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Overview

* Cachallenge and homeostasis

* Importance of blood Ca dynamics in early
lactation

Subclinical hypocalcemia
prevention/mitigation strategies

Next steps




Calcium Challenge of Early Lactation

Colostrum
23 g Ca

45 1b/d milk
33 gcCa/d

\ }
!

More than doubles Ca
requirement!
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How does the cow restore blood Ca?




What happens when things don’t go to plan?

* Clinical hypocalcemia- Milk Fever

* Obvious clinical symptoms
* Down cow

e Usually at blood Ca < 5.5 mg/dL (1.37 mmol/L)

* Requires treatment to avoid death
* 500 mL Ca gluconate IV
* Oral Ca bolus when she stands and again 12 h later

 Subclinical hypocalcemia (SCH)
* No physical signs of disease
* Blood sample required for true diagnosis




Defining Subclinical Hypocalcemia

* Historically we have focused on blood Ca at
0-24 h post calving

* Varying blood Ca cutpoints from 7.2 — 8.8 mg/dL
e Aka1.8-2.2 mmol/L

total Calcium, mmol/L

e Associated outcomes varied

1.2 + v Adopted from Seely and McArt, 2023
| | | | | | | | | | | | | |

54-3-2-1012345%678910
Day Relative to Calving

Are we using the
correct Ca cutpoint?




[tCa], mmol/L

RE-defining Subclinical Hypocalcemia

: — NC — pSCH
2.6 : — tSCH — dSCH

0123435 7 10

263 multiparous Holstein cows
2 farms in New York state

4 DIM cutpoint
<2.20 mmol/L
(8.82 mg/dL)

1 DIM cutpoint
<1.77 mmol/L
(7.09 mg/dL)

Normocalcemic; n = 109
NC: 1 DIM [Ca] 4

4DIM [Ca] &

Transient SCH; n =50
tSCH: 1 DIM [Ca] &
4DIM [Ca] B

Persistent SCH; n =34
pSCH: 1 DIM [Ca]
4DIM [Ca] §

Delayed SCH; n =70

dSCH: 1 DIM [Ca]®
4DIM [Ca] $

McArt and Neves, 2020, http://dx.doi.org/10.3168/jds.2019-17191
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Dynamics of SCH; Milk Production

tSCH cows produced 10 1b/d NC -+tSCH -#pSCH --dSCH
more than NC cows!
I 1

z 4 i
2 40- .
.;.‘ 354 NC:98.3+1.5lb/d || pSCH:102.3 % 2.9 Ib/d

30- tSCH: 108.2 + 2.4 Ib/d dSCH:91.3 + 1.9 Ib/d

254

20 ] I ] | | | | 1 | |

2 3 4 5 6 7 8 9 10

Week relative to calving

8
Error bars represent 95% confidence intervals McArt and Neves, 2020, http://dx.doi.org/10.3168/jds.2019-17191



Dynamics of SCH; Health

Incidence, %

NC
(n=109)

Hyperketonemia 30.3 48.0 (50.0 50.0 i
Metritis 5.5 4.0 17.6 12.9
Displaced abomasum 1.8 2.0 11.8 8.6
Herd removal 0.9 2.0 2.9 12.9
Adverse event* 33.0 50.0 , 61.8 60.0

N 7

*Adverse event = one or more of hyperketonemia, metritis, DA, or herd removal diagnosis

[

]

McArt and Neves, 2020, http://dx.doi.org/10.3168/jds.2019-17191



Where does dry
matter intake fit in?




Dynamics of SCH; Dry Matter Intake

Dry matter intake, kg

28
26
24
22
20
18
16
14
12
10

ON P O O

- -NC -+tSCH -=pSCH --dSCH
1 (
1 I
T l
1 8
l
T |
1 NC:14.1[13.4, 14.8] kg/d L I NC:20.9[19.9, 21.8]7 kg
I
T tSCH: 14.7 [13.9, 15.4] kg/d : : tSCH: 21.2[20.2, 22.1]7 kg
| 14.1[13.1,15.1] kg/d | ! 17.5[16.3, 18.7]° kg
| dSCH:13.8[12.3,15.4] kg/d | /' dSCH: 18.6[16.7, 20.6]2 kg
- e == -
14 -12 -10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20

78 multiparous Holstein cows
Cornell research herd- tie stalls

Days Relative to Calving

Error bars represent standard error
Seely et al., 2021, 10.3168/jds.2020-19344



What about
Reproduction?
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Dynamics of SCH; Reproduction

Normocalcemic (NC; n = 515): tCa > 2.2 mmol/L (8.82 mg/dL) at 4 DIM
Subclinical hypocalcemia (SCH; n = 182): tCa < 2.2 mmol/L (8.82 mg/dL) at 4 DIM

Variable Incidence (%)! OR2%/HR3  95% ClI P-value
Time of first Al, DIM
NC 64.1days 62.3-65.4 0.28
SCH  65.1days 63.4-66.8 '
Pregnant to 15t service
NC 27.4% Ref - -
SCH 18.1% 0.75 0.61-0.93 0.01
Pregnant by 150 DIM
NC 70.7% Ref - -
SCH 65.4% 0.82 0.67-1.01 0.06

!Mean DIM of first Al and incidence (%) for pregnancy to 1%t service and pregnant by 150 DIM
20dds ratio of pregnant to 15tservice
3 Hazard ratio of pregnancy by 150 DIM

13
Seely and McArt, 2023, http://dx.doi.org/10.3168/jdsc.2022-0279



Dynamics of SCH; Reproduction

Normocalcemic (NC; n = 515): tCa > 2.2 mmol/L at 4 DIM
Subclinical hypocalcemia (SCH; n = 182): tCa < 2.2 mmol/L at 4 DIM

Median time to pregnancy

NC=103+11d

SCH=119t16d

14
Seely and McArt, 2023, http://dx.doi.org/10.3168/jdsc.2022-0279



2.6

s low Ca at 1 DIM really that bad? 3:

E 2.0

S 18
1.6

1.4

L] L]
0123435 7 10

é

NORMAL g% >1DISEASE TINTAKE>

normocalcemic

TRANSIENT gg > | isease fINTAKE  MiLK YIELD>

subclinical hypocalcemia

PERSISTENT éé >TDISEASE | INTAKE 1REPR01RUMINATION>

subclinical hypocalcemia

DELAYED éé > ] DISEASE | INTAKE | MILK YIELD | REPRO) RUIVIINATION>

subclinical hypocalcemia

1DIM 4 DIM
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Can we improve blood Ca status in early
lactation?

Binders ' V

Ration formulation for o -

prepartum cows Ca supplementation at or after

calving as treatment/prophylaxis

| am not a
nutritionist!
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Evaluating the success
of Ca supplementation

* Blood Ca concentrations?

—

* Milk production

* Health events/culling =y

* Reproductive success _




blood

intestine

Dietary Cation Anion Difference

=~ t {Blood pH

Negative DCAD

strong anions > strong cations
blood pH ¥
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Improving Ca status via nDCAD

(VR - Tt B ‘ * Acidification improves sensitivity of
( e o I @ PTH receptor
1@< s i
g jce S

* Decrease in urine pH =2 increase in Ca
excretion in urine = increase Ca flux

Priming cow for low * Systemic pH reduction = stimulation
blood Ca post calving of Ca release from bone
y,

\_
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Blood tCa prepartum, mM
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Effect of DCAD on blood tCa

Prepartum Blood tCa
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24
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21

Santos et al., 2019; https://doi.org/10.3168/jds.2018-14628



Effect of DCAD on Milk and Intake

Milk vield, kg'd

Milk Production
1
0 & S .
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Santos et al., 2019; https://doi.org/10.3168/jds.2018-14628



Effect of DCAD on health outcomes

Risk of Milk Fever Disease Events
0.70 F L
_ 080 & . » P
> 0.70 - ° o ®
z o ey - oA
S 060 1 P<0.001 o £ 0.50 - X . 0O
w o O ®
5 0.50 A & g 040 4 0(%5 O O mmmsssessssnnunnn,,
) o o Q V- T e o
5 0.40 - o O © a ® ng
5 0. o s 5 0.30 A AT .. - O s
< 030 - < P 5 oLerad o
2 O ™ o 2 Oe oL oOo
= 1 | T e o o s 02049 . o o
£ 0.20 A o° 5 o 3 # e o
b o| .&%8 2 o o o o
o o . O o) O Q m@
2 0.10 - e P g e 014 9 o o)
E o Sk 855% 8 B P=0.002
000 I I I I I I I I 1 OOO T 2 T T T T T T 1
=-300-200-100 0 100 200 300 400 500 600 -300-200-100 O 100 200 300 400 500 600
DCAD. mEa/kg DCAD. mEa/kg
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Santos et al., 2019; https://doi.org/10.3168/jds.2018-14628



Improving Ca Status via Zeolite A

* Binds P (and Ca and Mg) in the rumen

* Elicits a hypophosphatemic state

|

B) 25 - .

20 &TE- A= -
~ * *
-

= 15 -

o

E

E

a- 1.0 - \‘\1—-\’
os — Zeolite A
' --=-- Control
0.0

17 10 -5 -3 -1 025 075 2 3 4 6 7 10 15

Day relative to calving

} serum PO,

25-0H D,

X  16,25(0H),D;
TPTH 41025000, ; =

g
‘ E 1’l-ahvdmylnse
TPTH Ma,25(0H),D;
hhaﬁubos Vo _/

SFGF234 NaPi2a
| S NaPi2c

7 FGF23 effect* 7 { . PO,

3 B ' urine
1pPO, 4cCa, PO, 4 PO, /
absorption resorption reabsorption

~

Net effect - normal range
PO, restored

24
Kerwin et al., 2019; https://doi.org/10.3168/jds.2019-16272



Effect of Zeolite A on blood Ca & Production

Dry Matter Intake

Tie-stall research herd 26
Zeolite A: n =26 241
22 -
Control: n =29 20
§18 -
Blood Ca 61 —CON
A) 287 . 14 | == ~ < —s—EXP
2.6 - * 12
2.4 i‘\g/‘_—\ S _ 3 2 1 2 3 4
. - - =0 - — Week relative to parturition
2.2 - ¥ q\‘j ,é““'i’
J ¥
° 2.0 - a;’ . .
E 18- -5 Milk Production
S 16 - Jeolite A 1-9 weeks of lactation
14 Zeolite A =50.7 kg /d
., | ~=== Control g/
‘o Control: 51.7 kg/d

17 -10 -5 -3 -1 025 075 2 3 4 6 7 10 15

25
Kerwin et al., 2019; https://doi.org/10.3168/jds.2019-16272
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Serum [Ca] (mmol/L)
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Comparison of Zeolite A and nDCAD

CON; n=40
-DCAD = urine pH 6; n =41
XZ = Zeolite A; n =40

Prepartum Intake
* similar between nDCAD and CON

* Zeolite A cows consumed less than nDCAD& CON

CON == -DCAD = XZ
J _.é.h--l
- P 2l Ll -
/’!--!-
=
’ 4
y; 4

CON =@= -DCAD =p XZ 60 =
a a ..i. = 2 < — -
i B WS JU L
155‘%5 LN g , 2 r‘ -“V‘ X _! L=
5b5556 u?‘ilk S 40 -
- ‘i‘ '§
] b/ o
\if = 30 B
- ;t =
firriri1rrrirrrirarirrii | 1 ) 1 1 i“!' 1 20 |
I2JT299NQQIQATOrAn &6 4 8 2 2 8 @ 1

Day relative to calving

Frizzarini et al

7 i T T | T
2 3 4 5 6 7
Week relative to calving
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. 2024a & b; https://doi.org/10.3168/jds.2024-24056, https://doi.org/10.3168/jds.2024-24057



https://doi.org/10.3168/jds.2024-24056
https://doi.org/10.3168/jds.2024-24056
https://doi.org/10.3168/jds.2024-24056
https://doi.org/10.3168/jds.2024-24057
https://doi.org/10.3168/jds.2024-24057
https://doi.org/10.3168/jds.2024-24057

NnDCAD vs Zeolite- Dyscalcemia Outcomes

@ % |




Milk yield, kg/d

65 T

60 +

55

50

45 +

40 +

35 T

30

NnDCAD vs Zeolite- Dyscalcemia Outcomes

nDCAD Zeolite A
65
-4-DYS —8—EUC 0 T _e--Drs —e—fuC
55 +
Ef 50 +
g 45 +
E
40 +
35 T+
1 1 1 1 1 30 1 1 1 1 1 1 I I I I
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Week of Lactation Week of Lactation
P =0.006 P=0.4
EUC=53.4+4.3 kg/d EUC=44.9 +2.9 kg/d
DYS=49.6 + 4.8 kg/d DYS=42.7 +3.1 kg/d

28
Phibro, unpublished data



Can we improve blood Ca status in early
lactation? &
Y

Ca supplementation at or after
calving as treatment/prophylaxis

IV/Subcutaneous Ca Oral Ca bolus

* Very steep increase in blood Ca = * Slow release of Ca salts

very fast decrease in blood Ca e Sustained increase in blood Ca

 Reserve for Milk Fever!

29



tCa, mmol/L

Oral Ca Supplementation
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Oral Ca bolus
No Ca
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Hour post calving
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Sustained increase in blood Ca
via absorption in rumen and
intestines

What about production responses?

30
Adapted from Frost et al., 2023, https://doi.org/10.3168/jdsc.2023-0455



Production Response to Ca Bolus

A

Reference MRSy EAR S EYERCE (Hgr) MD [95% CI]  Weight
Melendez et al., 2021 - -0.60 [-0.88,-0.32] 36.7%
Martinez et al., 2016b L -0.50 [-1.89, 0.89] 10.2%
Valldecabres and Silva-del-Rio. 2021b i 0.15 [-0.78.1.08] 17.4%
Domino et al., 2017 o 0.30 [-0.81,1.41] 13.9%
Leno et al., 2018 « e > 040 [-2.65.3.45] 2.6%
Lawlor et al.. 2020 T— > 050 [-1.09.2.09] 8.2%
Oetzel and Miller. 2012 ' 0.60 [-0.79.1.99] 10.2%
Jahani-Moghadam et al.. 2018 > 3.68 [-1.67,9.03] 0.9%
: -0.06 [-0.57,0.45
El;::;];:eg:{:; z;:l}el | | * | | [-0.57,0.45] 100%
-2 -1 0 1 2

Favors control | Favors supplementation

31
Valldecabres et al., 2023, 10.3168/jdsc.2022-0235



Production Response to Ca Bolus

.ﬁ

$/"

.' & J. Dairy Sci. 95:7051-7065
= http://dx.doi.org/10.3168/jds.2012-5510

@» "’ “’ © American Dairy Science Association®, 2012. Open access under CCBY-NC-ND license.

Effect of oral calcium bolus supplementation on early-lactation
health and milk yield in commercial dairy herds

G.R. Oetzel and B E MlllerT
*School of Veterinary M rsity of Wisc n, Madison 53706
tBoehringer Ingel Ih |mv tmed | ., St. Jos ph MO 64506

* 927 multiparous
Holstein cows

e 431 oral Ca bolus (0 h
and 24 h post calving)

e 496 control

* No effect of Ca
supplementation on
milk yield at study
population level

First test milk yield, kg

52.5
50.0 4
475 + =
X
45.0 + e T
f
425 + ~ ¢
004 0 7 Nt
375 +
—&— Oral Ca bolus
35.0
«+®++Control
325 +
% P<0.05
30.0 B . + + - + f = - + + + +
70 75 80 85 90 95 100 105 110 115 120 125 130

Previous lactation mature-equivalent milk yield, % rank within herd

32

Oetzel and Miller, 2012, 10.3168/jds.2012-5510




Reproductive Response to Ca Bolus

:Efﬂ.mce Pregnancy to 1¥ service relative risk RR [95%CI] Weight
Martinez et al.. 2016b -+ ‘ 0.91 [0.71.1.15] §.5%
Oetzel and Miller, 2012 i 0.92 [0.77.1.09] 15.9%
Valldecabres and Silva-del-Rio. 2021b -L 0.96 [0.81.1.15] 16.6%
Leno etal.. 2018 - 0.98 [0.89.1.09] 44.4%
Domino et al., 2017 i 1.10 [0.90.1.34] 12.8%
Jahani-Moghadam et al.. 2018 » 1.58 [0.95,2.63] 1.9%
Random effects model -*- 0.99 [0.92,1.06]) 100%
(P=0.69. I =11.5%) ' ' ' !

0.50 0.75 1.00 1.50
Favors control | Favors supplementation

33
Valldecabres et al., 2023, 10.3168/jdsc.2022-0235



Are we giving oral Ca at the right time?

&

NORMAL €€
[ et } EUCALCEMIA }

TRANSIENT 841

PERSISTENT 6 |
subclinical hypocalcemia gg}: DYSCALCE M IA b 15‘ l ——R0L-C —a—

ksubcli%cg I!n;;ﬁc\!lcgmlg g% 4

ﬂﬂfafe*o%*%"é%%‘?"’c}{:rbv&»%"%"@%@

Hour post calving
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What it we delay Ca bolus administration?

* Enrolled 998 multiparous Holstein cows from 4 herds in NY at calving

eol\\l |Control; no Ca supplementation, n = 343

:10/55@ | Conventional bolus; oral Ca bolus (43 g Ca) at0 & 1 DIM, n =330

:101EbH | Delayed bolus; oral Ca bolus (43 g Ca) at 2 & 3 DIM, n =325

* Blood was collected from the coccygeal vessels at 1 & 4 DIM
* Analyzed for serum total Ca (tCa)

* Milk production was recorded for the first 10 wk of lactation

 Health events and herd removal were recorded for the first 30 DIM ..



Minimal impact of Ca bolus on 4 DIM tCa

A) All parities ~ @ CON MEBOL-C B BOL-D B) Parity 2
3T . 3T
251 251 .
[ Sy e
o + 4
E 2 ° 2 o
g ° 1
g 157 : ° ° 1.5 1 o
1T ° * ° 1+
0.5 //// 05 ////
1 DIM 4 DIM 1 DIM 4 DIM
C) Parity 3 D) Parity >4
3 3v .
25+ ° . 257 —_
é —————————— p— — — — — — — — — —
£ 27 27
g ]
S 15T ° 157
1t 1+ -
0.5 7/ 0.5 S S
1 DIM 4 DIM 1 DIM 4 DIM
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Seely et al., 2023; http://dx.doi.org/10.3168/jds.2023-23541



Milk production differences between parities

Milk production, kg
D Ul ul (@)}
o o o o

S
o

w
(9]

BOL-C
BOL-D

Parity 2

--CON -+BOL-C -=-BOL-D

Parity 3 Parity 24

|

*at P < 0.05 BOL-D differs
from BOL-C

47.9 [46.8, 49.0] kg/d
48.8 [47.7, 50.0] kg/d
48.1[46.9, 49.3] kg/d

Error bars represent 95% confidence intervals

CON 49.82b [48.2, 51.3] kg/d CON  48.8[47.0,50.5] kg/d
BOL-C  47.9[46.3, 49.5] kg/d BOL-C 48.1[46.5, 49.6] kg/d
BOL-D  52.02[50.6, 53.4] kg/d BOL-D 47.4[45.5, 49.327] kg/d

Seely et al., 2023; http://dx.doi.org/10.3168/jds.2023-23541



What we’ve learned so far...

2.6 : @

NORMAL €€

TRA”;mS"TaE‘:eQ":T Ef| EUCALCEMIA

subclinical hypocalcemia

[tCa], mmol/L

.
PERSISTENT é 7

subclinical hypocalcemia

v avep 2.8 || DYSCALCEMIA@®

\_ subclinical hypocalcemia

Prophylactics help sometimes...

Dietary Cation-

Anion Differenee
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Serum amyloid A, ug/mL
o N w H (%2}
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What are the next steps?

 What is behind Dyscalcemia?

* |s inflammation involved?

*kk
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*k%k
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05 1 25
x |
0.0 ] 0.0
-1 0 1 2 3 4
DIM

-o- Dyscalcemic -e= Eucalcemic

*k%

*k%
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Seminara et al., 2025; https://doi.org/10.3168/jds.2024-25300



What are the next steps?

e Can we use non-invasive methods to identify cows with Dyscalcemia?

Rumination time, min/day

650 —
600 +
550 +
500 +
450 +
400

350 +

300

Eucalcemic (n = 125)
Dyscalcemic (n =57)

-14-13-12-11-10 9 8 -7 6 5 4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Day in milk

41
Seely and McArt, 2023; https://doi.org/10.3168/jds.2023-24139



The future of Dyscalcemia

2.6
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Make more informed management decisions to support Ca homeostasis
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Questions?

Claira.Seely@unh.edu
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