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Abstract
Copper (Cu), selenium (Se) and manganese (Mn) concentra-
tions in 1,490 beef and dairy cattle livers submitted to the Cali-
fornia Animal Health & Food Safety Lab System (CAHFS) lab-
oratory between 2012 and 2021 were analyzed. The aim was to 
compare the correlation patterns of hepatic Cu, Se and Mn in 
neonates, adolescents and adults for selected pathologies and 
diseases. Deficiencies were more common in beef than dairy 
cattle, accounting for 33.5% (287/855) and 5.2% (33/635) for Cu, 
46% (385/836), and 9.8% (62/630) for Se. Conditions in beef that 
were rare or absent in dairy were anaplasmosis, histophilosis, 
nutritional myopathy, Foothill abortion, Johne's disease and 
sudden death attributed to severely deficient copper. Bovine 
respiratory disease (BRD) was diagnosed in beef and dairy 
cattle, with 14.4% (123/855) and 14.5% (92/635) cases, respec-
tively. However, the number of BRD cases deficient in Cu or Se 
was 68.3% (84/123) and 10.8% (10/92) for beef and dairy cattle, 
respectively. Salmonellosis and scours were rare in beef cattle, 
but were the 2 most common diagnoses in dairy cattle, with 
21.1% (134/635) cases (111 in group D1, 22 in groups B and C), and 
16.4% (104/635), respectively. All dairy cases diagnosed with 
Salmonella Group D1 (most likely S. Dublin) ranged between 5 
and 240 days of age. Copper and selenium deficiencies were ex-
tensive in beef but not in dairy cattle. Conditions, such as BRD 
in adult beef and poor BRD vaccination response in beef calves, 
were more likely to occur when Cu and/or Se were deficient. 
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Introduction
Micromineral (MM) deficiencies are pervasive challenges 
for livestock producers and veterinarians. Subclinical defi-
ciencies might be a more extensive problem because specific 
clinical symptoms are not evident enough to recognize the de-
ficiency, which probably increases economic losses.1 The re-
quirements for minerals and vitamins for optimizing immune 
function are compromised first, followed by a reduction in 
growth and reproductive performance. The latter decreases 
before apparent signs of mineral deficiency.1,2,3,4 Consequent-
ly, it can be reasoned that classical clinical signs might repre-
sent only a small part of the overall features of micromineral 
deficiencies. The “iceberg concept” in epidemiology describes 
the situation of micromineral deficiencies, where a large per-
centage of the problems (immunity, growth, reproduction, 
uptake and metabolism) are subclinical or otherwise hidden 
from view, and only a few individuals (“tip of the iceberg”) are 
apparent to the producer and veterinarian.5,6

Many combinations of microminerals and macrominerals af-
fect nutrient deficiencies, disease susceptibility, fertility, ges-
tation abnormalities, scours, weight gain, toxicity and other 
problems in cattle and other ruminants.7 Most have been statis-
tically inadequate in determining interactions due to low ani-
mal numbers and confounders, such as the lack of individuals’ 
micromineral intakes or samples from inappropriate tissues, 
like urine or serum. For example, concentrations of Cu, Se and 
Mn were inadequate in a high percentage of sera, although se-
rum levels are maintained until liver reserves are exhausted.8,9 

A survey of 555 beef cattle across California found that serum 
Cu (28%), Se (12%), Mn (92%), zinc (Zn, 32%) and iron (Fe, 52%) 
concentrations were below their critical concentration; yet, 
“copper levels were probably elevated”9 over liver depleted by 
maintaining serum levels. Excess liver levels of one micromin-
eral (MM) can cause a deficiency of others, such as antagonism 
of copper by excessive dietary Fe,9 molybdenum (Mo), and sul-
fur (S).10,11,12,13 Organ responses differ, such as a high correla-
tion between Cu and Mn in the kidney, but not in the liver.11 

Given the potential for adverse health consequences, produc-
ers need to know the extent of deficiencies in a herd. This 
study focuses on the magnitudes, directions and patterns of 
correlations for selected hepatic microminerals. We inter-
rogated a diagnostic database to identify conditions with a 
strong micromineral relationship. This sequence reverses the 
usual epidemiological order of determining MM concentra-
tions associated with a specific disease.

Our interest in micromineral correlations arose from stud-
ies proposing that gestational deficiency of Mn, with or with-
out other microminerals, caused gestational death and fetal 
abnormalities, such as congenital joint laxity and dwarfism 
(CJLD).14,15 Some studies reported concentrations without cor-
relations.1,9,16,17 Some correlations for non-normal (skewed) 
data were misinterpreted as Pearson correlations when they 
were Spearman rank correlations. Most studies did not ac-
knowledge that significant correlations between two miner-
als, symbolically i and j (Table 1, for example, Mi=Cu and Mj=Se), 
implied that both contributed to the disease.10,12,13,16,17,18 

Our primary objective, based on a qualitative assumption 
of micromineral homeostasis, was to determine if the cor-
relation patterns of hepatic Cu, Se and Mn for diseases in the 
California Animal Health & Food Safety Lab System (CAHFS) 
diagnostic database at different ages would be similar for beef 
and dairy cattle. Secondary hypotheses conjectured about the 
CAHFS data from published descriptive statistics were: 1) not 
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all covariances or correlations could be equal or zero, 2) dif-
ferences in the metabolic requirements with age would result 
in dissimilar patterns between some age classes in the same 
production class, 3) binary correlations of the deficiency sta-
tus of two microminerals would be small, i.e., a deficiency of 
one micromineral did not presage deficiencies in others.

Materials and methods
One author (DV) had assembled a library on microminerals 
from the CAHFS diagnostic data during a stay as a visiting 
scholar invited by Dr. Poppenga. The others' compilation of 
statistics included clinical and environmental health in pets, 
production and wildlife species. The collections were devel-
oped using statistics and physiology monographs, cited refer-
ences, commercial search services that predated the internet, 
government documents, and statistical software documenta-
tion (from 1970 onwards), as well as Google, Google Scholar, 
PubMed, CABI Digital Library and Chemical Abstracts. We 
searched the collections for covariance matrix, correlation ma-
trix, matrix pattern or structure, microminera, and trace miner-
als; refining terms were equality, ruminant, cattle, liver, hepatic, 
blood, serum, plasma and specific elements in various combina-
tions. Most discovered papers were irrelevant, involving genet-
ic correlations or diet, for example. Specific coding questions 
used focused searches of examples for SAS (Statistical Analysis 
System, Cary, NC) documentation.

Animal care 
This research used the CAHFS database and published data 
and did not involve animals.

CAHFS data
We downloaded 855 beef and 635 dairy cattle cases from the 
CAHFS diagnostic database, which contains tissues submitted 
between 2012 and 2021 by owners or veterinarians for pathology 
and micromineral analysis. The CAHFS laboratory employed 
standardized protocols and quality control measures. The crite-
ria for inclusion in this research were a whole animal necropsy 
or a complete set of tissues, diagnosis, age, production class 
(beef or dairy), breed, hepatic Cu, Se and Mn concentrations 
(ppm ww), pathology diagnosis, and supplemental pathology 
comments. Exclusion criteria included an advanced stage of au-
tolysis that precluded postmortem examinations or a history of 
multivitamin administration. The records did not include diet, 
housing or management. All variables not explicitly specified in 
an ANOVA model (e.g., condition, breed, diet, housing) are im-
plicitly represented in the covariances and correlations.

Puls’ criteria were followed to establish deficient, normal and 
high liver concentrations.20 Copper ≤ 24 ppm ww was deficient, 
25-100 ppm ww was normal, and ≥ 101 ppm ww was high. Seleni-
um ≤ 0.24 ppm ww was deficient, normal was 0.25-0.50 ppm ww, 
and high was ≥ 0.51 ppm ww. Manganese < 2 ppm was deficient. 

Statistical methods
File creation and basic statistics
The CAHFS data was imported into SAS 9.4 (SAS Institute Inc., 
Cary, NC). The minimum, maximum, mean, median, stan-
dard deviation, skewness, kurtosis and Shapiro-Wilk and An-
derson-Darling normality tests were used as descriptive statis-
tics for each production class, age class and all cases. 

Binary-coded liver concentrations (deficient = 1, normal + 
high = 0) were cross-tabulated. Age distribution (days) com-
parisons for all beef and dairy used normal and lognormal 
probability plots. Spearman and Pearson correlations of age, 
Cu, Se and Mn (ppm ww) were determined for all dairy and 
beef cattle. Micromineral (MM) concentrations were on differ-
ent scales, and the subsets being analyzed were standardized 
within their product class to have a mean of 0 and a standard 
deviation of 1. We labeled the absolute correlation values as 
follows: 0 to 0.19, “very weak”; 0.2 to 0.39, “weak”; 0.40 to 0.59, 
“moderate”; 0.6 to 0.79, “strong”; and 0.8 to 1.0, “very strong”. 
Most correlations were “very weak” or “weak”. Venn diagrams 
of standardized MM concentrations visualized micromineral 
relationships for selected pathologies. Odds ratios for a pa-
thology compared dairy vs. beef and each MM as deficient or 
normal-high within each product class.

Results
The leading beef breeds were Angus (n = 431) and crosses 
(n = 388), while the dairy breeds were Holsteins (n = 432) and 
Jerseys (n = 189; Table 1). Concentrations of Cu, Se and Mn, 
production class (beef, dairy), and age class were available 
for 1,297/1,490 cases. Age was missing for 192 of 857 (22%) beef 
cattle and 88 of 638 (13.8%) dairy cattle. Average Mn concen-
trations (ppm) were similar for all deficient and normal cattle: 
BRD (8.7, 9.2), undetermined (3.6, 5.2), scours (3.1, 4.3), septi-
cemia (2.1, 2.7), and salmonellosis (1.9, 5.0). Frequencies of de-
ficiency for combinations of Mn, Cu and Se for beef and dairy 
cattle are shown in Table 2.

We did not identify any papers that compared the correlation 
patterns of microminerals in ruminants. Most correlations of 
the CAHFS data were “very weak” or “weak,” and Spearman 
correlations slightly exceeded Pearson. The Spearman and 
Pearson correlation patterns differed between (e.g., all cases 
or conditions) or within product classes (e.g., age). The correla-
tions between BRD counts in beef and dairy were Spearman 
R = 0.46 and Pearson R = 0.81 (Figure 1). Spearman correlation 
matrices differed between beef with no deficiencies and those 
with at least one deficiency. The adolescent and adult correla-
tion matrices were similar and differed from the neonate ma-
trix (Pχ2 = 0.0049). The Spearman correlation coefficients for 
beef age were Se (-0.12), Cu (-0.26) and Mn (0.28), and for dairy, 
they were Se (-0.030), Cu (-0.013) and Mn (no data). Our random 
sampling study and correlations for BRD in beef and dairy cat-
tle supported the hypothesis that the MM matrix for a disease 
was reproducible for samples of more than 50 per group. The 
numbers of beef and dairy cattle with their respective liver Cu 
and Se concentrations, according to their mineral status (defi-
cient, normal, excess), are shown in Figures 2 and 3. The num-
ber of deficient Cu and Se beef cases is probably underestimat-
ed if we consider that pre-ruminant calves rely on their liver 
birth stores to supply MM in the first months of life, while they 
are nursing and diluting stores due to rapid weight gains.

The classical signs of deficiency in beef cattle were rare: sud-
den death due to low copper levels (< 10 ppm ww) occurred in 
14 cattle, nutritional myopathy due to low selenium levels in 
21, or congenital defects resulting from low manganese (Mn) 
levels in 12. Primary diagnoses for 645 beef cattle were iden-
tified in 34%, 50% and 16% of neonates ≥ 1 day old, juveniles 
(≤ 370 days) and adults (Pχ2 < 0.01). The primary diagnoses for 
534 dairy cattle were 15%, 46% and 39%, respectively. Causes 
of death were “undetermined” in 25.3% (168/664) of beef and 
18.8% (89/474) of dairy cases. 
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Table 2: The number of beef and dairy livers deficient in 0, 1, 2 or 3 microminerals (copper (Cu), selenium (Se) and 
manganese (Mn)).

Micromineral deficiencies Beef (n = 857) Dairy (n = 638) All (n = 1,495)

No microminerals are deficient 231 350 581

At least one micromineral is deficient 626 288 914

All deficiencies by micromineral

Cu 285* 32 317

Se 390 66 456

Mn 331 235 566

Only specified micromineral deficient

Cu 45* 8 53

Se 130 34 164

Mn 147 203 350

Cu & Se 120 11 131

Cu & Mn 44 11 55

Se & Mn 64 19 83

Cu & Se & Mn 76 2 78

*Of the 285 beef cattle with copper deficiencies, 45 were deficient only in Cu, while others were also deficient in Se and/or Mn.
 

Figure 1: Venn diagram for BRD in 113 beef and 85 dairy cattle without missing concentrations. Each MM was standardized 
by product class to have a mean of 0 and a standard deviation of 1. The distribution of standardized concentrations in 
overlapping segments is similar for both dairy and beef cases, as indicated by Pearson’s correlation coefficient of 0.81 
and Spearman’s correlation coefficient of 0.46. 

Beef BRD Dairy BRD

(3.6) (3.6)

(4.5%) (4.5%)

(1.8%) (1.8%)(7.1) (7.1)

(42.0%) (42.0%)

(23.2%)(23.2%)

(13.4%) (13.4%)

4 5

5

482

47

26

15 18

35

191

0

(Mn) (Mn)

(Cu) (Cu)(Se) (Se)
Outside union - 5 (5.0%) Outside union - 3 (5.0%)

 



THE BOVINE PRACTITIONER  |  VOL. 59  |  NO. 2  |  2025 65© COPYRIGHT AMERICAN ASSOCIATION OF BOVINE PRACTITIONERS; OPEN ACCESS DISTRIBUTION.

Figure 2: Copper liver concentrations in beef and dairy cattle submitted for diagnosis to the California Animal Health and 
Food Safety Laboratory System between 2012 and 2020 (n = 855 beef, n = 635 dairy).
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BRD was the most common cause of mortality in beef (14.4%, 
123/855) and the third most common cause in dairy (14.5%, 
92/635). The type of pathogens identified and number of cases 
of BRD for beef and dairy BRD are shown in Table 3 in de-
creasing order of frequency. Two differences were a median 
age of 8 months for beef and 3 months for dairy. The number 
of BRD cases deficient in Cu and Se was 68.3% (84/123) for beef 
and 10.8% (10/92) for dairy cattle. There were 25 beef cases 
with BRD in adults (≥ 730 days of age), and most were deficient 
in one or more of the following nutrients: copper (4), selenium 
(4), and both copper and selenium (11). Vaccination history 
against BRD pathogens was provided in 16 beef cases aged 150 
to 390 days, there was severe deficieny in both Cu and Se in 10 
animals, and 6 others had either a Cu or Se deficiency. Condi-
tions diagnosed in beef (number in parenthesis), but rare or ab-
sent in dairy, were histophilosis (n = 30), anaplasmosis 
(n = 29), white muscle disease due to Se deficiency (n = 21), 
Johne's disease (n = 16), sudden death with low copper (n = 14), 
and Foothill abortion (n = 12). Scours were rarely diagnosed 
in beef cattle, with 2.3% (20/855) of cases, but was the second 
most common condition in dairy cattle, at 16.4% (104/635) of 
cases. The median age of neonatal calves affected with scour-
ing pathogens was 10 days for dairy and 5.5 days for beef. 
When analysis for post-colostrum IgG intake was performed, 
partial or total failure of passive transfer was diagnosed in 
21 of 34 dairy calves and 19 of 27 beef calves. In total, a fail-
ure of passive transfer was found in 65.5% (40/61) neonatal 
calves that died from scours or bacterial septicemia in the 

first weeks of life. Salmonellosis was the most frequent diag-
nosis in dairy cattle (107 in group D1, 21 in groups B and C), but 
it was only diagnosed in 8 beef cases (5 in group B, 2 in group 
D1, and 1 in group C1). The median age of dairy calves affected 
with Salmonella Group D1 (most likely S. dublin) was 60 days, 
and no cases were older than 240 days, except for one adult 
cow that was severely deficient in copper and selenium. The 
most common diagnosis of Salmonella Group D in dairy calves 
was septicemia, characterized by severe systemic and diffuse 
necrosuppurative and fibrinous inflammatory lesions in mul-
tiple organs and intravascular fibrin thrombi. When the case 
history was provided, high rectal temperatures, death in 24 
hours with or without diarrhea and respiratory signs, and sud-
den death were the most common signs.

Of the 244 dairy cattle with one deficiency (Table 2), the most 
frequent diagnoses were BRD (n = 55, 22.5%), Salmonella (n = 34, 
13.9%), scours (n = 40, 16.4%), septicemia (n = 15, 6.1%), and un-
known + undetermined (n = 35, 14.3%). Of the 353 dairy cattle 
without deficiencies, the most frequent diagnoses were BRD 
(n = 67, 19.0%), Salmonella (n = 72, 21.5%), scours (n = 61, 17.3%), 
septicemia (n = 22, 6.2%), and undetermined or unknown 
(n = 50, 14.2%). Scouring pathogens were diagnosed in 1 ju-
venile and 103 neonatal dairy cattle. Some conditions with a 
statistically significant odds ratio of deficient MM are listed 
in Table 4, and the frequency (%) of conditions with excess Cu 
and Se is presented in Table 5.
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Table 3: The number of cases with bovine respiratory disease complex pathogens identified in California cattle 
(n = 168 beef, n = 130 dairy†). 
                                              

Pathogen Number of cases in beef* Number of cases in dairy* Total

Mannheimia haemolytica 73 50 123

Mycoplasma bovis 54 27 81

Pasteurella multocida 34 21 55

Histophilus somni 28 14 42

BRSV 27 16 43

BVD 14 3 17

Trueperella pyogenes 12 22 34

Streptococcus spp. 5 4 9

Mycoplasma bovirhinis 4 2 6

Salmonella Group B 2 0 2

Salmonella Group D1 0 3 3

Parainfluenza 1 1 0 1

IBR 0 2 2

*	 Note: Combinations of all the above pathogens were present in all cases, so the numbers for each pathogen cannot be added together.
†	 The overall number of cases of BRD is slightly higher than reported in the text because it includes other comorbidities not 

associated with respiratory pathogens (i.e., heavy parasitism by coccidiosis and trichostrongylosis).
*

Figure 3: Selenium liver concentrations in beef and dairy  cattle submitted for diagnosis to the California Animal Health 
and Food Safety Laboratory System between 2012 and 2020 (n = 836 beef, n = 630 dairy).
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Table 4: Odds ratios (OR) for deficient versus normal + high for hepatic copper (Cu), selenium (Se) and manganese (Mn) in 
beef vs. dairy cattle for selective diagnoses.*

Diagnosis

Odds ratios (OR) for normal vs. deficient Odds ratios for all beef vs. dairy

Beef Dairy Beef vs. Dairy

Cu Se Mn Cu Se Mn Cu Se Mn

Anaplasmosis 0.67 3.2 0.54 No cases Most or all are beef

Bloat 2.3 2.3  No cases Most or all are beef

BRD alone 0.37* 0.72 0.65 1.67 1.26 0.72 0.026* 0.086* †

BRD 
(± other conditions) 0.32 0.53* 0.67* 1.85 0.96 0.86 0.029* 0.070* 0.6

Coccidiosis 0.38& 0.95 2.21 † 0.57 0.9 † 0.225‡ 2.14

Congenital defects 1.51 1.42 0.13** † † 0.35 † † 0.33

Myocardiopathy 
with low selenium 2.78  0.92 0.10&  1.41 2.75 † 0.58

Omphalitis † 5.17 3.21 † 0.7 †    

Scours † 0.20* 0.92 0.16& 0.68 9.99 † 0.47 0.96

Septicemia (E. coli) 0.42 0.36 8.71 1.36  1.07 0.33  0.76

Sudden death with 
low copper

† 2.16 0.37 † 8.71 1.42 † 0.56 3.33

*	 Significant (P < 0.05) 
†	 One or more counts = 0
‡	 P < 0.1

 

Table 5: Percentage of total cases with excess copper, selenium or both (ppm) with the disease. The high concentration of 
Mn is above 1,000 ppm, which is 1-3 orders of magnitude greater than the tissue. 

 Frequent high 
concentrations Copper Selenium Copper and Selenium

 Beef Dairy Total Beef Dairy Total Beef Dairy Total

Total 74 201 275 149 232 381 34 139 173

Scours 5 40 45 8 35 43 4 26 30

Bovine respiratory disease 4 36 40 22 35 57 2 24 26

Salmonellosis 0 13 13 0 20 20 0 11 11

Septicemia E. coli 6 7 13 5 5 10 1 4 5

Coccidiosis 1 8 9 2 9 11 1 6 7

 

Comorbidities were implicated in 117 deaths. At least 10 cases 
for all cattle (beef and dairy combined) were reported for BRD 
and salmonellosis (n = 20), BRD and BVD (n = 16), BRD and coc-
cidiosis (n = 15), BRD and trichostrongylosis (n = 13), and sal-
monellosis and scouring pathogens (n = 11).

Discussion
Nutritional diseases have a complex, multifactorial etiol-
ogy.21,22,23,24,25 We infer from epidemiology that if specific 
microminerals are “necessary and sufficient”17,22 to cause a 
specific disease, the matrix pattern should be dissimilar for 
healthy and diagnostic cases. Disentangling correlated risk 

factors in managed herds can be complex, and diagnostic 
cases often require additional assumptions to account for 
unknown histories, diets and husbandry practices. Further-
more, the interpretation of ANOVA differs for transformed 
data; for example, the analysis of logarithms involves the 
multiplication (not addition) of the arithmetic values. Produc-
tion and research herd studies often use non-probability “con-
venience samples” to demonstrate that deficiency rates are 
high for cases (sensitivity) and low for noncases (specificity). 
However, a herd is often smaller than is statistically required 
to conclude that most cases, but few noncases, have both min-
eral deficiencies and the associated disease.
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Correlation matrices of MM-associated diseases and mineral 
status (deficient or normal/high) differ for beef and dairy 
cattle. The CAHFS data did not include healthy cattle. Tissue 
interactions include a secondary tissue deficiency of Cu and 
Se, reported to be caused by decreased dietary availability 
with increasing dietary Mo.10,11,12,26 Tissue Cu levels are very 
low when dietary Zn levels are high and accumulate to toxic 
levels when dietary Zn is very low.11,12,13 High dietary Cu can 
be attenuated with added Se.11,12,27 Contrarily, metabolic inter-
actions between Se and Cu decrease the toxicity of selenium 
alone.27 Some interactions are tissue-specific, such as Cu with 
Se (R = 0.43), Zn (R = 0.33) and Mn (R = 0.46) in the kidney 
(R > 0.3) but not the liver, and copper with lead only in the 
liver (R = 0.88).12 

Correlations are not causal relationships. Epidemiologi-
cal causality studies compare micromineral concentrations 
and correlations in sick and healthy herds using a tolerance 
threshold for the condition.16,17 The limitation is that most dis-
eases are multifactorial, in which environmental, infectious 
agents, nutrition (not just micronutrients) and management 
factors predispose individuals to disease. Nonetheless, these 
studies are commonly used to associate subclinical micromin-
eral deficiencies with increased pathologies at the herd level 
compared to healthy herds. One study reported that inad-
equate copper status was not associated with adult disorders 
in pregnant females but was a significant risk factor for poor 
calf performance (e.g., growth retardation, OR 10.9) or health 
(perinatal mortality, OR 4.0; diarrhea, OR 3.6; vaccination fail-
ure, OR 5.0; heart failure, OR 9.4).16 Se deficiency was associ-
ated with adult female disorders (e.g., lower fertility, OR 2.5; 
abortion, OR 6.3; retained placenta OR 5.9; metritis, OR 2.7) 
and calf disorders (growth retardation, OR 5.3; perinatal mor-
tality, OR 30.8; diarrhea, OR 13.8; vaccination failure, OR 15.4; 
nutritional myopathy, OR 77.5).16,17 

The extent to which deficiency compromises vaccine efficacy 
has been rarely investigated.28,29 Sixteen beef animals vacci-
nated for BRD pathogens developed BRD. Selenium and cop-
per were severely deficient in 10 animals, and 6 others had 
either a Cu or Se deficiency. Twenty-five adult beef (> 730 days 
old) developed BRD; 19 had severe Cu and/or Se deficiency. 
Injecting MM improved BRD vaccination responses.29 Severe 
scours in dairy cattle were attributed to deficient Se,29 Mo 
toxicosis,11,12 and “inadequate” Cu in newborn calves.30,31 The 
CAHFS data supported a link between scours and deficient Mn 
(87%; 45/52 cases) but not deficient Cu (1/104 dairy cases) or 
Se (11/104 dairy cases). Besides, only 3 out of 20 scouring beef 
calves were Se deficient. 

The association between subclinical trace mineral deficien-
cies and pathological disorders is not easily determined, as 
disorders can have a multifactorial origin.21,22,23,24,25 For ex-
ample, although BRD is ultimately an infectious disease, it is 
a multifaceted problem with other predisposing factors also 
at play.22,24,29 The stresses due to weaning, marketing, trans-
portation and the plane of nutrition are more likely to affect 
the immune system when commingling exposes animals to 
infectious agents.22,29 “These stressors may be ‘necessary, but 
not sufficient’ components, thus requiring an additive effect to 
manifest as disease.”22,29 

An initial step in any investigation should rule out factors 
that could enhance the disease risk. In a study of best man-
agement practices, low-risk calves originated from a single 

source and had undergone a preconditioning program that 
included vaccination, castration, dehorning, weaning and ad-
aptation to feed bunk.23 

Two factors contributed to scours and BRD in the CAHFS 
cattle. A failure of passive transfer was found in 65.5% (40/61) 
of neonatal calves that died from scours or bacterial septice-
mia in the first weeks of life. For beef calves that developed 
BRD, a history of recent weaning, transport and commingling 
was frequently mentioned in the submission forms. Typical 
management factors in the beef industry would also suggest 
that no preconditioning was implemented in these calves, 
making them more vulnerable to developing BRD. Despite the 
multiple factors predisposing calves to BRD, administering 
injectable trace minerals to highly stressed heifers at initial 
processing improved weight gains and feed efficiency during 
the receiving period and, most important, reduced the rate of 
BRD morbidity and costs of antibiotic treatment.24 The per-
centage of dairy cattle diagnosed with BRD (14.5%) was simi-
lar to the BRD mortality (19.3%) in pre-weaned dairy calves 
from 5 large dairy herds across California.25 The high rates of 
BRD accompanied by Cu or Se deficiency in beef (68.3%) com-
pared to dairy (10.8%) cattle in the CAHFS data suggest that 
MM deficiencies predispose beef cattle to BRD pathogens.

Epidemiologists distinguish between internal validity, which 
applies to the study itself, and external validity, which per-
tains to other populations or the characteristics of a specific 
measure.32 Whether the biological basis is known, internal 
validity should always be in the protocol. We examined the 
internal validity of the CAHFS data using graphs and tabula-
tions. Most pathologies were diagnosed infrequently, as were 
associations with nominal concentrations (deficient, normal, 
high). Frequent pathologies were examined for product class 
and age subsets, and correlations were used to identify micro-
mineral associations of tissue concentrations. Frequencies of 
BRD in beef and dairy cattle, as well as scours in dairy cattle, 
were sufficient to evaluate associations with multiple deficien-
cies of Cu, Se and Mn. Fetal deaths and skeletal malforma-
tions that are often attributed to deficient Mn during gestation 
were rare.14,15,33,34,35

We assessed external validity by comparing CAHFS data with 
a similar published dataset of hepatic Cu, Se and Mn concen-
trations, which lacked information on pathology and produc-
tion class.36 Also, a laboratory study important to our internal 
and external validity reported microminerals from 6 sections 
of the livers from 10 Holstein-Friesian (HF), 10 Galician Blond 
(GB), and 10 GB ´ HF crosses (all aged 10 months).37 “The dis-
tribution of all trace elements, except cobalt and zinc, varied 
significantly across the liver.”37 The specific liver section(s) 
analyzed were not reported in the CAHFS data and were not 
specified in most other studies. 

To plan a successful intervention program, it is essential to 
identify the steps in the causal chain that can be manipulated, 
which requires a deeper understanding of disease etiology be-
yond simple concepts, such as agent causality.38 Our research 
used micromineral concentrations to illuminate cattle health 
reported in a diagnostic database. Cited studies support that 
low or high micromineral concentrations increased the risk of 
some diseases in the CAHFS cattle (Tables 4 and 5).
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Conclusion
Establishing a herd’s mineral status starts with authoritative 
diet recommendations,20,39,40,41 and is confirmed by liver con-
centrations from statistically random-sampled cattle. Because 
our data set did not include healthy individuals from the same 
herds, limited conclusions can be made on the true Cu and Se 
status of the bovine population in California cattle. Based on 
postmortem liver samples, we can conclude there is a big dif-
ference between the percentage of beef and dairy cattle that 
were deficient in Cu and/or Se, allowing us to infer that beef, 
but not dairy cattle, continue to be largely deficient in both el-
ements. By contrast, the high percentage of dairy cattle with 
Cu and Se concentration above the normal range suggests 
that dairy herds were over-supplemented in both elements. It 
was striking to find such a big difference between the type of 
pathologies diagnosed in dairy and beef cattle, with salmo-
nellosis and scours being the two primary diseases affecting 
dairy but not beef cattle. By contrast, the main disease affect-
ing beef cattle was BRD that was accompanied by Cu and/or Se 
deficiency in 68.3% of cases. However, because MM concen-
trations in the remainder of the herd were not obtained, this 
retrospective study cannot establish causal relationships be-
tween Cu and Se deficiencies with the identified pathologies. 

Our primary motivation was to determine whether common 
structural patterns in correlation matrices reproducibly dif-
ferentiated disease subsets based on production class, age and 
diagnosis. The predominant subset correlation patterns were 
unstructured (UN), meaning all variances and covariances (or 
correlations) differed within a subset. Patterns for different 
subsets also differed. Depending on the hypothesis, analysis 
of micromineral correlation patterns could be informative 
of internal validity or question the external validity of one’s 
understanding. 
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