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of dairy cows —how can we prevent them?"

How can we support the immune response of a cow
by the diet?
Can We Feed Dairy Cows to Improve Transition Immunity?
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Presentation Outline

Transition Cow Immune Challenges
Inflammation, Nutrition, Homeorhesis
Mounting an Immune Response

Supporting an Activated Response

Summary Recommendations
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Transition Period Goals

Low prevalence of postparturient diseases

Maintain iImmunocompetency to pathogens
Minimize loss (<0.5 units) or maintain BCS postpartum

Support efficient milk production
Control/decrease days to first ovulation and

maintain/enhance fertility
Low stillborn rate and healthy calves

g PennState Extension



Nutritional Control Points in Managing
‘Transition Success

* Minimize drop in prepartum DMI
o Improved postpartum DMI
o Minimize increase in NEFA

Adequate dietary supply of ME and MP
o Based on observed intake and accounts for variation

Minimize risk of hypocalcemia
o Hypocalcemia gateway disease

Maintain a competent immune response
Support and control the inflammatory/immune response

'3 PennState Extension



Host Defense Mechanisms

Invading Microorganisms

Physical Barriers

L

Focused Responses

\4

Specific Immunity

otoxic cells




Contribute to integrity
Vitamins A, D C, E, B6, B12,

Pathogen
folate, iron, Zn

1. Physical barriers (e.g. ski
Gl and respiratory tracts, etc.)

Regulation
inflammation
Vitamins A, C, E,

Nutritional

2. Innate immune
response

3. Inflammatory
response

4, Adaptive

h 4

T cell
proliferation,

immune response

S B6, Zn, Fe, Cu, differentiation &
/ 2a. Cellular response 0::::;!::1::;:;& + Bridges the gap when innate Se, Mg / 4, Antigen presentation function
+ Phagocytes identify pathogens Vitamins C & E. Fe response can no Ionger‘ cope and's + Specific immune response when Vitamins A, D, C, I I l a S o I I
(e.g. via TLRs) then kill and S the adaptive response is just starting innate immunity and inflammation \_E, 86, B12, Zn, Fe, C
digest them Zn, Cu, Se, Mg + Triggered by innate immune cells, can no longer cope with infection Cu, Se
~ Digested protein antigens are proinflammatory cytokines (e.g. ILs, - Dendritic cells present antigens to
presented to adaptive system via TNF-ar, IFNy, GM-CSF) and complement naive T helper cells via MHC-II °
MHCs; only then will T cells react * Causes vasodilation, ln:r‘eased vascular complexes

~ Proinflammatory cytokines are permeability, release of inflammatory - Naive T helper cells are fully activated I I l I I I l I I I 1
released, initiating inflammatory mediators (e.g. bradykinins, i after second signal from APCs
response prostaglandins), neutrophil chemotaxis, — Likelihood of T helper cell activation

+ NK cells inject cytotoxic substances T fnlcrouascular coagulation, fever, raised increased by inflammatory response
into pathogens . I inflammatory markers (e.g. CRP), and + T helper cells then differentiate to:

+ Neutrophils and other phagocyte: i A upregulation of costimulatory — TH1 cells — promote cytotoxic T cells - . =
are triggered and the pathogen is proliferation, molecules (e.g. MHC-I, B7) that and cell-mediated immunity Inhibit M aC ro n u tr I e n tS . e n e rg y a m I n O
phagocytosed differentiation, encourage activation of adaptive — TH2 cells — promote B cells and nhibitory y

+ During this process, ROS and NO function & response humoral immunity al:ti?ns

movement Vitamins D,

E, B6

Vitamins A, D,
\ C, E, B6, B12,

acids, fatty acids

are produced in the oxidative
(respiratory) burst

folate, Zn, Fe,
/ 2b. Biochemical response Cu, Se, Mg
+ Complement system is activated, N — .
either by:
— antibody-antigen (i.e. immune) 4a. Humoral immunity / 4b. Cell-mediated immunity . . .
complexes on pathogen surfaces + TH2 cells activate B cells via MHC I * TH1 cells active APCs and cytotoxic T cell M t t . t m |
— mannose-binding lectin binding to on surface of B cells response I C ro n u rl e n S " race I n e ra S
mannose on pathogen surfaces — Activated B cells mature into plasma * Immature T cells must express CD3 and CD4
— €3, which reacts directly with cells and make antibodies or CD8 (never both) and bind to MHC - - -
pathogen surface — Once infection has cleared, the most complexes — those that fail immunological Cell-mediated a n d V I ta m I n S al | C an I n fl u e n C e
+ All complement pathways generate highly antigen-specific plasma cells tolerance (self-tolerance) selection proce: immunity
enzyme C3 convertase, to cleave C3 remain as dormant memory B cells are destroyed =
— C3a augments inflammatory - Upon reinfection, immediate plasma cell * Activation of APCs: Vitamins A, D, C, -
response < proliferation occurs — TH1 cells recognize MHC Il-restricted E, B6, B12, I I I any aS p e CtS O I l I I I I I u n e
— C3b causes opsonization + Antibodies (immunoglobulins): antigen on infected APC and activate it folate, Zn, Fe,
— C5b triggers formation of MAC, - Neutralize toxins by directly binding to — Once activated, APCs increase Cu, Se
resulting in osmotic lysis them production of NO and superoxide
* Antimicrobial substances discourage — Bind to antigens on pathogen surfaces, radicals — optimizes killing mechanisms re S p O n S e .
microbial growth triggering agglutinization to impair and effective destruction of pathogens
— Complement mainly provides mobility and opsonization to enhance * Cytotoxic T-cell response:
bacterial immunity phagocytosis — Activated APCs present antigen to
— Interferons play a similar role L. ) — Bind to antigens to form complexes that specific cytotoxic T cell receptor within
in viral infections Antum!cfobla activate complement pathway MHC |, along with second signals — aided A Review of Micronutrients and the Immune System —Workin g in
+ Proinflammatory cytoki activity — Directly activate effector cells by IL2, TH1 cells and cytotoxic T cells . .
also released, to mediate Vitamins A, D, \ such as dendritic cells, Antibody — Activated cytotoxic T cells identify Harmo ny to Reduce the Risk of Infection
acute inflammatory response i - infected cells and destroy them H . . H
ry respo C,n, sff‘ Cu, NK cells, cytotoxic T cells £ ooy ction & _ After infection hes cleartd, the most Nutrients 2020, 12(1), 236; https://doi.org/10.3390/nu12010236

function
Vitamins A, D,
C, E, B6, B12,
folate, Zn, Cu,
Se, Mg

— Includes ILs, TNFs,
chemokines (e.g. MCP-1), IFNy antigen-specific cytotoxic T cells remain
as dormant memory T cells o

— Upon reinfection, any APC (not just 0_' Pennstate Extens ion

dendritic cells) can activate cytotoxic T
cells directly (faster cell-mediated
immune response)



https://doi.org/10.3390/nu12010236

Dichotomy of Nutrition-Immunity Interaction

« Homeorhesis Impacts — immune
response is of “low priority” in the
face of nutritional deficits

1 Immunity

| Growth/Fertility

Clinical Signs

Relative Nutrient Status

_ Subclinical | Clinical

Wikse, 1992 TAMV Beef Cattle Short Course

* Immune Activation — inflammatory
response initiates immune
responses thus requiring high
nutrient input to support

o Energy — Glucose utilization

o Amino acids — Acute phase
proteins, cytokines, peptides, etc

o Antioxidant nutrients

o Immune modulatory nutrients —
Ca, P, Se, Cu, Vitamins A, D, E

g PennState Extension



Transition Homeorhetic Nutrient Prioritization

Prepartum * High priority to maintain
e Maintenance established pregnancy

- | Pregnancy . B_ody_reser\_/es (adipo_s_e, m_inerals,
- Frame growth V|ta|_‘n.|ns) will be _mol?lllzed |f_ not

. sufficiently supplied in the diet
* Lactation

« Maternal protein mobilized to
* Reserves

_ o meet fetal needs
* Reproductive cyclicity * Immune response compromised
* Immune response

due to inadequate nutrients to
establish a response

Adapted from Bauman and Currie, J Dairy Sci 1980 FT) rennstate Extension



—
Decreasing DMI

a

Around Calving

\

[ Negative Energy +

Protein Balance
Increasing NEF‘A
/ J _\

Insufficient Vitamins, Trace
Minerals, or Anti-Oxidants

v

mmune Suppressio Hypocalcemia
\ Lost Muscle Tone

High DCAD, Hig
Phosphorus or
Low Mg diets

Lameness

) Infertility
Ketosis/ /

Fatty Liver

Rumen acidosis

Adapted from Goff, WBC 2016

— Reproductive

Y
Retained
Fetal

]

Mastitis

|

Milk Fever

Membranes
and Metritis l

— Displaced Abomasum

Insufficient Dietary Effective Fibe )




Antioxidant Nutrients

—_ OXidative stress is an important factor contributing to dysfunctional inflammatory responses in
metabolically stressed cows. During the transition period there is potential for imbalances in
expression of reactive oxygen species and availability of antioxidants.

Active Component

Vitamin A B-Carotene Prevents fatty acid peroxidation chain reactions

Vitamin C Ascorbic Acid Radical scavenger

Vitamin E o-Tocopherol Disrupts fatty acid peroxidation chain reactions

Selenium Thioredoxin reductase Redox signaling and reduces reactive oxygen species (ROS)
Selenium Glutathione peroxidase Redox signaling and reduces reactive oxygen species (ROS)
Copper Ceruloplasmin Oxidase activity; Peroxyl radical scavenger

Copper-Zinc Superoxide dismutase Converts cytosol superoxide to H,0,

Zinc Metallothionein Cysteine rich radical scavenger

Manganese Superoxide dismutase Converts mitochondrial superoxide to H,0,

Iron Catalase Converts H,0, to water

Sordillo and Aitken Vet Immunol Immunopathol 2009; Sordillo JDS 2016 '3 PennState Extension
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!, J. Dairy Sci. 95:4568-4577
H." http://dx.doi.org/10.3168/jds.2012-5404
\.. . ‘f © American Dairy Science Association®, 2012.

Immune responses in lactating Holstein cows supplemented with Cu,

Mn, and Zn as sulfates or methionine hydroxy analogue chelates

L. M. Nemec,* J. D. Richards,t C. A. Atwell,t D. E. Diaz,t G. |. Zanton,t and T. F. Gressley*'

*Department of Animal and Food Science, University of Delaware, Newark 19716
TNovus International Inc., St. Charles, MO 63304

c"} /ll ~ J. Dairy Sci. 97:3728-3738
5. http://dx.doi.org/10.3168/jds.2013-7331
\‘- © American Dairy Science Association®, 2014.

The effect of injectable trace minerals (selenium, copper, zinc, and @Cmm
manganese) on peripheral blood leukocyte activity and serum
superoxide dismutase activity of lactating Holstein cows

V.S. Machado?, G. Oikonomou?, S.E. Lima?, M.L.S. Bicalho?, C. Kacar¢, C. Foditsch ?,
M.]. Felippe ®, R.O. Gilbert®, R.C. Bicalho **

Effects of hydroxy trace minerals on oxidative metabolism, cytological

endometritis, and performance of transition dairy cows

Effect of an injectable trace mineral supplement containing selenium, @ CrossMark

T. Yasui,* C. M. Ryan,* R. O. Gilbert,} K. R. Perryman,} and T. R. Overton*' copper, zinc, and manganese on the health and production
of lactating Holstein cows
l J. Dairy Sci. 99:1-16 . . . . .
g i.’ YPS httpII?XdOlorgI10316811d5201 5.10040 V.S. MaChadOa. M.L.S. Bicalho a, R.V. Pereira a, LS. Caixeta a. W.A Knauer". G. Oikonomou a, R.O. Gilbert b.
.' & © American Dairy Science Association®, 2016. R.C. Bicalho**

Supplementing Zn, Mn, and Cu from amino acid complexes and Co

from Co glucoheptonate during the peripartal period benefits
postpartal cow performance and blood neutrophil function

J. 8. Osorio,*t E. Trevisi,t C. Li,§ J. K. Drackley, M. T. Socha,# and J. J. Loor*t’

§ SCIEN,

S4BV ; J. Dairy Sci. 105
%! 2 https://doi.org/10.3168/jds.2021-20624

a“« i
Effect of injectable trace mineral supplementation on peripheral

polymorphonuclear leukocyte function, antioxidant enzymes,
health, and performance in dairy cows in semi-arid conditions

T. H. Silva,"? |. Guimaraes,' P. R. Menta,' L. Fernandes, D. Paiva,' T. L. Ribeiro,' M. L. Celestino,’
A. Saran Netto,” M. A. Ballou,” and V. S. Machado™

© 2022, The Authors. Published by Elsevier Inc. and Fass Inc. on behalf of the American Dairy Science Association®.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Metal ions in macrophage antimicrobial
pathways: emerging roles for zinc and copper

Sian L. STAFFORD* 11, Nilesh J. BOKILT%, Maud E. S. ACHARD*+, Ronan KAPETANOVICt#,
Mark A. SCHEMBRI*+, Alastair G. MCEWAN*+ and Matthew J. SWEET %2

@ PennState Extension



Summary of 12 studies showing a 33% decline in SCC

Zlnc and MaStltls TABLE 6. Effect on milk composition and somatic cell count (SCC) of

supplementing lactating dairy diets with zinc methionine (ZM)

complex?.
. Fat Protein S5CC
¢ Peer-reVIGWGd StU dy Outcomes Trial Control IM Control IM Control IM
. . (%) — (x10%/mL) —
© Negatlve studies (6+) Washington® 3.62 3.67 3.27 3.20 231 136
- . Washington® 3.21 3.58 3.0 3.01 218 176
o Positive studies (9+) Colorado* 356 337 319 311 560 282
Great bE!rital‘n':' 3.59 3.64 3.08 3.08 497 390
llinoi 3.40 3.30 3.10 3.00 243 228
o Many other tech reports Now Yr 4003300 3100 300 23 228
. Colorad 3.60 3.55 3.18 3.22 250 195
o Study differences: Arkansas® 344 338 321 307 — _
Israel® 2.62 2.62 3.13 3.07 410 333
Missouri® 3.50 3.50 3.00 3.10 228 46
o Source of Zn Missouri 370 350 310 310 131 46
) Germany* — — — — 95 81
o Supp|emen’[at|on rate Georgia® 4.00 4.20 3.20 3.10 — —
I 12 trials; 13 comparisons.
© Dletary Zn Status VS. N RC bTreatment diet provided between 180 and 200 mq Zn/d per head from ZM
ok complex.
© Stat|St|Cal methOdS for SCC “Treatment diet provided between 360 and 400 mg Zn/d per head from ZM
complex.

comparisons

Kellogg et al., PAS 2004 g PennState Extension
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f/ln‘ J. Dairy Sci. 93:4239-4251
s(ﬂE . doi:10.3168/jds.2010-3058

7743

a%,;;‘... & © American Dairy Science Association®, 2010.

Effects of feeding organic trace minerals on milk production

— and reproductive performance in lactating dairy cows: A meta-analysis

A. R. Rabiee,*' I. J. Lean,* M. A. Stevenson,t and M. T. Sochat

*SBScibus, PO Box 660, Camden 2570, NSW, Australia

tEpiCentre, Institute of Veterinary, Animal, and Biomedical Sciences, Massey University, Palmerston North, New Zealand
1Zinpro Corporation, 10400 Viking Dr., Ste. 240, Eden Prairie, MN 55344

OTM increased milk production by 0.93 kg [95% confidence interval (Cl) =
0.61 to 1.25], milk fat by 0.04 kg (95% CIl = 0.02 to 0.05), and milk protein by
0.03 kg (95% Cl = 0.02 to 0.04) per day. No effect on SCC.

OTM reduced days open (weighted mean difference = 13.5 d) and number of
services per conception (weighted mean difference = 0.27) in lactating dairy
cows. The risk of pregnancy on d 150 of lactation was greater in cows fed OTM
(risk ratio = 1.07), but OTM had no significant effect on the interval from
calving to first service and 21-d pregnancy rate

Supplementation effect was increased when fed prior to calving and after
calving

on



Mammary Influenced
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Figure 4. Plasma retinol (a), 8-carotene, and a-tocopherol concentrations in Days Relative to'Parturitiun

intact (n =8; ) and mastectomized (n = 10; o) cows during the
periparturient period.

Goff et a I, JDS 2002 g PennState Extension

o, Tocopherol




Vitamin E and Mastitis Prevalence

Cows with serum vitamin E concentrations < 3.0
Reduction in Mastitis Incidence ug/ml were 9.4x more (P<.02) likely to have mastitis

4,000 1U

1,000 1U P <12 vs. Control

P < .05 vs. Control
Clinical duration also shdrtened

1,000 1U

] ] I L 1 1 1 1 1 1 ) |

930-50-40-30-20-100 10 20 30

0 20 40 60 80 100

% of Control Time Relative to Calving, d

Weiss et al., J Dairy Sci 1997; Smith et al., JDS 1984 '3 PennState Extension



Vitamin A and Mastitis

300
—e— Cows witho{it mastitis < 30 DIM * Survey Study of 1057 cows
—%— Cows with mastitis < 30 DIM .
_ 250- over l-year period
o » Increasing serum retinol by
2 100 ng/mL was associated
g 1% with 60% decrease in clinical
B oo i mastitis in first 30 DIM
» Measured last week of
R EEREREEE pregnancy

Days from calving

LeBlanc et al., JDS 2004: 87:609-619 fa PennState Extension



Vitamin E and Mastitis

3 e Serum vitamin E was
:E:::::IE”ii::::‘i‘i:Si’m”'“" lower in cows that had
clinical mastitis within

N 30 DIM
W * Increasing serum

Serum c-tocopherol (Lg/ml)

1 vitamin E 1 yg/mL
reduced risk of retained
placenta

54341 .9 7 5 3 4 1 3 5 7 o No effect on mastitis

Days from calving

LeBlanc et al., JDS 2004; 87:609-619 fa PennsState Extension



Vitamin Status and

Disease Risk

Table 1. Formulated ration summary from farms

Vitamin A Vitamin E

Farm Group (kIU /kg of DM) (IU/kg of DM)

1 Far-off dry 3.50 22.0
Close-up dry 6.14 20.5
Fresh cows 1.45 9.2

2 Far-off dry 2.80 20.1
Close-up dry 5.80 324
Fresh cows 0.91 9.9

3 Far-off dry 2.52 8.2
Close-up dry 3.36 33.4
Fresh cows 1.96 39.6

4 Far-off dry 7.92 82.8
Close-up dry 12.58 94.1
Fresh cows 7.52 46.3

5 Far-off dry 1.40 24.8
Close-up dry 3.62 33.4
Fresh cows 2.09 8.71

353 total cows in study

Strickland et al., J Dairy Sci 2021

Retinol Dry Off
(ng/mL) Close-Up
Lactation
B-Carotene  Dry Off
(ug/mL) Close-Up
Lactation

o-Tocopherol Dry Off
(ug/mL) Close-Up

Lactation

3.85
2.68
1.22
4.69
3.00
1.44

16.15
16.20
16.26

1.21
1.21
1.21
1.09
1.09
1.09

312.74
283.68
250.50

102-528
76-598
53-764

0.21-24.0
0.1-14.2
0.1-6.4
0.8-13.1
0.4-11.1
0.0-7.1

Lower retinol concentrations associated with
hyperketonuria, uterine diseases (RFM, Metritis)
No associations with lameness or mastitis

Cause and effect???

Lower retinol concentrations may be more a
consequence of increased inflammatory

response

g PennState Extension



Immune Cell Functional Changes

——Neutrophil Function

Lymphocyte Function

150

[HRN

w

o
|

110 |

90 |

Immune Function
(% of Controls)

70 |

50 |

30 F

Week Relative to Calving

Goff and Horst, JDS 1997;80:1260

'3 PennState Extension



What is the Cause of Impaired Immunity?

Studies using mastectomized cows but allowed to go through
parturition (Kimura et al., 1999, 2002; Nonnecke et al., 2003)

o Some decline in neutrophil function in mastectomized cows, but greater
response in those cows initiating lactation

o Mastectomized cows had only moderate increases in NEFA

o Changes in steroid profiles (estrogen, progesterone, glucocorticoids) can result
In some alteration of immunity

o Primary immunosuppressive factor is the increased metabolic demands of
early lactation

Inter-linking of metabolic diseases and immune dysfunction

'3 PennState Extension



Z

70 -
201 g Direct (inhibitory)
w0 or Indirect (low Impact of Negative
E 01 *  Glucose) Effect?
: Il - Energy Balance
2 - » Graphs show the impact of either NEFA
Nl EEEEE & |l| I 1 or BHB on peripheral blood mono-
0 0013 006 007 0.125 015 0175 nuclear cells in their ability to proliferate
NEFA concentration (miM) when stimulated by concanavalin-A
B) g - * Increased NEFA and BHB as a result of
2 70 r r negative energy balance have adverse
£ g’g: ] =] =« effects on the immune response
S - « Some long-chain fatty acids are
3 considered to have inhibitory effects on
S 10 lymphocytes
0 - - - T T
0 0.07 0.1 0.25 0.5 0.75 1 3 .
BHBA concentration (mM) Lacasse et al., Res Vet Sci 2018 '3 pennState Extension



Transition Homeorhetic Nutrient Prioritization

Postpartum  Lactation places high nutrient
demand at the expense of body
reserves

Mobilized body reserves
constrain the resumption of
reproductive activity

~rame Growth

Reserves Activated immune response has

c _ . high priority and will increase

Reproductive Cyclicity maintenance leading to further

* Pregnancy adverse impacts on lactation,
metabolism and reproduction

Maintenance

Extrapolated from Bauman and Currie, J Dairy Sci 1980 FT) rennstate Extension



Environmental
Pathologic
Stressors

Proinflammatory
Mediators

Adapted from Goff, WBC 2016

Insufficient Vitamins, Trace
Minerals, or Anti-Oxidants

High DCAD, Hig
Phosphorus or
Low Mg diets

Negative Energy +
Protein Balance
Increasing NEFA

Lost Muscle Ton

9

Hypocalcemia ]
e

L=\

v
=Immune Activation 1—[
‘ /
Lameness

Reproductive

Mastitis _/

Milk Fever

v Infertility
Ketosis/ /‘ = v
Fatty Liver Retained
Fetal
Rumen acidosis Membranes
and Metritis l

— Displaced Abomasum

Insufficient Dietary Effective Fibe/)V



Low DMI Increases Inflammatory Risk

(B)

Pre-partum

Excess BCS
Metabolic diseases
Infectious disease
Heat stress

Increased risk

~ Increasing
Abrupt reduction
!

Post-partum
Metabolic diseases
Infectious disease

Heat stress

Short-term feeding of
Rapid increase a high-forage diet
in DM post-partum post-partum

Penner, 2019

SAA (pg/mL)

(A) Treatment: P=0.06

Linear: P=0.04
0.8

0.7
0.6
0.5
0.4
0.3
0.2

Endotoxin (EU/mL)

R O

(©) Linear: P=0.04
AL40 v AL40G: P=0.11

Kvidera et al., 2017; JDS

Haptoglobin (ug/mL)

1,400
1,200
1,000

800
600
400
200

0

(D)

LBP (ug/mL)

12
10

S N & O X

Treatment: P=0.06
Linear: P=0.04
AL40 v AL40G: P=0.01

T

Linear: P=0.08

i

"‘073 PennState Extension



Daily Intake Variation Before Calving

25

| Median : 13.5 kg/d

1 STD: 3.1 kg/d
20 -

15 -

10 -

Percent

D D AD D AD D AD D AD DAY DA DD D

Dry matter intake, kg/d

Va.n Saun, 1993 @ PennState Extension



What is the cost of maintaining an immune
response?

Eosinophil
’ P ot Clonal expansion of T cells

« The ability to mount an immune
response or maintaining a
competent immune system is
nutritionally demanding

* Requires trade-off decisions
among competing nutrient ( ',i:i;i;{,“”’_@

demands for other physiologic be zba b tf\
functions < @ / K &
- J Fibroblasts

o IL-1IL-6

D7
NG |LI-3,|L4 IL-10 IL8.IL-10

) L-13,IFN-a
Ny Lo IFN-y . TNF-B

- oy

/ IL-3,IL-4,IL-10
. *______‘_,_————-"_'_'—"r-‘
ail /

M-CSF,TNF

« Large consumer of glucose and \\< /| s o

amino acids L INFLAMMATORY RESPONSE |

Lochmiller RL and Deerenberg C OIKOS 2000 '3 PennState Extension



Dry Matter Intake and Ketosis

30
-=-Healthy
——Ketosis
25 A
)
©
D |
= 20 -
g i
©
=
5 |
= 15 1
E i
)
a
10
Week x Disease P = 0.0002
5

Week x Disease P < 0.0001
Disease P < 0.0001

-5 -4 -3 -2 -1 0 1
Week relative to calving

Van Saun, Vet Clinics NA: Food Animal Practice 2023

2

3

4

5

Total DMI loss in first 5
weeks was 228 kg

Using dietary energy
content, total energy loss
would account for:

- 0.88 Body Condition
Score loss

o 470 kg 4% milk yield loss

What is causing the
prepartum intake drop?

g PennState Extension



BW and Milk Yield Responses

720 1
700 -

680 A

Body weight, kg

600
580
] *P<0.05

560 ]

540 -

660
640

620 -

——Healthy ——Ketosis

I

1 2 3 4 5
Week post-calving

Van Saun, Vet Clinics NA: Food Animal Practice 2023

60

55

B H Ul
o 2} o

Milk yield/day, kg

w
(O}

30

25

—#-Healthy =#—Ketosis

492 kg Lost Milk

Week post-calving

'3 PennState Extension



‘\J\M 17 4 glucose production

> injury JAN /> acute phase .
13 w sk Hypermetabolism

. & glycogenolysis
" & gluconeogenesis

from Disease or
Injury
proiein

J\catabolism — Hgrmonal regulators in response to an
injury or illness and corresponding
muscle metabolic responses in various tissues

Primary effects are to stimulate release
of fatty acids for energy and increase
protein catabolism to release amino
acids to support gluconeogenesis and
acute phase protein response

— 3 T %i‘; 2 nitrogen loss All responses are occurring in a state
' 4 gluconeogenesis  Where intake is reduced

d( Blipolysis j
nE ﬁ)\\é:/\) £ fatty acids
~ A ketones

Chandler et al., Cont Ed Pract Vet 1992

sympathetic
nervous system
~ stimulation

insulin

insulin resistance

glucocorticoids j

catecholamines

adrenal
glands

fat tissue

'3 PennState Extension



Physiologic Response to Inflammation
EM_EM_

< 24 hours Maintenance of IBMR, Temperature, O, Catecholamines,
blood volume, consumption; tHeart rate, Cortisol, Aldosterone
Catecholamines cardiac output; Vasoconstriction;  TProinflammatory
Acute Phase Proteins cytokines
Flow
Catabolic 3-10days Maintenance of 1BMR, Temperature, O, TInsulin, Glucagon,
energy consumption; Negative Nitrogen  Catecholamines, and
Balance (severity depends on 11  Cortisol with Insulin
proinflammatory cytokines) resistance
Anabolic 10-60 days Replacement of lost Positive Nitrogen Balance Growth hormone,
tissue IGF-1

'3 PennState Extension



Energy and Protein Metabolism in Inflammation

Species Immune Resting Species | /mmune Protein
P Challenge Metabolic Rate P Challenge Parameter Change

Human Sepsis +30% PRRS vacc. BW gain -21%
Sepsis +30% Feed intake -15%
Sepsis and injury +57% Chicken HVT vacc. Feed intake -3%
Typhoid Vacc. +16% SRBC BW gain -13%
Sickle Cell disease +15% Endotoxin BW gain -18%
Lab rat IL-1 infusion +18% Human  Sickle cell Prot. Catabolism +32%
Inflammation +28% Prot. Synthesis +38%
Lab mouse KLH challenge +30% Sepsis N excretion +160%
Sheep Endotoxin Sepsis/injury Total Body Protein  -12%
Endotoxin 10-49% Labrat  Sepsis Prot. Catabolism +40%

Lochmiller RL and Deerenberg C OIKOS 2000 @ PennState Extension
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Nutrition and Parasite Control

* Improving protein and not energy status In late
pregnancy improved Gl immunity to parasites (Jones
et al., Intl J Parasit 2011)

* Improved body protein status and increased dietary
protein supply reduced fecal egg counts and
Improved Immune status (Houdijik et al., Vet Parasit 2000;
Houdijk et al., Parasitology 2001)

o Diets provided either 85% or 130% of MP requirements
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Fecal egg counts (FEC) in ewes either fed
inadequate (o) or adequate (o) metabolizable
protein during pregnancy.



Effect of Protein on Ketogenesis

* Prepartum diets differed in amount

30

Control of protein provided by RUP sources
] —— High RUP .
25 o » Control group cows experienced
' — — 1165 31% clinical ketosis

20 -

« High RUP group did not present
with clinical ketosis

 Cows with twins had clinical ketosis
and other concurrent diseases

« Cow 4165 had twins, but fed the
High RUP diet prepartum

s 6 4 2 o 2 4 & s 12 12 14 * Postpartum diets were isocaloric
Week relative to calving and iSOnitrOgenOUS

15 1

BHB, mg/d|

10 A

Van Saun, PhD Thesis 1993 '3 PennState Extension



Role of Protein in Disease?
Measured Concentration in Fresh Cows 3-21 DIM

Albumin Healthy Abnormal

<30 g/L 33.3% (6/18) 66.7% (12/18)

>30and<35g/L | 38.9% (21/54) 61.1% (33/54)

> 35 g/L 67.7% (21/31) 32.3% (10/31)

Overall Model: P<0.02

Va.n Saun, 2003 '3 PennState Extension



Methionine Supplementation

Close-up Methionine Supplementation

o Reduced inflammatory and increased antioxidant capacity (Osorio et al., 2014; Batistel et al.,
JDS 2017; Sun et al., 2016; Zhou et al., 2016)

o Improved milk yield, components, energy balance (Osorio et al., 2013)

o Upregulation of metabolic regulators of lipid metabolism and immune function (Osorio et al.,
2016)

Additional MHA (+20 g/d) on balanced diet

o Reduced body protein mobilization
o Improved milk and feed intake (Phillips et al., 2003)

High CP £ RP-Meth

o Increased intake, lower plasma IL-1 concentration, reduced inflammatory status
compared to low CP diet (prepartum — early lactation)

o Methionine addition increased prepartum insulin (Cardoso et al., JDS 2021)

'3 PennState Extension



Intestinal Amino Acid Metabolism

Protection against apoptosis and cellular stresses

Heat shock proteins
(HSP-70, HSP-25, HSP-72)

Autophagy GSH

ER stress /

,\ HSF-1 t/
\ t /! /\ NF-kB

Glutamine ~ - A"""t_
inriammartion

/ 1 STAT-1, STAT-3,

— STAT-4, STAT-5

(ERK1/2, JNK) Growth factors o )
1 (EGF, IGF-I, TGF-)) Tight junctions

/ (Claudin-1, Claudin-4,

occludin, ZO-1, ZO-2, ZO-3)
Enterocyte

proliferation

Maintaining intestinal tissue integrity

Kim and Kim, Internat J Molecular Science 2017

Glutamine is major substrate
utilized by intestinal cells (30% of
total body)

Intestine utilizes most of body
glutamate and aspartate

30-50% of dietary arginine, proline
and branched-chain amino acids
consumed by the intestine

Amino acids serve as energy and
protein synthesis substrates

Role in intestinal integrity and
Immune function

g PennState Extension



Amino Acid Composition (g/100 g protein)

Am|no 1 5 Am|no

6.47 3.4-6.2 8.10 8.1-11.5
Arg 4.72 4.6-5.3 Met 2.29 1.6-2.5
Asp 11.99 11.2-12.9 Phe 5.43 4.9-5.7
Cys 1.67 2.0-26 Pro 3.74 3.4-4.0
Glu 13.02 12.7-14.1 Ser 4.43 4.1-4.7
Gly 5.22 49-6.5 Thr 5.34 5.2-6.6
His 1.88 1.6-21 Trp 1.18 NA
lle 5.71 5.4-6.2  Tyr 5.18 4.4-5.1
Leu 7.93 7.4-8.3  Val 5.71 5.3-6.5

1Sok et al., J Dairy Sci 2017
2Cao et al., Amino Acids in Nutrition and Production of Sheep and Goats (Wu,
G, ed., Amino Acids in Nutrition and Health), 2021

Amino acid composition of
mixed rumen bacteria and
protozoa

Glutamine and Glutamate
are found in the highest
proportion

Can increasing microbial
protein improve intestinal
Integrity and immunity?

g PennState Extension



Failing to Prepare is Preparing to Fail!

* Ensure appropriate nutrient balance of the dry cow diet
o Energy and Proteins status
o Maintain postpartum calcium homeostasis
o Intake capacity relative to group intakes

* Ensure adequate or increased intake of critical iImmune supportive
nutrients
o Trace minerals — organic vs. inorganic sources
o Vitamins — especially A, D, and E
o Other antioxidant compounds? Botanicals?

« Address environmental management issues to optimize nutrient intake and
reduce marked declines in DMI before calving

'3 PennState Extension



Postpartum Immune Response — Attenuated or Activated?

* Primary focus to minimize stressors accentuating inflammatory
response

o Heat stress abatement
o Socialization factors — pen changes
o Dietary issues of SARA, mycotoxins leading to depressed intake

* Minimize prepartum body protein mobilization coupled with additional
postpartum dietary MP or methionine

* Formulate diets to encourage increasing intake postcalving providing

energy and microbial protein to support production and immune
response

« Additional antioxidants in fresh diet? Namely vitamins A and E?

'3 PennState Extension



Questions?

v~ PennState
2y College of Agricultural Sciences

Robert Van Saun, DVM, MS, PhD, DACT, DACVIM
Professor and Extension Veterinarian
Pennsylvania State University

rjv10@psu.edu
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