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Abstract

Because the time in which gestational loss or bovine abortion occurs is associated with multifactorial causes, the objective of this study was to
assess multivariate relationships between the biochemical profile and acute phase proteins in aborted cows. We performed monitoring and monthly
blood sampling during gestation in 140 dairy cows. A total of 18 cows aborted, which were considered ‘cases’; retrospectively, we used samples from
29 ‘control’ cows, which were taken at the same time. Thus, we compared multivariate relationships between the two groups, to evaluate variables
potentially associated with cow abortion. We classified abortion as either infectious (due to DVB, leptospirosis or neosporosis) or non-infectious
(protein or energetic imbalance evinced in metabolic profile). Of the 18 cows that aborted, there were 6 with evidence of positivity or seroconversion
to the analysed diseases, 13 with evidence of metabolic protein imbalances, 7 with evidence of energy imbalances and 10 of them with combined
situations.

Case and control cows have significant differences (p<0.05) between their Principal Component Analysis (PCA), indicating that the two groups
have different multivariate relationships. In aborted cows we identified a grouping of variables referring to protein metabolism asFibrinogen, Serum
amyloid A, haptoglobin and titres for neosporosis and bovine viral diarrhoea virus; separated from others referring to energy and protein imbalance
ashigh beta-hydroxy-butyrate, low cholesterol, low total protein. However, serum amyloid A and haptoglobin were not increased in aborted cows
with clues of infectious diseases such as bovine viral diarrhoea virus, leptospirosis or neosporosis.

In this way, it is evident that when the causality of abortions in a herd is studied, not only is it necessary to look for infectious diseases, but
non-infectious causes can also be found occurring in parallel way. Serum amyloid A could be a candidate biomarker to differentiate a non-infectious
abortion.
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Highlights
D We studied the various factors that may cause cows to have abortions.
D Aborted cows present different relationships with the biochemical factors tested.
D Cows whose abortions relate to energy metabolic imbalance present more haptoglobin.
D Cows with contagious abortions did not increase serum amyloid A and haptoglobin.
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Introduction

There are several management tools available to accurately
control, evaluate and diagnose a dairy farm, such as the use of pro-
ductive and reproductive records, as well as laboratory tests (bio-
chemical profiles). When these factors are analysed and used in the
correct way, it allows us to detect a system’s main flaws. Identifying
weaknesses and critical points enable us to take corrective mea-
sures, thus increasing the company’s productivity.!

Cow abortions can occur at different times: between con-
ception and maternal recognition (days 16 to 19)considered ear-
ly embryonic loss; between maternal recognition and the conclu-
sion of differentiation or organogenesis (around day 42)called late
embryonic loss, between days 42 and 260 of gestationconsidered
foetal death.? Since abortion cases are multifactorial, it is difficult
to determine the causative agent, as gestational losses can be spo-
radic, endemic, can represent an outbreak, and can be of infectious
origin (diseases such as bovine viral diarrhoea (BVD), leptospirosis,
brucellosis, neosporosis, among others), and non-infectious origin
(placentitis, vasculitis, thermal stress, among others).® These fac-
tors can act both independently and collectively, reflected in the so-
called Bovine Abortion Syndrome (BAS).* Thus, to design tools that
anticipate risk, we looked for early indicators related to biochem-
ical alterations. Serum amyloid A (SAA) and haptoglobin (Hp) are
proteins that indicate inflammation and infection in cattle.®

The objective of this study was to look for multivariate rela-
tionships of proteins in the acute phase or biochemical profiles in
aborted cows. It has been suggested that, in dairy cows, proteins
in the acute phase such as SAA and Hp, together with metabolic in-
dicators of energy, oxidative, protein or organ integrity imbalance,
have different relationships at the time of abortion. The main con-
tribution of this study is the multivariate comparison between the
‘cases’ group of cows and the controls, assessing the variables po-
tentially associated with abortion, which may reveal relationships
between infectious and non-infectious factors.

Materials and Methods

We performed monthly blood sampling and monitoring during
gestation, from day 42 until delivery or abortion. This was per-
formed in a sample of 140 dairy cows of the Holstein Friesian cattle
breed, in the Province of Nuble, Chile. Of these, 18 aborted, which
were considered “cases”. We retrospectively took matched sam-
ples from 29 ‘control’ cows, using the same sampling time for both
groups.

In each sample, we evaluated gestation via ultrasonography
and rectal palpation, and obtained blood samples for biochemical
analysis. We analysed the plasma concentration of biochemical in-
dicators such as Beta-Hydroxy-Butyrate (BHB), Cholesterol (Chol),
Urea (U), Albumin (Alb), Globulins (Glob), Fibrinogen (Fib), Aspar-
tate amino transferase (AAT), Calcium (Ca), Phosphorus (P), Total
Proteins (Tp), Glutathione Peroxidase (Gpx) as well as Serum Am-
yloid A (SAA), Haptoglobin (Hp) and antibody levels (by ELISA) for
Bovine Viral Diarrhoea (BVD) and Neosporosis (NEO).
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We plotted endemic curves (median and quartiles 1 and 3) for
the cows with complete gestation, using the reference intervals (IR)
indicated by Wittwer.> This classified abortions as infectious (due
to DVB, leptospirosis or neosporosis) or non-infectious (protein or
energetic imbalance found in the metabolic profile). We compared
mean and median SAA and Hp plasma concentrations in either
group, using parametric tests, non-parametric tests and 95% con-
fidence.

We grouped multivariate relationships between plasma con-
centrations of SAA, Hp, biochemical profile and disease antibodies
via Principal Component Analysis (PCA), between the cases and
control groups. We analysed partial correlation coefficients of the
evaluated variables and their eigenvalue vectors (eigenvectors) in
the principal components (PC) with greatest variance in data. PC1
and PC2 of the case and control cows were compared via the Kru-
skall-Wallis test, with 95% significance, using the Stata 12 SE pro-
gram.

Results

Of the 18 cows that aborted, 6 evidenced positivity or serocon-
version to the diseases analysed (2 Leptospirosis, 4 Neosporosis),
13 evidenced protein metabolic imbalances or inflammation, 7 evi-
denced energy imbalances, and 10 evidenced combined imbalances
- predominately energetic and inflammation.

The Hp plasma concentration before abortion was lower in con-
trol cows with a history of the diseases analysed (average 0.17mg/
ml, p = 0.011), than case cows without positivity or seroconversion
to these diseases (average 0.38mg/ml). Similarly, SAA was lower
in control cows with a serology for the analysed diseases (aver-
age 9.47mg/ml, p = 0.005), compared to cases cows without pos-
itivity or seroconversion to these diseases (average 10.01mg/ml).
Then we found positive association of this acute phase proteins in
non-infectious aborted cows. Aborted cows that evidenced protein
imbalance demonstrated no differences in SAA or Hp plasma con-
centrations (p>0.05). However, cows that evidenced energy imbal-
ances in their metabolic profiles had higher Hp plasma concentra-
tion (0.28mg/ml) before abortion (p<0.05).
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Figure 1: Plot of the two main components in the PCA, con-
sidering abortion, for all cows in the two dairies studied in the
Province of Nuble.
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In the PCA for cows ‘cases’ and ‘controls’ together, the first four
Principal Components (PC) grouped 58% of the variability. PC1 was
mainly represented by protein (Alb, Fib, U), energetic (Chol), organ
integrity (AAT) imbalance indicators and the control cows. PC2 was
mainly represented by proteins (Alb), acute phase proteins (SAA
Hp) damage organs (AAT) and case cows. PC3 was mainly repre-
sented by energy and protein imbalances (Chol, BHB, Fib), good ox-
idative status (Gpx) and case cows. PC4 was mainly represented by
protein imbalance (U, Tp, Glob), organ damage (AAT), title for prev-
alent infectious diseases (BVD, Neo) and ‘case’ cows. ‘Case’ cows
have negative eigenvalues for PC1 and positive for PC2 with similar
locations for SAA and Hp (Figure 1, upper left quadrant). Also, there
were inverse relationship for SAA and Hp with the energetic metab-
olism (BHB) (Figure 1, oblique quadrants).

In the PCA for only ‘cases’ cows, the first four components
grouped 68% of the variability. PC1 had positive eigenvectors for
energetic-protein metabolism (BHB, Chol, U, Alb) and organ integ-
rity (AAT) variables; also had important negative values for inflam-
matory proteins (Fib) and oxidative balance indicator (Gpx). For
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PC2, there were positive values in protein (Tp, Glob) and energetic
(BHB) metabolism imbalance indicators. PC3 is best represented
by the infectious variables BVD and NEO. Finally, PC4 grouped in-
flammation proteins (SAA, Hp, Fib, Glob) and NEO titres. In the PCA
for ‘control’ cows, the first four components grouped 67% of the
variability. PC1 had positive eigenvectors for P, Ca, AAT, U, Chol; PC2
had positive values for Gpx, BVD, BHB; PC3 had positive value for
Tp, Glob; PC4 has positive value for Hp and Tp.

Comparing PC1 for cases and control analysis, there were sig-
nificative differences (p<0.05). Protein balance (Fib, TP), oxidative
balance (Gpx), acute phase protein (Hp) and energy balance (BHB)
were the metabolites with greater absolute values of the differenc-
es (ABS) between the first components of the PCA of the case and
control cows (Figure 2). Different associations of variables were
found in both cow’s groups. In the cases there was a closer relation-
ship between AAT and Alb than in the controls. Also, in the cases
the relationship between SAA, Hp, Fib, Gpx was closer than in the
controls.

Fibrinogen (Fib)

Total proteins (Tp)
Glutathion peroxidase (Gpx)
Haptogobina (Hp)
Beta-hydroxy-butyrate (BHB)
Globulins (Glob)

Urea (U)

Phosphorus (P)

Serum amiloid (SAA)

Variables

Bovine viral diarrhoea (BVD)
Albumin (Alb)

Cholesterol (Chol)

Calcium (Ca)

neosporosis (NEO)

Aspartate amino transferase (AAT)
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Figure 2: Absolute value (ABS) of the difference between the first components of the PCA of the case and control cows.
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Discussion

As can be seen from the multivariate analyses of the case and
control cows, the main causal component in these herds is metabol-
ic and secondly infectious. Was found one group with protein-en-
ergetic metabolism imbalances related to nutrition and inflamma-
tion, and another group with nutritional protein imbalances, organ
damage and high antibody titres for NEO However, diseases such as
BVD and NEO, although prevalent in the area did not have a strong
relationship with the cases.®

Also, the analytical contribution of this work was the continu-
ous monitoring during pregnancy, through serial analysis of metab-
olites, being able to separate the metabolic problems of the herd
and the specific aborted cows Thus, it was possible to evaluate the
multivariate relationship and compare them, through an observa-
tional epidemiological study of cases and controls. Due to that abor-

tion has a multifactorial causality and it is defined as a syndrome,
it's possibleto analyse causal variables with a methodology that
allows identifying different relationships.® The effect of abortion is
not only important for the current gestation, but also significantly
affects the reproductive indicators of the herd.’”

In addition to the traditional use of indicators of biochemical
profiles, are been sought molecules that would be biomarkers of in-
fection or some important inflammation. This is how in herd health,
acute phase proteins have been tested as biomarkers of infection
or inflammation.®® When infections and tissue injuries exceed local
defences, the organism reacts by activating a broad systemic re-
sponse.® We found high level of Hp in infectious aborted cows and
SAA in non-infectious aborted cows, this makes these acute phase
proteins candidates to quickly discriminate an infectious or non-in-
fectious abortion. However, for the group of cows that evidenced
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energy imbalances in their metabolic profiles had higher Hp plas-
ma concentration before abortion. These are tools for monitoring
health and diagnosing diseases in production animal.’ Various re-
searchers have analysed and studied acute phase proteins associ-
ated with infectious and inflammatory diseases in certain livestock
populations. The main objective has been to characterise the pro-
tein response in condition associated with abortion, such as vas-
culitis, poor corpus luteum function, thrombosis, antigen antibody
reaction.®

The multivariate relationship with BAS aetiology is reinforced
by 2008-2011 data from the Sub-department for Epidemiological
Surveillance in Chile’s Agricultural and Livestock Service (SAG Ser-
vicioAgricola y Ganadero). A total of 507 abortions were reported,
of which, 68 were of non-infectious origin.'® Among the possible
causes of non-infectious abortion, many factors can influence its
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presentation, including trauma, toxic plants, toxins, genetic fac-
tors, extreme temperatures, stress, maternal endocrine imbalance,
placental dysfunction, gestational twinning, inadequate handling,
mineral deficiencies (selenium, calcium, magnesium, iron, copper,
potassium, sodium, and zinc) and nutritional deficiencies.'’**

Based on the results the results of this and other studies,® the
infectious diseases are an important cause of abortions in dairy
herds,'* however the routine laboratory tests below 50% do not
reach a certain diagnosis.!> That would be mainly due to the par-
ticipation of non-infectious causes within the SAB.*¢ In the group of
cows analysed in this study, the infectious component of BVD and
NEO was not decisive. The aborted cows had a lower antibody titer
for BVD than the controls (Table 1), and some aborted cows has
high antibody titer for NEO (Table 2).

Table 1: PCA eigenvectors for ‘case’ cows in the two dairies studied in the Province of Nuble.

Variable PC1 PC2 PC3 PC4
Albumin (Alb) 0.379 -0.294 0.175 0.044
Aspartate amino transferase (AAT) 0.371 -0.301 -0.051 -0.013
Beta-hydroxy-butyrate (BHB) 0.118 0.474 -0.232 0.001
Bovine viral diarrhea (BVD) -0.179 0.044 0.449 -0.089
Calcium (Ca) 0.365 -0.046 0.212 -0.155
Cholesterol (Chol) 0.256 0.025 -0.35 0.328

Fibrinogen (Fib) -0.334 -0.23 0.177 0.35
Globulins (Glob) -0.037 0.557 -0.01 0.24
Glutathion peroxidase (Gpx) -0.242 0.038 -0.063 -0.497
Haptogobina (Hp) -0.005 -0.293 -0.427 0.245
neosporosis (NEO) 0.008 -0.047 0.408 0.344
Phosphorus (P) 0.336 -0.183 0.172 -0.051
Serum amiloid (SAA) -0.168 -0.176 -0.288 0.144
Total proteins (Tp) 0.304 0.326 0.149 0.295
Urea (U) 0.263 0.056 -0.156 -0.378

Table 2: PCA eigenvectors for ‘control’ cows in the two dairies in the Province of Nuble.

Variable PC1 PC2 PC3 PC4
Albumin (Alb) 0.322 -0.228 -0.212 0.178
Aspartate amino transferase (AAT) 0.359 0.068 0.066 0.006
Beta-hydroxy-butyrate (BHB) 0.236 0.377 -0.286 -0.016

Bovine viral diarrhea (BVD) -0.1 0.422 0.078 -0.2
Calcium (Ca) 0.321 -0.329 0.266 -0.211
Cholesterol (Chol) 0.307 0.224 -0.397 -0.07

Fibrinogen (Fib) 0.238 -0.017 0.121 0.1
Globulins (Glob) -0.15 0.303 0.495 0.201
Glutathion peroxidase (Gpx) -0.077 0.454 -0.246 0.022
Haptogobina (Hp) 0.153 -0.206 -0.125 0.392
neosporosis (NEO) 0.05 0.028 0.182 -0.676
Phosphorus (P) 0.426 0.041 0.231 -0.171
Serum amiloid (SAA) -0.257 -0.101 -0.139 0.022
Total proteins (Tp) 0.069 0.203 0.429 0.409
Urea (U) 0.372 0.259 0.076 0.133
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For future studies, we propose improving the power of statis-
tics to explore the specific causal mechanisms of energetic and pro-
tein metabolism alterations that influence abortion onset.'® This is
mainly due to the low resultant n for the varied causal mechanisms
of BAS. The biochemistry of the main infectious or non-infectious
abortion causal patterns needs to be characterized by experimental
studies. The role of nutrition and metabolic priorities in high pro-
duction cows is increasingly important.”'® Thus, we find that Fib
and Tp, two important indicators of protein metabolism, are lower
in aborted cows, that would be related with nutrition facts (Figure
1).!® On the other hand, it is interesting that control cows maintain
an adequate level of Chol, while those with abortion have a lower
level, which could be related to the metabolism of progesterone and
the maintenance of pregnancy.*®

It would be very useful to have metabolic predictors related to
reproductive performance that can serve as early warning.'*?° The
various hormonal and metabolic signals from the liver, pancreas,
muscle, and adipose tissue act on brain centres to regulate food
consumption, energy balance and metabolism.2*?! Since this regu-
lation can influence gestation, research has found that metabolic
alterations associated with nutrition and energy requirements neg-
atively affect reproductive performance in herds.?*??

Aetiological identification in cow abortion is a difficult task
for veterinarians. An integrated approach is essential for the suc-
cessful diagnosis of fertility and/or abortion problems in a herd.*
Inflammatory proteins help restore homeostasis, reduce microbial
growth and have been used as inflammation, infection, and trauma
biomarkers.?*

Conclusion

The relationships between multivariate components demon-
strate various possible metabolic imbalances found in aborted
cows under intensive production in the Province of Nuble, amongst
which we identified energetic and protein imbalances.

Aborted cows presented greater alterations in the negative en-
ergetic balance and liver integrity affected by fat mobilisation. The
multivariate relationship between SAA, Hp, and biochemical vari-
ables were different in aborted cows; we identified a grouping of
variables referring to protein metabolism as high concentrations of
Fib, SAA, Hp, and titres for NEO and BVD, separated from others
referring to energy and protein imbalance as high concentrations
of BHB, low Chol and low Tp. However, SAA and Hp were not in-
creased in aborted cows with clues of infectious diseases such as
BVD, leptospirosis or neosporosis.

In this way, it is evident that when the causality of abortions
in a herd is studied, not only is it necessary to look for infectious
diseases, but non-infectious causes can also be found occurring in
parallel way. Serum amyloid A could be a candidate biomarker to
differentiate a non-infectious abortion.
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