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Hiroshi ISOGAI, Yutaka FUJIMOTO, Kosuke OKADA 

and Kazuyuki !cHIJO 

Department of Comparati've Pathology 
Faculty of Veterinary l\11edicine 

Holdwido Uni'uersity, Sapporo 060, Japan 

(Received far publication, September 1, 1980) 

The effect of bursectomy on the development of Marek's disease (I\.1D) 

III chickens was studied histopathologically in two separate experiments in 

which 2 graups of untreated and bursectomized chickens were used. In 

experiment I, 16 untreated and 25 bursectomized chickens were examined at 

3, 5, 7, 9 and 12 weeks old, and in experiment II, 55 chickens, including 28 

bursectomized anes, were inoculated with Marek's disease virus (MDV) at 2 

weeks old. 

The neonatal bursectomized chickens in experiment I showed the follow­

ing morphological and functional changes in comparison with the untreated 

chickens. 

1 Histopathologically, there was a severe deplatian of lymphocytes in 

the bursa-dependent areas and aplasia of the germinal centers in the spleen. 

2 There was a lack of antibody synthesis against Salmonella pullorum. 

3 There was no reduction of phytohemagglutinin (PHA) skin reaction. 

In experiment II, the chickens were examined at 1, 3, 5, 7 and 10 weeks 

after inoculation with MDV; the following changes were observed. 

1 There were no initial cytolytic lesions in the lymphoid tissues of the 

bursectomized chickens. 

2 Both the bursectomized and the untreated chickens showed a high 

and almost identical frequency of MD tumor development in various organs 

and tissues. 

In the lesions of these findings, we concluded that the function of the 
bursa of Fabricius is not essential for the tumorigenesis of MD. 

INTRODUCTION 

Marek's disease (MD) is an infectious and common lymphoproliferative disease in 

chickens which is caused by a group B herpesvirus, the MD virus (MDV). Chickens 

infected with MDV usually developed neoplastic lesions in the visceral organs and the 

peripheral nerves14). In chickens lacking maternal antibodies to MDV, MDV infection 

first causes the so-called "initial cytolytic lesions" which are characterized by severe 

The present study was supported in part by grants from the Ministry of Education, 

Science and Culture, Japan. 
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lymphoid degeneration and hyperplasia of the reticulum cells and vacuolated macrophages 

in the lymphoid organs (the thymus, bursa of Fabricius, spleen and cecal tonsils) at 

about 1 week after MDV infectionl,H), followed by lymphoreticular proliferation and 

gross lymphoma formation at 2-3 weeks after infection.12 ,23,24) 

Chickens have two distinct central lymphoid organs, the thymus and the bursa 

of Fabricius, and it appears that cellular immunity is dependent on the thymus function, 

whereas humoral immunity depends exclusively on the function of the bursa of Fab­

rICIUS. Because of these clear functions, chickens are very useful in immuno-suppressive 

studies in which bursectomy or thymectomy are performed3,4). In such experiments 

several techiniques for bursectomy may be used, ranging from surgery alone, surgical 

bursectomy plus X-ray irradiation, and chemical bursectomy by hormones or cyclopho­

sphamide; however, the results of these methods have not always been consistent in 

demonstrating the effect of bursectomy on the pathogenesis of MD.5,11,29,35,40) It is pro­

bable that problems in techinique, such as the fact that chemical bursectomy (cyclo­

phosphamide) inhibits not only the function of the bursa of Fabricius but also that of 

the thymus21
,42) are responsible for these discrepancies. Namely, the administration of 

cyclophosphamide in chickens at hatching suppresses the bursa-dependent immunity 

permanently, and in addition, it tmporarily suppresses thymus-dependent immunity. 

In the following two experiments, the chickens were treated with surgical bursectomy 

plus X-ray irradiation. Chemical bursectomy was not employed in order to avoid the 

depletion of the thymus. In experiment I the effect of bursectomy was examined func­

tionally and histopathologically in MDV uninoculated chickens, and in the second ex­

periment, the effect of bursectomy on the pathogenesis of MD was examined histo­

pathologically in MDV inoculated chickens. 

MATERIALS AND METHODS 

Chickens: White Leghorn SPF chickens lacking maternal antobodies and suscep­

tible to MDV (Line M, Nippon Institute for Biological Science, Tokyo) were used. All 

birds were kept in isolation. 

Inoculum: Heparinized blood from birds inoculated with the JM Strain of MDV 

was used as a source of the virus. The donor birds showed clinical and histopathological 

lesions of MD. The source of the JM strain of MDV was described previously3D. 

Each chicken was inoculated intra-peritoneally with 0.1 ml of the infected blood. 

Operation and X-ray irradiation: The chickens were bursectomized at hatching 

and exposed to 650 R (193.25 R/min, 165 kVp, 20 rnA) of total-body X-ray irradiation 

(half value layer; 4 mm Cu) in the air by the method of COOPER et aU) 

Agar gel precipitin (AGP) test: The AGP test was performed as described pre­

viously3o,32); anti-MDV antibody in the sera was detected by using a feather antigen 

prepared from the MDV infected chickens. 
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TABLE 1 Experimental design 

NUMBER OF CHICKENS EXAMINED IN EACH WEEK 
- ---------~---- --- - --

PART GROUP 3 5 7 7.5-8.5 9 10 11 12 

A (untreated I 3 3 3 3 4 
Un inoculated 

(bursectomy-+- ) B 4 5 6 6 4 
\X irradiation / 

Inoculated C (untreated) 3 3 3 3 (1) (3) 11 

with MDV D (bursectomy-+-) 3 3 3 (3) 3 (1) 12 
X irradiation. 

( ) indicates the number of dead chickens before sacrifice. 

Experimental design: As shown in table 1, this experiment consisted of two parts; 

both uninoculated chickens and chickens inoculated intra-peritoneally with the l\1DV 

infected blood at 2 weeks of age were used. Several chickens from each group (A, 

B, C and D) were killed at 3, 5, 7, 9 and 12 weeks of age and examined. 

Antibody production: For the evaluation of the bursa-dependent function, the 

agglutination test against Salmonella pullorum (a bacterin commercially produced by the 

Chiba Serum Institute, Japan) was applied. The sera were prepared from blood collected 

before injection of the S. pullorum antigen and at 10 days after injection of the or­

ganisms. The titer was expressed as the highest dilution of a positive reaction. 

Phytohemagglutinin (PHA) skin test: For the evaluation of the thymus-dependent 

function, the PHA skin test was applied as previously described. IS) Fifteen chickens 

(7, 9 and 12 weeks of age from the uninoculated group) were injected in the wattles 

with 7511g of PHA (PHA-p Difeo) and assessed 12 and 24 hours after injection. A 

swelling of more than 0.45 mm was accepted as a positive reaction. 

Autopsy: The chickens including those which succumbed before sacrifice were 

autopsied at 1, 3, 5, 7 and 10 weeks after challenge (tab. 1). All chickens were ex­

sanguinated after observation of clinical signs, with the exception of the dead cases. 

The sera were stored at - 20°C. Various tissues from all the chickens were fixed in 

10% formalin. 

Histopathology: The liver, spleen, kidneys, heart, lungs, proventriculus, cecal tonsils, 

thymus, bursa of Fabricius, Harderian glands, gonads, adrenals, skin, muscles, and the 

central and peripheral nervous system (the brachial plexus, lumbosacral plexus and spinal 

ganglia) were embedded in paraffin, sectioned and stained with hematoxylin and eosin 

(H & E). 

RESULTS 

Effect of Bursectomy in the Uninoculated Group 

Each week the bursectomized group B chickens showed body growth failure in 
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TEXT-FIGURE 1 Comparison of the increase of body 
weight in each group 
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a: Each point shows the mean body weight of chickens 
at each period. 

TABLE 2 E-J.fect of bursectiomy on the bursa-dependent 
and thymus-dependent fUllction 

-----~-~- ---- ------- ----,,- ------- --

BURSA-DEPENDENT FUNCTIONS 

--------- ~ 

THYMUS-
NUMBER DEPENDENT 

Antibody GROUP AGE OF Germinal centers FUNCTIONS 
CHICKENS against in S. pullorum 

weeks 
-,j,r---

3 3 0 
5 3 2 

A 7 3 3 
9 3 3 

12 4 3 

3 4 0 
5 5 1 

B 7 6 0 
9 6 0 

12 4 1 

*1: Number of chickens with positive reaction 
*2: Number of chickens with the germinal centers 
*3: Mean number of the germinal centers 

the spleen PHA 

*2 *3 
3 ( 74) 
3 (102) 
3 (124) 
3 ( 99) 
4 ( 39) 

o ( 0) 
2 ( 13) 
1 ( 6) 
3 ( 14) 
2 ( 21) 

*4: Number of chickens showing positive reaction/number of chickens 
NT: Not tested 

skin test 

NT 
NT 
NT 
3/3*4 
3/3 

TN 
TN 
3/3 
3/3 
2/2 
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companson with the untreated group A chickens (text-fig. 1). The lymphoid tissues 

in the spleen, thymus and cecal tonsils of the group B chickens were smaller than 

those of group A. 

Microscopically, a significant depletion of lymphocytes in the periellipsoidal lymphoid 

tissues was observed in the spleen of the group B chickens in comparison with those 

of group A throughout the experimental period (figs. 1 & 2). Germinal centers were 

observed in all group A chickens; however, they were observed slightly in only 8 of 

25 chickens from group B (tab. 2). 

Antibody response against S. pullorum was compared in groups A and Busing 

the agglutination test. Only 2 out of 25 cases were positive among the bursectomized 

chickens, whereas 12 out of 16 cases were positive among the untreated chickens (text­

fig. 2). 

In the PHA test, which was considered to be reliable for judging the thymus­

dependent reaction, there were no differences between groups A and B. 

TEXT-FIGURE 2 ~4ntibod.'V re"ponse agenst S. pullorum 
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Effect to Bursectomy on the Pathogenesis of MD 

1 Clinical signs and gross lesions: Ten and 7 cases in groups C and D respectively 

showed clinical signs such as paralysis and paresis of the legs or wings, and anemia 

and emaciation during the observation period. Fatalities occurred at 7 (one case), 8 

(two cases) and 9 (one case) weeks after inoculation in group C and at 5.5, 6.5 and 7 
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TABLE 3 Effect of bursectomy on lvlD lesions 

MD LESIONS 
AFTER NUMBER 

Initial Tumor lesions GROUP OF INOCULA TION CHICKENS cytolytic Gross Histopathological lesions 
----- ,-----

weeks 
1 3 2*1 0*2 0*3 

3 3 0 0 0 

C 5 3 0 0 0 

7 4 0 1 4 

8-9 3 0 2 3 

10 11 0 6 5 

1 3 0 0 0 

3 3 0 0 2 

D 5 3 0 0 2 

E.5-6.5 3 0 1 2 

7 4 0 2 3 

10 12 0 6 5 

*1: Number of chickens with initial cytolytic lesions 
*2: Number of chickens with MD tumors III the visceral organs 
*3: Number of chickens with MD tumors in the peripheral nerves 

0*2 0*3 

1 1 

1 3 

2 3 

2 2 

7 4 

0 0 

0 0 

2 3 

2 2 

3 3 

7 7 

(each one case) weeks after inoculation in group D. Gross MD lesions consisted of 

peripheral nerve enlargement and lymphoid tumor formation were found in both C and 

D groups (tab. 3). 

Neoplastic T-type lesions as described by FUJIMOTO et a1.13l were observed in the 

liver, spleen, kidneys, heart, lungs, cecal tonsils, pancreas, gonads, bursa of Fabricius, 

thymus, muscle, spinal cords and peripheral nerves (figs. 5-8). The lesions were cha­

racterized by small, medium and large lymphoid cells and few reticulum cells. Mitosis 

was frequently observed. The adjacent tissues of the tumor lesions were often pressed 

and degenerated. Table 3 shows the rate of development of the tumor lesions III the 

visceral organs and the peripheral nerves. There was no significant difference in the 
rate of occurrence of MD tumor lesions, between groups C and D. 

DISCUSSION 

In this experiment, the neonatal bursectomized chickens showed a significant sup­

pression of humoral Immunity in the various points examined. The bursectomy was 

first demonstrated by GLICK et al. l7J • COOPER et a1. 6
,1) described the bursa-and thymus­

dependent areas in the spleen using surgical bursectomy and X-ray irradiation. On the 

other hand, chemical bursectomy has also been conducted by administration of hor­

mones1: ,28,44) or cyclophosphamide16 ,26 
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The above-mentioned studies showed the following results. 

1 Growth of body weight and lymphoid organs was significantly inhibitedm, 

2 Production of specific antibody and immunologlobulin was decreased or lacking6
,B,J5), 

3 Development of germianal centers and peri-ellipsoidal lymphoid tissues in the 

spleen and the subepithelial zone of the Lamina propria in the cecal tonsils was markedly 
suppressed6 ,2o,21,22,25) • 

In the present experiment, the neonatal bursectomized chickens showed inhibited 

growth body weight and lymphoid organs, and histopathologically, a severe depletion 

or aplasia of the peri-ellipsoidal lymphoid tissues and the germinal centers, which were 

considered to be bursa-dependent areas, in comparison with the untreated chickens. In 

addition, antibody response against S. pullorum antigen was significantly lower in group 

B than in group A. On the other hand, there was almost no effect of bursectomy 

against the thymus and thymus-dependent areas histopathologically, The reaction of 

PHA skin test, which was considered to reveal as thymus dependency, was not reduced 

in the bursectomized chickens. However, the effects of surgical bursectomy plus X-ray 

irradiation were clear; the bursa-dependent functions were significantly suppressed, 

whereas the thymus and thymus-dependent function and tissues were not. Surgical 

bursectomy plus X-ray irradiation was thus found to be useful for examining the im­

munosuppressive effect of bursa of Fabricius on the pathogenesis of ~lD. 

The results of experiment II were as follows: 

1 None of the 3 bursectomized chickens developed the "initial cytolytic lesions" 

whereas 2 out of 3 untreated chickens developed these lesions at one week after MDV 
inoculation. 

2 There was no significant difference in the rate of occurrence of MD clinical 

signs such as gross and histopathological lesions between the bursectomized and the 

untreated chickens. 

The initial cytolytic lesions were first described by ]AKOWSKI et al.23l Characterized 

by degeneration and necrosis of the lymphocytes and replacement by reticulum cells 

and vacuolated macrophages in the lymphoid tissues, these lesions have been considered 

to be initial inflammatory responses to the viral infection because of the presence of 

intranuclear inclusion bodies, unenveloped herpesvirus particles, and immunofluorescent 

MDV antigen and precipitin MDV antigen in the lymphoid tissues1,14,36). FRAZIER and 

PAYNE & RE:\,N1E 36l found that chickens with maternal antibodies against MDV developed 

lighter lymphoid destruction than chickens without these antibodies. PAYNE et al. 33l 

reported that the so-called "initial cytolytic lesions" developed as an acute cytolytic 

infection with MDV in the lymphoid tissues about one week after challenge. In the 

present experiment, the initial cytolytic lesions were found in the untreated chickens 

but not in the neonatal bursectomized chickens, which suggested that the development 

of these lesions may be mediated through the bursa-dependent tissues and humoral 
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Immune functions. On the other hand, GOTO et aUS) reported that the initial cytolytic 

lesions might be mediated through the thymus-dependent immune functions, because of 

the lesions were not found in the neonatal thymectomy plus X-ray irradiation in their 

experiment. From this view it may be thought that the thymectomy suppressed the 

helper-function for humoral immunity. This explanation may not be contradicted by 

the above described two results. Recent studies411 demonstrated that the cytotoxicity 

of spleen cells in vitro against the cells with Marek's disease tumor associated surface 

antigen (MA TSA) increased in the initial period post MDV inoculation. The direct 

relationship between the in vitro cytotoxicity and the initial cytolytic lesions in MD was 

not confirmed However, facts such as the occurrence time of the initial cytolytic 

lesion~, the degeneration and depletion of lymphocytes, and the immunological suppressive 

effects suggested the existence of a relationship between the initial cytolytic lesions and 

the in vitro cytotoxicity. 

In the present investigation, the development of tumor formation in the visceral 

organs and the peripheral nerves was hardly effected by bursectomy, a result which 

corresponded well with the results of PAYNE & RENNIE35) and FERNANDO & CALNEK. 

Our results also accorded well with those of SHARMA who showed that hereditary 

resistance against MD was not effective, and those of SHARMA & WITTER who de­

monstrated that age-related resistance was not influenced by chemical bursectomy of 

cyclophosphamide. Many studies on the effect of bursectomy to MD, however, have 

shown contradictory results. 

MD incidence and mortality. 

MORIS et al. reported that surgical bursectomy increased 

Conversely, bursectomy by hormonelll and cyclophospha-

mide38l resulted in a decrease of MD incidence and mortality. These differences may 

have been caused by the virus dorsage used, the strain of chickens, or the methods of 

bursectomy. In particular, it should be noted that hormones and cyclophosphamide 

have been shown to suppress not only the bursa-dependent functions but also the thymus­

dependent functions. In regard to the thymus and thymys-dependent functions, several 

workers have shown that thymectomy suppressed the age-related resistance19
,43), that 

the administration of cyclophosphamide suppressed the resistance obtained by herpesvirus 

of turkey (HVT) vaccination9) which did not influence by surgical bursectomy, that MD 

tumor cells were positive against anti-thymus sera by immunofluorescent, and that Line 

cells which originated from the MD tumor had the T-cell surface markers2
,37). 

In this study, surgical bursectomy plus X-ray irradiation at hatching caused the 

depletion of the bursa-dependent function and tissues without depletion of the thymus­

dependent function and tissues. We concluded that the function of the bursa of Fab­

ricius was not essential for the tumorigenesis of MD but that it was responsible for 

the occurrence of the initial cytolytic lesions. 
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EXPLANATION OF PLATE 

PLATE I 

Fig. 1 Formation of the germinal center and accumulation of 

the lymphocytes in the periellipsoidal lymphoid tissues 

of the spleen from 12-week-old group A chicken Hema­

toxylin and eosin stain (H & E) X 290 

Fig. 2 Absence of the lymphocyte and replacement of the 

reticulum cells in the peri-ellipsoidal lymphoid tissues 

of the spleen from 12-week-old group B chicken H & E 

X 290 

Fig. 3 Initial cytolytic lesions in the cecal tonsils from group 

C chicken 1 week after inoculation with MDV H & E 
X 168 

Fig. 4 Absence of the initial cytolytic lesions in the thymus 

from group D chicken 1 week after inoculation with 

MDV H & E x82 
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PLATE II 

Fig. 5 Tumorous lesion in the liver from group C chicken 10 

weeks after inoculation with MDV. Notes severe lym­

phoid proliferation H & E X 173 

Fig. 6 Tumorous lesion in the heart from group D chicken 10 

weeks after inoculation with MDV H & E X 173 

Fig. 7 Severe lymphoid cell proliferation in the peripheral 

nerve (N. Ishiadicus) from group D chicken 10 weeks 

after inoculation with MDV H & E X 173 

Fig. 8 Marked enlargement of the peripheral nerve (N. medi­

anus) Group C chicken 10 weeks after inoculation with 

MDV H & E X 71 
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