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ABSTRACT

The aims of the survey were to determine the prevalence
of ketosis in dairy herds by measuring the concentration of
beta-hydroxybutyrate (BHBA) in milk by Keto-Test (Sanwa
Kagaku Kenkyusho, Nagoya, Japan); risk factors and the
relationship with postpartum diseases were investigated.
1667 early lactating (days in milk 0-75) cows were

tested in 52 dairy herds in 2013 and 2014 years. In total,
29.3 per cent of samples were positive (BHBA,,, >100
pmol/l), including 3.7 per cent high positives (BHBA,, ,
>500 pmol/l). The prevalence was similar in herds with
less than or more than 9000 kg milk yield (0.34 and

0.38, respectively, P=0.4); however, it was higher in the
herds with more than 1000 cows than in smaller herds
(<500and 500-1000 cows) (0.46, P=0.03).

The BHBA level in milk was in a non-linear positive
relationship with parity (P=0.01), associated with retained
placenta (P=0.0006), mastitis (P=0.02) and clinical ketosis
(P<0.001).

The results confirm the high prevalence of ketolactia in
Hungarian dairy herds and its links to herd-related and
cow-related risk factors and diseases occurring commonly
in fresh cows.

INTRODUCTION

Ketosis, a common metabolic disorder of the
peripartal period, is associated with several
consequential diseases and economic losses.
Clinical (CK) and subclinical (SCK) forms
have been described.! With a lack of clinical
signs, the presence of SCK often remains
undiscovered, and the true prevalence (TP) is
underestimated in dairy herds. Ketosis has
detrimental effects on cow health, produc-
tivity and reproduction.”?” Ketosis predisposes
cows to other diseases and reproductive disor-
ders®™? and is associated with depressed milk
production.®

Despite energy-rich feed rations, negative
energy balance frequently develops in the
peripartal period in dairy cows."”

CK and SCK are different in the presence
or absence of symptoms.' Due to a lack of
symptoms, SCK is often not 1recognised.6
Prevalence of SCK has previously been

reported between 7 and 73 per cent in dairy
herds.? 12 1421

Diagnosis is based on determination of the
level of ketone bodies in blood (ketonaemia),
urine (ketonuria) or milk (ketolactia).'® %

The ‘gold standard’ for diagnosing ketosis
is the determination of blood beta-hydroxy-
butyrate (BHBA) concentration because of
its high sensitivity (SE) and specificity (SP).®
As laboratory results are not immediately
available, cow-side tests may be preferred.”
The cost of cow-side test (US$1-2) also is
an advantage, as usually it is lower than
the cost of laboratory testing (US$15/
hour).”*° The high SE (73-95 per cent) and
SP (68-96 per cent) of a colorimetric semi-
quantitative BHBA cow-side test (Keto-Test,
Sanwa Kagaku Kenkyusho, Nagoya, Japan)
has been previously 1rep01rted.27_31

The aim of the study was to determine
the prevalence of ketolactia by Keto-Test
milk tests in Hungarian dairy herds. Risk
factors causing elevated BHBA levels and
links between ketosis and other diseases were
analysed.

MATERIALS AND METHODS

Data gathering

A cross-sectional observation study was
enrolled from July 30, 2013 to August
27, 2014, involving 52 large-scale dairy herds.
The herds were selected randomly from a
database, and if the owner or operator of the
farm accepted the survey, the sampling was
executed (Fig 1).

A total of 1669 Holstein-Friesian dairy cows
were sampled between 0 and 75 days in milk
(DIM). The majority of animals (97 per cent,
n=1620) were sampled between 1 and 27
completed DIM and only 3 per cent (n=47)
on day 0 (day of the calving) or 228 DIM. Two
cows were excluded from further analysis.
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Three herd categories were created from the database
for analysis. Small (187-500 cows, 37 per cent of all herds),
medium (501-1000 cows, 40.7 per cent of all herds) and
large (1001-1815 cows, 22.2 per cent of all herds) catego-
ries were constructed according to numbers of cows. The
distribution of sampled cows was 724 (43.4 per cent), 505
(30.3 per cent) and 438 (26.2 per cent) in small, medium
and large herd categories, respectively. We further differ-
entiated lower (<9000kg, 22 herds, 42.3 per cent) and
high (=29000kg, 30 herds, 57.7 per cent) producing cate-
gories of these herds based on the average 305 days’ milk
yield. In total, 665 samples (39.9 per cent) were taken
in lower producing and 1002 samples (60.1 per cent) in
high producing herds.

Disease data were recorded on the days of milk
sampling. Cases of retained placenta (RP), metritis,
mastitis, displaced abomasum (DA), dystocia, milk fever,
gastrointestinal disorders, lameness and CK that occurred
until the day of the sampling were reported by a local
veterinarian. The definition of diseases was based on
the same standard in all examined herds.”” Premature
parturitions (calving maximum three weeks earlier than
expected) and twins also were recorded.

Milk samples were taken at the morning milking
session in the milking parlour. Following Oetzel’s’ study
and based on the recommendation of the manufac-
turer of Keto-Test, a minimum of 12 cows were tested
once, except for that five instances where only between
9 and 11 cows were available at a single day of visit.
The cows that had ketosis treatment before the test
day were excluded. All milk samples were collected in
10ml sterile plastic tubes from one quarter of the udder,
after preparation for milking but before attaching
the milking machine. Keto-Test and semiquantitative

diagnostic strips (Sanwa Kagaku Kenkyusho) were used
for determining BHBA levels in raw milk via a colori-
metric reaction.

The milk samples were measured at a temperature of
20°C. Before dipping the strips in milk, the tubes were
gently shaken to homogenise butterfat in the sample.
After 60seconds, the colour of the strip was evaluated
by comparing with the colour code scale supplied by
Keto-Test (Sanwa Kagaku Kenkyusho). Results from the
Keto-Test were denoted as 0, 50, 100, 200, 500 and 1000
pmol/l BHBA concentration in milk, respectively. The
manufacturer defines the level of 2100 pmol/1 BHBA in
milk as a cut point for SCK.

Results were recorded on a paperform datasheet
immediately after reading and were entered a digital
database for further analysis.

Statistical analysis
The adjusted prevalence was calculated by the Rogan-
Gladen estimator™ using test SE and SP. A binomial
generalised linear mixed model was fit to study the
occurrence of ketolactia (dichotomised BHBA variables
as dependent variables) in association with the inde-
pendent variables as fixed effects and herd as a random
effect adding a random term to the intercept.”* All data
processing and analysis was performed in R environ-
ment (R Core Team 2015) R: a language and environ-
ment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria (http://www.R-project.org).
As these diagnostic tools and methods are used in
veterinary practice, false-positive or false-negative results
are possible, thus there are two types of prevalence, true
and apparent defined in literature. Knowing reliable SE
(73 percent) and SP (96 per cent) characteristics of afamiliar

FIG 1: Locations of the herds tested in Hungary. HR, Croatia; RO, Romania; SK, Slovakia; SLO, Slovenia; SRB, Serbia; UA,
Ukraine.
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TABLE 1: Prevalence of ketosis

Groups Apparent prevalence 95% CI True prevalence 95% CI
Production <9000 kg 0.34 0.28 t0 0.40 0.44 0.35t0 0.52
Production >9000 kg 0.38 0.33 10 0.43 0.49 0.411t00.57
Herd size <500 cows 0.34 0.28 to 0.41 0.44 0.351t0 0.53
Herd size 500-1000 cows 0.32 0.26 t0 0.39 0.41 0.33t0 0.50
Herd size >1000 cows 0.46 0.38 t0 0.55 0.61 0.49100.74

test,” TP was calculated by the formula: TP=(AP+(SP-1))/
(SE+(SP-1)) and shown in Table 1.%*

RESULTS
Distribution of BHBA  , categories and prevalence of ketosis
The overall distribution of samples among BHBA, .
categories (n=1667) is presented in Table 2.

Prevalence data of ketosis are presented in Table 1.

Relationships between prevalence of ketosis and risk factors

Herd size

The logistic regression (binomial generalised linear
mixed model) analysis—including the herd as a random
effect—showed that risk of developing severe ketosis
(BHBA, ) was higher in larger herds. Highly positive
cases were identified at a more than three times higher
frequency in the largest dairies (>1000 cows) than in the
two other smaller herd size categories (OR: 3.74, 95% CI
1.1 to 13.2, P=0.02). Furthermore, the odds of BHBA,
cases were more than four times higher in largest
(>1000 cows) herds compared with smallest (<500 cows)
herds (OR: 4.57,95% CI 1.1 to 22.3, P=0.03).

Herd productivity

There was no significant association between the prev-
alence of ketosis and average herd milk production
(< or >9000kg) level (BHBA , P=0.6; BHBA, P=0.8;

100 200
BHBA,, P=0.7; BHBA,, P=0.4; BHBA P=0.4).

ALL POSITIVE

Parity

The distribution of cows according to parity is presented
in Table 3. The relationship between parity and odds of
positive results is presented in Fig 2.

TABLE 2: Overall distribution of samples among milk
BHBA categories

BHBA,, . categories Samples (n) Proportion (%)
BHBA, 829 49.7

BHBA,, 349 21.0

BHBA, 316 19.0

BHBA,, 110 6.6

BHBA,, 44 2.6

BHBA, ,, 19 1.1

Total 1667 100

BHBA, beta-hydroxybutyrate.

There was a significant (P=0.01), non-linear positive
relationship detected between the parity and the prob-
ability of ketosis. The probability of ketosis with respect
for BHBA, , and all positive cases peaked at the third and
fourth lactations (OR: 2.02,95% CI 1.32 to 3.10, P=0.0008;
OR: 1.99, 95% CI 1.35 to 2.92, P=0.0003, respectively).

Days in milk

The highest number of positive cases was detected around
the 10th day of lactation. The probability of development
of a positive BHBA, , was significantly higher in the

first 10 days of lactation (OR: 1.6, 95% CI 1.11 to 2.31,
P=0.009) than afterwards.

Twins

A higher probability of ketosis was found among twin-
calving cows (n=42) in case of higher positive (BHBA,,
and BHBA, ) categories (OR: 4.17, 95% CI 1.03 to
12.42, P=0.02; OR: 4.73, 95% CI 0.51 to 21.02, P=0.08,
respectively). In the case of lower BHBA this rela-

tionship was not significant.

(100, 200)

Dystocia

Altogether, 37 dystocia cases were recorded in the study.
Significantly greater odds at high-positive BHBA  level
were particularly found in multiparous cows with dystocia
(OR: 10.53, 95% CI 1.07 to 52.52, P=0.02). There was no
significant relationship between dystocia and the odds of

ketosis in other BHBA categories or in primiparous cows.

Premature calving (calving maximum three weeks earlier than
expected)

Premature delivery of calves (n=21) resulted in a signif-
icantly higher risk of SCK in the BHBA,  category (OR:
2.68, 95% CI 0.95 to 7.03, P=0.04). There were no signif-
icant relationships observed in other BHBA categories.

RP and metritis
RP (n=155) was associated with significantly increased
odds of a positive ketosis test result (OR: 1.85, 95% CI
1.30 to 2.63, P=0.0006). On dividing the positive cases
into BHBA categories, a relationship was found to be
significant for BHBA, , only (OR: 1.94, 95% CI 1.31 to
2.84, P=0.0008), but not in any other BHBA categories.
The odds of elevated BHBA, . was not significantly
associated with metritis cases (n=140).
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TABLE 3: Distribution of the cows’ parity involved in the study

Lactation First Second Third Fourth Fifth Sixth Seventh Eighth ND
n 462 544 340 170 75 48 24 2 2
% 27.7 32.6 204 10.2 45 29 1.4 0.1 0.1

ND, no data available.

Mastitis

The odds of a positive Keto-Test and mastitis were signifi-
cantly increased when data were analysed from all BHBA
categories together (n=114) (OR: 1.63, 95% CI 1.07 to
2.45, P=0.02). When analysing individual positive catego-
ries, BHBA ,, BHBA,  and BHBA, , found positive asso-
ciations (OR: 1.66, 95% CI 1.04 to 2.60, P=0.03; OR: 1.08,
95% CI 0.44 to 2.28, P=0.8; OR: 2.60, 95% CI 0.48 t0 9.27,
P=0.1, respectively). However, in the BHBA, category,
this association was not found (OR: 0.998, 95% CI 0.20

to 8.21, P=1).

Milk fever, lameness

There were no significant relationships found between
reported milk fever (n=16) and lameness (n=41) cases
and a positive milk BHBA result.

Clinical ketosis

As it was evidently expected, a much greater chance of
highly elevated BHBA,, , results in cases of CK (n=27)
was detected (BHBA, : OR: 4.87, 95% CI 0.90 to 17.04,
P=0.03; BHBA : OR: 26.17, 95% CI 6.79 to 85.71,

1000°
P<0.0001).

DISCUSSION
The overall summary of our findings about relation-
ships between each investigated management factor and
health issues and ketolactia is presented in Table 4.

One of the most important economic problems on
dairies is the association between hyperketonaemia
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and depressed milk production in early lactation.® The
monetary value of economic losses caused by hyperket-
onaemia has been calculated to €257/cow/lactation.”
This is mainly composed of 350-500kg of milk produc-
tion losses plus the costs of treatment of related diseases
experienced during the 305-day lactation period.”® 121>
In cases of SCK, milk composition may also be affected,
which could be used as an indicator of the problem on a
herd level.”!

In this study, there was a remarkably high prevalence of
hyperketonaemia detected via BHBA concentration from
raw milk samples. In total, 29 per cent of examined milk
samples which were diagnosed to be BHBA positive (=100
pmol/1) during the period was observed. In considering
the limitations of the present study, it is reasonable to
interpret the prevalence of ketosis in higher lactations
(fifth to eighth) very carefully due to limited number of
animals in those classes.

There have been various data reported in literature
(7-73 per cent) regarding the prevalence of SCK in
dairy herds.” '*'"**" In another survey from the UK where
approximately 43,000 dairy cows were examined on 1200
dairy farms, 1.4 per cent of the cows (10-20 DIM) were
affected by CK and 27 per cent of cows were SCK posi-
tive (1.0-2.9mmol/1 BHBA ) SIna Hungarian study,
12.9 per cent of examined cows (n=294) had blood-BHBA
values higher than 1.4mmol/I and 55.2 per cent of the
cows had blood-BHBA values higher than 0.8 mmol/ 1.3
In a UK audit, 763 cows from 15 dairy herds were tested
using a milk BHBA test. The prevalence of SCK averaged

Lactaton No

FIG 2: The relationship between parity and odds of positive results (100, 200, 500 and 1000 BHBA

Lk categories expressed in

4
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30 per cent, with levels in individual herds varying from
10 to 60 per cent."!

The Pearson correlation coefficients between blood
BHBA and milk BHBA are strong (0.89), justifying the
use of milk BHBA tests for determination of the preva-
lence of hyperketonaemia on an herd-level basis.”” BHBA
levels in the blood are estimated at six’’ or eight times
higher than in the milk.”® There are wide variations in
BHBA threshold levels used to describe SCK in the liter-
ature from 1.0 ** to 1.2 pmol/1” *! to 1.4 pmol/1
BHBA® *! in the blood. However, a lower threshold level
of BHBA, ., (0.8 pmol/1) is also used in routine herd
monitoring programmes in Hungary.36 * The applied
threshold depends on the applied determination method
and it has limited influence on the interpretation of the
results.’

In our study, the highest proportion of positive cases
was found around day 10 post partum. It is quite similar
to previously published results which found peak occur-
rence in the first or second week of lactation.® # #* *3
Results from a large 1010-cow, 25-herd study in Ontario
demonstrate that the ORs of SCK prevalence (serum
BHBA >1200 pmol/1) were 12.17 and 12.20 on the first
and second weeks of lactation, respectively. A peak (OR:
24.37) was found in the second week of lactation and the
cumulative value was OR: 39.8 until the ninth week of
lactation.*

There was a significant (P=0.01), non-linear positive
relationship detected between parity and the probability
of ketosis. The probability of ketosis with respect to all
positive cases peaked at the third and fourth lactations.
However, as we supposed above, this is a limitation of
our study, that there were a limited number of samples
that were examined from older cows. It is recommended
to take into account when investigating this result.

Parity is an important determinant in the development
of ketosis.* In a study which analysed 3586 lactations in
a 17-year period (January 1980 to December 1996), it
was shown that parity is significantly related to the pres-
ence of ketosis, and the highest incidence was reported
in third and fourth lactations.” A significant, non-linear
correlation was reported between positive milk BHBA
and parity, which was partly in harmony with previously
reported results.*

We found that the probability for development of ketosis
was increased in twin-calving cows, which correlates with
the results of others.**”

Environmental and management factors such as herd
size, season of calving, feeding frequency or ration
composition, poor dry cow management and rumen
adaptation may play a role in the manifestation of this
metabolic disorder, and have a serious effect on the vari-
ation in prevalence and the incidence of ketosis in dairy
herds.* #** The effects of herd size and production level
were investigated, inspired by an earlier work.*" A posi-
tive correlation between herd size and the risk of severe
ketosis was found in our cross-sectional observation study.
The fact that approximately 40 per cent of the samples

originated from 6 out of 52 farms made us worry that
this major result might be confounded by herd bias. The
potential effect of herd bias was examined by a logistic
regression (binomial generalised linear mixed model)
analysis—including the herd as a random effect—to
confirm that results were not confounded. Our findings
were supported by other publications as well.*® Producers
in smaller herds tend to overestimate the incidence of
CK and producers in larger herds tend to underesti-
mate the incidence of CK.** We assume that in larger
herds (>1000 cows), each farm operator is responsible
for larger numbers of cows and may pay less attention
to individuals, increasing the risk of unrecorded prob-
lems compared with smaller herds. In large-scale farms,
it is more difficult to manage a production system which
meets the requirements of all cows in the system.

Our results do not show any influence of level of herd
milk production on the prevalence of ketosis. In this
section, it is necessary to highlight that in this study, not
individual but herd production level was investigated.
The finding is similar to earlier studies.”® Other studies
also show that there is no direct link between ketosis
and milk production level within herds.” However, it
is conceivable that an existing higher presence of SCK
within an herd may depress the productivity in the lacta-
tion resulting reduced milk production in the affected
herd 36101215

Similar to previous results, our study showed that
the elevated level of BHBA in milk was associated with a
greater risk of premature parturition, dystocia, RP, as well
as with the clinical mastitis cases were diagnosed before
the milk ketone tests were done. It is well documented
that negative energy and protein balance contribute to
the development of a depression in immune function®”®
and a subsequent increased incidence of related diseases
in early lactation.”? As ketosis is induced by a deficiency
of glucose, it is frequently associated with a decrease in
immune function. Insufficient immune function leads to
the clinical manifestation of several infectious diseases.”
Controversially with other publications,”'****? we did not
find association between metritis and elevated level of
BHBA in milk. The explanation would be that the asso-
ciation with metritis may be influenced by the sampling
time, as metritis may be diagnosed in the first three weeks
of lactation thus possibly after milk sample collection was
performed in our study. In other words, it is a limitation
of our results that we missed all the metritis cases that
occurred after milk ketone test.

Summarising our results, we can conclude that the
prevalence of SCK by measurement of ketolactia is high
in large-scale dairy herds. Prevalence peaks within the
third to fourth lactation, and twinning is associated with
a higher risk of ketosis. Larger herd sizes were identified
as a managementrelated risk factor for ketosis. Links
between ketosis and other fresh cow diseases such as
dystocia, RP and mastitis were revealed.

Monitoring of ketosis by using a semiquantitative, colo-
rimetric milk BHBA test may assist in the early detection

8114950
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of ketosis and in the management and prevention of
consequent fresh cow diseases in dairy herds.
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