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SUMMARY. The egg industry is moving away from the use of conventional cages to enriched cage and noncage laying hen
housing systems because of animal welfare concerns. In this study, the prevalence and severity of lesions in noncage laying hens from
commercial farms in two of the largest egg-producing states, California and Iowa, were evaluated by postmortem examination. Hens
that died or were culled were collected during early, mid, and late stages of the laying cycle from 16 houses on three farms. Of the 25
gross lesions identified for study, 22 were observed, with an average of four lesions per hen. Vent cannibalism, reduced feather cover,
keel bone deformation, and beak abnormalities were the most frequent lesions, observed in >40% of hens. Other common lesions
were cloacal prolapse (30.5%), footpad dermatitis (24.3%), and septicemia (23.1%). Beak abnormality and enteric disease had the
highest proportion of severe lesions. Pearson chi-square analysis revealed a number of stage-of-lay effects (P # 0.05), some of
which differed by state. For both states combined, the lesions observed more frequently during early lay were beak abnormalities,
northern fowl mite infestation, and cage layer fatigue, whereas during mid lay, they were poor feather cover, vent cannibalism,
footpad dermatitis, keel bone deformation, respiratory disease and roundworms. Feather pecking and cloacal prolapse were most
common during late lay. Although differences in hen genetics, farm management practices, and environmental factors could all
have affected the results of this study, the information provides a better understanding of hen health in noncage housing systems
and could help to identify potential interventions to reduce hen welfare problems.

RESUMEN. Incidencia, severidad e implicaciones en el bienestar de las lesiones observadas post-mortem en gallinas de postura de
granjas comerciales sin uso de jaulas en California y Iowa.
La industria del huevo se está alejando de la utilización de jaulas convencionales y está empezando a utilizar jaulas enriquecidas o

sistemas de alojamiento sin jaulas debido a las implicaciones en el bienestar animal. En este estudio, se evaluó de manera postmortem
la prevalencia y la severidad de las lesiones en gallinas de postura de granjas comerciales que no usan jaulas, en dos de los estados con
mayor producción de huevo, California y Iowa. Las gallinas que murieron o que fueron sacrificadas se recolectaron durante la primera,
intermedia y última etapas del ciclo de postura de 16 casetas en tres granjas. De las 25 lesiones macroscópicas identificadas para el
estudio, 22 fueron observadas con un promedio de cuatro lesiones por gallina. Lesiones por canibalismo en la cloaca, reducción en
la cubierta de plumas, deformación del hueso de la quilla y anormalidades en el pico fueron las lesiones más frecuentes, observadas
en >40% de las gallinas. Otras lesiones comunes fueron el prolapso cloacal (30.5%), dermatitis plantar (24.3%), y septicemia
(23.1%). Las anormalidades en el pico y la enfermedad entérica tuvieron la mayor proporción como lesiones graves. El análisis de
Chi-cuadrada y de Pearson revelaron varios efectos dependiendo de la etapa de postura (P # 0.05), algunos de los cuales diferían
según el estado. Para ambos estados combinados, las lesiones observadas con mayor frecuencia durante la primera etapa de postura
fueron anomalías en el pico, infestación por ácaros Ornithonyssus sylviarum, y fatiga de jaula, mientras que durante la etapa
intermedia de postura, se observaron cubiertas de plumas malas, lesiones por canibalismo en la cloaca, dermatitis plantar,
deformación del hueso de la quilla, enfermedades respiratorias e infestación por nematodos. Evidencia de picoteo de las plumas y
el prolapso cloacal fueron las lesiones más comunes durante la etapa final de la postura. Aunque las diferencias en la genética de
gallina, las prácticas de manejo y los factores ambientales pudieron haber afectado a los resultados de este estudio, esta
información proporciona una mejor comprensión de la salud de gallina en los sistemas de alojamiento sin jaulas y podría ayudar a
identificar las posibles intervenciones para reducir los problemas de bienestar de las gallinas.
Key words: beak abnormality, cage free, cannibalism, cloacal prolapse, feather cover, keel bone damage, laying hen, lesion, mor-

tality, welfare

In the United States and many other developed countries, egg pro-
ducers are transitioning from conventional cage housing systems for
hens to alternative systems, including noncage (cage-free) systems
that provide hens with more space and opportunities to perform nat-
ural behaviors (12). Although this change is driven by public concerns
about hen welfare, European studies suggest that hens housed in
noncage systems may have higher mortality and a greater prevalence

of bacterial and parasitic diseases and that they are at higher risk for
cannibalism than hens housed in cage systems. However, there has
only been limited research evaluating causes of mortality in noncage
hens, and none in the United States.

The only published commercial-scale study was conducted in Swe-
den (6) and involved necropsies of 914 hens from different housing
systems, including both cage and noncage systems. The most com-
mon causes of mortality across systems were bacterial diseases (e.g.,
colibacillosis, erisipelas); leucosis; parasites (e.g., the chicken mite,FCorresponding author. E-mail: jamench@ucdavis.edu
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Dermanissus gallina; coccidiosis); and trauma, usually caused by can-
nibalism. Bacterial diseases were present in more than 70% of the
noncage flocks. This study concluded that hens housed in noncage
systems were at a significantly higher risk of infectious disease and
cannibalistic behavior than hens from cage systems. Bacterial diseases,
viral diseases, parasitic diseases, and cannibalism were observed in 129
flocks from noncage systems, whereas the expected number of flocks
with these conditions would have been 14 if the risk was the same as
in cage systems.

There are other lesions that have been reported to be particularly
prevalent in noncage systems that can have negative effects on the wel-
fare of the hens, even if they are not a direct cause of mortality (5,9).
These lesions include severe footpad lesions (pododermatitis) and
keel bone damage. Footpad lesions can occur due to contact of the
feet with wet litter or with rough surfaces. If the lesions become ulcer-
ated, they can affect standing and walking ability. They can also
become infected with Staphylococcus aureus, causing the painful foot-
pad inflammation bumblefoot and potentially resulting in osteomyeli-
tis, synovitis, andmortality (11). Keel bone damage represents a serious
welfare problem in noncage flocks, with recent studies showing a large
proportion of hens in those flocks affected by the end of the laying cycle
(8,20). Although the etiology of keel deviations and fractures is not
well understood (17), keel fractures are known to be painful (14).

Stage of lay could be an important consideration in evaluating
lesion prevalence and severity, and hence the relationships between
those lesions and hen welfare. However, only a few studies have sys-
tematically examined changes in welfare measures as a function of
age in noncage laying hens. Petrik et al. (15) and Richards et al.
(16) assessed keel fracture prevalence on commercial farms by palpat-
ing the keels of live hens and found that fracture prevalence increased
steadily throughout the lay cycle; the fractures were more severe with
age (16). Sherwin et al. (19) evaluated age-related trends in data pro-
vided by egg producers about various welfare indicators. They found
that mortality rate, the proportion of eggs with calcified spots (a
potential indicator of stress), the proportion of eggs with blood stains
(a potential indicator of vent prolapse or tearing), and the prevalence
and severity of infestation with chicken mites all increased with
age. Differences in the frequency and severity of infectious diseases,
parasite infestation, physical condition abnormalities (e.g., foot prob‐
lems), and cannibalism by stage of lay have not previously been eval-
uated by postmortem examination.

Research on health considerations in noncage systems has mostly
been performed in Europe rather than in the United States. Welfare
outcomes are dependent on factors such as hen genetics, individual
farm housing configurations, and management (9). The objective of
this study was to describe the gross lesions observed postmortem in

hens kept in noncage systems on commercial farms in two of the major
egg-producing states, Iowa and California. The necropsies focused on
physical changes associated with the welfare of the hens before death
that are known to be influenced by the housing system. To better
understand how and when hen health is compromised and the poten-
tial consequences for hen welfare, both the prevalence and severity of
the lesions during different stages of the laying cycle were evaluated.
This study, in conjunction with a parallel study evaluating the physical
condition of live hens on these same farms, was expected to identify
areas where genetic selection, or improved engineering design or man-
agement practices, is needed to enhance hen welfare.

MATERIALS AND METHODS

Farms, housing, and flock management. Three noncage laying hen
farms, two in California (with 10 houses in total monitored) and one
in Iowa (with five houses monitored), participated in this study. Housing
characteristics are shown in Table 1. All of the farms participated in either
the Certified HumaneH program or the American Humane Certified2
(Humane Heartland) program, and they were therefore managed in
accordance with those programs’ laying hen standards (http://certifiedhu-
mane.org/; http://humaneheartland.org/our-standards). In addition, the
eight houses sampled on one of the California farms were all Certified
Organic, and the hens were thus managed per the requirements of the
organic standards, including provision of outdoor access (3). The flocks
were comprised of Hy-Line CV22 (Iowa) or Lohmann Brown (Califor-
nia) hens. All hens had been beak trimmed using infrared beak treatment
at the different hatcheries that supplied the chicks to the farms.
Postmortem examination and lesion scoring. The farms were visited

between March 2012 and October 2013 to record observations of live
hens (unpubl. data). Hens that died or were culled were collected by
farm personnel for postmortem examination for up to 2 days before
and on the day of each of these visits. Extensively decomposed carcasses
(foul-smelling, severely putrefied carcasses with devitalized or missing
organs or scavenged postmortem by other birds or animals) were not
examined. Farm identification, house number, date of the visit, and the
stage of lay were recorded for each carcass. Stage of lay was categorized
according to the age of the hens in the house: early lay (16–34 wk of
age), mid lay (45–55 wk of age), and late lay (60–80 wk of age). Imme-
diately upon completion of these farm visits, carcasses were transported to
a designated laboratory and refrigerated until the postmortem examina-
tions were performed. A board-certified poultry diagnostician and a
board-certified veterinary pathologist working on the project, one from
each state, developed the scoring system (Table 2) in consultation with
one another to facilitate consistency, and they also performed all postmor-
tem examinations. When present, lesions were scored as either 1, indicat-
ing mildly to moderately abnormal, or 2, indicating severely abnormal.
Statistical analysis of lesion scores. The number of hens with each

lesion, the number of lesions per hen, and the median number of lesions

Table 1. Characteristics of the two California farms and the one Iowa farm from which hens were sampled.

California farm 1 California farm 2 Iowa farm

Total floor space (m2) 4427.4 322.8–411.3 47.3–94.5A
No. houses sampled 2 8 5
Housing type Single level with raised slatted area Single level with raised slatted area Aviary (multilevel)
Hen strain Lohmann Brown Lohmann Brown Hy-Line CV22
Total hen capacity 38,000 2700–6700 50,000B

Space/hen (cm2) 1165.1 613.9–1195.6 1130C

Ventilation type Tunnel Open sided, natural Cross
Manure handling Belt and litter Belt and litter Belt and litter
Feeder space (cm/hen) 5.2 3.6–7.1 10.0
Water nipples/hen 5.9 8.9–14.4 8.6

AEach house measured 3210 m2, but it was subdivided into 40 pens of different sizes.
BThe number of hens per pen ranged from 833 to 1667.
CTiers (620 cm2/hen) and litter area (510 cm2/hen) combined; hens had access to the litter for approximately 11 hr/day.
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per hen were calculated using Excel version 14.3.8 (Microsoft, Redmond,
WA). The severity of the lesions was evaluated by calculating the frequency
of scores 1 and 2 for each lesion for all hens necropsied. These data are pre-
sented descriptively (Fig. 1). Using SPSS software version 22.0.0 (IBM,
Armonk, NY), the number of hens with each lesion during each stage of
lay was analyzed for all hens sampled and for each state individually. Pear-
son chi-square values were calculated to compare the percentage of hens
with each lesion by stage of lay, with significance set at P# 0.05.

RESULTS

Frequency and severity of lesions. In total, 308 postmortem exam-
inations were performed for this study: 192 in California and 116 in
Iowa. The median number of lesions found in all hens examined was
4, and the range per hen was 0 to 10 in California and 1 to 8 in Iowa.

The frequency of each lesion is displayed in Tables 3–5, for all
hens and by state. Vent cannibalism, keel bone deformation, and

beak abnormality were each observed in approximately 40%–49%
of all hens. A large proportion of hens had reduced feather cover
(39.9%), cloacal prolapse (30.5%), or both. Photographs of charac-
teristic vent cannibalism, keel bone deformation, reduced feather
cover, and cloacal prolapse are provided in Fig. 2. No broken wings
or legs were observed and there was no evidence of osteoporosis.

The frequencies of lesion scores 1 and 2, by lesion, are displayed in
Fig. 1. Of the 22 lesions recorded, 6 were more frequently scored as 2
(severe) rather than 1 (mild to moderate): beak abnormality, enteric
disease, cannibalism, eye abnormalities, septicemia, and feather cover.
Of these conditions, beak abnormality and enteric disease had the
highest proportion of severe lesions (beak abnormality: 96 [77.4%]
of 124 lesions; enteric disease: 25 [71.4%] of 35 lesions). Feather cover
was approximately equal in frequency of lesion scores of 1 and 2.
Analysis of lesions by stage of lay. The counts and percentages of

hens with each lesion by stage of lay and the significance of the Pear-
son chi-square values are presented in Tables 3–5.

The frequency of 12 lesions differed significantly by stage of lay
when the data from both states were analyzed together (Table 3).
Six of these lesions (feather cover, vent cannibalism, foot pad derma-
titis, keel bone deformation, respiratory disease, and roundworms)
were most frequently observed in hens sampled during the mid-lay
period. Eye abnormalities, beak abnormalities, Ornithonyssus syl-
viarum (northern fowl mite) infestation, and cage layer fatigue were
most frequently observed during early lay, whereas the observations
that were most frequent during late lay were feather pecking and cloa-
cal prolapse.

Seven lesions differed significantly due to stage of lay for the Iowa
hens (Table 4): cannibalism, comb abnormalities, footpad dermatitis,
toe damage, keel bone deformation, septicemia, and enteric disease.
Eight lesions differed significantly due to stage of lay for the Califor-
nia hens (Table 5): feather cover, cannibalism, prolapse, eye abnor‐
malities, footpad dermatitis, cage layer fatigue, septicemia, and
roundworms. In both analyses by state, the percentage of hens with
septicemia differed significantly by stage of lay. In California, septice-
mia was observed most frequently during late lay, whereas in Iowa it
was observed most frequently during early lay.

Vent cannibalism and footpad dermatitis were the only lesions
found to differ significantly by stage of lay not only in both states
but also when the two states were combined. Footpad dermatitis
was seen most frequently during mid lay in all analyses. Vent canni-
balism was observed more frequently in hens during mid lay in Cali-
fornia and late lay in Iowa.

DISCUSSION

This is the first systematic study of health problems affecting com-
mercial noncage flocks in the United States, as well as one of the few
studies that has evaluated differences in frequencies of diseases, health
conditions, and physical abnormalities associated with the welfare of
hens by stage of lay. The results provide a better understanding of
how and when hen health is compromised in noncage systems.

Vent cannibalism was the most common postmortem finding, seen
in more than 40% of hens. The risk of cannibalism in laying hen
flocks is highly variable, although severe outbreaks are more common
in larger flocks, such as noncage flocks (10). In the current study, can-
nibalism lesions were more often found to be severe and were
observed during all stages of lay, although they were most frequently
observed in mid-lay hens. Cloacal prolapse, which can attract other
hens and result in the prolapsed hen being cannibalized, was observed
in more than 30% of hens; however, its prevalence may have been
underestimated since much of the urogenital tract was missing in

Table 2. Lesions investigated during postmortem examinations.

Lesion Description

Feather cover Lack of feathers on the back, keel, or both; severe
lesions recorded when feather loss expanding from
back or keel to the neck

Feather pecking Remnants of feather shafts in areas of feather loss
Skin lesions Excluding pecking or scratches
Beak
abnormalities

Difference of length of upper and lower beaks of
approximately 0.5 cm or less with no abnormalities
was recorded as mild to moderate; difference of
more than 0.5 cm, and/or beaks abnormally shaped
(curled/twisted, not properly aligned) was recorded
as severe

Comb Degree of paleness and presence of pecking injuries
Eye
abnormalities

Irritation, corneal ulceration, or both

Enlarged crop Distended with fluid or decomposing feed
Broken wings Fractures of the bones of the wing, including old or

healed lesions
Keel bone
deformities

Deviated, bent, or crooked keel

Broken legs Fractures of the bones of the leg, including old or
healed lesions

Toe damage Fractures, wounds, missing parts, swelling, long claws
Foot pad
dermatitis

Pododermatitis (swelling, ulcers, exudate)

Bumblefoot Presences of calluses, inflammation, ulceration,
necrosis, or a combination

Osteoporosis Tibiotarsus bone-breaking strength (manual)
Vent
cannibalism

Vent red, swollen, exudative, with ulcers

Cloacal prolapse Cloaca everted/prolapsed and/or intestine protruding
through

Northern fowl
mites

Presence of mites around vents and beneath wings

Lice Presence of lice around vents and beneath wings
Septicemic
disease

Hepatomegaly, splenomegaly, peritonitis/coelomitis,
salpingitis

Enteric disease Gut distention, fibrinonecrotic membranes, vent
fecal pasting

Roundworms
(ascarids)

Presence of roundworms in the intestines

Tapeworms Presence of tapeworms in the intestines
Respiratory
disease

Sinusitis, tracheitis, airsacculitis, or pneumonia

Cage layer
fatigue

Junction of the sterna and vertebral vertebrae
(beading of ribs)

Neoplasia Tumors present anywhere in the body

10 A. S. Kajlich et al.



some severely cannibalized hens, making it difficult to determine
whether there had been a cloacal prolapse. Cloacal prolapse affected
a higher percentage of California than Iowa hens and its incidence dif-
fered significantly by stage of lay, being seen predominantly during
late lay. Although outbreaks of cannibalism are unpredictable and
its etiology is complex (4), it is an important welfare consideration
for noncage laying hens. Being cannibalized is painful due to the
extensive tissue damage, and an outbreak of cannibalism can cause
high flock mortality (10).

The most common method used by producers to minimize injury
due to cannibalism is beak trimming. The effect of trimming in caus-
ing acute and possibly chronic pain and its impact on the hen’s ability
to use her beak effectively to grasp and consume food are welfare con-
cerns (7). Beak abnormalities, involving improper alignment of the
upper and lower beaks or overly short trims, were seen in more
than 40% of hens examined. All hens in this study had been trimmed
using infrared treatment at the hatchery. This method is often sug-
gested to be an improvement over hot-blade trimming (7), with
some studies showing that it results in less beak abnormality and a
more uniform trim (2). The incidence and severity of the beak lesions
seen in the current study in the Iowa flocks, which were all trimmed
at the same hatchery, are therefore concerning. In addition, Blatch-
ford et al. (1) reported that up to 60% of hens sampled in three dif-
ferent housing systems located on one commercial farm had severely
abnormal beaks, again with all of the hens at that farm having also
been infrared trimmed at the same hatchery. Together, these finding
suggest that improved management of beak treatment at the hatch-
eries is needed to reduce this problem.

Beak treatment was ineffective in preventing cannibalism, regard-
less of whether trimming resulted in severely abnormal beaks or
not. In the California flocks, only 5% of hens had beak abnormalities,
but 48% of mortalities had been vent cannibalized. In the Iowa
flocks, even though all hens necropsied had abnormally short or mal-
formed beaks, more than 50% of the hens examined had still been

vent cannibalized. To improve beak condition, hens should be evalu-
ated during the early-to-mid lay periods to inform and adjust manage-
ment practices earlier in the hen’s life cycle, such as by conveying the
success or failure of particular trimming methods to the hatchery or
trimming crew. Paying attention to beak length and alignment will
prevent undue pain and distress, but more research is required to fully
understand the causes of beak abnormalities after infrared condition-
ing and to determine the extent of beak removal needed to signifi-
cantly reduce injuries due to cannibalism.

Keel bone deformations and poor feather cover were also observed
in more than 40% of hens. Keel bone damage, which involves both
fractures and deformations, is considered to be one of the most ser-
ious welfare problems in commercial noncage production because of
its high incidence (8,20). Fractures are painful and reduce hen
mobility (13,14,16), although the welfare consequences of keel deform‐
ations, such as those seen in the present study, are less clear. Keel
fractures probably result from high-impact events such as collisions
during flight (17), whereas deformations are caused by long-term
pressure on the keel, mainly from perching (18). However, fracture
calluses are evident in moderately and severely deformed keels when
they are examined histologically (18), suggesting that there may be
common factors underlying both keel conditions. However, none of
the hens in this study were found to have keel fractures. The keels
were examined dorsally and ventrally, and there were no grossly visi-
ble breaks or exostosis, although the superficial and deep pectoral
muscles were not dissected out to check for breaks or fractures in
the sternum.

Poor feather cover may lead to cold stress (4) and ultimately affect
hen welfare by causing distress and discomfort. Decreased feather
cover was reported as severe more frequently than as mild to moder-
ate. Severely reduced feather cover occurred in approximately 40% of
the hens sampled in this study, and 122 California hens were
observed with some degree of decreased feather cover versus only 1
hen in Iowa. Feather cover was worst during mid and late lay, which

Fig. 1. The number of hens with mild and severe lesions for each lesion type. California and Iowa hens are combined (n 5 308 hens). Bars are
arranged from the most common lesions found on the left to least common on the right (see Table 3).
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is not surprising because feather cover typically deteriorates with age
(4). Factors such as hen genetics and season can impact plumage
cover, as can feather pecking (10). However, few hens in the present
study were observed to have been feather pecked.

About 24% of hens had footpad dermatitis, although only two
hens were observed to have bumblefoot lesions. In addition, most

of the footpad lesions were scored as mild to moderate rather than
severe. This pattern is similar to that reported in a recent study of avi-
ary-housed hens on a commercial farm in the midwestern United
States, where severe foot lesions were uncommon (1). This overall
low incidence of severe foot problems indicates that the litter was gen-
erally well maintained on all of farms in the study and that wire and

Fig. 2. Photographs of four of the most common lesions, illustrating the lesion severity scoring: (a) severe vent cannibalism, score 5 2; (b) severe
keel bone deformation, score 5 2; (c) mild-to-moderate loss of feather cover, score 5 1; and (d) severe cloacal prolapse, score 5 2.

12 A. S. Kajlich et al.



slatted floors in the raised decks or tiers were appropriately designed
and properly maintained.

Endo- and ectoparasites and respiratory disease were relatively
uncommon, observed in about 13% and 11% of hens sampled, respec-
tively, and they were seen predominantly in California hens. Lice,
roundworms, and tapeworms were only observed in hens sampled in
California, but only one of the five hens observed to have a northern
fowl mite infestation was in California. Of the 34 hens in which respira-
tory disease was identified, 33 were from the California flocks. Stocking
densities, inadequate biosecurity, or both reportedly increase transmis-
sion and infection rates for parasites, viruses, and bacteria (10), whereas
ventilation, airborne dust, ammonia levels, and heat stress can be detri-
mental to hen respiratory health (4). However, none of these factors

could be systematically evaluated in the current study because of the lim-
ited number of farms involved and the lack of laboratory investigation to
assess the presence of infectious diseases. The organic management of
the hens on one of theCalifornia farms could also have impacted the pre-
sence of diseases and parasites, since the federal organic regulations (7
CFR 205) do not allow organic livestock producers to administer any
animal drug (other than vaccinations) in the absence of illness or any
parasiticides on a routine basis. However, although the sample size of
organic hens was too small (33 of 308 hens) to draw any firm conclu-
sions, the prevalence of the various welfare problems seemed to be very
similar to that of the nonorganic flocks in the study.

Environmental factors and disease pressure could also have
impacted the presence of septicemia and enteric disease, affecting

Table 3. Comparison of lesion frequency observed during postmortem examination by stage of lay for California and Iowa hens combined
(n 5 308), in order of incidence. The percentage of hens (with the number of hens in parentheses) with each lesion during each stage of lay is shown.

Lesion No. of hens with lesion
Stage of lay

Early (n 5 90) Mid (n 5 114) Late (n 5 104) P valueA

Vent cannibalism 152 30.0 (27) 64.0 (73) 50.0 (52) 0.000
Keel bone deformation 150 34.4 (31) 61.4 (70) 47.1 (49) 0.001
Beak length 124 77.8 (70) 19.3 (22) 30.8 (32) 0.000
Feather cover 123 11.1 (10) 69.3 (79) 32.7 (34) 0.000
Cloacal prolapse 94 21.0 (17) 37.5 (39) 48.1 (38) 0.001
Foot pad dermatitis 75 17.8 (16) 33.3 (38) 20.2 (21) 0.018
Septicemia 71 28.1 (25) 15.8 (18) 26.9 (28) 0.063
Comb paleness 67 20.0 (18) 16.7 (19) 28.8 (30) 0.083
Toe damage 65 16.7 (15) 18.4 (21) 27.9 (29) 0.109
Enteric disease 35 15.7 (14) 11.5 (13) 7.7 (8) 0.217
Respiratory disease 34 3.3 (3) 15.8 (18) 12.5 (13) 0.016
Roundworms 33 1.1 (1) 20.4 (23) 8.7 (9) 0.000
Cage layer fatigue 28 15.6 (14) 3.5 (4) 9.6 (10) 0.012
Enlarged crop 24 5.6 (5) 7.9 (9) 9.6 (10) 0.574
Feather pecking 23 0 (0) 9.6 (11) 11.5 (12) 0.005
Neoplasm 7 3.3 (3) 1.8 (2) 1.9 (2) 0.722
Northern fowl mites 5 4.4 (4) 0 (0) 1.0 (1) 0.036
Eye abnormalities 5 4.4 (4) .9 (1) 0 (0) 0.037
Skin lesions 4 0 (0) 0.9 (1) 2.9 (3) 0.184
Bumblefoot 2 0 (0) 0.9 (1) 1.0 (1) 0.658
Tapeworms 1 0 (0) 0.9 (1) 0 (0) 0.425
Lice 1 0 (0) 0.9 (1) 0 (0) 0.426

ASignificant P values (#0.05, Pearson chi-square) are bold.

Table 4. Comparison of lesion frequency observed during postmortem examination by stage of lay, in order of incidence, for Iowa hens (n 5
116). The percentage of hens (with the number of hens in parentheses) with each lesion during each stage of lay is shown.

Lesion No. of hens with lesion
Stage of lay

Early (n 5 69) Mid (n 5 17) Late (n 5 30) P valueA

Beak length 116 100 (69) 100 (17) 100 (30) NAB

Vent cannibalism 59 29.0 (20) 82.4 (14) 83.3 (25) 0.000
Toe damage 58 21.7 (15) 100 (17) 86.7 (26) 0.000
Comb paleness 46 20.3 (14) 52.9 (9) 76.7 (23) 0.000
Keel bone deformation 45 29.0 (20) 64.7 (11) 46.7 (14) 0.015
Foot pad dermatitis 41 23.3 (16) 70.6 (12) 43.3 (13) 0.001
Cage layer fatigue 24 20.3 (14) 23.5 (4) 20.0 (6) 0.952
Septicemia 21 27.9 (19) 0 (0) 6.7 (2) 0.005
Enteric disease 13 17.6 (12) 5.9 (1) 0 (0) 0.029
Cloacal prolapse 5 5.0 (3) 28.6 (2) 0 (0) 0.055
Northern fowl mites 4 5.8 (4) 0 (0) 0 (0) 0.244
Neoplasm 3 2.9 (2) 0 (0) 3.3 (1) 0.762
Eye abnormalities 3 2.9 (2) 5.9 (1) 0 (0) 0.459
Feather cover 1 1.4 (1) 0 (0) 0 (0) 0.709
Bumblefoot 1 0 (0) 5.9 (1) 0 (0) 0.053
Respiratory disease 1 1.4 (1) 0 (0) 0 (0) 0.709

ASignificant P values (#0.05, Pearson chi-square) are bold.
BPearson chi-square not calculated as 100% of hens examined had beak length abnormalities present postmortem.
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approximately 23% and 11% of hens, respectively. Septicemia was
seen in a higher percentage of California hens (approximately 26%,
compared to 18% in Iowa). Although the frequency of septicemia dif-
fered significantly by stage of lay for both states, the predominant
stage of lay during which septicemia was observed was early lay in
Iowa and late lay in California. Lesions were more often severe than
mild to moderate. Enteric disease lesions were also more often charac-
terized as severe than as mild to moderate, but they were seen in simi-
lar percentages of hens in both states. The etiologies of these lesions
were not identified in this study, and the impact on hen welfare of
infectious disease varies depending upon the causes (4). Potential
parasitic, bacterial, and viral causes of mortality have been previously
investigated in European flocks (6,19), but further research on the
infectious diseases seen in noncage laying hens in the United States
is necessary, focusing on the specific causes of these diseases and the
impact of management practices, such as organic management, on
mortality rates.

The current study identified the lesions that aremost likely to occur in
this sample population of noncage laying hens and demonstrated that
stage of lay can significantly affect the presence of lesions. The effect of
stage of lay on prevalence has important implications for the interpreta-
tion of data collected during animal welfare audits on commercial farms.
Establishing pass/fail criteria for these audits requires that the incidences
and severities of welfare problems that have been benchmarked across
farms be interpreted. The data from the current study suggest that
such interpretationmay only be valid if the stage of the flock cycle during
which the benchmarking or audit visits occur is taken into account.

Because this research was conducted on a limited number of com-
mercial farms, it was not possible to control for or analyze the effects
of differences in housing configurations or management practices
between farms (i.e., vaccination programs, hen nutrition), environ-
mental factors (i.e., climate, time of year), or hen genetics. In addition
to systematically evaluating risk factors for hen health problems, more
information is required about the prevalence of infectious and parasi-
tic diseases in organically managed hens in the United States, as well

as the factors contributing to infrared beak trimming problems and its
effectiveness in preventing cannibalism in noncage flocks. The data
from the current study can be used to inform appropriate sample
size calculations for these kinds of future investigations. In addition,
the egg industry and consumers can use these results to understand
and improve welfare as the United States moves away from the use
of conventional cages for laying hens.
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