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Biochemical Profile and Productive Performance
in Dairy Cows With Lameness During Postpartum Period

Renan Braga Paiano'?, Daniela Becker Birgel?, Riidiger Daniel Ollhoff* & Eduardo Harry Birgel Junior'?

ABSTRACT

Background: Lameness in dairy cows is classified as a gait change caused by multifactorial process. The phase of the
peripartum causes intense physiological changes for the adaptation of late gestation and onset of lactation. The aim of this
study was to characterize the changes in the biochemical profile and productive performance in dairy cows with lameness
during postpartum period.

Materials, Methods & Results: This study was conducted at the University of Sdo Paulo farm, in Pirassununga, Sao Paulo
State, Brazil, from January to March 2017. A total, of 48 multiparous (2 to 3 lactations and 3-4 years old) dairy cows,
that had the milk production of 9,200 kg/ dairy cow in a period of 305 days in the previous lactation, were included in the
study. All cows were managed under the same conditions and nutritional regimen. Evaluation of body condition score was
performed by a single person on -18, -12, -8, -5, and -2 days before parturition, at parturition, and on days 1, 7, 14, 21,
30, 45 and 60 after parturition. Milk production was recorded on days 7, 14, 21, 30, 45 and 60 after parturition and saved
in the software program. Blood samples were performed on -18, -12, -8, -5, and -2 days before parturition, at parturition,
and on days 1, 7, 14, 21, 30, 45 and 60 after parturition. Blood samples were assayed for albumin, calcium, cholesterol,
triglycerides, non-esterified fatty acids, -hydroxybutyrate, urea, creatinine, gamma-glutamil-transferase and total protein
concentrations. Dairy cows were divided into a lame group (11) and normal group (37) based on locomotion score from
parturition to seven days postpartum. Lame cows was classified if their score was > 2, and normal cows was classified if
their score was < 2 and free of any disease. Dairy cows that suffer by any health disorder other than lameness were excluded
from this study. Cow diagnosed with lameness outside the diagnostic period were excluded from this study. The averages
of the milk production, body condition score and biochemical profile were compared with the Tukey’s test. Lame cows
showed lower (P < 0.05) concentrations of albumin (on days -18 -12, -8, -5, -2 relative to parturition, at parturition, and
on days 7, 14, 21, 45 and 60 after parturition) calcium (on days -18, -12, -8, -5 and -2 before parturition, and on days 7,
14, 21, 45 and 60 after parturition), cholesterol (on days -12, -8, -5 before parturition and on days 7, 14, 21, 30, 45 and 60
after parturition) than normal cows. Cow with lameness showed higher (P < 0.05) concentration of triglyceride (on days
7,14, 21, 30, 45 and 60 after parturition), non-esterified fatty acids (on days 1, 7, 14, 21, 30, 45 and 60 after parturition)
and -hydroxybutyrate (on days -12, -5 and -2 before parturition, at parturition, and on days 1, 14, 21 and 30 after parturi-
tion) than normal group. Cows with lameness presented higher (P < 0.05) values of body condition score on days -18,
-12 and -8 before parturition, and lower (P < 0.05) values on days 7, 14, 21, 30, 45 and 60 after parturition than normal
cows. Milk production was lower (P < 0.05) for cows with lameness (on days 7, 14, 21, 30, 45 and 60 after parturition)
than normal cows.

Discussion: The overall prevalence of lameness in the evaluated period was 22.92% (11/48). Among lame cows, 7 pre-
sented laminitis, 2 had interdigital hyperplasia and 2 had sole ulcer. Our findings prove that the biochemical profile and
productivity of dairy cows during the peripartum and postpartum period were affected by lameness at the early lactation.
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INTRODUCTION

Lameness is a change in gait caused by a
multifactorial process, compromising animal health
and welfare [40]. The prevalence of lameness in herds
raised in freestall systems is 25% in the United States
[14], and 37% and 48% in Europe [2,44]. Animals
affected by this disorder present reduced production
and fertility [8,24]. Lameness contributes to increased
economic losses in the dairy industry, due to the costs
of animal therapy, reduced production and disposal of
milk due to the use of medicines [9,19].

Peripartum is a challenging phase for the health
of dairy cows; profound physiological changes occur
during this period, including loss of body weight, re-
duction of dry matter intake, increase of serum cortisol
concentration and reduction in the total number of
leukocytes [6,11,28,30,37]. When these changes occur
in a severe form, they may impair immune function and
increase the risk of developing metritis, endometritis,
metabolic and locomotor disorders [5,11,42].

Due to the homeorrhetic changes that occur
during the peripartum, the present study aimed to
characterize the biochemical profile and the productive
performance of lame Holstein dairy cows during the
peripartum and postpartum period.

MATERIALS AND METHODS

Data

In total, 48 multiparous (2 to 3 lactations and
3-4 years old) Holstein dairy cows that had the aver-
age milk yield 9,200 kg in the previous lactation were
included in the study. The cows were evaluated on the
University of Sao Paulo farm, in Pirassununga, Sao
Paulo State, Brazil, from January to March 2017. All
cows were managed under the same conditions and
nutritional regimen from 21 days prepartum until 60
days postpartum, as shown in Table 1. The dry cows
were kept on extensive grasslands, after parturition,
cows were housed in free stalls barns. Cow were fed
using a total mixed ration system twice a day, and
milked twice a day. The footbath consisted of a 5%
formalin solution applied at least twice a week, located
at the exit of the milking parlor. All cows received a
routine hoof trimming at least once per year at dry off.

Body condition score and milk yield

Animals were studied from the last 21 days
prior to calving until 60 days postpartum. Body con-

dition score (BCS) was evaluated by a single person
using the 1 to 5-point scale by Ferguson et al. [15].
Milk production was recorded on each milking and
saved in the software program (ALPRO®)!.

Table 1. Diet composition - nutritional regimen from 21 days prepartum
until 60 days postpartum.

Item Prepartum - Postpartum
Ingredients, % of DM
Corn silage 58.71
Corn, ground 27.63
Soybean meal 8.09
Urea 0.92
Mineral and vitamin mix! 4.65
Mineral and vitamin mix? -
Limestone -
Salt -
Nutrient composition, DM basis
Dry matter, % 46.71
CP, % 14.71
NDF, % 42.36
Ether extract, % 3.03
DCAD, mEq/kg MS3 -99.18

DM: dry matter; CP: crude protein; NDF: neutral detergent fiber; DCAD:
dietary cation-anion difference. 'Contained per kilogram: Na 2.4g, Ca
22.8g, P2.2g, Mg 09 g, S 4.8 g; Co 1.4 mg, Cu 45.4 mg; Mn 135 mg;
12.7 mg, Se 1.4, Zn 181.4 mg, Vitamin A, 18.000 UI, Vitamin D, 1.800
UI, Vitamina E, 65.3 mg, monensin 50 mg. *Contained per kilogram: Na
9.3g, Ca 16.6g, P 2.3g, Mg 1.2 g, S 4,8 g, Co 1.8 mg, Cu 60.5 mg, Mn
179.9 mg, 1 3.6 mg, Se 1.8, Zn 241.9 mg, Vitamin A, 24.000 UI; Vitamin
D, 2.400 U, Vitamin E, 87 mg, monensin 66 mg. *DCAD, dietary cation-
anion difference, calculated as follows: DCAD = (mEq of Na + mEq of
K) — (mEq of S + mEq of Cl).

Collection of blood samples

Blood samples were performed on 13 samples
at the following time points: 18, 12, 8, 5, and 2 days
before calving, parturition, 1, 7, 14, 21, 30, 45 and 60
days postpartum. Blood samples were collected from
the coccygeal vein into test tubes without anticoagulant
and were centrifuged at 2000 x g for 15 min within 2
h of collection. Serum samples were stored at -20°C
until analysis.

Measurement of biochemical profile

Analyses were conducted at the Multiuser
Laboratory in Clinical Veterinary Analysis at the
University of Sdo Paulo. Serum albumin, calcium,
cholesterol, triglycerides, non-esterified fatty acids
(NEFA), B-hydroxybutyrate (BHB), urea, creatinine,
total protein and gamma-glutamil-transferase (GGT)
analyses were performed using commercial kits in an
automatic biochemistry system (Randox Rx Daytona
Chemistry)2.
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Diagnosis of lameness

The visual locomotion score was evaluated
from 21 days prepartum until 60 days postpartum for
each cow by the same operator using a 1 to 5 scale [35],
where 1 = normal, 2 = mildly lame, 3 = moderately
lame, 4 = lame and 5 = severely lame. Cows were con-
sidered clinically lame if their score was > 2 evaluated
from parturition to 7 days postpartum, and cows with
a score < 2 and free of any disease were classified as
normal. Cows that were concurrently affected by any
health disorder other than lameness at the time of en-
rolment were excluded from the study, as well as cows
classified with lameness outside the diagnostic period
for locomotor disorders. Treatment of lame cows was
performed by veterinarians in the research team.

Statistical analysis

The SAS (package version 9.3)° was used for
milk production, BCS and biochemical data analysis
using GLIMMIX procedures. After testing for normal
distributions of the data, Tukey’s test was used to in-
vestigate differences between means at P < 0.05.

RESULTS

The overall prevalence of lameness in the
evaluated period was 22.92% (11/48). Among
lame cows, 7 presented laminitis, 2 had interdigi-
tal hyperplasia and 2 had sole ulcer. According to
the locomotion score, three cows had a score of
3, four presented a score of 4 and four cows had
a score of 5.
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Figure 1. Biochemical profile, BCS and milk production. A- Serum albumin; B- calcium; C- cholesterol; D- trygliceride; E- NEFA; F- BHB; G- urea;
H- creatinine; I- total protein concentration; J- GGT; K- body condition score and milk production; L- evaluation (least squares means + SEM) in relation

to days to parturition in lame cows and nonlame cows. *Specifies signific

ant effects at P < 0.05.
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Figure 1 shows the results of the biochemical
profile, BCS and milk production. Lower concentra-
tions of albumin were observed in lame cows during
prepartum and postpartum. Lame cows showed lower
concentrations of albumin in the following periods: -18
-12, -8, -5, -2 days relative to parturition, at parturition,
and on days 7, 14, 21, 45 and 60 after parturition than
normal cows (P < 0.05). Calcium concentrations were
lower in lame cows on -18, -12, -8, -5, -2, 7, 14, 21, 45
and 60 days with respect to parturition when compared
to normal group (P < 0.05). Cholesterol concentra-
tions were lower (P < 0.05) on days -12, -8, -5 before
parturition and on days 7, 14, 21, 30, 45 and 60 after
parturition for lame group compared to normal cows.
The lame group presented higher triglyceride concen-
trations than normal cows at 7, 14, 21, 30, 45 and 60
days after parturition (P < 0.05). Lame cows showed
higher concentrations of NEFA on days 1, 7, 14, 21,
30, 45 and 60 after parturition than normal cows (P <
0.05). BHB concentrations were higher (P < 0.05) on
days -12, -5 and -2 before parturition, at parturition,
and on days 1, 14, 21 and 30 after parturition for lame
group compared to normal cows. No difference was
noted among the groups evaluated for urea, creatinine,
total protein and GGT concentrations. According to the
BCS, lame cows showed higher values on days -18,-12
and -8 before parturition, and lower values on days 7,
14, 21, 30, 45 and 60 after parturition when compared
to normal cows (P < 0.05). Milk production was lower
(P <0.05) for lame cows on days 7, 14, 21, 30, 45 and
60 after parturition compared to normal cows .

DISCUSSION

In the peripartum period, due to nutrient parti-
tioning for milk production, dairy cows may go through
a period of negative energy balance (NEB) to meet
energy demands [3]. To overcome this energy deficit,
there is an increase in NEFA mobilization. When the
negative energy balance is exaggerated, it is possible to
identify this change by elevated NEFA serum concen-
trations in the bloodstream and by increased production
and circulation of ketone bodies, such as BHB [28].
Our results indicate an intense NEB in lame cows due
to the increased concentration of NEFA and BHB.

The values for triglyceride concentrations in
lame cows at 7, 14, 21, 30, 45 and 60 days postpar-
tum were higher than the limits recommended for the
species [23]. The formation of triglycerides occurs

after the esterification of NEFA in the hepatic tissue;
the triglycerides are sent to the tissues, including the
mammary gland, contributing to the formation of fat
in the milk [12,26].

Dairy cows with a high BCS at the beginning
of the transitional period may present a high loss
of BCS during the postpartum period, which may
cause impaired immune function and an intense pro-
inflammatory state; these factors increase the risk of the
cow developing diseases during the postpartum period
[25,32,33,36]. Our results evidenced that the lame cows
had the BCS at the beginning of the transition period
(3.7) above than the recommended (3.25) [36].

In addition, lame cows lost > 0.5 points during
the first month of lactation. The loss of BCS above 0.25
points during the first month of lactation may affect
the health of dairy cows [33]. Association between
locomotor problems and low body condition scores
during the peripartum period was demonstrated, with
this finding being mainly related to the reduction of
adipose tissue in the digital cushion [6].

Positive association between BCS and the digi-
tal cushion thickness was reported [6], supporting the
hypothesis that low BCS is a risk factor for lameness.
Animals that present severe loss of body condition
scores feature intense mobilization of fat, raising the
risk of lameness [7,20,31].

The values observed on lame cows for albumin
concentrations at -18, -12, -8, -5, -2, 0, 7, 14, 21, 45
and 60 days relative to parturition were below those
recommended as normal [23]. Cows with albumin
concentrations < 3.25 g/dL at prepartum are more
likely to develop disease postpartum [41]. Hypoal-
buminemia can occur due to decreased food intake,
protein deficiency, and decreased liver synthesis among
other factors [17]. However, based on the values for
total protein, urea concentrations, creatinine and GGT
exclude these possibilities. Albumin is an acute phase
negative protein and its reduction is indicative of a pro-
inflammatory state, even before the onset of disease [5].
In the present study, the evaluation of albumin during
prepartum suggests its performance as an early marker
of inflammatory process, with the reduced values of
albumin related to an inflammation at the moment that
was expressed as lameness in the cows.

The calcium concentration in lame cows at
7 and 60 days after parturition was lower than that
described as normal [16]. During parturition until 7
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days after parturition 82% (9/11) of the lame cows had
serum calcium concentration <8.0mg/dL, whereas in
normal cows, this value was 27% (10/37). About 45%
of calcium is complexed to albumin [17]. The decrease
in calcium concentration may occur due to a reduction
in serum albumin concentration [34]. Casagrande [10]
found that cows with low concentration of calcium in
the first 10 days after parturition present slower the rate
of hoof growth when compared with the month prior to
the calving, with about 35% lower for the dorsal wall
and 24% for abaxial wall. Calcium participates in the
keratinization process of the hoof, activating the epi-
dermal transglutaminase enzyme that contributes to the
fiber connections of cellular keratin [27]. Moreover, low
serum calcium levels in cows with locomotor problems
was related [4]. In this sense, the low concentration of
calcium can interfere in the formation of fragile hooves.

Cholesterol is a component of lipoproteins,
forms the lipid composition of cell membranes, helps
liver functionality, and is considered a negative acute-
phase protein [38]. Cows that present low cholesterol
concentrations are more likely to develop metritis,
retained placenta and mastitis [22]. The lower values
of cholesterol concentration during prepartum in the
lame cows indicate that prepartum cholesterol assess-
ment may be an important marker of postpartum cow
health status. It has been demonstrated that lame cows
present reduced eating times, and less frequent visits
to the concentration feeder than normal cows [43]. In
addition, it was shown a reduction in food intake and
feed frequency in lame cows compared to normal cows
[39]. The lower cholesterol concentrations in lame
cows can be explained by lower food intake, which is
caused by lameness [18,21].

According to the milk production, as expected,
the lame cows presented low milk production, which

is associated with pain and stress caused by painful
hoof lesions, in addition to the lower dry matter intake
[1,13,44].

In the state of Sdo Paulo, the wettest period
of the year is concentrated during the summer, the
excess of rain during this phase of the year increased
soil moisture and clay formation, which in conjunction
with organic matter, favored the fragility of the hooves
of cows, it is important to note that during prepartum
period, no cow presented lameness. The stress of partu-
rition associated with environmental change may have
contributed to the high number of lame cows during
early puerperium.

CONCLUSIONS

Our findings show that lameness at the be-
ginning of the lactation had negative effects on the
biochemical profile of dairy cows. In addition, accord-
ing to our data, cows with lameness show impaired
productivity during the postpartum period.
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