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Abstract

Fifty live and freshly dead chickens 2 weeks—10 months age with lamenetic legs, were col-
lected randomly from different broiler chickens farms of El-Sharkia Province since June,
2013 for a year. Full historical data were accompanied with each case, specimens from af-
fected foot, hock and stifle joints parts, livers, kidneys, hearts, intestine were collected for
pathological and bacteriological examination, blood samples also collected for estimation of
calcium (Ca) magnesium (Mg), and inorganic phosphate (P) level in serum. Examination of
the ration for detection of mycotoxins was also done. Bacteriological examination revealed
37(74%) positive case for Staph aureus which high sensitive to Augmentin, gentamycin and
ciprofloxacillin and all coagulase positive Staph. aureus recovered isolates were resistant to
clindamycin, while other cases free from pathogen revealed 2(4%) positive cases for nutri-
tional deficiency of previously mentioned minerals, 5(10%) cases were positive as postvac-
cinal reaction, while 4(8%) cases subjected to trauma due to overcrowding and finally 2
(4%) positive case for ochratoxin affections were recorded .pathological findings of Staph
aureus cases revealed swollen of joints, congestion and leucocytic infiltration of some inter-
nal organs especially livers and hearts while positive cases for nutritional deficiency of pre-
viously mentioned minerals demonstrating lesions in bone and intestine, edema with stiff-
ness of joints were recorded in postvaccinal positive cases, while ochratoxin affection posi-
tive cases revealed congested livers and kidneys with mononuclear cell infiltration. Brocken
legs and hock joint dislocation were the common character of traumatic cases.
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Introduction coccidiosis or vaccine reactions (McNamee &
The bacterium is considered to be a normal Smyth 2000) and “pumble foot” (Skeeles,
flora of the chicken isolated from the skin and 1997).

feathers as well as in the respiratory and intes- The disease has been seen in birds ranging
tinal tracts (Skeeles., 1997 and Casey et al., from 14 to 70 days of age, but most cases oc-
2007). However, some of the common forms curred around 35 days old (McNamee and
of S. aureus associated poultry infections in- Smyth, 2000). Disease is most commonly
clude tenosynovitis (Butterworth., 1999), om- caused by Staphylococcus aureus, which is of
phalitis (Hill et al., 1989), femoral head necro- veterinary importance in broiler and breeders.
sis, infected hock and stifle joints secondary to In such birds, the most common form of infec-
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tion involves tenosynovitis (inflammation of
tendon sheaths) and stress caused by uneven
feed distribution or predispose to Staphylococ-
cal infection. The affected joints, usually the
hocks, are hot, swollen and painful ,the af-
fected birds are usually depressed, lameness
and reluctant to walk-in tenosynovitis, the
synovial membranes of tendon sheaths become
thickened and edematous, with fibrinous exu-
date within and around the tendon sheaths,
(Jordan et al., 2002). Staph aureus produce
high morbidity and low or no mortality, the
organism has tropism for growing bone and
liver that revealed focal hepatic parenchyma
and around the blood vessels while joints re-
vealed destruction of articular cartilage with
areas of necrosis and necrosis of chondrocyte
(Hebat-Allah et al., 2006). Lameness occurs
when the ends of the long bones become
enlarged and exceedingly flexible due to im-
proper calcification. This often facilitates the
development of a bowed appearance, most no-
ticeable at the proximal end of tibia (Wise,
1975). Julian, (1998) suggested that a low Ca/
P ratio due to a low Ca level would increase
leg deformity, that nutritional deficiencies can
result in skeletal disease in all birds. Also
(Claudia, 2007) reported Nutritional imbal-
ances, mechanical trauma and environmental
factors can also play a role in leg problems.
Inoculation of 28 days old SPF (specific patho-
gen free ) chicken with MS WVUI1853 strain
by IN route ,and at 14 day post exposure leads
to swollen of tibio-tarsial joint that come nor-
mal few days later (Kawakubo et al ., 1980),
while inoculation of SPF one day old chicks
via foot pad with the same strain, leads to gross
arthritic lesions (Lockaby et al., 1998). An
Arthurs reactionis large localized reaction
characterized by pain, swelling, induration and
edema, it usually begins within 48 hours fol-
lowing immunization (Brunswick., 2011). The
effect of ochratoxin A (OTA) revealed marked
degenerative changes in the kidney and bursa
and mononuclear cell infiltration was recorded
in the liver. High dose (400-800ppb) affecting
broiler performance and movement ,while

higher doses leads to death. (Elaroussi et al.,
2008).

This study aimed to identify the most differ-
ent causative agents for lameness in El-Sharkia
province as possible as available ,and the asso-
ciated pathological changes.

Material and Methods

Isolation and identification of Staph. aureus
A total of fifty (42 live and 8 freshly dead),
(Cobb, Hubbard, Isa brown) chickens 2 weeks-
10 months age collected from different flocks
in El-sharkia province suffering from lame-
ness were tested for the presence of S. aureus.
Samples of affected joints were cultured on
10% NaCL broth at 37 for 24 h and subse-
quently inoculated onto Mannitol salt agar at
37 for 24h. S. aureus was bacterial isolates
were identified by using conventional methods
which included Gram staining and microscopy,
catalase, oxidase, coagulase tests as described
as (Quiun et al., 2002).

Antimicrobial susceptibility test
Antimicrobial susceptibility Test (AST) was
carried out for the coagulase positive S. aureus
isolates using disc diffusion method according
to (Quiun et al., 2002). Briefly, each of the S.
aureus isolates was inoculated into nutrient
broth (Oxoid, UK) and incubated at 37°C for
24 hours before they were tested. About 0.1
ml of the nutrient broth culture was subse-
quently inoculated onto Nutrient agar plates
and spread over the surface with sterile cotton
swabs. Antimicrobial discs were then placed
on the surface of each plate by means of antibi-
otic disc dispenser and incubated at 37°C for
24 hours. Diameters of inhibition zone were
measured using a transparent ruler and the in-
terpretative breakpoints for resistance were de-
termined by comparing zone diameters as rec-
ommended by (Quiun et al, 2002). The co-
agulase positive S. aureus isolates were tested
against a panel of 11 antimicrobials.

Blood serum concentrations of magnesium
(Mg), calcium (Ca) and inorganic phosphate
(P) were assayed on an automated analyzer in
6 samples obtained from each flock by the time
of observing clinical signs and gross lesions
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typical for rickets. serum calcium and magne-
sium were determind according to (Tietz,
1976). Serum inorganic phosphorus was deter-
mined according to (Young et al., 1975).
Ration analysis for fungal toxin

Samples from rations were analyzed by Flu-
rometer in Animals Health Research Institute
(Zagazig Provincial lab.) for detection of fun-
gal toxin presence (Scott & Hand, 1967).
Pathological studies

Diseased birds were necropsied, specimens
from Joints affected parts, foot, footpad, hearts,
livers, intestine and kidneys were collected and
fixed in 10% neutral buffered formalin solu-
tion. Paraffin sections of 5 p thickness were
prepared and stained with haematoxylin and
eosin for histopathological examination
(Bancroft and Stevens, 1996).

Results

Bacteriological results. A total of 37 (74%)
Staph. aureus coagulase positive isolates were
obtained from fifty articular tissue (foot, hock
and stifyle joints) samples of chicken at 4-23
week old of age, suffering from lameness
while the other 12 cases were free from patho-
gen.

Antimicrobial resistance of coagulase posi-
tive ,all the coagulase positive S. aureus
isolated in this study were resistant to clinda-
mycin but all of recovered isolates were sus-
ceptible to Augmentin, gentamycin and cipro-
floxacillin(100%) and (91.6%) of the coagu-
lase positive S. aureus isolates were susceptible
to both vancomycin and sulphamethoxazole.
This was followed by enrofloxacin (83.3%),
cefriazone (75%) and tetracycline, chloram-
phenicol and erythromycin (50%).

Table 1. Staphylococcus aureus isolates from lamenitic chickens.

Number resistant% Antimicrobiles
0\2(100%) Augmentin (AMC)
0\12(100%) Gentamycin (CN)
0\12(100%) Ciprofloxacin (CIP)
1\N2(91.6%) Vancomycin (VA)

1\M2(91.6%)

Sulphamethoxazole(SXT)

2\12(83.3%) Enrefloxacin (ENR)
3\2(75%) Cefriazone (CRO)
6\12(50%) Tetracycline (TE)
6\12(50%) Chloramphenicol (C)
6\12(50%) Erythromycin (E)
12\12 (0%) Clindamycin (DA)
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% of causes of lameness in chicken

m 74%staph aureus

B 10%postvaccinal

m 8%trauma

m 4%nutritional deficiency

m 4%ochratoxin

other 13 cases free from pathogen revealed 5 (10%) cases were lamenitic as results
of postvaccinal reaction, 4(8%) cases subjected to trauma, due to overcrowding and 2 (4%) cases suffering from lame-
ness as a result of minerals deficiency cases, while2 (4%) were toxic with ochratoxin.

Blood serum concentrations results.

Six blood samples of diseased, suspected for
nutritional deficiencies and normal chickens
were analyzed, two cases showed hypocalcae-
mia (7.56& 6.93mg/dl) with 19%-26% reduc-
tion percent when compared with the normal
values which were (9.43 & 9.24 mg/dl) and
hypomagnesaemia (1.02&1.08 m mol/L) with
9 %-14 % reduction percent when compared
with the normal values which were (1.20
&1.18 m mol/L), while inorganic phosphorus
showed decrease in values which were (4.33-
4.40m mol/L) with reduction percent 2.7-
8.1% when compared with the normal values
which were (4.68-4.52m mol/L). Ca /P ratio
was reduced and became unbalanced in com-
parison with normal values 2:1.

Ration analysis for mycotoxin detection.
Two broiler farms 3 &4 weeks age suspected
for mycotoxicosis, ration analysis were done
and ochratoxin was detected by high doses 760
& 800ppb. one case of each farm showed la-
menitic leg with bad movement.

Pathological findings.

Clinical signs

Confined to depression, lameness, unable to

stand, affected foot and hock joints are hot,
swollen, painful and reluctant to walk-in teno-
synovitis specially in bumble foot +ve that
affecting the movement and activities of birds
according to the degree of swelling.
Macroscopical findings.

Most of bumble foot +ve chickens for staph
aureus demonstrated swollen foot and toe pads
(Fig.1) synovial membranes of tendon sheaths
become thickened and edematous, with fibri-
nous exudate within and around tendon sheath,
greenish pasty material oozed from opened
swelling area some were tinged with blood.
congestion of liver and heart were detectable in
some cases. Nutritional deficiency +ve chick-
ens for some minerals as magnesium (Mg),
calcium (Ca) and inorganic phosphate (P)
showing weak, friable legs. Some sever cases
showed curvature of keel bone (Fig.12) most
cases showed enteric lesions. Postvaccinal re-
action positive cases showed edema and stift-
ness of leg (Fig.16), the edematous fluid was
serous in nature, internal organs appeared nor-
mal. Ochratoxin +ve severe cases showed
fragil legs, Internal organs showed sever con-
gestion specially liver (Fig.17) and kidney.
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Microscopical findings.

Pumble foot +ve chickens for staph aureus
demonstrated edema and hyalinization of the
connective tissue of the skin (Fig.2). Interstitial
aggregation of mononuclear cells in addition to
hemorrhage were demonstrated in adipose tis-
sue of footpad (Fig. 3&4). Necrosis of chon-
drocyte was also detected in cartilage (Fig. 5),
while bone suffering from hyperplasia of extra
haversian osteoblasts represented by numerous
dark basophilic lacunae containing osteocytes
(Fig.6), while heart demonstrating congestion
of cardiac blood wvessel with perivascular
edema (Fig.7), focal aggregation of mononu-
clear cells with few heterophils within hepatic
parenchyma was noticed (Fig. 8&9) thrombi
with perivascular fibrosis in the hepatic tissue
were seen (Fig.10), while epidermis of the af-
fected foot demonstrated massive aggregation
of mononuclear cells with few heterophils
(Fig.11). Positive cases for nutritional defi-
ciency demonstrating osteomalicia in bone
(Fig.13), while cartilage showed chondromala-
cia (Fig.14), intestine suffering from sloughing
of intestinal villi (Fig.15) and parts of intesti-
nal mucosa. Ochratoxin positive cases showed
severe congestion of liver and kidney which
demonstrating mononuclear cells infiltrating
the renal medulla, while skin of hock joint
showed hyperkeratosis of dermis and vacuola-
tion of stratum spinosum (Fig.18). Postvacci-
nal reaction +veand traumatic cases showed no
microscopical alteration neither in affected
joints nor other internal organs.

Discussion

In the present study Staphylococcus aureus
was isolated at the percentage of 74%,tested
cases suffering from arthritis symptoms. Selim
et al.,(2009) revealed isolation of (74.5%) of
Staph aureus from 3weeks-12monthes old. The
bacterium is considered to be normal resident
of the chicken, located on the skin, feathers
and in the respiratory tracts. This organism
must enter the circulatory system to cause dis-
ease, thus probability of infection is increased
by any injury that provides the bacteria with
rout of entry, (Butterworth,1999). Arthritis is
most commonly caused by Staphaureus, Clini-

cal signs confined to depression, lameness,
swollen joint, and unable to stand, (Hofstad et
al., 1984 & McNamee and Smyth, 2000).

The most frequent sites of Staph. aureus infec-
tions in poultry were bones, tendons, sheaths
and joints, especially tibio-tarsal and stifle
joints (Adayel., 2005).

Staph aureus is the most common bacterium
recovered from leg and joint infections of poul-
try (Skeeles, 1997), and it has been frequently
recovered from bone infections of commercial
broilers; (McNamee, 1998). In this study
Staph. aureus isolated from 74% lamenitic
cases suffering from pumble foot, Staphylo-
coccus aureus has been cultured from 90% of
the spontaneously occurring cases of pumble
foot, depending upon avian species and envi-
ronment (Satterfield and O’Rourke, 1981).
Pododermatitis or foot dermatitis; is character-
ized by massive swelling and ulceration of the
plantar and/or digital pads; causes lameness,
impedes walking; and may limit access to food
and water. If left untreated, pumble foot will
compromise the internal tissues of the foot,
such as the tendons and bones, causing osteo-
myelitis, synovitis, laminitis, and eventually
death (McNamee and Smyth, 2000).

Wei et al., (1995) have suggested that skin in-
jury around the joint may play a very important
role in the development of bacterial chon-
dronecrosis or arthritis. vaccination or minor
surgical procedures are all possible routes of S.
aureus entry into the bloodstream. S. aureus is
considered to be normal resident of the
chicken, located on the skin, feathers and in the
respiratory tracts, (Mutalib et al., 1993). This
organism must enter the circulatory system to
cause disease, thus probability of infection is
increased by any injury that provides the bacte-
ria with rout of entry. McNamee & Smyth
(2000) and Reasen, (2003), reported that in 6
to 12-wks. old chickens, Staphylococcus arthri-
tis caused by trauma is a chronic or secondary
disease. When the mucosal or skin barriers
have been compromised due to trauma or
stress, S. aureus can invade the mesoderm, pro-
liferate and cause inflammation and arthritis,
(Wilcox et al., 2009).
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Joint affection occurred within 48-120 hours
post infection. The affected joints showed in-
crease of synovial fluid which was turbid and
yellowish, similar findings by (Jensen, 1990).
Staphylococci have a high affinity for collagen
-rich surfaces such as the articular surface of
joints, and synovial sheaths located around
joints and tendons. This organism also tends to
localize in the growth plate of actively growing
bones, (Jordan and Pattisson, 1996).

In the present study, 4 cases (8%) suffering
from lameness as a results of trauma, this result
is agree with (Claudia, 2007) Mechanical
trauma associated leg problems is more preva-
lent in fast growing chickens. Specifically han-
dling the birds during the catching can result in
femoral head necrosis whereby the head of the
femur ruptures causing hemorrhage. Mechani-
cally induced or trauma associated problems
are much more frequent in fast-growing broil-
ers, (Julian, 1998), although, about 5 cases
(10%) of tested and free from pathogens, suf-
fering from lameness by the cause of postvac-
cination reaction. Cargill., (2006) accuracy of
placement of the needle is critical as incorrect
placement can lead to granuloma formation,
lameness, the method and care of handling
birds during this procedure is also important as
this can contribute to lameness (Mutalib and
Boyle, 1994). Inflammatory reaction have been
observed in chicken injected intramuscular
with killed vaccines such as depression, loss of
appetite and present various degree of lame-
ness. The reaction is due to circulating antigen
antibodies complex prior to injection of the
antigen, this result in massive swelling at the
injection site that may involve the entire leg or
limb (Brunswick, 2011).

Clinical signs and postmortem findings con-
fined to depression, lameness, swollen joint,
and unable to stand (Hofstad ez al., 1984 and
Jordan et al., 2002).

About 2 (4%) of tested cases exhibit lameness
as a result of minerals deficiency, Mg, Ca and
P, Lameness occurs when the ends of the long
bones become enlarged and exceedingly flexi-
ble due to improper calcification. This often
facilitates the development of a bowed appear-

ance, most noticeable at the proximal end of
tibia (Wise, 1975). Avoiding a low Ca:P ratio
in the diet have shown to reduce the incidence
of leg problems in flocks (Claudia, 2007). De-
ficiency of Ca and P or improper ratio balance
lead to soft poorly mineralized bones causing
flexibility in long bone causing lameness.
(Wise, 1975) who suggested that a low Ca/P
ratio due to a low Ca level would increase leg
deformity. In support of this finding, (Julian,
1998) reported that nutritional deficiencies can
result in skeletal disease in all birds. also
(Claudia, 2007) reported Nutritional imbal-
ances, mechanical trauma and environmental
factors can also play a role in leg problems.
AYO and Minka, (2004) reported that the
cause of leg lameness may be multifactor in
nature, including nutrition, genetics, over feed-
ing, lack of exercise and trauma to the lower
limbs.

positive cases of ochratoxins were explained
by (Verma, 2006) who mentioned that my-
cotoxin such as aflatoxins and ochratoxin lead
to bone fragility and leg weakness due to their
toxic effects on liver and kidney which conse-
quently prevents the conversion of active form
of vitamin D3 and its absorption. Toxins in
feed and water can cause skeletal deformities
and lameness in broilers chicken, (Julian,
1998).

All of 12 coagulase positive Staph .aureus iso-
lates recovered were resistant to clindamycin,
and all of recovered isolates were susceptible
to gentamycin, augmentinand spirofoxacin,
this result agree with (Suleiman et al., 2013
and Waters ef al., 2011), who reported that all
recovered S. aureus isolates were susceptible
to gentamycin and spirofloxacillin. While
(Adyel, 2005 and Rasheed, 2011) disagree
with these results, reported that antibiotics sus-
ceptibility of Staph. aureus was found to be
resistant to gentamycin and (33.3%) of isolates
were resistant to Augmentin. Otalu ef al.,
(2011) reported that susceptibility of S. aureus
isolates were (61.5%), (77%) and (84.6%) to
gentamycin, augmentin and ciprofloxacin, re-
spectively. sensitivity of the isolates to cipro-
floxacin, gentamycin, and cephalexin may be a
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pointer that these antimicrobials are less
abused in the studied area and may possibly be
recommended for treatment of Staphylococcal
infections in poultry.

50% of Staph aureus isolates were resistant to
erythromycin, tetracycline and chlorampheni-
col but (Waters et al., 2011 and Suleiman et
al., 2013) recorded all Staph. aureus isolates
were resistant to erythromycin. Otalu et al.,
(2011) reported that all S. aureus isolates were
resistant to erythromycin and tetracycline. Sus-
ceptibility of chloramphenicol (50%) in this
study and these findings agree with (Otalu et
al., 2011) reported that sensitivity of S. aureus
isolates to chloramphenicol were (46.9 %).

In this study the Susceptibility of Staph aureus
recovered isolates to vancomycin and Sul-
phamethoxazole were 91.6%, but (Otalu et
al.,, 2011) reported that susceptibility of S.
aureus isolates to vancomycin and Sul-
phamethoxazole were (46.2%) and (38.5%)
respectively. All Staph aureus isolates were
resistant to clindamycin, while (Suleiman et
al., 2013) recorded (53%) of S. aureus isolates
were resistant to clindamycin, and (51.9%)of
1solates were resistant to ceftriazone. Thus, sub
-therapeutic use of such drugs as prophylaxes,
growth promoters or inaccurate dosages given
to sick flocks by unqualified personnel may
likely result in plasma concentrations that are
inconsistent with the desired objectives which
might possibly have led to the level of resis-
tance observed in the present study (Suleiman
et al., 2013).

Pathological findings. Pumble foot +ve cases
demonstrated that the hepatic lesions in all-
Staph aureus isolates were in partial aggrement
with (Hebat-Allah ez al., 2006) who found that
the hepatic lesions were necrosis and conges-
tion and full aggrement with (Selim ez al.,
2009). Kirk skeels, (1997) explained the for-
mation of thrombi as sequel to the enterotoxin
of staph which has adverse effect on blood ves-
sel and blood composition. The heart lesions
were in partial aggrement with (Gehan., 1999
and Selim et al., 2009), while the joint lesions
were partially similar to that obtained by
(Hebat-Allah et al., 2006 and Selim et al.,

2009). The results of skin lesions were sup-
ported by (Gehan., 1999).

Positive cases of nutritional deficiencies and
it's association with enteric lesions were ex-
plained by (Coles., 1986) who mentioned that
hypocalcaemia occurred due to inability of in-
testine to absorb principle substances in the
food due to enteritis also he mentioned that
serum calcium concentration decrease with hy-
poproteinaemia because of the reduced amount
of protein bound calcium. Our results showed
partial disagreement with (Atia., 2001) who
showed hyperplasia in the articular surface and
increase width of proliferative zone in the dis-
eased duck bone in addition to edematous fi-
brous tissue and necrosis of chondrocyte. this
may contributed to severity of cases and sex
variation. while our macroscopically results
were agreement with him as bone softening,
easily Brocken leg.

Positive cases of ochratoxins were explained
by (Verma, 2006) who mentioned that my-
cotoxin such as aflatoxins and ochratoxin lead
to bone fragility and leg weakness due to their
toxic effects on liver and kidney which conse-
quently prevents the conversion of active form
of vitamin D3 and its absorption, beside nutri-
tion and management skeletal disorder found
in poultry can be caused by mycotoxins in the
feed

Concolusion

Staphylococcal infection is the most real im-
portant causes of arthritis leading to economic
losses in the broiler chickens as high morbidity
swollen joint thus we must take care to control
the Staphylococcal infection in poultry
Recommendation. only 50 cases from total
63chicken with lameness were etiologically
identified and used so, further studies should
be applied on lameness in chicken to identify
other causative agents not included in our re-
search.
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Fig (1). Foot of pumble foot positive chicken showing swollen foot and toepads.

Fig (2). Photomicrograph of skin of bumble foot +ve bird demonstrating interstitial edema and hyalinization of the con-
nective tissue (H&EX200).

Fig (3). Photomicrograph of foot pad adipose tissue of bumble foot +ve chicken demonstrating interstitial aggregation of
mononuclear cells with haemorrhage (H&Ex100).

Fig (4). High power of the previous figure to show the mononuclear cells and BCS (H&EX200).

Fig (5). Photomicrograph of cartilage of bumble foot +ve chicken demonstrating necrosis of chondrocytes(H&EX200)
Fig (6). Photomicrograph of bone of pumble foot +ve chicken demonstrating hyperplasia of extra haversian osteoblasts
represented by numerous dark basophilic lacunae containing osteocytes (H&EX300).
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Fig (7). Photomicrograph of heart of pumble foot +ve chicken demonstrating congestion of cardiac blood vessels with
perivascular edema (H&EX200).

Fig (8). Photomicrograph of liver of pumble foot +ve chicken demonstrating focal aggregation of mononuclear cells
with few heterophiles within hepatic tissue (H&EX100).

Fig (9). High power of the previous figure to show mononuclear cells with few heterophile (H&EX300).

Fig(10). Photomicrograph of liver of pumble foot +ve chicken demonstrating thrombi with perivascular fibrosis
(H&EX100).

Fig(11). Photomicrograph of epidermis of pumble foot +ve chicken demonstrating massive aggregation of heterophiles
(H&EX300).

Fig(12). Keel bone of ca defeciency positive chicken showing irregularity and curvature.
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Fig (13). Photomicrograph of bone of ca defeciency +ve chicken demonstrating focal osteomalicia (H&EX300).

Fig (14). Photomicrograph of cartillage of ca defeciency +ve chicken demonstrating necrosis of chondrocyte with focal
chondromalicia (H&E x300).

Fig (15). Photomicrograph of intestine of ca defeciency +ve chicken demonstrating sloughing of some intestinal villi
(H&EX300).

Fig (16). Postvaccinal reaction positive chicken demonstrating edema and stiffness of leg.

Fig (17). Ochratoxin positive chicken demonstrating severely congested liver.

Fig (18). Photomicrograph of skin of Ochratoxin positive chicken demonstrating hyperkeratosis of dermis and vacuola-
tion of stratum spinosum (H&EX200).
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