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SOME MORE OR LESS RELATED DiSEASES 

By Charles S. Gibbs,! Research Professor of Veterinary Science 

Neurolymphomatosis, generally referred to as "fowl paralysis," is quite common 
in the United States and Europe, and has been recognized in Massachusetts since 
Kaupp (1921) and Pappenheimer (1926) described it. All breeds of chickens are 
su~ceptible, but turkeys, geese, ducks, other poultry, and wild fowl are not 

. known to be affected. Ordinarily, it is a disease of pullets and cockerels of three 
to eight months of age, and the heaviest losses usually occur in the late summer 
ami early fall, although there are exceptions to this rule. 

The most noticeable symptoms are paralysis of either one or both legs or the 
wings, and blindness marked by a greyish appearance of the eye. The comb 
and wattles are usually of normal color, and the birds have a good appetite as 
long as they are able to eat. The symptoms may appear suddenly or gradually, 
and the birds may die in a few weeks, or the condition may be prolonged over a 
period of several months. Very few cases of neurolymphomatosis ever recover. 

Diagnosis is usually made by observation of the disease in a flock and by 
necropsy of. dead birds. A definite technique for the macroscopic diagnosis 
has been worked out by Jungherr (1933). The lesions are located in the nervous 
system and contiguous tissues, such as the blood, visceral organs, muscles, etc. 
Since the tiswe changes are very difficult to recognize in some cases, the history 
of the outbreak, the symptoms of the sick birds, and the general appearance of 
the flock are of great aid in differentiating neurolymphomatosis from some other 
diseases and ohtaining a ~ati~factory diagnosi,. 

The real cause of neurolymphomatosis is unknown. There have been con
siderable speculation and some laboratory study on this phase of the disease, 
but without any definite conclusions. In other words, to determine the etiology 
of neurolymphomatosis, the investigator should have at his disposal a well
equipped laboratory and a poultry plant with facilities for hatching and isolation 
of different groups of birds. The cost of such an undertaking has, up to the 
present, precluded any satisfactory demonstration of the etiological agent. 

Etiology 

Attempts to transmit neurolymphomatosis In this stud\' have not been uni
formly successful. In all, 400 chickens have been inoculated subcutaneously, 
intramuscularl~', intraperitoneally, and intracranially with neoplastic suspensions 
of diseased nerves and tumor tissue in physiological saline solution without showing 
any symptoms of disease. Also 400 uninoculated controls from the same flocks 
and reared under the same conditions did not reveal any lesions of either neuro
lymphomatosis or lymphocytomatosis at necropsy. In addition, 60 chickens 

lThe writer extends his sill cere thanks to Oliver S. Flint, Derartmcnt of Yeterinary Science, 
Massachusetts Agricultural Exrerimcnt Station, for doing the rhotograrhic \vork for thi.:: bulletin; 
and to the Poultry Derartment of the College and Experiment Station, which made this study 

poss:blc. 
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were inoculated intravenously \\~ith Berkefeld \' filtrates of the neoplastic lesions 
of nerve tissue. which had been ground up in a sterile mortar with a sterile pestle 
and sand, Also. fresh lymphocytomas were transplanted into the visceral organs, 
muscles, and skins of 140 chickens. by means of a sterile trocar. These chickens 
were held for six months without showing any symptoms or lesions of Iymphocy
tomatosis. a disease closely related to, if not the same as, neurolymphomatosis, 

The stock for these etiological experiments was selected from 10 different flocks 
and an attempt was made to avoid chickens previously exposed to the disease, 
as such exposure might lead to erroneous results, Active symptoms of neuro
lymphomatosis do not appear for two or three months after infection has taken 
place, This precaution \\'as deemed necessary because in some of the earlier 
experiments of the writer the same number of controls as inoculated birds came 
down with symptoms and lesions of neurolymphomatosis, indicating that the 
birds had previously contracted the disease, 

Also it was found in the course of these experiments that chickens inoculated 
intraperitoneally and intramuscularly with suspensions of neurolymphomas, 
pyogenic bacteria, and tar de\~eloped tumors of the peritoneum, visceral organs, 
mesentery, muscles, celiac plexus. and small nerves of the visceral organs in
distinguishable from lymphocytomas and neurol\"lnphomas of spontaneous 
ongm, Ruptured egg sacs and oviducts were believed to be responsible for 
similar conditions in spontaneous cases b\' first establishing peritonitis, which 
ultimately led to tumor formation, 

The results of these laboratory transmission experiments are inconclusive, 
and in view of the work that has been done by Seagar (1933), Lerche and Fritzsche 
(1933), and :\lcIntosh (1933) should not be considered final until further work 
has been dene, because there are so many unknown factors associated with the 
etiology of neurolymphematosis and Iymphocytomatosis that it is doubtful 
whether any investigator has succeeded in keeping them all under control. How
ever. persistent trial and error. cf \\'hich this stud,' is a beginning, should not 
only reveal the etiolog, of these two diseases but show their relation, if any, 
to Iympholeukosis, 

The Development of Histological Methods 

Plent" of material from spontaneous cases has been available for hematological 
and histopathological studies, It has been possible to select material from 
flocks of which the history was knO\m, and the studies for the most part have 
been confined to one of these flocks fer a period of four years, The first two 
years \\'ere dew)ted largely to developing staining methods. acquiring a familiarity 
with the histological elements in poultry patholog,~. and differentiating neuro
lymphomatosis from other diseases to which it appeared at first to be more or 
less related in spontaneous cases, 

The blood staining methods suggested b,' Furth (1931), the bone marrow 
studies of Forkner (1929), and :\Iallory's (1921) eosin and methylene blue and 
phosphotungstic acid hematox,'lin stains for tissues \\'ere especially valuable in 
the development of histological methods for this study, \Yong's (1928) method 
for the determination of hemoglobin was used, The blood clotting time was 
estimated by the method of \Yright C\lorse and Loone,'. 1927), 

It \\~as found that the thromboc\'tes could not be counted with any degree of 
accurac,' unless supravital staining was employed, Hence the counts for throm
bocytes are omitted in this bulletin, 
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The Pathological Cell in Neurolymphomatosis and Lymphocytomatosis 

First comparative studies ",·ere made of normal birds and those showing neuro
lymphomatosis with gross lesions, avian paralysis without gross lesions, myelo
leukosis , ery throleukosis, and Iymphocytomatosis. In distinction from Patter
son et al. (1932), little difficulty was experienced in differentiating neurolympho
matosis from erythroleukosis and myeloleukosis, while Iympholeukosis appeared 
to be closely related. The large Iymphocy·te observed in the infiltrated nerves 
of neurolymphomatosis, Fig. 1, appea rs to be similar to the pathological cell 
found in Iy mphocytomatosis, as stated b y Matthews and Walkey (1929). 

In this stud y there was evidence of perivascular infiltration in which the path
ological cells passed in the blood and lymph until they filled the spaces between 
the nerve fibers, as shown in Fig. 2 . The walls of the arteries and veins were 

Figure 1. Pathological Cells in Neurolymphomatosis, showing the dlvislan of the nucleus and 
the characteristic concentric arrangement in some cells. (Magnified 1100 diameters.) 

Figure 2 . Infiltration of Pathological Cells around Nerve Fibers. (Magnified 100 diameters.) 
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not destroyed, and the nourishment in the vascular system was diverted from 
the nerve fibers to the pathological cells, which appeared to increase very rapidly 
by further infiltration and mitosis until all of the neutral staining tissues were 
replaced by basic staining neoplastic cells. In other words, the nerve fibers 
appeared to die for the lack of nourishment and were finally dissolved and carried 
away by the blood stream, as the pathological cells at first surrounded them 
and later replaced them entirely. This is the physiological development of the 
neurolymphoma in the nerve of the fowl as observed histologically in these studies. 
Enzymes may have played a part in the destruction and absorption of the nervous 
tissue, but their presence could not be demonstrated in either living or dead 
tissues. 

This tumor-like growth of the nervous system is what Pappenheimer et al. 
(1929) have called a neurolymphoma, and it leads to the pathological condition 
called neurolymphomatosis by Johnson (1932). These names are retained in 
this study and have already been used several times. Since the neurolymphoma 
tissue cannot be stimulated like nervous tissue, it naturally follows that muscles, 
organs, and other structures supplied by nerves suffer as a result of interference 
in normal functions, and symptoms of disease arise. 

Figure 3. Lymphocytoma of the Gizzard. 
Left. diseased gizzard. 
Right, normal gizzard. 

The fact that the neoplastic cell involved in neurolymphomatosis has been found 
in the blood and lymph shows that there is ample opportunity for it to find its 
way into the general circulation and be involved in metastatic conditions. Metas
tasis, as well as infiltration, has been found in this study and will be pointed out 
a little later. 

Before proceeding further it is necessary to indicate that the neurolymphoma 
resembles the lymphocytoma in physical appearance and consistency, as well 
as in possessing the same type of pathological cell. Both develop from incipient 
perivascular infiltrations into the tissues. In advanced cases the neurolymphoma 
is usually smaller than the lymphocytoma. This is probably due to the fact 
that the blood and lymph spaces in the visceral organs and muscles are larger 
than in the nervous tissues, and growth proceeds more rapidly because more 
cells are able to crowd in and nourishment is more readily brought to them. 
Lymphocytoma of the gizzard is shown in Fig. 3. In advanced cases of Iympho
cytomatosis, in which the neoplasms had reached comparatively large sizes, 
anemia was present. Neurolymphomatosis was never accompanied by noticeable 
symptoms of anemia unless the birds were so paralyzed that they could not reach 
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feed -and water , or nerves supplying the digestive system were affected and mal
nutrition had set in. 

In some cases lymphocytom as were found completely surrounding nerve trunks 
without showing any evidence of invasion, as stated by Matthews and \ iValkey 
(1929). On the other hand, many cases of avian paralysis were found in which 
visceral organs, muscles , the integument , and nervous tissue were simultaneously 
involved . In some of these cases the diseased condition appeared to have spread 
by infiltration and in others metastasis h ad apparently taken place through the 
blood stream. The infiltrations were continuous and involved cont iguous nerves 
and organs. The most common simulta neous infiltration of nervous tissue 
and visceral organs occurred in the celiac plexus, ovary, and adjacent structures, 
with the vagus nerve and thymus glands next . The common invasion of the 
sciatic~ nerve and kidney was found in 10 cases from the same flock . It appea red 
from histologica l examination of diseased tissues that a common pathological 
cell was involved in both nerves and visceral organs, as appears in Fig. 4. This 
finding is in agreement with that of Biely, Palmer, and Lloyd (1933) . 

Figure 4. Neurolymphoma of Sciatic Nerve (a ) and Lymphocytoma of the Connective Tissues 
and Surrounding Muscles (b ). (Magnified 100 diameters.) 

Neurolymphomatosis 

In general, it canno t be stated that a ny particular nerv e or plexus is more 
susceptible to invasion than another because neurolympho mas were found in 
all of the nerves of the fowl. and two birds were found in which every' metor nerve 
in the body appeared to be affec ted . These two birds were in a must helpless 
condition. Paralysis is espec:a lly e 'vident when the scia tic nerves. brachial 
plexus, celiac plexus, vagus, and c ptic nerves are involved because important 
functions of the bod,' are interfered with , and the lesions are more evident at 
necropsy in la rge nen:es than in small ones. A careful checking up on the location 
of the gross lesions of neurolymphcmatos is in the flocks studied did not reveal 
any outstanding flock specificity , such as might be attributed to family weakness 
or inherited predisposition, although such may have existed and our observations 
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were not fine enough to detect them. I twas ph\'sically impossible to examine 
all of the birds histologicalh, Table 1 shows the results of the necropsies of 304 
birds from seven different fbcks and the tabulation of the names of the nerves 
affected \\'it h neurol\"mphomas, 

T.\BLE l. Loc.\TIo" OF l\ El'ROL Y\lPHOMAS 

Flocks 

~------------------------

:\en'e A H C D E F G 

Sciatic, 41 69 31 8 23 20 13 
Vagus, 39 35 30 6 14 27 12 
Brachial, 29 28 12 3 20 19 5 
Celiac, 12 3 9 4 7 15 10 
Optic, 6 4 0 0 0 0 16 
Mesenteric, 5 4 2 0 8 3 
Crural, 1 3 3 7 1 
Peroneal 3 () 0 () () 0 0 
Costal, 0 0 0 1 0 0 0 
Cen,ical 0 () 0 0 0 0 
Plantar, 0 0 0 0 0 0 
Laryngeal, .2 () () 4 0 
Meningeal. ......... 0 0 0 0 0 
CocC\'geal, n () () 0 0 

._---------- ---- --_._--_. ----

N umber of Hirds, , 91 0] 32 In 25 30 24 

This table shows that the sciatic. \'agus. brachial. celiac. and optic nen'es 
were most commonh affected, A comparison of Flock A with Flock F shows 
some important differences, In Flock A the sciatic nen'es were most commonly 
il1\'oked. \\,hile in Flock F the il1\'olHments occurred largely in the \'agus and 
brachial nerws. This 111a\ indicate flock specificity, but it cannot be definitely 
prO\'ed ior all of these flocks represent different blood lines and the distribution 
of the nellrolymphomas are rather uniform. except in Flock F referred to abO\'e, 
and Flock G, in \\'hich the optic nerve \\'as frequently il1\'olved, 

It was noticed that birds recei\'ed from flocks on the range often imprO\'ed 
after being isolated in indi\,idual cages. Histological and hematological examina
tions of the tissues and blood indicated that these birds were holding their own, 
temporarily at least. The pathological cell il1\'oh'ed in neurolymphomatosis 
was not found in the blood and tissues outside of active lesions, \\'hich indicates 
that there was some antagonism to the disease. There was no laboratory evidence 
to indicate that this antagonism was due to immunity. The disease tends to 
lessen in se\'erity after existing in a flock for t\\'O or three years, which demonstrates 
clinically that either some degree of immunit\, is developed or the susceptible 
birds die, leaving the more resistant to reproduce future generations. Three 
bird;;. apparently showing active symptoms of paralysis, recovered and at nec
ropsy no lesions of disease \\'ere found. 



8 MASS. EXPERIMENT STATION BULLETIN 308 

Lymphocytomatosis 

A study of uncomplicated lymphocytomatosis revealed that visceral organs, 
such as the ovary, mesentery, kidney, liver, and spleen were most commonly 
involved. These organs are closely associated with serous membranes. Next to 
be affected were organs and surfaces lined with mucous membranes, such as the 
peritoneum, oviduct, proventriculus, lungs, pleura, intestine, crop, ureter, and 
cloaca. Muscle tissue, skin, and ductless glands were involved in a few instances, 
showing that no tissue of the fowl is entirely resistant to lymphocytomatosis. 

The lymphocytoma develops the same as the neurolymphoma, except that it is 
confined almost entirely to tissues other than the nervous type. The invading 
cell is indistinguishable from the pathological cell occurring in neurolymphomatosis. 
Parenchymatous organs, mucous membranes, and glandular tissues offer less 
resistance to invasion than muscle, or the integument. 

Studies on the location of lymphocytomas are recorded in Table 2. 

TABLE 2. THE LOCATION OF LYMPHOCYTOMAS 

Flocks 

Tissue A B C D E F G 

Ovary .. ........... 21 19 3 2 6 8 4 
Mesentery .......... 12 15 5 1 3 3 2 
Kidney ............ 9 14 0 0 2 1 1 
Liver ........... 7 8 0 0 1 2 0 
Peritoneum. 8 8 0 2 4 0 0 
Proventriculus. 6 1 0 2 0 2 
Pancreas ..... 3 4 2 2 0 0 0 
Muscle ...... 4 4 0 0 0 0 
Skin .... ........... 6 4 0 1 3 1 0 
Oviduct ............ 4 5 0 0 4 2 
Spleen ....... 0 3 1 2 1 0 
Pleura ....... 2 0 0 0 
Heart ....... 1 0 1 0 0 0 
Intestine ........... 2 0 1 2 0 0 0 
Thymus .. 1 0 0 0 0 0 
Duodenum ...... 0 1 0 0 0 0 
Crop ..... 0 0 0 0 0 0 
Adrenal. 0 0 0 0 0 
Gizzard ... 0 2 1 3 0 0 
Eye ...... 0 0 0 1 0 0 
Ureter. 0 0 0 0 0 0 
Cloaca ..... 0 0 0 0 0 0 

Number of Birds .... 33 55 8 5 15 16 8 

This table shows that the ovary, mesentery, kidney, liver, peritoneum, and 
glandular portion of the proventriculus are especially susceptible to lymphocyto-
matosis. The disease is most common at the age of laying the first egg, which 
indicates that if irritation is not the sole cause it is at least a contributing factor. 
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Since lymphocytomatosis is more common in laying hens than it IS In pullets, 
cockerels, and roosters, it may be that concentrated feeding and forced laying 
are important factors in the incidence of this disease. 

Richardson (1933) has suggested "that catarrhal enteritis with extensive des
quamation of the epithelium covering the villi is the primary lesion, with sub
sequent absorption of toxins from the digestive tract, causing a hyperplasia of 
the lymphoid tissue normally found in the various organs" may be responsible 
for the tumors in lympholeukosis. which are similar, if not the same, as in lympho
cytomatosis. Lymphocytoma of the ovary is shown in Fig. 5. 

Chart 1 represents the incidence of neurolymphomatosis, Iymphocytomatosis, 
and neurolymphomatosis complicated by lymphocytomatosis at various age 
periods in the chicken, pullet, cockerel, hen, and cock. 

Weurolymphomatosi. 

Neurolywphomato.l. 
complicated with 

Lymphocyto~to.le 

I I 
Lymphocytomato.ie 

• • CHICKENS 20 to 120 DAYS OLD 

I I I I 
PULLETS AND COCKERELS 121 to 240 DAYS OLD 

- - I • I • :remal.e. Jdalee Females !Iales !'emale. lIalee 

BBllS AND COCKS 9 to 12 MOll TB S OLD 
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Figure 5. Lymphocytoma of the Ovary. The pathological cells show as black spots in the 
photograph. (Magnified 420 diameters. ) 

Neurolymphomatosis Complicated by Lymphocytomatosis 

The hepatic, splenic, renal. ovarian , gastric, and small nerves 'were rarely 
affected unless neurolymphomatosis was complicated by Iymphocy tcmatosis. 
Of the large nerves, the celiac plexus was most commonly involved with neuro
lymphoma as the ovary in the same bird was affected with lymphocytoma. The 
vagus, sciatic, and brachial nerves were affected by neuroly mphomas which had 
apparently spread eithu by metastasis or direct infiltration to muscles of the legs , 
wings, thymus and thyroid glands, and visceral organs. Small lymphocytomas 
were found embedded in the skin or lecated in the subcutis immediately under 
it in 19 of the birds. The tumors were easily felt on palpation as irregular nodular 
masses. Some of these tumors were located on the breast and exposed to irritation 
when the birds were on the roosts, but ulcera tion wa s not found in any cf them, 

Representative tumors were studied histologically to see if the nerves supplying 
the skin were involved also. and they apparently were fcr all tissues within the 
infiltrated areas had bee n converted into tumor cells . 

Neurolymphomatosis was ccmplicated with lymphecytomatosis in Flocks 
A, B, C , and 0 and the results appear in Table 3. No complications of neuro
lymphomatosis and Iymphocytoma tosis occurred in Flocks E, F , and G and the 
results of the studies of these fle cks appear in Tables 1 and 2. 

Table 3 shows that in Flock A neurolympho mas were confined largely to 
the celiac plexus and ovarian nerve, and the lymphocytomas to the ovary. In 
Flock B the neurolymphc mas were feund mo~tly in the vagus nerves while the 
greatest number of lymphocytomas appeared in the thyroid glands, the thy mus 
glands, liver, spleen. and skin. In Flock C the neurolymphomas occurred mostly 
in the celiac plex us. and the ly mphocyto mas were few and not confined to any 
rarticular grcup 0 crga r:s or ti,s ues. In Ficek 0 tl:e greatest numbers cf m:uro
lymphomas were equally divided between the celiac. sciatic , and brachial plexus, 
and the largest numbers of lymphocytomas were about equally divided between 
the ovary and muscles of the legs and wings. 
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TABLE 3. THE LOCATIO~S OF NECROLDIPHmlAS ..\XD LYMPHOCYTmlAS IN 

FOCR FLOCKS 

Tissue 

Ovary ... 
Celiac plexus. 
Vagus nerve ... 
Sciatic nen·e .. 
Ovar!an nerve .. 
Brachial plexus. 
Mesenteric nerve. 
Mesentery. 
Crural nerve .. 
Kidney .. 
Renal nerve .. 
Muscle. 
Thyroid .. 
Thymus. 
Skin ... . 
Liver .... . 
Hepatic nerve ... 
Spleen .... 
Splenic nerve. 
Optic nerve. 
Lung ... 
Pulmonary nerve. 
Peritoneum .. 
Peroneal nerve. 
Testis. 
Gizzard. 
Proventriculus. 
Gastric plexus .. 
Pancreas. 
Cervica I nerve .. 
Intestine. 

Number of Birds .. 

Flecks 
-~---.-----

A 

19 
18 
10 
7 

15 
6 
5 

4 
3 
1 

2 
o 

1 
o 
o 
o 

o 
o 
o 

1 
o 
2 

1 
o 
o 

25 

B 

9 
4 

16 
8 
6 
5 
2 
o 
o 
3 

3 
15 
12 
15 
14 
5 

15 
7 
o 
1 

o 
o 
o 
o 
o 
o 
o 

17 

C 

2 
5 

4 
o 
o 
o 
o 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

5 

D 

9 
10 
7 

10 
10 
10 
5 
o 
o 
2 
2 

16 
o 
o 
3 

o 
o 

o 
o 
o 
o 
o 

o 
2 
o 

17 

In Flock A direct infiltration appeared to ha\'e occurred between the neuro
lymphomas of the celiac plexus and ovarian nen'es. and the lymphocytomas 
of the ovary. The other neurolymphomas and h"mphoc\"tomas were apparently 
of metastatic inception. In Flock B direct infiltrations had apparently occurred 
between the neurolymphomas of the vagus nen'es and the lymphocytomas of 
the thyroid and thymus glands. The neoplasms of the liver, spleen. skin, and 
other tissues were apparently of l)letastatic origin, as perivascular infiltration 
was demonstrated histologically in all of them. In Flock C the neurolymphomas 
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Figure 6. 
Figure 7. 
Figure 8. 
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Neurotympholomatosis of the Right Sciatic Nerve. 
Perivascular Infiltration in Sciatic Nerve. (Magnified 200 diameters. ) 
Perivascular Infiltration in Sciatic Nerve. (Magnified 420 diameters .• 
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of the celiac plexus and ovarian nerve appeared to be primary, while the other 
neurolymphomas and lymphocytomas were undoubtedly established as a result 
of metastasis. All of the neurolymphomas in the celiac, sciatic, and brachial 
nerves of Flock D appeared to be of primary origin and led to the formation of 
"·mphoc~·tomas in the ovary and muscles of the legs and wings by direct infiltra· 
tion. The malignant growths in other tissues appeared to be of perivascular 
inception. Figs. 7 and 8 show perivascular infiltration of the sciatic nerves. 

In studying these cases it was not always possible to determine whether the 
nerves or the visceral organs were affected first, although it was demonstrated 
that metastasis as well as direct infiltration may take place through the nen·ous 
system, for the pathological cells appeared to be carried in the capillary spaces. 
This explains why the connecting link between neurolymphoma and lymphocy· 
toma appeared to be the branches of the larger nen·es leading to the visceral 
organs, and other tissues in which the neoplasms were found. \\"hile distant 
metastasis undoubtedly occurred in some cases, the evidence was not as con
\·incing as in those instances in which direct infiltration or metastasis was traced. 
Apparently the pathological cell responsible for these malignant growths occasion
alh develops such invasiveness that any or all tissues are affected. If this 
deduction is correct, neurolymphomatosis and lymphocytomatosis are closely 
related and are differentiated on the basis of tissue selection only. Furthermore, 
this study indicates that neuroh·mphomatosis is a disease of young birds while 
lymphocytomatosis is more commonly found in adults ten months or more of 
age. However, in spite of the conclusiveness of these histological studies. the 
exact relation between neurolymphomatosis and lymphocytomatosis awaits 
etiological confirmation, if the theory of an inciting yirus is accepted. 

The Mortality and Morbidity of Flock C 

Next an attempt was made to determine the mortality and morbidity occurring 
in Flock C from all causes. The results of this study are shown in Table 4. 

T.\BLE 4. A Sn;DY OF MORTALITY AXD l\IORBIDITY IN FLOCK C 

Diseases 

~eurolymphomatosis with Gross Lesions. 
Avian Paralysis without Gross Lesions. 
Ly mphocytomatosis. 

~'eurolrmphomatosis and Lrmphocytomatosis. 
1\lyelc leu ko~i s. 
Errthroleu kosis. 
\1yeL icuk')::,is and Lymph:xytomato5is. 
Chronic C(Jccidiosis. 
Slipped Tendon. 
Ascariasis. 
\"iscerdi G(Out 
Cannibalism. 

33 30 2 79 
6 0 1~0 

11 11 0 0 156 
;) 5 0 0 14.'; 
4 4 0 0 143 
2 2 0 0 92 
22()O106 

IS 2 2 14 14.5 
4 0 0 -1 44 
2 () 0 2 113 
1 1 0 0 lfj7 

Hl () 10 0 137 

132 
168 
165 
168 
146 
101 
120 
164 

49 
163 
236 
139 

53 
38 

9 
23 

3 
9 

14 
Indefinite 
Indefinite 
Indefinite 
Indefinite 

2 
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Table 4 shows that avian paralysis with gross lesions, or neurolymphomatosis, 
led all other diseases in mortality and morbidity. As has been stated before, 
three birds recovered from neurolymphomatosis, while birds having Iymphocyto
matosis and leukemia did not recover. In the last two diseases the function of 
blood-forming organs was seriously interfered with and the birds did not live as 
long as when affected with neurolymphomatosis. Birds suffering from chronic 
coccidiosis, slipped tendon, ascariasis, and visceral gout lived indefinitely in a 
run-down condition. According to the table, the victims of cannibalism lived 
two days. At the end of this period they were either dead or on the road to 
recovery. Birds showing complications of neurolymphcmatosis and Iympho
cytomatosis lived 24 cays, which is 15 days longer than those showing lesions 
cf uncomplicated Iymphccytomatosis. 

This study indicates that all of these conditions are serious and should be 
avoided as much as possible. 

The Differentiation of Neurolymphomatosis from Lymphocytomatosis and 
Leukemia 

Birds having Iymphocytomatosis and leukemia are often unable to stand, and 
these diseases are miotaken for paralysis or neurolymphomatosis by the laity; 
but a trained diagnostician should observe that the comb, wattles, face, and 
mucous membranes in cases of the former are pale, while these parts in the latter 
are usually of good color. This observation is superficial and should not be 
depended upon entirely for diagnosis, yet it is of considerable help in the differ
entiation of neurolymphomatosis from lymphocytomatosis and leukemia in the 
field. The leukemias are further differentiated in that no immature red cells 
or immature eosinophilic white cells are found in the circulating blood in either 
neurolymphomatosis or Iymphocytomatosis, and erythroblastic and myeloblastic 
hyperplasia are found only in the respective leukotic conditions. 

The examination of the blood is of the greatest assistance in the differential 
diagnosis of poultry diseases. Neurolymphomatosis begins with a leukocytosis 
and ends with a lymphocytosis. Differential counts indicate that the first 
increase is in eosinophile leukocytes, while the last increase is in small mononu
clear lymphocytes. Sometimes the leukocytosis and the lymphocytosis are found 
overlapping, but generally there is a period between in which the birds apparently 
hold their own for awhile and the blood count is the same as in normal fowls. 
In other words, red blood cells, polymorphonuclear leukocytes, neutrophiles, 
mast cells, and monocytes 'are the same as in normal birds. In uncomplicated 
lymphocytomatosis there is a decrease in hertlOglobin, the clotting time of the 
blood is prolonged, and the red blood cells are diminished. Leukocytosis and 
lymphocytosis occur the same as in neurolymphomatosis. The remaining ele
ments of the blood are seldom disturbed in this disease. 

In myeloleukosis the blood is invaded by myelocytes in various stages of 
development, depending upon the severity of the disease. The pathological 
cell found in the blood and lesions of the tissues in this disease is the eosinophilic 
myelocyte, Fig. 9. Neutrophilic and basophilic varieties of this myelocyte may 
be present in small numbers. Fresh myelocytes usually gave positive oxydase 
reactions when tested according to the method of Graham (1918) in the early 
stages of the disease. The liver and spleen were enlarged in advanced cases, and 
histological sections Etained by l\Iallory's eosin and methylene blue showed more 
or less myeloblastic hyperplasia. In some advanced cases the bone marrow 
showed evidence of calcification and the absence of fat. Microscopical examina-
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Figure 9 . Myeloleukosis. (Magnified 950 diameters.) (Arrow points to myelocyte.) 
Figure 10. Erythroleukosis. (Magnified 420 diameters.) (Arrow points to erythroblast.) 

15 

tion of the bone marrow showed a diminution, if not an entire absence, of mature 
leukocytes. The red blood cells were a :ways reduced, the hemoglobin was low, 
and the clotting of the blood retarded . 

Myeloleukosis was differentiated from Iympholeukosis on the basis of the path
ological cells appearing in the tissues of the birds affected with the respective 
diseases. In some cases the oxydase test was relied upon to identify the myelo
blastic cells of the bone marrow from the cells of the lymphocytic series. A 
large number of cells with oxydase granules appeared to be characteristic of 
myeloleukosis just as the reverse seemed to be true of Iympholeukosis. In advanced 
cases of acute myeloblastic leukosis many of the cells may be too immature to 
react to the oxydase test. This difficulty did not lead to diagnostic error in this 
study because the blood of the birds was examined at least once as soon as symp
toms appeared and at other times later in the course of the disease. But some 
difficulty was experienced in differentiating generalized infiltration of lympho
cytomas from Iympholeukosis. Usually lymphocytomas appeared on gross 
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and histological examination as irregular foci of neoplastic growths embedded 
in the visceral organs and other tissues, while Iympholeukosis appeared to be 
limited to the liver, spleen, and sometimes the kidney, and always involved the 
whole of the affected organ. 

Blood smears from birds suffering from erythroleukosis showed immature forms 
of erythrocytes, as shown in Fig. 10. Histological examination of tissues from 
the liver, spleen. and kidneys revealed intravascular accumulations of these 
immature cells in the capillary spaces. so that the organs were in a state of disten
tion. Sometimes the distention was so great that hemorrhage occurred. The 
hemoglobin was reduced in erythroleukosis and the clotting of the blood delayed. 

The blood of a representative number of birds for each disease included in 
this study was examined hematologically. It was impossible to examine all 
on the experiment because the methods were time consuming, and it was con
sidered better to make a thorough study of a selected number rather than to 
attempt all of them hurriedly. 

The Hematology of Birds from Flock C 

The results of the examination of the blood of representative birds from Flock 
C are contained in Table 5. 

The white blood counts recorded for Group 1, were higher than normal in 
birds Nos. 2, 11. 16, 18, and 19, and lower than normal in No. 1. Differential 
counts showed that the increase in birds Nos. 11, 16, and 18 was in eosinophilic 
granular leukocytes, while in bird No. 19 the eosinophilic leukocytes with rods 
were above normal. Also bird No. 18 showed a high lymphocyte count. The 
blood of Nos. 3 and 17 was normal, or the same as for healthy birds. 

In Group 2, the white cell count was above normal in birds Nos. 13 and 20. 
Differential counts indicated that the increase in white cells in No. 13 was in 
polymorphonuclear leukocytes, while that of No. 20 was in small lymphocytes 
The blood of Nos. 10 and 14 was normal. 

The average white blood cell count was higher in the birds severely affected 
with paralysis (Group 3) than in Groups 1 and 2. The differential count in
dicated that this increase was due in general to lymphocytosis, as all of the birds 
except No.6 showed relatively high lymphocyte counts. It was found at nec
ropsy that No.6 had a heavy infestation of roundworms, which may have been 
responsible for leukocytosis and the probable masking of the lymphocyte count. 

The birds in Group 4 were examined hematologically when first brought to 
the laboratory from the range and again just before death. The symptoms of 
paralysis had increased in every case. A study of this table shows in most cases 
a leukocytosis accompanied by a progressive lymphocytosis. The hemoglobin 
and blood clotting time were not determined in bird No. 33. 

The averages of the first and last hematological examinations show some 
interesting comparisons as follows: The red blood cells are less in the last average 
count than in the first; the white blood cells are more in the last average count 
than in the first; the comparison of the first average leukocyte count and the 
first average lymphocyte count with the corresponding last counts indicates that 
leukocytosis is giving way to lymphocytosis. 

Group 5 contains the results of the hematological studies of birds selected 
from Flock C that were down and unable to arise, but showed no lesions of paral
ysis at necropsy. Bird No. 52 gave a low white blood cell count when first 
examined, but three days later the count was nearly normal. Bird No. 53 showed 
a marked leukocytosis in which eosinophilic leukocytes with granules predomina-
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ted. Bird No. 54 had a high white blood cell count when submitted to the 
laboratory, but it dropped to nearly normal in five days. Birds Nos. 55, 56, 57, 
and 58 gave normal blood counts. Gross and histological examination of the 
nervous systems did not reveal the cause of paralysis in these birds. Possibly 
they represent cases of leukosis in which hyperplasia is absent, as has been de
scribed by Furth (1933). 

Group 6 shows the blood counts of birds from Flock C, which showed symptoms 
of paralysis and anemia during life and at necrops\' were found to be affected 
with neurolymphomatosis and lymphocytomatosis. The eosinophilic granular 
leucocyte count was high in all of the fowls except No. 62. The significance of 
this finding, if of any importance, is not understood at present. The hemoglobin 
was low in all of the birds. The blood clotted rather slowly in fowls Nos. 62, 
64, 65, 66, and 67, and the celiac plexus was involved in all of the birds in this 
group. The ovary was tumorous in three cases. the testicles in one, and the 
kidneys. liver. and mesenteries in the others. The connection between neuro
lymphomatosis and lymphocytomatosis of the visceral organs was close in every 
case. Evidences of metastatic infiltration were found. It may be that when 
the arteries are filled with lymphoblasts these cells lodge in the capillaries of 
tissues other than the nervous type, forming foci of infection which lead to the 
development of the so-called lymphocytoma, which is apparently of the same 
origin as the neurolymphoma. 

The five birds listed in Group 7 had lymphocytomas of the visceral organs, 
and the nervous system appeared to be normal on gross and histological examina
tion. All of the birds appeared anemic, and had high white blood counts and low 
hemoglobin determinations. Differential counts showed that all of them had 
leukocytosis. The blood of Nos. 88 and 89 was counted twice. Bird No. 88 
showed no marked changes after 45 days, while the blood of No. 89 indicated a 
shift from a leukocytosis to a lymphocytosis in 10 days. 

Four cases of myeloleukosis were included in the hematological studies and the 
results are given in Group 8. The red blood cells were low and the white blood 
cells were higher than normal in all four of these birds. The hemoglobin was 
verv low, the clotting time prolonged, and the birds bled profusely as the blood 
was drawn from the wing vein for the tests. Differential staining brought out 
many eosinophilic myelocytes in the blood stream. Also the eosinophilic leuko
cytes with granules were comparatively increased in hird No. 98. It was ob
served in this study that the granules in the eosinophilic leukocytes resembled 
those in the granular myelocytes, but myelocytosis was not always accompanied 
by a high granular eosinophilic leukocyte count. 

Three birds in Flock C were found to have erythroleukosis. These birds were 
anemic, as shown by the blood counts and hemoglobin determinations in Group 9. 
The clotting of the blood was much delayed in all three cases. The most charac
teristic feature of this disease was the presence of erythroblasts and polychrome 
erythrocytes in the circulating blood. If the blood had not been examined in 
these cases the diagnosis would have been missed. The liver and spleen were 
enlarged in all three cases, and histological sections showed that the capillaries 
of these organs were distended with immature erythrocytes in various stages of 
development. Erythrocytes were rarely found in the bone marrow of the femur, 
tibia, radius, and ulna of these birds. The most common cell appeared to be a 
nucleated, basophilic type, undifferentiated from the large monocyte by Roman
osky stains. This cell may have been the precursor of the erythroblasts found 
in the blood stream. 
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Coccidiosis 

Fifteen uncomplicated cases of coccidiosis were found in Flock C and none in 
the other flocks. No evidence was found in these studies to indicate that coccid
iosis is in any way related to neurolymphomatosis. The hematological studies 
of the birds affected with coccidiosis are omitted since they add nothing of im
portance to the investigation. 

An Attempt to Differentiate Neurolymphomatosis in Sick Birds 
from the Range by the Blood Count 

The birds in Table 6, Group 1 were sent to the Diagnostic Service from Flock 
D and it was impossible to hold them under observation for any great length 
of time. This explains why the leucocytes containing rods and granules were 
counted together. Also, the neutrophilic leukocytes were not distinguished 

TABLE 6. HEMATOLOGY OF BIRDS SHOWING GROSS LESIONS OF NEUROLYM

PHOMATOSIS 
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Group 1. Birds from Flock D 

34 202 3,024,000 12.:i,OOO 91.4 l' 30" 0 0 0 

1

253 8,li 0 I 1.8 !I. > 23.1 0 

35 20S 2,2;'0,000 :J~,400 88.4 l' 39" 0 0 0 :J7 .2 0.7 0 2.fi :37 .:! 22.2 0 

36 245 3,mO,ODO ~2,400 92,1 :3' 24" U f) 0 i4.5 1.2 0 0 16.2 18.2 + 
37 138 1,960,000 17,400 87.5 2' 25" 0 0 0 .J1. fj 6,4 0 5.9 46.3 98 + 
38 f I:J8 1,9IiO,000 H,200 74.5 l' 15" 0 0 0 14,9 10, i 0 12,3 23.7 18.4 0 

,\232 3,224,000 21,700 HS,3 2' 12" 0 0 0 :JS,O 12,2 0 0.5 42,3 10.0 a 
39 24() 3.432,000 24,200 86,3 2' 6" 0 0 [) 27.:1 15.0 0 1.5 50.0 1l,2 + 
40 368 2,242,000 64,000 n,s 2' 4G" 0 0 0 51.2 20.0 0 0 22.4 6,4 + 
41 149 3,124,000 2H,OOO 92.0 2' 15" 0 0 0 :~0.2 8.4 a 2,4 44,2 14.R 0 

42 IG9 3,390,000 22,600 90.4 l' 57" a 0 0 4.9 53.6 0 0 41.5 0 0 

43 270 2.250,000 12,800 0 0 a 29,:l lS.n 0 7,1 30.7 17.0 0 
---- ---. ----- - - - --------------

Ave. 222 2.71.5,O~11 2S,:336 SI\ 5 2' 9" 0 0 {\ :J3.S 1:3. 9 0 3,1 )(i ,0 13.3 31\,6 

Group 2. Bird5 from Flock E 

44 3,000,000 22,.'iSO 72.0 I' 30" 0 0 0 20.0 11 ,7 0 1.5 .j7,3 9.5 + 
45 2,210,000 :l;;,200 72 2 2' 15" 0 0 0 !)O.U 11 .7 0 O,G 37,0 o 7 + 
46 3,M8,OOO 24,000 0 0 _0 21.3 7.4 0 2.5 H 324.5 0 

47 3,UO,O()() z:J,SOO H9 .'i l' 38" 0 0 0 21. n 5,(j 0 4,6 55,6 12.3 + 
48 :l,~14,O()() Z:;,OOO 90,4 l' 24" 0 0 0 25.:1 11,7 0 7.7 41.8 13,5 0 

49 3.2()0,O()O 74,S20 7!J .j ;3' 21)" a 0 0 2.5.0 9,.5 0 0.5 1.5,0 ,jOO + 
50 2,3fJO,0()() 20,400 91.0 2' aG" 0 0 0 33.1 12,7 0 0,6 :36,7 10.0 0 

51 3,000,0110 41.000 74 .; 3' 2H" 0 () 0 24.1 18.2 0 0 47,0 (18 + 
----- ----- - - - -- ------------
Average 3,075,2;';0 :n.JOo 81.:1 2' 20" a 0 0 27'(1 11.1 0 2,3 42,0 17,0 62.5 
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from mast cells, and the presence or absence of lymphoblasts in the blood stream 
was not determined. Aside from these differences the blood was stained and 
counted the same as for the birds in Flock C. The object of this experiment was 
to determine \\'hether it is possible to diagnose neurolymphomatosis by roughly 
counting the blood. The technician counting the blood did not see the birds 
until the blood had been counted and a report made. Birds Nos. 36 and 40 had 
high leukoc\·te counts and were diagnosed correctly by the technician. Birds 
Nos. 37 and 39 had high lymphocyte counts and \\ere diagnosed as neurolym
phomatotic before necropsy. The blood counts of the other six were normal and the 
diagnosis made by the technician was not confirmed at necropsy. In this experi
ment the technician relying on blood counts diagnosed onh' 36.6 per cent cf the 
cases of neurolymphomatosis correctly. 

The birds listed in Table 6, Group 2, were in Flock E, \\'hich was a mixed group 
of birds ccming from several places in Massachusetts. Birds Nos. 44, 47, 49, 

'and 51 were down and unable to arise. Necropsy revealed extensive nerve in
filtration, and blood counts showed marked lymphocytosis. Positive diagnoses 
were made in these cases from the blood counts. Bird No. 45 showed mild 
symptoms of disease and an examination of the blood revealed a leukocytosis. 
This case was diagnosed correctl~· by the blood count. Birds Nos. 46, 48, and 
50 gave normal counts which led to mistaken diagnoses. In this trial 62.5 per 
cent of the cases of neurolymphomatosis were diagnosed correctly from the 
blood counts. 

The Hematology of Birds from Flocks D and E Affected With Diseases 
Other Than Uncomplicated Neurolymphomatosis 

Two birds in Flock D appeared to be paralyzed, but no lesions of disease were 
found at necropsy. A study of Table 7, Group 1, shows that both birds gave 
high l~'mphccyte counts. The cause of disease in these two birds was not satis
factorily determined. Histological sections of the nervous system did not 
reveal any evidence of infiltration. 

The aVErage age of the birds in Flock D was six months greater than in Flock C 
and the I;umber of cases of neuroh'mphomatosis complicated by lymphocyto
matosis was doubled. Group 2, shows that all of the red blood counts, except 
in birds Nos. 71 and 77, were low and the hemoglobin was low in all of the birds. 
The blood clotting time was prolonged in Nos. 67.70,72,73,74,76,80,81, and 
82. Eosinophilia was noted in Nos. 70, 73, and 78. Lymphocytosis was evident 
in bird No. 69. This study indicates that there is a definite relation between 
lymphocytomatosis and anemia. 

Four birds in Flock D (Group 3) were affected with lymphocytomas onh'. 
The white cell count in all four was high. The differential counts show that the 
eosinophilic leukocytes were high in Nos. 93, 95, and 96, and the small lympho
cytes were above normal in bird No. 94. 

Eight cases of myeloleukosis were found in Flock D (Group 4). All of these 
birds showed relatively low red cell counts and hemoglobin determinations. 
The blood clotting time was prolonged so that the birds bled easily, and the 
white cell count was high in all except No. 109. This bird gave a normal white 
cell count. Eosinophilic m\'elocytes were present in the blood of all of the birds 
in varying percentages and the eosinophilic granular leukocytes were above 
ncrmal. Basophilic myelocytes were identified in the blood of No. 103. 
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TABLE 7. HEMATOLOGY OF BIRDS FROM FLOCKS D AND E 
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All of the birds in Flock E suffering from neurolymphomatosis complicated 
with lymphocytomatosis, as shown in Table 7, Group 5, had anemia, as indicated 
by the low red blood counts and hemoglobin determinations. The white blood 
cells of the birds were high, except in No. 83. The differential counts indicate 
that bird No. 84 had leukocytosis, while Nos. 85, 86, and 87 had both leukocytosis 
and lymphocytosis. At necropsy all of the birds showed lesions of neurolympho
matosis and Iymphocytomatosis. The neurolymphomas were confined to the 
sciatic nerves and the lymphocytomas to the adjacent kidney tissues in birds 
Nos. 83, 85, 86, and 87. In No. 84 general metastasis had apparently taken 
place, for the left brachial plexus, liver, spleen, intestines, kidneys, proventricuius, 
lungs, and muscles adjacent to the left brachial plexus were involyed in tumor 
formations. Histological sections indicated that these tumors were all Iyrn
phocytomas. 

Four cases of myeloleukosis were found in Flock E (Group 6). The most 
characteristic lesions found in birds Nos. 111 and 112 were chloromas. The 
neoplasm in No. 111 had apparently originated in the liver and had metastasized 
to the muscles of the left breast. In bird No. 112 the myelocytoma was general
ized and appeared in the liver, spleen, heart, and left thyroid gland. Myeloblasts 
and myelocytes were found in the blood of all four birds. Fresh myeloc:l'tes gave 
positive oxydase tests. Birds Nos. 113 and 114 did not show characteristic 
lesions of m\'eloleukosis on gross examination. But histological examination of 
tissues from the liver of No. 113 showed myelocytes in the blood of the arteries, 
sinuses, and capillary spaces. The kidneys were inflamed and swollen, and 
neoplastic cells were demonstrated in the interstitial tissues surrounding the 
glomeruli and tubules, The spleen was swollen and the tissues selected from it 
indicated that a generalized infiltration was taking place in this organ. The 
mucosa and muscular walls of the intestine were inflamed, but myelocytes were 
not found in the tissues selected from them. The thyroid glands and vagus 
nerves were normal to gross inspection, although myelocytes were found in the 
blood of arteries and capillaries leading into them. One of the thymus glands 
showed a diffuse infiltration of myelocytes on histological examination. All of 
the tissues selected from bird No. 114 for microscopical study \,'ere normal, 
except the bone marrow. This was inflamed, devoid of fat, low in eosinophilic 
leukocytes, and showed evidence of calcification, 

One case of Iymphocytomatosis complicated by myeloleukosis was found in 
Flock E, and this was in pUllet No. 115. At necropsy lymphocytomas were 
found involving the liver, spleen, and mesenteries. Reference to Table 7, Group 
7, shows that the eosinophilic myelocyte and the small lymphocyte predominated 
in the blood of this bird. 

Only one complication of neurolymphomatosis and coccidiosis was found in 
this study and that was in Flock E. The hematology of this bird (Table 7, 
Group 8) shows anemia, eosinophilia, and lymphocytosis as prominent symptoms 
of this complication. 

The Hematology of Healthy Birds 

Fifteen healthy birds were examined hematologically for comparison with the 
results of those in diseased conditions. A study of Table 8 shows considerable 
fluctuation not only in different birds but in the same bird at different periods. 
\\'hile the examination of the blood is of considerable value in the diagnosis and 
differentiation of the various forms of leukemia, it is not of much help in the 
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diagnosis of either neurolymphomatosis or lymphocytomatosis. This investiga
tion indicates that blood counting would not be effective in detecting birds in the 
early stages of neurolymphomatosis, as suggested by Johnson (1933) and Seagar 
(1933), because fluctuation in normal birds may temporarily surpass the leukocy
tosis and lymphocytosis occurring in paralyzed birds. Furthermore, there is 
usually a period between leukocytosis and lymphocytosis of birds affected with 
neurolymphomatosis in which there is a tendency for the progress of the disease 
to be arrester!, and the blood picture is often normal during this period. All of 
these conditions are met in flocks coming down with neurolymphomatosis so that 
blood counts are unreliable and should not be accepted as a diagnosis, unless 
accompanied by gross or histological lesions. 

During the course of this study the question arose, is there any way of checking 
the results? A search of the literature did not reveal any way of checking any
thing except the hematology of healthy birds, and that was not very satisfactory 
because so many different methods were used that the results are not comparable 
throughout. Table 9 contains the results of some of the more recent investiga
tions on the hematology of healthy birds. 

TABLE 9. THE HEMATOLOGY OF HEALTHY BIRDS AS DETERMINED BY 

DIFFERENT INVESTIGATORS 

Blain, 19~5. 
Breusch, H)28. 
Burnett, H117 
Cook and Dearst~ Be, 

1934 
FernHermacher, 1932. 
Forkner, Hl20. 
Klienebergcr and Carl, 

1912. 
Preseo tIn vestiga tor 

1934 

l' 
0 

CO V 
'"d - g 

" iii .c 
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:c. 0 

u. 
u c 

S 
;; l: 
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18,o:JO 
13,60() 

17,\121 7G.or{ 

Hj.:{5~ 10.8 mg 
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35.000 !i2.0'lc. 

24.025 g5 370 

Eosinoph;iic 
Leu koc\"te<; 

.~ 
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" ~ " 
~ '-" 
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:::: w 
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u 
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~ 

5.7 
9.2 
5.5 

14 [, 

17 

0 

A study of Table 9 shows that the same method was used for counting the red 
and white blood cells by all investigators and the results are comparable. Since 
hematology has suffered from a lack of a single, simple, accurate method for 
determining hemoglobin, Pepper and Farley (1933), the results of the various 
methods in use cannot very well be expected to agree. The present writer used 
'Nong's method and there is no comparative work with birds available, Burnett, 
Fernstermacher, Forkner, and Klieneberger and Carl used the Newcomer Hemo
globinometer adjusted to read in percentage, and their results are fairly uniform. 
Cook and Dearstyne determined the hemoglobin colorimetrically with the 
Newcomer Hemoglobinometer in grams per 100 cc, of blood and there is no 
other work available for comparison. 
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Blain, Breusch, Forkner, and Klieneberger and Carl counted the eosinophilic 
leukocytes with rods and eosinophilic leukocytes with granules separately, but 
included the polymorphonuclear leukocytes without rods and granules in either 
one or the other of these groups. Burnett and Cook and Dearstyne recognized 
polymorphonuclear leukocytes but counted the eosinophilic leukocytes with rods 
and eosinophilic leukocytes \\'ith granules together. Fernstermacher did not 
include any differential counts. The present writer distinguished the three 
groups of leukocytes under di!!cussion; but because of variations in counting, the 
results secured by the different investigators are not comparable. 

The mast cell is rather easy to identify in the blood of the healthy fowl, and the 
variations in counts between the different in\'estigators is probably no more than 
could be expected between different groups of birds. Therefore, these results 
are comparable. 

Blain, Breusch, Burnett, Forkner, and Klieneberger and Carl did not distinguish 
small from large lymphocytes as did the more recent ill\'estigators, Cook and Dear
styne. The present writer included the monocytes with the large lymphocytes. 
The results of these investigations on the lymphocytes and monocytes are too 
variable for comparison. 

Since the disagreements b~' hematologists are almost entirely due to differences 
in technique, their results do not invalidate the present study in which the same 
methods were used throughout and the results secured with healthy birds are 
comparable with those suffering from disease, but the\' do indicate the need for 
uniformity III reporting the results of hematological studies for comparison. 

Summary and Conclusions 

1. The clinical course of neurolymphomatosis \'aries in individual cases, 
usually extending over a period of several weeks or months. Complete recovery 
is rare. Temporary improvement may occur followed by relapse and death. 

2. Blood counts indicate that the disease begins with leukocytosis and 
ends with lymphocytosis. During the period of temporary improvement the 
blood may be normal. 

3. The disease spreads slowly in affected flocks. with onl~' a few birds becoming 
affected at a time, but new cases continue to develop until it is partially arrested 
in the late fall. 

4. The mortality from neurolymphomatosis is reduced after the first year 
or two, although it is likely to reappear with each batch of new chickens for an 
indefinite number of years after it is once established in a flock. 

5. Neurolymphomatosis and lymphocytomatosis seem to be closely associated. 
The former is primarily a disease of young birds from 3 to 10 months of age, 
while the latter is more common in birds 10 months of age or older. 

6. Anemia is a symptom of lymphocytomatosis and leukosis and is not charac
teristic of neurolymphomatosis. 

7. Lympholeukosis is not readily differentiated from lymphocytomatosis. 
8. No difficulty was experienced in differentiating neurolymphomatosis from 

either erythroleukosis or m~'eloleukosis as the pathological cell is different in all 
three diseases. 

9. The pathological cell appeared to be the same in neurolymphomatosis 
and lymphocytomatosis, and was characterized by its basic staining properties 
and the arrangement of the nuclear and chromatin material. 
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10. This cell was found invading nerves and muscular and visceral tissues by 
metastatic and direct infiltration. In incipient cases it first appeared in the 
capillary spaces and destroyed the nerve fibers and interstitial tissues by utilizing 
the nourishment for the organization of a tumor. 

11. Evidence is presented which indicates that incipient lymphocytomatosis 
and neurolymphomatosis are due to the irritating action of foreign bodies intro
duced into the peritoneal cavity and tissues. Since bacteria were isolated 
only from cases in which peritonitis was manifest, the inciting agent is not always 
bacterial. 

12. Attempts to demonstrate the presence of a filtrable virus in neurolym
phomatosis and lymphocytomatosis in these experiments failed. 

13. NeurolYl1lphol1las were most commonly found in the sciatic, vagus, 
brach·ial, celiac, optic, and mesenteric nerves; and lymphocytomas were usually 
located in the ovary, mesentery, kidney, liver, spleen, muscle, and skin. 

14. No evidence was foulld in these studies to indicate that coccidiosis was 
in any way related to either neurolymphomatosis or lymphocytomatosis. 

15. Because of irregularities in the hematology of birds affected with neuro
lymphomatosis, blood counts were of little assistance in removing diseased birds 
from affected flocks. 

16. On the basis of the experimental data secured in these studies neuro
lYmphomatosis and lnnphocytomatosis may be controlled by eradicating affected 
birds from the flock as soon as noticed, adopting the best sanitary procedures 
and increasing the vigor of the birds by judicious breeding. 
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