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  ABSTRACT 

  Failure of passive transfer of immunity (FPT) in 
dairy replacement calves has been linked to increased 
neonatal morbidity and mortality and long-term de-
creases in productivity. The purpose of this study was 
to estimate the prevalence of FPT in US dairy heifer 
calves in 2007 and to use nationally representative data 
to investigate associations of FPT with colostrum and 
calf management practices. A cross-sectional study 
was conducted by the USDA’s National Animal Health 
Monitoring System between January and August 2007. 
Producers from 394 operations in 17 states completed 
survey questions about colostrum and calf management 
practices, and serum samples were collected from 1,816 
healthy heifer calves on those operations. Serum im-
munoglobulin G (IgG) levels were determined by radial 
immunodiffusion, and calves were classified as having 
FPT if the IgG concentration was less than 10 mg/
mL. To investigate associations between FPT and man-
agement practices, a multivariable analysis was com-
pleted using a weighted logistic regression model. The 
estimated prevalence of FPT in US dairy heifer calves 
was 19.2%. The odds of FPT were higher for calves on 
operations that pooled colostrum [odds ratio (OR = 
2.2)], allowed nursing (OR = 2.4), or hand fed colos-
trum more than 4 h after birth (OR = 2.7). The odds 
of FPT were also higher for calves on operations that 
did not provide a source of heat during cold weather 
for calves experiencing a dystocia (OR = 1.6), would 
not seek veterinary assistance when unable to correctly 
position a calf for delivery (OR = 2.6), or did not rou-
tinely monitor serum proteins in calves as a measure of 
passive transfer (OR = 13.8). The prevalence of FPT 
in dairy heifer calves has decreased in the last 15 yr, so 
progress has been made in this important area of calf 
management. This study identified several management 
practices associated with FPT that could be targeted 
for educational campaigns or further research. 
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  INTRODUCTION 

  Because calves are born nearly agammaglobulinemic, 
they depend upon ingestion of colostrum to obtain 
immunoglobulins for protection against infectious 
diseases. A calf’s gastrointestinal tract is designed to 
temporarily allow the absorption of large molecules, 
including immunoglobulins, during the first 12 to 24 
h of life. Although colostrum contains several types of 
immunoglobulins (IgG, IgA, IgM), IgG constitutes ap-
proximately 85% of the immunoglobulins in colostrum 
(Butler, 1983). Failure of passive transfer of immunity 
(FPT) occurs when a calf fails to absorb an adequate 
quantity of immunoglobulin. Based on previous re-
search, there are 4 key factors that contribute to suc-
cessful passive transfer of immunity: feeding colostrum 
with a high immunoglobulin concentration (>50 mg/
mL of IgG), feeding an adequate volume of colostrum, 
feeding colostrum promptly after birth, and minimizing 
bacterial contamination of colostrum (Weaver et al., 
2000; Johnson et al., 2007; Godden, 2008). 

  Successful passive transfer is important to dairy 
producers for several reasons. Failure of passive trans-
fer has been linked with increased calf morbidity and 
mortality and a reduction in calf growth rate (Robison 
et al., 1988; Wells et al., 1996; Donovan et al., 1998). 
In addition, FPT in heifer calves affects long-term 
productivity—low IgG levels have been associated with 
decreased first- and second-lactation milk production 
and an increased culling rate during the first lactation 
(DeNise et al., 1989; Faber et al., 2005). 

  Measurement of calf serum IgG level by radial immu-
nodiffusion (RID) is the standard for determining the 
level of passive transfer of immunity. Passive transfer 
is considered adequate if the IgG level is 10 mg/mL 
(1,000 mg/dL) or greater at 1 to 7 d of age (Tyler et 
al., 1996; BAMN, 2001). In 1991–1992, the National 
Dairy Heifer Evaluation Project estimated that over 
40% of dairy heifer calves had FPT based on IgG levels 
(USDA, 1993); consequently, this area has been the 
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target of educational campaigns (BAMN, 2001). An 
updated population estimate for the prevalence of FPT 
in dairy calves would be useful to evaluate the progress 
made in colostrum and calf management.

The purpose of this study was to estimate the preva-
lence of FPT in US dairy heifer calves in 2007, and 
to use nationally representative data to investigate as-
sociations of FPT with colostrum and calf management 
practices.

MATERIALS AND METHODS

Study Design

A cross-sectional study was conducted by the 
USDA’s National Animal Health Monitoring System 
(NAHMS) between January and August 2007. Data 
were collected from dairy operations in 17 states that 
represented 82.5% of US dairy cows and 84.7% of US 
dairy operations with 30 or more milk cows. The states 
and regions in the study were designated East (Indi-
ana, Iowa, Kentucky, Michigan, Minnesota, Missouri, 
New York, Ohio, Pennsylvania, Vermont, Virginia, and 
Wisconsin) and West (California, Idaho, New Mexico, 
Texas, and Washington). The survey design was a 
stratified random sample with unequal selection prob-
abilities. Selection probabilities were unequal to ensure 
the inclusion of large dairy operations. All respondent 
data were statistically weighted to ensure that samples 
reflected the subject population. Complete details of 
the sample weighting and the study design are available 
(USDA, 2007).

Data Collection

The first phase of the study involved a questionnaire 
about general management practices on farms with one 
or more dairy cows present on January 1, 2007. Farms 
that participated in phase I and had 30 or more dairy 
cows were eligible to participate in phase II. Phase II 
included 2 additional questionnaires on management 
practices. Data from phase I and phase II question-
naires are referred to as “herd-level variables” in this 
report. Enumerators from the National Agricultural 
Statistics Service collected data in phase I, whereas 
federal and state veterinary medical officers and animal 
health technicians collected questionnaire data during 
phase II.

Operations that participated in phase II were given 
the opportunity to have serum from newborn heifer 
calves tested for IgG levels. Between February and 
August 2007, USDA: Animal and Plant Health Inspec-
tion Service: Veterinary Services (USDA:APHIS:VS) 
and state personnel collected blood from a maximum 

of 10 calves per operation. Personnel were instructed to 
collect blood from healthy heifer calves between 1 and 
7 d of age that had received colostrum. For each calf 
tested, information was recorded about the calf’s age at 
the time of blood collection, the quantity of colostrum 
the calf received at first feeding, and the method by 
which colostrum had been administered. These data 
are referred to as “calf-level variables” in this report. A 
total of 2,030 blood samples were collected from dairy 
calves on 413 operations in 17 states. Blood samples 
were shipped on ice to the National Veterinary Ser-
vices Laboratories in Ames, Iowa. Blood samples were 
received in serum separator tubes and centrifuged to 
separate the serum. The sample tubes were stored re-
frigerated at 4°C for up to 5 d and then stored at −20°C 
until tested. All serum samples were tested over a period 
of 16 d using a commercially available RID kit (Bovine 
IgG SRID Kit, VMRD, Pullman, WA). The kit has an 
IgG detection range of 400 to 3,200 mg/dL (4 to 32 
mg/mL). Briefly, 3 μL of each of 4 reference standards 
was placed into the first 4 wells of a plate from each 
kit. For each sample tested, 3 μL of serum was placed 
into a well of one plate from the kit. The plates were 
covered and left at room temperature for 18 to 21 h. 
Subsequently, the diameters of the rings (in mm) were 
read using a Finescale comparator (Finescale, Orange, 
CA) and a standard curve established. The IgG con-
centration of each sample was determined by finding 
the point on the standard curve that corresponded to 
the sample’s ring diameter and then determining the 
immunoglobulin concentration that corresponded with 
that point. Samples with diameters that were too small 
to read were classified as <4 mg/mL and those with 
diameters too large to read were classified as >32 mg/
mL. Calves were classified as having FPT if the IgG 
level was <10 mg/mL.

Samples from calves that were <1 d of age or >7 
d, were bull calves, were unhealthy, or had received a 
colostrum supplement or replacer were excluded from 
analysis. A total of 214 samples were excluded for these 
reasons, resulting in statistical analysis being performed 
on 1,816 samples from 394 operations in 17 states.

Statistical Analysis

Statistical analyses incorporated the weights to allow 
the sample to reflect the population from which it was 
selected (calves on US dairy operations with 30 or more 
dairy cows in the 17 states included in this study). A 
commercially available software program (SUDAAN, 
Release 8, Research Triangle Institute, Research Tri-
angle Park, NC) was used, which accounted for the 
complex survey design, including the weights, and nest-
ing of calves within farms.
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Univariable Analysis of Herd-Level  
and Calf-Level Variables

The associations between FPT and 18 independent 
variables were initially screened using chi-square tests. 
Independent variables included herd-level management 
practices and calf-level variables. Serum IgG values 
were grouped into 2 levels based on our selected defini-
tion of FPT (<10 and ≥10 mg /mL) and used as the 
outcome variable.

Multivariable Analysis of Herd-Level Variables

To examine more complex associations between the 
outcome and multiple independent variables, a multi-
variable analysis of herd-level variables was completed 
using a weighted logistic regression analysis. Herd-level 
independent variables associated (P < 0.3) with FPT 
in the screening analysis were included in the multivari-
able analysis. Herd size and region were offered to the 
model even though they did not meet the screening 
criteria. A backward elimination procedure was used 
to create the final model, and variables with Wald F 
P-value <0.05 were considered statistically significant. 
Logical 2-way interactions were evaluated.

For this study, producers who generally allowed calves 
to nurse were not asked about the usual time of first 
colostrum feeding because they were not expected to 
know this information. Therefore, all of the calves that 
nursed had “missing” data for this variable. To avoid 
excluding all the calves that nursed from the multi-
variable analysis, nursing was introduced as a level for 
this variable. Consequently, the categories for the usual 
time of first colostrum feeding were ≤4 h after birth, 
>4 h after birth, and unknown (allowed to nurse).

Multivariable Analysis of Calf-Level  
Variables for Calves Hand-Fed Colostrum

A multivariable analysis of calf-level variables was 
also completed using a weighted logistic regression 
model. Nursing calves were excluded from this model 
because the association between nursing and FPT was 
already examined in the herd-level multivariable analy-
sis. Calf-level variables associated (P < 0.3) with FPT 
in the screening analysis were offered for inclusion in 
the multivariable model. Herd size and region were also 
offered for inclusion in the model. A backward elimina-
tion procedure was used to create the final model and 
variables with Wald F P-value <0.05 were considered 
statistically significant.

RESULTS

Prevalence of FPT

Serum IgG levels in heifer calves ranged from <4 to 
>32 mg/mL (Table 1). Overall, 19.2% of calves had 
FPT and 25.4% of calves had IgG levels of 32 mg/mL 
or greater. Additionally, 40.7% of operations had at 
least one calf with FPT (Figure 1).

Herd-Level Management Practices  
and Univariable Associations

Based on questionnaire responses about usual man-
agement practices, a very low percentage of calves were 
on operations that pasteurized colostrum (0.8%) or 
routinely monitored serum proteins (3.3%; Table 2). 
About 1 in 5 calves (19.5%) were on operations that 
pooled colostrum from more than one cow.

The herd-level variables associated (P < 0.3) with 
FPT in the univariable analysis were whether or not 
the operation routinely monitored serum protein in 
heifer calves (P = 0.001), usual time of first colostrum 
feeding on the operation (P = 0.002), whether or not 
the operation would seek veterinary assistance when 
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Table 1. Distribution of radial immunodiffusion IgG results from 
dairy heifer calves 1 to 7 d of age on US dairies 

IgG level (mg/mL)

Calves

% SE

<4 6.3 1.0
4 to <10 12.9 1.3
10 to <15 14.1 1.3
15 to <20 12.6 1.1
20 to <25 15.1 1.4
25 to <32 13.6 1.2
≥32 25.4 2.0
Total 100.0

Figure 1. Within-herd prevalence of failure of passive transfer 
(FPT) in heifer calves on US dairies.
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unable to position a calf for delivery (P = 0.006), 
whether or not the operation used a heat source for 
calves experiencing dystocia (P = 0.067), whether or 
not the operation would try to elicit a suckle response 
for calves experiencing dystocia (P = 0.074), whether or 
not the operation provided oxygen for calves experienc-
ing dystocia (P = 0.087), whether or not the operation 
had a system for scoring calving difficulty (P = 0.093), 
and whether or not the operation pooled colostrum (P 
= 0.273). Herd-level factors not associated with FPT 
in the univariable analysis included herd dystocia rates, 
herd size, region, storing colostrum, and pasteurizing 
colostrum.

Calf-Level Variables and Univariable Associations

About one-quarter (25.3%) of calves obtained colos-
trum by nursing and the remaining calves were hand-
fed (Table 3). Of calves that were hand-fed, 68.7% were 
fed less than 3.78 L of colostrum at the first feeding 
(Table 4). The majority of the hand-fed calves (82.5%) 
received colostrum by bottle; only 13.9% of these calves 
received colostrum by esophageal tube (Table 4).

The calf-level variables associated (P < 0.3) with 
FPT in the univariable analysis were nursing (P = 
0.014) and quantity of colostrum at calf’s first feeding 
(P = 0.193) (Tables 3 and 4). Calves fed colostrum by 
bottle were no more likely to have FPT than calves fed 
by esophageal tube (P = 0.340; Table 4).

Multivariable Analysis of Herd-Level Variables

In the herd-level multivariable model, 5 herd-level 
variables were associated with FPT (Table 5). No 
interactions were statistically significant. Calves on 
operations that pooled colostrum were 2.2 times more 
likely to have FPT, and calves on operations that did 
not routinely monitor serum proteins in heifer calves 
were 13.8 times more likely to have FPT. Compared 
with operations that did not allow nursing and hand-
fed colostrum to calves within 4 h of birth, the odds 
of FPT were 2.4 times higher for calves on operations 
that allowed nursing and 2.7 times higher for calves 
on operations that did not allow nursing and hand-fed 
colostrum more than 4 h after birth. Two factors relat-
ing to the calving process were associated with FPT. 
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Table 3. Chi-square analysis of calf-level factors for association with failure of passive transfer on US dairies 

Calf-level variable Level Calves (%)

Percentage of calves by 
serum IgG level

χ2 P-value
≥10 mg/mL 
(adequate)

<10 mg/mL 
(failure)

All calves 100.0 80.8 19.2
Colostrum acquisition Nursing 25.3 74.2 25.8 0.014

Hand-fed 74.7 83.0 17.0
Age in days of calf when blood collected 1 15.1 79.1 20.9 0.390

2 17.8 82.8 17.2
3 14.6 83.7 16.3
4 12.1 82.9 17.1
5 14.7 84.3 15.7
6 11.8 71.5 28.5
7 13.9 79.6 20.4

Season when calf tested Winter (Feb to March) 12.1 81.3 18.7 0.952
Spring (April to May) 38.8 81.4 18.6
Summer (June to August) 49.1 80.3 19.7

Table 4. Chi-square analysis of calf-level factors for association with failure of passive transfer on US dairies that hand-fed colostrum to heifer 
calves 

Calf-level variable Level
Hand-fed 
calves (%)

Percentage of calves by 
serum IgG level

χ2 P-value
≥10 mg/mL 
(adequate)

<10 mg/mL 
(failure)

All hand-fed calves (calves that did not nurse) 100.0 83.0 17.0
Quantity of colostrum at calf’s first feeding <3.78 L 68.7 81.5 18.5 0.193

≥3.78 L 31.3 86.4 13.6
Method of calf’s first colostrum feeding By bottle 82.5 84.2 15.8 0.340

By tube 13.9 78.7 21.3
Other method1 3.6 69.1 30.9

1Category includes calves fed by bucket/pail and calves fed by more than one method.



The odds of FPT were 2.6 times higher for calves on 
operations that would not call a veterinarian for as-
sistance when they were unable to correctly position 
a calf for delivery and 1.6 times higher for calves on 
operations that did not provide a source of heat during 
cold weather for calves experiencing dystocia. Although 
herd size was not significant in the final model, model 
estimates for other variables changed by more than 
10% when herd size was included, so it was kept in the 
final model to control for confounding.

Multivariable Analysis of Calf-Level Variables  
for Calves Hand-Fed Colostrum

In the absence of the effect of nursing, none of the 
calf-level variables showed an association (P < 0.05) 
with FPT in the calf-level multivariable model.

DISCUSSION

The prevalence of FPT in US dairy heifer calves has 
decreased from over 40% in 1991–1992 (USDA, 1993) 
to 19.2% in 2007. This apparent decrease in prevalence 
could have been due to changes in management prac-
tices, but differences in methodologies between the 2 
studies should also be considered. Both studies mea-
sured heifer calf serum IgG using RID. Calves in the 
1991–1992 study were between 24 and 48 h of age, and 
calves in the current study were between 1 and 7 d 
of age. The age difference is unlikely to influence the 
prevalence estimates, as calf age was not significantly 
associated with FPT in the current study (Table 3). In 
2007, only healthy calves that had received colostrum 
were tested, but no such stipulation about calf health 
or colostrum administration was used in the 1991–1992 
study. This methodology difference may explain part of 
the apparent decrease in FPT prevalence.

Nonetheless, there is evidence that producers are im-
proving their colostrum management programs at least 
in part because of educational campaigns conveying the 
importance of colostrum management. For instance, 
dairy producers have been encouraged to separate calves 
from their dams as soon as possible and to provide 
colostrum by bottle or tube (BAMN, 2001). Published 
national population estimates report that the percent-
age of operations removing calves from the dam before 
nursing increased significantly from 28.0% in 1991 to 
55.9% in 2007 (USDA, 2008). Educational materials 
have also discouraged pooling of colostrum (BAMN, 
2001), and a slight decrease (27.0 to 21.0%) was seen 
in the percentage of dairy operations that pooled colos-
trum between 2002 and 2007 (USDA, 2008).

In the present study, both colostrum pooling and 
nursing were associated with FPT. Weaver et al. (2000) 
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discouraged pooling of colostrum because immuno-
globulins in the pooled colostrum may be diluted by 
contributing portions with high volume but low im-
munoglobulin levels. In addition, pooling can increase 
calf exposure to colostrum-borne pathogens (Godden, 
2008). To the authors’ knowledge, the present study 
is the first to demonstrate a statistical association be-
tween colostrum pooling and FPT in calves.

The increased risk of FPT in calves allowed to obtain 
colostrum via nursing agrees with previous research, 
which suggests calves left with the cow for nursing have 
high rates of FPT—42% in one study (Brignole and 
Stott, 1980) and 61% in another (Besser et al., 1991). 
Nursing may be associated with FPT because the calf 
may ingest an inadequate quantity of colostrum or 
because suckling may not occur in a timely fashion. 
Edwards and Broom (1979) observed calves after birth 
to determine the elapsed time before suckling. Eleven 
percent and 46% of calves born to first-parity dams 
and second-parity or older dams, respectively, did not 
suckle during the first 6 h after birth. Also, calves al-
lowed to nurse can ingest manure and bacteria from 
the environment while searching for teats and suckling 
colostrum. Increased bacterial levels in colostrum have 
been shown to interfere with the absorption of immu-
noglobulins (Poulsen et al., 2002).

Calves fed colostrum more than 4 h after birth were 
more likely to have FPT than those fed within 4 h of 
birth. This is in agreement with previous literature that 
suggests that immunoglobulin absorption by the calf is 
most efficient in the first 4 h after birth and declines 
rapidly after 12 h of age (Weaver et al., 2000; Chigerwe 
et al., 2008; Godden, 2008).

Johnson et al. (2007) suggested that pasteurization of 
colostrum improves IgG absorption by decreasing bac-
terial interference with passive transfer, but the present 
study failed to demonstrate an association between 
FPT and colostrum pasteurization. Only 0.8% of calves 
in this study were on operations that pasteurized colos-
trum, so this was not a common practice, which may 
have precluded us from finding a significant association. 
Also, data were not collected about specific pasteuriza-
tion protocols on these operations nor were pasteurized 
samples collected. Bacterial contamination of colos-
trum can occur if improper pasteurization techniques 
are used or if colostrum is stored at room temperature 
after pasteurization. Bacterial counts increase rapidly 
when colostrum is stored without refrigeration (Stewart 
et al., 2005). Preliminary research using a commercial 
batch pasteurizer suggests that on-farm pasteurization 
is effective in reducing bacterial contamination while 
preserving the IgG concentration of colostrum (God-
den et al., 2006; McMartin et al., 2006). Educational 
materials are available to assist producers in improving 

on-farm pasteurization techniques (BAMN, 2008a,b). 
Further research on the benefits and practicality of 
feeding pasteurized colostrum would be helpful.

Chigerwe et al. (2008) demonstrated an association 
between the quantity of colostrum fed and calf IgG 
level. Similarly, Trotz-Williams et al. (2008) showed 
that feeding a higher volume of colostrum was associ-
ated with a decreased risk of FPT in Ontario dairy 
calves. This study did not demonstrate a significant 
association between FPT and quantity of colostrum 
fed at first feeding (<3.78 L of colostrum vs. 3.78 L 
or more). One potential reason for not finding a sig-
nificant association may have been that the amount 
of colostrum at first feeding was recorded rather than 
the total amount of colostrum administered. Also, data 
were not collected about the breed or weight of each 
calf. The appropriate volume of colostrum for achieving 
successful passive transfer depends upon several fac-
tors, one of which is the weight of the calf. These issues 
may partially explain why colostrum quantity was not 
significant in this study.

A strong association was observed in the present 
study between FPT and the routine measurement of se-
rum protein in heifer calves. This information should be 
interpreted cautiously because of a small sample size—
only 3.3% of calves were on operations that routinely 
measured serum proteins. In addition, this association 
does not imply that measuring serum protein directly 
prevents FPT. Because these operations were routinely 
evaluating the passive transfer status of calves, it is 
logical that improving colostrum management and ulti-
mately reducing FPT was a focus of these operations.

Two herd-level calving management factors were as-
sociated with FPT in this study. The odds of FPT were 
higher for calves on operations that did not typically 
provide a heat source during cold weather for calves 
experiencing dystocia. Olson et al. (1980) suggested 
that severe cold stress can delay or decrease the rate of 
absorption of immunoglobulins in dairy calves.

The odds of FPT were also higher for calves on op-
erations that would not seek veterinary assistance when 
unable to correctly position a calf for delivery. A pro-
longed delivery can result in hypoxia and respiratory 
acidosis in calves (Szenci, 1983). Previous research has 
produced conflicting results about the relationship be-
tween acid-base balance and passive transfer. In some 
studies, respiratory acidosis in the calf was associated 
with decreased IgG absorption (Boyd, 1989; Besser et 
al., 1990), but other studies did not demonstrate a sta-
tistically significant relationship between IgG absorp-
tion and blood arterial partial pressure of CO2 (Drewry 
et al., 1999).

It cannot be concluded from the present study that 
using a heat source or seeking veterinary assistance 
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improves IgG absorption because the birth experiences 
of individual calves were not recorded in this study. 
It is likely that producers who sought veterinary as-
sistance or provided heat sources were more focused 
on overall calf care, so these practices may be proxies 
for good general calf management practices. Calving 
management could be a target for future research to 
identify which practices are most influential in improv-
ing passive transfer.

CONCLUSIONS

The prevalence of FPT in dairy heifer calves has de-
creased in the last 15 yr, so progress has been made in 
the important area of colostrum and calf management. 
This study identified several management practices as-
sociated with FPT. Specifically, producers should be 
encouraged to hand feed single-source colostrum within 
4 h of birth. In addition, calves experiencing a difficult 
birth may require extra attention to ensure adequate 
passive transfer.

REFERENCES
BAMN (Bovine Alliance on Management and Nutrition). 2001. A 

Guide to Colostrum and Colostrum Management for Dairy Calves. 
http://www.aphis.usda.gov/vs/ceah/ncahs-/nahms/dairy/bamn/
BAMNColostrum.pdf Accessed October 28, 2008.

BAMN (Bovine Alliance on Management and Nutrition). 2008a. 
Managing a Pasteurizer System for Feeding Milk to Calves. 
http://www.aphis.usda.gov/vs/ceah/ncahs/nahms-/dairy/bamn/
BAMNManaging_pasteur_sys.pdf Accessed October 28, 2008.

BAMN (Bovine Alliance on Management and Nutrition). 2008b. 
Feeding Pasteurized Milk to Dairy Calves. http://nahms.aphis.
usda.gov/dairy/bamn/BAMNFeed_past_milk.pdf Accessed 
October 28, 2008.

Besser, T. E., C. C. Gay, and L. Pritchett. 1991. Comparison of three 
methods of feeding colostrum to dairy calves.  J. Am. Vet. Med. 
Assoc.  198:419–422.

Besser, T. E., O. Szenci, and C. C. Gay. 1990. Decreased colostral 
immunoglobulin absorption in calves with postnatal respiratory 
acidosis.  J. Am. Vet. Med. Assoc.  196:1239–1243.

Boyd, J. W. 1989. Relationships between acid-base balance, serum 
composition and colostrum absorption in newborn calves.  Br. Vet. 
J.  145:249–256.

Brignole, T. J., and G. H. Stott. 1980. Effect of suckling followed by 
bottle feeding colostrum on immunoglobulin absorption and calf 
survival.  J. Dairy Sci.  63:451–456.

Butler, J. E. 1983. Bovine immunoglobulins: An augmented review.  
Vet. Immunol. Immunopathol.  4:43–152.

Chigerwe, M., J. Tyler, L. Schultz, J. Middleton, B. Steevens, and 
J. Spain. 2008. Effect of colostrum administration by use of 
oroesophageal intubation on serum IgG concentrations in Holstein 
bull calves.  Am. J. Vet. Res.  69:1158–1163.

DeNise, S. K., J. D. Robison, G. H. Scott, and D. V. Armstrong. 1989. 
Effects of passive immunity on subsequent production in dairy 
heifers.  J. Dairy Sci.  72:552–554.

Donovan, G. A., I. R. Dohoo, D. M. Montgomery, and F. L. Bennett. 
1998. Associations between passive immunity and morbidity and 

mortality in dairy heifers in Florida, USA.  Prev. Vet. Med.  34:31–
46.

Drewry, J. J., J. D. Quigley III, D. R. Geiser, and M. G. Welborn. 
1999. Effect of high arterial carbon dioxide tension on efficiency of 
immunoglobulin G absorption in calves.  Am. J. Vet. Res.  60:609–
614.

Edwards, S. A., and D. M. Broom. 1979. The period between birth and 
first suckling in dairy calves.  Res. Vet. Sci.  26:255–256.

Faber, S. N., N. E. Faber, T. C. McCauley, and R. L. Ax. 2005. Effects 
of colostrum ingestion on lactational performance.  Prof. Anim. 
Sci.  21:420–425.

Godden, S. 2008. Colostrum management for dairy calves.  Vet. Clin. 
North Am. Food Anim. Pract.  24:19–39.

Godden, S., S. McMartin, J. Feirtag, J. Stabel, R. Bey, S. Goyal, L. 
Metzger, J. Fetrow, S. Wells, and H. Chester-Jones. 2006. Heat-
treatment of bovine colostrum. II: Effects of heating duration on 
pathogen viability and immunoglobulin G.  J. Dairy Sci.  89:3476–
3483.

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

McMartin, S., S. Godden, L. Metzger, J. Feirtag, R. Bey, J. Stabel, 
S. Goyal, J. Fetrow, S. Wells, and H. Chester-Jones. 2006. Heat 
treatment of bovine colostrum. I: Effects of temperature on viscosity 
and immunoglobulin G level.  J. Dairy Sci.  89:2110–2118.

Olson, D. P., C. J. Papasian, and R. C. Ritter. 1980. The effects 
of cold stress on neonatal calves. II. Absorption of colostral 
immunoglobulins.  Can. J. Comp. Med.  44:19–23.

Poulsen, K. P., F. A. Hartmann, and S. M. McGuirk. 2002. Bacteria 
in colostrum: Impact on calf health. Abstract 52 in Proc. 20th 
American College of Veterinary Internal Medicine (ACVIM). 
ACVIM, Lakewood, CO.

Robison, J. D., G. H. Stott, and S. K. DeNise. 1988. Effects of passive 
immunity on growth and survival in the dairy heifer.  J. Dairy Sci.  
71:1283–1287.

Stewart, S., S. Godden, R. Bey, P. Rapnicki, J. Fetrow, R. Farnsworth, 
M. Scanlon, Y. Arnold, L. Clow, K. Mueller, and C. Ferrouillet. 
2005. Preventing bacterial contamination and proliferation during 
the harvest, storage, and feeding of fresh bovine colostrum.  J. 
Dairy Sci.  88:2571–2578.

Szenci, O. 1983. Effects of type and intensity of assistance on acid-base 
balance of newborn calves.  Acta Vet. Hung.  31:73–79.

Trotz-Williams, L. A., K. E. Leslie, and A. S. Peregrine. 2008. Passive 
immunity in Ontario dairy calves and investigation of its association 
with calf management practices.  J. Dairy Sci.  91:3840–3849.

Tyler, J. W., D. D. Hancock, S. M. Parish, D. E. Rea, T. E. Besser, 
S. G. Sanders, and L. K. Wilson. 1996. Evaluation of 3 assays for 
failure of passive transfer in calves.  J. Vet. Intern. Med.  10:304–
307.

USDA. 1993. Transfer of maternal immunity to calves: National 
Dairy Heifer Evaluation Project. #N118.0293. USDA-APHIS-VS, 
CEAH, Fort Collins, CO.

USDA. 2007. Dairy 2007, Part I: Reference of Dairy Cattle Health and 
Management Practices in the United States, 2007. #N480.1007. 
USDA-APHIS-VS, CEAH, Fort Collins, CO. 

USDA. 2008. Dairy 2007, Part II: Changes in the U.S. Dairy Cattle 
Industry, 1991–2007. #N481.0308. USDA-APHIS-VS, CEAH, Fort 
Collins, CO.

Weaver, D. M., J. W. Tyler, D. C. VanMetre, D. E. Hostetler, and G. 
M. Barrington. 2000. Passive transfer of colostral immunoglobulins 
in calves.  J. Vet. Intern. Med.  14:569–577.

Wells, S. J., D. A. Dargatz, and S. L. Ott. 1996. Factors associated 
with mortality to 21 days of life in dairy heifers in the United 
States.  Prev. Vet. Med.  29:9–19.

Journal of Dairy Science Vol. 92 No. 8, 2009

BeaM et aL.3980


