late-gestation (6.5 

to 8 months of gestation) vaccination of beef heifers with 2 doses of killed-virus vaccine containing 

bovine herpesvirus 1, bovine viral diarrhea virus 1 (BVDV-1), and bovine viral diarrhea virus 2 

(BVDV-2) on the serum concentrations of antibody against BoHV-1, BVDV-1, and BVDV-2 in 

heifers and their calves and on the IgG concentration in the calves. The authors concluded that 

vaccination of pregnant beef heifers in late pregnancy can result in a greater deposition of specific 

antibodies in colostrum and increase the duration of maternal immunity in calves.   

 

1.4.2. Oral administration of antibodies  

 

Oral administration of antibodies can delay a diarrhea onset and reduce diarrhea severity and 

duration. IgY DNT is one of the few, if not only one, virus-associated neonatal calf diarrhea-

product on the market. IgY DNT is based on IgY antibodies against group A rotavirus, coronavirus, 

ETEC, and Salmonella sp. It is designed as a complementary passive immunization strategy to 

prevent neonatal calf diarrhea. This product was tested on 30 newborn Holstein calves were 

randomly assigned to IgY DNT or control groups. The treatment initiated after colostrum intake 

and gut closure. In this study, calves in the IgY DNT group received 20 g of the oral passive 

treatment in 2 L of milk twice a day during the first 2 weeks of life. Calves were followed until 3 

weeks of age. Calves treated with IgY DNT showed a trend towards a delay in rotavirus infection 

with significantly shorter duration and virus shedding compared to control calves (Vega et al., 

2020).   
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1.5. Etiology of calf diarrhea and BRD 
 

1.5.1. Etiology of calf diarrhea 
 

Diarrhea is one of the most prevalent diseases in pre-weaned dairy calves. It causes more than half 

of deaths during the first months of life (Azizzadeh et al., 2012). Numerous infectious agents have 

been implicated in calf diarrhea, such as bovine rotavirus, bovine coronavirus, Escherichia coli, 

and Cryptosporidium spp (Cruvinel et al., 2020). The most prevalent pathogens differ between the 

age groups in calves. This is described in Table 1. Additionally, non-infectious factors are closely 

attributed to calf diarrhea. Examples of non-infectious predisposing factors are harsh weather 

conditions, dystocia and poor cow nutrition. Neonatal calves are not able to effectively regulate 

their body temperature, thus there are at risk for hypothermia or hyperthermia. Calf experiencing 

dystocia may have a swelling of the tongue, which reduces the successful colostrum intake and 

thus predisposes to FPTI. Poor cow nutrition, especially during the last trimester, is also 

contributed to calf diarrhea. In addition, poor calf feeding management can predispose to diarrhea.  

Predisposing factors are insufficient colostrum management and irregular feeding times (Cho and 

Yoon, 2014).  

 

1.5.2. Etiology of BRD 
 

BRD is another leading disease in pre-weaned dairy calves. The clinical signs of BRD are eye and 

nasal discharge, head tilt/ear droop, coughing, increased respiration rate, and fever. Examples of 

common primary pathogens are bovine respiratory syncytial virus (BRSV), bovine viral diarrhea 

virus (BVDV), bovine herpesvirus type 1, and parainfluenza 3 (PI3). In addition, there are 

opportunistically pathogenic bacteria such as Pasteurella multocida, Histophilus 

somni, Mannheimia haemolytica, and Mycoplasma bovis. These can be naturally present in small 

numbers in the nasal passages of healthy cattle but can be opportunistic pathogens if the host’s 

defense is impaired (Love et al., 2014). Additionally, non-infectious factors are closely attributed 

to calf BRD. Examples of non-infectious predisposing factors are poor air quality and cold stress 

(Gorden and Plummer, 2010).  
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Table 1. Diarrhea pathogens in calves and their typical age at infection, adapted from Heller and 

Chigerwe (2018).  

Agent Typical age at infection  

Enterotoxigenic E. coli (ETEC, K99) 0 - 7 days 

Enterotohaemorrhagic E. coli (EHEC) 2 days – 4 weeks 

Rotavirus  5 – 14 days 

Coronavirus 5 days – 1 month 

Cryptosporidium spp. 1 – 4 weeks 

Clostridium perfringens Varies according to the type 

Salmonella spp. 5 – 14 days, anytime 

Giardia spp. 2 weeks - 2 months 

Bovine viral diarrhea virus (BVDV) First month of life, anytime 

Nematodiasis After 3 weeks of life 

Coccidia (Eimeria spp.) After 1 month of life, weaning 

 
 

1.6. FPTI and calf morbidity (diarrhea, BRD) and mortality 
 

FPTI is contributed to increased morbidity (diarrhea, BRD) and mortality. In the study of 

Raboisson et al. (2016) it was stated that a dairy calf with FPTI is 1.5 times as likely to be treated 

for diarrhea, 1.8 times as likely to be treated for respiratory disease and 2 times as likely to die as 

a dairy calf without FPTI. Even higher mortality risks are reported in some studies. For example, 

in the study performed at Italian dairy farms, the risk of mortality was 11 times greater in calves 

with FPTI than in calves with adequate passive transfer of immunity (Lora et al. 2018). 

 

 

 

 



21 
 

2. AIMS OF THE STUDY 
 

The aim of the study was to identify the prevalence of failure of passive transfer of immunity 

(FPTI) and association with morbidity and mortality risk of dairy calves reared in large Estonian 

dairy herds. 

  

The specific aims were:  

 

1. To analyze the prevalence of FPT (failure of passive transfer) in calves of Estonian large 

commercial dairy herds.  

 

2. To analyze the effect of calf first week TP level on calf survival within the first 6 months of 

age. 

 

3. To analyze the effect of calf first week TP level on calf morbidity (diarrhea and respiratory 

disease) within the first 6 months of age.   

 

The hypothesis for this study was that the calves with poor passive immunity would have higher 

morbidity and/or mortality risk in comparison to calves with good passive immunity.  
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3. MATERIALS AND METHODS  
 

  

 3.1. Study herds and animals  
 

This study was conducted on 30 large Estonian dairy herds. Inclusion criteria for participating 

herds were herd size of at least 100 dairy cows and free stall keeping system for cows. The mean 

herd size for the included 30 dairy herds was 877 cows (minimum = 424; maximum = 2,335 cows). 

Herds that participated in the study were visited in the period between August 2019 to July 2020. 

During the herd visit, up to 15 calves that were in the age range of 2 to 7 days were blood sampled.   

Study populations differed for the two study aims. The first study aim identified the association 

between calf serum total protein (TP) level and mortality and the second one analyzed the effect 

of calf TP level on subsequent morbidity (diarrhea and bovine respiratory disease). The number of 

included study herds were 30 and 20, respectively for the two study aims.  

  

1) Association between calf passive immunity level and mortality   

The association between calf serum TP level and mortality were analyzed. Altogether, 372 calves 

from 30 herds were included. There were two breeds of animals included in the study -  23 calves 

were of Estonian Red breed  (6.2%) and 349 of Estonian Holstein breed  (93.8%). There were 192 

female calves (51.6%) and 180 male calves (48.4%) out of 372 calves in total.    

  

2) Association between calf passive immunity level and morbidity   

The effect of calf serum TP level on morbidity (diarrhea and BRD) was analyzed. The goal was to 

include morbidity data of calves from all 30 dairy herds included in mortality analysis but ten herds 

were excluded due to absence of retrospective morbidity data. As a result, 209 calves from 20 

farms were included. Out of 209 included calves, 17 were of Estonian Red breed (8.1%) and 192 

of Estonian Holstein breed (91.9%). There were 114 female (54.5%) and 95 male calves (45.5%).  

  

3.2. Blood collection and analyses  
 

From each calf, blood sample was taken from the jugular vein. Serum samples were transported 

from the farm to the Animal Clinic of Estonian University of Life Sciences in cooled transport 
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box. Serum was separated from clotted blood by using a centrifuge, speed 4000 rpm and time 7 

minutes. The serum total protein (TP) level was measured by using a calibrated Eickemeyer 

refractometer. Animal testing project authorization was obtained from the Estonian Ministry of 

Rural Affairs (Decision nr 147, date 03.07.2019).  

  

3.3. Calf mortality and morbidity data   
 

Calf mortality data was collected from the site ”Põllumajanduse registrite ja informatsiooni amet” 

(Agricultural Registers and Information Board, ARIB). Search of public data on bovine animals 

was used, ISO-code (EE) and animal ear tag number were inserted to find the breed, birth, death 

and export dates for each calf.  This study used calf morbidity (diarrhea and BRD) data based on 

the farm treatment records registered by the farm veterinarian and / or farmer. Farm treatment 

records included information about the diagnosis and date of onset of the disease. The observation 

period for each calf for possible occurrence of on-farm death, diarrhea or respiratory disease was 

six months. In case the calf was exported, the observation period for that calf stopped at the day 

of selling.   

 

3.4. Statistical analysis   
 

The calf data records included information about the farm coded number, calf identification 

number (ID), sampling date, age of the calf at sampling, serum total protein value (g/dl), sex, breed, 

date of birth, date of death, age at death, date of export, age at export, date when the calf was six 

months (183 days) old, date of onset of first diarrhea and respiratory disease case.    

The calf level data was used as time-to-event data (‘stset’ command in Stata MP14). The start of 

the observation period for each calf was the date of birth, the event of interest was on-farm death 

when the observation period ended in mortality analysis. In morbidity analysis, the date of onset 

of first diarrhea or respiratory disease case in the specific calf ended the observation period as 

these were the events of interest in the respective analyses. The observation period was also right 

censored at the date of export. The observation period for those calves that had no event of interest 

and were not exported lasted for six months when the calf observation period was right censored.  
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Histogram was used to show the age distribution of mortality, diarrhea and respiratory disease 

occurrence.  Separate statistical analyses were conducted analyzing the associations between calf 

TP levels and mortality, diarrhea and BRD risk. The main predictor of interest was calf passive 

immunity level. For that, calf serum TP level was dichotohmozed by a cut off point 5.2 g/dl. In 

healthy calves 5.2 g/dl is one of the most ones as it usually gives high senstivity and specificity 

(Godden 2008). 

 

Kaplan-Meier graphs (’sts graph’ command) were used to visualize the dynamics of mortality and 

morbidity in ”poor passive immunity group” (serum TP<5.2 g/dl) versus ”good passive immunity 

group” (serum TP ≥5.2 g/dl). Command ’sts list’ was used to analyse the survival probability at 

specific time-points. Cox regression model (’stcox’ command) was used to analyze the effect of 

calf passive immunity level (dichotomous predictor variable) on mortality and disease hazard 

during the first six months of age including herd random effect. In the model, the calf age at 

sampling was included to control for it´s effect on calf serum TP level. Calf sex and breed were 

also included in the model to test for their confounding effects. The association was considered 

statistically significant at p≤0.05 and variables not meeting this criterium and not acting 

statistically as confounders were removed from the model.   
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4. RESULTS  
  

4.1. Calf serum total protein (TP) levels  
  

The serum total protein (TP) values of 372 tested calves ranged from 3.2 to 7.8 g/dl. The average 

total protein concentration was 5.3 g/dl. Distribution of calf serum total protein levels (g/dl) is 

given in Figure 4.   

 

  

Figure 4. Distribution of calf serum total protein level (g/dl). Red vertical line denotes the 

average value.  

  

Calf serum total protein (TP) cut-off-value in this study was 5.2 g/dl. The calves with TP<5.2 g/dl 

were included to the poor passive immunity group. There were 175 calves (47.0%) with poor 

passive immunity out of 372 calves in total. The calves with TP≥5.2 g/dl were included to the good 

passive immunity group. There were 197 calves (53.0%) with good passive immunity out of 372 

calves in total.   
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4.2. Calf on-farm mortality and association with serum TP levels  
  

Within the six months (183 days) study period, 32 calves (8.6%) died (Figure 5) out of 372 calves 

in total. The minimum number of days calves lived was three days and the maximum 183 days 

when the calf-level observation period ended. From the dead calf population (32 calves), the 

average age at death was 55 days. The age at death ranged from three to 183 days (Figure 6). In 

total, 24 death cases (13.7%) occurred in poor passive immunity group out of 175 calves. In total, 

8 death cases (4.1%) occurred in good passive immunity group out of 197 calves (Figure 7). 

  

  

Figure 5. Proportion of calves that died during the six months study period.   

91.4%

8.6%

Mortality within 6 months

DEAD CALVES 

ALIVE CALVES 
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Figure 6. Distribution of survival times of 32 calves that died during the six months study 

period. 
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Figure 7. The proportion of calves that died during the six months study period in the poor 

passive immunity group (upper) and the good passive immunity (lower). 
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Kaplan-Meier graph was used to estimate survival probability of calves during the first six months 

of life depending on their TP value (Figure 8). Blue and red lines represent the survival probability 

over time in calves that had poor (TP<5.2 g/dl) and good (TP≥5.2 g/dl) passive immunity, 

respectively. The survival probability dropped faster in the poor immunity group, especially during 

the first 40 days. By day 30, 91.6% (95% CI 86.1; 95.0%) of calves were alive in poor immunity 

group vs 98.5% (95% CI 95.3; 99.5%) of calves were alive in the good immunity group (Figure 

8).  

  

Figure 8. Kaplan-Meier graph showing survival probability of calves in 6 months period 

depending on the passive immunity group  
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Table 2. Results of mixed-effect multivariable Cox regression model analyzing association 

between calf passive immunity level and mortality hazard within the first six months of age 

(calves n = 372, herds n = 30)  

Variable  Category  n  Hazard Rate 

Ratio (HRR)  

95% 

Confidence 

Interval  

P-value  

Passive immunity group 

based on serum total 

protein level  

Good immunity 

(≥5.2 g/dl)  

197  1      

Poor immunity 

(<5.2 g/dl)  

175  3.28  1.39; 7.71  0.007  

Calf age at blood 

sampling (days)  

  372  0.93  0.76; 1.14  0.472  

 

Cox regression model accountes the number of days at which the blood sample was collected and 

random effect for herd (Table 2). Mortality hazard for calves that acquired poor immunity (TP<5.2 

g/dl) was on average 3.3 times higher compared to mortality risk of those calves that had good 

passive immunity. The result was statistically significant (p = 0.007).   
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4.3. DIARRHEA occurrence and association with calf TP levels  
  

There were 77 diarrhea cases (36.8%) among 209 calves in total (Figure 9). There were 108 calves 

(51.7%) with poor passive immunity and 101 calves (48.3%) with good passive immunity. There 

were 44 diarrhea cases (40.7%) in poor passive immunity group out of 108 calves in total. There 

were 33 diarrhea cases (32.7%) occurred in good passive immunity group out of 101 calves  in 

total (Figure 10).   

 

 

  

Figure 9. The occurrence of calf diarrhea cases from birth to six months of age (n=209).  
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Figure 10. The occurrence of diarrhea cases in poor passive immunity group (upper) and the good 

passive immunity group (lower).  
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 Age at onset of diarrhea had mean value of 8.8 days and median 8 days. Age at onset of diarrhea 

ranged from 1 to 33 days. Distribution of diarrhea occurrence in days of age is presented in 

Figure 11.    

  

 

  

Figure 11. Distribution of age at onset of diarrhea in 77 calves.  

  

Kaplan-Meier graph of diarrhea cases over both passive immunity groups showed that there was 

less diarrhea cases in the good passive immunity group (pink) compared to the poor passive 

immunity group (blue) but there was 95% CI overlap (Figure 12).   
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Figure 12. Kaplan-Meier graph of diarrhea cases in both passive immunity groups defined based 

on serum total protein level   

  

By day 15, 63.6% (95% CI 53.7; 71.9%) of calves had not suffered diarrhea in poor immunity 

group compared to 67.3% (95% CI 57.3; 75.5%) in good immunity group. By day 30, 59.3% (95% 

CI 49.3; 68.0%) of calves in poor passive immunity group had not suffered diarrhea versus 67.3% 

(95% CI 57.3; 75.5%) in good passive immunity group  (Figure 12).   
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Table 3. Results of mixed-effect multivariable Cox regression model analyzing association 

between calf passive immunity level and diarrhea hazard within the first six months of age 

(calves n = 209, herds n = 20)  

Variable  Category  n  

Hazard Rate 

Ratio (HRR)  

95% 

Confidence 

Interval  P-value  

Passive immunity group 

based on serum total 

protein level  

Good immunity 

(≥5.2 g/dl)  

101  1      

Poor immunity 

(<5.2 g/dl)  

108  1.33  0.81; 2.17  0.263  

Calf age at blood 

sampling (days)  

  209  0.93  0.81; 1.07  0.285  

  

  

Cox regression model was used to analyse the statistical difference between diarrhea hazard in 

calves in poor passive immunity group versus good passive immunity group (Table 3). In poor 

passive immunity group there was on average 33% higher chance for a calf to develop diarrhea 

compared to good passive immunity group but p-value was insignificant (p = 0.263).   
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4.4. BOVINE RESPIRATORY DISEASE (BRD) occurrence and association 

with calf TP levels  
  

There were 66 BRD cases in total in 209 calves (31.6%) (Figure 13). There were 36 BRD cases 

(33.3%) in the poor passive immunity group out of 108 calves in total. There were 30 BRD cases 

(29.7%) in the good passive immunity group out of 101 calves in total (Figure 14).   

 
 

  

  
 

Figure 13. The occurrence of calf BRD cases (n = 209).  
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Figure 14. The occurrence of BRD cases in poor passive immunity group (upper) and good passive 

immunity group (lower).  
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Age at onset of BRD had mean value of 27.9 days and median 23 days (range 1-147 days). BRD 

occurrence in days of age is presented in the Figure 15.   

  

  

  

Figure 15.  Distribution of BRD cases according to the days of age in 66 dairy calves  

  

 

Kaplan-Meier graph of BRD cases over two passive immunity groups showed there were less BRD 

cases in the good passive immunity group (pink) compared to the poor passive immunity group 

(blue) (Figure 16). By day 60, 60.2% (95% CI 48.6; 70.0%) of calves had not suffered respiratory 

disease in poor immunity group compared to 67.1% (95% CI 55.4; 76.4%) of calves were intact 

from respiratory disease in good immunity group.   
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Figure 16. Kaplan-Meier graph showing the probability of BRD ocurrence in two passive 

immunity groups  

  

  



40 
 

Table 4. Results of mixed-effect multivariable Cox regression model analyzing association 

between calf passive immunity level and respiratory disease hazard within the first six months of 

age (calves n = 209, herds n = 20)  

Variable  Category  n  Hazard Rate 

Ratio (HRR)  

95% Confidence 

Interval  

P-value  

Passive immunity group 

based on serum total 

protein level  

Good immunity 

(≥5.2 g/dl)  

101  1      

Poor immunity 

(<5.2 g/dl)  

108  1.03  0.58; 1.81  0.929  

Calf age at blood 

sampling (days)  

  209  0.95  0.81; 1.12  0.561  

  

 

According to the Cox regression model (Table 4), there was on average 3.0% higher risk for 

calves to suffer BRD in poor passive immunity group compared to good passive immunity group 

but the difference was not statistically significant (p = 0.929).   
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5. DISCUSSION 
 
 

5.1. FPTI in dairy calves 
 

In the current study, the prevalence of FPTI was 47.0% (175 calves out of total 372 calves). 

Thereby, roughly half of the dairy calves did not receive a sufficient early immune protection and 

could be considered susceptible for the diseases. In comparison to other countries, prevalence of 

FPTI was 41% in Italy (Lora et al., 2018), 25% in New Zealand (Lawrence et al., 2017), and 12.1% 

in USA (Shivley et al., 2018). Thus, the prevalence of FPTI in Estonian herds was somewhat 

higher. Prevalence of FPTI is dependent on the serum TP cut-off point used. In the current study, 

a commonly used cut off-point 5.2 g/dl was chosen. However, some studies use a different cut-off 

points, such as 5.7 g/dl (Windeyer et al., 2014) and 5.5 g/dl (Buczinski et al., 2018). Thereby, we 

should be careful when comparing the studies. It should be noted that the indirect FPTI measuring 

method such as serum refractometry, is sensitive to calf dehydration and thus some results can be 

affected by that (Buczinski et al., 2018). Studies that use direct measuring method are probably 

more exact. In the study of Elsohaby et al. (2019), the diagnostic performance of RID and digital 

BRIX refractometer was estimated for diagnosis of FPTI. They noticed that prevalence of FPTI 

was 36.6% by RID while 29.5% by BRIX refractometer, thus there was a difference. On the other 

hand, Hernandez et al. (2016) stated that when FPTI was defined as serum IgG<10 g/l (RID), 

serum TP≤5.2 g/dl (total protein refractometer) showed high sensitivity (100%) and specificity 

(80.4%) to predict FPTI. Additionally, Gamsjäger et al. (2021) stated that both digital and optical 

serum total protein refractometers and BRIX refractometer results highly correlated with RID 

results. In the current study, FPTI status was determined by using serum TP due to ease of 

implementation and low related costs. The reasons for relatively high proportion of FPTI remains 

unknown for this study and further research is motivated to analyze the reasons for FPTI in 

Estonian dairy herds. As discussed before, cut-off points sligthly differ between studies. However, 

in healthy calves 5.2 g/dl is one of the most often used as it usually gives high senstivity and 

specificity. Thus, most calves are correctly classified as true positives (calves correctly classified 

as having FPT) and true negatives (calves correctly classified as not having FPT). 
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5.2. FPTI and on-farm mortality 
 

Altogether, 8.6% of dairy calves died during the first six months of age. Still, it should be noted 

that Estonian dairy farmers are demanded to ear-tag the calves during 20 days of age and report 

the births to the Agricultural Registers and Information Board (ARIB) (Riigi Teataja, 2009). This 

means that in case of deaths of non-ear-tagged calves, farmers might report these as stillbirths. 

This however, cause possible underestimation of the calf mortality risk. 

Majority of the calves died within the first 50 days of age. We do not know the exact causes but 

probably diarrhea and BRD are responsible for the majority of the deaths. In the study of 

Dubrovsky et al. (2019), they concluded that diarrhea and BRD are one of the leading causes of 

death in pre-weaned dairy calves.  

FPTI increased calf mortality hazard more than three times. In comparison, in the study of Lora 

et al. (2018), the risk of mortality was 11 times greater in calves with FPTI than in calves with 

adequate passive transfer of immunity. 

Good passive immunity avoided deaths mostly during the first two weeks of life and roughly at 

the fourth week of life as seen in the Kaplan-Meier graph (Figure 8). According to the Kaplan-

Meier graphs of diarrhea (Figure 12) and BRD (Figure 16) over passive immunity groups, it can 

be seen that during the first two weeks of age, diarrhea and BRD cases are frequent in addition to 

BRD during the third week of life. As these two diseases are mostly causing calf mortality at that 

age (Dubrovsky et al., 2019), we can conclude that the first month of life is the most critical when 

calves need the passive immunity for the protection against severe diseases as active immunity is 

not activated yet (Hulbert and Moisá., 2016).  

 

5.3. FPTI and diarrhea 
 

Around one third of the studied calves experienced diarrhea. There is a possibility that the 

proportion of diarrhea in calves is underestimated in the current study. If the calf has mild diarrhea 

recovering with supportive treatment and no drugs are used, it might not be registered as a diarrhea 

case in the farm records. In the current study, only the dates of diarrhea occurrence were obtained 

and no treatment protocols were received from the farms, thus there is no background information 
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about the treatments reflecting the possible severity of the disease. Thereby, it might be speculated 

that the true diarrhea incidence is even higher.  

The mean time of diarrhea onset was 8 days and majority of the cases occurred during the first two 

weeks of age (Figure 11). Looking at the age dynamics of calf diarrhea occurrence, it can be 

suspected that calves experience ETEC, rotavirus, coronavirus and cryptosporidium infections in 

the Estonian herds as these are the most prevalent pathogens causing diarrhea at that time (Heller 

and Chigerwe., 2018). Although FPTI calves had higher risk to experience diarrhea, it was not 

statistically significant  p = 0.263. Still, due to relatively small sample size, the identified difference 

could be considered as a trend.  

As can be seen from the Kaplan-Meier graph (Figure 12), the FPTI group of calves also 

experienced diarrhea cases in a prolonged age period (up to the beginning of the second month) 

compared to calves of good immunity group that had diarrhea cases only during the first two 

weeks. During the first two weeks of age, there is practically no difference in diarrhea occurrence 

in the two TP groups. In order to explain this, we suggest that the pathogens causing diarrhea 

incidence in the calves need to be studied.  

 

5.4. FPTI and BRD 

 
Around one third of the studied calves experienced BRD. Contrary to diarrhea, according to our 

experience BRD is mostly treated with antimicrobials and NSAIDs and these are registered in 

dairy treatment records. Therefore, these results are most likely close to real values. Still, it should 

be noted that thresholds for treatments might differ across farms affecting the BRD incidence. 

Nevertheless, these are the first reports about the disease prevalence (diarrhea and BRD) in calves 

reared in large commercial Estonian dairy herds. Relatively high incidence of these diseases 

suggest a need for further studies revealing the causative pathogens but also the predisposing 

factors.  

Only slight and non-significant difference occurred in BRD incidence across the passive immunity 

groups. Looking at the Kaplan-Meier graph (Figure 16), more BRD cases occurred at third and 

fourth week old calves in FPTI group compared to good immunity group. As the half-life of 
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maternal antibodies for most of the respiratory pathogens is around three to four weeks (Fulton et 

al., 2004) this could explain this finding. 
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6. CONCLUSION 

 

To the author’s knowledge, the prevalence of FPTI in large Estonian dairy farms was analyzed for 

the first time. The result (47.0%) was from the higher end in comparison to other countries. The 

information about current FPTI situation in Estonia indicates that there is still room for 

improvement. In conclusion, the current Thesis revealed that roughly half of the dairy calves reared 

in large commercial Estonian dairy herds suffice the passive immunity suggesting that colostrum 

feeding practices should be improved. The consequent studies should analyze the deficiencies in 

colostrum management and feeding practices to allow effective mitigation. 

The present study supported the hypothesis that calves with poor passive immunity would have 

higher mortality risk in comparison to calves with good passive immunity. The mortality hazard 

was more than three times higher in poor passive immunity group of calves compared to good 

passive immunity group suggesting the utmost importance of feeding colostrum for newborn 

calves having long-term consequences for the calf health. There was a trend that calves with poor 

passive immunity experienced more diarrhea than calves with good passive immunity. When it 

comes to BRD, there was no significant difference in the incidence of BRD across passive 

immunity groups. Although the study did not fully support the hypothesis that calves with poor 

passive immunity were quantitatively at a higher risk for morbidity (diarrhea, BRD), there was a 

considerably higher risk for mortality. As these two studied diseases are mostly the causes of 

deaths during the pre-weaning period, we might suggest that the diseases might be more severe or 

with poorer recovery rates in poor passive immunity group of calves resulting with higher 

mortality hazards. Further studies should find out if the severity of diarrhea and BRD are affected 

by FPTI, thus going beyond of disease frequency estimation. 
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