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IV. Markers, variation and EPD accuracyPAP, HMD, FHD:

Alphabet soup of 
what we know, 
and don’t know, 
about genetics of 
pulmonary 
hypertension (PH)

Krafsur et al., 2019
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High Elevation (yellow to brown)
http://www.cgiar-csi.org
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Causes of hypoxia in mammals
• Altitude
• Exercise (endurance sports)
• Lung disease
• Heart disease
• Anemia (RBC)
• Blood flow restriction
• Tissue-metabolism (glycolytic)
• Obesity
• Etc.
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https://www.cabcattle.
com/research/
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Anecdotal Pics and 
Myth-Busters?
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1945. “TO Model.” Grand Champion 
Steer, Denver, 1945., weight = 965 
lbs; frame score 2.0

1984. Grand Champion Steer, Houston. 
Frame score of 10.
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2015. Grand Champion Steer, NWSS.

$100,000.
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Heart-lung Alphabet and Semantics
• PH
• RV
• PAP
• HMD (brisket disease)
• FHD (late feedlot death)
• BRD (BRSV)
• G-EPD
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Pulmonary Arterial Pressure (PAP)
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Distribution of 
yearling PAP 
Scores; n = 5659 
(bulls, heifers, steers; 
Zeng, 2016).

Low risk; ≤ 41 mmHg; 50.8%
Moderate risk ≥ 42 to ≤ 49 mmHg; 38.1%
High risk >50 mmHg; 11.1%
(Holt and Callan, 2007)
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Animals
Altitude 

(m)
mPAP

(mmHg)
Range

(mmHg)
Reference,

etc. 
Angus fattening steers; n = 100 1,400 54.1 ± 2.7 42-143 Krafsur et al., 2017

Neary et al., 2015

Yearling Angus bulls; n = 1397 2,200 45.8 ± 0.3 29-139 Zeng et al., 2016

Yearling bulls at 4C; n = 2,426 2,200 45.1 ± 0.8 29-145 Crawford et al., 2017

Mature Angus cows; n = 44 2,200 42.8 ± 0.8 31-55 Bailey et al., 2016

Yearling Angus heifers; n = 3489 2,200 41.4 ± 0.2 22-135 Zeng et al., 2016

Yearling Angus stockers; n = 773 2,200 41.1 ± 0.2 27-138 Zeng et al., 2016

Angus-crossed cows, n = 49 0 34 ± 0.5 28-41 Holt, personal comm.

Mature American Bison; n = 6 2,280 29.8 ± 0.8 28-34 Holt, personal comm.

Mature Himalayan Cow; n = 6 3,720 26.5 ± 1.4 24-30 Anand et al., 1986

Mature Himalayan Yak; n = 6 3,720 20.2 ± 1.4 18-21 Anand et al., 1986

Healthy Human, (meta-analysis) ≤ 400 25 15-35 Bossone et al., 2013

Human hypertension (meta-analysis) ≤ 400 >35 15-70 Moraes et al., 2000

1 2 3

4 5
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Study Heritability Breed
Enns, et al. 1992 .46 Angus (Seedstock, registered)
Shirley et al. 2008 .34 Angus (Seedstock, registered)
Crawford et al. 2016 .25 Angus (Seedstock, research)
Zeng, 2013 .56 (weaning)

.31 (yearling)

.67 (genetic
correlation)

Angus (Seedstock, research)

Pauling et al. 2018 .25 Angus (AAA)
Culbertson et al. 
2018

0.29 7 breed composites
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Natalie Crawford Thesis, 2015

Crawford et al., 2015 (thesis); 2016 (J. Anim. Sci.) 
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Natalie Crawford Thesis, 2015
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Natalie Crawford Thesis, 2015
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CHF Bloat Enteritis Intestinal Disorder Peritonitis

Cause of Death

U.S.A. Canada

Days on feed to 
death in 10 
Canadian and 5 
U.S. feedlots 
feedlots over the 
years 2000, 2004, 
2008 and 2012.

Neary, J. M., B. K. Wildman, C. W. Booker, and P. S. Morley. 2015b. Right-sided 
congestive heart failure in North American Feedlot cattle. 
J. Vet. Intern. Med. 30:326-334.
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Angus Bulls-Growth/Health at High Altitude (~2,100 m).
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Angus steers-Growth/Health at High Altitude (~2,100 m).

Canovas et al., 2016. Most significant pathways identified in RV tissue 
using the list of DE genes (inflammation, metabolism, remodeling, etc.). 
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Panels A and B are distribution of 
mPAP (mmHg) and hot carcass 
weight (HCW; kg; n = 903). 

Panel C is the regression of HCW 
on mPAP adjusted for age, 
contemporary group, and 
slaughter date. mPAP values are 
stratified as low, (blue) , moderate 

(black) , and high, (red symbols)
(> 49 mmHg). 

Model terms were significant (P < 

0.05).
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Natalie Crawford Thesis, 2015

Krafsur et al., 2019
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New Funds:

Metabolism and inflammation predict 
cardiopulmonary outcomes in fattening 
beef cattle. USDA-NIFA (2018-67015-
28241). 
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1. Angus-cross steers.
2. Herd with History of FHD.
3. Moderate elevation (Eastern 

Colorado)
4. Cooperator of ECRC.
5. No  prior BRD in challenge 

group

Milt Thomas,  J. E. Rouse Chair

Weight (7 wt):PAP; r = 0.06
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Change in PAP from 12/10 to 3/18 
(n=107)

Change in PAP from 12/10, 3/18 to 5/31
(n=107)

X
X X XXX
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Conclusions: 
1. PAP is an indicator trait of hypoxia-induced pulmonary 

hypertension (PH) in cattle (Bos taurus).
2. PAP has a moderate h2 and is polygenic.

3.High mountain disease (HMD) is the fatal consequence 
of right ventricle heart failure.

4. Feedlot heart disease (FHD) appears to involve right 
and left cardiac ventricle.

5. AAA-AGI released PAP EPD (> 6,000 ft).
6. We have a lot to learn about mid-late feeding 

mortalities in finishing cattle!
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Questions

Krafsur et al., 2019


