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Early Diagnosis of Fatty Liver-Hemorrhagic Syndrome using Blood Biochemistry
in Commercial Layers

H. H. So, E. O. Jeon, S. H. Byun and L. P. Mo’
College of Veterinary Medicine and Research Institute of Veterinary Medicine, Chungbuk National University, Choongbuk 361-763, South Korea

ABSTRACT Fatty liver-hemorrhagic syndrome (FLHS) is a common nutritional disease in commercial layers and breeders. The
most important clinical sign of FLHS is a sudden drop in egg production and increased mortality which causes significant economic
loss in the poultry industry. However, the current diagnostic method for FLHS is based on the gross findings at necropsy which
is not helpful to reduce the economic loss because of lateness of diagnosis. Therefore, we need early diagnosis and diagnostic
methods before chickens were affected by FLHS. In this study we tried to evaluate the effectiveness of clinical pathology including
blood chemistry as an early diagnostic method for FLHS in commercial chickens. Profiles of blood biochemistry were compared
between two flocks selected in the same commercial layer farm based on the presence of FLHS clinical sings. A flock with clinical
signs of FLHS was designated as FLHS and other flock without clinical signs of FLHS as Non-FLHS. Several parameters of blood
biochemistry were selected and compared between FLHS and Non-FLHS to evaluate the possibility of early diagnosis. Average
concentrations of serum cholesterol, serum calcium, aspartate aminotransferase (AST), lactate dehydrogenase (LDH) and creatine
kinase (CK) were 139.4+87.2 (mg/dL), 24.5+ 5.4 (mg/dL), 153.6+23.1 (IU/L), 1238.3+475.2 (IU/L) and 1107.3 +422.8 (IU/L)
in Non-FLHS flock, respectively, and 210.2+173.2 (mg/dL), 25.2+4.1 (mg/dL), 1743 £53.5 (IU/L), 16949+ 691.3 (IU/L) and
1104.9£472.9 (IU/L) in FLHS flock, respectively. The activities of serum cholesterol, AST and LDH except CK, were significantly
higher in FLHS than those in Non-FLHS flock (p<0.05). Some birds of FLHS flock showed 2~17 times greater than in Non-FLHS
flock. For the definitive diagnosis of FLHS in the flocks tested for blood chemistry, we analyzed fat content and histological lesion
score in the liver sampled from both FLHS and Non-FLHS flock. Average liver fat contents based on dry weight were 16.1+ 0.4
(%) in Non-FLHS flock and were 21.6 £ 16.0 (%) in FLHS flock. These result confirmed that FLHS flock was definitely affected
by FLHS. The above results suggest that selected parameters of blood biochemistry, particularly AST, could be useful to diagnose
FLHS before significant liver damage occurred in commercial layers.
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Table 1. Comparison of the concentration of serum cholesterol, serum calcium, AST, LDH (IU/L) and serum CK between Non-FLHS

and FLHS flock of commercial layer farm

Indi- Serum cholesterol values (mg/dL) Serum calcium values (mg/dL)
vidual FLHS group (WKSY Non-FLHS group (WKS) FLHS group (WKS) Non-FLHS group (WKS)
chicken 0 1 0 1 0 0 1 0 1 0
1 133 201 187 93 103 244 26.6 17.1 124 27.1
2 103 132 150 101 129 19.3 29.6 24 253 259
3 132 128 111 125 767 242 27.7 15.0 26.6 322
4 108 99 122 93 114 23.7 26.3 17.5 23.6 26.5
5 119 135 100 177 136 24.5 28.5 20.0 27.1 30.6
6 623 107 125 134 97 26.7 274 23.1 30.6 274
7 191 119 123 135 95 26.7 26.2 162 29.5 25.0
8 164 382 140 451 286 254 30.0 172 29.9 30.8
9 132 95 132 147 120 249 244 23.1 27.1 28.6
10 172 159 78 105 155 25.0 26.8 15.0 264 30.0
11 104 134 163 91 174 17.6 27.1 22.0 25.7 30.0
12 167 195 160 144 168 242 30.6 21.5 294 29.0
13 156 295 115 174 127 255 284 19.8 273 29.6
14 158 132 124 148 150 24.5 28.1 22.1 272 289
15 155 138 117 178 126 24.6 12.9 18.3 30.1 254
16 161 113 83 188 162 25.7 26.2 12.6 29.9 29.5
17 129 170 61 115 140 19.0 30.0 10.1 30.9 30.3
18 128 273 72 133 201 19.1 33.7 10.4 255 314
19 150 1078 157 118 123 26.1 233 229 26.8 279
20 432 210 107 94 87 162 18.6 19.5 252 27.1
21 572 554 103 131 96 255 31.7 17.6 26.9 283
22 167 143 138 89 81 223 31.8 17.7 24.6 24.5
23 140 155 106 107 113 20.5 28.8 16.0 30.1 273
24 221 110 122 126 111 20.9 26.4 16.7 28.7 29.3
25 136 131 191 147 72 24.6 244 19.3 274 24.0
26 154 467 136 207 98 23.0 30.2 20.7 29.7 27.5
27 276 NT NT 73 120 23.8 NT NT 234 26.8
28 NT® NT NT 95 NT NT NT NT 23.0 NT

Average 195.74132.8°  22524208.8 124.0+32.3  140.0+69.7 153.7+130.0 233229  27.1+4.2 18.243.7 26.843.6  28.2+2.1

*Weeks after sampling, BNot tested, “Mean + Standard Deviation.
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Table 1. Continued

Serum AST activities (IU/L) Serum LDH activities (IU/L) Serum CK activities (IU/L)
Indi-
idual FLHS group Non-FLHS group FLHS group Non-FLHS group FLHS group Non-FLHS group
vidua!
. (WKS™) (WKS) (WKS) (WKS) (WKS) (WKS)
chicken
0 1 0 1 0 0 1 0 1 0 0 1 0 1 0
1 160 403 130 212 151 2075 1074 2655 2301 1353 1247 530 1370 2415 1239

2 149 133 135 160 170 1056 1403 1912 890 1140 1020 751 1095 1109 1012
3 201 133 155 143 110 1523 951 1701 1097 1781 2164 654 1374 1128 570
4 152 171 145 170 155 1270 958 1372 697 822 1041 1274 1134 886 1714
5 167 130 148 175 144 1844 1483 893 1306 1189 1309 708 819 1039 1013
6 329 333 166 163 141 3721 883 1100 1296 883 996 1361 1267 925 866
7 194 143 129 179 142 2247 1263 755 1193 712 2198 595 919 1008 785
8 131 124 175 117 129 2023 3028 1337 1710 1746 1193 717 1436 630 843
9 196 166 169 134 164 1381 853 1765 1068 1128 1222 690 1219 1195 1113
10 178 163 141 140 129 2716 1156 584 991 1230 2083 755 952 960 520
11 166 179 236 143 142 1143 3182 2297 806 1185 1479 846 939 1105 831
12 134 157 158 196 129 1933 2183 1518 1333 1422 1722 878 1079 1317 795
13 156 164 147 143 146 2249 1784 1250 1363 1166 837 1497 1437 936 827
14 148 178 145 168 153 2235 1256 1268 1416 1225 1498 977 1183 1319 1463
15 163 176 177 183 142 1954 324 1595 1890 1097 1085 986 1789 1283 901
16 143 165 180 159 135 1783 983 836 1935 1351 1320 868 2102 874 824
17 183 226 116 163 147 946 1707 1237 1070 1232 1022 2333 1003 1200 1071
18 128 148 161 158 155 861 2627 582 993 1481 788 820 1255 906 1040
19 181 214 182 144 140 2127 1567 1838 1190 1034 1835 322 1227 240 682
20 140 227 161 172 150 1779 1970 1078 895 715 1119 957 1473 1267 671
21 124 140 155 141 208 1991 2898 770 1002 998 821 932 1142 835 1923
22 137 149 124 135 124 1952 1677 911 740 691 804 877 585 1569 560
23 177 210 139 166 202 1352 961 956 1067 1052 996 1586 964 1300 2784
24 260 157 154 165 154 2504 909 1040 1359 948 71 768 1310 1409 657
25 161 160 150 202 110 1695 1023 3355 1422 549 1119 1026 729 2299 572
26 184 154 129 143 165 1533 NT 1407 1448 926 2033 930 883 967 948
27 141 NT NT 142 147 2141 NT NT 758 NT 902 NT NT 919 753

28 NT® NT NT 138 NT NT NT NT 760 NT NT NT NT 993 NT

Ave-  168.0+ 180.9+ 1541+ 159.0+ 147.6+ 1853.1% 1524.0+ 1385.1= 1214.1+ 1117.5+ 12564+ 947.6+ 1180.2+ 1144.0+= 999.1+
rage 433¢ 62.5 244 222 22.1 6014 7517 6474 3905 3023 4941 4010 3224  428.6 490.2

A Weeks after sampling, 5 Not tested, “Mean + Standard Deviation.
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R ¥} &EK(%) A= Table 291 2 %ks}aiu}. Non-FLHS Al

P zﬂ—al—(% o AZ S U] HT 16.1%=
k| FLHS A& ’ié 21.6%= HYERHATE o] F
Aol EHA 02 thE AlwlS gRls7] 9]¢ Mann-Whit-
ney 7% Aol A, A (%)l tiate] o] 0.059]
A o] gHEo] 0.024%2 AR o= ol gk 2lo| 7} QI =Y
o} Non-FLHS Alw9] 7+ 22 W AW ghafl(%)S Z4h2ke] Al
Bof gk Ax F& Y] Ho] FARIL 17%E dA] &
WA FLHS 74144 b 22 W =) ﬂak(%)—o— e zﬂ

o 7t 24 v
Bt

o
.

o
%

E} FLHS Al ?oﬂ—‘f 7t s
T2 B 1% Uk =3 7 A ?:L%]‘(%)o] =3
HA2] vacuolation score’} AWFA o2 AXHA =&

I A

=1 ?:54_”]732—123 gklsta, 7+2te] vacuolation scoreE Table 2
A2 vacuolation
S AYA 42 Non-FLHS Ali<]
A'd FLHS Al

A e

scoring A¥}, FLH:
it A& 1.1+£0290H, FLHS #3 S
& 22+ 110Utk o] F AlTte] SHA SR thE
golslr] 9t =9 7% Aol A, vacuolation scoreol] T
sto] o< 005004 9] gEo] 022 SAZ .= vl
213k 2}o] S Xt} Non-FLHS Al-2] vacuolation score=
175 A9t 1977F 3327} fle 1592 Bl vhd,
FLHS Al-2] vacuolation score:™= 15F 65, 25+ 8, 3%
= 4, 455 292 Non-FLHS®.T} -2 vacuolation score

715kt

5. =X 47Dt K| ghzko]| cHet #H &4

Non-FLHS9} FLHSE H&& &3}

1, vacuolation score®} AW (%) S HE FATE B35}
7] 918 A MR o] gaiith v |
4} 95% FLHSw©| FLHS 70%%, AAN=40)% 33717} &
vl2A] FHo] %o total proportion correct’} 82.5%% 2
2 SE(Hitratio) S B3t} 232 o2 FLHS H#E S AU

Table 2. Comparison on hepatic vacuolation score and fat con-
tent (%) of the liver between Non-FLHS and FLHS group

Non-FLHS group FLHS group
Indi- Vacuo- Fat Indi- Vacuo- Fat
vidual lation  content vidual lation content
chicken  score® (%)B chicken score (%)
1 1 1 3 22.0°

2 1 2 2 19.0

3 1 165 3 1 15.0
4 1 4 1 10.6

5 1 5 4 89.9

6 1 6 2 19.5

7 1 7 2 18.0

8 1 16.5 8 2 11.9

9 1 9 3 18.5
10 1 10 1 16.0
11 1 11 3 20.7
12 1 12 2 16.9
13 1 15.6 13 4 304
14 2 14 2 214
15 1 15 3 24.0
16 1 16 2 16.6
17 1 17 1 16.0
18 1 15.8 18 11 15.6
19 1 19 1 15.1
20 1 20 2 16.9

Average® 1.1+02 161+04 Average 22+1.1 21.6+160

*The vacuolation score of liver was histologically graded. The scale
was ranged from 1 to 4 depended on the severity of vacuolation
as follows. 1: no , 2: focal, 3: multi-focal, 4: massive.

PFat content (%) was expressed as percentage on dry weight basis
and was either mean value of 5 chickens (C) or individual (D)
fat contents.

*Mean + Standard Deviation.
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A NEE SFT(FLHS)Y] -2 d &S 57171
AHHE-S A3FA1Z) © M (Roland et al., 1985; Riddell, 1997;
Diaz et al., 1999), A &7}l 7 A 71T, o]
28t FLHS©= = Alo| Ao A ALgE = AbA oA A
3 glot, AlojA] Abge] dntstE S Al E7gol A
FLHS-‘4 A A gdel] gk AP} A A A 02 o] Fo|R]A] K

3l e Aot 1 o]+ FLHSS] Hdte] 2 3 4
foﬂ/\i HAHAS] F& FallA] o] FolA| o glof HnkA <l
A Ao BAA T HA] Fob] Wil H, o|= Qg
AR =4 e FRlsty] of#] 9] FLHSO| tigk &<l
WA o2& Aot o] g FLHSY] thh #AdS =
E3l7] glste] Aol ko] 7bsdt 7'M S et

]
A7 ae

QoM = AN AANE 5 U= dAsHAL &
&2 7] serum choles-
terol, serum calcium(Harms and Simpson, 1979; Miles and Harms,
1981)1} 3F =742 do] 9= AST, LDH 28] 1 7 =7
P 1] e AR g#Fl CKE A 88t thDiaz et al.,
1999; Lumeij, 1997). S73taA} st= Aslelx] FoA]
Aol ofs) F7hE 7% AR, 7ok
o} FHME JgS WS 5= 07] wlEol|(Langslow et al.,
1970) =4 £312 98] ALRE o=z o2 23l FLHSH)
o daide 334 AP é_ AlBHA] g3kt

Serum cholesterol A&, 3, G4 2] 71| AW
gol| degFE e FEo l‘ﬂ—rv‘i'*«l 7] AR |
$1+= 100~200 mg/dLo] TH(Christie et al., 1979; Rivetz et al.,
1977). ¥ 21& 2] Non-FLHS 72 33 1 139+87.2 mg/
dLo. 2 27 W9le| alut, FLHS Al 23] s+t 210+
1732 mg/dL=E 7% B ETh & 725 BT FLHS
Al Zoll= 200 mg/dL ©]’d-E Bol= /NA7F AA 53¢ &
1357(24.5%) = VEbon| 231 1,078 meg/dLE YERA 744
= 1%t} Harms and Simpson(1979)°ll 281 serum choles-
terol =& 79 Akt 7HAH WA A AlsEls gkE o
2 Baro] & Ao Aot dXehe= s I1F 3
Atk ©]= FLHSS| ks &7 1 4 PO# serum ¢
Sk 47, AA A 7HA
AAE glsta BAske Zlo] UH—Or 83t %94 gl 21
w2 BAFE Ao

Serum calcium®] Y¥HAQ1 714
18 mg/dLo|u, AFAl A = AE]

serum cholesterol-=

cholesterol =

-

31(Wallach and Flieg, 1969), FLHS ¥4 AlolA o =4 &
7t Aoz d#A lth(Harms and Simpson, 1979; Miles
and Harms, 1981). £ 2l &o|A]= Non-FLHSS] A W] &3
A3} Fte] 18.2+3.7 mg/dLZ A Wl 77 o, 2
319} 334 I A= 247 Hat 26.8 £3.6 mg/dLe} 28.2+
2.1 mgdLZ X7} 5@k vbA, FLHS Alwe 23] it
252+4.1 mgdLE ¥|wA & 725 UERATE Non-FLHS
A2 FLHS Alto]l JE 1572k} 28] 3% 257278
2)9] 27t gl olfre w52 23 we} FLHS Al
od Z# FFAeR 2 AA AAE AR St Hrat
o] serum calcium 3|7} 23581317 wEolth. HF 154
42 el 4= Non-FLHS 79| serum calcium %7} FLHS
Aol Bt A ETE Ggk] wiiEel] T AT ko] A4
zfol= A 1go] =k, Sulle] W AR A &
7t Zsks QEl tedstA ZeEAlE Al Hrlete @4
zhere UH FLHS«] g 9lgh AS AL FEO R se-

Alo] Ao A AFSE = AFeA|]
=32 o2 olul Xy v} °1T4-(C0mehus et al., 1959; Ryan
et al., 1982; Rosskopf et al., 1982; Lohr, 1975; Pearson et al.,
1979; Bokori and Karsai, 1969). = A3o|A] serum ASTE
Non-FLHS# FLHS Aol thiste] 242} 33] it 153.6+
23.1 TU/LS} 23] 3t 174.3+53.5 IULE YERN ], Non-FLHS
Xt} FLHS Aol Hd x7F w34tk 18la, FLHS Al
A 53 FFollA 495(7.5%)7} 250 TU/L ©]d2] 215 YE}
W.om, Non-FLHS Aol & 250 UL ©]4-S Vel & 714
7} ATk Serum ASTE 7 74 Al FA|7F e Ao =
H 113} tHDiaz et al., 1999; Lumeij, 1997), & A3 ZA3}o]
%= FLHS Alw*°] Non-FLHS AlwX.th 2|7} AsE 7)A
= ¢ Wol x&slar USdT) o|= FLHSS] ks 913 &
N} ekAAL FE-O0 2 serum ASTES 233l Hit

A AFEE SHeldla, 1 FollA] 250 UL o4& Ho
MAe] FE A8k Aol ool e AR AvtHTh

e A% 55 Tt o
N
o

gt
et al., 1999; Lumeij, 1997). ¥ A& o= serum LDHoI| th3k
FLHS A2 23] #1o] 1,694.9+691.3 IU/LZ, Non-FLHS
A9 33] H 1,238.3+4752 IULEY &2 32 YE}
WAtk o]= FLHSS] ZehE 918k I elfdA) 3o 2a],
serum LDH7} o]= H&E9] fo)4& e 2 o= A

A& AFEAIS] FLHS 2ol lolA 7F 2 o] e
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ASTE 80U THAE &4 Ald = EXo] % Frlele
HFH (Bogin and Israeli, 1976; Bogin et al., 1976), serum CK+
7 £ Al o] FrelA] ZETHLumed), 1997). ¥ A3
A& serum CKol| that FLHS Alt2] 23] #1o] 1,104.9 +
472.9 TU/L, Non-FLHS Al#9] 33] 1] 1,107.3 +422.89
IU/LS.Z YFeERtA], FLHS Al-2] 47217} Non-FLHSE.T} 3=
A o ¥)5=ek S JERSISE Ao, B Al
FLHS 7|8 Non-FLHS Al#XEt} CKE 4] oA, AST
7} =4 Yt} o] 24, FLHSZ zIthelr] 9lal ASTS =
e o, serum CKZS ¥ 1 3208 o] &3sl= Ao] 483}
Oe A g8 5 Sl

39 ol 7Y e S A A o2 SAA Y
3t A3} cholesterol, AST, LDHS] < <=X]7} Non-FLHS 7|
THT}F FLHS Aol =3ton, BAFc2E {23t #jo]
Z B tHp<0.05). L&, calcium¥} CKE F-2]5== 0.05¢]]
A fre)gEo] 7H7) 04263} 097607 SAZ 2 T AT
2kl fol gk 2po] & HolA] g3ttt 53], MINITABS ©]-&
slo] 4 2498 248k A3tol] = Non-FLHS A< cho-
lesterol, AST, LDH %] 7} 7% 80%% 24| 3}%3 4L, FLHS 7l
9] cholesterol, AST, LDH 53] 7} FLHS 62.3%2 24| 3k o.
2, FLHSE T&3t=t ¢ 3714 3ol fojide] S+
Aoz WAEATE FoA Je 37K 5] E 4 A
<& AST7} FLHS Al©] 0.115, Non-FLHS Alt©] 0.1025
YeR a1, cholesterole] FLHS Al*©] 0.003, Non-FLHS A]
o] 0.001, LDH®] 7% FLHSAI<] 0.004, Non-FLHS 7]+
°] 0.0035 Yepd o =AM ¥hH 34 A5} cholesterol?} LDH
Bt} 2 AST7} FLHSS #Hdsl=d o 2 9n| & Fofshe=
& FEdS ST F ATk

%A FLHS W8S A Al d BeS Holx] & Alw

X
o
r (]
ol
o
Ak
1o
ol
o
£
L
B
X
tlo
S
e
ol
o
£
)
oL
d
ofs

o

)9k 22 Welsty 4274-S v Witk Diaz et al (1999)
o] Hng A§S Y, FLHSO g F4242 49 43<
A UCD-0032}213} 7321l 2lele] sto] E & 1&(SCWL)
= Aeeto] T Al ko] 54 F4 S v v 9l
t}. o] A@eM= F Alato] AR AR5 vlmw gl ¢
Sto] Az v 1o X HF &K (%) hemorrhagic score
& =3, A &3H(%) H 2 hemorrhagic score”}
UCD-003 Alto] 742 Q1 AFAl it =9kt 2 Ao
A% FLHS B3-S Ad AlA(FLHS)] kel A9 e} =

A Wg]ehd A7 0 249 vacuolation score”} FLHS ¥ &
z

A|UA] 92 Al (Non-FLHS) 2.t} =7 YERSTE o9} 2

o e

e

A3 2, FLHSE &olah=d] 71e] 24 k(%) 221 2]
g 27& Hrlsle Aol ool deS & 4 Utk o
g}, E AReA] 2ke] A =K %) =AW &7
< HII AL F AT WEd S 93 Aoy o
ol @At HAF = UEhd T AT 7He] Aol
= 53] JFe] He= ez dudn

B 2% o] Avbe o] thEEe] 2 7ol A FLHS
o] shrA o7 WAt QAR W F Htho] H A
oz 913l Hg] AH-E A= FpetuR] Eal= A lA,
A AE o] &3k HAgEA S Fr|Ho 2 RUFE
Yol 7S MEgo =y, A8 AghAle] FLHS W&
ARG Q1R|Ete] A A £48 FYD F IS HoFAnk

A2 golgd 4= A Thp<0.05). X2, FLHS A3} Non-
FLHSAo] A3t gx] BgestA Fie] =Uth

Non-FLHS®} FLHS Alwte] toHAl 7kx o] FAgex & &
8 A3}, cholesterol, AST, LDH®] | 4|7} Non- FLHS
AR} FLHS AlTo] =952, FLHSE &<13}=1)] chole-
sterol, AST, LDH7} 214 9lE &5 & 4= UAThp<0.05).

FLHS 778 Non-FLHS AlTETE CKE 4] gFomA, AST
7} =7 e or, FLHSE Jdsl7] 913 ASTE S3&
uj, CKE vl 502 o] 83h= Flo| fdsltte AS &
NI =

Serum AST+= AlO|A[ A AMSE| = AbebA|ol 4 FLHS &
A FASHA FsElE 502, FLHS Al Folle 250
UL ©]/4S Holx /A7 U} et} NonFLHS Aoll&=
250 IU/L o]’ Kol 7MA7F §lich

MINITABS: o] g3le] #hd 45 e Ay}, ASTe
W F% AlS7F cholesterolo] Y LDHETF 2 X5 UE}H



So et al.: Early Diagnosis of Fatty Liver-Hemorrhagic Syndrome Using Blood Biochemistry in Commercial Layers 175

Bogin E, Avidar Y, Isracli B 1976 Enzyme profile of turkey
tissue and serum. Zbl Vet Med A 23:858.

Bogin E, Isracli B 1976 Enzyme profile of heart and skeletal
muscle, liver and lung of roosters and geese. Zbl Vet Med
A 23:152.

Bokori J, Karsai F 1969 Enzyme-diagnostic studies of blood
from geese and ducks, healthy and with liver dystrophy.
Acta Vet Acad Sci Hung 19:269.

Butler EJ 1976 Fatty liver diseases in the domestic fowl: A
review. Avian Pathol 5:1-14.

Christie G, Halliday WG 1979 Haematological and biochemical
aspects of an E. coli septicemia in brown Leghorn chickens.
Avian Pathol 8:45

Cornelius CE, Law GRJ, Julian LM, Asmundson VS 1959 Plasma
aldolase and glutamic oxaloacetic transaminase activities in
inherited muscular dystrophy of domestic chickens. Proc Soc
Exptl Biol Med 101:41.

Diaz GJ, Squires EJ, Julian RJ 1999 The use of selected plasma
enzyme activities for the diagnosis of fatty liver-hemorrhagic
syndrome in laying hens. Avian Disease 43:768-773.

Fowler NG 1996 Nutritional Disorders. Pages 306-331 In: Poultry
Disease, 4%d. Jordan FTW, Pattison M. Ed. Saunders WB
London, England.

Grimes JL, Maurice DV, Lightsey SF, Bridges WCJr 1991 Re-
search note: relationship of comb coler to liver appearance
and fat content in Single Comb White Leghorn laying hens.
Poult Sci 70:2544-2546.

Hansen RJ, Walzem RL 1993 Avian fatty liver hemorrhagic
syndrome: A comparative review. Adv Vet Sci Comp Med
37:451-468.

Harms RH, Simpson CF 1979 Serum and body characteristics
of laying hens with fatty liver syndrome. Poult Sci 58:1644-
1646.

Langslow DR, Butler EJ, Hales CN, Pearson AW 1970 The

response of plasma insulin, glucose and non-esterified fatty
acids to various hormones, nutrients and drugs in the do-
mestic fowl. J Endocrinol 46:243.

Lohr JE 1975 Fatty liver and kidney syndrome in New Zealand
in chickens. N Z Vet J 23:167.

Lumeij JT 1997 Avian clinical biochemistry. Pages 857-883 In:
Clinical Biochemistry of Domestic Animals, 5" Ed. Kaneko
JJ, Harvey JW, Bruss ML Ed. Academic Press, San Diego,
CA.

Meijering A 1979 Fatty liver syndrome in laying hens-an
attempt to review. World's Poult Sci J 35:79-94.

Miles RD, Harms RH 1981 An observation of abnormally high
calcium and phosphorus levels in laying hens with fatty liver
syndrome. Poult Sci 60:485-486.

Pearson AW, Butler EJ, Fenwick GR 1979 Rapeseed meal and
liver damage: Effect on plasma enzyme activities in chicks.
Vet Rec 105:200.

Riddell C 1997 Developmental, metabolic, and other noninfec-
tious disorders. Pages 913-950 In: Diseases of Poultry, 10"
Ed. Calnek BW, Barnes HJ, Beard CW, McDougald LR,
Saif YM Ed. Iowa State University Press, Ames, IA.

Rivetz B, Bogin E, Weisman Y, Avidar J, Hadani A 1977 Changes
in the biochemical composition of blood in chickens infected
with Borrelia anserina. Avian Pathol 6:343.

Roland DA, Farmer M, Marple D 1985 Calcium and its rela-
tionship to excess feed consumption, body weight, egg size,
fat deposition, shell quality, and fatty liver hemorrhage synd-
rome. Poult Sci 64:2341-2350.

Rosskopf WJJ, Woerpel RW, Rosskopf G, Vandewater D 1982
Hematologic and blood chemistry values for common pet
avian species. VM/SAC 77:1233.

Ryan CP, Walder EJ, Howard EB 1982 Diabetes mellitus and
islet cell carcinoma in a parakeet. ] Am Animal Hosp Asso
18:139.

Squires EJ, Leeson S 1988 Aetioiogy of fatty liver syndrome in
laying hens. Br Vet J 144:602- 609.

Wallach JD, Flieg GM 1969 Nutritional secondary hyperpara-
thyroidism in captive birds. J Am Vet 155:1046.

Wight PAL, Shannon DWF 1977 Plasma protein derivative (amy-
loid-like substance) in liver of rape-seed-fed fowls. Avian
Pathol 6:293-305.

(<7 2009. 6. 16, <=4: 2009. 6. 25, 2=H: 2009. 6. 25)



