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Table 3. Pearson’s chi-squared analysis of EPAS1 diplotypes among cases 
and controls.

EPAS1 diplotypea

1,1 1,2 1,3 1,6

Disease status Obs. Χ2 Obs. Χ2 Obs. Χ2 Obs. Χ2 Totals

Affected 43 0.05 11 0.67 30 0.34 8 1.07 92

Unaffected 45 0.05 6 0.69 36 0.35 3 1.09 90

Totalsb 88 17 66 11 182

aDiplotypes not shown had less than ten total observations and thus were omitted from the 
analysis.

bThe chi-square statistic was 4.3 and the p-value was 0.23.

Table 4. McNemar’s test with EPAS1 T606/S610 
and Q270 variants.

Risk factor presenta

Matched pairsb T606/S610 Q270

Case (1), Control (0) 19 pairs 10 pairs

Case (0), Control (1) 26 pairs 5 pairs

Odds ratio 0.73 2.0

p-value 0.37c 0.30c

95% CI 0.38 - 1.4 0.62 - 7.4

aThe risk factor was defined as having one or two copies 
of the EPAS1 variant.
bThe ‘(1)’ and ‘(0)’ indicate the presence or absence of 
the risk factor, respectively.
cThe p-value is the probability of observing this 
distribution of discordant pairs if there was no 
association between risk factor and disease.

discordant pairs having the T606/S610 variant, the sample size of 
102 pairs achieved 80% power to detect an odds ratio of 2.5 using a 
two-sided McNemar test with a significance level of 0.05. 
Frequencies of three other EPAS1 haplotype variants (Q270, L362, 
and G671) were less than 0.05 and too rare to analyze with a 
McNemar test. Thus, an association with EPAS1 haplotype  
variants was not detected with BCHF in these cattle.

Discussion
The present report describes a set of 102 clinical cases of  
BCHF and their matched controls collected from U.S. feed-
lots where outbreaks were severe and ongoing. Genetic analyses 
of EPAS1 variants did not show an association with BCHF. This 
result was significant because cases were closely matched with  
unaffected penmate controls from the same source, sex, breed 
type, arrival date, and management conditions. In some pairs, 
ear tag information suggested that animals shared the same sire.  
Case-control studies are a common and efficient means of 
studying diseases with a low prevalence and the McNemar’s  

test is the appropriate statistical test for use on paired nominal  
data15. A major advantage of the present design was the abil-
ity to increase the frequency of a potential genetic risk factor 
with relatively few participants (102 cases), while still evalu-
ating more than 10,000 animals per feedlot site for disease.  
Nevertheless, results presented here suggest it is unlikely that 
genetic variation at the EPAS1 locus was a significant genetic risk 
factor for BCHF in these cattle.

The lack of EPAS1 association with BCHF is inconsist-
ent with that reported in 2015 by Newman et al. for cattle with  
high-altitude pulmonary hypertension8. However, there were 
important differences in the cattle types, age, environment, and 
clinical definitions between the two studies. Animals in the 2015 
study were mature, pastured cattle, maintained at 1,478 to 2,618 m, 
and had pulmonary arterial hypertension, as measured by heart 
catheterization. In the present study, animals were yearling steers 
and heifers, raised and fattened at approximately 1,200 m, and had 
end-stage heart failure. Thus, it is possible that the animals 
in these respective studies are suffering from similar but different 
diseases. Another possibility is the cattle described by Newman 
et al. were affected by a right-sided ventricular heart failure ini-
tiated by hypobaric hypoxia, whereas the cattle in the present 
study had a left-sided ventricular failure, resulting in tissue 
hypoxia and subsequent BCHF. The latter was reported in 2019 
in cattle fattened at 1,200 m suffering end-stage heart failure6. 
However, it is unknown whether the disease pathogenesis was a 
distinguishing factor in these studies. One remarkable feature of 
the BCHF clinical cases in the present study were those display-
ing signs of the disease at feedlot arrival and soon after. This is 
consistent with the hypothesis that fattening is not the 
underlying cause of disease in these cattle.

Conclusions
Protein variants encoded by EPAS1 haplotypes were not 
significantly associated with BCHF in fattened cattle at moder-
ate altitudes in the North American Western Plains. Thus, identi-
fying the genetic risk factors underlying this form of the disease 
may require a wider search.
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Data availability
Underlying data
Figshare: Table S1. Metadata and phased EPAS1 diplotypes 
for 102 case-control pairs. https://doi.org/10.6084/m9.figshare. 
8862089.v116 

Extended data
Figshare: Table S2. Summary of 36 possible EPAS1 diplotypes 
and their frequency in cases and controls. https://doi.org/10.6084/
m9.figshare.8862152.v117 

Figshare: Table S3. EPAS1 haplotype frequencies in cases and 
controls. https://doi.org/10.6084/m9.figshare.8862179.v118 

Figshare: Table S4. EPAS1 risk factor scoring used in 
McNemar’s Test with 102 matched pairs. https://doi.org/10.6084/
m9.figshare.8862200.v119 

Data are available under the terms of the Creative Commons 
Zero “No rights reserved” data waiver (CC0 1.0 Public domain 
dedication).
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The aim of the study described in this manuscript was to evaluate a known genetic risk factor for
BCHF in feedlot cattle raised at moderate altitudes by screening of  haplotypes in pairedEPAS1 
cases and controls.
 
BCHF is a costly health problem for cattle producers in the Western Plains with losses exceeding
$250,000 annually and a 11 in 10,000 animal mortality rate. Consequently, reducing the impact of
BCHF is a high priority. A potential genetic risk factor for BCHF was reported in 2015 for cattle with
high-altitude pulmonary hypertension (1,478 to 2,618 m) but it was unclear at the outset of this
study whether this genetic risk was also prevalent in feed-lot cattle at moderate altitudes. 
 
The authors indicate that "Affected cattle were typically bred and managed with the aim of
achieving high carcass quality." Presumably this could indicate there is some pleiotrophic effect of
a gene influencing both traits and/or other concomitant traits? Or at least breeding for high carcass
quality or other traits might be antagonistic to BCHF prevalence? As such measuring gene
expression in lung, liver and heart in affected and unaffected animals in future studies may yield
additional information particularly in the pathways that are involved in the disease; I assume the
authors might already be working on this. 
 
The experimental design is clear but defining “pen-matched” and “pen mate” unaffected controls at
the first mention in the animal and study design would be helpful to the reader. 
 
When the authors indicate that when an animal died naturally this “provided a window of
opportunity to collect fresh samples immediately after euthanasia.”, could they provide details of
which tissues they collected? Were tissues collected for RNA as well as DNA for genotyping?
Presumably samples were also collected for pathology but this isn’t mentioned here.
 

Similarly for “Control tissue samples were collected from non-affected penmates”, was this just ear
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Similarly for “Control tissue samples were collected from non-affected penmates”, was this just ear
tissue as mentioned in the methodology or other tissues, which could be used for RNA-Seq and
gross pathology/histology?
 
“Hearts, livers, blood, and ear notches from unaffected cattle were collected during
federally-inspected beef processing at the U.S. Meat Animal Research Center abattoir from six
purebred Angus heifers raised and fattened at 578 m and 15 purebred Angus cows maintained for
breeding at 578 m.” It needs to be clear from this sentence that these were for visual and gross
morphological comparison with affected BCHF organs, as this only becomes obvious in Figure 1.
 
Similarly in figure 2 it is clear that heart and liver were collected to assess gross morphological
differences between affected and unaffected animals but this isn’t clear from the animal and study
design section. 
 
As a general comment to summarise the above comments relating to the sample collection could
the authors clarify in the animal and study design section which tissues were collected and from
which groups of animals in the text, and provide additional details in the form of a table in
"underlying data" if necessary? This is particularly important because as the authors suggest the
samples and information from these cattle are themselves a very useful resource for studying the
disease, and knowing exactly which samples have been collected might reduce the chance of
duplicated effort in the future.
 
Technically I believe the results section of this manuscript is sound. The methodology for
genotyping using a custom iPLEX gold genotyping array for the six EPAS1 missense SNPs has
been evaluated in previous studies by the authors and to the best of my knowledge the statistical
tests used to analyse the results have been interpreted accurately. 
 
In the discussion the authors mention “In some pairs, ear tag information suggested that animals
shared the same sire.” What was the proportion of the total number of animals that shared the
same sire? Is it possible to determine how many different sires produced the 102 cases and
matched pairs? Were any animals included in the study twins? I am not sure of the twinning rate in
these cattle, I assume it might be quite low, but are there ever cases where one twin is affected by
BCHF and the other unaffected?
 
The lack of an association with the  haplotype variants and BCHF, in the feed lot cattleEPAS1 
raised at moderate altitude included in this study, is a negative but nevertheless important result,
that will be informative to producers, given the importance of BCHF. 
 
This is a well-designed and executed study that has been presented clearly and informatively by
the authors.
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