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The cost of a case of subclinical ketosis in Canadian dairy herds

Khaled Gohary, Michael W. Overton, Michael Von Massow, Stephen J. LeBlanc, Kerry D. Lissemore,

Todd F. Duffield

Abstract — The objective of this study was to develop a model to estimate the cost of a case of subclinical ketosis
(SCK) in Canadian dairy herds. Costs were derived from the default inputs, and included increased clinical disease
incidence attributable to SCK, $76; longer time to pregnancy, $57; culling and death in early lactation attributable
to SCK, $26; milk production loss, $44. Given these figures, the cost of 1 case of SCK was estimated to be $203.
Sensitivity analysis showed that the estimated cost of a case of SCK was most sensitive to the herd-level incidence
of SCK and the cost of 1 day open. In conclusion, SCK negatively impacts dairy herds and losses are dependent
on the herd-level incidence and factors included in the calculation.

Résumé — Coiit d’un cas d’acétonémie subclinique dans les troupeaux laitiers canadiens. Lobjectif de cette
étude consistait a développer un modéle pour estimer le cotit d’un cas d’acétonémie subclinique (ASC) dans les
troupeaux laitiers canadiens. Les colits ont été dérivés des valeurs par défaut et comprenaient I'incidence accrue de
maladie clinique attribuable 2 ASC, 76 $; un délai plus long avant la gestation, 57 $; la réforme et la mort au
début de la lactation attribuable 2 'ASC, 26 $; la perte de production laitiere, 44 $. Compte tenu de ces chiffres,
le colit de 1 cas I’ASC a été estimé 4 203 $. Une analyse de sensibilité a montré que le cotrt estimé d’un cas 'ASC
érait le plus sensible a I'incidence de ’ASC au niveau du troupeau et au cofit d’une journée ouvrable. En conclusion,
I’ASC a un impact négatif sur les troupeaux laitiers et les pertes dépendent de I'incidence au niveau du troupeau

et des facteurs inclus dans le calcul.
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Introduction

fter calving, all lactating dairy cows go through an inevi-

table phase of negative energy balance (1) that results from
the lag of dry matter intake behind milk production, rendering
cows susceptible to metabolic diseases (2). Ketosis (clinical and
subclinical), a widespread condition in dairy herds across North
America, is one such metabolic disease (3). Subclinical ketosis
(SCK) results in reduced milk production (4-6) and decreased
reproductive performance (4,7) relative to similar cows not diag-
nosed with the condition. In addition, affected cows are more
likely to develop other diseases including displaced abomasum
(DA), clinical ketosis (CK), and metritis (5,8,9), and are more
likely to be culled in early lactation (10). As a consequence, the
negative effects of SCK will impact herd performance as a whole

(Traduit par Isabelle Valliéres)

(11,12). Therefore, the impacts of SCK on health, reproductive
performance, and production can be costly for each affected cow,
and can affect profitability of a dairy enterprise.

There have been previous attempts to quantify economic
losses associated with SCK. One Canadian study estimated a
cost of $78 for a case of SCK (13). This figure might be an
underestimate of the actual cost of SCK, not only because
the input costs have increased over time, but also because the
authors: i) accounted for only 2 diseases on which SCK can have
an impact (DA and CK); ii) did not incorporate the increased
risk of culling into their calculations; and iii) considered milk
loss due to SCK for only 2 wk. Another study estimated that a
case of SCK can cost €/35 ($1031.00 CDN) (14). This figure

might be an overestimation, as some overlapping effects such
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Table 1. Inputs used to calculate the cost of 1 case of subclinical
ketosis (SCK; defined as elevated serum BHBA = 1400 pumol/L in
either of the first 2 weeks following calving in a cow not showing
clinical signs)

Ttem Value  Reference
Price/cost
Average milk price in Canada ($/L) 0.81 (22)
Cost ($) of 1 kg of TMR (dry matter basis) 0.3 (20)
to produce 1 L of milk
Average value of a cow in a herd (§) 2100 (20)
Cost of pregnant replacement heifer ($)* 2500  (23)
Cull cow value ($)® 1680  (23)
Cost of 1 day open beyond 100 days ($) 3 (21
Herd/cow data
Herd annual turnover rate (%) 35
Median time to pregnancy (d) in cows without 108 7)
SCK

Median time to pregnancy (d) in cows with SCK 124 (7)
in 1st or 2nd wk postpartum

Median time to pregnancy (d) in cows with SCK 130 7)
in 1st and 2nd wk postpartum

Dairy efficiency® 2.3

Milk reduction (kg) for 30 days due to SCK 65  (4,5)

* Pregnant replacement heifer price is based on average weight of 454 kg and
$250/cwt.

b Cull cow value is based on average weight of 635 kg and $120/cwt.

< Milk yield (kg) produced as a result of a cow consuming 1 additional kg of dry
matter above maintenance requirements (24); this calculation accounts only for the
energy required to produce marginal milk after considering that NE; concentration

of 0.75 Mcal/kg of 4% milk and 1.73 Mcal/kg of feed on a dry matter basis (25).

as production loss were double-counted. A recent comprehen-
sive model estimated the average cost of a case of ketosis to be
$289 US (15); however, it was based on conditions within the
US dairy industry.

Therefore, there is a need for a model that estimates the cost
per case of SCK in Canada as comprehensively as possible,
based on currently available information. The objective was to
estimate the losses that result from an individual case of SCK in
Canadian dairy herds, including a sensitivity analysis to identify
influencing input variables.

Materials and methods

A spreadsheet in Excel (Microsoft Office 2010; Microsoft,
Redmond, Washington, USA) was developed to estimate
the cost of an individual case of SCK. Subclinical ketosis
was defined as elevated serum B-hydroxybutyrate (BHBA)
= 1400 pmol/L in either of the first 2 weeks following calving
and in a cow not showing clinical signs. Economic losses due
to SCK were calculated by summing the losses resulting from
reduction in milk production, increased risk of clinical diseases
(DA, CK, and metritis), increased risk of culling and death in
carly lactation, and reduced reproductive performance. The
price and cost of different variables in addition to herd or cow
data that were used as inputs in the current model are listed in

Table 1.

Losses due to reduction in milk production
attributable to subclinical ketosis

The estimate of milk loss due to SCK used in the current scudy
was based on the first Dairy Herd Improvement (DHI) test,
and was 2.15 kg/ketotic cow (4,5). This amounts to a loss of
65 kg/30 d for a case of SCK when assuming that, on average,
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Table 2. Inputs used to calculate the cost of 1 case of clinical
ketosis (defined as a case of ketosis manifested with clinical signs
regardless of serum BHBA concentrations)

Item Value Reference
Incidence of clinical ketosis (%) 9.6 (3)
300 g of propylene glycol for 4 days ($) 12 (26)
Labour wages ($)/hour 15 (27)
Number of cows drenched/hour 15
Death due to clinical ketosis (%) 1.3 (28)
Culling due to clinical ketosis (%) 5 (28)
Hourly veterinary fee (§) 160
Time (hours) to diagnose and treat 0.3
clinical ketosis by a veterinarian
Cases of clinical ketosis examined and 10 (30)
treated by veterinarians (%)
Milk production loss (kg) due to clinical 255 (31)
ketosis
Average milk price in Canada ($/L) 0.81 (22)
Dairy efficiency® 2.3
Cost ($) of 1 kg of TMR (dry matter 0.3 (20)
basis) to produce 1 L of milk
Cost of pregnant replacement heifer ($) 2500  (23)
Cull cow price ($) 1680 (23)
Average value of a cow in a herd (§) 2100 (20)
Cost of 1 day open beyond 100 days ($) 3.0 (21
Increase in days open for cows with 10 (30)
clinical ketosis
Risk of aspiration pneumonia (%) with 0.003  J.P. Goff,
drenching Towa State

University, Ames,
Iowa, personal
communication,
2015
Risk of immediate death after aspiration 0.0024 (32)
pneumonia (%)

Risk of survival after aspiration 0.0009 (32)
pneumonia (%)
Risk of culling after survival and 0.0003  (32)

treatment (%)

@ Milk yield (kg) produced as a result of a cow consuming one additional kg of dry
matter above maintenance requirements (24); this calculation accounts only for the
energy required to produce marginal milk after considering that NE, concentration

of 0.75 Mcal/kg of 4% milk and 1.73 Mcal/kg of feed in dry matter basis (25).

the first test date is at 30 days in milk (DIM). The marginal
loss of milk production ($) was calculated by subtracting the
feed cost (dry matter basis) saved due to the reduction in milk
production caused by SCK from the total loss ($) incurred due
to the reduction in milk production associated with SCK.

Losses due to increased disease incidence
attributable to subclinical ketosis

The overall loss due to increased clinical disease (CK, DA, and
metritis) in cows with SCK is a function of the cost of a clinical
case of each disease and the attributable risk (the increment in
clinical disease incidence attributed to SCK) for the associated
diseases.

The cost of CK was calculated using inputs listed in Table 2,
and was $233. The costs of both DA ($707) and metritis ($396)
were obtained from McArt et al (15). All disease costs except
CK were in US dollars and converted to Canadian dollars using
an exchange rate of 1.28. To calculate the attributable risk of
increased disease incidence due to SCK, the lactational incidence
risk (LIR; the number of cows affected with a certain disease
during a lactation divided by the number of cows that calved
in the same time period) of CK (3), DA, and metritis (8), and
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Table 3. Inputs and calculations of epidemiological measures of the contribution of subclinical ketosis
(SCK) to subsequent clinical diseases, used to estimate the cost of 1 case of SCK (Average odds
ratios references in brackets)

Event

Measure DA CK Metritis SCK Culling Death
Increased odds due to SCK 6.42 5.48 2.51 . 1.8 .

" (5,16,17) (15,16) (5) (10)

o LIR (%) 48 9.6 16.7 40.0 7.53 —

= (8) (3) 8)

x

< Basal risk (%)" 1.52 3.44 10.41 — 5.7 —
Attributable risk (%)° 3.3 6.2 6.3 — 1.82 2.2
Cost of disease/eventd ($) 29.73 14.36 31.88 — 7.48 18.48

DA — Displaced abomasum; CK — Clinical ketosis; LIR — Lactational incidence risk.

* Percent of culling by 60 DIM (21.5%) multiplied by annual herd turnover rate (35%).

b Event occurrence for cows not affected with SCK. Calculated by solving for x in this formula: LIR of a clinical disease/culling =
(percent of cows with SCK X increased odds to develop that clinical disease/culling X x) + (percent of cows without SCK X x).

¢ Incremental increase of event attributed to SCK. Calculated using this formula: Attributable risk = (percent of cows with
SCK X increased odds to develop that clinical disease/culling X x) — (percent of cows with SCK X x).

4 Cost of increased disease incidence due to SCK is a function of the cost of a disease and the attributable risk. Cost of increased
culling due to SCK is a function of cost of premature culling and the attributable risk. Cost of death due to SCK is a function
of average value of a cow in a herd, LIR of SCK and attributable risk.

the increased risk of developing CK (5,16), DA (5,16,17), and
metritis (5) due to SCK were obtained from previous studies.
The Basal risk (clinical disease incidence for cows not affected
with SCK) and the attributable risk (clinical disease incidence
for cows affected with SCK) were then calculated (Table 3).

Losses due to culling and death attributable to
subclinical ketosis

To calculate the loss resulting from culling due to SCK, the
following steps were performed. First, the cost of premature
culling was calculated based on a culling depreciation model
(J. Fetrow, University of Minnesota, St. Paul, Minnesota, USA,
personal communication, 2014) to estimate current predicted
value of a cow in lactation based on the herd’s parity-specific
culling risk and current lactation among other input variables.
Second, the turnover rate in the first 60 DIM (LIR of culling
in the first 60 DIM) was calculated by multiplying the average
culling percent until 60 DIM (18,19) by an assumed annual
herd turnover rate of 35%. Third, the risk of culling in early
lactation for cows with SCK was obtained (10), and the basal
and attributable risk of culling due to SCK were calculated.
Finally, loss resulting from culling due to SCK is a function of
the cost of premature culling and the attributable risk of culling
due to SCK (Table 3).

Considering death associated with SCK, calculations were
based on an attributable risk of death due to SCK of 2.2%
(J.A. McArt, Cornell University, Ithaca, New York, USA, personal
communication, 2015). Assuming an average value of $2100 for
a lactating cow within a herd (20), loss from death due to SCK is
a function of attributable risk of death due to SCK, average value
of a lactating cow, and the incidence of SCK in a herd.

Losses due to reduced reproductive
performance attributable to subclinical ketosis.
The cost of 1 d open beyond 100 DIM was assumed to be $3
(21). All information on the difference in time to pregnancy
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Figure 1. A pie chart showing the breakdown of the cost of
1 case of subclinical ketosis.

between cows diagnosed with SCK and cows without SCK was
retrieved from a previous report (7). From this, an average cost
of days open for cows with SCK was estimated.

Sensitivity analysis

Holding all other inputs constant, by changing the value of
1 input from its baseline (default) level, the change in the cost
of a case of SCK was calculated. In an attempt to standardize
the change in inputs for sensitivity analysis, the following inputs
were altered by adding or subtracting 50% of the baseline: cost
of 1 d open, cost of 1 kg of feed, labor costs, average value of a
cow in a herd, cost of a replacement heifer, price of a cull cow,
and the turnover rate. The range used for the incidence of SCK
was based on Duffield (29), and the range in incidence of CK,
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$130 $150 $170 $190 $210 $230 $250

Subclinical ketosis incidence (40% 8%

)
1 day open ($3)

Cost of replacement heifer ($2500)
Displaced abomasum incidence (4.8%)
Average value of cow ($2100)

Cull cow price ($1680)

Clinical ketosis incidence (9.6%)
Metritis incidence (16.7%)

Milk price/L ($0.81)

1 kg feed ($0.3)

)

Turnover rate (35%

Minimum

B Maximum

Figure 2. A Tornado plot to depict sensitivity analysis for estimation of the cost of a case of subclinical ketosis. The plot depicts the
change in the cost of a case of SCK due to an increase or decrease of the value of an input. Values in parentheses are baseline values
used in building the model while values on the sides of the bars are the minimum and maximum values used for sensitivity analysis.
The line in the middle of the plot separating minimum and maximum bars represents loss due to a case of SCK using the baseline

(default) values of inputs ($203).

metritis, and displaced abomasum was based on Guard (30).
Finally, the range used for milk price was based on adding or
subtracting $0.10/L from the baseline used in the analysis.

Results

Loss resulting from SCK in the current model was $203 per
case. The breakdown of the cost of 1 case of SCK is shown in
Figure 1. The calculated estimate is lower than the $289.00 US
($370.00 CDN) average cost of a case of ketosis reported by
McArt et al (15). Although milk price in Canada is higher than
in the US, several differences beyond milk price affected the
estimate. For example, reproductive loss due to SCK was based
on extended time to pregnancy for subclinically ketotic cows,
while in the US study it was based on an increased risk of ovar-
ian dysfunction and pregnancy to first insemination (15). In
addition, our calculations modelled SCK separately from clini-
cal ketosis. While McArt et al (15) did not include the cost of
clinical ketosis separately, they still factored treatment costs and
other downstream impacts in the total cost of ketosis. However,
if the cost of CK and SCK calculated in this study are summed
together they will yield a comparable cost of $430.00 CDN to
that obtained by McArt et al (15).

Discussion

While there is an association between clinical disease incidence
and SCK (5,8,9), it is not necessarily true in all herds that
clinical disease incidence will increase if the incidence of SCK
increases. That being the case, in contrast to McArt et al (15)
we modelled clinical disease incidence (DA, CK, and metritis)
separately from SCK (i.e., we did not tie the incidence of SCK
to the incidence of the associated clinical diseases). Yet, and due
to the method of calculation used, an increase in herd incidence
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of SCK was associated with the increase of the cost of a case of
SCK due to its direct impact on the basal and attributable risk of
other clinical diseases and culling. However, sensitivity analysis
did not show the variation in clinical disease incidences to be
influential (Figure 2).

The estimate obtained in the current study was lower than
the loss of €735 ($1031.00 CDN) for a case of SCK reported
in another recent study (14). The current study attempted to
limit the overestimation and double counting in cost estimate
calculations by accounting only for the attributable risk of clini-
cal disease incidence due to SCK, but there might still have been
some overlap of costs that were impossible to disentangle from
interrelated diseases in the fresh period.

Loss calculated in the current study, however, is higher than
what was calculated in an earlier Canadian study (13) that
estimated the cost of a case of SCK to be $78. The authors
of that study only estimated a loss of milk for 2 wk, while in
the current study milk loss was estimated to be over 30 d. The
authors also used a lower risk for developing disease than used
herein; for example, a 3-fold increase in the risk of DA and CK
was used, compared to a 6.5 and a 5.5-fold increase in the odds
of developing each disease, respectively, in the current study.
In addition, culling was not accounted for and milk price in
Canada now is 2.7 times higher. It is worth mentioning that
the authors of the older study also overestimated the losses due
to developing other diseases, as they included basal disease inci-
dence in their calculations. This means that losses due to SCK
were actually lower than reported.

Losses in the current model were based on using a cut-point
for blood BHBA concentrations of 1400 pmol/L. The cut-point
was chosen based on the negative impact SCK can have on
health and production of lactating dairy cattle (5). Losses will
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vary by changing the cut-point value, whether SCK is diagnosed
in the first or second week after calving, or both. Modeling such
thresholds and patterns would have added value to the model;
however, this was not done because such a model is prohibitively
complex, and data to support the differential impacts of SCK
at that level of detail are sparse. Sensitivity analysis showed that
the incidence of SCK was the input to which the estimates were
most sensitive (Figure 2). The sensitivity was a result of the wide
variation in the incidence of SCK among Canadian dairy herds.

In conclusion, the average cost of a case of SCK generated by
our model was $203, and varied depending on the herd-level
incidence of SCK. Given previous studies testing cows at least
weekly over the first 2 wk postpartum has established a typical
cumulative incidence of SCK to be 40%; herd-level costs of
SCK are substantial. This analysis supports the importance of
implementing prevention, monitoring, and treatment programs
during the transition period. v
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