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LEUKOSIS (LL) IN CHICKENS

Resistance genetique a la maladie de Marek et a la leucose iymphoide 

Resistencia genetica a la enfermedad de Marek y a la leucosis linfoide

Y. YAM ADA *

Genetic resistance to classical MD has been well docum ented by H utt and 
C ole in 1947. Breeding program m es for the selection of resistance stock have 
been proposed and practiced for the control of acute MD (C ole, 1968; B ig g s  
et a l, 1968). The natu re  of this resistance, however, has not been defined as it 
was for L/S group of viruses (C r itten d en , 1968). Although the symptoms of these 
two diseases are very sim ilar in many respects and sometimes these were not 
separable by necropsy, it is well known tha t the m echanisms for genetical re
sistance to MD and L/S viruses are different (C ritten d en  and B u rm ester , 1969).

In  1967, when we had the first severe outbreak of MD in Japan, we had 
serious discussion which step should be taken first to control the disease, selective 
breeding or the development of vaccine. The decision was made for both. Then, 
from  1968 we started  our selection programmes for resistance to MD in one of 
our Governmental Poultry Breeding Stations a t Shirakawa by setting a new 
isolated farm. For the first two years much efforts were made to collect ra ther 
basic inform ation of the genetics of MD resistance and then a large scale 
breeding has been started  since 1970. During these years, a great progress was 
m ade for vaccine development and the first vaccine was released for general 
use in 1972.

There is no doubt about the value of the vaccine because the use of either 
MDHV or HVT vaccine in many countries has reduced dram atically the 
incidence of the disease and in  consequence m ajority of commercial breeders and 
even geneticists have lost the ir interest and enthusiasm  in genetic programmes. 
We strongly believe still th a t genetic eradication is im portant as our long-term 
objective to control the disease.

* National Institute of Animal Industry, Department of Animal Breeding and Genetics, 
959 Aoba-Cho, Chiba 280, Japan.
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The present report concerns a brief review of our breeding program m es for 
resistance to both MD and lymphoid leukosis.

P art I. B reed in g  for r esista n ce  to MD

For the first two years since 1968 when our program m es had started , much 
efforts were made to accumulate basic knowledge of the disease, such as methods 
of infection, routes of infection, sex differences in susceptibility, and differences 
of infectious viral agents and so forth. Some attentions were also paid to find
genetic differences among strains and families w ithin strains.

A full scale breeding was started  in 1970, since then 24 purebreds and 38 
crosses have been tested so far for strain-cross differences against M. D. incidence 
and 11 strains for family differences by means of artificial infection. The last 
one is now incorporated with breeding for economic tra its  by use of an index.

The total num ber of chicks tested for MD tests was 53,300 for the past 5 years.
Since Line 01 is one of the most susceptible stra in  to MD infection and is 

assum ed to be C/AB for L/S subgroup viruses, we decided to preserve the 
virulent viruses named SK virus for fu rther experim ents in this Line 01 and whole 
blood sample from the birds showing typical MD lessions by necropsy was 
injected intraperitoneally into one-day old chicks. Each chick received a dose 
of 0.2 ml of a mixture of one part natrium citrate  and four parts whole blood 
diluted to 1/10 by physiological saline solution. Chicks died during the experi
m ental period and ones survived till the term ination of the experim ent were 
necropsied by experienced veterinarians.

E x perim en ta l  resu lts

1. Artificial inoculation «versus» contact infection

As was reported by many other workers (C ole, 1968; B ig g s  et al., 1968), chicks 
inoculated MD agent into body cavity showed higher disease incidence than 
tha t of contact-infected group. In the form er the first MD incidence or death 
was observed in 3-4 weeks of age, while it appeared in 7-8 weeks of age in the 
latter, the peak m ortality of these groups occurrs 3-4 weeks apart. The percent 
m ortalities due to MD were 70-80 % and 25-30 % for the artificial inoculated 
group and the contact-infected group, respectively. There was no apparent diff
erence in diagnostic symptoms between these two groups. When the MD incidence 
in survived birds a t the end of the test was included, the MD incidence raised 
up to 75-90 % and 50-75 % in the inoculated and contact groups, respectively.

2. Route of MD infection

Three routes of virus inoculation were tested if there was some difference 
in MD incidence and types of lession by intraperitoneal, in tram uscular and 
subcutaneous routes of infection. None of difference was observed bu t the first 
MD incidence seemed to be earlier by in traperitoneal inoculation.
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3. Difference of viruses

Three viral agents collected from different flocks were tested to know if there 
was any significant in teraction between viral agents and strains of chicks in MD 
incidence. Four strains of chicks, 3 W. L. and 1 R. I. R., were used. The result 
is given in Table 1.

TABLE 1

D if f e r e n c e s  i n  MD in c id e n c e  by  v ir a l  agents and s t r a in s  o f  c h i c k s

* *  ter ,

Strain of chicks
Virus

01 02 05 06
Ave.

SK ...................................... 71.7% 78.0 % 78.7 % 37.8 % 66.7 %
O ......................................... 56.7 54.8 57.0 19.5 47.2
MAH ................................. 31.4 39.5 48.0 12.6 32.7
Uninoculated Control........ 21.6 33.0 60.3 13.3 31.1

Ave................................. 43.2 51.1 60.6 20.1 43.6

There were striking differences in virulence of the agents and the SK virus
induced higher lesisons both in nervous systems and various parts of viscera. 
No interaction of virus X stra in  of chicks was observed. Accordingly, the SK 
virus was chosen as the infectious agent in further experiments. The virus has 
been passaged in the Line 01.

This infectious agent is assum ed to be a m ixture of a t least two kinds of 
viruses. The whole blood sampled from  chicks which showed only nervous 
lessions and another blood sample collected from  chicks showing typical viscera 
lessions bu t no gross nervous lession were inoculated separately into two groups 
of chicks from  the same strain. Characteristic lessions sim ilar to those in the 
donnors were observed. For our experiments whole blood was collected from  
chicks in which both  nervous systems and viscera were affected w ith MD. 
Recently an isolate of SK virus has been made by Dr. Yoshio Ohkt of National 
Institu te  of Animal Health.

4. Sex difference in MD incidence

Sex differences in MD incidence were universal in m ost works. Females are 
m ore susceptible than males. Despite of this fact, the interaction between 
sex x genetic group is the pertinent concern from a genetical point of view. 
From  our experience, none of significant interaction, either sex x sire family or 
sex X strain, was detected. But sex difference depends sometimes on strains and 
ages of test. H igher susceptibility in females was not universal in some strains 
and in some ages. For the past two years sex difference in MD incidence has 
tended to be diminishing in  our flocks. The reason is not clear however.
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5. Criteria for selection

B i g g s  et al. (1968) has reported that the age of death or incidence of MD 
gives higher heritability than the percent MD incidence. Two trials w ith 4 
strains totalling 3,273 chicks were made to estim ate heritabilities of cumulative 
percent incidence of MD and age of death caused by MD starting  from  4 weeks 
to 120 days of age. Heritabilities differed am ong strains and ages. In  one strain, 
age of death at the end of test yielded the highest value of 58 %, while in another 
strain  the estim ate for percent MD incidence till 11-12 weeks of age yielded 
the highest value of 25 % and tha t for the age of death was 5 %. One generation 
of two-way selection for these two criteria  based on full-sib records resulted 
realized heritabilities of above 100%.

Since there was a criticism however to use the age of death as selection

1st Trial

Strains or crosses

Fig. 1. MD incidence by s tra in s  and  crosses.

criterion in our breeding because later death causes higher economic loss. Thus, 
we decided to use percent MD incidence of each full-sib family until 120 days 
of age. This criterion has been incorporated into selection indices as an additional 
inform ation from  full sibs.

6. MD incidence in purebreds and crossbreds

Seventeen purebreds and 38 crossbreds were tested  so far for MD incidence 
by artificial inoculation. Strain differences were prom inent and the results of 3 
trials are illustrated  in Figure 1.

Diallel crossings among three strains, one highly resistant, one interm ediate

1 9 4



and another highly susceptible, were m ade to estim ate relative im portance of 
gene actions in  the age of death caused by MD. The average age of death by 
strains and crosses pooled over three trials are shown in Table 2.

TABLE 2

A verage  ages o f  d e a t h  caused  by MD i n  3 s t r a in s  and c r o s s e s  ( days)

Male lines
Female lines

05 02 06

05 ..................................  79.4 80.8 96.1 85.4
02 ................................... 92.0 91.2 104.4 95.9
06 ..................................  95.8 100.2 104.5 100.2

Ave........................  89.1 90.7 101.7 93.8

It is very clear tha t general combining ability or additive gene action was 
m ost im portan t and a little reciprocal effect was also seen, while specific combin
ing ability or non-additive gene effect was negligible. This suggests th a t resistant 
crossbreds should be expected by crossing two resistan t purebreds. Almost 
completely dom inant effect observed by Cole (1968) was not confirmed. Later 
tests support the above finding w ithout any exception.

7. Association of MD resistance and economic traits

Genetic correlations between MD resistance and either of growing or adult 
viability was the range of 0.1-0.3, which suggests breeding for MD resistance 
will bring about sim ultaneous improvement of growing and adult viabilities. 
Genetic correlations between MD resistance and either of egg production, egg 
weight o r adult body weight were all not significant from  zero. Thus, selection 
for resistance will result no detrim ental effect to economic tra its. Nevertheless, 
it m ust keep in m ind tha t lesser selection intensities for each of economic traits 
by introducing additional tra it may decrease the rate  of total economic gain 
substantially.

8. E ffects of selection

W hether or not we can improve a strain  for resistance to MD combined with 
a total economic score is a pertinent objective. Although Cole (1968) has proved 
the effectiveness of selection for MD resistance, based on progeny testing, such 
idealistic selection for a single tra it are not always feasible in m ost commercial 
operations in which several tra its are incorporated into an index.

Comparisons of survivor’s progeny and progeny from  a breeding flock in which 
the result of MD inoculation test of each sib family was incorporated into a 
selection index were m ade in two strains. The results obtained for three gener
ations are presented in Figure 2.
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— b a s e d  o n  m o r t a l i t y , .............. i n c l u d i n g  n e c r o p s y

40 S t r a i n  1 5

N o .  o f  f a m i l i e s  1 0 2  
C h i c k s  t e s t e d  4 5 8
I n c i d e n c e  4 9 . 7 %

F ig. 2. Effects of selection for MD resistance in tw o flocks.
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The distributions of full-sib familial incidence of MD in two strains in succes
sive years have shifted tow ard lower incidence. This apparent tendency of shifting 
the d istribution  may not be attributable to merely selection effect, because the 
virulence of MD agents and antibody from  parental generations may reduce 
the incidence to a certain  extent. Progeny from survivors showed rem arkable 
reduction w ithin two generations of selection, which suggests the possibility of 
utilizing survivor’s progeny for selection.

The natu ra l MD incidence of these two strains in the breeding station 
were 5.6 % and 15.6 % in 1970 and those in 1973 reduced to 0.7 and 11.8 %, respec
tively. Under such a condition, breeding for resistance is no longer efficient w ithout 
the inform ation from  the MD infection test from an isolated facility.

Our recent tests at several locations indicate tha t some crosses produced by 
these resistan t strains in com parison w ith other vaccinated commercial stocks 
have perform ed as equally or even better without vaccination.

P art II. R esista n c e  to L/S subgroup  v ir u s e s

Studies on the relative occurrence of viruses of different subgroups indicate 
that subgroup A virus occurs more commonly than subgroup B virus and tha t C 
and D subgroups have been only identified in laboratory stocks (C alnek, 1968; 
Du f f  and V ogt, 1969; and Critten d en  and M otta, 1969).

Mechanisms of genetic resistance to L/S subgroup viruses are well described 
by Cr itt en d e n  (1968). The resistance is at the cellular level. The virus is unable 
to penetrate the cell m em brane. Thus, the resistance is detected by challenge of 
either cell cultures, embryos, or chicks. A single pair of autosom al genes contols 
resistance to  each subgroup virus, and resistance is recessive to susceptibility 
(C r itten d en  et al., 1967).

Our breeding program m es for resistance to leukosis sarcom a subgroups viruses 
were first no t arisen from  a theoretical thinking. When we tested  the frequency 
of the resistan t gene for subgroup A, Line 01 which is the m ost susceptible to MD 
was alm ost 100 % homozygous for the resistant gene, while Line 06 which is the 
m ost resistan t stra in  to both MD and leukosis in the field by natural infection 
was 100 % homozygous fo r susceptible gene. This suggests us an idea th a t a 
resistant line which possesses both cellular defence and tum or grow th suppressing 
ability may be established. This seems to be not as simple as we expected.

Preparation of viruses: The RSV preparation was kindly supplied by Dr. Ta- 
kehiko S h im iz u  of N ational Institu te of Animal Health. The dose of the inoculum 
was adjusted  to  100 PFU with 0.1 ml. The injection of the viruses was made 
subcutaneously into both  sides of wing-webs of chicks a t either 2 or 4 weeks of 
age. Whenever needed, each of RSV (A) and RSV (B ) was inoculated into 
each side of wings to identify its genotypes for two loci.

Diagnosis of tum or growth: After inoculation all chicks were checked twice 
a week th e ir tum or incidence and growth. The size of tum or was classified by 
the following standards: ( —) no tum or incidence, ( + )  sm aller than  0.5 cm X 0.5 cm, 
(+  + )  larger than  0.5 cm x  0.5 cm bu t no necrosis and discoloration, and (+  +  + )  
larger than  0.5 cm x  0.5 cm w ith necrosis and discoloration. Observations were 
continued fo r 8 weeks a fte r inoculation or otherwise stated.
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Incidence of retrogressive tum or was recorded a t the end of the test period 
as a ra tio  of the num ber of chicks showing sm aller size of tum or com pared 
to its size in the previous week plus the num ber of chicks showing disappeared 
tum or to  the total num ber of chicks once diagnosed as positive. Total num ber of 
chicks used were a little over 15,000 for 5 years.

E x perim en ta l  r esu lts

The first prelim inary tria l using 453 chicks of 8 strains concerned w ith strain  
differences of tum or incidence due to RSV (A). A large difference of the 
susceptibility was noticed. As stated in earlier section, Line 06 was 100 % suscep
tible, while Line 01 was alm ost completely resistant. O ther two W. L. lines were 
97.2% and 90.5%, one R. I. R. 92,2% and other two W. L. lines were interm ediate 
being 45.8 % and 47.3 % susceptible. Theoretically, the chicks free from  sarcom a 
incidence are assum ed to be homozygous to the resistan t allele.

No observation was made on the retrogressive tum or incidence since the 
experim ent was term inated by 3 weeks after inoculation. Several chicks which 
had no tum or incidence from  two W. L. strains were retained for breeding. The 
progeny from  these resistant birds were all resistant, which proved th a t the 
wing-web test could be utilized for detecting the resistan t genotypes to  L/S 
subgroup viruses.

1. Strain differences in tum or incidence by R SV  (A) and R S V  (B), and
their retrogression (2nd and 3rd trials combined)

The second tria l concerned to  detect stra in  differences in tum or incidence 
and retrogression of tum ors induced by RSV (A) and (B ). Four strains totalling 
1600 chicks were used. Inoculation of the viruses were m ade on 2 weeks and 4

TABLE 3

A n a lyses  o f  v a r ia n c e  f o r  t h e  in c id e n c e  o f  t u m o r s  by  RSV and r e t r o g r e s s io n  per centage

Source of variation
Tumor incidence Retrogression

d.f MS Significance d .f MS Significance

Age of inoculation (A) ... 1 0.99 * 1 4.20 **
Types of viruses (V) ....... 1 7.24 ** 1 0.36 NS
Strains of chicks (S) ....... 3 4.08 ** 3 20.70 **
A x V ................................. 1 0.00 NS 1 0.11 NS
A x S ................................. 3 0.25 NS 3 0.71 *

3 15.40 ** 3 0.00 NS
A x V x S ........................ 3 3.00 NS 3 0.01 NS

Error ....................... 1522 0.15 1132 0.10

*
* *
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weeks after inoculation bu t in some strains observations were m ade every week 
for the first 4 weeks and then 6th and 8th weeks.

Two kinds of viruses were inoculated into the same chick simultaneously on 
both  sides of wings, each received either RSV (A) or RSV (B ). In  order to 
check the difference of inoculation time, virus inoculation was m ade at 2 weeks 
of age in one group and a t 4 weeks of age in another. The results of this trial is 
sum m arized in Table 3.

F ig. 3. P a tte rn s of tu m o r incidence and  retrogression by stra ins and  viruses.

Fourteen strains inoculated at 2 weeks of age w ith RSV (A) and (B ) yielded 
some correlation estim ates. The incidences by two kinds of viruses gave non
significant correlation of — 0.12. The incidences of retrogressive tum ors induced 
by two viruses gave a significant positive correlation of 0.88.

The th ird  tria l consisted of 10 purebreds and 5 crosses tested for A virus, 
and 7 purebreds and 5 crosses for B virus inoculated a t 4 weeks of age, and 
fu rther 14 strains and 2 crosses for A virus and 5 strains for B virus inoculated 
a t 2 weeks of age, totalling 4,288 chicks being used for strain-cross differences 
in tum or incidence and retrogression.

Correlation coefficient of retrogression of A and B  types was 0.74, which is 
significantly high and positive. The difference of correlation coefficients obtained
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in two separate trials, 0.88 and 0.74, may be due to sam pling because the first 
one was obtained from the same chicks tested for both  viruses, while in the 
second tria l two viruses were tested in different chicks.

Patterns of tum or incidence and its retrogression by weekly examinations are 
illustrated  in Figure 3, and percentage of regressed tum ors induced by two kinds 
of viruses for 4 strains are given in Figure 4.

2. Relationships between susceptibility to R SV  (.A) and economic traits

Pedigree identifications of Line 03 test-crossed to Line 01 resulted 37 females 
out of 139 females tested and 4 males out of 24 males tested being homozygous 
to the resistan t gene. Comparisons of economic perform ance of 35 C/A females 
and 39 C/O females whose tum or incidence of progeny were above 60 % were 
made. The results is presented in Table 4.

TABLE 4

E c o n o m ic  p e r f o r m a n c e s  i n  t h e  C/A and  C/O c h ic k e n s  (L i n e  03)

Phenotypes
Growing
viability

Egg wt. Body wt. Age of 
1st egg

Production
rate

Adult
viability

% g kg day % %

C/A .................. 90.6 47.9 1.93 169 84.4 84.4
C/O .................. 85.5 47.5 1.91 170 84.2 78.5

None of tra its  showed significant difference, although some indications of 
difference in viabilities in growing and adult stages w ere seen.

3. Positive associations of MD resistance and retrogressive tum or incidence

So fa r obtained, our results indicate tha t the resistance to MD by inoculation 
and percentage of retrogressive tum ors induced by RSV show a very high 
correlation. Pooled estimate of correlation coefficient between MD resistance 
of a strain  by inoculation and percentage of retrogressive tum or induced by 
RSV (A) and RSV (B) of a strain  are 0.86 (P < 0 .01 ) and 0.68 (P < 0.05), res
pectively. This evidence suggests strongly th a t some m echanisms a t least for 
recovery from  tum or growth after cells or tissues were penetrated  by the viruses 
may be related in both MD and LL.

S harma and S tone (1972) has found th a t the MD resistan t and MD sus
ceptible chickens differed markedly in virus-neutralizing antibody response, 
although they had no striking differences in precipitating anitbody levels. I t  is 
likely tha t gene o r genes controlling resistance to  MD may act as pleiotropic 
to induce retrogression of tum or induced by RSV (A) and RSV (B ) through 
the process related  to the finding by Sharma and S tone.
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Fig. 4. Percentage of retrogressive tum or incidence.
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SUMMARY

Breeding experiments for resistance to MD and LL were briefly outlined.
The m ost im portant findings from our experim ents are: 1) a high correlation 

between MD incidence in the isolated farm  and the breeding station and thus 
the familiy records from the isolated farm  can be incorporated into selection 
indices in the breeding station, and 2) a rem arkable association of MD resistance 
and the incidence of retrogressive tum ors induced by Rous Sarcom a viruses A 
and B  types.

The la tte r high correlation suggests that some m echanism s of resistance to 
MD and LL may be similar.

RESUME

On a realise une serie d ’experiences pendant l’elevage pour etudier la resistance 
a la m aladie de M a r e k  (MD) et a la leucose lymphoide (LL).

Les decouvertes les plus im portantes qui ont ete enregistrees sont les suivan- 
tes: 1) une correlation elevee entre 1’incidence de MD dans la grange isolee et la 
station d elevage, et la possibility consequente d 'incorporer les records familiers 
de la prem iere aux indices de selection de la deuxieme, et 2) Une relation remar- 
quable entre la resistance au MD et l’incidence de tum eurs regressifs induits 
a travers de virus du sarcome de Rous, types A e t B.

Cette derniere correlation suggere par sa ferm ete la possibility de qu’il y 
existe une similitude entre quelques mecanismes de resistance au MD et au LL.

RESUMEN

Se ha realizado una serie de experimentos duran te la cria para  estudiar la 
resistencia frente a la enfermedad de Marek (MD) y a la leucosis linfoide (LL).

Los hallazgos mas im portantes que se han registrado son los siguientes: 1) Un 
aito grado de correlacion entre la incidencia de MD en la granja aislada y la 
estacion de cria, y la consiguiente posibilidad de incorporar los registros familia- 
res de la prim era a los indices de selection de la segunda, y 2) Una relation 
destacable entre la resistencia a MD y la incidencia de tum ores regresivos indu- 
cidos a traves del virus del sarcoma de Rous de los tipos A  y B.

E sta ultim a correlacion sugiere por su firmeza la posibilidad de que exista 
una sim ilitud entre algunos mecanismos de resistencia a MD y a LL.
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