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Barry J. Bradford'
Department of Animal Science
Michigan State University

Abstract

Inflammation biology has been a focus
of intense research in both the biomedical and
animal sciences in the past two decades. This
work has revealed that inflammation is critically
important in the immune response to pathogens,
but it also integrated with many other aspects
of physiology. The transition dairy cow makes
an excellent case study for this. In addition to
needing to be prepared for mastitis and metritis
challenges, the cow utilizes inflammatory
signals and cells to drive the calving process.
Inflammatory signaling molecules, though, are
not well contained in specific tissues, resulting in
systemic responses. These responses can include
suppression of feed intake and milk synthesis.
Ongoing research has demonstrated that added
inflammatory challenges impair intake and
milk production in transition cows, whereas
several anti-inflammatory strategies have
dramatically increased whole-lactation milk
yield. Inflammatory signaling is therefore central
to the interactions of health, productivity, and
nutrition in the transition period, with important
impacts on the entire lactation.

Introduction

Dairy producers and those who advise
them are well aware of the challenges that face
cows during the transition to lactation. The 2 to 3
week period after calving typically accounts for

40 to 50% of health problems on a dairy, and high
cull rates in early lactation are a costly problem
for many farms. Research has generated strong
evidence that part of the problem during this time
is altered immune function and inflammation
during the transition period. This immune
dysfunction occurs at a time when nearly all
cows experience some degree of inflammation,
which is somewhat counter-intuitive given that
inflammation is a critical tool for immune system
activation. Furthermore, measures of immune
function and inflammation are predictive of
disease incidence in dairy cows, suggesting
that changes to support immune function and
to limit inflammation may improve the well-
being and productivity of cows. We’ll explore
this evidence and consider whether strategies to
push back against postpartum inflammation are
beneficial to health and productivity.

What’s the Evidence for an Inflammatory
State Around Calving?

Although body temperature is often
slightly elevated for a few days after calving, the
inflammation that is detected in transition cows
doesn’t necessarily include the traditional pain,
fever, and edema responses associated with acute
inflammation. Instead, transition inflammation
is generally subclinical, marked by increases in
signals in the bloodstream released by tissues in
response to inflammatory stressors (Bradford et
al., 2015).
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Beginning nearly 20 years ago, several
research groups began asking questions about
whether transition cow disease complexes
could have an underlying cause associated
with excessive inflammation. In Italy, Giuseppe
Bertoni and colleagues began documenting
increased concentrations of circulating
inflammatory biomarkers in cows through
the transition period, and further showed that
biomarkers were most elevated in cows that
ended up suffering from transition disorders
(Bertoni et al., 2008). In some cases, these
markers were clearly altered before disease
onset, suggesting that they were predictive of
a disease orientation, rather than a response to
the disease itself.

More recently, groups in several countries
have carried out large-scale epidemiological
studies to investigate whether elevated
inflammatory biomarkers are associated with
subsequent problems. These studies have focused
heavily on the acute phase protein haptoglobin,
which is produced by the liver when oxidative
stress, immune system inflammatory signals, or
signs of infectious agents trigger inflammatory
gene expression. Plasma concentrations of
haptoglobin greater than 1.1 g/L were associated
with a 947 kg decrease in 305-day mature
equivalent milk yield, and primiparous cows
with haptoglobin >1.3 g/L in the first week post-
calving had a 42% decreased risk of conception
during the first 150 days in milk (Huzzey et al.,
2015). On day 3 postpartum, a cutoff of 0.15
g/L separated healthy cows from those who
had transition disorders (Qu et al., 2014). A
day 3 cutoff of 0.6 g/L offered the best balance
of specificity and sensitivity for detection of
mastitis (Huzzey et al., 2009). Cows with
haptoglobin > 0.46 g/L on d 2 to 8 postpartum
took longer to become pregnant (Nightingale et
al., 2015). Although there is variability across
studies in cutoff values, elevated postpartum
haptoglobin concentrations were consistently

linked to impaired productivity, fertility, and
health.

Much of the evidence around transition
inflammation is based on acute phase proteins,
but recently investigation of other signals has
validated the conclusion that most transition
cows experience some degree of systemic
inflammation. Concentrations of inflammatory
cytokines generally appear to decline after
calving, but they remain elevated in cows with
health problems. Furthermore, oxylipids — a key
class of lipid signals that can promote or resolve
inflammation — shift to a more pro-inflammatory
profile in the days immediately after calving
(Yuan et al., 2013). Finally, oxidative balance
is often challenged after calving, and oxidative
stress can provide a link between suboptimal
metabolism and inflammatory signaling (Sordillo
and Mavangira, 2014).

At a minimum, the liver shows signs
of a subclinical inflammatory state in the week
after calving. However, given the other signals
that are also changed in the bloodstream and
in tissues that have been sampled, it appears
that most cows experience a mild systemic
inflammatory state at this time (Bradford et al.,
2015).

Physiological Roles for Inflammation in the
Transition Cow

Inflammatory cascades are involved
in many disease processes, from bacterial
infections to arthritis to cancer. It’s easy enough,
then, to associate any inflammatory signal with
negative outcomes. However, it’s important to
also recognize that inflammatory signaling exists
for good reasons, and it plays a critical role in
many biological processes. Most predictably,
inflammation is an essential component of the
immune response, particularly for bacterial
infections. However, inflammation is also used
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for tasks unrelated to immunity. For example,
deleting certain components of inflammatory
signaling cascades in the mammary gland
completely disrupts mammary development in
mice, resulting in an inability to secrete milk
after parturition (Cao et al., 2001).

The process of giving birth is driven, to
a large extent, by inflammatory signals. As the
fetus nears term, the hormonal cross-talk with
the dam triggers local signaling in the uterus
and cervix that attracts circulating immune cells
into these tissues (Van Engelen et al., 2009). The
additional inflammatory molecules produced by
these cells begin to drive important changes,
including degradation of connective tissue in
the cervix (cervical ripening), and as parturition
begins, contraction of the myometrium.

The best demonstration of the importance
of inflammation in parturition is the study carried
out by Newby et al. (2017). Seeking to combat
the subtle fever and the poor appetite common
to many fresh cows, this team first tested the
impact of giving flunixin meglumine (a non-
steroidal anti-inflammatory drug) to cows
several hours before calving and again in the day
after calving. However, this treatment resulted
in a severe increase in stillbirth rate (26.5% vs.
5.3% in controls) and had to be stopped early.
To avoid risk of stillbirth, Newby and colleagues
then tested administration of flunixin at 2 and
24 hours after calving. Unfortunately, this
treatment also had unintended consequences,
this time causing a 2.6-fold increase in the risk
of retained placenta. The increase in retained
placenta, in turn, significantly increased metritis
risk. Although frustrating, this study made an
important contribution by demonstrating in the
cow that systemic anti-inflammatory drugs can
suppress inflammatory signaling to the point of
derailing normal parturition. Clearly, we cannot
view inflammation as being always negative.

23
Inflammatory Consequences After Calving

Despite the necessary role for
inflammatory signals at parturition, association
studies discussed above point to negative
outcomes in cows with relatively high blood
biomarkers of inflammation. So what are
the impacts of increasing inflammation after
calving? We administered a very low dose of the
inflammatory cytokine tumor necrosis factor o
(TNFa) for the first 7 days of lactation to assess
the impact of a subtle increase in postpartum
inflammation (Yuan et al., 2013). Although our
treatment did not induce any of the classical
physiological signs of acute inflammation, we
did observe significant increases in circulating
mediators of inflammation, validating our
approach to enhancing sub-acute inflammation.
During the week of treatment, TNFa decreased
feed intake by 18% and energy-corrected milk
yield by 17%, with no change in energy balance.
Furthermore, in the highest TNFa treatment
group, 7 of 11 cows were diagnosed with at least
one subclinical transition disorder, compared
to just 2 of 11 in the control group. Along with
a few other studies that have directly induced
inflammation in the transition period (Trevisi et
al., 2009), these findings demonstrate a causative
role of inflammation in at least some common
problems in early lactation.

Negative impacts of inflammatory
signals on milk synthesis have been consistently
reported. For example, sterile inflammation
induced by lipopolysaccharide (endotoxin)
can cause dramatic impairment of pathways
driving synthesis of nearly all milk components.
Endotoxin significantly decreased transcript
abundance of glucose transporters, fatty acid
binding protein 3, and carnitine transporters in
rat mammary tissue (Ling and Alcorn, 2010)
and induced similar suppression of transcripts
for fatty acid synthesis proteins, potassium
channels, and carbohydrate metabolism enzymes
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in mouse mammary tissue (Zheng et al., 2006).
The net effect of inflammatory down-regulation
of nutrient transporters and synthetic enzymes
(and probably other undiscovered mechanisms)
is that secretion of all major milk components is
suppressed by the severe inflammation induced
by endotoxin in the dairy cow (Oliver and
Calvinho, 1995; Ballou, 2012).

One question that has not yet been
addressed in observational studies is whether
the pattern of inflammation impacts long-term
outcomes. We hypothesize that brief spikes in
inflammatory signals that are resolved in the first
3 to 4 days of lactation may aid in physiological
adaptations to lactation and the end of pregnancy.
However, failure to rapidly resolve these signals
may lead to a variety of adverse impacts that
ultimately impair productivity, health, and
fertility (Figure 1).

Responses to Non-Steroidal
Anti-Inflammatory Drugs (NSAIDs)

To address whether normal transition
inflammation is a problem, a variety of labs have
used NSAIDs to treat postpartum inflammation.
In a study, Bertoni et al. (2004) treated 11
cows/treatment with lysine acetyl-salicylate
(aspiri) or for the first 5 days postpartum and
monitored milk production through day 126 of
lactation. Peak milk yield tended to increase with
aspirin treatment (P < 0.10). The same group
subsequently conducted a similar study with 23
cows/treatment and found that aspirin treatment
over the first 5 days of lactation increased milk
yield through day 60 of lactation (P <0.05), with
a 13% increase in peak milk yield (Trevisi and
Bertoni, 2008).

Motivated by these promising findings,
we conducted a study with 78 cows assigned
to either control or sodium salicylate delivered
via drinking water (2 g/L) for the first 7 days of

lactation. At first, the results did not look very
promising — salicylate decreased blood glucose
and increased ketone concentrations in early
lactation, with no increase in early milk yield
(Farney et al., 2013a). However, as lactation
progressed, the oldest cohort of cows treated
with salicylate (those in parity 3 and greater)
responded by producing 21% more milk over
the full lactation, and fully 30% more milk fat,
than parity-matched controls (Farney et al.,
2013b). On the other hand, primiparous cows
treated with salicylate tended to produce less
milk, suggesting a potential parity difference in
either baseline inflammatory status or response
to inflammatory signals.

We subsequently completed a follow-up
study to evaluate whether postpartum treatment
of multiparous cows could increase whole-
lactation productivity of cows on a commercial
farm. To facilitate treatment in a commercial
setting, we shortened the postpartum treatment to
3 days (sodium salicylate) or 1 day (meloxicam)
and compared them to placebo treatments
(Carpenter etal., 2016) across 153 cows. Despite
this very limited treatment window, cows treated
with either NSAID produced 7 to 9% more milk
over the whole lactation compared to placebo.

Barragan and colleagues (2020a) recently
published responses to a 2-day treatment regimen
with aspirin rather than sodium salicylate. This
strategy, like previous work with salicylate,
showed no impacts on milk production of first-
lactation cows, but in multiparous cows, aspirin
caused a 4% increase in milk yield during the
first 60 days in milk. However, no difference in
305-day milk yield was detected.

Swartz and colleagues (2018) evaluated
responses to treatment with meloxicam either
~24 hours before calving or within 12 hours
after calving. Both treatments increased milk
yield over the first 15 weeks of lactation, but the
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benefit was greater for the pre-calving treatment
(+18%) than the post-calving treatment (+7%).
In addition to revealing exciting milk responses,
the pre-calving treatment with meloxicam did
not cause problems with calving or increase
retained placenta incidence, in agreement with
another recent study (Newby et al., 2014).
Contrary to the authors’ expectations, however,
meloxicam did not benefit cows experiencing
dystocia — in fact, it appeared to improve milk
yield only in cows that did not experience
dystocia (Swartz et al., 2018). This is puzzling,
given that dystocia is associated with increased
inflammation, but perhaps it can be explained by
the single treatment being inadequate to impact
the greater inflammatory pressure in these cows.
On the other hand, a very recent publication
showed that aspirin treatment of organically
managed cows improved milk yield of dystotic,
but not eutotic, cows (Barragan et al., 2020b).

We (Carpenter et al., 2018) and several
other groups have failed to observe significant
impacts of postpartum NSAID treatment on
milk yield in some studies, and it remains to
be seen whether a treatment paradigm can be
found that is consistently effective. However,
we believe that impacts on long-term milk
yield likely require treatment before or early
after calving and that effects are not likely to be
obvious before 60 days in milk. We speculate
that herds with relatively high inflammatory
biomarkers may be more responsive to these
strategies, and there is good evidence that herd-
to-herd variation in haptoglobin is substantial
(Nightingale et al., 2015).

A few studies have evaluated health
impacts following blanket treatment with
NSAID after parturition. In general, there has
been little evidence of overall improvements
in health or decreased risk of culling following
early lactation NSAID treatment (Farney et al.,
2013b; Meier et al., 2014; Swartz et al., 2018;
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Barragan et al., 2020a). In fact, one small study
suggested possible increased risk of infections
after NSAID treatment (Bertoni et al., 2004).
However, our commercial farm study generated
some intriguing results (Carpenter et al.,
2016). Over the 365 days following treatment,
meloxicam tended to delay removal from the
herd based on survival analysis (P=0.06; 30, 35,
and 38 cows of 51 enrolled remained in the herd
at 365 days post-calving for control, salicylate,
and meloxicam, respectively). Meloxicam
primarily decreased early-lactation culling, and
health events recorded by the farm suggested
that metabolic disorders accounted for most
of this decrease. More research is necessary
to determine whether blanket treatment of
postpartum cows can really decrease culling risk.

Nutritional Anti-Inflammatory Strategies

In the United States, the NSAID
strategies outlined above do not currently have
regulatory approval. However, several nutrient
classes offer the ability to shift cellular function
in an anti-inflammatory direction. For example,
omega-3 fatty acids (if they can be delivered
past the rumen) activate a cellular receptor that
inhibits inflammatory signaling, in addition
to serving as substrates for the production of
anti-inflammatory oxylipids. Polyphenols are
another very large class of compounds that often
have antioxidant and anti-inflammatory effects
on animals (Olagaray and Bradford, 2019),
although little controlled research has evaluated
impacts of dietary polyphenols on inflammatory
status of dairy cattle.

We recently published a study evaluating
an extract from Chinese skullcap (Scutellaria
baicalensis) for its impacts on early lactation
dairy cows (Olagaray et al., 2019). The extract
was supplied (or not) via an automated milking
system, providing the supplement for either 5
or 60 days post-calving. Although the 5-day
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treatment did not significantly alter the lactation
curve, the 60-day treatment increased whole-
lactation milk yield by 13% over controls.

This study did not identify the mode
of action of the Chinese skullcap extract, but
the response curve closely mirrored temporal
patterns of response to NSAIDs in previous
studies (Farney et al., 2013b; Carpenter et al.,
2016), with little or no response to treatment
in the first month of lactation, following by a
separation of treatments from week 6 through
peak lactation, and maintaining that benefit
through the end of lactation. This response time
course can be difficult to explain, particularly
follow a single dose of an NSAID in the day
around calving. To begin to ascertain how this
might occur, we visualized expected responses
to shifts in cell growth, death, and function
(Figure 2). The observed responses to the plant
extract and NSAIDs appear to be most consistent
with an increase in secretory cell productivity
(milk synthesis per cell) rather than a change
in secretory cell number. Preliminary findings
from mammary biopsies support this conclusion.

Why would secretory cell activity change
for an entire lactation following an early lactation
anti-inflammatory strategy? This remains an
open question, but preliminary findings point
to potential impacts on epigenetics, which is
the modification of DNA in a manner that alters
gene expression in a sustained manner. We
hypothesize that the mammary gland may be
in an “epigenetic rewriting” state at the onset
of lactation, making short-term treatments
potentially impactful for many months. These
ideas remain under investigation, with many
candidate bioactive nutrients ripe for study.

Conclusions

The story behind the transition cow
and her many challenges remains complicated,

but progress in the past 20 years has firmly
established inflammatory signaling in multiple
organ systems as a part of the puzzle. Most cows
experience at least mild systemic inflammation
after calving, potentially derived from the
calving process itself. The healthiest cows
resolve that inflammatory state quickly, but
a significant subset of cows shows elevated
inflammatory markers for weeks after calving,
likely contributing to issues such as poor feed
intake, liver function problems, and low peak
production. Reponses to both non-steroidal anti-
inflammatory drugs and bioactive polyphenol
feed additives have significantly increased
whole-lactation milk yield, suggesting that
inflammatory pathways have an important
impact on mammary function. Therefore,
minimizing postpartum inflammation represents
an extremely promising avenue for enhancing
dairy efficiency in a manner that also supports
transition cow health.
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Figure 1. Hypothetical impacts of brief, rapidly resolved postpartum inflammation versus sustained
inflammation. It is proposed that lack of resolution leads to impaired health and productivity rather
than the inflammation per se.
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Figure 2. Exploring potential mechanisms for increased milk yield. The model of Pollott (2004) was
used to predict effects of changes in mammary characteristics on the lactation curve through day 120.
An average lactation curve is shown compared to curves with 50% slower cell death rate, 100% greater
cell proliferation rate, or 10% greater secretory capacity per cell. Observed responses to post-calving
treatment with non-steroidal anti-inflammatory drugs (Carpenter et al., 2016) and early lactation (60
days) feeding of a polyphenol supplement (Olagaray and Bradford, 2019) both altered the lactation
curve in a manner consistent with predicted responses to increased secretory capacity of mammary
epithelial cells.

April 19-21, 2021 Tri-State Dairy Nutrition Conference

«

e

b P
W

R )





