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SUMMARY. In a large population of animals, it is normal to have some die each day from causes not related to disease, which is
often referred to as natural causes. In poultry production, this phenomenon is commonly referred to as daily mortality. In egg-
producing chickens, many of the natural causes of death are associated with making an egg. The causes of normal mortality in
commercial egg-laying chicken flocks have been described very little to date. A commercial chicken egg farm, housing
approximately two million single-comb white leghorn chickens (Gallus gallus domesticus) in 16 egg-producing flocks, was visited on
a monthly basis to monitor bird health, body conditioning, skeletal integrity, and causes of daily mortality in an attempt to provide
early detection of health abnormalities. A representative sample of daily mortality from each flock was necropsied to determine the
cause of death. Reported herein is a summary of visits for a period of 38 mo from June 2011 to July 2014. The top 15 causes of
normal mortality, in rank order of prevalence, were determined to be the following: egg yolk peritonitis, hypocalcemia, gout, self-
induced molt, salpingitis, caught by spur, intussusception or volvulus (twisted intestine), cannibalism (pick out), tracheal plug,
septicemia, fatty liver syndrome, internal layer, layer hepatitis, persecution, and prolapsed vent. Other causes noted were
hyperthermia (during summer), trauma, coccidiosis, ovarian neoplasia, being egg bound, urolithiasis, peritonitis (not egg yolk
induced), leg fracture, caught in the structure, tumor (other than ovarian origin), wing fracture, exsanguination, and
cardiomyopathy.

RESUMEN. Causas de la mortalidad normal en aves de postura comerciales.
En una gran población de animales, es normal que algunos mueran cada dı́a de causas no relacionadas con la enfermedad, que a

menudo se conoce como causas naturales. En la producción avı́cola, este fenómeno se denomina comúnmente mortalidad diaria.
En las aves productoras de huevos, muchas de las causas naturales de la muerte se asocian con la producción de huevo. Las causas de
la mortalidad normal en las aves de postura comerciales que han sido descritas hasta la fecha son muy pocas. Se visitó mensualmente
una granja comercial de aves de postura con 16 parvadas en producción, que alberga aproximadamente dos millones de aves (Gallus
gallus domesticus) tipo Leghorn de cresta sencilla, para vigilar la salud de las aves, el acondicionamiento corporal, la integridad del
esqueleto y las causas de la mortalidad diaria para la detección temprana de anormalidades en la salud de las aves. Se practicó la
necropsia en una muestra representativa de la mortalidad diaria de cada parvada para determinar la causa de la muerte. En el
presente documento se presenta un resumen de las visitas por un perı́odo de 38 meses entre junio del 2011 a julio del 2014. Se
determinó que las 15 principales causas de mortalidad normal, en orden de prevalencia, eran las siguientes: peritonitis por yema de
huevo, hipocalcemia, uratosis o gota, muda espontánea, salpingitis, espolones atrapados, intususcepción o vólvulos (torsión
intestinal), canibalismo (picaje), obstrucción traqueal, septicemia, śındrome del hı́gado graso, postura interna, hepatitis de la
postura, persecución y prolapso de la cloaca. Otras causas señaladas fueron la hipertermia (durante el verano), trauma, coccidiosis,
neoplasias ováricas, muerte por huevos atascados, urolitiasis, peritonitis (no inducida por yema de huevo), fractura de piernas, aves
atrapadas en estructuras, tumores (diferentes de neoplasias ováricas), fractura de alas, exanguinación y cardiomiopat́ıa.
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Large populations of animals, including humans, have some of

their members die each day. This information is tracked by city,

state, and federal agencies in humans as an attempt to detect trends
or spot emerging diseases (2). Routinely determining the cause of

mortality in large poultry flocks is a valuable tool, because it allows

for the detection of diseases, and production or environmental

causes or both in their early phase and thus provides better health

and welfare for production animals. In an attempt to provide a

higher level of husbandry and welfare, a poultry company had the

author evaluate their egg-laying chicken flocks on a monthly basis.

The flocks were examined by walking through the poultry houses

and observing hen activity and behavior. Physical examination was

performed on individual birds needing additional attention. A

representative sample of live, healthy birds from an individual

poultry house, considered to be a single flock, were selected at

random, humanely euthanatized and necropsied to determine the

health and nutritional status of the flock. The necropsy findings of

humanely euthanatized live birds were not reported in this study. A
sample of hens that had died the previous day was collected the

morning of the visit, necropsied and a cause of death was determined

for each bird based on gross lesions. The purpose of this

communication is to provide documentation of predominance and
frequency of the causes of death in commercial egg-laying chickens.

MATERIALS AND METHODS

The farm. The egg production farm is located in rural Michigan.
During the period of observation, from July 2011 to June 2014, three
enrichable and one enriched layer houses were constructed and
populated with chickens. The farm is a typical family owned and
operated egg-producing facility that has had egg production at the site
from the late 1940s until present. The hen houses consist of an accrual
of buildings that were constructed and remodeled over the years of
production. Consisting of 16 houses, the farm has two older high-rise
houses with a capacity of approximately 71,000 and two older belt
houses with a capacity of approximately 64,000 hens. There are eight
high rise houses, four with a capacity of 96,000 and four with a capacityBCorresponding author. E-mail: fultonr@dcpah.psu.edu
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of 149,000 hens. Recently constructed houses consist of three enrichable
houses with an approximate capacity of 200,000 and an enriched house
with a capacity of 118,000 hens. (Table 1) Enrichable and enriched
houses have larger cage and bird colony sizes than conventional cage
houses. Enrichable houses have the ability to be converted to enriched
houses with the simple addition of nest boxes, perches, and scratch pads.
Cage sizes are equal for both enrichable and enriched houses.

Sample selection. Each monthly visit consisted of observation of
flock health by walking through each house and observing bird activity
and behavior. Birds that exhibited unusual behavior were physically
examined. In addition to observation, five birds per flock were picked at
random throughout the house, humanely euthanatized, examined, and
necropsied to determine fat pad thickness, clutch size, rib and keel bone
integrity as well as to determine the prevalence of focal duodenal
necrosis (8). The findings of those evaluations will not be reported
herein.

As is typical for the poultry industry, poultry house managers go
through their flocks and remove dead birds at least once a day. Dead
birds that had died the previous day were randomly selected, and an
amount determined by the poultry house manager was presented for
necropsy. The cause of death was determined by gross lesions present at
necropsy. The causes of death included egg yolk peritonitis,
hypocalcemia, gout, self–induced molt (description to follow),
salpingitis, caught by spur, intussusception and volvulus (twisted
intestines), cannibalism (pick out), tracheal plug, septicemia, fatty liver
syndrome, internal layer, layer hepatitis, persecution, prolapsed vent,
hyperthermia (during summer), trauma, coccidiosis, ovarian tumor, egg
bound, urolithiasis, non-egg yolk peritonitis, fractured leg, caught in
structure, tumor other than ovarian, fractured wing, exsanguination, and
cardiomyopathy.

Population. Due to the addition of the enrichable and enriched
houses during the time frame of this study, the population grew. The
lowest population size was 1,628,586 and the highest population size
was 1,946,285 with a mean of 1,881,251. The overwhelming majority
of the birds were Hy-Line W-36, but some flocks were Shaver white and
ISA brown leghorns. A total of 3,357 chickens were necropsied. Some (n
¼ 54) of the dead birds included in the count were too autolyzed to
necropsy and were discarded.

Mortality rate. Mortality rate for commercial egg-laying chickens
varies with age, genetic strain, population density, housing type, and

seasonal weather. The mortality in general increases with age of the
flock. For the Hy-Line W-36 chicken, the cumulative mortality rate of a
flock begins at zero at 18 wk of age, on average increases approximately
0.09% per week, reaching a total cumulative mortality rate of 6.8% at
90 wk of age (13).

Cause of death. For the purposes of this study, egg yolk peritonitis
was defined as a dead hen with congestion of visceral vessels with the
presence of egg yolk within the coelomic cavity. The quantity of egg
yolk varied from bird to bird. The coelomic cavity of some birds with
egg yolk peritonitis had small to moderate amounts of fibrin in addition
to egg yolk. The coelomic exudate was often greasy (Fig. 1A).

Hypocalcemia was characterized by congestion of visceral vessels, lack
of coelomic exudate, and a membrane bound egg within the shell gland.
The amount of formed shell varied from a slight frosting of white on the
shell membrane to a fully formed shell that may or may not have been
thin. In birds considered to have died from hypocalcemia, there was a
lack of other obvious gross lesions that could cause death. The vent on
the affected bird may have appeared normal or there could have been a
slight and often partial rim of dehydrated cloaca protruding from the
vent (Fig. 1B).

Gout consisted of white frosting of urates on the surfaces of many
visceral organs. Frosting of the epicardial surface and surface of the liver
were most consistent. Based upon observation, urates would appear only
on the heart in some affected birds, whereas in other birds, the heart and
liver capsule both had urate deposits. Often if the gout was extreme,
urate deposits also appeared throughout the subcutaneous tissue and
within the tracheal mucosa. In some cases, the urate deposition on the
liver capsule caused the liver to stick to the thoracic cage that when
reflected cranially, caused the liver capsule and underlying liver to tear.
Some birds had urolithiasis in addition to gout. Birds with urolithiasis
were recorded as dying from urolithiasis rather than from gout, because
the ureters were plugged with a stone that caused atrophy of the affected
portion of the kidney that ultimately resulted in gout.

Birds recorded as being in a self-induced molt were found to have a
combination of being emaciated, dehydrated, and out of egg
production. No other lesions that could have caused death or caused
the bird to become emaciated, dehydrated, and out of egg production
were noted. Emaciation was characterized by atrophy of the pectoral
muscles and a lack of subcutaneous and intra-coelomic fat stores.
Dehydration was characterized as dark musculature that was tacky when
touched by a gloved hand. The kidneys may have had white streaks
(urate deposits) within the ureters. The greater majority of these birds
had extremely atrophied reproductive tracts. These same physical
findings also occurred in pullets recently placed in laying houses;
however, those birds were not recorded as being in a self-induced molt.

Salpingitis was characterized as possessing an oviduct greatly
distended with a fetid yellow, easily crumbled exudate (Fig. 1C,D).

Caught by spur were those rare hens that had spurs on their shanks.
Birds thus affected often had a deep depression and laceration just distal
to the spur. Often, there was a linear depression and corresponding
swelling, hemorrhage, and edema of the muscles of the distal thigh
where the entire shank was captured between the two affected areas of
the leg. In most cases, only the spur laceration was visible (Fig. 1E).

Birds that had their cause of death recorded as twisted intestines had
either volvulus or intussusception. Volvulus was twisting of the intestine
around the mesentery (Fig. 1F). Intussusception consisted of a proximal
dilated intestine telescoping over a small diameter intestine (Fig. 1G).

Cannibalism, often referred to as ‘‘pick out’’, was characterized as
having the soft tissues around the vent removed by cage mates. There
was often an empty hole where the vent should have been. In some
birds, parts of the small and large intestine as well as the cloaca and
oviduct were often missing, only to be replaced by a bloody stump.

Some birds died due to their larynx being occluded by a yellow to tan
to brown exudate. Those birds were recorded as having tracheal plugs.

Table 1. Description of egg-laying farm housing systems.

House Year built House style Caging system CapacityA

1 1997B High rise ChoreTime 71,425
2 2001C High rise ChoreTime 71,925
3 1987 Belt battery Big Dutchmen 64,150
4 1992 Belt battery Farmer Automatic 65,800
5 1994 High rise ChoreTime 95,925
6 1994 High rise ChoreTime 95,925
7 1998 High rise ChoreTime 95,925
8 1998 High rise ChoreTime 95,925
9 2003 High rise ChoreTime 148,800

10 2003 High rise ChoreTime 148,800
11 2004 High rise ChoreTime 148,800
12 2004 High rise ChoreTime 148,800
13 2010 Enrichable Big Dutchmen 199,920
14 2011 Enrichable Big Dutchmen 199,920
15 2011 Enrichable Big Dutchmen 199,920
16 2011 Enriched Big Dutchmen 118,435D

ACapacity is based on United Egg Producers welfare standards of 67
sq in.

BYear remodeled with new equipment. The building was preexisting.
CYear remodeled with new equipment. The building was preexisting.
DThis is based on 116 square inches.
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Fig. 1. Causes of normal mortality in egg type hens. (A) Egg yolk peritonitis. Note yellow strands of fibrin within opened coelomic cavity. (B)
Hypocalcemia. Note reflected shell of soft shell egg in opened shell gland. (C) Salpingitis. Enlarged, distended oviduct. (D) Salpingitis. Opened
oviduct distended with yellow exudate. (E) Caught by spur. Note laceration above the spur. Also note multiple white foci on the bird’s right liver
lobe that is indicative of thromboembolism. (F) Volvulus. Note intestine segment wrapped around and above the dilated segment. (G)
Intussusception. Note dilated intestine and normal diameter intestine in the center of the photograph. (H) Persecution. Chicken from an enrichable
cage with scabbed skin and swollen face due to persecution by cage mates.
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Septicemia were those birds that had enlarged spleens. They often had
petechiation on the epicardium. Also included in this classification were
those birds that had thromboembolism with discrete areas of pallor in
the spleen, indicative of infarction.

Birds recorded as having fatty liver syndrome were those birds that
were extremely obese. The liver was yellow, friable, and greasy. In some
birds, a blood clot was adhered to the liver capsule. The volume of blood
in the coelomic cavity varied from bird to bird. There was as little as 50
ml to as much as 300 ml. Often, the bird’s comb was extremely pale that
provided an external cue of blood loss.

Birds characterized as being internal layers were those that were found
dead and had as few as two to as many as six partially to fully formed
eggs within the coelomic cavity. Frequently, those eggs were covered
with a thin, tan exudate. Something had occurred that caused the egg to
move retrograde up the oviduct and out into the coelomic cavity.

Layer hepatitis were those birds that had extreme, random mottling of
red and tan on the capsular and cut surfaces of the liver. The spleen of
the affected bird was often enlarged (2–3 times). Most birds had a small
amount (20–30 ml) of unclotted blood within the coelomic cavity.

Persecution were those birds that had loss of feathers on the head with
multiple, small (1–2 mm) scabs. Some of the birds’ heads were swollen,
indicative of subcutaneous edema or hemorrhage or both (Fig. 1H). A
rare bird had a degloving injury where the skin of the head was removed
by its cage mates.

Prolapsed vents were those birds that had the cloaca protruding from
the vent with blood and often fecal staining of feathers around the
affected area. Partial prolapse or prolapsed vents without feather staining
were excluded from this classification. This classification excluded those
birds that had other lesions that may have contributed to a prolapsed
vent such as enteritis or hypocalcemia.

Some of the other less frequently observed causes of death were
hyperthermia, trauma, coccidiosis, ovarian tumors, being egg bound,
urolithiasis, peritonitis not due to egg yolk, fractured legs, caught in the
structure, non-ovarian tumors, fractured wings, exsanguination, and
cardiomyopathy. Hyperthermia occurred in the summer months, and
muscles of birds that died from hyperthermia had a parboiled
appearance. Their lungs were often red, wet, and heavy. Hens that

had ovarian tumors typically had carcinomatosis where the coelomic
cavity was seeded with myriads of exfoliated and implanted tumors. Egg
bound was characterized as a bird that had an egg that was too large to
fit between the pubic bones. Exsanguination was characterized by
variable amounts of clotted or unclotted blood within the coelomic
cavity that did not originate from the liver. Cardiomyopathy was of the
dilatative variety with a dilated flabby heart with or without ascites.

RESULTS

Weekly mortality rates within some flocks were above the average
weekly mortality rate of 0.09%. In the majority of the cases where
flocks had above weekly average mortality rates, flocks were over 60
wk of age. The cause for elevated mortality in most cases was not
unexpected. Some cases were due to the flock undergoing a humane
molt, some were due to hyperthermia during hot summer months,
and in isolated cases some were due to coccidiosis in recently housed
hen flocks. In other cases, the true cause of elevated mortality could
not be determined; however, in most of those flocks, hens had a
higher incidence of egg yolk peritonitis. No infectious diseases, other
than coccidiosis, caused elevated flock mortality rates.

Egg yolk peritonitis was the most frequent cause of death during
the study. The incidence of egg yolk peritonitis per million chickens,
based upon the total population of 71,487,540 hens at risk during
all of the periods when necropsies were performed, was 12.5 hens
per million hens (Table 2). The incidence could have been higher
than observed, because not all of the birds that died during the day
of the author’s visit were necropsied. Many hens were too autolyzed
to perform a necropsy and the house manager did not select those
birds for necropsy. In spite of this, some birds selected for necropsy
were too autolyzed to examine. Those birds were classified as rotten
and were discarded without a necropsy. Egg yolk peritonitis was
evenly distributed across all ages. It was seen in the highest incidence
(8 out of 10 birds examined) in 20-wk-old hens that were recently
housed in an enriched caging system. The oldest flock to have egg
yolk peritonitis was 109 wk of age.

Hypocalcemia was the next most common cause of death with an
incidence of 7.9 hens per million hens. Hypocalcemia appeared to
occur in all ages and stages of production. The earliest that it
occurred was 16 wk of age. The oldest bird to have hypocalcemia
was 107 wk of age. The highest incidence of hypocalcemia (10 out
of 10 birds examined) was in a 71-wk-old flock of birds in a high-
rise laying house.

Gout was the next most common cause of death, with an
incidence of 3.8 hens per million hens. It was seen occasionally in
young pullets that had recently been brought to the laying house,
but was found more commonly in much older hens. Gout was
usually seen in 1–3 birds per flock and thought to be an individual
bird rather than a flock problem. The earliest that it was observed
was 16 wk of age that was most likely due to failure to find the water
or thrive in the environment of the laying house. The oldest flock to
have birds with gout was 109 wk of age. The majority of the gout
was seen around 80 wk of age. The highest incidence of gout in
necropsied birds was seen in flocks that were 71, 73, 83, and 99 wk
of age. The flock that was 73 wk of age was going through a humane
molt where feed and water were not restricted.

Birds recorded as self-induced molt (3.4 hens per million hens)
were birds from flocks that were typically past peak egg production.
These birds were emaciated, dehydrated, and had an involuted ovary
and oviduct. Pullets that had recently been transferred to the laying

Table 2. Incidence of causes of normal mortality. A total of 3357
necropsies were performed. The total population at risk was 71,487,540
hens.

Cause of mortality No. observed % mortality
Incidence

per 1,000,000

Egg yolk peritonitis 894 26.6 12.5
Hypocalcemia 565 16.8 7.9
Gout 275 8.2 3.8
Emaciated, dehydrated,

out of production
242 7.2 3.4

Salpingitis 158 4.7 2.2
Caught by spur 147 4.4 2.1
Twisted intestines 116 3.5 1.6
Pick out 67 2.0 0.9
Tracheal plug 65 1.9 0.9
Septicemia 54 1.6 0.8
Fatty liver syndrome 52 1.5 0.7
Internal layer 46 1.4 0.6
Layer hepatitis 44 1.3 0.6
Persecution 38 1.1 0.5
Prolapsed vent 38 1.1 0.5
Trauma 37 1.1 0.5
Tumor, ovary 26 0.8 0.4
Egg bound 22 0.7 0.3
Urolithiasis 21 0.6 0.3
Peritonitis, not egg 19 0.6 0.3

292 R. M. Fulton



facility and could not find or were excluded from the feed and water
were not recorded in this category. These birds were recorded as
failure to thrive. The highest incidence in daily mortality due to this
condition was found in flocks that were undergoing a humane molt.
During a humane molt, dead birds with dehydration, emaciation,
and being out of production were not recorded in the self-induced
molt category. The highest incidence (5 of 10 birds examined) of
this condition was found in a 73-wk-old flock. The next highest
incidence was from a 48-wk-old flock (4 of 5), a 29-wk-old flock (4
of 6), and a 66-wk-old flock (4 of 6).

Salpingitis (2.2 hens per million hens) could often be predicted by
mere palpation before opening the coelomic cavity. The abdomen,
rather than being soft and pliable, was distended and firm. When
tapped, it felt like there was a large 10–12 cm diameter round ball
inside. Distribution of age affected was relatively evenly distributed
across all ages from 19 to 108 wk of age. The highest incidence (3 of
6) occurred in a flock of 62-wk-old hens housed in enriched cages.

Birds that were caught by a spur (2.1 hens per million hens) could
easily be detected upon external examination of the carcass. Most, if
not all, were dehydrated and in some cases emaciated. The spur,
rather than being a vestigial structure, was often 5 mm in length,
with a rare spur being 15 mm. Immediately distal to the spur was a
linear ulceration where the hen had been caught by the wire of the
cage floor. Some flocks had a higher incidence of this condition than
others. The cause of death was usually attributed to dehydration.

Birds recorded as having twisted intestines (1.6 hens per million
hens), were often emaciated. Twisted intestines consisted of birds
that had volvulus or intussusception of the small intestine. Although
not recorded as the actual presentation of the ‘‘twist’’, volvulus was
present more often than intussusception. The majority of the hens
with volvulus was out of production, emaciated, and dehydrated.
Birds that had intussusception were less likely to be emaciated.
Emaciated birds in this category were not included in the self-induce
molt category. The highest incidence of twisted intestine (4 of 10)
occurred in a 57-wk-old flock. The next highest incidence (3 of 10)
occurred in a flock of 54-wk-old hens. Hens with twisted intestines
were distributed across a range from 18 to 105 wk of age.

Cannibalism, often referred to as ‘‘pick out’’ (0.9 hens per million
hens) was also easy to detect based upon external examination.
Typically, dried blood was found on the feathers around the vent.
The soft tissue of the vent would be missing and in its place would
be a hole. These birds died from external exsanguination. Caution
should be exercised when interpreting death due to cannibalism,
because cage mates may cannibalize a carcass after death. The
offending cage mate will stand on the carcass that causes prolapse of
the vent that serves as a natural attraction for pecking. The presence
of large amounts of blood on the feathers and a blood clot in the area
of cannibalism would indicate that this process occurred pre-
mortem. The highest incidence of cannibalism (6 of 12) occurred in
a flock of 55-wk-old hens that were housed in an enrichable cage
house. That flock was the first flock placed in a newly constructed
enrichable cage house. The same flock had a high incidence of
persecution earlier in its laying cycle. Although cannibalism occurred
from 19 to 97 wk of age, the majority occurred between housing and
47 wk of age.

Tracheal plug (0.9 hens per million hens) occurred in low
incidences within specific and repeat layer houses. It too was not
considered to be a condition that could spread from bird to bird.
Tracheal plugs consisted of a mass of yellow, easily crumbled
material that occluded or almost occluded the larynx. Often, the

mass had a lamellated appearance. Microscopically, the mass

consisted of an admixture of large amounts of fibrin, heterophils,

and multiple bacterial colonies.

Septicemia (0.8 hens per million hens) occurred at the next lowest

incidence. It was considered to be an individual bird rather that a

flock problem.

Fatty liver syndrome (0.7 hens per million hens) occurred

infrequently. The highest incidence was in brown egg hens where 2

out of 5 and 2 out of 4 birds were found to have fatty liver

syndrome. In spite of the fact that there were 16 times more white

egg hens than brown egg hens, the overall incidence of fatty liver

syndrome in brown egg hens was equal to that of white egg hens

(data not shown). The age distribution of those birds with fatty liver

syndrome was relatively uniform across all age groups.

Internal layer (0.6 hens per million hens) was those hens that were

dead and had large numbers of eggs within their coelomic cavity. An

occasional formed egg or partially inspissated egg was found in the

coelomic cavity of live birds that were humanely euthanized and

necropsied. There appeared to be no ill effect of having those eggs

within so affected live birds.

Layer hepatitis (0.6 hens per million hens) was those hens that

typically had enlarged livers and had a myriad of 1–2 mm red and

tan foci scattered throughout the capsular and cut surfaces. The

coelomic cavity typically contained anywhere from 20 to 200 ml of

unclotted, thin, and watery blood. In some cases, the spleen was

enlarged.

Persecution (0.5 hens per million hens) was seen almost

exclusively in chickens placed in enrichable and enriched cages.

The incidence was highest in the first stocking of the new houses but

decreased in subsequent flocks. Birds that were alive hid in the

corner of the enrichable or enriched cages with their heads hidden

underneath the feed trough. Injuries included swollen faces and

heads due to hemorrhage or edema or both, as well as degloving

injuries where the skin of the head was removed by cage mates.

Persecution still exists in flocks other than conventional cages but to

a much lesser extent than this study.

Prolapsed vent (0.5 hens per million hens) ranged from

protrusion of the interior of the vent from as little as 1 to as much

as 5 cm. In some cases, an egg was adhered to the dried mucosa.

Other less common causes of death were noted. Hyperthermia

was noted in the summer months. Trauma consisted of hens with

broken bones other than legs or wings or lacerations other than

described previously in this study. Exsanguination was often due to

bleeding from the ovary. A blood clot in most cases was found

attached to the ovary. In other cases, free unclotted blood, up to 100

ml was found in the left cranial coelomic cavity next to the ovary.

DISCUSSION

Not all of the causes of death found in this study may be found in

other egg-laying flocks. Some conditions, such as caught by spur, are

strain specific, whereas other causes may be related to disease

challenges, housing type, nutrition programs, and farm manage-

ment.

The true cause of egg yolk peritonitis is difficult to determine

based upon previous research in producing a model for non-laying

hens and Escherichia coli (E. coli) peritonitis. Sturkie (19) discovered

that when ova are removed from the ovary and placed within the

peritoneal cavity of chickens, they are absorbed within 24 hr. In
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some cases, the vitelline membrane was broken and yolk contents
leaked within the peritoneal cavity, but no inflammation was
observed. Gross and Siegel (10), in an attempt to develop a model of
E. coli peritonitis, injected 25 ml of sterile egg yolk into the
peritoneal cavity followed by injection of E. coli. Chickens not
receiving E. coli, having only been injected with yolk, had no gross
lesions. A similar phenomenon occurred when this experiment was
repeated with an avian pathogenic E. coli and only 3 ml of egg yolk
was injected into the peritoneal cavity (3). Birds receiving egg yolk
only had no gross lesions. There have been cases (pers. obs.) where
flocks experienced high incidences of egg yolk peritonitis when the
flock was agitated by such things as a stray cat in a poultry house or
stray voltage. This agitation caused flocks to be more nervous and
created more activity and frantic movement. In this study, the
highest incidence of egg yolk peritonitis (8 of 10) was in a young
flock that had been housed recently in an enriched cage system. At
that time, there was increased activity within that flock compared to
others. Egg yolk peritonitis may be dose dependant and previous
researchers may have not attained the proper dose of egg yolk to
reproduce the peritonitis.

Hypocalcemia has been described in laying hens previously (15).
As in this and other studies (18), it is a hen that is in production that
is found dead with an egg with a partially or fully formed shell in the
shell gland. There are no other gross lesions that would explain the
death. A similar condition exists in broiler breeder hens, except that
hypocalcemia may be detected in live, affected hens when they
exhibit muscle weakness with immobility (18). In this study,
particular attention was paid to the amount of large particle size
limestone in the ventriculus and the degree of beading of the ribs
and abnormality of the keel bones of animals that died from
hypocalcemia. There appeared to be no correlation with either the
amount of large particle size limestone or rib or keel bone
abnormality.

Gout occurs in laying hens for many reasons (4,11). Most cases
that affect flocks in egg production are obvious and are detected by
greater than normal mortality rate that typically persists throughout
the life of the flock. Flocks dying from gout typically suffer from
management errors such as delivery of a layer mash to a pullet
facility or errors of water availability (14).

Self-induced molt was chosen as a classification for this study
based upon the observation during a previous study (Fulton,
unpubl. data) where Specific Pathogen Free Avian Supplies
(SPAFAS) leghorns were moved from one state to another and
placed in a biosecure environment for use in a salmonella research
project. Some of the hens refused to eat or drink, in spite of being
housed in an individual cage and having free access to feed and water
at all times. They failed to eat or drink and died in spite of having no
competition for feed and water. Molting is considered to be a way of
regenerating the reproductive system of birds and self-induced
molting occurs in a variety of birds as a way of losing body weight
and rejuvenating reproductive ability (17). This is also normal
activity for egg-laying chickens. Death in these cases most likely
occurs as a result of hypoglycemia and dehydration.

Volvulus has been reported previously in chickens and is often
found at necropsy. Intussusception is also reported to occur
frequently as sequelae to other intestinal maladies such as
coccidiosis, necrotic enteritis or intestinal parasitism or both (12).
In this study, the intestine was not opened, because it was ballooned
and filled with fetid liquid ingesta. The flocks in this study did not
have intestinal parasitism and based on observation of the serosal

surfaces, the volvulus or intussusception was not related to
coccidiosis. Many birds that had volvulus were emaciated and had
an extremely atrophied reproductive tract that suggested that this
condition had taken some time to develop.

Birds that become caught by their spur are thought to have this
occur when they sit down and their spur and leg are pushed through
the wire floor of the cage. This may happen when a cage mate steps
on the bird that is resting and thus puts added pressure on the spur
and leg, forcing it to be wedged in the cage floor. Their spur
prevents them from pulling their leg back out of the opening in the
wire floor. The affected bird is therefore unable to eat or drink and
thus often dies from dehydration. In some birds that are caught by
the spur, the laceration will allow the entrance of bacteria into the
blood stream. The bacteria, often staphylococcus or streptococcus,
will adhere to the valve leaflets of the left atrioventricular valve. A
vegetative valvular endocarditis develops as a result that may lead to
embolic disease where the liver, spleen or kidney receive material
broken off of the valvular mass. Vegetative endocarditis in chickens
has been previously described (13). In that study, the authors noted
that the brain was also affected in naturally occurring cases as well as
experimentally reproduced vegetative endocarditis. Birds caught by
the spur in this study were not dissected further and they were not
recorded as having embolism or septicemia.

Based upon clinical observation, tracheal plugs in laying hens
often develop in response to large amounts of bacteria and dust in
the local environment. More than once, the author has been asked to
investigate the cause of death in a flock where the mortality had
occurred near a fan housing or vent. The house manager was
questioned and it was revealed that the death loss occurred within
days after using a leaf blower to remove dust from the fan or vent.
To rule out the possibility of infectious laryngotracheitis, further
investigation via histopathology revealed that the plug consisted of
fibrin, bacterial colonies, and heterophils. Birds affected with this
condition die from occlusion of the larynx. In contrast to infectious
laryngotracheitis, tracheal plug appears to be an individual bird vs. a
flock problem, because the mortality within affected flocks remains
the same or decreases. The death loss rises exponentially with
infectious laryngotracheitis.

Persecution was seen exclusively in chickens placed in enrichable
and enriched cages. The incidence was highest in the first stocking of
the new houses, but decreased in subsequent re-stockings. This
condition was reported in other flocks placed in newly constructed
enrichable and enriched cage houses (E. Gingerich, pers. comm.).
The phenomenon, however, disappeared in subsequent flocks. The
reason for this decrease of persecution in later flocks is difficult to
explain. A potential, although not highly likely, reason would be that
the breeder companies responded rapidly to develop a laying hen
that tolerated larger colony sizes.

The cause of septicemia in this report was not determined but was
most likely E. coli or Staphylococcus aureus (7,9). As described
previously (7), serosal blood vessels are congested and there is often
petechial hemorrhages on the heart. In this study, however, the
spleen was often enlarged and mottled.

Fatty liver syndrome sometimes referred to as fatty liver
hemorrhagic syndrome is characterized by hemorrhage from the
liver with or without a clot. Although the exact mechanism of fatty
liver syndrome is not fully understood, it occurs most commonly in
obese chickens. The condition can be reproduced experimentally in
male as well as female chickens with estradiol (20). Almost all of the
cases in this report were in birds that were overtly obese.
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The condition of being an internal layer in chickens has been

previously described (5). Although the presentation of soft- or hard-

shelled eggs within the coelomic cavity suggests that there has been

retrograde movement of those eggs from more distal segments of the

reproductive tract to the coelomic cavity, no specific reason has been

determined for why this occurs.

Layer hepatitis, also referred to as hepatitis splenomegaly

syndrome, has been an enigma over the years as to its exact

etiology. More recently, a hepatitis E virus has been shown to

reproduce some of the disease aspects (1,6). Features of hepatitis E-

induced hepatitis are multifocal necrosis and deposition of amyloid

within the liver. In field cases of layer hepatitis, the hepatic necrosis

is massive to submassive and there is a lack of amyloid deposition.

Also, in contrast to hepatitis E-induced hepatitis, the affected hens’

reproductive tracts were active.

Prolapsed vent was described recently (16) in non-cage-laying

hens. Although the exact cause of vent prolapse is not known,

enteritis, obesity, large egg size, and marginal blood calcium have all

been considered (Fulton, pers. obs.; E. Gingerich, pers. comm).

Care should be exercised when making this determination, because

cage mates will often stand on top of a recently dead hen. The

pressure of a cage mage standing on the carcass often forces the vent

to prolapse. This condition does not constitute a true prolapse.

Hence, the presence of feces and urates adhered to feathers about the

vent as well as drying or darkening of the prolapse on affected birds

with this condition will help the examiner to determine that the

event was premortem rather than postmortem.

In summary, it appears that at least 8 of the top 15 causes of

mortality in laying hens, namely egg yolk peritonitis, hypocalcemia,

gout, self-induced molt, salpingitis, fatty liver syndrome, internal

layer, and layer hepatitis, are related to egg production. Two of the

top causes, namely caught by spur and tracheal plug, are related to

layer house environment. Death due to cannibalism and persecution

may be part of normal chicken behavior, but is more related to and

exaggerated in egg-laying leghorn chickens in contrast to meat-type

chickens.

Determining the cause of death of laying hens by routine necropsy

of daily mortality will help the producer and examiner establish what

is normal for that flock. Performing necropsies on a regular basis

helps to detect deaths due to unforeseen circumstances and diseases

and will thus provide for timely intervention to allow for the

continued welfare of laying hens.
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