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INTRODUCTION
Porcine Stress Syndrome (PSS) may be defined as the range of symptoms 

shown by pigs which have an abnormally high l i a b i l i t y  to develop pale, so ft, 
exudative(PSE) meat, and to die suddenly in  response to stre ss. The 
inheritance of PSS has received increasing attention in recent years, follow ing 
the development of a variety o f methods fo r predicting l i a b i l i t y  in  the liv e  
animal. In  particular, research f i r s t  in  Holland (Eikelenboom land Minkema, 
1974) and then elsewhere suggests that the reaction of the young pig to the 
anaesthetic halothane is  inherited as a s in g le  recessive gene. As well as 
increasing PSS losses, th is gene appears to give an economically important 
improvement in  carcase y ie ld , together with reduced l i t t e r  productivity.
The opportunity therefore now ex ists  to manipulate the frequency of the gene 
to improve economic efficiency. This paper reviews current knowledge o f the 
genetics of PSS with particu lar reference to halothane se n s it iv ity ,  and examines 
some of the implications for pig breeding programmes and for future research. 
Detailed aspects o f meat qua lity  and physio log ica l and biochemical aspects of 
PSS have recently been reviewed elsewhere (L is te r ,  1979; McGloughlin, 1981; 
Cheah and Cheah, 1982).

THE HALOTHANE TEST

The p o ss ib ility  of using the anaesthetic halothane as a method of 
predicting l ia b i l i t y  to PSS in  practice has been investigated at a number of 
centres. Details of the procedure were reviewed by Webb (1981). B r ie f ly , 
p igs of between 6 and 15 weeks o f age are allowed to breathe halothane in  
oxygen through a face mask for 3 to 5 minutes. Although there are no 
d irect comparisons, the concentration of halothane does not appear to be 
c r it ic a l,  and is  either maintained at a constant 4 to 5% throughout, or varied 
between the induction and maintenance phases o f anaesthesia. P igs developing 
r ig id i t y  of the hind legs are scored as halothane positive  (HP) or "s tre ss  
susceptib le ", while those remaining relaxed are scored as halothane negative 
(HN) or "stre ss  re s istan t". Any intermediate reactions at the end of the 
a llo tted  time (usually less than 5%) may be scored as "doubtful".
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Halothane adm inistration is  stopped as soon as an HP reaction is  
identified , to avoid triggering  a secondary phase of reaction known as 
malignant hyperthermia syndrome (MHS) which is  not e asily  reversed and may 
cause death. M orta lity due to MHS at testing varies from almost zero in 
most Landrace types up to roughly 12% of HP reactors in Belgian Landrace and 
P ietra in . The average time required fo r an HP reaction varies from roughly 
90 to 160 seconds depending on breed and conditions. Ind irect evidence 
suggests that prolonged exposure to halothane may constitute a health hazard 
for the operators, and precautions to minimise atmospheric halothane levels 
are therefore advised when testing large numbers of pigs in a confined space.

INHERITANCE OF HALOTHANE SENSITIVITY

(1) Present evidence

Frequencies from matings of known phenotypes, reviewed by Simon (1980) 
and recently supported by Mabry, Christian  and Kuhlers (1981), indicate that 
the HP reaction is  inherited as a s in g le  recessive gene (n). Penetrance 
estimates fo r  the recessive homozygote (nn) range from 50 to 100% over a variety 
of breeds, and average roughly 89% (Webb, 1981). Where pigs have received 
two or more consecutive halothane te sts, estimates of both the repeatability 
o f the te st resu lt and the probab ility  of correctly  identifying a HP pig on 
the f i r s t  te st a ll fa l l  within the range 0.90 to 0.95. Strong evidence of 
monofacto'rial inheritance is  also provided by blood typing studies, which show 
that the halothane locus (HAL) is  situated w ithin a known linkage group 
(e.g. Andresen, 1981). However, with the exception of McPhee, Takken and 
D 'Arcy (1979) who tested a dominant model, none o f the studies has compared 
the s ing le  recessive model with any a lternative  models of inheritance. For 
example, a quantitative threshold model cannot s t r ic t ly  be ruled out (Simon,
1980).

Where the nature of the challenge involves drugs which either supplement 
or replace halothane, and where the assessment o f response is  more 
sophisticated than presence or absence or r ig id it y ,  the mode of inheritance 
need not of course conform to the same recessive pattern. For example, 
response to a combination of halothane and the muscle relaxant succinylcholine 
appeared to be controlled by a dominant gene (H all, Trim and Woolf, 1972), 
while response of muscle biopsiestreated with halothane and caffeine appeared 
to re su lt from two separate loci (B r it t ,  Kalow and Endrenyi, 1975). Numbers 
of p igs receiving alternative treatments have generally been small, and patterns 
o f inheritance therefore d if f ic u lt  to assess. A sim ila r MHS reaction is  shown 
by some 1 in l6000 human patients after prolonged halothane anaesthesia, and 
appears to be inherited as a dominant rather than recessive gene (Gronert, 1980).

(2) Selection studies

At the Animal Breeding Research Organisation (ABR0) in Edinburgh two 
experimental herds have each been divided into lin e s  selected fo r HP and HN 
reaction on a 3- or 5-minute test at roughly 7 weeks of age. In a synthetic 
Pietrain/Hampshire (PTH) population containing roughly equal proportions of 
each breed, an in it ia l  frequency of 20% HP was increased to 92% in the HP line  
and lowered to 7% in the HN line  after only two years (approximately two
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Table 1 . Frequencies of positive halothane reaction (HP) in progeny 
from HP x  HP matings receiving consecutive 3-minute 
halothane tests at 3, 5 and 8 weeks of age.

Breed Year
(generation)

No. pigs 
tested

% HP at age (weeks) 

3 5 8

Pietrain/Hanpshire 1978 66 41 64 79
If 1979 52 58 69 90
II 1980 114 51 80 94

Pietraln/Hanpshire 1978-80 232 47 73 89

British Landrace 1980 198 20 63 59
II 1981 244 42 80 71 t

British Landrace 1980-81 442 31 71 65

t Average frequencies in tests at 7 and 9 weeks

Table 2 . Cumulative distributions of tine taken for 
positive halothane reaction (HP) in 244 
British Landrace from HP x  HP matings 
receiving consecutive 5-minute halothane 
tests at four ages.

A g e
(weeks)

% HP after time (min)

1 2 3 4 5

3 3 28 42 51 64

5 20 64 80 81 86

7 5 44 68 78 83

9 3 45 74 80 90
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Table 3. SUnmary of sane reported Incidences of positive halothane 
reaction (HP) in world breeds (ranked by incidence)

Breed
Number

of
studies

Number 
of pigs 
tested

HP
(%)

Author 
references+

Duroc 3 248 O 3,16,24
British Large White 1 764 O 23
American Yorkshire 1 225 O 24
French Large White 1 168 O 8
Australian Large White 1 140 O 14
Irish Large White 1 58 0 15
Norwegian Yorkshire 1 169 1 7
American Hanpshire 2 232 2 16,24
Dutch Yorkshire 2 1394 3 4,16
Irish Landrace 1 168 5 15
Australian Landrace 1 206 5 14
Norwegian Landrace 3 2146 5 7,19,24
Swiss Large White 1 1130 6 20
Danish Landrace 2 1990 7 9,10
Slovak White Meat 1 112 9 3
German Landrace (GDR) 1 300 10 1
British Landrace 1 1538 11 23
Finnish landrace 1 2003 12 19
Swiss landrace 1 7480 13 18
Swedish Landrace 1 1668 15 2
French Landrace 1 127 17 8
Dutch Landrace 3 4073 22 4,6,16
French Pietrain 1 335 31 17
German Landrace (GFR) 2 1251 68 11,22
Belgian Landrace 5 1260 86 3,4,8,13,21
Belgian Pietrain 3 795 88 5,12,21

t References: (1) Albrecht et al. (1977); (2) Andren and Persson (1977);
(3) Bulla et al. (1979); (4) Eikelenboam et al. (1976); (5) Eikelenbocm 
et al. (1978 ); (6) Eikelenbocm et al. (1980); (7) Frjzfystein et al. (1981); 
(8) Guerin et al. (1980); (9) Jensen (1979); (10) Jorgensen (1979);
(11) Kallvreit (1979); (12) Kukoyi et al. (1981); (13) Lampo, (i978a);
(14) McPhee et al. (1979); (15) JfcGloughlin et al. (1979); (16) Minkema 
et al. (1976); (17) Ollivier et al. (1978); (18) Schneider et al. (1980); 
(19) Schoolman (1980); (20) Schw&rer and Blum (1979); (21) Sonnichsen et 
al. (1980); (22) Wagner and Pasterling (1977); (23) Webb (1980);
(24) Webb and Jordan (1978).
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generations) (Figure la ).  In a Landrace (LR) population derived from 
9 B rit ish  nucleus herds, an in i t ia l  frequency of 12% HP was changed to 90% 
and 1% after two generations (Figure lb ). Counting "doubtful" reactions as 
"posit ive " would bring the frequencies of HP to 100% and 1% in  the la te st  PTH 
generation, and 93% and 3% in the la te st  LR generation. In both breeds the 
frequencies of HP among f u l l -  and h a lf-s ib s  were taken into account during 
selection.

Although there was a rapid change in frequency in the two experiments, 
two features are not consistent with a s in g le  recessive gene of high 
penetrance.- F ir s t ,  in  neither HP line  was the expected frequency of almost 
100% HP reached in  the f i r s t  generation of se lection. Second, the frequency 
in the HN LR line  declined faster than expected. In maximum like lihood  
comparisons of a lternative  models of inheritance in the f i r s t  generations 
of selection (Carden, H ill and Webb, 1982), the best f i t  in PTH was obtained 
for a single recessive  gene with 91% penetrance for nn and 0% penetrance for 
Nn. However, in LR the best f i t  was obtained for a sing le  recessive with 
95% penetrance fo r nn and 56% penetrance for Nn. HP reactions by
heterozygotes could therefore explain frequencies which are lower than 
expected in both LR line s (Figure lb ).

(3) Effect o f age and sex

The penetrance of the genotypes causing HP reaction appears to be 
affected both by age and sex. In a se rie s of t r ia ls  (Carden and Webb, 1982), 
progeny from HP x HP matings were given consecutive 3-minute halothane tests 
at 3, 5 and 8 weeks o f age. In PTH, the frequencies of HP at the three 
ages averaged 47, 73 and 89% respective ly (Table 1). In LR, corresponding 
frequencies averaged 31, 71 and 65%, with an apparent maximum at 5 weeks.
The s ig n if ica n tly  lower frequency at 3 weeks suggests that fu ll  penetrance 
is  not achieved un til 5 weeks or later. Although the two breeds were on 
separate farms, the lower frequencies at each age in LR suggest that 
penetrance, and therefore the optimum age for te sting, may d if fe r  between 
breeds.

The p o s s ib il it y  of a "conditioning e ffe ct", lowering su sce p t ib ility  
to further HP reactions after the f i r s t ,  was investigated by randomly 
d iv id ing 166 PTH among 3 treatments : (1) a s ing le  halothane test at 
8 weeks, (2) te sts at 5 and 8 weeks, and (3) te sts at 3, 5 and 8 weeks.
There was no s ig n if ic a n t  difference in  frequency of HP at 8 weeks among pigs 
receiving zero, one or two p rio r te sts, suggesting that a "conditioning 
effect" is  un like ly. The frequency of "doubtful" reactions did not 
d if fe r  s ig n if ic a n t ly  between ages. There was no consistent trend in 
time taken for a HP reaction with age, but there were ind ications that times 
were more variable and s l ig h t ly  longer at 3 weeks compared with la te r ages.

The prospect of increasing the proportion of HP reactors detected at 
e a r lie r  ages by extending the test duration was investigated in the 1981 
generation of the HP LR line . The d istr ib u t io n  of reaction times from four 
consecutive 5-minute tests at 3, 5,7 and 9 weeks of age (Table 2) shows that 
a 5-minute test at 3 weeks could be expected to detect very roughly the 
same proportion o f HP reactors as a 3-minute te st at 7 weeks. Differences 
in frequency among 3- and 5-minute tests at 5, 7 and 9 weeks were small, 
indicating l i t t l e  advantage from testing beyond 3 minutes at these ages.
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Figure 1. Frequencies of halothane positive reaction at 7 weeks of 
age in lines selected for high and low frequency.

(a) Pietrain/Hampshire (PTH)

Halothane
positive

(HP)
D
X

Year '

(b) British Landrace (LR)

Halothane
positive

(H P )
%

Year f

t Generation interval sligh tly  greater than 1.0 years in PTH; exactly 
1.0 years in LR. PTH frequencies are for 3-min test in all years. 
LR frequencies are for 3-min test in 1979-80, and 5-min test in 
1981-82.
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Table 4. Summary of same reported differences in performance between halothane positive (HP) and negative (HN) pigs frcm 
a variety of breeds and countries

Difference: HP-HN
Range

Number of 
studies Mean Minimum Maximum Author references+t

Growth traits (approx. 25-90 kg) 
Growth rate (gm/day) 12 -2 -47 28 1,2,3,4,6,10,11,12,15,16,17,19Daily food consumption (kg) 9 -0.07 -0.46 0.06 2,3,4,11,12,15,16,17,19
Food conversion ratio (food/liveweight gain) 11 -0.06 -0.30 0.02 1,2,3,4,10,11,12,15,16,17,19

Carcase traits (approx. 90 kg)
Lean (% by weight) 8 2.6 0.9 4.6 2,3,6,7,14,16,17,19Ham (% by weight) 7 0.7 0.3 1 .0 2,3,4,7,15,18,19Average backfat (nm) 14 - 1 .0 -4.0 1 .0 1,2,3,4,6,7,9,10,12,13,16,17,18,19Killing out% 6 1 .0 0.2 2.6 2,4,9,15,16,19Eye muscle area (cm2) 7 1.1 -2.7 3.4 1,2,7.12,15,19Carcase length (mm) 9 -11 -29 1 1,2,4,7,9,13,16,18,19

PSS traits
Postweaning mortality (and transport losses)% 3 9.3 4.7 17.0 2,4,19PSE (% of carcases) 4 46 22 80 1,2,5,19Meat colour (% paler than HN)+ 14 15 0 50 1,2,5,7,8,9,11,12,13,14,15,16,17,19Meat quality (% worse than HN)-'r 7 31 16 78 2,3,4,5,6,12,14pH 45 min post mortem 11 -0.31 -0.66 0.02 2,3,5,7,8,9,11,12 13,16,17CK activity (log units/litre) 6 0.50 0.06 0.79 2,12,14,15,17,19

Reproduction
Conception rate 1 -24 - _ 20Litter size bom alive 1 -1.6 - 19Litter size at weaning 1 -1.1 - - 19

Estimated economic return per nig marketed
for baoon at 90 kg in UK (E) -3.92 -10.57 3.54 -

t Differences expressed as 100 x(HP-HN)/Hn
++ References: (1) Andren and Persson (1977); (2) Carlson et al. (1980); (3) Eitelenbocm et al. (1976); (4) Eikelenbocm et al. 

(1978, 1980); (5) Jensen and Andresen (1980); (6) Kovach (1980); (7) Kukoyi et al. (1981); (8) McPhee et al. (1979); (9) Monin 
et al. (1976); (10) Ollivier et al. (1978); (11) Rogdakis et al. (1980); (12) Schepers and Schmitten (1979): (13) Schmidt and 
Kallwait (1979); (14) Schulman (1980); (15) Sonnichsen et al. (1980); (16) Verstegen et al. (1976) (17) Vogeli (1978);
(18) Wagner and Pasterling (1977); (19) Wefcb and Jordan (1978); (20) Webb, unnublisted.



In  both breeds and at a ll ages, the frequency of HP was s ig n if ic a n t ly  
lower in  boars than g i l t s .  For example, on a 3-minute test at 8 weeks the 
frequencies in  boars and g i l t s  averaged 81% and 95% respectively in PTH 
(1978-80), and 57% and 73% in LR (1980-81). This was unexpected, but might 
possib ly  by explained by the increased innate a b i l it y  of the male to tolerate 
"a gg re ss io n ".

INCIDENCE OF HALOTHANE SENSITIVITY

Frequencies o f HP reaction in  world breeds range from 0 to 88%
(Table 3). Large White or Yorkshire types have low or zero frequencies.
Most Landrace stra in s have low to intermediate frequencies (5 to 22%), but 
those with extreme ham development show higher incidences (68 and 86%). 
P ie tra in s o rig ina ting  from Belgium average 88% HP.

The frequencies of zero and 11% respectively in B r it ish  Large White 
and Landrace were obtained from a survey of 17 nucleus herds. Following 
the survey, a sample o f 11 Large White boars at B r it ish  AI stations were 
test-mated to HP (nn) PTH females at ABRO. Progeny from 4 of the 11 boars 
gave HP reactions at two or more halothane tests, suggesting that the boars 
themselves were transm itting the gene. I f  representative o f the whole 
breed, th is  could imply a frequency of 4% HP rather than zero as in the 
survey. A case of MHS during surgery has recently been reported in  a Large 
White (Meredith and W illiams, 1980).

ASSOCIATION BETWEEN HALOTHANE SENSITIVITY AND PERFORMANCE

(1) Comparisons of phenotypes

Comparisons of phenotypes indicate that the halothane locus affects 
a wide range o f production t ra it s.  Some reported differences between HP 
and HN from 20 studies are summarised in Table 4 g iv ing equal weight to 
each study irrespective  of breed, feeding regime or s ta t is t ic a l 
s ign ificance . HP reactors showed consistent advantages in  carcase lean 
content, ham proportions and k i l l in g  out percentage, accompanied by 
disadvantages in  a ll aspects of meat qua lity, post-weaning m ortality and 
carcase length. Some studies showed advantages fo r HP reactors in  backfat and 
eye muscle area. Although there were no consistent differences in  growth 
t ra it s ,  there were ind ications that on ad libitum  feeding HP pigs consumed 
le ss food per day and therefore grew more slowly but more e ffic ien t ly . In 
the ABRO PTH lines the conception rate and l i t t e r  s ize  of HP dams were 
reduced.

Other studies not shown in Table 4 indicate greater muscle development 
in  HP reactors (O lliv ie r,  S e l l ie r  and Monin, 1978), reduced exploratory 
behavour (Dantzer and Mormede, 1978), but no differences in  resting energy 
or nitrogen balance (Vestegen et a l,  1976). Although s ta t is t ic a l ly  
s ig n if ic a n t  in a ll stud ies, the association between halothane se n s it iv ity  and 
PSE was fa r from complete. L ia b il it y  to PSE therefore appears partly 
determined by environmental or other genetic factors. Slower growth rate 
has been reported in  HN pigs showing PSE than in HP pigs showing PSE (M itchell 
and Heffron, 1981), but th is comparison was based on only 8 pigs.
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F igu re  2. Diagrammatic representation  o f halothane linkage  group 
showing frequen tly  occurring  s t re s s  su scep t ib le  and 
re s is ta n t  h a D lo typ e s(a d a p ts  from Rasmusen et a l . (1980); 
Andresen , 1981).

Locus id e n t it y + : PHI HAL S H 6-PGD

S tre s s  su sceptib le  
haplotype:

A

o

S tre s s  re s is ta n t  
haplotype:

B

o-

Recombination frequency | I TTJ T
(Centim organs)++ :

+ Key to lo c i and a lle le s :

PHI - phosphohexose isomerase (A and B)
HAL - halothane s e n s i t i v i t y  (N and n)
S - Supressor fo r  A and 0 blood types (S and s)
H - red c e ll antigens (a and others -)

6-PGD - 6 -  phosphogluconate dehydrogenase (A and B)

Jorgensen (1981): data from Danish, Dutch, Belgian and Sw iss Landrace.
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Approximate 1980 economic values under B r it ish  conditions (Smith and 
Lesser, 1979; D.E. Steane, personal communication) have been attached to the 
reported d ifferences by assuming that pigs from a purebred reproducing herd 
are slaughtered for bacon at 90kg live  weight. On average the disadvantages 
of HP reactors in  higher mortality and reduced p ro lif ic a cy  outweigh the ir 
advantages in  greater carcase y ie ld  to give a net reduction o f £3.92 per pig. 
This difference could range from a lo ss of £10.57 to a gain of £3.54 per 
HP pig, depending ch ie fly  on mortality from PSS.

(2) Comparisons o f genotypes

Assuming that the sing le  recessive model of inheritance is  correct, 
evidence i s  now emerging that the performance of the heterozygote (Nn) may 
be intermediate between the two homozygotes (NN and nn) fo r some t ra it s.
This would ind icate  that the gene, while recessive fo r halothane se n s it iv ity ,  
could be add itive  for some aspects of performance. Some reported 
prelim inary genotypic comparisons are summarised in Table 5, but must be 
treated with caution since genotypes were in  some cases inferred from 
phenotypic frequencies among re latives. However, there were ind ications 
that Nn may be intermediate for lean content, ham proportions, k i l l in g  out 
percentage and eye muscle area. Meat qua lity  appeared s l ig h t ly  poorer in 
Nn than NN, but not s t r ic t ly  additive. More recently, Christian  et a l . 
(1981) using blood typing, found that meat qua lity  was intermediate for Nn, 
d iffe rin g  s ig n if ic a n t ly  from both homozygotes.

Compared with NN for growth and carcase t ra it s  only (Table 5), an 
estimated average economic loss of £2.09 fo r nn would become a gain of 
£1.68 for Nn, due to it s  improved v ia b il it y  and carcase y ie ld . Any such 
economic advantage fo r Nn would help to explain the high frequency of an 
apparently harmful gene in  some breeds.

EXPLOITING THE HALOTHANE LOCUS

In view of the large beneficial and harmful effects on performance 
(Tables 4 and 5), and the ease with which the frequency of HP reaction can 
be changed (Figure 1), how can the halothane locus be exploited to improve 
economic e ffic ien cy ? The cost effectiveness of manipulating the gene 
frequency w il l  depend on several factors.

(1) Economic effects on performance

The benefit from changing gene frequency w ill depend prim arily on 
the economic balance between the benefic ial and harmful effects on 
performance. Although these effects are re la t ive ly  well documented in 
breeds such as Dutch Landrace (Eikelenboom et a l. ,  1980), they are 
completely unknown in  others. From the range of phenotypic and genetic 
differences reported (Tables 4 and 5), i t  seems l ik e ly  that there could be 
important differences between breeds and environments in the size  of the 
effects. In  B rita in , the LR selection line s shown in  Figure 1 were estab
lished  with the co-operation of breeders in  order to estimate the economic 
consequences under sp ec if ic  conditions.
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(2) Crossbreeding system

For a breeding organisation or whole country, the economic impact of 
the gene w ill depend on the system of crossbreeding in  use. Suppose fo r 
example that the gene is  completely absent from the Large White (LW) but 
present in  LR. In a LWd x (LW x LR)9 backcross, the resulting progeny are 
then e ither NN or Nn, and are therefore expected to be stress re sistant (HN). 
"S tre ss  deaths" would not be expected in e ithe r the F| dam or her slaughter 
progeny, but would be confined to the purebred LR nucleus. The expense of 
elim inating the gene in such a small proportion o f the whole population may 
not then be ju stif ie d .

(3) Future trends in  gene frequency

The economic gains from elim inating or reducing the frequency o f the 
gene may depend on whether the frequency is  l ik e ly  to increase in future. 
Continued selection for efficiency o f lean production, particu la rly  on ad 
libiturn feeding, might be expected to favour nn and possib ly  Nn indivictuals.
For example, assuming 100% survival of nn, se lec tion  on a t ra it  d iffe rin g  
between homozygotes by one phenotypic standard deviation could increase 
gene frequency from 0.3 to 0.9 in only 5 generations (Smith, 1982). This 
prediction was borne out in a sample of 10 B r it ish  LR herds in  1979, which 
showed evidence o f a positive  regression o f frequency of HP on an index of 
herd genetic merit (Webb, 1980). In  add ition, a recent survey suggests that 
the frequency of PSE may be increasing in  the UK (Kempster, Chadwick 
and Evans, 1982), although the reasons are unclear. I f  the gene frequency 
is  increasing, the cost of elim ination could be se t against future savings from 
lower PSS and reproduction losses.

(4) Heterozygote advantage

Although the net effect of the halothane gene may be harmful in  any 
one population, i t  might s t i l l  be possib le to e xp lo it  the advantage in  lean 
content provided the gene is  additive for leanness and recessive for PSS.
A specia lised  nn s ire  line  couldthen be mated to a NN dam line to produce 
Nn stre ss  re sistant progeny showing ha lf the su pe rio rity  of the s ire  line  in  
lean content (Minkema, Eikelenboom and van E ld ik , 1976). Any disadvantages 
in  l i t t e r  productivity would be confined to the s ire  line , and any adverse 
effects on male reproductive effic iency might be reduced through A I.

METHODS FOR PREDICTING LIABILITY TO PSS

Any economic benefit from manipulating the frequency of the halothane 
gene, or simply altering l ia b i l i t y  to PSS, w ill depend on the ease with which 
a change can be brought about. In  practice the halothane test is  quick, 
cheap, requires l i t t le  tra in ing and gives an immediate result. I t  carries 
a small m ortality risk  for the pig, together with the s l ig h t  p o s s ib il it y  of 
a health r isk  for the operator. The main disadvantage is  that the heterozy
gote i s  not detected. A number of a lternative  methods for predicting 
halothane genotype and l ia b i l i t y  to PSS are currently  under investigation 
(A llen et a l, 1980; McGloughlin, 1980; Schulman, 1981), and are summarised 
b r ie f ly  below.
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Table 5. Summary of sene reported differences between genotypes (NN, Nn, nn) at the halothane locus, from a variety of 
breeds and countries.

Difference: nn-NN Difference: Nn-NN
Range Range

Trait Number of 
studies Mean Minimum Maximum Mean Minimum Maximum Author referencest

Growth traits (approx. 25-90 kg)
Growth rate (grr/day) 5 -12 -102 21 -3 -69 28 1,2,4,5,6
Daily food consumption (kg) 1 0.03 -0.01 0.06 0.04 -0.01 0.08 1
Food conversion ratio (food/liveweight gain) 2 0.00 -0.01 0.00 0.01 -0.01 0.02 1,6

Carcase traits (approx. 90 kg)
Lean (% by weight) 3 3.9 2.7 4.6 1.9 1.0 2.5 2,5,6
Ham (% by weight) 2 1.7 1.1 2.8 0.8 0.5 1.1 1,3
Average backfat (mm) 4 -0.5 -2.6 1.0 -0.4 -2.2 0.6 1,4,5,6
Killing out % 2 1.2 0.8 1.9 0.9 0.1 1.7 1,6Eye muscle area (cm2) 3 1.4 0.8 1.9 0.8 0.4 1.5 2,3,6
Carcase length (mm) 4 -11 -1 -17 0 -8 12 1,2,5,6

PSS traits
PSE (% of carcases) 2 37 22 52 0 0 1 2,6Meat colour (% paler than HN)t 3 18 5 33 5 1 13 2,5,6Meat quality (% worse than HN)t 3 19 14 22 6 3 10 1,2,3pH 45 min post mortem 1 -0.26 - - -0.16 - - 5CK activity (log units/litre) 2 0.57 0.41 0.72 0.22 0.10 0.34 4,5

Estimated economic return (growth and 
carcase traits only) per pig marketed
for bacon at 90 kg in UK (£)tt -2.09 -7.62 1.88 1.68 -0.11 3.06 -

t Differences expressed as 100 x (nn-NN) /NN and 100 x (Nn-NN) /NN
tt PSS mortality assumed equal to HP for nn, but zero for Nn.
++t References: (1) Eikelenboom et al. (1980); (2) Jensen (1981); (3) Jensen and Andresen (1980);

(4) Luscher et al. (1979); (5) Schneider et al. (1980); (6) Webb (1981)



(1) Linkage between halothane and blood type genes

The halothane locus appears to be situated w ithin a linkage group 
of four other lo c i (Figure 2). In most populations except LW, strong 
linkage d ise q u ilib r ia  give r ise  to associations of PHI and H with halothane 
se n s it iv ity  and meat quality. The HALn a lle le  i s  most commonly associated 
with PHlB, ss and Ha. The SsSs recessive homozvgote suppresses the 
expression of A and 0 at the A-0 locus which l ie s  outside the linkage group.
A knowledge of linkage re lationsh ips allows prediction of halothane genotype 
from blood type. In Danish Landrace, where the PHIA HALn haplotype is  
completely absent, lit of HP were PHI&B Ha (Jorgensen, 1979), and up to 38? of 
the additive genetic variance in meat qua lity  could be explained by the PHI and 
H loci (Jorgensen, 1981). In the ABRO PTH lin e s ,  81% of p igs could be 
correctly c la s s if ie d  for halothane phenotype using the H and A-0 systems 
(Imlah and Thomson, 1979). Because linkage i s  not complete, the rate of 
change in HALn frequency from selection on blood type w ill be d if f ic u l t  to 
predict. In  p ractice  blood typing is  expensive, requires special s k i l l ,  and 
the phase o f linkage would need to be determined fo r each herd in advance.

(2) Serum enzyme ac t iv ity

Plasma le ve ls  of a number of enzymes are increased in  HP reactors.
Of these, the c lo se st re lationsh ip  is  shown by the log plasma a c t iv ity  of 
creatine kinase (CK) 24 hours after standard stre ss  such as a 100-metre run 
(Bickhardt, 1981). CK a c t iv ity  may show wide day to day fluctuations within 
animals, and may be affected by leakage from the s ite  of blood sampling. 
Repeatability a fte r an interval of around 10 days is  roughly 0.6 to 0.7, 
with a h e r it a b il it y  o f roughly 0.3. In populations with a moderate frequency 
of the halothane gene, phenotypic correlations of CK a c t iv ity  with meat 
quality are around -0.4 to -0.5, and genetic corre lations with meat quantity 
0.3 to 0.5. The CK test provides a re la t ive ly  cheap quantitative measure of 
stress su sc e p t ib ility  which may be conveniently included in  a se lection index. 
For example, a fte r 4 years of selection on an index combining growth rate, 
backfat and CK in  German Landrace, an improvement in lean content was observed 
without any deterioration  in  meat quality (Bickhardt, Richter and Flock,
1979).

(3) Muscle biopsy

One p o s s ib il i t y  fo r predicting l i a b i l i t y  to PSS is  to obtain ante 
mortem measurements of muscle parameters. A major obstacle i s  that a biopsy 
necessarily involves e ither p rior stress or anaesthesia. A "shoot biopsy" 
technique using a modified captive bolt p isto l i s  therefore being investigated 
for use without re stra in t  or anaesthesia (P fe iffe r, Lengerken and Hennebach, 
1981). Results so fa r indicate that biopsy pH and water-holding capacity 
may be better predictors of post mortem meat qua lity  than enzyme a c t iv it ie s  
such as CK w ithin the biopsy samples. H e r ita b il it ie s  and corre la tions with 
meat quantity and q u a lity  have yet to be evaluated. The technique appears 
expensive and laborious, damages the carcase, and may prove unacceptable to 
the animal welfare lobby in  many countries.

600



(4) Mitochondrial calcium e fflux

A primary effect of PSS i s  an a lte ra tion  in  the permeability of 
ce ll membranes. Post mortem rates of calcium e fflu x  from the mitochondria 
have been shown to be close ly  correlated with halothane phenotype (Cheah and 
Cheah, 1982). At present th is  method has only been attempted post mortem, 
and requires special s k i l l  and equipment. In future there may be a 
p o s s ib i l i t y  o f  developing biopsy methods, o r id e n tify in g  blood parameters, 
which can be determined more cheaply. For example, some studies have shown 
a re la t io n sh ip  between erythrocyte f r a g i l i t y  and halothane se n s it iv ity  
(King, O l l iv e r  and Basrur, 1976; Cheah and Cheah, 1979), although th is  was 
not confirmed in  one case (Lampo, 1978b).

ELIMINATING THE HALOTHANE GENE

Se lec tion  on either halothane te stin g , blood typing or CK a c t iv ity  
would be expected to change the frequency o f the halothane gene over the 
intermediate range, but rates .of response would d if fe r  according to re lative  
accuracy. So fa r the e ffic ienc ie s o f the three methods have not been 
compared in  a s in g le  population. Halothane screening would be expected to 
reduce an incidence of 30% HP to below 5% in  only 3 generations. Thereafter, 
progress would be very much slower due to the high ra t io  of undetected 
heterozygotes.

At present i t  appears that neither blood typing nor CK determination 
would be able to predict HAL genotypes of ind iv idua l p ig s with a high degree 
of ce rta in ty . I f  so, the only certain method o f e lim inating the gene would 
be to te st  mate a ll prospective parents to nn, and then halothane screen the 
o ffsp ring  to  determine parental genotypes. For te st mating boars, a small 
number o f nn sows would be required on each farm. Semen from nn boars 
could be made availab le  through AI fo r te st mating females.

NATIONAL STRATEGY

Any national strategy aimed at completely e lim inating the halothane 
gene from a whole breed is  l ik e ly  to prove expensive and take a long time. 
Selection on other growth and carcase t r a it s  would almost be suspended 
during a period of progeny testing. On the other hand, programmes which 
only reduce the frequency to a lower level run the r i s k  that subsequent 
se lection on performance t ra it s  may cause i t  to increase again. Intermed
iate measures such as halothane screening A I boars or at national testing 
sta tio n s, in vo lv in g  only a fraction of the population, are lik e ly  to be 
ine ffec tive  (Smith and Webb, 1981). At best they can on ly  be expected 
to produce a slow reduction in frequency, and at worst a slowing of the 
rate of increase  from selection for lean content. Maintaining the 
frequency a t a low level in  th is  way would incur screening costs and losses 
o f se lection  d iffe ren tia l on performance t r a it s  on a continuing basis in  
future generations.

A p ract ica l short-term so lu tion  could be to encourage the develop
ment of a sm aller number of NN nucleus herds from each major breed. In 
countries a lready using predominantly nn s ire  breeds such as P ietra in, NN
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Figure 3. Diagram to illustrate relative rates of genetic improvement 
in lean content for alternative selection strategies 
within a halothane positive sire line, compared with the 
national population of the same breed (Smith, 1981).

Genetic
value
for
lean
content
{*>

Table 6. Effect cn hind leg musculature of an intravenous injection of lO mg 
succlnylcholine during halothane anaesthesia in progeny frcm matings 
of HP (assumed nn) and HN (assumed NN) British Landrace boars to 
Large White x Norwegian landrace sows (assumed NN). Fran Imlah, 
Carden and Webb (unpublished).

Observation-;-
Assumed Nn Assumed NN Significance 

of difference
Mean s.e. Mean s.e.

Number of pigs 54 - 67 - -
Rigor duration (sec) 14.8 0.9 8.4 0.8 **

Rigor severity score (1-5) 3.6 0.2 2.2 0.2 **

Spasm duration (sec) 21.5 0.7 15.9 0.6 **

t Adjusted for live weight, sex, day of testing, time to disappearance of 
palpebral reflex, and time to succinylcboline injection.
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dam breeds would then be availab le  to produce a Nn slaughter generation.
Where fo r example the slaughter generation i s  a LRd x (LW x LR)9 backcross, 
separate groups of LR herds could be fixed fo r nn and NN respectively, fo r use 
as s ire  and dam line s. However, as shown in  Figure 3, due to continuing 
genetic improvement in  the main LR populations, a nn s ire  line  would need 
e ithe r to be continuously selected or re-sampled in  order to maintain it s  
in i t ia l  advantage.

In the long-term i t  seems l ik e ly  that easier and cheaper methods of 
changing the frequency of the halothane gene w ill become availab le. Unless 
there is  a clear short-term benefit, i t  may therefore be unwise to attempt 
to manipulate gene frequency on a national scale at the present time. In 
the event of an unforeseen increase in frequency or a sh if t  in economic 
importance, present te sting methods would s t i l l  be available to reduce the 
frequency to a low level rather quickly.

NEW DEVELOPMENTS

In the ABRO se lection stud ies, the best estimates of penetrance fo r 
the heterozygote on a s in g le  locus model were 0% in PTH and 56% in  LR.
I f  confirmed, th is indicates that penetrance and/or gene action may d if fe r  
between breeds. For example, the s im ila r double-muscled condition in 
ca ttle  appears dominant in some breeds but recessive in others (Menissier,
1974). In pigs the most l ik e ly  explanations might be e ither that the 
expression of the HALn a lle le  is  modified by other "background" genetic 
va ria tion , probably quantitative, or that there could be more than two a lle le s  
at the HAL locus, possib ly  with "strong" and "weak" variants of N or n. The 
time taken for a HP reaction could provide a quantitative measure of 
background variation of penetrance. In prelim inary analyses, mean reaction 
times averaged 76 and 118 seconds in ABRO PTH and LR respectively.
Corresponding ha lf-s ib  h e r it a b il it ie s  were 0.65+0.59 and 0.12+0.58, which 
would not rule out a genetic component. I f  so, selection for HP might be 
expected to change both gene frequency and penetrance. To investigate 
further, the HP PTH line  has been divided into sub-lines selected fo r fa st 
and slow reaction time.

In view of the absence of HP reactions in purebred B r it ish  LW (Table 3), 
the occurrence of HP reactions in  4 out of 11 test matings of LW AI boars to 
HP PTH was unexpected. Three explanations seem possible. F ir s t ,  a 
proportion of NLWnPTH heterozygotes could give HP reactions as in 
B r it ish  LR. Second, the penetrance of nn could be lower in purebred LW than 
in  other breeds, requiring a longer test fo r  a HP reaction. Third,
"bu ffe ring " genes could prevent the HP reaction from being expressed in  LW, 
but allow expression in crosses with other breeds which would then be 
heterozygous at the buffer lo c i.

A reliable te st fo r the heterozygote would allow the halothane gene 
to be eliminated rather cheaply in a sing le  generation. So far there has 
been l i t t l e  attempt to modify the halothane te st i t s e l f  for th is  purpose.
Table 6 shows prelim inary re su lts  from an attempt at ABRO to d istin gu ish  
between pigs assumed to be NN and Nn using a combination of halothane and 
succinylcholine. Although there were s ig n if ica n t differences between
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muscular reaction scores, re su lts  were variable and without a clearcut 
separation of c la sses. In attempting to eliminate the gene in practice, a 
te st for the heterozygote would require a very high success rate to obviate 
the need for te st mating. The succinylcho line  test may not therefore be 
useful for complete elim ination.

A challenge for the future w ill be to separate the beneficial effects 
of the halothane locus on carcase y ie ld  from the harmful effects on other 
t ra it s  in the same population. One p o s s ib il it y  is  that the effects on 
different t ra it s  may not re su lt  from one p le iotrop ic locus, but from two 
or more t igh tly  linked loc i in d isequilib rium . I f  these loc i were "marked" 
by different blood group lo c i,  recombinants favourable fo r a ll t ra it s  might be 
identified by blood typing. A second p o s s ib il it y  i s  that a homozygous HP 
line  might be selected fo r reduced stre ss  su scep t ib ility  using quantitative 
genetic "background" variation, as expressed through a t r a it  such as reaction 
time. A lternative ly, the expression o f the gene fo r PSS might be reduced i f  
inserted into a d ifferent genetic background such as a normally stre ss 
re sistant breed, leaving the advantage in  lean content fu l ly  expressed.

There is  a growing l i s t  of unanswered questions on the genetics of PSS. 
Why, for example, is  there such a range o f frequencies of HP in world breeds? 
Does th is re flec t a true difference in  gene frequency, or i s  the effect of 
a major locus modified in d iffe ren t genetic backgrounds? What is  the nature 
of the background variation affecting penetrance? Do quantitative tests such 
as mitochondrial calcium e fflux  and CK a c t iv ity  measure residual genetic 
variation in l i a b i l i t y  to PSS not accounted for by the major locus? How 
could a locus with such large effects pass undetected for so many years?
How far is  the adverse re la tion sh ip  between meat quantity and quality  due to the 
halothane locus? Is  the halothane gene additive fo r meat qua lity  as well 
as quantity? What is  the basic biochemical fau lt causing halothane 
se n s it iv ity , and why is  i t  not expressed at young ages? Can "genetic 
engineering" methods be used to d ist in gu ish  genotypes at the halothane locus 
in the near future?

CONCLUSIONS

A major proportion o f the genetic variation  in l i a b i l i t y  to PSS 
appears to be controlled by the halothane locus, which i s  situated w ithin a 
known linkage group of blood type lo c i.  Frequency of HP reaction varies 
from 0 to 88X in  world breeds. In most breeds, HP reaction is  inherited as 
a recessive gene with adverse e ffects on PSS and reproduction, but beneficial 
effects on lean content. In some breeds with a low incidence of HP 
reaction, penetrance of both the heterozygote and the recessive homozygote 
may be modified by quantitative genetic background variation. Gene 
frequency can be rapidly changed over the intermediate range by halothane 
screening, blood typing or CK te sting, but complete elim ination would require 
test mating. The cost effectiveness of manipulating the frequency depends 
ch ie fly  on the economic balance between beneficial and harmful effects 
and the re lative  advantages of the heterozygote. The challenge fo r the 
future w ill be to exploit the advantage in  lean content without the 
attendant disadvantages.
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SUMMARY

L ia b i l i t y  to Porcine Stress Syndrome (PSS) appears to be la rge ly  
controlled by a s in g le  autosomal locus affecting s e n s it iv it y  to halothane 
anaesthesia, and ly in g  w ith in  a linkage group of four blood type lo c i.  The 
frequency o f p o s it iv e  reaction (HP) to halothane va rie s from 0 to 88% in 
world breeds. In  most breeds, HP reaction appears to be inherited as a 
recessive gene. In  some breeds penetrance may be modified by the genetic 
background. Phenotypic comparisons show advantages fo r HP in  lean content, 
accompanied by disadvantages in meat qua lity , incidence o f PSS deaths, carcase 
length and reproduction. Limited genotypic comparisons suggest that the 
gene may be add it ive  fo r  lean content yet recessive fo r  PSS, g iv ing  the 
heterozygote an economic advantage. The frequency o f HP can be quickly 
changed by se lec tion  over the intermediate range, but rapid e lim ination of 
the gene would require  te st  mating. The case fo r  manipulating the 
frequency of the gene depends on it s  economic advantages and disadvantages, 
and on whether i t s  influence on performance is  add itive  or recessive.

RESUMEN

La p red isposic ion  al Sindrome de Stress Porcino (PSS) es controlada 
en granmedida por u n jo c u s  autosomico simple, el cual determina la 
sensib ilidad  al anestesico  halotano y pertenece a un mismo grupo de ligamiento 
junto con lo s lo c i de cuatro grupos sanguineos. La frecuencia de reacciones 
positiva s al anestesico va ria  de 0 a 88% en las d is t in ta s  razas de cerdos.
En la mayoria de la s  razas esta reaccion, se heredaria como un caracter 
recesivo. En algunas raz*., la penetrancia podria se r modificada por 
variacion genetica en o f- ;s lo c i. Comparaciones feno tip icas muestran 
que los reactores p o s it iv o s  son superiores en contenido magro y  poseen 
desventajas en ca lidad  de carne, mortalidad debida a PSS, largo de la  canal 
y  en reproduccion. Unas pocas comparaciones genotip icas ind icarian  que 
los efectos del gen son ad itivo s para el contenido magro pero recesivos para 
PSS, confiriendo a s i ventajas economicas a los heterocigotas. La 
frecuencia de reacciones po sit iva s puede modificarse rapidamente mediante 
seleccionen el rango de frecuencias intermedias. La elim inacion rapida 
del gan reque riria  apareamientos de prueba. La conveniencia de manipular 
la  frecuencia genica depende del balance entre la s ventajas y  desventajas 
economicas y de s i  la  in fluenc ia  sobre los caracteres economicos es ad itiva  
o recesiva.
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