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Summary
Economic values are used to balance the emphasis on breeding goal traits, and determine
whether selection for a trait is worthwhile. The basic reproduction ratio (R0) determines
transmission dynamics of a disease and, therefore, R0 is an appropriate breeding goal trait.
This study presents an easy to use framework for the derivation of the economic value of R0
for macroparasitic diseases. An example for sea lice in salmon is provided, resulting in an
estimate of R0 of 2.9 with an economic value of -0.072 €/unit R0/kg production.
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Introduction
Macroparasitic diseases affect many livestock species: e.g. ticks in cattle, worms in sheep,
and sea lice in salmon. Conventional treatment based on drugs relieves the negative effects on
livestock, but loses its effectiveness when parasites develop drug resistance (Kaplan, 2004).
Genetic improvement of livestock provides a long term effect that can complement existing
control strategies. Breeding companies, therefore, desire to improve resistance to
macroparasitic diseases (Janssen et al., 2017a). Moderate improvement of disease resistance
might result in anything between a minor change in disease prevalence to complete
eradication of the disease (Bishop et al., 2010) depending on the value of the basic
reproduction ratio, R0. R0 determines transmission dynamics of a disease and accounts for
such non-linear responses in prevalence, hence R0 is an appropriate breeding goal trait. An
animal’s breeding value for R0 is determined by its own genotypes for susceptibility and
infectivity, and population average genotypes for susceptibility and infectivity (Anche et al.,
2014). Economic values are used to balance the emphasis on breeding goal traits, and
determine whether selection for a trait is worthwhile. Economic values of production traits
have been derived for many species (e.g. Groen, 1989; Janssen et al., 2017b), but economic
values of disease traits have only been derived in a few cases (Amer et al., 1999; Gicheha et
al., 2005; Lobo et al., 2011). This study presents a framework for the derivation of the
economic value of R0 for macroparasitic diseases.

Costs of livestock diseases
Costs of livestock diseases are the sum of production losses (L) and expenditures for
treatment (E) (Mcinerney et al., 1992). The loss-expenditure frontier gives the minimum level
of L for any level of E (Figure 1). L decreases when E increases. Treatment frequency is at its
economic optimum when δL/δE=-1. Genetic improvement of R0 lowers the loss-expenditure
frontier, hence improvement of R0 results in:
1. Reduction of L at a constant level of E for below optimum treatment frequency.
2. Reduction of E at a constant level of L for above optimum treatment frequency.
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3. Reduction of E and L at optimum treatment frequency.

Epidemiology
For macroparasitic diseases, R0 is defined as “the average number of offspring (female
offspring in a dioecious species) produced throughout the reproductive lifespan of a mature
parasite that themselves survive to reproductive maturity in the absence of density-dependent
constraints on population growth” (Anderson and May, 1992). Macroparasites are assumed to
be endemic. The number of parasites (I) per animal increases over time as:
,

(1)

where Imin is the minimum infection level and t is the number of generations of the parasite.
Treatment is applied when the maximum tolerable number of parasites per host is reached,
i.e. when . Extremes of I are assumed to be within such a narrow range in livestock
production systems that R0 is density independent. The mean number of parasites (Ī) over
period τ is:
,

(2)

where τ is the number of parasite generations between treatments. We assume that the
transition from one production cycle to the next has no effect on the number of parasites per
host.

Economic values
The economic value is the partial derivative of a profit function with respect to trait level.
Profit is a function of L and E, which in turn are functions of R0. L is assumed to be linearly
related to the number of parasites per animal (Anderson and May, 1978), hence variation in
parasite numbers between animals and over time is ignored. Thereby L is a linear function of
the mean number of parasites per animal:
,

(3)

where Lpar. are production losses due to a single parasite. E is linearly related to the number of
treatments per production cycle of length T (in parasite generations):
,

(4)

where are expenditures for a single treatment.
At below optimum treatment frequency, genetic improvement of R0 reduces L at a
constant level of E, hence the economic value of R0 is:
, where:
.

(5)
(6)

The relation between R0 and its relative economic value is given in Fig. 2 for different
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values of τ. The relative economic value decreases when R0 decreases, τ is larger than about 2
and R0>1. The actual economic value is negative.
At above optimum treatment frequency, genetic improvement of R0 reduces E at a
constant level of L, hence the economic value of R0 is:
, where:
.

(7)
(8)

The relation between R0 and its relative economic value is given in Fig. 3. The relative
economic value increases when R0 decreases and R0>1, and it decreases when increases. The
actual economic value is negative.
When treatment frequency is optimized before genetic improvement, Eq. 5 and 7 yield
equivalent results (Wilton and Goddard, 1996). Treatment frequency is optimized by equating
the partial derivative of profit with respect to τ to zero. The relation between R0 and its
relative economic value is given in Fig. 4. The relative economic value increases when R0
decreases when R0>1.

Example: sea lice in Norwegian salmon aquaculture
Sea lice are one of the major challenges in Norwegian salmon aquaculture. Treatment is
obligatory when juvenile or adult female lice numbers exceed a threshold. For simplicity, we
focus on adult female lice only. Treatment frequency is above the economic optimum, hence
improvement of R0 reduces E. Treatment efficacy is 95% (Revie et al., 2005), hence is 20.
Salmon is treated about 2.5 times during a production cycle (Iversen and Hermansen, 2017)
of about 500 days. The generation interval of sea lice is about 70 days (Revie et al., 2005),
hence generations, , and (Eq. 1). is €0.087/treatment/kg production (Iversen and
Hermansen, 2017). The economic value of R0 is:
€/unit R0/kg production.
Note that when R0 would be nearer to 1 in the future, either by genetic improvement or novel
control measures, the economic value will be lower (Fig. 3).

Conclusion
This study presents an easy to use framework for the derivation of the economic value of R0
for macroparasitic diseases. The actual economic value is negative, because the desired
direction of improvement is a reduction in R0. At below optimum treatment frequency, the
economic value increases when R0 decreases for R0>1. At optimum or above optimum
treatment frequency, the economic value decreases when R0 decreases for R0>1. For above
optimum treatment frequencies, reducing R0 by a constant proportion over generations
generates increasing economic returns every generation up to the point where R0<1.
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Figure 1. Loss-expenditure frontier. The grey dotted line (δL/δE=-1) crosses the lossexpenditure frontier at the economic optimum.
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Figure 2. The relative economic value of R0 when the level of expenditures is below its
optimum for τ=1 (blue line), τ=2 (red line), and τ=3 (green line).
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Figure 3. The relative economic value of R0 when the level of expenditures is above its
optimum.
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Figure 5. The relative economic value of R0 when the level of expenditures is at its optimum.

