
Department of Animal Science

Re-evaluating Transition Cow Dogmas, is the 
Nutritionist Really to Blame for the Problems

Lance Baumgard
Iowa State University

Baumgard@iastate.edu



Nutrition is Often Incorrectly Blamed for:

 High NEFA
 Hyperketonemia

 Clinical and subclinical ketosis
 Subclinical hypocalcemia

 These are due to 1 of 2 things:
 High productivity in healthy cows (profitable dairy producer)
 The nutritionist deserves a raise

 Metabolic reflection of immune activation
 Likely stemming from metritis, mastitis, pneumonia or GIT inflammation

 These are mostly management issues and not caused by nutrition   



Everything in today’s talk is thoroughly 
covered in our recent review

Horst et al., 2021, JDS 14:8380-8410



Guiding Concepts and Principles 

 The best indicators of “health” are feed intake and milk yield.
 Everyone agrees that “stress” reduces productivity……..

then high productivity CANNOT be stressful
 We have over complicated animal health

 Cows that are eating and producing large quantities of milk ARE healthy
 The progressive dairy industry is ahead of academia

 With regards to transition cow management
 Large successful dairy farms are already doing everything I’m talking about

 Inconsistent and unreproducible data should create doubt
 When scientific papers do not agree we should be skeptical



Transition Period Morbidity

Disorders affects 50%:
Dystocia
Milk fever
Retained placenta
Metritis
Ketosis
DA
Fatty liver
 Lameness
Death

Drackley, 1999
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When cows leave the herd

~25% of culling occurs 
prior to 60 DIM



Dr. Ric Grummer
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				11/4		211.44				1/25		159.38				2/1		755.01				12/7		86.28				12/16		191.38828				2/1		185.79				12/11		209.12				12/11		308.65				1/18		86.91				1/13		164.34571				11/20		513.47				12/14		2218.20				12/21		117.89				1/1		164.65				1/6		159.29				11/6		129.87				1/27		228.17		5780		11/25		59.97				11/20		484.99				1/18		99.80				1/25		58.76				11/13		208.89				11/30		85.95				12/7		337.26

				11/6		189.34		6176		12/23		163.51				2/3		1163.30				12/9		83.90				12/18		726.05				2/3		172.75				12/14		151.10				12/14		154.85				1/20		143.20				1/15		138.936025				11/23		183.37				12/16		751.41				12/23		89.27				1/4		191.08				1/8		163.81				11/9		274.09				1/29		206.09				11/27		80.74				11/23		351.08				1/20		93.99				1/27		70.74				11/16		232.74				12/2		118.67				12/9		362.34

				11/9		348.02				12/25		413.94				2/5		888.49				12/11		63.82				12/21		328.90				2/5		628.43				12/16		121.16				12/16		208.10				1/22		187.15				1/18		236.426245				11/25		175.39				12/18		992.24				12/25		151.22				1/6		235.08				1/11		356.71				11/11		242.76				2/1		200.45				11/30		97.91				11/25		455.74				1/22		101.07				1/29		87.09				11/18		231.31				12/4		187.27				12/11		454.32

				11/11		181.39				12/28		187.16				2/8		912.04				12/14		69.27				12/23		1202.62				2/8		430.99				12/18		312.05				12/18		367.17				1/25		192.78				1/20		503.83293				11/27		248.61				12/21		540.10				12/28		214.75				1/8		335.80				1/13		290.74				11/13		417.51				2/3		188.53				12/2		93.39				11/27		604.20				1/25		125.95				2/1		262.30				11/20		368.85				12/7		548.92				12/14		174.22

				11/13		608.79				12/30		128.05				2/10		652.94				12/16		77.95				12/25		1269.51				2/10		509.22				12/21		374.49				12/21		516.04				1/27		389.28				1/22		495.8816				11/30		228.42				12/23		357.67				12/30		154.24				1/11		443.20				1/15		503.65				11/16		619.76				2/5		153.72				12/4		83.09				11/30		1997.35				1/27		146.29				2/3		175.85				11/23		427.37				12/9		588.85				12/16		274.55

				11/16		716.91				1/1		284.42				2/12		649.02				12/18		92.75				12/28		864.00				2/12		215.08				12/23		337.23				12/23		1295.26				1/29		928.28				1/25		392.1686				12/2		227.17				12/25		369.35				1/1		142.04				1/13		796.54				1/18		245.44				11/18		1080.40				2/8		212.54				12/7		216.07				12/2		991.10				1/29		99.44				2/5		363.16				11/25		1955.27				12/11		357.89				12/18		220.21

				11/18		1011.07				1/4		198.47				2/15		582.28				12/21		156.38				12/30		976.88				2/15		170.55				12/25		158.76				12/25		738.92				2/1		986.15				1/27		504.17864				12/4		152.50				12/28		1261.29				1/4		343.81				1/15		577.21				1/20		313.39				11/20		1537.86				2/10		291.49				12/9		135.85				12/4		904.18				2/1		385.57				2/8		738.30				11/27		570.69				12/14		251.31				12/21		345.62

				11/20		1696.07				1/6		191.21				2/17		417.39				12/23		132.90				1/1		416.69				2/17		623.01				12/28		262.18				12/28		1178.93				2/3		1340.16				1/29		464.42199				12/7		689.94				12/30		317.25				1/6		367.42				1/18		893.22				1/22		308.86				11/23		947.79				2/12		430.07				12/11		182.82				12/7		889.32				2/3		1318.87				2/10		292.32				11/30		600.61				12/16		356.04				12/23		500.30

				11/23		440.88				1/8		210.63				2/19		401.69				12/25		216.61				1/4		713.51				2/19		208.14				12/30		157.05				12/30		1172.32				2/5		763.46				2/1		734.65				12/9		533.82				1/1		396.91				1/8		346.66				1/20		1699.54				1/25		331.51				11/25		1718.70				2/15		985.50				12/14		183.18				12/9		848.01				2/5		841.74				2/12		263.85				12/2		274.41				12/18		265.48				12/25		308.00

				11/25		1508.22				1/11		244.23				2/22		668.65				12/28		468.09				1/6		680.06				2/22		201.03				1/1		196.12				1/1		808.63				2/8		678.22				2/3		623.58				12/11		370.77				1/4		337.48				1/11		226.29				1/22		1296.38				1/27		363.22				11/27		1326.10				2/17		1164.20				12/16		312.91				12/11		808.08				2/8		536.35				2/15		231.43				12/4		507.69				12/21		376.74				12/28

				11/27		539.29				1/13		288.47				2/24		476.28				1/1		1089.66				1/8		1244.43				2/24		156.16				1/4		176.50				1/4		719.37				2/10		228.65				2/5		767.67				12/14		353.63				1/6						1/13		282.21				1/25		734.67				1/29		331.51				11/30		388.25				2/19		1131.81				12/18		346.93				12/14		794.77				2/10		525.68				2/17		191.98				12/7		487.74				12/23		270.15				12/30		1096.14

				11/30		455.27				1/15		411.67				2/26		323.76				1/4		871.45				1/11		592.27				2/26		320.51				1/6		123.85				1/6		471.40				2/12		147.60				2/8		561.64				12/16		261.37		5514		11/13		107.76				1/15		224.95				1/27		1115.19				2/1		403.99				12/2		340.55				2/22		940.06				12/21		459.42				12/16		490.06				2/12		530.83				2/19		221.31				12/9		201.92				12/25		312.26				1/1		1100.39

				12/2		246.96				1/18		631.15				3/1		434.03				1/6		484.63				1/13		864.00				3/1		388.62				1/8		118.98				1/8		408.58				2/15		342.90				2/10		749.93				12/18		267.78				11/16		83.31				1/18		172.05				1/29		884.16				2/3		548.95				12/4		252.20				2/24		900.10				12/23		592.53				12/18		390.67				2/15		431.89				2/22		234.69				12/11		304.82				12/28		337.76				1/4		662.72

				12/4		318.15				1/20		537.16				3/3		323.76				1/8		415.20				1/15		1156.64				3/3		216.73				1/11		1082.30				1/11		570.59				2/17		193.69				2/12		500.36				12/21		313.47				11/18		71.52				1/20		160.00				2/1		621.43				2/5		435.70				12/7		294.66				2/26		1024.68				12/25		611.16				12/21		978.16				2/17		408.64				2/24		176.54				12/14		280.49				12/30		240.97				1/6		649.97

				12/7		222.93				1/22		645.17				3/5		216.73				1/11		249.89				1/18		583.91				3/5		197.27				1/13		587.82				1/13		451.56				2/19		223.33				2/15		905.68				12/23		367.30				11/20		82.61				1/22		196.16				2/3		399.46				2/8		354.16				12/9		201.43				3/1		668.69				12/28		405.37				12/23		575.09				2/19		484.89				2/26		199.44				12/16		304.58				1/1		274.56				1/8		399.26

				12/9		169.09				1/25		756.31		5813		1/20		108.68				1/13		537.53		5846		11/25		103.70		6009		11/25		134.30				1/15		927.20				1/15		514.38				2/22		280.54				2/17		659.73				12/25		248.39				11/23		119.02				1/25		155.82				2/5		662.20		5955		11/13		231.55				12/11		263.04				3/3		862.87				12/30		324.12				12/25		371.31				2/22		544.89				3/1		142.80				12/18		242.88				1/4		221.44				1/11		365.27

				12/11		210.47				1/27		540.95				1/22		146.64				1/15		282.95				11/27		116.62				11/27		144.50				1/18		188.07				1/18						2/24		168.71				2/22						12/28		349.42				11/25		137.49				1/27		105.52				2/8		616.90				11/16		130.65				12/14		101.16				3/5		822.41				1/1		470.66				12/28		411.24				2/24		1333.99				3/3		175.17		5731		12/4		107.84				1/6		262.53				1/13		407.76

				12/14		127.54				1/29		513.58				1/25		108.68				1/18		372.22				11/30		101.66				11/30		168.63		5615		1/1		103.90				1/20		270.02				2/26		211.57		5824		1/8		7.91				12/30		225.13				11/27		219.46				1/29		65.90				2/10		1273.73				11/18		109.84				12/16		195.83				3/8		701.05				1/4		473.68		5667		11/6		151.14				2/26		764.85				3/5		167.07				12/7		135.71				1/11		231.07				1/15		271.79

				12/16		295.74				2/1		738.67				1/27		146.64				1/20		421.81				12/2		81.44				12/2		161.66				1/4		103.42				1/22		389.55				3/1		110.44				1/11		32.61				1/1		315.01				11/30		538.89				2/1						2/12		254.50				11/20		131.12				12/18		123.77				3/10		494.74				1/6		173.55				11/9		541.00				3/1		774.58		6222		1/8		283.79				12/9		164.27		6021		12/4		15.93				1/18		369.52

				12/18		165.56				2/3		664.96				1/29		83.38				1/22		368.91				12/4		133.28				12/4		421.22				1/6		96.19				1/25		373.06				3/3		163.03				1/13		31.33				1/4		241.78				12/2		309.17		6057		12/11		116.31				2/15		458.35				11/23		119.54		6182		1/8		187.16257				3/12		527.11				1/8		161.47				11/11		284.74				3/3		502.14				1/11		264.77				12/11		128.09				12/7		19.91				1/20		307.47

				12/21		182.55				2/5		1141.68				2/1		64.40				1/25		220.13				12/7		201.95				12/7		387.56				1/8		88.16				1/27		591.51		6190		1/18		272.75				1/15		85.794675				1/6		293.17				12/4		497.55				12/14		91.37		5969		12/25		96.35				11/25		110.00				1/11		216.029355				3/15		676.78				1/11		114.13				11/13		166.78				3/5		456.73				1/13		443.16				12/14		124.81				12/9		38.43				1/22		189.70

				12/23		191.05				2/8		671.25				2/3		80.22				1/27		237.04				12/9		190.56				12/9		223.20				1/11		100.69				1/29		368.94				1/20		213.25				1/18		85.96851		5906		11/20		328.28				12/7		908.93				12/16		64.60				12/28		106.91				11/27		128.61				1/13		427.08531				3/17		454.29				1/13		100.87				11/16		170.85		5999		1/8		26.17				1/15		341.00				12/16		129.65				12/11		37.05				1/25		95.48

				12/25		127.31				2/10		730.14				2/5		171.94				1/29		389.55				12/11		170.67				12/11		194.13				1/13		104.70		6201		11/2		324.48				1/22		201.89				1/20		65.10831				11/23		124.67				12/9		434.36				12/18		72.48				12/30		118.14				11/30		152.39				1/15		346.016315		5933		11/25		73.70		5823		11/25		142.71				11/18		195.26				1/11		35.38				1/18		600.98				12/18		123.42				12/14		20.61				1/27		115.11

				12/28		301.53				2/12		657.67				2/8		143.47		6214		12/4		170.04				12/14		250.39				12/14		169.99				1/15		120.44				11/4		267.38				1/25		192.03				1/22		60.93627				11/25		130.03				12/11		342.31				12/21		87.31				1/1		81.76				12/2		123.14				1/18		263.391625				11/27		120.31				11/27		131.51				11/20		622.98				1/13		71.71				1/20		829.32				12/21		225.02				12/16		33.07				1/29		138.66

				12/30		220.80				2/15		422.11				2/10		219.38				12/7		387.43				12/16		130.05				12/16		175.09				1/18		136.18				11/6		352.02				1/27		252.86				1/25		104.74269				11/27		114.99				12/14		496.07				12/23		69.98				1/4		139.44				12/4		533.30				1/20		343.42349				11/30		80.56				11/30		159.52				11/23		479.83				1/15		29.47				1/22		1363.61				12/23		155.62				12/18		57.30		6043		1/1		150.95

		6204		1/20		172.74				2/17		598.78				2/12		785.54				12/9		128.24				12/18		694.17				12/18		175.82				1/20		166.04				11/9		473.10				1/29		277.68				1/27		140.20503				11/30		145.07				12/16		358.67				12/25		121.30				1/6		113.45				12/7		198.78				1/22		474.620435				12/2		41.36				12/2		220.22				11/25		620.32				1/18		100.57				1/25		1828.77				12/25		281.28				12/21		125.15				1/4		132.48

				1/22		201.26		6136		11/2		220.50				2/15		1370.68				12/11		157.50				12/21		618.23				12/21		141.94				1/22		323.09				11/11		134.71				2/1		309.17				1/29		267.10458				12/2		180.50				12/18		337.02				12/28		94.00				1/8		120.16				12/9		233.31				1/25		508.67287				12/4		84.00				12/4		267.38				11/27		1084.65				1/20		43.73				1/27		924.39				12/28		356.77				12/23		132.59				1/6		129.27

				1/25		151.47				11/4		315.59				2/17		538.84				12/14		132.42				12/23		623.98				12/23		154.65				1/25		232.92				11/13		414.28				2/3		328.34				2/1		412.87				12/4		220.94				12/21		331.57				12/30		94.66				1/11		171.30				12/11		163.28				1/27		461.65631				12/7		80.74				12/7		461.06				11/30		828.58				1/22		79.71				1/29		502.80				12/30		246.29				12/25		650.83				1/8		116.27

				1/27		319.21				11/6		204.76				2/19		1218.86				12/16		128.24				12/25		472.36				12/25		138.85				1/27		443.13				11/16		349.20				2/5		339.34				2/3		294.14				12/7		291.64				12/23		292.87				1/1		166.32				1/13		422.99				12/14		120.61				1/29		701.57905				12/9		67.92				12/9		262.86				12/2		427.06				1/25		103.87				2/1		1048.94				1/1		594.73				12/28		759.04				1/11		155.45

				1/29		364.49				11/9		571.11				2/22		576.79				12/18		119.88				12/28		349.47				12/28		185.59				1/29		962.46				11/18		369.69				2/8		532.81				2/5		363.75				12/9		337.09				12/25		341.62				1/4		448.94				1/15		569.20				12/16		144.96				2/1		897.40				12/11		83.09				12/11		460.15				12/4		442.71				1/27		94.66				2/3		1424.03				1/4		539.49				12/30		1063.21				1/13		132.00

				2/1		404.61				11/11		572.54				2/24		307.94				12/21		211.85				12/30		264.17				12/30		180.87				2/1		970.71				11/20		905.67				2/10		656.29				2/8		281.65				12/11		1960.41				12/28		527.09				1/6		397.88				1/18		953.89				12/18		144.96				2/3		1009.87				12/14		69.54				12/14		482.56				12/7		793.70				1/29		163.33				2/5		592.86				1/6		815.69				1/1		1211.99				1/15		119.80

				2/3		368.33				11/13		1118.08				2/26		247.98				12/23		429.23				1/1		578.97				1/1		189.50				2/3		422.52				11/23		575.73				2/12		452.65				2/10		289.46				12/14		604.31				12/30		292.85				1/8		372.27				1/20		808.10				12/21		316.36				2/5		903.69				12/16		101.52				12/16		427.63				12/9		1330.14				2/1		801.33				2/8		497.24				1/8		522.49				1/4		1040.07				1/18		144.53

				2/5		748.77				11/16		979.43				3/1		264.16				12/25		349.80				1/4		363.87				1/4		184.77				2/5		504.95				11/25		1618.37				2/15		341.50				2/12		216.38				12/16		442.23		6162		11/20		312.16				1/11		312.01				1/22		1264.79				12/23		408.33				2/8		855.08				12/18		124.52				12/18		597.72				12/11		1024.07				2/3		579.15				2/10		373.53				1/11		399.26				1/6		699.53				1/20		125.42

				2/8		627.46				11/18		1568.23				3/3		296.52				12/28		603.65				1/6		451.64		6017		1/1		213.41				2/8		504.95				11/27		1179.79				2/17		371.33				2/15		284.77				12/18		446.25				11/23		110.75				1/13		311.67				1/25		493.81				12/25		299.64				2/10		1462.22				12/21		530.36				12/21		855.22				12/14		288.40				2/5		778.94				2/12		665.31				1/13		373.77				1/8		573.89				1/22		166.85

				2/10		1482.15				11/20		913.92				3/5		365.29				12/30		620.18				1/8		344.13				1/4		206.83				2/10		768.74				11/30		521.07				2/19		333.00				2/17		288.24				12/21		462.81				11/25		123.59				1/15		188.29				1/27		1439.72				12/28		270.37				2/12		900.26				12/23		332.13				12/23		1128.42				12/16		817.01				2/8		276.09				2/15		484.43				1/15		327.03				1/11		537.53				1/25		484.35

				2/12		1032.89				11/23		735.99				3/8		231.80				1/1		441.65				1/11		295.91				1/6		171.66				2/12		307.11				12/2		491.64				2/22		327.00				2/19		262.90				12/23		307.29				11/27		157.54				1/18		243.03				1/29		390.18				12/30		266.19				2/15		1214.41				12/25		340.38				12/25		413.49				12/18		308.82				2/10		199.72				2/17		341.00				1/18		344.02				1/13		828.47				1/27		1127.33

				2/15		998.73				11/25		2246.98				3/10		296.52				1/6		491.24				1/13		276.10				1/8		200.73				2/15		364.82				12/4		246.68				2/24		266.68				2/22		239.99				12/25		215.03				11/30		167.21				1/20		263.79				2/1		496.35				1/1		211.85				2/17		990.99				12/28		394.24				12/28		433.43				12/21		369.22				2/12		228.71				2/19		360.22				1/20		444.05				1/15		630.10				1/29		1020.17

				2/17		781.10				11/27		821.49				3/12		227.75				1/8		355.68				1/15		558.16				1/11		237.18				2/17		302.99				12/7		233.06				2/26		181.05				2/24		148.92				12/28		409.71				12/2		248.83				1/22		275.68				2/3		202.05				1/4		262.01				2/19		802.47				12/30		327.49				12/30		1043.25				12/23		288.30				2/15		246.06				2/22		587.93				1/22		390.57				1/18		1340.93				2/1		744.01

				2/19		674.45				11/30		615.53		6212		11/2		213.03				1/11		306.09				1/18		352.75				1/13		388.92				2/19		360.69				12/9		223.33				3/1		200.51				2/26		158.98				12/30		415.72				12/4		470.99				1/25		145.94				2/5		144.47				1/6		257.83				2/22		1142.35				1/1		295.98				1/1		592.94				12/25		127.38				2/17		233.05		4201		11/2		242.44				1/25		356.64				1/20		230.69				2/3		962.46

				2/22		615.79				12/2		421.85				11/4		187.43				1/13		196.99		5417		12/4		332.82				1/15		366.28				2/22		278.26				12/11		146.71				3/3		245.92				3/1		163.03				1/1		477.52				12/7		1498.78				1/27		232.52				2/8		306.36		5864		11/20		118.62				2/24		785.31				1/4		277.51		5449		12/25		120.66				12/28		183.48				2/19		338.06				11/4		184.72				1/27		283.61				1/22		506.31				2/5		851.18

				2/24		541.97				12/4		473.88				11/6		173.75				1/15		256.50				12/7		288.46				1/18		973.74				2/24		434.89				12/14		227.47				3/5		184.29										1/4		316.77				12/9		1266.94				1/29		245.35				2/10		120.60				11/23		85.44				2/26		612.41				1/6		362.27				12/28		107.75										2/22		191.21				11/6		225.75				1/29		275.25		5971		11/2						2/8		125.76

				2/26		472.95				12/7		341.81				11/9		280.92				1/18		279.64				12/9		276.71				1/20		683.26				2/26		280.34				12/16		216.76				3/8		181.05										1/6		321.37				12/11		1188.67				2/1		244.52				2/12						11/25		113.44				3/1		489.16				1/8		258.09				12/30		75.72										2/24		145.04				11/9		451.38										11/4						2/10		344.21

				3/1		385.38				12/9		415.89				11/11		359.47				1/20		312.70				12/11		560.21				1/22		996.06				3/1		741.51				12/18		247.63		5759		12/11		50.43										1/8		325.81				12/14		527.73		5701		1/8		143.93										11/27		70.92										1/11		276.04				1/1		78.24										2/26		154.94				11/11		232.74																2/12		290.63

				3/3		317.27				12/11		342.54				11/13		542.01				1/22		262.77				12/14		382.95				1/25		739.89										12/21		239.93				12/14		46.62								5551		1/8		117.87				12/16		366.87				1/11		80.00										11/30		109.12										1/13		263.29				1/4		527.45										3/1		498.79				11/13		366.47																2/15		216.44

				3/5		476.19				12/14		301.89				11/16		809.30				1/25		231.42				12/16		305.54				1/27		1036.65										12/23		424.13				12/16		38.09										1/11		77.73				12/18		362.89				1/13		121.05										12/2		98.05										1/15		259.04				1/6		54.09										3/3		405.75				11/16		332.76																2/17		204.07

										12/16		482.74				11/20		715.96				1/27		306.66				12/18		588.87				1/29		764.62										12/28		294.81				12/18		48.85										1/13		94.91				12/21		518.61				1/15		381.11										12/4		131.41										1/18		403.51				1/8		65.33										3/5		158.98				11/18		342.62																2/19		261.77

										12/18		249.01				11/23		247.21										12/21		644.61				2/1		991.31																12/21		73.39										1/15		95.87				12/23		524.25																12/7		316.52										1/20		276.04				1/11		72.54																11/20		941.11																2/22		261.77

																11/25		1199.65										12/23		1070.96				2/3		1218.01																12/23		44.91										1/18		116.43				12/25		244.15																12/9		247.56																1/13		97.18																11/23		661.26																2/24		121.64

																11/27		304.57																2/5		566.78																12/25		63.03										1/20		139.23				12/28		665.71																12/11		378.40																1/15		232.00																11/25		748.32																2/26		154.94

																11/30		234.13																2/8		620.36																12/28		97.15										1/22		242.80				12/30		291.08																12/14		448.28																1/18		126.70																11/27		613.90

																12/4		1256.13																2/10		723.40																12/30		61.71										1/27		366.36				1/1		520.93																12/16		1070.73																1/20		109.26																11/30		1039.02

																12/7		1419.12																2/12		1823.90																1/1		53.18																1/4		333.04																12/18		1171.38																1/22		780.03																12/2		633.05

																12/9		629.01																2/15		1601.33																1/4		80.40																																		12/21		703.48																																		12/4		600.53

																12/11		622.55																																																																																																										12/7		510.56
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		6127																										154.74				280.21				155.36						379.39				197.29				297.26						266.44				246.73				400.04		11/21/94				850.61				2158.63				812.73						648.77				544.42				166.17						394.58				407.47				343.74						262.01				341.06				322.25						348.76				355.01				350.62						441.47

		6230																																												144.02				211.44				189.34						348.02				181.39		11/12/94		608.79						716.91				1011.07				1696.07						440.88				1508.22				539.29						455.27				246.96				318.15						222.93				169.09				210.47						127.54				295.74				165.56						182.55				191.05				127.31						301.53				220.80

		6203		344.05				156.74						216.57				116.96				106.08						113.39				162.34				72.26						563.83				389.94				216.82						583.81				567.28				1585.59		12/26/94				725.98				534.22				484.63						520.99				421.81				316.01						204.68				245.44				222.79						200.15				182.03				254.50						159.38

		6176														163.51				413.94						187.16				128.05				284.42						198.47				191.21				210.63						244.23				288.47				411.67				1/17/94		631.15				537.16				645.17						756.31				540.95				513.58						738.67				664.96				1141.68						671.25				730.14				657.67						422.11				598.78

		6136																														220.50				315.59				204.76						571.11				572.54				1118.08						979.43				1568.23		11/19/94		913.92						735.99				2246.98				821.49						615.53				421.85				473.88						341.81				415.89				342.54						301.89				482.74				249.01

		5572																														210.01				180.91				209.85						372.19				230.04				371.71						301.43				360.74		11/19/94		445.02						577.63				2402.85				931.43						1265.90				860.65										691.83				453.93				402.85						455.63				294.12				312.60										195.74

		5813																		108.68				146.64						108.68				146.64				83.38						64.40				80.22				171.94						143.47				219.38				785.54						1370.68				538.84				1218.86						576.79				307.94				247.98						264.16				296.52				365.29						231.80				296.52				227.75

		6217																																				209.33				205.40						303.55				452.73				484.13						755.01				1163.30				888.49						912.04				652.94				649.02						582.28				417.39				401.69						668.65				476.28				323.76						434.03				323.76				216.73

		6204																																172.74				201.26						151.47				319.21				364.49						404.61				368.33				748.77						627.46				1482.15				1032.89						998.73				781.10				674.45						615.79				541.97				472.95						385.38				317.27				476.19

		6019												103.19						134.20				85.73				110.80						87.88				100.86				93.65						138.39				176.94				123.54						212.30				310.03				361.02						322.78				543.74				382.27						267.54				271.79				318.53						484.25				233.69				253.02						384.83				422.66				328.34

		5028								88.32						86.28				83.90				63.82						69.27				77.95				92.75						156.38				132.90				216.61						468.09								1089.66						871.45				484.63				415.20						249.89				537.53				282.95						372.22				421.81				368.91						220.13				237.04				389.55

		6214																						170.04						387.43				128.24				157.50						132.42				128.24				119.88						211.85				429.23				349.80						603.65				620.18				441.65										491.24				355.68						306.09				196.99				256.50						279.64				312.70				262.77						231.42				306.66

		5905																																										255.64				182.50				182.02						737.74				589.55				11/13/94						231.15				326.72				280.13						289.03				1032.51				153.19						135.13				183.55				113.45						166.38				100.62				93.75

		6209																462.4014				620.55						281.95644				367.68508				654.2538						343.66032				434.57416				405.19136						265.19096				191.38828				726.05		12/19/94				328.90				1202.62				1269.51						864.00				976.88				416.69						713.51				680.06				1244.43						592.27				864.00				1156.64						583.91

		5846																						103.70				116.62						101.66				81.44				133.28						201.95				190.56				170.67						250.39				130.05				694.17						618.23				623.98				472.36						349.47				264.17				578.97						363.87				451.64				344.13						295.91				276.10				558.16						352.75

		6187																																		172.20				146.20						112.37				241.21				150.96						182.91				261.10		12/10/94		302.74						348.30				345.75				148.47						322.09				256.92				216.29						196.89				270.85				174.67						247.63				194.90				211.48

		6067																																94.01				108.57				98.24						116.02				135.50				102.98						185.79				172.75				628.43						430.99				509.22				215.08						170.55				623.01				208.14						201.03				156.16				320.51						388.62				216.73				197.27

		6009																																												134.30				144.50						168.63				161.66				421.22		12/5/94				387.56				223.20				194.13						169.99				175.09				175.82						141.94				154.65				138.85						185.59				180.87				189.50						184.77

		6239																				298.15				258.71				267.07						328.07				276.93				199.21						213.08				204.73				317.54						495.86		2/9/94		565.55				318.54						500.20				421.49				449.40						554.52				276.26				284.84						391.87				284.84				181.05						271.86				207.00

		6017																																		213.41						206.83				171.66				200.73						237.18				388.92				366.28		1/16/94				973.74				683.26				996.06						739.89				1036.65				764.62						991.31				1218.01				566.78						620.36				723.40				1823.90						1601.33

		5958																				97.16						152.72				130.40				155.61						161.55				204.10				178.09						229.47				290.81				412.37		1/23/94				341.15				507.31				388.17						375.63				350.55				341.15						300.39				341.15				234.55						237.69				269.04				206.34						131.09

		6084																																		158.59						102.44				179.86				209.12						151.10				121.16				312.05		12/19/94				374.49				337.23				158.76						262.18				157.05				196.12						176.50				123.85				118.98						1082.30				587.82				927.20						188.07

		5615						103.90						103.42				96.19				88.16						100.69				104.70				120.44						136.18				166.04				323.09						232.92				443.13				962.46		1/30/94				970.71				422.52				504.95						504.95				768.74				307.11						364.82				302.99				360.69						278.26				434.89				280.34						741.51

		6186																182.75						442.20				250.97				308.65						154.85				208.10				367.17						516.04				1295.26				738.92						1178.93				1172.32				808.63						719.37				471.40				408.58						570.59				451.56				514.38										270.02				389.55						373.06				591.51				368.94

		6201																				324.48				267.38				352.02						473.10				134.71				414.28						349.20				369.69				905.67						575.73		11/24/94		1618.37				1179.79						521.07				491.64				246.68						233.06				223.33				146.71						227.47				216.76				247.63						239.93				424.13										294.81

		6046																												127.36						162.09				109.53				192.29						142.07				153.64				194.32						339.34		12/1/94		893.32				517.02						387.43				558.83				458.50						274.55				170.04				232.75						312.18				249.47				203.49						324.72				199.30				236.93

		5661																78.73						57.12				128.67				107.61						86.91				143.20				187.15						192.78				389.28				928.28						986.15				1340.16				763.46						678.22				228.65				147.60						342.90				193.69				223.33						280.54				168.71				211.57						110.44				163.03

		6190																								272.75				213.25				201.89						192.03				252.86				277.68						309.17				328.34				339.34				2/7/94		532.81				656.29				452.65						341.50				371.33				333.00						327.00				266.68				181.05						200.51				245.92				184.29						181.05

		6221																453.41						115.34				129.68				132.80						161.14				123.98				198.82						362.85				204.18				313.50						590.84				220.25				259.12						286.05				239.00				236.45						299.18				294.92				467.768						416.26				314.28				335.53						229.29				297.28

		6228																																												128.73758						123.20622				164.34571				138.936025						236.43				503.83293				495.8816						392.1686				504.17864				464.42199						734.65				623.58				767.67						561.64				749.93				500.36						905.68				659.73

		5864												118.62						85.44				113.44				70.92						109.12				98.05				131.41						316.52				247.56				378.40						448.28				1070.73				1171.38						703.48

		5824																				7.91						32.61				31.33				85.794675						85.96851				65.10831				60.93627						104.74269				140.20503				267.10458		1/30/94				412.87				294.14				363.75						281.65				289.46				216.38						284.77				288.24				262.90						239.99				148.92				158.98						163.03

		5818																		72.12						58.65				71.95				77.40						116.44				72.80				92.06						94.79				109.96				163.83				1/3/94		1225.87				902.44				844.19						336.61				376.79				277.19						354.86				203.69				283.71						314.85				232.42				223.02						185.10

		6192														332.46						671.95				877.51				513.47						183.37				175.39				248.61						228.42				227.17				152.50						689.94		12/8/94		533.82				370.77						353.63				261.37				267.78						313.47				367.30				248.39						349.42				225.13				315.01						241.78				293.17

		5906																								328.28						124.67				130.03				114.99						145.07				180.50				220.94						291.64				337.09		12/10/94		1960.41						604.31				442.23				446.25						462.81				307.29				215.03						409.71				415.72				477.52						316.77				321.37				325.81

		5601												146.27						95.13				73.31				81.32						54.39				57.46				71.10						80.98				92.23				159.40						525.28				681.13				658.03						721.81				749.10				673.27

		5656																														252.53						108.11				87.53				110.40						135.20				109.70				235.99						582.16				560.18				1168.37						2218.20				751.41				992.24						540.10				357.67				369.35						1261.29				317.25				396.91						337.48

		5514																														107.76						83.31				71.52				82.61						119.02				137.49				219.46						538.89				309.17				497.55						908.93				434.36				342.31						496.07				358.67				337.02						331.57				292.87				341.62						527.09				292.85

		6162																																		312.16						110.75				123.59				157.54						167.21				248.83				470.99		12/5/94				1498.78				1266.94				1188.67						527.73				366.87				362.89						518.61				524.25				244.15						665.71				291.08				520.93						333.04

		5979																						164.75						119.69				91.69				101.86						134.24				129.86				125.17						111.56				119.85				47.09						609.46				786.87				712.45						125.32				99.88				126.71						223.99				206.85				151.63						350.35				157.12				354.70

		5986																		97.41						73.26				76.68				89.41						117.89				89.27				151.22						214.75				154.24				142.04				1/3/94		343.81				367.42				346.66						226.29				282.21				224.95						172.05				160.00				196.16						155.82				105.52				65.90						x

		6057																				116.31						91.37				64.60				72.48						87.31				69.98				121.30						94.00				94.66				166.32		1/2/94				448.94				397.88				372.27						312.01				311.67				188.29						243.03				263.79				275.68						145.94				232.52				245.35						244.52

		5776																				179.85						125.30				126.67				143.71						255.37				208.66				269.18						393.27				314.86				311.62		1/2/94				1625.80				958.19				1062.98						649.33				507.53				586.55						373.11				350.34				338.62						293.59				232.42				320.48						276.29

		5375																				157.12						218.18				147.75				164.65						191.08				235.08				335.80						443.20				796.54				577.21		1/16/94				893.22				1699.54				1296.38						734.67				1115.19				884.16						621.43				399.46				662.20						616.90				1273.73				254.50						458.35

		5969																								96.35						106.91				118.14				81.76						139.44				113.45				120.16						171.30				422.99		1/14/94		569.20						953.89				808.10				1264.79						493.81				1439.72				390.18						496.35				202.05				144.47						306.36				120.60				x

		4968																																		164.98						170.00				156.78				192.92						207.31				280.42				397.03		1/9/94				596.95				493.56				373.94						612.37				766.38				798.09						299.80				399.46				213.73						132.20				286.21				272.62						413.05

		6049																												114.96				583.06						198.78				107.26				115.46						128.51				159.29				163.81				1/10/94		356.71				290.74				503.65						245.44				313.39				308.86						331.51				363.22				331.51						403.99				548.95				435.70						354.16

		5955																		231.55						130.65				109.84				131.12						119.54				110.00				128.61						152.39				123.14				533.30				12/6/94		198.78				233.31				163.28						120.61				144.96				144.96						316.36				408.33				299.64						270.37				266.19				211.85						262.01				257.83

		5851																219.19						229.52				123.76				151.14						150.05				158.49				134.40						143.16				116.57				92.44						295.82				541.43				622.44						368.34				198.20				384.96						373.88				204.25				220.00						424.85				251.84				279.18						193.38				636.36

		5649																														152.45				123.98				129.87						274.09				242.76				417.51						619.76				1080.40		11/19/94		1537.86						947.79				1718.70				1326.10						388.25				340.55				252.20						294.66				201.43				263.04						101.16				195.83				123.77

		6182																						187.16257						216.029355				427.08531				346.016315						263.391625				343.42349				474.620435						508.67287				461.65631				701.57905						897.40				1009.87				903.69						855.08				1462.22				900.26						1214.41				990.99				802.47						1142.35				785.31				612.41						489.16

		5551																												117.87						77.73				94.91				95.87						116.43				139.23				242.80								1/26/94		366.36

		5826								178.12						174.98				181.25				149.90						218.88				193.79				206.34						287.85				275.31				620.18						400.71				466.55				1482.34						1422.77				1187.64				721.28						474.52				697.01				563.51						381.48				158.98				171.12						126.62				146.85

		5311												176.44						308.41				228.17				206.09						200.45				188.53				153.72						212.54				291.49				430.07						985.50				1164.20				1131.81						940.06				900.10				1024.68						668.69				862.87				822.41						701.05				494.74				527.11						676.78				454.29

		5933														73.70				120.31						80.56				41.36				84.00						80.74				67.92				83.09						69.54				101.52				124.52				12/20/94		530.36				332.13				340.38						394.24				327.49				295.98						277.51				362.27				258.09						276.04				263.29				259.04						403.51				276.04

		5639														227.17						189.31				161.15				169.91						181.33				200.26				319.79						167.88				930.44				798.73						843.17		12/1/94		1165.13				644.98						737.66				613.00				1014.99						443.89				488.52				539.82						644.57				665.05				563.99						960.98				336.04				400.83						394.79

		5780																										59.97				80.74						97.91				93.39				83.09						216.07				135.85				182.82						183.18				312.91				346.93						459.42				592.53				611.16						405.37				324.12				470.66						473.68				173.55				161.47						114.13				100.87

		5823														142.71				131.51						159.52				220.22				267.38						461.06				262.86				460.15						482.56				427.63				597.72				12/20/94		855.22				1128.42				413.49						433.43				1043.25				592.94

		5710																		169.27				138.92						112.90				167.47				155.54						192.04				172.89				234.68						330.61				324.65				1005.13						1442.07				1427.80				795.47						801.01				556.61				605.12						318.58				611.83				532.10						562.15				665.72				519.17

		5822																																		299.92						428.36				224.20				484.99						351.08				455.74				604.20		11/28/94				1997.35				991.10				904.18						889.32				848.01				808.08						794.77				490.06				390.67						978.16				575.09				371.31						411.24

		6212																																												213.03				187.43				173.75						280.92				359.47		11/12/94		542.01						809.30								715.96						247.21				1199.65				304.57						234.13								1256.13						1419.12				629.01				622.55

		5667																				151.14						541.00				284.74				166.78						170.85				195.26				622.98						479.83				620.32				1084.65		11/28/94				828.58				427.06				442.71						793.70				1330.14				1024.07						288.40				817.01				308.82						369.22				288.30				127.38						183.48

		5449																				120.66						107.75				75.72				78.24						527.45				54.09				65.33						72.54				97.18				232.00		1/16/94				126.70				109.26				780.03

		6143												317.36				206.54						188.01				223.54				558.90						408.98				340.48				661.73						293.74				205.52				417.99						791.52				529.95				898.25						1038.91				640.56				755.39						501.75				921.72				505.30						402.46				390.30				404.82						403.13				322.75

		6150										211.85						337.26				362.34				454.32						174.22				274.55				220.21						345.62				500.30				308.00										1096.14		12/31/93		1100.39						662.72				649.97				399.26						365.27				407.76				271.79						369.52				307.47				189.70						95.48				115.11				138.66

		6043												150.95						132.48				129.27				116.27						155.45				132.00				119.80						144.53				125.42				166.85						484.35				1127.33				1020.17						744.01				962.46				851.18						125.76				344.21				290.63						216.44				204.07				261.77						261.77				121.64				154.94

		5417																								332.82						288.46				276.71				560.21						382.95				305.54				588.87						644.61				1070.96		12/24/94

		6167																								129.77						604.52				500.22				141.60						491.21				423.11				556.90						1077.54				1767.92		1/28/94		1041.24						1827.65				1589.56				1438.01						932.66				2109.96				1271.02						1228.32				1114.90				1390.93						966.02				1071.06				557.27

		6070														92.17						68.38				74.01				47.50						99.80				93.99				101.07						125.95				146.29				99.44						385.57		2/2/94		1318.87				841.74						536.35				525.68				530.83						431.89				408.64				484.89						544.89				1333.99				764.85						774.58				502.14				456.73

		5999																26.17						35.38				71.71				29.47						100.57				43.73				79.71						103.87				94.66				163.33						801.33				579.15				778.94						276.09				199.72				228.71						246.06				233.05				338.06						191.21				145.04				154.94						498.79				405.75				158.98

		5873																				59.55						53.98				83.01				52.07						69.45				34.86				41.99						33.82								242.25		1/30/94				423.28				479.87				453.66						395.34				393.26				177.85						212.56				155.28				267.07						156.85				168.65				118.53						158.98

		5701																																																		143.93						80.00				121.05				381.11

		5702																												22.25				0.00				28.97						58.76				70.74				87.09						262.30				175.85				363.16						738.30				292.32				263.85						231.43				191.98				221.31						234.69				176.54				199.44						142.80				175.17				167.07

		6222																																		283.79						264.77				443.16				341.00						600.98				829.32				1363.61		1/23/94				1828.77				924.39				502.80						1048.94				1424.03				592.86						497.24				373.53				665.31						484.43				341.00				360.22						587.93

		5900																						78.99				72.15				99.66						293.48				230.52				425.78						371.24				338.96				433.89						960.51				2402.85				931.43						1265.90				860.65				691.83						453.93				402.85				455.63						294.12				312.60				184.74

		5369																												214.94				211.60				204.28						277.42				236.08				208.89						232.74				231.31				368.85						427.37				1955.27				570.69						600.61				274.41				507.69						487.74				201.92				304.82						280.49				304.58				242.88

		4201																						242.44				184.72				225.75						451.38				232.74				366.47						332.76				342.62				941.11						661.26				748.32				613.90						1039.02				633.05				600.53						510.56

		5731								107.84						135.71				164.27				128.09						124.81				129.65				123.42						225.02				155.62				281.28						356.77				246.29				594.73						539.49				815.69				522.49						399.26				373.77				327.03						344.02				444.05				390.57						356.64				283.61				275.25

		5912																										122.89						84.19				73.28				96.50						54.46				65.90				97.91						125.70				546.81				528.86						256.22				194.30				195.06						100.56				148.86				391.14						447.31				215.93				130.62						274.46				140.20				128.12

		5831																												137.49						81.73				87.53				72.76						85.95				118.67				187.27						548.92		12/8/94		588.85				357.89						251.31				356.04				265.48						376.74				270.15				312.26						337.76				240.97				274.56						221.44				262.53										231.07

		6021																				15.93						19.91				38.43				37.05						20.61				33.07				57.30						125.15				132.59				650.83		12/26/94				759.04				1063.21				1211.99						1040.07				699.53				573.89						537.53				828.47				630.10						1340.93				230.69				506.31
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NEFA - pooled data

				d-30-31		d-27-29		d-24-26		d-21-23		d18-20		d-15-17		d-12-14		d-9-11		d-6-8		d-3-5		d-2-0		d1-3		d4-6		d7-9		d10-12		d13-15		d16-18		d19-21		d22-24		d25-27		d28-30		d31-33		d34-36		d37-39		d40-42		d43-45		D46-48

		6127										154.74		217.79		379.39		197.29		297.26		256.58		400.04		850.61		1485.68		648.77		544.42		166.17		401.02		343.74		262.01		331.66		348.76		355.01		350.62		441.47

		6230																144.02		200.39		348.02		181.39		608.79		863.99		1696.07		440.88		1023.75		455.27		246.96		318.15		196.01		210.47		127.54		230.65		182.55		191.05		127.31		261.16

		6203		344.05		156.74		166.76		106.08		113.39		117.30		563.83		389.94		216.82		575.55		1585.59		725.98		509.42		520.99		421.81		316.01		225.06		222.79		200.15		218.26		159.38

		6176						163.51		413.94		157.60		284.42		198.47		200.92		244.23		288.47		411.67		584.15		645.17		756.31		527.26		738.67		664.96		1141.68		700.70		657.67		422.11		598.78

		6136												268.04		204.76		571.11		845.31		979.43		1568.23		913.92		1491.49		821.49		615.53		447.87		341.81		415.89		342.54		392.31		249.01

		5572												195.46		209.85		372.19		300.88		301.43		360.74		445.02		1490.24		931.43		1265.90		860.65		691.83		453.93		402.85		374.88		312.60

		5813								127.66		108.68		146.64		83.38		72.31		171.94		143.47		502.46		1370.68		538.84		1218.86		442.37		247.98		264.16		330.91		231.80		296.52		227.75

		6217														207.36		303.55		452.73		484.13		959.15		888.49		912.04		650.98		582.28		417.39		401.69		572.46		323.76		434.03		270.24

		6204												172.74		201.26		235.34		364.49		404.61		558.55		627.46		1482.15		1032.89		889.91		674.45		615.79		507.46		385.38		317.27		476.19

		6019						103.19		109.97		110.80		87.88		97.26		138.39		176.94		123.54		261.16		361.02		322.78		463.00		267.54		271.79		318.53		358.97		253.02		384.83		375.50

		5028				88.32		86.28		73.86		69.27		77.95		92.75		144.64		216.61		468.09		1089.66		871.45		484.63		415.20		393.71		282.95		372.22		395.36		220.13		237.04		389.55

		6214								170.04		387.43		128.24		157.50		130.33		119.88		211.85		389.52		603.65		620.18		441.65		491.24		355.68		306.09		226.74		279.64		312.70		262.77		269.04

		5905																219.07		182.02		737.74		589.55		231.15		326.72		280.13		660.77		153.19		135.13		148.50		166.38		100.62		93.75

		6209						462.40		620.55		281.96		510.97		343.66		434.57		405.19		228.29		726.05		328.90		1236.07		864.00		976.88		416.69		696.78		1244.43		592.27		1010.32		583.91

		5846								103.70		116.62		101.66		107.36		201.95		190.56		170.67		190.22		694.17		618.23		548.17		349.47		264.17		578.97		407.76		344.13		295.91		417.13		352.75

		6187												172.20		146.20		112.37		196.08		182.91		261.10		302.74		347.02		148.47		322.09		236.61		196.89		270.85		174.67		221.27		211.48

		6067												94.01		103.41		116.02		135.50		102.98		179.27		628.43		430.99		362.15		170.55		623.01		208.14		178.59		320.51		388.62		207.00

		6009																134.30		144.50		165.15		421.22		387.56		208.66		169.99		175.09		175.82		148.29		138.85		185.59		185.18		184.77

		6239										262.89		328.07		276.93		199.21		208.91		317.54		495.86		442.05		500.20		421.49		449.40		415.39		284.84		391.87		232.94		271.86		207.00

		6017												213.41		206.83		171.66		200.73		313.05		366.28		973.74		839.66		739.89		1036.65		764.62		1104.66		566.78		620.36		1273.65		1601.33

		5958								97.16		152.72		143.00		161.55		204.10		178.09		260.14		412.37		341.15		447.74		375.63		350.55		341.15		320.77		234.55		237.69		237.69		131.09

		6084												158.59		102.44		179.86		209.12		136.13		312.05		374.49		248.00		262.18		157.05		196.12		150.17		118.98		1082.30		757.51		188.07

		5615				103.90		99.81		88.16		100.69		112.57		136.18		166.04		323.09		338.03		962.46		970.71		463.74		504.95		768.74		307.11		333.90		360.69		278.26		357.61		741.51

		6186						182.75		442.20		250.97		308.65		181.47		367.17		516.04		1017.09		1178.93		1172.32		808.63		595.38		408.58		570.59						270.02		389.55		482.28		368.94

		6201								324.48		309.70		473.10		134.71		414.28		359.45		905.67		575.73		1399.08		521.07		491.64		246.68		228.20		146.71		227.47		232.20		239.93		424.13				294.81

		6046										127.36		162.09		109.53		192.29		147.85		194.32		339.34		705.17		387.43		558.83		458.50		222.30		232.75		312.18		226.48		324.72		199.30		236.93

		5661						78.73		57.12		128.67		107.61		115.05		187.15		192.78		658.78		986.15		1340.16		763.46		453.44		147.60		342.90		208.51		280.54		168.71		211.57		136.73

		6190										243.00		201.89		192.03		265.27		309.17		328.34		339.34		594.55		452.65		341.50		352.17		327.00		266.68		181.05		223.21		184.29		181.05

		6221						453.41		115.34		129.68		132.80		142.56		198.82		362.85		258.84		590.84		220.25		259.12		262.53		236.45		299.18		381.34		416.26		314.28		335.53		263.29

		6228																128.74		123.21		151.64		236.43		503.83		495.88		448.17		464.42		734.65		695.63		561.64		749.93		500.36		782.70

		5864						118.62		99.44		70.92		109.12		114.73		316.52		247.56		378.40		759.51		1171.38		703.48

		5824								7.91		32.61		58.56		85.97		65.11		60.94		122.47		267.10		412.87		328.95		281.65		289.46		216.38		286.51		262.90		239.99		153.95		163.03

		5818								72.12		65.30		77.40		116.44		82.43		94.79		109.96		163.83		1064.16		844.19		336.61		326.99		354.86		203.69		283.71		273.64		223.02		185.10

		6192						332.46		671.95		695.49		183.37		175.39		248.61		227.80		152.50		689.94		452.29		353.63		261.37		267.78		340.39		248.39		349.42		270.07		241.78		293.17

		5906										328.28		127.35		114.99		145.07		200.72		291.64		337.09		1960.41		523.27		446.25		462.81		261.16		409.71		415.72		477.52		319.07		325.81

		5601						146.27		84.22		81.32		54.39		64.28		80.98		92.23		159.40		603.21		658.03		721.81		711.18

		5656												252.53		97.82		110.40		135.20		172.84		582.16		560.18		1168.37		1484.80		992.24		540.10		363.51		1261.29		317.25		396.91		337.48

		5514												107.76		77.42		82.61		119.02		178.47		538.89		309.17		497.55		671.64		342.31		496.07		347.85		331.57		292.87		341.62		409.97

		6162												312.16		110.75		123.59		157.54		208.02		470.99		1498.78		1227.80		527.73		366.87		362.89		521.43		244.15		665.71		406.01		333.04

		5979								164.75		119.69		91.69		101.86		132.05		125.17		111.56		83.47		609.46		786.87		712.45		112.60		126.71		223.99		179.24		350.35		157.12		354.70

		5986								97.41		74.97		89.41		117.89		120.25		214.75		154.24		142.04		355.61		346.66		226.29		253.58		172.05		160.00		196.16		130.67		65.90		0.00

		6057								116.31		91.37		68.54		87.31		69.98		121.30		94.33		166.32		448.94		385.08		312.01		311.67		188.29		253.41		275.68		145.94		238.94		244.52

		5776								179.85		125.30		135.19		255.37		208.66		269.18		354.07		311.62		1625.80		1010.59		649.33		507.53		586.55		361.72		338.62		293.59		276.45		276.29

		5375								157.12		218.18		156.20		191.08		235.08		335.80		619.87		577.21		893.22		1497.96		734.67		1115.19		884.16		510.44		662.20		616.90		764.12		458.35

		5969										96.35		112.53		81.76		139.44		116.80		171.30		422.99		569.20		880.99		1264.79		493.81		914.95		496.35		202.05		144.47		213.48		0.00

		4968												164.98		170.00		156.78		192.92		243.86		397.03		596.95		433.75		612.37		766.38		798.09		349.63		213.73		132.20		279.42		413.05

		6049										114.96		583.06		198.78		111.36		128.51		159.29		163.81		323.73		503.65		245.44		311.13		331.51		363.22		331.51		476.47		435.70		354.16

		5955								231.55		120.24		131.12		119.54		119.30		152.39		123.14		533.30		216.04		163.28		120.61		144.96		316.36		408.33		299.64		268.28		211.85		262.01		257.83

		5851						219.19		229.52		123.76		151.14		154.27		134.40		143.16		104.50		295.82		541.43		622.44		283.27		384.96		373.88		212.13		424.85		251.84		279.18		414.87

		5649												138.22		129.87		274.09		330.13		619.76		1080.40		1537.86		1333.24		1326.10		388.25		296.37		294.66		201.43		263.04		148.50		123.77

		6182								187.16		216.03		427.09		346.02		303.41		474.62		508.67		581.62		897.40		1009.87		903.69		1158.65		900.26		1214.41		896.73		1142.35		785.31		612.41		489.16

		5551										117.87		77.73		94.91		95.87		127.83						366.36

		5826				178.12		174.98		165.58		218.88		193.79		206.34		281.58		620.18		400.71		974.45		1422.77		1187.64		721.28		585.76		563.51		381.48		165.05		126.62		146.85

		5311						176.44		268.29		206.09		200.45		171.13		212.54		291.49		430.07		1074.85		1131.81		940.06		962.39		668.69		862.87		822.41		597.90		527.11		676.78		454.29

		5933						73.70		120.31		60.96		84.00		80.74		75.51		69.54		101.52		124.52		431.25		340.38		394.24		311.74		277.51		362.27		258.09		269.66		259.04		403.51		276.04

		5639						227.17		189.31		165.53		181.33		200.26		319.79		549.16		798.73		843.17		905.05		737.66		613.00		1014.99		466.20		539.82		644.57		614.52		960.98		336.04		400.83		394.79

		5780										59.97		80.74		95.65		83.09		216.07		159.34		183.18		312.91		346.93		525.97		611.16		405.37		397.39		473.68		173.55		161.47		107.50

		5823						142.71		131.51		189.87		267.38		461.06		361.51		482.56		427.63		597.72		991.82		413.49		433.43		818.10

		5710								154.10		112.90		167.47		155.54		182.46		234.68		330.61		664.89		1442.07		1427.80		795.47		678.81		605.12		318.58		571.97		562.15		665.72		519.17

		5822												299.92		428.36		224.20		484.99		403.41		604.20		1997.35		947.64		889.32		848.01		808.08		642.41		390.67		978.16		473.20		411.24

		6212																213.03		180.59		280.92		359.47		542.01		809.30		715.96		247.21		752.11		234.13				1256.13		1024.07		622.55

		5667								151.14		541.00		225.76		170.85						550.07		1084.65		828.58		434.89		793.70		1330.14		1024.07		552.71		308.82		369.22		207.84		183.48

		5449								120.66		107.75		76.98		527.45		54.09		65.33		84.86		232.00		126.70		444.64

		6143						261.95		188.01		223.54		558.90		374.73		661.73		293.74		311.76		791.52		529.95		898.25		839.73		755.39		501.75		713.51		402.46		390.30		404.82		362.94

		6150				211.85		337.26		362.34		454.32		224.39		220.21		345.62		404.15				1096.14		1100.39		656.34		399.26		365.27		339.77		369.52				189.70		105.29		138.66

		6043						150.95		130.88		116.27		155.45		125.90		144.53		125.42		166.85		805.84		1020.17		744.01		906.82		125.76		344.21		290.63		210.25		261.77		261.77		138.29

		5417										332.82		282.59		560.21		382.95		447.21		644.61		1070.96

		6167										129.77		552.37		141.60		491.21		490.00		1077.54		1767.92		1041.24		1708.60		1438.01		932.66		1690.49		1228.32		1114.90		1390.93		1018.54		557.27

		6070						92.17		68.38		60.75		99.80		93.99		101.07		136.12		99.44		385.57		1080.30		536.35		525.68		530.83		420.26		484.89		544.89		1049.42		774.58		502.14		456.73

		5999						26.17		35.38		71.71		29.47		72.15		79.71		103.87		128.99		801.33		579.15		778.94		237.91		228.71		246.06		285.55		191.21		145.04		154.94		452.27		158.98

		5873								59.55		53.98		67.54		69.45		34.86		41.99		33.82		242.25		423.28		466.76		395.34		393.26		177.85		183.92		267.07		156.85		143.59		158.98

		5701																		143.93		80.00		251.08

		5702										22.25		0.00		28.97		64.75		87.09		262.30		269.51		738.30		292.32		263.85		211.70		221.31		234.69		187.99		142.80		175.17		167.07

		6222												283.79		264.77		443.16		341.00		715.15		1363.61		1828.77		713.59		1048.94		1424.03		592.86		435.38		665.31		484.43		350.61		587.93

		5900								78.99		72.15		99.66		262.00		425.78		371.24		386.42		960.51		2402.85		931.43		1063.27		691.83		453.93		429.24		294.12		312.60		184.74

		5369										214.94		211.60		204.28		256.75		208.89		232.74		300.08		427.37		1955.27		570.69		437.51		507.69		487.74		253.37		280.49		304.58		242.88

		4201								242.44		184.72		225.75		342.06		366.47		332.76		641.86		661.26		748.32		613.90		836.04		600.53		510.56

		5731				107.84		135.71		146.18		124.81		129.65		123.42		190.32		281.28		356.77		420.51		539.49		815.69		522.49		386.52		327.03		344.02		417.31		356.64		283.61		275.25

		5912										122.89		84.19		84.89		54.46		65.90		97.91		336.25		528.86		256.22		194.68		100.56		148.86		391.14		331.62		130.62		274.46		134.16

		5831										137.49		81.73		87.53		72.76		102.31		187.27		548.92		473.37		251.31		356.04		265.48		323.44		312.26		337.76		257.77		221.44		262.53				231.07

		6021								15.93		19.91		37.74		20.61		33.07		57.30		128.87		650.83		759.04		1137.60		1040.07		699.53		573.89		683.00		630.10				368.50
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Sort{Cow}

				COD1		d-30-31		d-27-29		d-24-26		d-21-23		d18-20		d-15-17		d-12-14		d-9-11		d-6-8		d-3-5		d-2-0		d1-3		d4-6		d7-9		d10-12		d13-15		d16-18		d19-21		d22-24		d25-27		d28-30		d31-33		d34-36		d37-39		d40-42		d43-45		D46-48

		4201		5								242		185		226		342		366		333		642		661		748		614		836		601		511

		4968		3												165		170		157		193		244		397		597		434		612		766		798		350		214		132		279		413

		5028		2				88		86		74		69		78		93		145		217		468		1090		871		485		415		394		283		372		395		220		237		390

		5311		4						176		268		206		200		171		213		291		430		1075		1132		940		962		669		863		822		598		527		677		454

		5369		3										215		212		204		257		209		233		300		427		1955		571		438		508		488		253		280		305		243

		5375		3								157		218		156		191		235		336		620		577		893		1498		735		1115		884		510		662		617		764		458

		5417		5										333		283		560		383		447		645		1071

		5449		1								121		108		77		527		54		65		85		232		127		445

		5514		2												108		77		83		119		178		539		309		498		672		342		496		348		332		293		342		410

		5551		5										118		78		95		96		128						366

		5572		1												195		210		372		301		301		361		445		1490		931		1266		861		692		454		403		375		313

		5601		5						146		84		81		54		64		81		92		159		603		658		722		711

		5615		2				104		100		88		101		113		136		166		323		338		962		971		464		505		769		307		334		361		278		358		742

		5639		2						227		189		166		181		200		320		549		799		843		905		738		613		1015		466		540		645		615		961		336		401		395

		5649		3												138		130		274		330		620		1080		1538		1333		1326		388		296		295		201		263		148		124

		5656		4												253		98		110		135		173		582		560		1168		1485		992		540		364		1261		317		397		337

		5661		4						79		57		129		108		115		187		193		659		986		1340		763		453		148		343		209		281		169		212		137

		5667		3								151		541		226		171						550		1085		829		435		794		1330		1024		553		309		369		208		183

		5701		5																		144		80		251

		5702		1										22		0		29		65		87		262		270		738		292		264		212		221		235		188		143		175		167

		5710		1								154		113		167		156		182		235		331		665		1442		1428		795		679		605		319		572		562		666		519

		5731		4				108		136		146		125		130		123		190		281		357		421		539		816		522		387		327		344		417		357		284		275

		5776		4								180		125		135		255		209		269		354		312		1626		1011		649		508		587		362		339		294		276		276

		5780		4										60		81		96		83		216		159		183		313		347		526		611		405		397		474		174		161		107

		5813		3								128		109		147		83		72		172		143		502		1371		539		1219		442		248		264		331		232		297		228

		5818		2								72		65		77		116		82		95		110		164		1064		844		337		327		355		204		284		274		223		185

		5822		3												300		428		224		485		403		604		1997		948		889		848		808		642		391		978		473		411

		5823		5						143		132		190		267		461		362		483		428		598		992		413		433		818

		5824		1								8		33		59		86		65		61		122		267		413		329		282		289		216		287		263		240		154		163

		5826		4				178		175		166		219		194		206		282		620		401		974		1423		1188		721		586		564		381		165		127		147

		5831		1										137		82		88		73		102		187		549		473		251		356		265		323		312		338		258		221		263				231

		5846		2								104		117		102		107		202		191		171		190		694		618		548		349		264		579		408		344		296		417		353

		5851		2						219		230		124		151		154		134		143		105		296		541		622		283		385		374		212		425		252		279		415

		5864		5						119		99		71		109		115		317		248		378		760		1171		703

		5873		2								60		54		68		69		35		42		34		242		423		467		395		393		178		184		267		157		144		159

		5900		2								79		72		100		262		426		371		386		961		2403		931		1063		692		454		429		294		313		185

		5905		3																219		182		738		590		231		327		280		661		153		135		148		166		101		94

		5906		4										328		127		115		145		201		292		337		1960		523		446		463		261		410		416		478		319		326

		5912		1										123		84		85		54		66		98		336		529		256		195		101		149		391		332		131		274		134

		5933		1						74		120		61		84		81		76		70		102		125		431		340		394		312		278		362		258		270		259		404		276

		5955		4								232		120		131		120		119		152		123		533		216		163		121		145		316		408		300		268		212		262		258

		5958		4								97		153		143		162		204		178		260		412		341		448		376		351		341		321		235		238		238		131

		5969		1										96		113		82		139		117		171		423		569		881		1265		494		915		496		202		144		213

		5979		2								165		120		92		102		132		125		112		83		609		787		712		113		127		224		179		350		157		355

		5986		3								97		75		89		118		120		215		154		142		356		347		226		254		172		160		196		131		66

		5999		1						26		35		72		29		72		80		104		129		801		579		779		238		229		246		286		191		145		155		452		159

		6009		3																134		144		165		421		388		209		170		175		176		148		139		186		185		185

		6017		1												213		207		172		201		313		366		974		840		740		1037		765		1105		567		620		1274		1601

		6019		2						103		110		111		88		97		138		177		124		261		361		323		463		268		272		319		359		253		385		375

		6021		3								16		20		38		21		33		57		129		651		759		1138		1040		700		574		683		630				368

		6043		2						151		131		116		155		126		145		125		167		806		1020		744		907		126		344		291		210		262		262		138

		6046		4										127		162		110		192		148		194		339		705		387		559		458		222		233		312		226		325		199		237

		6049		2										115		583		199		111		129		159		164		324		504		245		311		332		363		332		476		436		354

		6057		1								116		91		69		87		70		121		94		166		449		385		312		312		188		253		276		146		239		245

		6067		3												94		103		116		135		103		179		628		431		362		171		623		208		179		321		389		207

		6070		4						92		68		61		100		94		101		136		99		386		1080		536		526		531		420		485		545		1049		775		502		457

		6084		4												159		102		180		209		136		312		374		248		262		157		196		150		119		1082		758		188

		6127		1										155		218		379		197		297		257		400		851		1486		649		544		166		401		344		262		332		349		355		351		441

		6136		2												268		205		571		845		979		1568		914		1491		821		616		448		342		416		343		392		249

		6143		3						262		188		224		559		375		662		294		312		792		530		898		840		755		502		714		402		390		405		363

		6150		4				212		337		362		454		224		220		346		404				1096		1100		656		399		365		340		370				190		105		139

		6162		2												312		111		124		158		208		471		1499		1228		528		367		363		521		244		666		406		333

		6167		3										130		552		142		491		490		1078		1768		1041		1709		1438		933		1690		1228		1115		1391		1019		557

		6176		1						164		414		158		284		198		201		244		288		412		584		645		756		527		739		665		1142		701		658		422		599

		6182		3								187		216		427		346		303		475		509		582		897		1010		904		1159		900		1214		897		1142		785		612		489

		6186		1						183		442		251		309		181		367		516		1017		1179		1172		809		595		409		571						270		390		482		369

		6187		2												172		146		112		196		183		261		303		347		148		322		237		197		271		175		221		211

		6190		3										243		202		192		265		309		328		339		595		453		342		352		327		267		181		223		184		181

		6192		4						332		672		695		183		175		249		228		152		690		452		354		261		268		340		248		349		270		242		293

		6201		3								324		310		473		135		414		359		906		576		1399		521		492		247		228		147		227		232		240		424				295

		6203		1		344		157		167		106		113		117		564		390		217		576		1586		726		509		521		422		316		225		223		200		218		159

		6204		4												173		201		235		364		405		559		627		1482		1033		890		674		616		507		385		317		476

		6209		3						462		621		282		511		344		435		405		228		726		329		1236		864		977		417		697		1244		592		1010		584

		6212		2																213		181		281		359		542		809		716		247		752		234				1256		1024		623

		6214		1								170		387		128		157		130		120		212		390		604		620		442		491		356		306		227		280		313		263		269

		6217		4														207		304		453		484		959		888		912		651		582		417		402		572		324		434		270

		6221		3						453		115		130		133		143		199		363		259		591		220		259		263		236		299		381		416		314		336		263

		6222		4												284		265		443		341		715		1364		1829		714		1049		1424		593		435		665		484		351		588

		6228		2																129		123		152		236		504		496		448		464		735		696		562		750		500		783

		6230		1																144		200		348		181		609		864		1696		441		1024		455		247		318		196		210		128		231		183		191		127		261

		6239		4										263		328		277		199		209		318		496		442		500		421		449		415		285		392		233		272		207
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Sort{trt}

				COD1		d-30-31		d-27-29		d-24-26		d-21-23		d18-20		d-15-17		d-12-14		d-9-11		d-6-8		d-3-5		d-2-0		d1-3		d4-6		d7-9		d10-12		d13-15		d16-18		d19-21		d22-24		d25-27		d28-30		d31-33		d34-36		d37-39		d40-42		d43-45		D46-48

		5449		1								121		108		77		527		54		65		85		232		127		445

		5572		1												195		210		372		301		301		361		445		1490		931		1266		861		692		454		403		375		313

		5702		1										22		0		29		65		87		262		270		738		292		264		212		221		235		188		143		175		167

		5710		1								154		113		167		156		182		235		331		665		1442		1428		795		679		605		319		572		562		666		519

		5824		1								8		33		59		86		65		61		122		267		413		329		282		289		216		287		263		240		154		163

		5831		1										137		82		88		73		102		187		549		473		251		356		265		323		312		338		258		221		263				231

		5912		1										123		84		85		54		66		98		336		529		256		195		101		149		391		332		131		274		134

		5933		1						74		120		61		84		81		76		70		102		125		431		340		394		312		278		362		258		270		259		404		276

		5969		1										96		113		82		139		117		171		423		569		881		1265		494		915		496		202		144		213

		5999		1						26		35		72		29		72		80		104		129		801		579		779		238		229		246		286		191		145		155		452		159

		6017		1												213		207		172		201		313		366		974		840		740		1037		765		1105		567		620		1274		1601

		6057		1								116		91		69		87		70		121		94		166		449		385		312		312		188		253		276		146		239		245

		6127		1										155		218		379		197		297		257		400		851		1486		649		544		166		401		344		262		332		349		355		351		441

		6176		1						164		414		158		284		198		201		244		288		412		584		645		756		527		739		665		1142		701		658		422		599

		6186		1						183		442		251		309		181		367		516		1017		1179		1172		809		595		409		571						270		390		482		369

		6203		1		344		157		167		106		113		117		564		390		217		576		1586		726		509		521		422		316		225		223		200		218		159

		6214		1								170		387		128		157		130		120		212		390		604		620		442		491		356		306		227		280		313		263		269

		6230		1																144		200		348		181		609		864		1696		441		1024		455		247		318		196		210		128		231		183		191		127		261

		5028		2				88		86		74		69		78		93		145		217		468		1090		871		485		415		394		283		372		395		220		237		390

		5514		2												108		77		83		119		178		539		309		498		672		342		496		348		332		293		342		410

		5615		2				104		100		88		101		113		136		166		323		338		962		971		464		505		769		307		334		361		278		358		742

		5639		2						227		189		166		181		200		320		549		799		843		905		738		613		1015		466		540		645		615		961		336		401		395

		5818		2								72		65		77		116		82		95		110		164		1064		844		337		327		355		204		284		274		223		185

		5846		2								104		117		102		107		202		191		171		190		694		618		548		349		264		579		408		344		296		417		353

		5851		2						219		230		124		151		154		134		143		105		296		541		622		283		385		374		212		425		252		279		415

		5873		2								60		54		68		69		35		42		34		242		423		467		395		393		178		184		267		157		144		159

		5900		2								79		72		100		262		426		371		386		961		2403		931		1063		692		454		429		294		313		185

		5979		2								165		120		92		102		132		125		112		83		609		787		712		113		127		224		179		350		157		355

		6019		2						103		110		111		88		97		138		177		124		261		361		323		463		268		272		319		359		253		385		375

		6043		2						151		131		116		155		126		145		125		167		806		1020		744		907		126		344		291		210		262		262		138

		6049		2										115		583		199		111		129		159		164		324		504		245		311		332		363		332		476		436		354

		6136		2												268		205		571		845		979		1568		914		1491		821		616		448		342		416		343		392		249

		6162		2												312		111		124		158		208		471		1499		1228		528		367		363		521		244		666		406		333

		6187		2												172		146		112		196		183		261		303		347		148		322		237		197		271		175		221		211

		6212		2																213		181		281		359		542		809		716		247		752		234				1256		1024		623

		6228		2																129		123		152		236		504		496		448		464		735		696		562		750		500		783

		4968		3												165		170		157		193		244		397		597		434		612		766		798		350		214		132		279		413

		5369		3										215		212		204		257		209		233		300		427		1955		571		438		508		488		253		280		305		243

		5375		3								157		218		156		191		235		336		620		577		893		1498		735		1115		884		510		662		617		764		458

		5649		3												138		130		274		330		620		1080		1538		1333		1326		388		296		295		201		263		148		124

		5667		3								151		541		226		171						550		1085		829		435		794		1330		1024		553		309		369		208		183

		5813		3								128		109		147		83		72		172		143		502		1371		539		1219		442		248		264		331		232		297		228

		5822		3												300		428		224		485		403		604		1997		948		889		848		808		642		391		978		473		411

		5905		3																219		182		738		590		231		327		280		661		153		135		148		166		101		94

		5986		3								97		75		89		118		120		215		154		142		356		347		226		254		172		160		196		131		66

		6009		3																134		144		165		421		388		209		170		175		176		148		139		186		185		185

		6021		3								16		20		38		21		33		57		129		651		759		1138		1040		700		574		683		630				368

		6067		3												94		103		116		135		103		179		628		431		362		171		623		208		179		321		389		207

		6143		3						262		188		224		559		375		662		294		312		792		530		898		840		755		502		714		402		390		405		363

		6167		3										130		552		142		491		490		1078		1768		1041		1709		1438		933		1690		1228		1115		1391		1019		557

		6182		3								187		216		427		346		303		475		509		582		897		1010		904		1159		900		1214		897		1142		785		612		489

		6190		3										243		202		192		265		309		328		339		595		453		342		352		327		267		181		223		184		181

		6201		3								324		310		473		135		414		359		906		576		1399		521		492		247		228		147		227		232		240		424				295

		6209		3						462		621		282		511		344		435		405		228		726		329		1236		864		977		417		697		1244		592		1010		584

		6221		3						453		115		130		133		143		199		363		259		591		220		259		263		236		299		381		416		314		336		263

		5311		4						176		268		206		200		171		213		291		430		1075		1132		940		962		669		863		822		598		527		677		454

		5656		4												253		98		110		135		173		582		560		1168		1485		992		540		364		1261		317		397		337

		5661		4						79		57		129		108		115		187		193		659		986		1340		763		453		148		343		209		281		169		212		137

		5731		4				108		136		146		125		130		123		190		281		357		421		539		816		522		387		327		344		417		357		284		275

		5776		4								180		125		135		255		209		269		354		312		1626		1011		649		508		587		362		339		294		276		276

		5780		4										60		81		96		83		216		159		183		313		347		526		611		405		397		474		174		161		107

		5826		4				178		175		166		219		194		206		282		620		401		974		1423		1188		721		586		564		381		165		127		147

		5906		4										328		127		115		145		201		292		337		1960		523		446		463		261		410		416		478		319		326

		5955		4								232		120		131		120		119		152		123		533		216		163		121		145		316		408		300		268		212		262		258

		5958		4								97		153		143		162		204		178		260		412		341		448		376		351		341		321		235		238		238		131

		6046		4										127		162		110		192		148		194		339		705		387		559		458		222		233		312		226		325		199		237

		6070		4						92		68		61		100		94		101		136		99		386		1080		536		526		531		420		485		545		1049		775		502		457

		6084		4												159		102		180		209		136		312		374		248		262		157		196		150		119		1082		758		188

		6150		4				212		337		362		454		224		220		346		404				1096		1100		656		399		365		340		370				190		105		139

		6192		4						332		672		695		183		175		249		228		152		690		452		354		261		268		340		248		349		270		242		293

		6204		4												173		201		235		364		405		559		627		1482		1033		890		674		616		507		385		317		476

		6217		4														207		304		453		484		959		888		912		651		582		417		402		572		324		434		270

		6222		4												284		265		443		341		715		1364		1829		714		1049		1424		593		435		665		484		351		588

		6239		4										263		328		277		199		209		318		496		442		500		421		449		415		285		392		233		272		207

		4201		5								242		185		226		342		366		333		642		661		748		614		836		601		511

		5417		5										333		283		560		383		447		645		1071

		5551		5										118		78		95		96		128						366

		5601		5						146		84		81		54		64		81		92		159		603		658		722		711

		5701		5																		144		80		251

		5823		5						143		132		190		267		461		362		483		428		598		992		413		433		818

		5864		5						119		99		71		109		115		317		248		378		760		1171		703

		Mean		1						123		169		128		131		188		157		174		272		484		651		703		614		472		467		424		364		300		359		384

		Count		1						5		10		15		17		17		18		18		18		18		18		18		17		17		17		16		16		17		17		16

		Mean		2						148		118		102		165		138		182		228		275		528		792		689		546		417		377		355		352		404		378		381

		Count		2						6		11		12		16		16		18		18		18		18		18		18		18		18		18		18		17		18		18		17

		Mean		3						393		198		209		260		194		256		286		406		626		791		825		703		629		559		478		428		442		398		325

		count		3						3		10		13		17		17		18		18		19		19		19		19		19		19		19		19		19		18		19		17

		Mean		4						190		225		219		173		164		210		265		317		632		892		692		601		525		430		381		441		378		342		287

		count		4						7		10		14		18		19		19		19		18		19		19		19		19		19		19		19		18		19		19		18

		Mean		1-4						191		176		165		183		171		201		239		319		569		783		728		617		513		459		410		398		382		370		343

		Count		1-4						21		41		54		68		69		73		73		73		74		74		74		73		73		73		72		70		72		73		68

		Day								-25		-22		-19		-16		-13		-10		-7		-4		-1		2		5		8		11		14		17		20		23		26		29

						Day from Calving		-29		-28		-27		-26		-25		-24		-23		-22		-21		-20		-19		-18		-17		-16		-15		-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		15		16		17		18		19		20		21

						Lbs DMI		27.3		29.8		27.6		29.2		27.9		27.3		27.7		27.4		28.3		28.1		29.2		28.8		28.5		27.9		27.6		28		28.2		27.4		27.4		26.7		26.7		25.9		25.2		24.7		24		22.9		21		19.6		13.4		6.4		23.3		28.6		31.2		30.3		32.2		30.5		33.3				35						35.2						41.6						41.7						43.9
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		Mean		1-4

		Day								-25		-22		-19		-16																																		-15		-10		-7		-4		-1		2		5																8		11		14		17		20														23		26		29

						Day from Calving		-29		-28		-27		-26		-25		-24		-23		-22		-21		-20		-19		-18		-17		-16		-15		-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		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29

						Lbs DMI		27.3		29.8		27.6		29.2		27.9		27.3		27.7		27.4		28.3		28.1		29.2		28.8		28.5		27.9		27.6		28		28.2		27.4		27.4		26.7		26.7		25.9		25.2		24.7		24		22.9		21		19.6		13.4		6.4		23.3		28.6		31.2		30.3		32.2		30.5		33.3				35						35.2						41.6						41.7						43.9

						NEFA										191						176						165						183						171						201						239						319						569						783						728						617						513						459						410						398						382						370						343
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				COD1		d-30-31		d-27-29		d-24-26		d-21-23		d18-20		d-15-17		d-12-14		d-9-11		d-6-8		d-3-5		d-2-0		d1-3		d4-6		d7-9		d10-12		d13-15		d16-18		d19-21		d22-24		d25-27		d28-30		d31-33		d34-36		d37-39		d40-42		d43-45		D46-48

		5449		1								120.65992		107.74856		76.97928		527.4516		54.09096		65.32552		84.86024		231.99944		126.6964		444.64286

		5572		1												195.4572475		209.8472		372.191305		300.8775625		301.43408		360.742945		445.015595		1490.2381325		931.43125		1265.9		860.6455		691.83		453.9315		402.849		374.87525		312.60325

		5702		1										22.254175		0		28.97356		64.749745		87.08716		262.30257		269.50683		738.29832		292.32032		263.84634		211.70122		221.3069		234.68624		187.987185		142.8026		175.165		167.0744

		5710		1								154.09698		112.90422		167.46656		155.54234		182.46217		234.6758		330.61157		664.8895		1442.06912		1427.80102		795.4724		678.8097		605.11916		318.58214		571.96681		562.147		665.71662		519.17484

		5824		1								7.90738		32.60566		58.56455		85.96851		65.10831		60.93627		122.47386		267.10458		412.869475		328.9459625		281.646775		289.45765		216.382575		286.506875		262.900675		239.988775		153.95252		163.0291

		5831		1										137.4873		81.727		87.5317		72.7561		102.3073		187.267		548.9174		473.36835		251.3082872		356.0433116		265.483016		323.4440726		312.2585192		337.7640836		257.7689702		221.4363968		262.5328112				231.0748112

		5912		1										122.8876		84.1896		84.8932		54.4625		65.896		97.9098		336.2543		528.8648		256.2198		194.68069		100.56198		148.86014		391.13841		331.6188025		130.617085		274.461605		134.1607

		5933		1						73.69883		120.31169		60.961595		83.99702		80.74496		75.50553		69.54342		101.52201		124.51649		431.2461755		340.384961		394.243493		311.7350285		277.505459		362.269166		258.093668		269.661625		259.0385		403.513		276.0355

		5969		1										96.34632		112.52744		81.75816		139.44008		116.80328		171.29928		422.98696		569.20392		880.9946275		1264.792405		493.81015		914.946295		496.350175		202.045945		144.472045		213.4760575

		5999		1						26.16927		35.382525		71.71404		29.472135		72.1486275		79.71045		103.873515		128.9926725		801.330325		579.154325		778.93915		237.905875		228.7064		246.0639		285.5522125		191.2142		145.04325		154.9385		452.26805		158.9838

		6017		1												213.413225		206.82965		171.663725		200.7278		313.0500125		366.280625		973.73585		839.655725		739.8911		1036.6535		764.6213		1104.66155		566.7797		620.3618		1273.65125		1601.3264

		6057		1								116.31138		91.37483		68.5382		87.306235		69.981895		121.29869		94.3278425		166.315725		448.942845		385.0778375		312.005555		311.670745		188.29326		253.413805		275.67867		145.939795		238.9357		244.51814

		6127		1										154.738405		217.78574		379.393425		197.291445		297.2598		256.5841		400.044165		850.605765		1485.676375		648.77475		544.4205		166.16675		401.024625		343.73925		262.00725		331.655535		348.759375		355.00738		350.61689		441.46626

		6176		1						163.51447		413.941265		157.604195		284.42181		198.469525		200.9180675		244.23194		288.47457		411.6689		584.1543		645.1673		756.3099		527.2638		738.6656		664.9553		1141.6812		700.69915		657.6651		422.1103		598.7764

		6186		1						182.748515		442.20439		250.97265		308.648415		181.4725025		367.174855		516.04298		1017.090555		1178.9278		1172.3154		808.6334		595.3835		408.5832		570.587						270.0173		389.5466		482.28485		368.9381

		6203		1		344.0481		156.73565		166.764175		106.0831		113.392025		117.30145		563.825775		389.94135		216.8236		575.5463		1585.5904		725.9784		509.4223		520.994		421.808		316.0096		225.05965		222.7947		200.1452		218.2648		159.3761

		6214		1								170.041		387.427		128.236		157.4995		130.32625		119.875		211.846		389.51725		603.649		620.18		441.6452		491.2382		355.684		306.091		226.7422		279.6414		312.7034		262.7679		269.0382

		6230		1																144.01913		200.3864025		348.022545		181.385305		608.790745		863.99377		1696.066935		440.881465		1023.752025		455.27387		246.96136		318.14534		196.01242		210.46602		127.53849		230.64863		182.552		191.0505		127.31175		261.163125

		5028		2				88.32359		86.28197		73.862115		69.26847		77.945355		92.7471		144.638275		216.60538		468.0948		1089.6604		871.4512		484.6258		415.1956		393.7053		282.9476		372.215		395.3584		220.1298		237.0437		389.5466

		5514		2												107.7602		77.41745		82.6065		119.0178		178.472		538.8911		309.1657		497.5546		671.644145		342.305765		496.065195		347.8458775		331.56647		292.870915		341.623905		409.9711825

		5615		2				103.901075		99.8064125		88.164725		100.689575		112.572125		136.17665		166.0436		323.08595		338.02535		962.4629		970.7063		463.7372		504.9542		768.743		307.1126		333.90365		360.6947		278.2607		357.61405		741.507

		5639		2						227.17244		189.31275		165.53311		181.334055		200.2639		319.78788		549.1578775		798.72754		843.17236		905.051835		737.66108		612.99878		1014.98953		466.204405		539.82162		644.56626		614.51932		960.98236		336.03958		400.83354		394.79058

		5818		2								72.11874		65.30014		77.403155		116.43964		82.4318725		94.790585		109.96197		163.82891		1064.15622		844.18605		336.61409		326.9883025		354.861235		203.69452		283.71411		273.63702		223.0233		185.0963

		5846		2								103.70345		116.62155		101.66375		107.3579125		201.949		190.560675		170.6736		190.220725		694.17404		618.230837		548.16797		349.472753		264.17447		578.972912		407.7582425		344.126993		295.91492		417.130028		352.747031

		5851		2						219.193745		229.519115		123.762295		151.14017		154.26907		134.400555		143.161475		104.5017075		295.81834		541.43305		622.43917		283.269315		384.95969		373.88193		212.129325		424.85014		251.839		279.18136		414.87175

		5873		2								59.54559		53.98287		67.542		69.454185		34.86102		41.988255		33.81801		242.246175		423.283975		466.7645125		395.3384		393.2555		177.848925		183.92405		267.066475		156.84635		143.590125		158.9838

		5900		2								78.986085		72.14887		99.656735		262.00084		425.77599		371.237275		386.4222525		960.509805		2402.8505		931.43125		1063.27275		691.83		453.9315		429.241625		294.11625		312.60325		184.74022

		5979		2								164.750885		119.694725		91.69107		101.859995		132.05388		125.1703		111.559585		83.46959		609.45742		786.87467		712.44597		112.602575		126.70941		223.98599		179.242225		350.3503		157.1188		354.7001

		6019		2						103.18946		109.9655516		110.7992732		87.8813876		97.2576242		138.3873308		176.9376596		123.540794		261.163125		361.0205		322.77725		463.0025		267.537		271.78625		318.528		358.967645		253.01678		384.82902		375.49718

		6043		2						150.94955		130.877675		116.26535		155.44565		125.89985		144.52655		125.418125		166.846475		805.8383		1020.1667		744.0128		906.81995		125.7578		344.2079		290.6258		210.25265		261.7739		261.7739		138.2873

		6049		2										114.9592		583.0646		198.7765		111.36225		128.5105		159.2937		163.8108		323.72545		503.6485		245.4442		311.12775		331.5123		363.2216		331.5123		476.4691		435.7		354.1618

		6136		2												268.04303		204.75904		571.10656		845.3106825		979.4314		1568.226915		913.92134		1491.4865025		821.49196		615.52816		447.8664		341.81311		415.88781		342.53579		392.310375		249.01048

		6162		2												312.156		110.7505		123.5912		157.5399		208.0232		470.9937		1498.7774		1227.80345		527.730285		366.870335		362.890295		521.428555		244.152435		665.705005		406.007395		333.039995

		6187		2												172.203375		146.1972		112.372175		196.0848625		182.9118		261.1003		302.744175		347.0226625		148.46564		322.094885		236.6069425		196.88946		270.85187		174.66757		221.267205		211.48294

		6212		2																213.0273		180.59028		280.922435		359.470905		542.008645		809.29605		715.960115		247.213375		752.1052925		234.129285				1256.13023		1024.06609		622.54749

		6228		2																128.73758		123.20622		151.6408675		236.426245		503.83293		495.8816		448.17362		464.42199		734.646575		695.6265125		561.64394		749.92601		500.361905		782.7028625

		Mean		1

		Count
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Sheet8

				COD1		d-30-31		d-27-29		d-24-26		d-21-23		d18-20		d-15-17		d-12-14		d-9-11		d-6-8		d-3-5		d-2-0		d1-3		d4-6		d7-9		d10-12		d13-15		d16-18		d19-21		d22-24		d25-27		d28-30		d31-33		d34-36		d37-39		d40-42		d43-45		D46-48

		4968		3												164.9819		170.0009		156.7842		192.921		243.86385		397.027		596.9505		433.74935		612.3661		766.3827		798.092		349.6319		213.7349		132.1967		279.41845		413.0505

		5369		3										214.93536		211.596255		204.282025		256.753675		208.89317		232.74392		300.0825375		427.36604		1955.2705		570.6915		437.512125		507.68975		487.74325		253.371875		280.49425		304.576		242.88202

		5375		3								157.1188		218.1833		156.19865		191.0807		235.0806		335.7952		619.8706		577.2091		893.2199		1497.96155		734.6734		1115.185		884.1601		510.44335		662.195		616.896		764.11775		458.3495

		5649		3												138.2154475		129.867685		274.08522		330.1344825		619.76209		1080.399575		1537.85696		1333.2442925		1326.10327		388.2453		296.374605		294.65824		201.43252		263.04099		148.49621		123.7699

		5667		3								151.14017		541.00111		225.764435		170.85224						550.07492		1084.647485		828.580975		434.888585		793.7033		1330.138955		1024.06609		552.7070725		308.81855		369.216475		207.8398		183.4831

		5813		3								127.6595		108.6821		146.6369		83.3789		72.30875		171.9401		143.474		502.46315		1370.6792		538.8365		1218.86		442.36805		247.9804		264.1616		330.90905		231.7992		296.524		227.7539

		5822		3												299.919365		428.36071		224.199985		484.9938		403.4077325		604.20489		1997.347615		947.64022		889.3162		848.00744		808.0814		642.41426		390.6728		978.15596		473.2039		411.24076

		5905		3																219.06949		182.021325		737.7438		589.55114		231.15387		326.715875		280.12741		660.773105		153.19363		135.12663		148.49621		166.38254		100.61866		93.7532

		5986		3								97.4121		74.969205		89.406155		117.88632		120.24873		214.74513		154.241185		142.0354		355.6145575		346.65839		226.294195		253.58121		172.054975		160.001815		196.161295		130.6708425		65.900605

		6009		3																134.29895		144.49745		165.1494125		421.21675		387.5617		208.6630125		169.9937		175.09295		175.81744		148.2941		138.84822		185.58904		185.18189		184.77474

		6021		3								15.93181		19.91288		37.74115		20.60524		33.06772		57.30032		128.873035		650.82593		759.0404		1137.6003		1040.0674		699.5288		573.8932		682.9978		630.0986				368.4983

		6067		3												94.010215		103.4083075		116.023765		135.49729		102.98497		179.2703875		628.431475		430.986865		362.1521875		170.549635		623.012755		208.142005		178.5930475		320.5131		388.6224		206.9976

		6143		3						261.950175		188.01105		223.535825		558.8965		374.7285875		661.731375		293.7355		311.75625		791.523405		529.95152		898.246085		839.7343625		755.386295		501.751065		713.507775		402.458445		390.300165		404.822555		362.944035

		6167		3										129.77493		552.367815		141.59571		491.214515		490.00453		1077.538675		1767.921545		1041.239125		1708.6024375		1438.01025		932.663375		1690.4930625		1228.32275		1114.900875		1390.925875		1018.5399375		557.274

		6182		3								187.16257		216.029355		427.08531		346.016315		303.4075575		474.620435		508.67287		581.61768		897.39775		1009.8665		903.688375		1158.6493125		900.257125		1214.407125		896.7305625		1142.350875		785.31025		612.4101		489.1647

		6190		3										242.999375		201.886625		192.02625		265.269625		309.17446		328.33806		339.3363		594.54546		452.6515		341.50262		352.16758		327.00494		266.68126		181.0512		223.2141		184.2945		181.0512

		6201		3								324.48123		309.6971775		473.10398		134.713445		414.28066		359.4466875		905.674405		575.7319		1399.079375		521.0685		491.63525		246.6825		228.1955		146.70675		227.46575		232.195425		239.9323		424.1296				294.8067

		6209		3						462.4014		620.55		281.95644		510.96944		343.66032		434.57416		405.19136		228.28962		726.0475		328.9		1236.0685		864.004		976.8775		416.6905		696.784		1244.4295		592.2715		1010.3215		583.9105

		6221		3						453.41372		115.33868		129.6844		132.79552		142.56098		198.8204		362.84556		258.83781		590.843735		220.252825		259.118845		262.528145		236.447		299.17812		381.3422475		416.26075		314.27875		335.525		263.28775

		5311		4						176.44427		268.29122		206.09311		200.453385		171.126815		212.53851		291.49466		430.07076		1074.8524625		1131.813685		940.063035		962.3897775		668.6916		862.866		822.413		597.89885		527.1061		676.7822		454.2907

		5656		4												252.5259		97.82185		110.3987		135.2006		172.8432		582.1625		560.175		1168.3713		1484.802995		992.24051		540.101485		363.5113375		1261.29276		317.247475		396.91319		337.4803

		5661		4						78.73333		57.122335		128.674705		107.608525		115.05433		187.151515		192.78127		658.7797		986.147645		1340.16124		763.459075		453.435335		147.601105		342.896725		208.510135		280.53748		168.70979		211.5727		136.73465

		5731		4				107.8426		135.71009		146.182035		124.80542		129.65194		123.4207		190.319985		281.27878		356.77125		420.51		539.489		815.69025		522.492		386.516		327.0265		344.0235		417.31075		356.644375		283.61075		275.2545

		5776		4								179.85262		125.30382		135.19079		255.368615		208.661205		269.17628		354.06785		311.622065		1625.799995		1010.58662		649.32663		507.534595		586.549755		361.72484		338.62295		293.591005		276.4509		276.286

		5780		4										59.96791		80.74496		95.650235		83.09367		216.06679		159.33641		183.18485		312.90591		346.933517		525.97317		611.16212		405.36576		397.39241		473.68478		173.5511		161.46518		107.49819

		5826		4				178.11885		174.9837		165.57825		218.8758		193.7946		206.3352		281.5788		620.175		400.7145		974.44695		1422.7734		1187.63715		721.2805		585.76295		563.5138		381.4753		165.05175		126.6214		146.8479

		5906		4										328.27756		127.35106		114.993		145.06716		200.72164		291.63548		337.0924		1960.40568		523.2691466		446.2522732		462.8085376		261.1596492		409.7082008		415.7249452		477.5164096		319.0724762		325.8099428

		5955		4								231.5529		120.2422825		131.11521		119.53828		119.3036125		152.39173		123.136515		533.29514		216.04386		163.27722		120.6079		144.958		316.3585		408.3295		299.6365		268.28275		211.846		262.012		257.8315

		5958		4								97.156925		152.715875		143.0010875		161.5475		204.099875		178.086725		260.14055		412.36565		341.14665		447.74175		375.6333		350.5521		341.14665		320.768175		234.55155		237.6867		237.6867		131.0916

		6046		4										127.36053		162.09132		109.5258		192.285205		147.854825		194.31899		339.343505		705.168875		387.427		558.8275		458.4955		222.29725		232.7485		312.178		226.47775		324.7195		199.3045		236.929

		6070		4						92.1721		68.381845		60.754435		99.79951		93.98815		101.070745		136.12051		99.4363		385.569625		1080.3024375		536.354		525.679		530.825875		420.263375		484.88525		544.88585		1049.4199675		774.5751		502.1379		456.7317

		6084		4												158.589345		102.444795		179.85622		209.11944		136.131525		312.051115		374.49066		247.9952875		262.18184		157.04648		196.11592		150.1716		118.98312		1082.30472		757.50856		188.06728

		6150		4				211.846		337.261		362.344		454.315		224.3875		220.207		345.622		404.149				1096.14075		1100.39		656.343375		399.26375		365.26975		339.77425		369.519				189.6974		105.2927		138.662

		6192		4						332.459925		671.945575		695.4905475		183.36784		175.389145		248.605405		227.79822		152.49982		689.94427		452.2917		353.6304		261.37343		267.77776		340.389015		248.39168		349.42294		270.06724		241.78204		293.16682

		6204		4												172.738165		201.25906		235.3391125		364.488815		404.61143		558.55122		627.45686		1482.15342		1032.89198		889.91486		674.44934		615.79206		507.45937		385.3791		317.2698		476.1915

		6217		4														207.3635		303.5456		452.726		484.1324		959.1542		888.4898		912.0446		650.9789		582.2774		417.3938		401.6906		572.4629		323.7564		434.0286		270.24195

		6222		4												283.788515		264.774465		443.160825		341.00352		715.1481675		1363.6137		1828.766505		713.5924725		1048.94291		1424.028395		592.85999		435.3832325		665.314085		484.42529		350.6070125		587.93114

		6239		4										262.88725		328.066		276.92575		199.212625		208.905875		317.537125		495.8595		442.04525		500.20475		421.488875		449.39875		415.3888125		284.8368		391.8657		232.944		271.8636		206.9976

		4201		5								242.443225		184.72441		225.7477		342.0598575		366.467125		332.758065		641.863785		661.262395		748.32061		613.90213		836.035895		600.53255		510.55889

		5417		5										332.8217684		282.58537		560.2102216		382.947386		447.2066576		644.6127192		1070.9583536

		5551		5										117.8711		77.72735		94.908875		95.872325		127.82675						366.3584

		5601		5						146.271015		84.221755		81.32385		54.39038		64.27735		80.98292		92.23361		159.39682		603.2065525		658.03169		721.812995		711.1827775

		5701		5																		143.929525		80.004565		251.076475

		5823		5						142.71477		131.51323		189.86964		267.37707		461.05531		361.50614		482.55504		427.63136		597.716483		991.8159335		413.488229		433.434596		818.095439

		5864		5						118.62264		99.4374		70.9188		109.11644		114.73374		316.52444		247.56128		378.40116		759.50768		1171.38062		703.48384
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Liver Lipid Metabolism During the Transition Period

Adipose
Tissue

NEFA

TG

NEFA

CPT

BETA-OXIDATION

TG

VLDL

Liver

CO2 Ketones

Fatty 
Liver

Mitochondria

- Insulin

+ Stress 
Hormones

Adapted from Dr. Jim Drackley’s papers and presentations



Retrospective and Observational Studies

 Hundreds of studies associate and correlate NEFA, BHBA and Ca with:
 Increased risk of ketosis, decreased milk yield, LDA, metritis, retained placenta, laminitis, or poor 

reproduction
 Chapinal et al., 2011; Huzzey et al., 2011; Ospina et al., 2010a, 2010c; Duffield et al., 2009; LeBlanc et al., 2005 

 Many papers do not agree…..inconsistencies in the literature
 Unlike the overwhelming and converging lines of evidence demonstrating smoking causes cancer. 

 Claiming NEFA and ketone skepticism is akin to questioning whether smoking causes cancer is bewildering

 Plasma NEFA are markedly increased (>700 mEq/L) following calving in almost all cows
 ~15-20% get clinical ketosis
 What makes these cows more susceptible to ketosis?

 Predisposition to developing fatty liver?

 Reductionist approach (one metabolite = one disease)



Cause and Effect??

 The incidence of health problems is highest in the first month of lactation

 The largest swings in energetic metabolites, hormones and minerals occurs 
in the first month of lactation

 Thus…a lot of moving parts and events occurring simultaneously
 Consequently they will all be correlated 

 Causality and correlation are incorrectly interchanged when an observational 
relationship between 2 events is claimed to be inevitable rather than 
coincidental.



This correlation interpretation then causes suspect 
decision making and unnecessary farm expenses 



Increased NEFA, Hyperketonemia, and 
Hypocalcemia…..CAUSE production and 

health problems

Traditional Belief

Assuming Correlation Equals Causation



Dogma: Negative Energy Balance CAUSES problems

An example model



Dogma: Ketones cause problems

https://slideplayer.com/slide/13774593/



How (and why) do NEFA, Hyperketonemia and 
Hypocalcemia cause problems 

 Biological plausibility?
 Why would evolution favor a scenario where the mother endangers 

herself and compromises her ability to nourish her young?

 There remains little mechanistic evidence for how NEFA, 
ketones and Ca can directly have such a large influence on a 
variety of seemingly unconnected systems and diseases

 Best line of evidence is extrapolated from their purported role in 
immunosuppression. 



If hyperketonemia, high NEFA and subclinical 
hypocalcemia are pathological….it stands to 

reason that therapeutically treating these 
disorders would improve cow health



Culling Reason NAHMS (1996) NAHMS (2002) NAHMS (2014)

Voluntary Reasons 21.3 19.3 21.1

Reproduction 25.3 26.5 24.2

Mastitis 25.1 25.9 24.4

Injury 4.1 6.0 5.2

Death 3.8 4.8 4.2

Disposition 0.9 0.9

Lameness 14.2 16.3 16.8

Other 3.9 4.1

National Animal Health Monitoring Systems

Culling Trends Over Time

Despite emphasis, time and money spent on preventing 
high NEFA, hyperketonemia and subclinical hypocalcemia 

herd health is not improving

Maybe we’re “medicating” the wrong things??



Increased NEFA, Hyperketonemia, and 
Hypocalcemia…..CAUSE production and 

health problems

Traditional Belief



↓ DMI

Impaired 
Reproduction

KetosisDA

Decreased Milk Yield

Immunosuppression

Mastitis MetritisPneumonia Retained Placenta

Calving

↓ Calcium ↑ NEFA

↑ BHB



Introduced the Homeorhesis concept

Summary of these Reviews



Metabolic Flexibility:
Decreased Insulin Sensitivity

Baumgard and Rhoads, 2013

Successful Transition



Inflammation in Transition Cows

 Observed in all cows 
(Bertoni et al., 2008; Trevisi and Minuti, 2018)

 What is the source?
 Mammary Gland
 Uterus
 Gastrointestinal tract

 What are the consequences? Day Relative to Calving

In
fla

m
m

at
io

n

-60                 -21                     -10                  0                          30
Dry-off            Close-up          Lactogenesis       Calving                 Lactation    

-Pen Move
-Diet Change
-Mammary Distention
-Vaccination

-Pen Move
-Diet Change
-Vaccination

-Pen Move
-Diet Change
-Uterine Involution
-Galactopoiesis

Dr. B. Goetz



LPS

Inflammation sources:

LBP

Liver

↑ Inflammatory response
↑ Cytokines 
↑ APPs:

• SAA
• Hp
• LBP

Immune cell

TLR4

Complex
LPS/LBP 

Circulation

Rodriguez Jimenez & Kvidera



GIT Permeability Increases Post Calving
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Jantzi et al. (Unpublished data)

Professor Michael Steele

28% increase



University vs. Commercial



Dr. Erin Horst



Albumin to Globulin Ratio (AGR)

• Most abundant constituent 
of plasma proteins (35-
50%)

• Major carrier protein
• Classified as a negative 

acute phase protein (i.e., 
decreases during 
inflammation)

• Broad class of proteins 
made of 3 major fractions 
(α, β, γ)

• Includes the main positive 
acute phase proteins such 
as haptoglobin, 
ceruloplasmin, and serum 
amyloid A which increase 
during inflammation

A
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α

β

γ

Dr. Erin Horst



1st, 2nd,  and 3rd, Milk Yield 
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First Service Outcome

17.8

35.5
43.6

0
5

10
15
20
25
30
35
40
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60

Low (Increased
Inflammation)

Intermediate High (Lower
Inflammation)

%

Conception Rate at First Service

Odds Ratio P-value
H vs. I H vs. L I vs. L AG Dairy

1.075
(0.550-
2.100)

2.007
(0.704-
5.719)

1.866
(0.756-
4.607)

0.35 <0.01

8/45 77/200 24/55



Dr. Erin Horst

This suggests that gastrointestinal tract inflammation is a meaningful source of 
transition cow poor performance 



Uterus

Heightened risk of antigen insult in early lactation

LungRespiratory

Uterine bacterial 
contamination post-parturition
(Paisley et al., 1986; Földi et al., 2006; Norman et al., 

2007; Sheldon et al., 2008)

Lactogenesis and galactopoeisis
(Akers and Nickerson, 2011)

Increased gut permeability via diet and 
social changes

(Emmanuel et al., 2007; Khafipour et al., 2009; 
Soderholm and Perdue, 2001)

Sterile Inflammation
Parturition

Placenta Expulsion
Uterine Involution



Transition Cow Inflammation
In
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Days Relative to Calving 
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Sterile
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Bridget Buol



Pathogenic Inflammation’s Role in Suboptimal DMI

Immune activation induced hypophagia is KEY



Immune Activation and Feed Intake

 Inflammatory mediators are potent anorexic compounds Kushibiki et al., 2003

 Reduced feed intake is a highly conserved species response to 
infection (Aubert et al., 1997; Wang et al., 2016)

 Infection decreases feed consumption, even in insects (Adamo, 2005)

 Cows with increased inflammation have decreased DMI (Trevisi et al., 2002)

 ….and also increased NEFA and BHB (Trevisi et al., 2010, 2012; Zhou et al., 2016) 

 Inflammation is the simplest and most logical explanation for why some 
cows don’t eat well before and following calving



Inflammation and Fatty Liver??

 Humans with intestinal 
barrier dysfunction have fatty 
liver….but do not have 
increased [NEFA]



Inflammation and Reproduction? 



LPS Negative Effects Repro From Multiple Angles

Bacteria and components 

Ovary

Uterus

Brain (HPG)

Drs. Mackenzie Dickson and John Bromfield



Hypocalcemia Dogma

 Milk uptake of Ca is so quick and extensive that it exceeds the 
homeostatic capacity to replenish it. 

 Academic & Industry Goal: Minimize postcalving hypocalcemia 

https://www.farmersjournal.ie/milk-fever-the-
problem-of-low-blood-calcium-in-cattle-319488

https://www.fotosearch.com/CSP142/k31277137/



Dr. Ron L. Horst

Dr. Horst and his students/collaborators 
discovered the biology of milk fever AND 
figured out a prefresh dietary strategy to 

prevent it



Hypocalcemia

 Clinical hypocalcemia (milk fever) needs a pre-calving dietary 
strategy
 The marked reduction in clinical milk fever is arguably the biggest 

advancement in dairy nutrition in the last 40 years

 Clinical hypocalcemia is pathological
 It warrants immediate intervention

 Is subclinical hypocalcemia pathological?
 Is it detrimental to health, productivity and profitability?  



Morbidity is Sometimes Associated with Subclinical 
Hypocalcemia

Oetzel, 2012
Goff, 2006



Reminder: Guiding Concepts and Principles 

 The best indicators of “health” are feed intake and milk yield.



Subclinical hypocalcemia is often
associated with increased productivity

If subclinical hypocalcemia is pathological….why do 
subclinical hypocalcemic cows produce more milk?



Immune activation was identified as a cause of 
milk fever more than 130 years ago

LPS administration, mastitis and sepsis all cause severe and acute hypocalcemia



Immune Activation (induced mastitis) Decreases Ca in Dairy Cows

Waldron et al., 2003



I.V. LPS Model

 Immune activation acutely decreases circulating Ca (Kvidera et al., 2017; Horst et al., 
2018)

Kvidera et al., 2017 Horst et al., 2018

46%
39%

39%



Immune Activation and Hypocalcemia

 Immune activation causes a marked and unexplainable decrease in ionized Ca
 Response is conserved across species:
 (Naylor and Kronfeld, 1986; Elsasser et al., 1996; Carlstedt et al., 2000; Toribio et al., 2005) 

 Paradoxical response as Ca regulates leukocyte activation and function
 (Hendy and Canaff, 2016)

 Ca administration increases incidences of organ failure and mortality during sepsis
 Pigs (Calstedt et al., 2000)
 Humans (Malcolm et al., 1989)

 Hypocalcemia is a protective strategy?
 Ca interferes with lipoprotein sequestration of endotoxins



LPS detoxification
Ca2+

Leukocyte

Lipoprotein

Lipoprotein

LPS aggregates (Normocalcemia) LPS monomers (Hypocalcemia)

CD14



Immune Activation and Hypocalcemia

 Fact: All transition cows experience some degree of immune 
activation. Only the magnitude of inflammation differs

 Fact: Immune activation acutely causes hypocalcemia

 It’s reasonable to conclude that immune activation 
contributes to some types of subclinical hypocalcemia



Does intervening and ameliorating 
subclinical hypocalcemia benefit the cow? 





“there is no evidence that oral Ca can reduce the incidence of 
postpartum metritis, ketosis, mastitis and abomasum 
displacement, or improve serum Mg/P concentrations, pregnancy 
risk and milk yield.” 



The body of evidence does not support the idea 
that preventative and prophylactic calcium 
boluses improve cow health or production



Increased NEFA, Hyperketonemia, and 
Hypocalcemia…..CAUSE production and 

health problems

Traditional Belief

This is not just an ivory tower debate, it has pragmatic 
and economic consequences 



↓ DMI

Impaired 
Reproduction

KetosisDA

Decreased Milk Yield

Immunosuppression

Mastitis MetritisPneumonia Retained Placenta

Calving

↓ Calcium ↑ NEFA

↑ BHB



Paradigm Shifting Concept

Increased NEFA and Hyperketonemia are 
caused by immune activation induced  

hypophagia

Hypocalcemia is a consequence of 
immune activation

Low Feed Intake, high NEFA, 
Hyperketonemia and hypocalcemia 

are merely SYMPTOMS….a reflection 
of prior immune stimulation



Mycotoxins Mastitis Leaky Gut Metritis

Hypocalcemia

↑ NEFA

↑ BHB

Impaired 
Reproduction ↓ DMI

DA

Fatty Liver

↓ Milk Yield

LPS/Inflammation

Ketosis



Metabolic Flexibility:
Decreased Insulin Sensitivity

Glucose redirected to immune system

Baumgard and Rhoads, 2013

Unsuccessful Transition

LPS

Fatty Liver, Excessive Ketone Synthesis

I

Reduced DMI

↓ Ca



Days Relative to Calving
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Dry Matter Intake

Milk Yield

Milk Yield
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Calcium Healthy High 
Producers

Unhealthy

Healthy Low 
Producers

Dr. Megan Abeyta



Ketosis Scenario

 Two cows in the fresh pen
 10 DIM
 Multiparous

 Both are hyperketonemic (i.e. 1.25 – 2.50 mmol/l)



Ketosis: When (or if) to intervene?

 Treat:
 High ketones
 Not coming into milk
 Not aggressively eating
 Looks lethargic and melancholic
 Has a mild fever

 Don’t mess with
 High ketones….but she’s eating 

like a champion
 Milking like a world-record holder
 Looks great
 No fever

But treating with energy does nothing to address
the real problem…..somewhere…..immune-
activation is putting the clamp on appetite 

She’s the healthiest cow in the herd



Real World Example

ISU Dairy Farm
Spring of 2022
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Common Critique of My Message

 When PG is given, SHK cows produce more milk
 McArt et al., 2011
 2 out of 3 farms had increased milk yield when SHK cows given PG

 Lomander et al., 2012
 Shankare Gowda et al., 2015

 But inconsistent patterns. No effect of PG on milk in SHK cows
 Bors et al., 2013
 Ostergaard et al., 2020
 Capel et al., 2021



PG significantly decreased ECM



The body of evidence does not support the 
prophylactic practice of giving subclinical 

hyperketonemic cows PG

I’m not even convinced that therapeutic PG 
administration helps acute ketotic cows



Management Changes?

 Should we even be measuring blood ketones, calcium and rectal 
temperature during the transition period?
 Costs money and time
 Costs associated with the “treatment”
 Costs associated with improper treatment administration
 i.e. Propylene glycol inadvertently down the trachea

 Opportunity costs for that dedicated labor

 Instead pay more attention to feed intake (rumination/activity) and 
milk yield

The nutritionist is rarely to blame for 
transition cows problems.

High production can only occur in the 
absence of stress and morbidity



Immune Activation Causes Inflammation

 All transition cows are inflamed (just the magnitude differs)

 Inflammation appears before clinical disease (metritis, mastitis, “ketosis”)

 Immune activation causes hypocalcemia
 It’s clearly not the only reason for subclinical hypocalcemia

 LPS causes infertility

 Immune activation reduces feed intake
 It’s the simplest and most logical explanation for why some cows don’t eat well following 

calving

The immune system “pumps the brake” on feed intake 



Summary: Inflammation and the Transition Period

 These metabolic and mineral changes are not “dysfunctional”

 They are required to prioritize survival or required for maximum productivity
 They aren’t to blame (they’re not the cause) for poor productivity

 Our efforts should be in preventing immune activation in the first place
 Management
Minimize stress (overcrowding of prefresh and fresh pens, on time feed delivery, etc.)

 Hygiene
Minimize environmental pathogens (dry off procedure, dry environment, etc.)
 Pen cleanliness

 Dietary strategies
 Feed hygiene/pathogen binding 
 Prevent GIT disturbances
 Target molecules aimed and minimizing leaky gut
 Immune modulation

Profitable Production is a Consequence of Wellness



Immune activation

Decreased DMI

High NEFA Hyperketonemia

Fatty Liver

Mastitis/Metritis/Pneumonia/Leaky Gut

Causation

Hypocalcemia

Causation

Correlation

Infertility

Causation vs. Correlation: transition cow perspective

BCS Loss

Causation

↓ rumination

Causation
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Immune Activation (Haptoglobin) Precedes Clinical Disease

Huzzey et al., 2012
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Increased Haptoglobin Mirrors the Decreased DMI
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