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ABSTRACT

Passive immunity in calves is evaluated or quanti-
fied by measuring serum or plasma IgG or serum total
protein within the first 7 d of age. While these measure-
ments inform about circulating concentrations of this
important protein, they are also a proxy for evaluat-
ing all of the additional benefits of colostral ingestion.
The current individual calf standard for categorizing
dairy calves with successful passive transfer or failure
of passive transfer of immunity are based on serum IgG
concentrations of >10 and <10 g/L, respectively. This
cutoff was based on higher mortality rates in calves with
serum IgG <10 g/L. Mortality rates have decreased
since 1991, but the percentage of calves with morbid-
ity events has not changed over the same time period.
Almost 90% of calves sampled in the USDA National
Animal Health Monitoring System’s Dairy 2014 study
had successful passive immunity based on the dichoto-
mous standard. Based on these observations, a group
of calf experts were assembled to evaluate current data
and determine if changes to the passive immunity stan-
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dards were necessary to reduce morbidity and possibly
mortality. In addition to the USDA National Animal
Health Monitoring System’s Dairy 2014 study, other
peer-reviewed publications and personal experience
were used to identify and evaluate potential standards.
Four options were evaluated based on the observed
statistical differences between categories. The proposed
standard includes 4 serum IgG categories: excellent,
good, fair, and poor with serum IgG levels of >25.0,
18.0-24.9, 10.0-17.9, and <10 g/L, respectively. At the
herd level, we propose an achievable standard of >40,
30, 20, and <10% of calves in the excellent, good, fair,
and poor categories, respectively. Because serum IgG
concentrations are not practical for on-farm implemen-
tation, we provide corresponding serum total protein
and %Brix values for use on farm. With one-third of
heifer calves in 2014 already meeting the goal of >25
g/L serum IgG at 24 h of life, this achievable standard
will require more refinement of colostrum management
programs on many dairy farms. Implementation of
the proposed standard should further reduce the risk
of both mortality and morbidity in preweaned dairy
calves, improving overall calf health and welfare.

Key words: colostrum, passive immunity, morbidity,
standard

INTRODUCTION

Calves are born without immunoglobulins because the
cotyledonary synepitheliochorial placenta of the bovine,
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which is composed of 3 maternal and 3 fetal layers, does
not allow immunoglobulins to transfer from dam to calf
(Peter, 2013). Ingestion of colostrum is necessary for
calves to acquire IgG and other immune factors. The
ingestion of colostrum and transfer of immunoglobulins
into the blood of the calf has been termed “passive
transfer of immunity” or more recently “transfer of pas-
sive immunity.” The former is more commonly used but
the latter is technically more correct because immuno-
globulin is not passively transferred but the immunity
derived from colostrum ingestion is passive.

Transfer of passive immunity (TPI) is evaluated
or quantified by measuring calf serum or plasma IgG
or total protein. Although these measurements are
informative about circulating concentrations of this
important protein, they are also a proxy for evaluat-
ing the additional benefits of colostral ingestion, such
as non-immunoglobulin immune factors, high nutrient
intake, fluid provision, and warmth. High circulating
IgG concentration in a calf is achieved by consump-
tion of high-quality colostrum in high volume very soon
after birth. Calves with high circulating IgG have also
accrued these other benefits postnatally. For these rea-
sons serum IgG concentration is an excellent predictor
of lower morbidity and mortality.

The current individual calf standard for categorizing
dairy calves with successful passive immunity (SPI)
or failure of passive immunity (FPI) has been used
for more than 35 yr (Gay, 1983). Serum IgG concen-
trations of >10 g/L (SPI) and <10 g/L (FPI) define
this dichotomous standard when dairy heifer calves are
sampled within 1 to 7 d of age. This cutoff was based
on numerous studies showing preweaned heifer calves
with FPI were associated with higher mortality rates
than calves with SPT (USDA, 1994; Wells et al., 1996;
Weaver et al., 2000). The study by Urie et al. (2018b)
showed a significant reduction in mortality for calves
with serum IgG concentrations of >15 g/, compared
with calves with less than 15 g/L. However, recent
studies have described reduced morbidity in calves to
be associated with serum IgG levels higher than what
has been traditionally recommended (Furman-Fratczak
et al., 2011; Windeyer et al., 2014; Urie et al., 2018b).

Information on passive immunity and associations
with morbidity and mortality for male dairy calves is
not readily available for the United States or Canada.
Two studies reported that colostrum management dif-
fers between heifer and bull calves, with bull calves
generally receiving a lower volume of colostrum and
having a lower serum total protein (Shivley et al., 2019;
Renaud et al., 2020). No morbidity estimates were re-
ported in these studies.
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Transfer of passive immunity data from the beef
industry provide a useful comparison to the dairy in-
dustry. The beef industry relies almost entirely on the
calf to suckle colostrum from the dam without any hu-
man intervention. Studies have linked poor TPI in beef
calves to increased morbidity and mortality and de-
creased weight gain (Wittum and Perino, 1995; Dewell
et al., 2006). Studies suggest that IgG thresholds higher
than what has been traditionally recommended in dairy
calves are associated with improved health in beef
calves. Beef calves with serum IgG concentrations >24
g/L have a significant decrease in preweaning morbid-
ity; in contrast, beef calves with IgG concentrations
<24 g/L are 1.6 times more likely to become ill and
have increased odds of preweaning morbidity (Waldner
and Rosengren, 2009). Protection against disease was
seen with increasing serum IgG values up to 32 g/L
and beef calves with serum IgG levels above 27 g/L also
weighed 3.35 kg more at 205 d of age than calves with
lower serum IgG concentrations (Dewell et al., 2006). A
study from Ireland (Todd et al., 2018) determined that
optimal cut-offs to minimize disease and death in beef
calves were serum IgG concentrations of 26 to 40 g/L
and total protein concentrations 6.0 to 6.3 g/dL. A com-
parison of morbidity and mortality between preweaned
beef and dairy calves is not completely straightforward
because beef calves are generally weaned around 6 mo
of age (USDA, 2008), whereas dairy heifer calves are
weaned around 9 wk of age (USDA, 2016). In both beef
and dairy calves, however, morbidity and mortality is
highest the first 6 wk of age (USDA, 2010; Urie, et al.,
2018b). Based on the data available in beef calves, in
addition to published studies of dairy calf health, the
traditional thinking that the ideal TPI threshold for
IgG is >10 g/L appears to be inaccurate.

Education and training of dairy producers has im-
proved colostrum management over the last 3 decades
and now almost 90% of Holstein Friesian calves meet
the current industry standard (Shivley et al., 2018).
The percentage of all dairy heifer calves with FPI has
decreased from 41% in 1991 (USDA, 1993) to 13.0% in
2014 (Urie et al., 2018a). Since 1996, preweaned dairy
heifer mortality has decreased from 10.8% to 6.4%
(USDA, 1996, 2018), whereas the average age at wean-
ing has remained close to 8.5 wk.

Implementation of the current standard for PI has
reduced preweaned calf mortality but preweaned calf
morbidity has not declined significantly; 36.1% of pre-
weaned heifer calves were reported to have scours or re-
spiratory disease in 1991 compared with 33.1% in 2014
(USDA, 1994, 2018; Figure 1). Additionally, a recent
study demonstrated a negative association between
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Figure 1. Morbidity and mortality estimates for preweaned dairy heifer calves from the National Animal Health Monitoring System

(NAHMS) Dairy studies (USDA, 1994, 1996, 2018).

serum IgG and morbidity levels in dairy calves (Urie et
al., 2018b). These data support increasing the level of
TPI threshold since the current standard has not led to
a reduction in dairy calf morbidity.

Although the individual calf-level standard has been
widely adopted, different herd level standards have
been promoted (the late J. W. Tyler, Veterinary Clini-
cal Sciences, University of Missouri, Columbia, personal
communication, 2002; McGuirk, 2005) but the level of
adoption for this formerly proposed standard is un-
known. As dairies move to a more population-oriented
approach to managing their operations, an evaluation
of the colostrum management program should be based
on all calves and not on individuals. A herd-level stan-
dard is necessary to provide herd owners and personnel
the targets necessary for improving calf health.

Considering that improvements in dairy calf mor-
bidity have not paralleled improvements in colostrum
management and mortality, a group of calf experts
(i.e., authors) were assembled to review the available
data and consider revising the individual calf TPI
standard and developing a herd-level standard. This
expert group considered data from the National Animal
Health Monitoring System (NAHMS) Dairy 2014 Calf
Component (Urie et al., 2018a), other published litera-
ture, and their own experiences. The objectives of this
study were to evaluate different threshold values for
TPI and their relationship to mortality and morbidity
using available data and come to consensus on a calf-
and herd-level TPI standard. A secondary objective
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was to provide colostral management recommendations
to meet the consensus standards.

MATERIALS AND METHODS

In the spring of 2018, the primary author convened
a conference call with various academic, extension, and
industry specialists working in the calf health arena
to discuss the evaluation and possible revision of the
TPI standards for dairy calves. On the first call, option
2 below was proposed as a starting point for discus-
sion. Four conference calls were held where data from
the NAHMS Dairy 2014 Calf Component (Urie et al.,
2018a,b), other publications, and personal experiences
were discussed.

The NAHMS Dairy 2014 Calf Component data were
used to determine the relationship between serum IgG
concentration and morbidity and mortality (Urie et al.,
2018b). The Calf Component survey evaluated dairy
heifer calves from birth to weaning. Colostrum man-
agement practices, including source, amount fed, and
timing of colostrum administration were collected from
each enrolled calf. Colostrum samples were collected
and tested for IgG concentration. Blood was collected
from heifer calves within 7 d of age and tested for se-
rum IgG, serum total protein, and %Brix. Any health
condition, including scours, pneumonia, or lethargy,
observed by calf caretakers was recorded as a morbidity
event. Calves that died after colostrum administration
and before weaning were counted as mortality cases.
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More detailed information on the NAHMS 2014 Calf
Component is reported in Urie et al. (2018a,b).

For evaluation of a new standard, the original data
set was modified. Calves where blood was collected at
<24 h of birth or after 7 d of age were excluded and
those with serum IgG concentration of <lg/L, total
protein concentration >11 g/dL, and Brix score >15%
were considered outliers and excluded in all analyses.
For this TPI analysis, calves fed colostrum replacer or
colostrum supplement were also excluded.

A total of 4 options were evaluated: 2 options with 3
categories, one with 4, and one with 5 categories, which
are presented below:

(option 1) <10.0 g/L, 10.0 to 19.9 g/L, >20.0 g/L,
(option 2) <10.0 g/L, 10.0 to 24.9 g/L, >25.0 g/L,

(option 3) <10.0 g/L, 10.0 to 17.9 g/L,
18.0 to 24.9 g/L, >25.0 g/L,

(option 4) <10.0 g/L, 10.0 to 14.9 g/L,
15.0 to 19.9 g/L, 20.0 to 24.9 g/L, >25.0 g/L.

These 4 options were proposed as a starting point for
discussion among the authors. Once there was agree-
ment on evaluation of these options, then the statistical
analysis subsequently described was conducted. The
rationale for these proposed categories was based on
the literature and expert opinion of the authors.

Descriptive data were analyzed using the PROC
FREQ procedure in SAS (version 9.4, SAS Institute
Inc., Cary, NC) and a chi-square test statistic was cal-
culated to compare the different categories in the 4
options above. A P-value <0.05 was considered signifi-
cant; however, the Bonferroni correction was applied to
account for the multiple comparisons being made. The
P-value of 0.05 was divided by the number of compari-
sons being made to determine the Bonferroni corrected
P-value (Schaffer, 1995). PROC GENMOD was used
to model predicted morbidity and mortality, at differ-
ent cutoffs, using farm as the random effect along with
previously identified predictor variables (Urie et al.,
2018b). Additionally, PROC GLM was used to model
equivalent serum total protein values and serum Brix
scores for each proposed serum IgG category.

To evaluate the time in days to morbidity and mor-
tality events for preweaned heifer calves, Kaplan-Meier
survival graphs were constructed using the LIFETEST
procedure in SAS. The STRATA statement was used
to visualize differences based on serum IgG level, se-
rum total protein level, and serum Brix percent. The
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log-rank test was used to evaluate differences of the
survival curves throughout the preweaning period
(Hosmer and Lemeshow, 1999) for each serum measure-
ment. Censored calves were calves that were weaned
before 60 d of age.

Logistic regression random effect models were con-
structed in SAS with predicted morbidity and mortality
as outcomes as described by Urie et al. (2018b). Pre-
dicted morbidity included farm as a random variable
and was adjusted for birth BW, housing ventilation,
and average THI during the preweaning period. Pre-
dicted mortality included farm as a random effect and
was adjusted for morbidity, birth weight, and amount
of fat in the liquid diet per day (Urie et al., 2018b).
Serum IgG was plotted against percent morbidity and
mortality to visualize the relationship between IgG and
health events.

During discussions of the options the authors noted
that some beef studies had proposed and used a cut-
off of 24.0 g/L IgG (Dewell et al., 2006; Waldner and
Rosengren, 2009). It is generally recognized/assumed
that dairy calves are raised in more intense confinement
conditions and exposed to more pathogens than their
beef counterparts. With this in mind, the group felt
strongly that passive immunity standards for the dairy
industry should be equal to or higher than standards
that are recommended in the beef industry, assuming
that the analysis supported that conclusion. Ideally,
the dairy and beef industry would have the same goals
relative to TPI categories for both male and female
calves.

Option 1 was eliminated because the highest cutpoint
of 20.0 g/L IgG was low with respect to mean serum
IgG in recent dairy studies and a cutoff that was associ-
ated with decreased morbidity in beef studies (Dewell
et al., 2006; Waldner and Rosengren, 2009). For option
2, some of the authors recognized differences in the
performance and health of calves with a serum IgG of
12 to 14 g/L versus those with values of 22 to 24 g/L;
additionally, the authors viewed the 10.0 to 24.9 g/L
category as too wide and did not differentiate the risks
associated with being in the lower end of the category
versus the upper end. Option 3 was thought to cat-
egorize calves into reasonably different risk groups but
there was concern about having 4 categories as opposed
to the 2 for the current standard. Option 4 also placed
calves into well-proportioned and reasonable categories
but many felt the 5 different levels were complex and
the ranges of the categories were too narrow. On the
basis of NAHMS TPI data and previous studies, option
3 was selected for further analysis and discussion.

To provide evidence for the proposed categories of
IgG concentration, we used a Bayesian change point
method described by Barry and Hartigan (1993). This
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theory is implemented in the R package bep, informa-
tion on which can be found in Erdman and Emerson
(2007). The method partitions the space along the vari-
able on which change points are assessed into U;, Us,. ..,
Un and an MCMC algorithm is used to determine the
points between which there are substantial differences
from the previous to the next point (where “substantial
difference” is proportional to the ratio of the within
and between sums of squares of the variable at the 2
points).

The following steps were taken to implement the
method included the following for morbidity and mor-
tality separately. (1) The rates of morbidity/mortality
for calves with the same (rounded) whole-number IgG
concentration were calculated. (2) Data sorted in order
of IgG concentration (this implies a change at the same
point in the sorted list of IgG concentrations). (3) The
Barry and Hartigan (1993) method was used to find the
posterior distributions for the probabilities of change
points at each whole-number IgG concentration. (4)
Finally, we narrowed the search for change points to
the interval between 8 g/L IgG (slightly below the in-
dustry standard of 10 g/L) and 30 g/L (slightly greater
than the expert-elicited top-end value of 25 g/L) and
found the IgG concentrations that exceeded the 80th
percentile of the posterior probabilities of there being
a change point at those IgG concentrations. This range
(8-30 g/L) was also the most populated, and the num-
ber of observations above 30 g/L were sparse.

Discussions of a herd-level standard were also based
on evaluation of the NAHMS TPI data set. Specifically,
whatever new goals were to be recommended, they
needed to be realistic and achievable by commercial
dairy herds. In other words, a reasonable proportion
of calves within a reasonable proportion of herds must
be able to reach the highest level for serum IgG. The
NAHMS data provided the proportion of herds in the
study meeting the recommended standards to deter-
mine if the standards were realistic and achievable.

The amount of colostral IgG fed to calves in the
NAHMS TPI data set was determined by taking the
number of liters fed at first feeding and multiplying by
the IgG concentration of the sample. For subsequent
feedings in the first 24 h, the operation average co-
lostral IgG concentration from all colostrum samples
submitted by the operation was used to calculate the
amount of IgG fed in subsequent feedings. The total
IgG fed was the sum of first and subsequent colostral
feedings, if applicable.

RESULTS

This TPI analysis represented 2,360 heifer calves on
103 operations. The original data set included 2,545
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dairy heifer calves from 104 operations. A total of 185
calves were removed from the analysis for the follow-
ing reasons: calves fed colostrum replacer or colostrum
supplement (n = 30), blood was collected at <24 h of
birth and serum IgG <1 g/L (n = 4), blood was col-
lected after 7 d regardless of serum IgG concentration
(n = 34), no reported serum IgG concentration (n =
45), total protein concentration > 11 g/dL (n = 9),
Brix score >15% (n = 4), and no reported weaning
date or were lost to follow-up (n = 59). No weaning
data were reported for one operation, bringing the total
number of operations to 103.

Reported morbidity and mortality during the pre-
weaning period were 34.3% (n = 809) and 3.2% (n =
75), respectively. Mean age at the time of blood collec-
tion was 2.9 d (SD = 1.5 d). The number and percent
of calves included in each category of the 4 options are
presented in Table 1. The serum IgG value category
of <10.0 g/L included 284 of the 2,360 calves (12.0%),
whereas 1,279 calves (54.2%) were in the category
>20.0 g/L and 838 calves (35.5%) were in the category
>25.0 g/L of IgG.

For the proposed standard (option 3), significant de-
creases in morbidity events between <10.0 g/L IgG ver-
sus 10.0 to 17.9 g/L (P = 0.003), and 18.0 to 24.9 g/L
versus >25.0 g/L (P = 0.012; Table 2) were observed
based on the Bonferroni-corrected chi square P-value.
However, no difference was observed in morbidity of
calves with a serum IgG concentration of 10.0 to 17.9
g/L versus 18.0 to 24.9 g/L (P = 0.614; Table 2). Heifer
calf mortality was significantly lower for calves with
serum IgG concentrations of 18.0 to 24.9 g/I. versus
10.0 to 17.9 g/L (P = 0.011; Table 3). There were no
differences in percentage of mortality in calves with
serum IgG concentrations of 10.0 to 17.9 g/L versus
<10 g/L (P = 0.020), 18.0 to 24.9 g/L versus >25 g/L
(P = 0.178; Table 3).

The authors propose option 3 with the following
descriptions and serum IgG categories: excellent TPI
(>25.0 g/L serum IgG concentration), good TPI
(18.0-24.9 g/L), fair TPI (10.0-17.9 g/L), and poor
TPI (<10.0 g/L). Serum total protein level and serum
Brix scores were modeled with serum IgG to develop
the comparable categories reported in Table 4 (R2 =
0.803 and R? = 0.797, respectively). The percentages of
calves in the NAHMS study in each consensus category
are provided in Table 4 and show that across all herds,
the percentages in each category are not far below the
recommendations.

The model predicted morbidity and mortality per-
centages within each of the proposed option categories
are reported in Table 5 and shown in Figure 2. The
actual percentage of calves for each proposed serum
IgG concentration, serum total protein, and serum
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Brix% are reported for all calves in the study along
with the percent morbidity and mortality in Table 6.

o

g The model-predicted morbidity percentage follows the
actual predicted percentages rather closely and shows
that the higher the serum IgG concentration, the lower
the percentage of disease. However, the model-predict-

£3 ed mortality percentages overestimate percentage of

deaths compared with the actual mortality percentage.
The slope of the predicted morbidity line suggests that

g more serum IgG is associated with less morbidity and
So is steeper than the slope of the predicted mortality line.
5 ﬁ The actual mortality line is fairly flat after serum IgG

concentrations exceed 10 g/L, supporting the current
standard for mortality.

Kaplan-Meier survival curves for nondiseased prob-
ability and survival probability for the proposed serum
IgG categories are presented in Figures 3 and 4, respec-
tively. In the nondiseased probability curves, the curves
are similar over the first 7 d but differences begin to
be observed by 10 d of age. Differences between the
excellent and poor categories become more pronounced
through 60 d of age. As presented in Table 2, there
are no differences between the categories good and fair,
which is also observed in Figure 3. Survival probability
showed no differences in mortality among the catego-
ries until 7 to 10 d of age. As presented in Table 3, no
mortality differences are present between the excellent
and good categories, whereas a higher percentage of
calves in the fair and poor categories died in the first
60 d of life.

After evaluation of the data and option 3 was se-
lected by the authors, a Bayesian change point analysis
was conducted. The posterior distribution probabilities
of the change points were serum IgG concentrations of
9 to 12 g/L and 25 g/L for morbidity and 10, 17, and
22 g /L for mortality. The change point probabilities for
morbidity and mortality are shown in Figure 5. The
change points that fell above the 80th percentile of the
posterior probabilities were evaluated to choose serum
IgG levels at which morbidity and mortality rates likely
undergo a change. This provides additional statistical
evidence that option 3 offers a reasonable balance be-
tween splitting the difference between the data-driven
methods based on morbidity and mortality, expert
elicitation, and a certain amount of reasonable chunk-
ing required to make the change points simple and easy
to remember by producers.

To determine a herd-level standard, the NAHMS
TPI data set was considered a single herd and the pro-
portion of calves in each of the 4 calf-level categories
was calculated. Based on the percentage of calves in
each category, the authors debated that producers can
improve TPI so the recommended herd-level standard
is slightly above the current proportion for all calves

'Chi square P-values were adjusted for multiple comparison using Bonferroni (significant at P < 0.05).
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Table 4. Consensus serum IgG concentrations and equivalent total protein (TP) and Brix measurements, and percentage of calves recommended

in each transfer of passive immunity (TPI) category’

Serum IgG category Equivalent Equivalent Consensus” NAHMS study®
TPI category (g/L) TP (g/dL) %Brix (% calves) (% calves)
Excellent >25.0 >6.2 >9.4 >40 35.5
Good 18.0-24.9 5.8-6.1 8.9-9.3 ~30 25.7
Fair 10.0-17.9 5.1-5.7 8.1-8.8 ~20 26.8
Poor <10.0 <5.1 <8.1 <10 12.0

"Modified from Godden et al. (2019).

*Consensus recommendation for percent of a farm’s calves in each category.
*Percent of calves in National Animal Health Monitoring System (NAHMS) 2014 Dairy study (Shivley et al., 2018) in each consensus category.

in the study. The proposed herd-level standard for the
percent of calves in each category are: excellent >40%,
good ~30%, fair ~20%, and poor <10% of calves. An
evaluation of the NAHMS TPI data set showed that
32% of participating herds (33/103) were meeting the
recommended standard in 2014-2015. This provides
evidence that the herd level recommendations are real-
istic and achievable in US dairy herds.

DISCUSSION

Standards for attaining farm level TPI are important
for helping establish management goals for farmers,
veterinarians, and dairy professionals. Educational
programs utilizing targets for TPI can improve out-
comes at the herd level (Williams et al., 2014). It is
commonly recognized that freedom from disease and
death is multi-faceted and includes not only concentra-
tion of serum IgG, but also innate immune competence,
adequate nutrition, lack of stress, adequate housing,
limited exposure to potential pathogens, and subjec-
tive issue of the skills and management intensity of the
calf caregiver(s). Thus, standards for TPI may, in fact,
be farm specific; however, industry standards provide
guidelines consistent with epidemiological data on mor-
bidity and mortality and provide reasonable targets for
farmers. Reducing morbidity as an added goal through
increased TPI has many advantages, not the least of
which is a reduction in antimicrobial use and signifi-

Table 5. Model predicted morbidity and mortality at specified serum
IgG concentrations representing categories for option 3 for calves in
the National Animal Health Monitoring System Dairy 2014 study

Model predicted,
percent (95% CI)

IgG level

(g/L) Morbidity Mortality
8.0 41.3 (34.6-48.8) 8.2 (6.2-10.7)
14.0 37.8 (31.8-44.3) 6.6 (5.3-8.2)
21.5 33.6 (28.2-39.5) 5.0 (4.1-6.2)
27.0 30.6 (25.2-36.6) 4.1 (3.1-5.4)
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cantly greater lifetime production levels (Heinrichs and
Heinrichs, 2011).

However, the existing dichotomous standard seems
too simplistic to fully reflect the effect of IgG con-
centration, particularly regarding calf morbidity. For
example, considering 2 calves, one with a serum IgG
concentration of 9.8 g/L and the other with 10.2
g/L, the first calf is considered to be at greater risk
of disease whereas the second would be at less risk.
The small difference in serum IgG concentration placed
these calves in different risk categories when there
was likely very little or no difference in risk. As an
alternative example, the current dichotomous standard
suggests that 2 calves with serum IgG concentrations
of 10.5 and 20 g/L are similarly well protected against
risk of disease, although data show that the calf with
the higher level of TPI is less likely to develop disease.
Multiple categories may more accurately place calves in
categories consistent with the risk on the farm.

We recommend transitioning from the current stan-
dard with 2 categories (FPI, SPI) to one with 4 catego-
ries (excellent, good, fair, and poor) representing >25.0,
18.0 to 24.9, 10.0 to 17.9, and <10.0 g of serum IgG/L,
respectively. We assume that serum IgG is measured at
approximately 24 to 48 h after birth. Equivalent serum
total protein and serum Brix values are also provided
for convenience since these methods are more com-
monly used on-farm to measure TPI in calves (USDA,
2016). The proposed standard was based on data from
dairy heifer calves but should be applied to both dairy
bull and heifer calves.

Other research supports our recommendation to
refine and revise TPI categories. For example, Furman-
Fratczak et al. (2011), included 175 dairy heifer calves
born on a single operation during a 1-yr period. Calves
were grouped into 4 groups based on serum immu-
noglobulin concentrations at 30 to 60 h of life (<5,
5 to 10, 10 to 15, and >15 g/L). The morbidity and
intensity of disease course were lowest in heifer calves
with serum immunoglobulin concentrations exceeding
10 g/L; these calves did not become ill before d 14 of
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Figure 2. Model predicted and actual percent morbidity and mortality by serum IgG concentration for preweaned dairy heifer calves in the
National Animal Health Monitoring System (NAHMS) Dairy 2014 study (n = 2,360; Urie et al., 2018b).

life, whereas calves with serum IgG >15 g/L avoided
respiratory tract infections.

Chigerwe et al. (2015) evaluated 1,290 dairy heifer
calves on a calf raising facility from 48 farms and calves
were stratified based on serum IgG concentrations at 2
d of age (<15, 15.01 to 20.0, 20.01 to 25.0, and >25.0
g/L). In contrast to other studies that showed the cur-
rent standard of 10 g/L IgG being acceptable for mor-
tality, serum IgG concentrations of 20.01 to 25.0 g/L

and total protein concentrations of 5.8 to 6.3 g/dL bet-
ter indicated adequate TPI in dairy calves. The authors
stated that serum IgG concentrations >20 to 25 g/L
were of little practical benefit because protection from
morbidity and mortality plateau at this concentration.

Waldner and Rosengren (2009) evaluated effects of
serum IgG concentrations and disease events in 601
beef calves sampled between 2 and 8 d of age. Odds of
mortality and morbidity in the first 3 mo of life were

Table 6. Number and percentage of heifer calves and calf morbidity and mortality by consensus category of serum IgG and total protein
concentration, and Brix percentage for calves in the National Animal Health Monitoring System Dairy 2014 study

Heifer calves Calf morbidity Calf mortality
(n = 2,360) (n = 809) (n = 75)
Measure Category Number Percent Number Percent Number Percent
Serum IgG (g/L) <10.0 284 12.0 131 46.1 21 74
10.0-17.9 631 26.7 228 36.1 24 3.8
18.0-24.9 607 25.7 211 34.8 9 1.5
>25.0 838 35.5 239 28.5 21 2.5
Serum total protein (g/dL) <5.1 349 14.8 165 47.3 22 6.3
5.1-5.7 638 27.0 225 35.3 17 2.7
5.8-6.1 459 19.4 151 32.9 13 2.8
>6.2 914 38.7 268 29.3 23 2.5
Serum Brix (%) <8.1 340 14.4 162 47.6 22 6.5
8.1-8.8 570 24.2 202 35.4 15 2.6
8.9-9.3 486 20.6 162 33.3 15 3.1
>9.4 964 40.8 283 29.4 23 2.4

Journal of Dairy Science Vol. 103 No. 8, 2020
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increased in calves when serum IgG concentrations <24
g/L. Waldner and Rosengren (2009, p. 280) stated,
“Our findings directly contradict recommendations
that dairy producers only aim for serum total protein
levels above 50 g/L [5.0 g/dL] (roughly equivalent to
serum IgG levels >10 g/L), because this is reasonable
and attainable. Instead, beef producers should aim to
maximize passive transfer and optimize the protective
health benefits of colostrum.”

The NAHMS Dairy studies have provided a snap-
shot of dairy practices related to calf management and
estimates of TPI status since the early 1990s (USDA,
1994, 2018). The Dairy 2014 study included a longitu-
dinal calf component that followed heifer calves from
birth to weaning and collected multiple data points
including colostrum management, morbidity and mor-
tality events, feeding, housing, and growth parameters
(Shivley et al., 2018; Stenkamp-Strahm et al., 2018;
Urie et al., 2018a,b). Data from this study provided
an opportunity to review health and TPI status, which
were used to construct these recommendations. As with
most field-based studies, the NAHMS Dairy 2014 study
had limitations, including that it was not a controlled
study, most of the data were collected by dairy person-
nel and not by researchers, and not all practices were
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captured and quantified, such as if some calves were
able to suckle colostrum from their dam without it be-
ing recorded in the data.

Recommended targets for assessing TPI vary by spe-
cies (Wittum and Perino, 1995; Erhard et al., 2001;
Metzger et al., 2006; Woon et al., 2014), many of which
diverge from the 10 g of serum IgG/L used in the dairy
industry. Recommended targets for beef calves are
higher than 10 g/L (Wittum and Perino, 1995; Dewell
et al., 2006; Waldner and Rosengren, 2009) and multiple
categories have been evaluated (Wittum and Perino,
1995). Evaluation of the different proposed categories
included the statistical models reported herein, but also
the assessment of usability of any recommended stan-
dard. A standard that was too complex (e.g., option 4)
would be difficult to implement. Standards that were
too simple (e.g., option 1) fail to capture differences in
risk associated with differences in serum IgG concentra-
tion. Option 3 was selected as the appropriate balance
between experiences, previous studies, and statistical
significance from the NAHMS study (Tables 1 and 2)
and usability in the industry. The Bayesian change
point analysis, done post hoc, also supports option 3
and the cutoffs are based on changes in both morbidity
and mortality.
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Figure 3. Non-diseased probability by serum IgG concentration for preweaned dairy heifer calves in the NAHMS Dairy 2014 study (n =
2,360; Urie et al., 2018b). Reprinted with permission from Godden et al. (2019).
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Figure 4. Survival probability by serum IgG concentration for preweaned dairy heifer calves in the National Animal Health Monitoring

System (NAHMS) Dairy 2014 study (n = 2,360; Urie et al., 2018b).

One criteria that was used to determine a herd-level
standard to be proposed was the feasibility of the stan-
dard being achievable. The NAHMS data confirm that
the proposed standard is achievable on farms, as 32%
of farms met the herd-level standard. The herd-level
standard should give dairy producers and consultants
consistent standards/goals that are achievable with
excellent colostrum management.

After the new calf- and herd-level standards were
agreed upon on by the authors, the question of revisit-
ing the colostrum quality standard was broached. We
decided that the minimum cutpoint of 50 g/L for co-
lostrum quality was appropriate even though the mean
colostral IgG concentration for Holsteins in the United
States is close to 74 g/L (Morrill et al., 2012; Shivley
et al., 2018).

Data from the NAHMS TPI data set were evaluated
to estimate quantity and quality of colostrum fed and
feeding times for heifer calves achieving excellent TPI.
Colostrum management practices for 705 heifer calves
from 90 operations in the NAHMS TPI data set that
had excellent passive immunity (25 g/L or more IgG)
were evaluated to provide feeding recommendations
(Table 7). For the 251 calves fed a single feeding of
colostrum, they were fed an average of 3.3 L at 2.0 h of

Journal of Dairy Science Vol. 103 No. 8, 2020

age and received 286.7 g of IgG. These calves had an
average serum IgG of 32.0 g/L. For the 453 calves that
were fed multiple feedings of colostrum, they were fed
an average of 2.7 L at 2.8 h of age and received 226.6 g
of IgG at the first feeding. Colostral IgG content of the
second feeding was calculated as the operation average
colostral IgG concentration for all samples tested since
the second feeding of colostrum was not tested. The
total amount of colostrum fed was 5.3 L with a total
estimated IgG consumption of 421.2 g. The average
serum IgG concentration was 33.9 g/L.

We believe the recommended calf-level goals for
TPI presented here are very achievable because one-
third of calves in 2014 were already meeting the goal
of >25 g/L of serum IgG. Our current understanding
of the process of IgG absorption suggests that achiev-
ing these levels of calf serum IgG requires provision of
high-quality colostrum promptly after birth. As sum-
marized in the paragraph above and shown in Table 7,
the 704 operations in the NAHMS TPI data set that
met these standards accomplished this with either a
single feeding of colostrum at approximately 2 h after
birth, delivering approximately 300 g of IgG, or alter-
natively by feeding multiple colostrum feedings and
delivering approximately 400 g of total IgG in the first
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Figure 5. Posterior probability plots of a change point based on morbidity and mortality, respectively, of preweaned dairy heifer calves, by

serum IgG concentration.

24 h. Other health performance benefits may accrue to
extended colostrum feeding (Inabu et al., 2019), but
are beyond the scope of the specific recommendations
in this paper. These are achievable goals for operations
with well-managed colostrum feeding protocols. Fur-
ther study of feeding practices that optimize outcomes
would be helpful in developing more specific feeding
guidelines on timing and total IgG content of colostrum
delivered to newborn calves.

Just as we are proposing new TPI standards based
on supporting data, the standard should be reviewed
periodically to determine if changes need to be made in
the future. In addition, to new data, there are likely to
be technological advances that may require changes to
this proposed standard.

CONCLUSIONS

Serum IgG measured at 24 to 48 h of age has long
been used as the gold standard measure of TPI, and
in dairy calves, a threshold of 10 g/L has been used to

effectively reduce incidence of neonatal mortality in the
United States. The proposed TPI standard includes 4
serum IgG categories: excellent, good, fair, and poor
with serum IgG levels of >25.0, 18.0-24.9, 10.0-17.9,
and <10 g/L. At the herd level, it is proposed that >40,
30, 20, and <10% of calves are in the excellent, good,
fair, and poor TPI categories, respectively. Implemen-
tation of the proposed standard should further reduce
the risk of both mortality and morbidity in newborn
calves.
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Table 7. Descriptive statistics for colostrum management practices for calves in the National Animal Health
Monitoring System transfer of passive immunity data set having excellent passive immunity (>25 g/L serum

IgG) and fed single or multiple colostrum feedings

Single colostrum
feeding (n = 251)

Multiple colostrum
feedings (n = 453)

Measurement Mean SD Mean SD

Calf birth weight (kg) 42.0 5.5 42.1 5.8
Volume of first colostrum feeding (L) 3.3 0.8 2.7 0.9
First feeding colostral IgG fed (g) 286.7 123.0 226.6 112.3
Age at first colostral feeding (h) 2.0 1.9 2.8 2.2
Total volume of colostrum fed in 24 h (L) 3.3 0.8 5.3 14
Total colostral IgG fed (g) 286.7 123.0 421.2 137.5
Serum IgG (g/L) 32.0 5.5 33.9 8.2
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