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Selection for or against facial eczema susceptibility in sheep 

C.A. MORRIS, N.R. TOWERS, C. WESSELINK AND M. WHEELER 

AgResearch, Ruakura Agricultural Research Centre, P B 3 123, Hamilton, New Zealand. 

ABSTRACT 

Facial eczema (FE) in sheep is associated with liver damage and considerable production losses. Romney flocks, resistant (R) and 
susceptible (S) to FE were established at Ruakura in 1975; a control (C) and a second resistant (R2) flock were added after 198 1, the R and 
R2 flocks were merged in 1988, and three flocks (R, C and S) still exist. Progeny testing was carried out in early years for ram selection, and 
performance testing was used after 1981. The R flock was dosed with sporidesmin in most years since 198 1 at 0.15 mg/kg live weight, with 
the dose rate for the S flock initially 0.066 mg/kg and now reduced to O.O4mg/kg. The C flock was divided into two groups, with one group 
dosed at 0.15 and one at O.O4mg/kg, to provide an indirect comparison of the R and S flocks. Blood samples were taken after dosing to monitor 
liver damage via plasma gamma-glutamyltransferase (GGT) concentration. Log, GGT levels increase in proportion to increasing severity 
of liver damage. Thus, changes in mean log, GGT value reflect changes in relative susceptibility or resistance, with negative changes 
indicating increasing resistance. 

Two distinct peaks appear in the log, GGT distribution, centred around values of about 40 and 500 international units (i.0) for both the R and 
S flocks. The selection flocks differ in the proportions of animals at each peak, suggesting that the R and S flocks may be indirectly compared via 
the C flock although different dose rates were used. Annual divergence in log, GGT in the R flock relative to the C flock was -0.08 l&O.047 i.0, and 
the R-flock difference from control in the most recent years averaged -1.24&O. 14 i.uJl. Divergence of the S flock from the C flock was mom variable 
from year to year and the S-flock difference from control for the last 6 years averaged 0.48&O. 11 i.uJI. 

A total of 101 industry flocks have used the commercial FE testing service, Ramguard, with 9 of them testing for at least 10 years. A 
comparison with theRuakuraR-flock response was obtained from one such flockselecting for production traitsandFEresistance since 1979. 
Their GGT trend was 34% of the R-flock trend, indicating that less but worthwhile genetic progress has been obtained from using a selection 
programme with a multiple objective. 

Keywords: sheep; facial eczema; breeding; selection; resistance; susceptibility. 

INTRODUCTION 

Facial eczema (FE) is a costly animal health problem in 
the lower lying areas of the North Island. The disease is caused 
by sporidesmin, a toxin found in spores from the saprophytic 
fungus Pithomyces chartarum, growing on the dead litter at 
the base of most pastures. In the warm, humid conditions 
common in autumn, fungal growth and spore formation can be 
rapid, resulting in high numbers of toxic spores in the pasture. 
Sporidesmin is a potent toxin that injures many body tissues 
including the liver. It can cause extensive cell damage and cell 
death, particularly in the bile ducts which may become com- 
pletely blocked in some animals. Damage to the bile ducts 
prevents excretion of waste products which then spill over into 
the bloodstream. In turn this causes the photosensitivity and 
tissue damage to the exposed areas of the face, udder etc that 
are responsible for the common name of the disease. How- 
ever, in all except the most severe outbreaks, the majority of 
affected animals show no outward sign of the disease. 

Post-mortem studies of liver damage have shown a wide 
range of susceptibilities from animal to animal (Campbell et 
al., 1975), and these animal differences have subsequently 
been shown to be highly inherited, with a heritability of 
0.42tiiO9 (Campbell et al., 198 1). 

The two objectives of this paper are to describe the 
selection responses achieved at Ruakurain breeding for changes 
in FE susceptibility, and to discuss experiences with the 

commercial service, Ramguard, which provides breeders with 
tests of rams for FE susceptibility. 

MATERIALS AND METHODS 

Selection flocks 

Flock descriptions 

A selection experiment was set up at Ruakura in 1975 to 
breed two Romney flocks, one for resistance (R) and one for 
susceptibility (S) to FE (Campbell et al., 1975, 198 1). In the 
years until 1981, the susceptibility of potential sires was 
assessed by progeny testing, followed by scoring liver dam- 
age in slaughtered progeny. The FE challenge was provided 
by dosing with sporidesmin. From 198 1 onwards, a perform- 
ance test has been used to select sires, monitoring elevated 
gamma-glutamyltransferase (GGT) concentrations in the blood 
of animals 3 weeks after dosing with sporidesmin (Towers 
and Stratton, 1978). The experiment was expanded after 198 1 
by establishing two further Romney flocks, both originating 
from a common group of Romneys drawn widely from indus- 
try sources, to form the control (C) and second resistant (R2) 
flocks at Ruakura. These last two flocks were used for dem- 
onstration purposes, to show the responses achievable from 
performance testing. By the 1988 matings, they had fulfilled 
this role, and the R and R2 flocks were subsequently merged, 
leaving three flocks (R, C and S) which still exist at Ruakura. 
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FIGURE 1: Frequency distributions of log= GGT for male and female 
lambs born in 1990-92, and dosed at (a) 0.15, (b) 0.10 or (c) 0.04 mg/kg. 

(a) Dose Rate 0.1Smglkg 

Response to selection : log, GGT 

The rates of change in log, GGT were similar in the R and 
R2 flocks from 1981 to 1987, and subsequent to merging the two 
flocks the rate of change has remained about the same. Overall, 
least squares analysis showed that the average annual rate of 
divergence in loge GGT between the R (and R2) and C flocks 
from 198492 was-O.OSlXJ.047 i.uJl (P<0_10),abouttwo-thirds 
of the theoretical rate of response achievable. This may be the 
result of difftculty in discriminating amongst resistant rams 
which have not reacted to the sporidesmin challenge, and which 
have similarphenotypic GGTs. Nevertheless, the average differ- 
ence between the R and C flocks (1990-92 birth years) was 
-1.24fl.14 i.uJl (PcO.001). 

In the C flock, no sporidesmin testing was carried out 
before the 1984 lamb crop. As a result, although new rams 
were selected at random, there were no GGT records to assist 
in minimising any drift in flock mean GGT. In later years, the 
selection of C flock rams has been carried out with the 
restriction that their average breeding value (BV) is the same 
as that of all contemporaries. Applying best linear unbiased 
prediction (BLUF’) techniques to the C flock showed that 
there was minimal drift in loge GGT for the C flock each year 
after 1985 (overall, a value of 0.014ti.006 i.u./l). 

In the S and C flock comparisons, numbers tested were 
smaller and there was not a significant selection response 
over time, using least squares analysis. A BLUE analysis, 
assuming a heritability of 0.42, did show a significant annual 

trend. However, the more important estimate was perhaps the 
flock difference by least squares (0.48ti.11 i.u./l, PcO.001); 
this estimate was obtained from the 1987-92 years of birth 
(more years than in the comparison of R and C flocks, 
because there were fewer S and C animals tested per year). 

Having found the bimodal distributions in Figures 1 a- 
l c, showing peaks at similar positions for each flock, it has 
already been noted that the R and S flocks may be directly 
comparable via the C flock. Therefore, assuming that the 
recent responses of the R and S flocks may be compared with 
the controls on the same scale, change in the S flock (0.48 i.u./ 
1) thus appeared to be less than half of that in the R flock (- 1.24 
i.u./l). This finding was consistent with the expectation that 
S flock responses would be less than in the R flock because 
of major difficulties experienced with reproductive rate in 
both sexes of the S flock (Morris et al., 1991). 

Response to selection : percent resistant 

By 1992, the difference in log, GGT between the Rand 
C flocks was 1.34 i&l. From the relationship obtained 
between log, GGT and the percent of animals resistant (Mor- 
ris er al., 1989), i.e. 38% more animals resistant per unit 
change in log, GGT, there is expected to be a 5 1% difference 
in the percentage of R and C flock animals resistant to the 
high sporidesmin dose. The actual differences in per cent 
resistant between males in the two flocks were 41% and 67% 
for the 1991 and 1992 lamb crops respectively, averaging 
54%. Similarly, the 1992 data for the S and C flocks were 
equivalent to an expected 26% difference in susceptible 
numbers per flock, although the actual value was much 
higher at 67% (based on 9/9 C flock animals resistant and 1 l/ 
33 S flock animals resistant). 

In a recent year where a field challenge was applied 
(involving a maximum Brook spore trap count of >2.88 x 106 
spores m” of air, i.e. 81 600 spores per cubic foot), 53% of 
Controls were susceptible, compared with only 7% of R flock 
animals grazed together with them. This indicates a large 
flock difference in susceptibility to a natural challenge, under 
circumstances likely to occur under commercial conditions 
in the field. 

Ramguard 

Over the period 1984-93, the Ramguard service has 
been used by 101 breeders, each testing at least one crop of 
rams. While some have withdrawn from the scheme, over 70 
breeders now use GGT levels as one of their multiple selec- 
tion criteria along with production traits, and 9 breeders have 
tested for at least 10 years. Initially ram karnbs were tested, to 
take advantage of their lower live weights and thus lower 
testing costs, but over the last five years there has been a trend 
to delay testing until the animals are two-tooths and BVs for 
wool production are available to aid selection of rams for 
testing. Most breeders test from 10 to 301 rams (mean = 1 S), 
although the number tested has ranged from 3 to 99. Those 
testing for at least 8 years have averaged 23 rams per year. 

As might be expected, most breeders selecting forresist- 
ante are located in those areas most prone to FE, such as 
Northland, South Auckland, Waikato and the East Coast of 
the North Island. However, there are increasing numbers of 
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breeders from other areas now selecting for FB resistance, 
probably as a result of increasing demand from clients. All 
major breeds in New Zealand are represented amongst 
Ramguard clients. 

An assessment of the progress achieved by ram breeders 
overall can be made by examining changes in the relationship 
between the amount of toxin administered and the proportion 
of susceptible animals, i.e. animals with elevated plasma 
GGT concentrations. If genetic progress is being made, one 
would expect that the dose response curve should shift so that 
more toxin was needed to maintain the same proportion of 
affected animals with each succeeding crop of rams tested. 
Figure 2 shows plots of the percent of animals affected and 
the mean rate applied at the first dose, for those Ramguard 
clients who have tested for one to 10 years. 

FIGURE 2: Relationships between a farmer’s number of years of 
testing and sporidesmin dose rate or percentage of susceptible animals, in 
the facial eczema testing scheme Ramguard. 

The trend for increasing dose rates is indicative of 
genetic progress for FB resistance, although the absence of 
adequate genetic links across years (i.e. very small numbers 
tested per flock per year) means that the rate of progress is 
uncertain. However, a 3-fold increase in dose rate in the 
flocks testing for longest now produces similar percentages 
of affected animals to the original low dose rates in first-year 
tests. Similar but slightly smaller changes have occurred for 
the second-round dose rates, but the interpretation of these 
data are complicated, as the numbers of flocks using second 

doses has fallen from about 65 to 35 percent of all testing 
flocks over the last 6 years. 

One flock testing for FB resistance using GGT since the 
1979 lamb crop, first by field testing on toxic pasture and in later 
years by sporidesmin dosing, has subjected data to a BLUR 
analysis. This has shown a significant trend of increasing msist- 
ante. Relative to the single-trait objective for FE resistance at 
Ruakura, their rate of genetic progress is 34% of the Ruakura R 
flock trend. This indicates lower but still useful genetic progress, 
where FE resistance is part of a multiple objective. 

CONCLUSIONS 

The Ruakura experiment is providing a pool of geneti- 
cally resistant and susceptible animals for use in biochemical 
and genetic studies on the control of FE resistance. A liver 
protein difference has been identified between R and S flocks 
(Lu et al., 1994), and at least one genetic marker for FB has 
been found with a log odds ratio of >3 (i.e. probability of 
better than 1: 1 000), using DNA from the progeny of an SxR 
ram (Hermans, I.F., Jordan, T.W., Motris, CA. and Towers, 
N.R., unpublished data). Sporidesmin testing is being used 
commercially in ram breeding flocks, and evidence of ge- 
netic progress in FE resistance has been obtained. 
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