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INTRODUCTION 

A hemorrhagic syndrome that Mats soon to become one of the 
major poultry disease problems in many parts of the United States 
and Canada was first seEN in the Delmarva area in 1951. In Ontario 
the syndrome was first diagnosed as such in 1954 at the Ontario Vetera 
inary College. Twenty-three cases were encountered in 1954-55* one 
hundred and sixty-six in 1955-56, and four hundred and sixty-three 
in 1956-57. Most of the birds affected were raised as broilers, al-
though the condition was also found in replacement pullets and turkey 
poults. 

In general the symptoms were similar to those of intestinal 
coccidiosis. The birds appeared listless and droopy with ruffled 
feathers, pale combs, and wattles; liquid droppings were often noted. 
On post mortem examination thp lesions were small, discrete hemor-
rhages found mainly in the breast and thigh muscles (Figs. 1 and 2). 
Hemorrhages were also found in the intestinal wall (Fig. 3) and less 
frequently in other viscera. Aplastic bene marrow was rarely seen, 
and in cases uncomplicated with other diseases, no histopathological 
lesions other than the hemorrhages were found. 

On the basis of several reports (16, 17, 25, 28) the use of 
water soluble vitamin K was generally recommended as a treatment. In 
certain cases good results were reported, but in many others the use 
of the vitamin did not seam to affect the condition in any way. A 
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number of authors (2, ID, 31* 37) reported that vitamin K had no 

effect on the hemorrhagic condition. 
In view of these contradictory findings it was considered 

necessary to carry out controlled experiments in order to assess the 
value of vitamin K as a therapeutic measure in the hemorrhagic con-
dition as it is found in Ontario. Because the therapeutic value of 
vitamin K had to be determined in field cases, specifically* the ex-
perimental birds were obtained from farms where a natural outbreak 
of the hemorrhagic condition was present. 
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REVIEW OF THE LITERATURE 

The first reports of A hemorrhagic syndrome of chickens 
ON poultry farms were made in 1953 by Cosgrove (9) and Baker and 

Jaquette (2). They described the condition as an unidentified disease occurring in broiler chickens three to twelve weeks of age and 
characterized by hemorrhages in the skeletal muscles, heart, intest-
inal wall, chambers of the aye, and subcutaneous tissue, and under 
the renal capsule. Baker and Jaquette (2) found that the addition 
of alfalfa leaf meal to the ration was of no benefit, and their at-
tempts to isolate an infectious agent remained unsuccessful. A 
similar condition associated with sulfaquinoxaline poisoning had 
been reported previously, but Baker and Jaquette (2) stated that 
they had encountered the disease in flocks that had not been treated 
with sulfaquinoxaline or any coccidiostatic drug. 

Gray &3L* (13) reported their observations on the clini-
cal, hematological ami Histopathological examination of 102 birds 
from eight flocks affected with a hemorrhagic syndrome. Their path-
ological findings consisted of hemorrhages, anemia, and a fatty state 
of the bone marrow. Necrosis of the liver and the presence of ulcer* 
in the mucosa of the small intestine and caeca were frequently noted 
at later stages of the disease. Whole blood clotting time (capillary 
tube method) was prolonged, and frequently the blood picture was that 
of aplastic anemia. 

Washko and Mushett (37) made similar observations but they 



found the whole blood clotting time and the prothrombin time to be 
normal. These authors (Gray and Washko) emphasized the variability 
of symptoms and lesions in different flocks and in individual birds 
of the same flock. 

The lesions described by Cover et (10) were essential-
ly the same as those reported by Gray et (13) and WASHKO and 

Mushett (37). The authors emphasized the fact that in field eases 
they never saw a massive type of hemorrhage nor did they record a 
prolonged prothrombin time. Papadopoulos al.. (27) and Bornstein 
et (5) reported field cases of a hemorrhagic syndrome which ap-
peared to be due to a misuse of coccidiostats and which was corrected 
by the administration of vitamin K. 

Many theories have been proposed regarding the etiology of 
this hemorrhagic condition; the most prevalent has been that which 
incriminates a vitamin K deficiency either primary, as in the case of 
feed lacking in vitamin K, or secondary resulting from the use of 
various drugs and feed additives. 

Scott (33) stated that the use of solvent extracted soybean 
oil meal with a low level of alfalfa in the diet appeared to be the 
main etiological factor of hemorrhagic disease. He found that peni-
cillin reduced the blood slotting time, that sulfaquinoxaline used 
at preventive levels did not affect it, and that when clotting time 
was increased menadione at the rate of 4 gm. /ton restored it to normal. 

working with a corn-solvent extracted soybean oil meat diet, 
Grlminger et (19) found that subcutaneous hemorrhages appeared 
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between the third and fourth week. The prolonged clotting time was 
reduced to normal by the addition of alfalfa meal; in this respect, 
menadione mg. per kg. diet) was as effective as one per cent al-
falfa meal. The addition of aureomycin (11 mg. per kg. diet) had no 
effect on the clotting of the blood. 

Similar results were obtained by Anderson (1), who 
found that the condition could be cured or prevented by the adminis-
tration of menadione, alfalfa meal, and fresh or dried dropping. 

Balloun and Johnson (3) reported a prolonged blood clotting 
time La chicks fed unheated soybean oil meal, which was not corrected 
by the addition of vitamin & to the diet. In opposition to this find-
ing Grlminger et al (21) found that an unheated hexane extracted soy-
bean oil meal had no influence on the blood clotting or prothrombin 
times of chickens. The difference in the results of these workers 
can be explained by the fact that Balloun and Johnson (3) used tri-
chloroethylene extracted soybean oil meal, which has since been shown 
to be toxic for chickens by Eveleth and Goldsby (13) and by Pritchard 
(29). 

There is very much disagreement in the literature about the 
effects of sulfaquinoxaline on blood clotting. Scott (33) stated 
that sulfaquinoxaline used at preventive levels has no effect on the 
clotting of the blood. The work of Anderson et al. (1) and of Nelson 
and Morris (25) substantiated this view. Extensive work on the effect 
of sulfaquinoxaline medication on normal birds was conducted by Cuck 
ler and Ott (11). They stated that "when up to 64 times the recommended 
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concentration of sulfaquinoxaline is fed to young chickens the only 
significant effect is retardation of growth". They found that a 
concentration of 0. 2% may be administered continually for 2 to 3 
weeks without affecting the whole blood clotting time or for 3 to 13 
weeks without having any detectable effect on prothrombin time., „t 
a level of 0. 44, sulfaquinoxaline was found to produce prolonged 

blood clotting time after three weeks and prolonged prothrombin time 
after three to twelve weeks. 

In opposition to these findings Cover (10), Shelton (34), 
Sweet (36), Yacowitz (39), Morrison (23), Griminger (20), Sanger (32), 
Joyner (22), and others, reported that the addition of sulfaquinoxaline to chick feed resulted in prolonged whole blood clotting or pro-
thrombin times. It is to be noted, however, that the concentrations 
of sulfaquinoxaline used in these experiments were many times higher 
than the recommended levels for the prevention or treatment of coccidiosis, and that except for the work of Yacowitz (39), the results 
were obtained by using the drug in rations deficient in vitamin k 
On the basis that feed additives have an influence on the intestinal 
flora, it has been suggested that their inclusion in the ration is 
of some etiological significance in the hemorrhagic syndrome. However, 
it is doubtful if specific ability can be attributed to these various 
materials in the causation of hypoprothrombinemia in chickens fed 
rations low in vitamin K since the inconsistency of the reports leaves 
doubt as to the actual effects. 

Brion and Fontaine (6) reported on a hemorrhagic condition 
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which they attributed to nitrofural toxicity; the prothrombin time 
was normal and the hemorrhages were small and, discrete but numerous. 
Yacowitz et al. (39) claimed that procaine penicillin increased the 
toxicity of sulfaquinoxaline; Grlminger et al, (20) reported that 
certain antibiotics, coccidiostats, and arsenicals prolonged significantly the blood clotting time when used in a ration low in vitamin 
K. Sweet et (36) found tiiat sulfaquinoxaline and arsonic acid 
produced a prolonged blood dotting time when employed in a diet de-
ficient in vitamin K. 

In contradiction to these findings Scott (33) reported a 
reduction in the clotting time when penicillin was used either alone 
or with sulfaquinoxaline; Sweet et (36) stated that terramycin 
did not increase the blood clotting time; Reynolds et (30) 
found that regardless of the level of vitamin K in the ration, anti-
biotics had no unfavorable effects on the blood clotting time and 
Anderson et (1) reported that the addition of penicillin, sulfaquinoxaline, or Nitrosal, or penicillin with either coccidiostats to 
the ration did not increase the occurrence or severity of the hemor-
rhagic condition produced in chicks by the feeding of a simplified 
corn-solvent extracted soybean oil meal deficient in vitamin K. 

The presence of molds and their toxins in the feed or litter 
has been suggested as a possible causative factor of the syndrome. 
Forgacs and Carll (14) reported on a hemorrhagic syndrome produced 
by the feeding of grain on which fungi isolated from feed samples 
had been cultured. The lesions found were in keeping with the ones 
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reported in field cases of hemorrhagic disease by various authors 
(10, 18, 37). 

Another theory suggested that stresses, such as heat, over-
crowding, various diseases, manner of hilling, rapid rate of growth, 
imposed on birds could be regarded as a possible cause of the hemor-
rhagic condition (7, 15, 28). Sanford et (31) described a hemor-
rhagic disease in which no significant histopathological changes were 
observed and which was characterised by petechial haemorrhages in the 
subcutaneous tissue of the thigh and leg. No outward symptoms were 
noted, the finest birds were affected and the condition was not pre-
vented by synthetic vitamin K (40 grams per ton) or by dehydrated 
alfalfa Meal (5% of the ration). They were able to reproduce the 
condition in eight experiments with a broiler strain White Plymouth 
Rock or Cornish X WPR by submitting the birds to various stress 
factors. On the basis of these experiments the authors suggested 
that the hemorrhages are the result of capillary fragility or permeability brought about by stress factors. 
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MATERIALS And METHODS 

The source and type of the birds are given in each experi-
ment. Whenever possible the birds were fed the same commercial 
feeds which they had been receiving on the farms prior to the exper-
iments. The composition of these feeds was as follows: 
Ration A—Ingredients 

vitamin and antibiotic feed supplement 
purified extractives from streptomyces fermentations 
dried streptomyces meals 
soybean oil meal 
tricalcium phosphate 
riboflavin supplement 
niacin 

calcium pantothenate 
vitamin A feeding oil 
D-activated animal sterol 
menadione sodium bisulfite 0. 5 gram/ton 
butylated hydroxytoluene 
meat scrap 
fish meal 
dried whey 
soybean oil meal 
dehydrated alfalfa meal (with anti-oxidant) 
com meal 
ground wheat 
condensed fish solubles 
animal fat 
ground limestone 
curacao rock phosphate 
manganese sulphate 
iodized salt 0. 25% 
nicarbazin. 01% 
3-nitro-4-hydroxy-phenylarsonic acid. 005% 
Guaranteed analysis: 

nicarbazin . 01% 
crude protein min. 20. 0 % 
crude fat min. 4. 5 % 
crude fibre max. 3. 0 % 
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Ration 8 (Medicated Ingredients 

vitamin B12 supplement 
purified extractives from streptomyces 
fermentations 
dried streptomyces meals 
solvent soybean meal 

tricalcium phosphate 
riboflavin supplement 
vitamin A feeding oil 

D-activated animal sterol 
menadione sodium bisulfite 10 grams/ton 
butylated hydroxytoluene 
niacin 
calcium pantothenate 
meat scrap 
fish meal 
dried whey 

condensed fish solubles 
soy bean oil meal 
dehydrated alfalfa meal 
com meal 
ground wheat 
animal fat 

curacao rock phosphate 
ground limestone 

manganese sulphate 
iodized salt 0. 5% 
chlortetracycline 110 mcg. /gm. feed 
furazolidone. 011% 
Guarantee analysis: 

chlortetracycline hydrochloride 110 mcg. /gm. (100 gm. /T) 
furazolidone . 011% 
crude protein min. 20. 0 % 
crude fat min. 4. 5 % 
crude fibre max. 4. 5 % 

Ration C—Ingredients 
wheat 
corn 
milk powder 
soybean oil meal 
meat meal and/or fish meal 
feeding bone meal and/or 
curacao rock phosphate and/or 
dicalcium phosphate 



ground limestone 
iodized salt 0. 25% 
manganese oxide 
cobalt carbonate 
copper carbonate 
iron carbonate 
vitamin B12 and antibiotic feed supplement 
niacin 
riboflavin supplement 
fortified A and d feeding oil 
irradiated animal sterols 
D-L methionine 
arsanilic acid. 01% 
vitamin E supplement 
butylated hydroxy toluene 
animal fats 
menadione sodium bisulfite 10 gm. /ton 
nicarbazin. 0125% 
Guaranteed analysis: 

crude protein min. 18. 0 % 
crude fat min. 3. 5 % 
crude fibre max. 4. 5 % 

nicarbazin 0. 0125% 

Ration D—Ingredients 
dehydrated alfalfa meal 
ground corn 
choline chloride 
dehydrated grass meal 
fish meal 
meat meal 
molasses 
niacin 
oat meal 
ground oat groats 
curacao rook phosphate and/or 
feeding steamed bone meal 
iodized salt 0. 25% 
soybean oil meal 
D-activated animal sterol 
manganese sulphate 
ground wheat 
whey powder and/or buttermilk powder 
vitamin B12 and 
antibiotic feed supplement 
cobalt sulphate 
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copper sulphate 
ferrous sulphate 
calcium pantothenate 
riboflavin 
methionine 
3-nitro-4 hydroxyphenylarsonic acid. 005% 
nicarbazin 0. 0125% 
animal fat 
Guaranteed analysis; 

crude protein min. 22. 0% 
crude fat min. 2. 5% 
crude fibre max. 5. 0% 

Menadione sodium bisulfite complex* containing 63 per cent 
of menadione bisulfite, U. S. P., equivalent to 33 par cent of 2-methyl-
1, 4-naphtoquinone was used as the source of vitamin K activity. The 
bisulfite complex was added to the drinking water at the rate of 50 
milligrams per gallon* 

A modification of the technique described by Chubb and Long 
(3) was devised for the preparation of large amounts of thromboplas-
tin. The heads of freshly killed chickens ten to twelve weeks of 
age were obtained from a slaughter-house. The brains were dissected 
out and the pig and large blood vessels removed. The brains were 
then placed in a waring blender and ground into a paste; acetone 
was added and the mixture was stirred. The content of the blender 
jar was then transferred to a large beaker and more acetone was added, 
and stirred with a glass rod. The mixture was then filtered on a 
Buechner funnel under low vacuum. The filtrate was discarded, and 
the residue was repeatedly extracted with acetone until the filtrate 

* Klotogen F, supplied by Abbott Laboratories ltd. 
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was clear. The solid residue was then dried vacuo, using phosphorus 
pentoxide as a drying agent. The dry powder was transferred in 0. 2$ 
gm* amounts to ampules, which were then evacuated* (Pirani gauge 
reading:. 05 to. 01 mm. Hg. ) and flame-sealed 

The Mood samples were taken from the birds by frontal heart 
puncture according to the method outlined by Blalock (4). The needles 
and syringes were siliconized. -̂  Prothrombin time determinations were 
carried out according to the technique outlined by Chubb and Long (8)„ 
Hematocrit values were determined by the method of Wintrobe (38). A 
dry oxalate mixture (1. 2 mg. ammonium oxalate plus 0. 3 mg. potassium 
oxalate per milliliter of blood) was used as anticoagulant for the 
prothrombin and hematocrit determinations* Normal values for pro-
thrombin time and hematocrit were determined on blood samples from 
fifteen nine-week-old white Leghorns. The results of these determin-
ations are given in table 1. 

whole blood clotting time was determined by placing one 
cubic centimeter of blood, obtained by frontal heart puncture, into 
each of two siliconized tubes kept at 37** Centigrade in a water bath, 
and tilting the tubes at two minute intervals until the blood clotted. 
The time was recorded from the moment the blood entered the syringe. 

Tissues taken for sectioning were fixed in 10% formalin, 
embedded in paraffin, and stained with hematoxylin and eosin* 

* The Edwards Centrifugal Freeze Dryer Model L5 was used to evacu-
ate the ampules. 
# The tubes, syringes and needles were siliconized with Siliclad, 
a water soluble silicone manufactured by Clay-Adams, Inc., Mew York. 
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The purpose of this experiment was to cause hemorrhages 
in chickens by producing a vitamin K deficiency and to compare the 
symptoms and lesions so produced with those observed in field cases 
of hemorrhagic disease. At the same time the efficiency of the 
thromboplastin preparation could be established on plasma samples ob-
tained from the birds which were known to be deficient in vitamin X. 

MATERIALS AND Methods 
One hundred and eight day-old Vantress X White Rock chickens 

were distributed at random into six groups—A, B, C, D, E, F—each 
group composed of nine males and nine females. The birds were rear-
ed in electrically heated battery brooders with raised wire floors. 
The composition of the basal diet was as follows: ground yellow com 

per cent; solvent extracted soybean oil meal (44 per cent protein) 
42. 5 per cent; stabilised animal tallow 5 per cent; dicalcium phos-
phate 2 per cent; calcium carbonate 1. 5 per cent; iodized salt 0. 5 
per cent. In addition, to each 100 lb. of diet the following was 
added: vitamin A supplement (10,000) I. U. /gm. ) 22. 7 gm.; potassium 
iodide (90% in calcium stearate) 0. 15 gm.; manganese sulfate (feed 
grade) 9 gm.; dry vitamin D3 (1, 500 I. C. U. /gm. ) 23 gm.; DL methio-
nine (feed grade) 23 gm.; choline chloride (25 per cent) 85 gm.; 
riboflavin (1 gm. /oz. ) 5 gm.; D-calcium pantothenate 0. 352 gm.; 
niacin 1. 4 gm.; pyridoxine 0. 1 5 ; vitamin B12 supplement (6 mg. /-
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EXPERIMENT I 
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lb. )45gm. 
Groups A and 8 received the basal diet only, groups C and 

B received the basal diet to which was added 75 grams of sulfaquin-
oxaline per hundred pounds, and groups E and F received the basal 
diet plus six grams of menadione sodium bisulfite (4 gm. /lb. ) per 
hundred pounds of feed. The water troughs were cleaned every day. 
Prothrombin time determinations were carried out five weeks after 
the beginning of the experiment at which time all the birds were kill-
ed by dislocation of the neck and the carcasses examined for hemor-
rhages. 

results 
No outward symptoms were noted in the chickens until the 

' ' 

last few days preceding the time of killing whan the birds, in groups 
6 and D receiving sulfaquinoxaline, appeared anemic and began to show 

HEMORRHAGES visible through the skin of the breast, legs and Wings. 
The prothrombin time of groups A, B and E, F, receiving 

the basal only and the basal plus menadione sodium bisulfite remain-
ed normal, while it was markedly prolonged in groups C and D, receiv-
ing the basal plus sulfaquinoxaline (table 2). 

On post mortem examination small hemorrhages in the leg 
muscles were a common finding in the birds of groups A, B and E, F. 
An estimate of the number of hemorrhages in each bird was made but 
no significant difference could be established between those receiv-
ing menadione sodium bisulfite and those that did not. It is suggest-
ed, since the hemorrhages appeared only in the leg muscles, that the 



hemorrhages were due to excessive strain on these muscles when catch-
ing and killing the birds. Massive subcutaneous and intramuscular 

hemorrhages were found on the breast, legs and wings of the birds in 
groups C and D which received the basal diet plus sulfaquinoxaline. 
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EXPERIMENT II 

MATERIALS AND METHODS 

A few days before setting up this experiment & diagnosis 
of hemorrhagic disease and CRD had been made on a group of eight-
week-old White Rock broiler type chickens from a pen of three thousand 
birds. These birds were raised on the second floor of a barn trans-
formed into a chicken house. Automatic waterers and feeders were 
used. The ventilation was good and the litter was very dry and 
dusty. Approximately one square foot of floor space was allowed for 
each bird. Thirty to forty per cent of the birds were showing re-
spiratory symptoms. 

One hundred aND eight birds were obtained from this pen and 
divided at random into six groups as follows: 

All the birds were put on ration B for the first ten days, 
and then on ration A for the rest of the experiment. The birds in 
pen 2, 3 and 5 received 50 milligrams of menadione sodium bisulfite 
per gallon of drinking water throughout the experiment. 
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Prothrombin time, whole blood dotting time, and hematocrit 
determinations were carried out at seven-day intervals. Post mortem 
examinations were carried out on three to five birds every other day 
and the lesions noted. The birds were killed by dislocation of the 
cervical vertebrae. 

Results 
Twenty-four birds died during the first week of the experi-

ment, the deaths being distributed almost equally between the six 
pans. In all cases the death was attributed to (Ml. 

The post mortem examination of the birds as show in table 
3 revealed a high incidence of CRD and hemorrhagic lesions in both 
treated and untreated groups. The results of the prothrombin time 
and hematocrit determinations are given in tables 4 and 5; no appreci-
able difference was found between the treated and untreated birds. 
The mean clotting time of whole blood was found to be 8. 6 minutes 
and the range from 3 to 13. 5 minutes. Due to the magnitude of the 
range of values about the mean, this test was considered of relative-
ly little value compared to the prothrombin time test. 
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III 

The third experiment we carried out in the same manner, 
essentially, as the second, using a different group of birds, from 
a flock of four thousand broiler type chickens. 

materials Methods 
At the farm where they were raised the birds were housed 

in a good, recently built chicken house approximately fifty feet wide 
and eighty feet long. Hanging type feeders and automatic caterers 
were used. As a whole the flock seemed in good condition but when 
the birds ware disturbed a good many showed a weakness of the legs 
which caused them to sit on their hocks after having taken a few 
steps. Approximately thirty per cent of the birds were showing this 
symptom when the experiment was started. At necropsy the only lesions 
found were hemorrhages in the breast and leg muscles; no histolog-
ical sections were taken at that time. One hundred and fourteen of 
these birds died daring the first week of their life and the owner 
brought a few to the diagnostic laboratory; no lesions were found 
and a bacteriological examination remained negative. Approximately 
three per cent of the birds died during the first six weeks of their 
life, hemorrhagic disease had been a problem at the same farm in 
three consecutive flocks prior to this one. 

One hundred and twenty-three chickens (White Rocks) were 
obtained from this flock and divided at random into six peas as 



The first two weeks the birds were fed the same feed 
(ration D) that they had received at the farm prior to this experi-
ment; for reasons of convenience ration A was then used for the 
rest of the experiment. Fifty milligrams of menadione sodium bisul-
fite per gallon of drinking water was administered to the birds in 
pens 2, 3 and 5. 

Prothrombin time and hematocrit determinations were carried 
out at seven-day intervals. At two-day intervals an average of four 
birds were killed by dislocation of the neck and post mortem examin-
ations were carried out. Histological sections were prepared from 
brain, cerebellum, heart, liver, spleen and muscle tissue of fifty-
nine of the birds. 

Results 
The incidence of hemorrhagic lesions was very high, and 

was not affected by the additional intake of menadione sodium bisul-
fite by the birds (table 6); neither did the vitamin affect the pro-
thrombin time of the treated birds (tables 7 and 8). Upon examina-
tion of the histological sections, lesions found to be similar to the 

— 24 — 
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ones seen in avian encephalomyelitis were observed in forty-nine of 
the fifty-nine birds thus examined. These lesions consisted of 
neuronal degeneration, perivascular cuffing in the brain and cere-
bellum (Figs. 4 and 5), round cell infiltration of the myocardium 
(Fig. 6), and marked hyperplasia of the lymphoid areas of the liver 
(Fig. 7), spleen and pancreas. Five per cent of the birds showed 
varying degrees of paralysis of the legs. Microscopic sections of 
the sciatic nerves of many of the paralysed birds were examined but 
the infiltration and/or proliferation of lymphocytes as would be ex-
pected in neural lymphomatosis could not be demonstrated. 
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EXPERIMENT iv 

This experiment was designed in an attempt to reproduce 
the brain lesions and the hemorrhagic condition found in the birds 
of experiment III. 

Materials and Methods 
Samples of tissue from the brain, cerebellum, spleen and 

liver were harvested aseptically from four birds of experiment III; 
histological sections were prepared from the same birds in order to 
verify the presence of lesions. The pieces of tissue were put in a 
tissue grinding tube and ground in tryptose phosphate broth; the 
suspension, so prepared, was centrifuged at low speed, the resulting 
supernatant fluid was drawn off and used as the inoculum. Sixty 
day-old chicks from parent stock known to be free of respiratory 
diseases were obtained and divided into four groups of fifteen birds. 
The chicks in two groups were injected intracerebrally with the in-
oculum, and the two other groups served as negative controls. 

One thousand units of penicillin and one thousand micro-
grams of streptomycin were added to each milliliter of the inoculum 
used in the first group; no antibiotics were used in the second 
group. The top of the chickens' heads were painted with two per cent 
tincture of iodine and 0. 06 ml. of the inoculum injected into each 
brain using a tuberculin syringe fitted with a 1/4 inch 26 gauge 
hypodermic needle. The chicks were put in an electrically heated 
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battery brooder aND fed a commercial chickEN starter mash. 

Results 
No symptoms developed, and histological sections, taken 

at four, five and six weeks post-inoculation failed to reveal le-
sions in the brain. Mine control chickens and twelve inoculated 
ones showed hemorrhagic lesions on necropsy; apparently no rela-
tionship existed between the inoculation and the hemorrhages since 
they occurred both in the negative control groups and in the inocu-
lated groups. Careful study of all factors having an influence on 
the chicks before and during the experiment failed to reveal a cause 
of the hemorrhages. 
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EXPERIMENT V 

MATERIALS AND METHODS 

The birds in this experiment were from a flock of one thou-
sand and five hundred Vantress X White Rock broiler type chickens in 
which the hemorrhagic condition had been present since the birds were 
four weeks of age. ON two different occasions they were given addi-
tional vitamin K in the form of Menadione sodium bisulfite. On the 
first occasion the vitamin had been administered in the drinking 
water and an apparent improvement was observed by the owner; two 
weeks later the condition reappeared and the birds then received the 
vitamin in the feed, but it did not seem to bring about any improve-
ment of the condition. 

At the farm the birds were kept under unhygienic conditions; 
they were in an old building with sunken foundations, the lighting 
and ventilation were inadequate and the litter was wet. The general 
appearance of the flock was poor; little activity was shoWn by the 
birds and, in approximately twenty-five per cent of them, symptoms 
resembling those of intestinal coccidiosis were apparent; however, 
lesions of coccidiosis were not found and the presence of coccidia 
could not be demonstrated. The mortality had been less than one per 
cent in the preceding month. 

This experiment was conducted with sixty-four of these 
chickens which were eight weeks old at the commencement of the trial. 
Because this group of birds was smaller than the previous groups, 
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only two pens were used with thirty-two chickens in each. Both 
groups were fed ration C throughout the entire experiment. The 
birds in one pen received fifty milligrams of menadione sodium bisul-
fite per gallon of drinking water, while those in the other pen serv-
ed as a control. Approximately five post mortem examinations were 
carried out on the second, fourth and tenth day of the experiment, 
and once weekly thereafter. Prothrombin time and hematocrit deter-
minations were carried out at the end of the first week. 

Results 

Hemorrhagic lesions were present in twelve of the fifteen 
birds necropsied during the first ten days of the experiment, but 
could not be found in either the treated or the untreated birds ex-
amined after that time. No significant difference in the prothrombin 
time or the hematocrit determinations was found in either group 
(table 9). 
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DISCUSSION 

The results of this series of experiments show clearly the 
existence, in broiler chickens, of a hemorrhagic condition which 
does not respond to treatment with menadione sodium bisulfite. Nelson 
and Norris (26) stated, "although many people believe that the field 
hemorrhagic syndrome is not due to vitamin K deficiency, no one has 
yet shown that a deficiency of this vitamin is not implicated in the 
development of this disease". However, it seems very unlikely that 
a vitamin K deficiency could be implicated either in the onset or in 
the development of the field eases studied in these experiments, since, 
with the exception of the birds in experiment III the chickens de-
veloped the hemorrhagic disease when fed rations fortified with men-
adione sodium bisulfite. Furthermore, in no instance, was there any 

significant difference between the prothrombin times of the treated 
and control birds in experiments II, III and V and those of normal 
birds, thus indicating that the experimental birds were not deficient 
in vitamin It may be noted, however, that the prothrombin time 
determinations were carried out on undiluted plasma, ami therefore 
the values obtained indicated only that the prothrombin levels were 
above the critical point below which the clotting time would be pro-
longed and hemorrhages likely to occur. 

The normal prothrombin time values reported by Cover et al,. 
(10) and by Yacowitz et (39) were appreciably greater than the 
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ones reported here. It is conceivable that this difference in results 
is due to the fact that the thromboplastin used here had a greater 
specificity; Chubb and Long (8) have shown that chicken brain throm-
boplastin is the most specific for prothrombin time determinations 
in chickens. 

Massive hemorrhages as observed in the vitamin K deficient 
chickens of experiment I were never seen in field cases of hemorrhag-
ic disease. In that experiment the birds had a very limited access 
to their droppings and the water troughs were cleaned daily, yet the 
birds receiving a diet devoid of vitamin K failed to show massive 
hemorrhages or a prolonged prothrombin time. In view of the diffi-
culty in producing an avitaminosis K in the laboratory it seems very 
improbable that it would occur in the field with the high incidence 
observed in hemorrhagic disease. 

The information collected in this study of hemorrhagic dis-
ease would substantiate the theory proposed by Sanford et (31) 
that hemorrhagic disease is related to stress factors acting upon 
the birds without affecting their prothrombin levels. Indeed, in 
each of the three groups of birds suffering from hemorrhagic disease 
studied here, one may point out at least one possible stressing 
factor: CRD) in experiment E, encephalomyelitis in experiment III, and 
unhygienic conditions in experiment V; it is of interest to note 
that no lesions could be found in the birds of experiment V after 
ten days under good environmental conditions. 

As yet the etiology of hemorrhagic disease remains obscure. 



However, it appears possible that this hemorrhagic condition may be 
but a manifestation of different diseases or the result of adverse 
encironmental conditions. Further research to investigate this pos-
sibility appears to be most desirable. 
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SUMMARY AND CONCLUSIONS 

A description of the symptoms and lesions of hemorrhagic 
disease as found in Ontario is given. An attempt was made to repro-
duce the disease in normal young chickens by the inoculation of ma-' 
terial from affected birds has proven unsuccessful. Menadione sodium 
bisulfite was used as a therapeutic agent in three controlled exper-
iments with field eases of hemorrhagic disease. These experiments 
showed that the prothrombin time, the packed cell volume, and the 
incidence of hemorrhagic lesions were not influenced by the addition 
of a high level (50 mg. /gallon of drinking water) of menadione sodium 
bisulfite. A hemorrhagic condition in chickens due to an avitaminosis X produced under experimental conditions is described. The 
results of the present experiments seam to warrant the following con-
clusions: 

1. The symptoms and lesions observed in field cases of 
hemorrhagic disease as observed in Ontario are definitely distinct 
from those of avitaminosis & produced in laboratory experiments. 

2. Chickens fed a ration supplemented with as much as 10 
grams of menadione sodium bisulfite per ton of feed have developed 
the hemorrhagic disease. 

3. Prothrombin times were found to be normal in natural 
outbreaks of hemorrhagic disease. 

4. Under practical conditions of present methods of poul-
try feeding and management a vitamin K deficiency, so severe as to 
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bring about hemorrhages, is unlikely to occur. 

The determination of prothrombin times as outlined in 
these experiments is a practical and simple procedure; it is suggest-
ed that, in an outbreak of hemorrhagic disease, such determinations 
be made on representative blood samples from the affected flock in 
order to determine if the use of vitamin K is advisable as a ther-
apeutic measure. 
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APPENDIX 

The measurement of capillary fragility in chickens is men-
tioned briefly by a few authors (34, 35, 37). Washko et al. (37) 
and Shelton (35) reported that their attempts to measure capillary 
fragility gave extremely variable results. In order to investigate 
the resistance of the capillaries in birds with hemorrhagic disease 
the following method was designed. 

A simple instrument (Fig. 8), based upon the modified da 
Silva-Melle capillary resistometer (12), was designed; it consisted 
essentially of a ten cubic centimeter hypodermic syringe to which a 
small glass cup, one millimeter in diameter, was attached by a piece 
of rubber tubing adapted over the metal end of the syringe. The 
syringe was fitted with a spring loaded adjustable adapter which 
withdrew the plunger and held it at the chosen opening. Vaseline 
grease was used to lubricate the plunger and at the same time prevent 
leakage. The instrument was calibrated against a mercury manometer 
and the negative pressure determined for openings ranging from one 
to six cubic centimeters. The results were as follows: 
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The glass cap was applied for a period of thirty seconds 

to the bare skin on the side of the thorax just below and posterior 
to the coraco and scapulo humeral articulation. The resistance of 
the capillaries is expressed as the Ieast negative pressure required 

, : - f . . 

to produce visible petechiae. 
Petechiae were produced with thirty-six mm. hg. negative 

pressure in seventy per cent of a group of twenty normal four week 
old birds; only twenty per cent developed petechiae when the nega-
tive pressure was twenty-four mm. Hg. The method was applied to 
twenty birds in the fourth experiment and no petechias were produced 
at a negative pressure of thirty-six mm. Hg. 

These results would indicate that there is no increased 
capillary permeability associated with hemorrhagic disease; however, 
the data collected are too few to be conclusive. 



Figs. 1 and 2 - Intramuscular hemorrhages in a field 
ease of hemorrhagic disease. 



Fig. 3 - Small 
Field case. 



Fig. 4 - Perivascular round cell infiltration. 
Expt. III. X350. 

Fig. 5 - Round cell infiltration in the molecular 
layer of the cerebellum. Expt. III. 
X100. 



Fig. 7 - lymphoid infiltration and proliferation in 
the liver. Expt. H . X100. 

Fig. 6 - Diffuse infiltration of round cells in the 
myocardium. Expt. II. X100. 



Fig. 8 - instrument designed to test capillary 
fragility. 
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