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Comparison of Resistance to Fowl Typhoid among Crossbreed
Chickens Artificially Infected with Salmonella gallinarum
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ABSTRACT The present study was conducted to compare the disease resistance to fowl typhoid among
White Leghorn(WL) known as possessing greater genetic resistance to Salmonella, Rhode Island Red (RIR)
susceptible to the disease and their mating crossbreed, WL xRIR. Also, it was carried out to compare fowl
typhoid—resistance among Hyline white xHyline brown(HwHb), Hw xIsa brown(HwlIb), Isa white x Ib(Iwlh),
IwxHb(IwHb) and IbxIw(Iblw) in order to select crossbreed chickens which have disease resistance to fowl
typhoid and simultaneously produce the brown eggs which our domestic consummers prefer. There was
no death of WL chickens challenged with Sal. gallinarum at each 2, 5 and 8 wk of age, while average 86.2
to 64.1% of RIR chickens tested died at the same challenge age during the test period of 2 weeks. Their
maiting crossbreed, WLXRIR were intermediate between the two breeds. Weight gains of tested chickens were
significantly higher in WL and WL xRIR without difference between them than RIR. In recovery rate of
tested strain of Sal. gallinarum from brain, heart, liver, spleen and cecum of chickens challenged, WL xRIR
fell between the other two breeds, with somewhat higher rate then WL but much lower then RIR. In the
disease resistance determination test using HwHb, HwIb, IwIb, IwHb and Iblw crossbreed chickens experi—
mentally infected with Sal gallinarum, it was recognized that all of crossbreeds tested developed marked
resistance to fowl typhoid, based on the results judged by the measurement parameters of mortality, weight
gain, recovery rate of challenged strain of bacteria, and positive rate of agglutination antibody, and HwHb
had a little higher disease resistance then others. In order to trace the action of disease resistance gene
to fowl typhoid, it was conducted to compare fow!l typhoid—resistance between brown-—feather line of
chickens and white—feather line of chickens in back crossbreed, HbxHwHb. There were no significant
differences in mortality, weight gain, recovery rate of challenged strain of bacteria, and positive rate of
agglutination antibody between two lines of chickens at 6—wk—old. Based upon these results, it was
recognized that these two lines had the same rate of disease resistance without difference depending on
feather colour of chickens.
(Key words : fowl typhoid, disease resistance, crossbreed chickens, Salmonella gallinarum)
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et al; 1984, Pomeroy and Nagaraja, 1991; Shiva—
prasad, 1997). 3 Moore(1895) = o] B1-& 'H QA ul
gy'oz 7]&% b glew, o] & 1902de& Curtice
(1902) 9 &) 252 AF8-3t3 9= 'Fowl typhoid'2 &
BE D F o]ojx =Y (Pfeiler and Rehse, 1913) 2 u)
Fd&= (Van Straaten and Te Hennepe, 1919) 530l A]
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9lo ] (Barrow et al., 1992; Bouzoubaa and Nagaraja,
1984; Lucio et al, 1984; Pomeroy and Nagaraja,
1991; Silva, 1984), #Zol|& dintz 8l 24 5.8 v 23}
i ATAA AjZo] o] wWe drAle] ERIFm Ut}
(Christensen et al., 1994).
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ZAtole old BolgdME Hafrt Zn Eg XAzl
1= o] 715l net AW o] Eolxle e
gdelA 9lth(Blaxiand et al., 1956; Hall et al., 1949;
Rao et al., 1952; Williams and Tucker, 1980). =}2}g]
F2E PDe} FTE €27+ Sal pullorumit Sal. gallin—
arum ©]9| FulE ol Fe] Ardalite] o3 AATE 4
Ao, ol F 7PF B UJAF 2= Salmonella
enteritidis®} Salmonella typhimuriumE ¥ %4 Yot
(Gast, 1997a). S| FAE S HAIF 71 454
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Table 1. Comparison of mortalities among White Leghorn(WL), Rhode Island Red(RIR) and WLXRIR cross—
breed artificially infected with fowl typhoid

Mortalities by breed(%)’

Age(weeks) Treatment Pen no. White Leghorn Rhode Island WLXRIR
(WL) PL Red(RIR) PL crossbreed
) Infected 1 0/13(0) 12/14(85.7) 3/14(21.4)
2 0/14(0 ) 13/15(86.7) 3/15(20.0)
Means 0/27(0 )® 25/29(86.2)° 6/29(20.7)?
Non—infected 1 0/12(0 ) 15/15(C 0) 0/15( 0)
2 0/14(0) 15/15( O 0/14C 0)
Means 0/26(0 )® 0/30( O)b 0/29( 0)°
. Infected 1 0/10(0 ) 9/10(90.0 3/10(30.0)
2 0/10(0) 8/10(80.0) 1/10(10.0)
3 0/10(0) 8/11(72.7) 0/11C 0)
4 0/ 9(0) 8/10(80.0) 3/10(30.0)
Means 0/39(0)*® 33/41(80.5)° 7/41(17.1)®
Non —infected 1 0/ 900) 0/ 9( Q) 0/ 8(0)
2 0/10(0) 0/10( 0) 0/10( O)
3 0/10(0) 0/10( 0) 0/ 9C )
4 0/10(0) 0/10( 0) 0/10( 0)
Means 0/39(0 )® 0/39( O)° 0/37( O)®
g Infected 1 0/ 8(0) 5/ 8(62.5) 0/ 8( 0)
2 0/ 8(0) 5/ 8(62.5) 0/ 7C0)
3 0/ 7(0) 4/ 8(50.0) 0/ 6(0)
4 0/ 7(0) 4/ 8(50.0) 1/ 7(14.3)
5 0/ 8(0) 7/ 7(100) 0/ 7(0)
Means 0/38(0 )® 25/39(64.1)* 1/35(2.9)°
Non—infected 1 0/ 7(0) 0/ 7C0) 0/ 8( 0)
2 0/ 8(0) 0/ 8(0) 0/ 8( 0)
3 0/ 8(0) 0/ 6( 0 o/ 8( 0
4 0/ Q) 0/ 8CO) -
5 0/ 8(0) 0/ 8 0) -
Means 0/39(0)? 0/37( O)° 0/24( 0)®
- Not tested.
* Challenge dose of Salmonella gallinarum @ 2.0x 108CFU/0.5ml/bird.

! No. dead/ No. chickens tested.

® Means within a column with different superscripts are significantly different (P<0.05).

Foll 2% lysozymeo] RZHUH A7 H]
z73A WLellME A9 nd5A] &
Aok & Aol e ol AN ER 2

walel §A eobd AWAQ HlZE & & glont WL el 4
Aoz ®ust  F@ ¥elgol RIRET 493 Wston £33, 4%
eAge s RulF S 4d P ere FE4EE RIRY 94
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Table 2. Comparison of daily mortalities among White Leghorn{WL), Rhode Island Red(RIR) and WLXRIR
crossbreed artificially infected with fowl typhoid

Age No. of Post challenge mortalities by day
Preeds (weeks) bird 1 2 3 4 5 9 10 11 12 13 14 Total(%)
White 2 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 oCo
Leghorn 5 39 6o o0 o0 o o0 o o o O o 0 o0 o o0 oI Q0);
8 38 6o o0 o o O o O 0o 0 0o 0 0 o0 o0 0( 0)
Rhode 2 29 0 0 2 6 1 7 4 3 1 0 1 0 0 0 25(86.2)
Island Red 5 41 O o 0O 0 o0 1 4 4 9 4 4 3 2 2 33(80.5)
8 39 0 0 O 0 0 0 o 1 1 2 9 5 0 7 25(64.1)
2 29 0 0O O 1 0 1 0 1 2 0 0 0 0 1 6(20.7)
WLXRIR 5 41 o o0 o0 0o 0 0o 0 o0 1 0 1 1 0 4 7(17.1)
8 35 6 o o0 o 0O O 0O 0O o0 o O o0 1 0 1029
W oz n|Fo] B uf Sal gallinarume] ZAF 7FEA] & 2. &t MHiES| JI2E|T A CHEF HMBHA =A}
FHHA lysozyme Foll 23 FEdel Ad 2 )z 2] Ut Ak S A gk AAe 2@ o7 )
A AT A 28 Sl 71Q1g WL F32] Aol & & A8AY F7F HgS sk 9 AMSE 1 Sle Hy—
5 7bsetdd Aoz AzEch line brown(Hb) &7 (Parent Stock:PS) 2 Isa brown
FT Q1374 234F A ET8A & 358, 43 & (Ib) ZA(PS) 9} 27} o5 Fol tedhe FFog W
A FEH AEAY SHIA FHEES vl A A PAE B o2 = Hyline white (Hw) Z4(PS)
u} Table 5|49} v} WLEES] A$ Ald F3o] Z71 2 Isa white(Iw) FA(PS)E o]&3ke] Hyline whitex
ghol} whek &A] g go] AA et 7dgke)glen Wk Hyline brown(HwHb), Hyline white xIsa brown (Hwl—
YAE R Sal gallinarum FPo 2 AMES 3¢ A b), Isa whitexIsa brown(wlb) = Isa whiteXx Hyline
Fd&o] Sal pullorumo et Z2AY tha kot RIRe| brown(IwHb) W¥iFS A & EFo2 HAAstn w3t
Ae A7 B9 B2 Hol srlale] WL 9 o)59) m Isa brown& BA 2 &ln Isa white® Eﬁ]i ) AJaksk
i E3te] vlue tha Z@sithn sl Awk=El Agk Iblw W} EE ZA| 8l R3l% g FroA AL 2
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Table 3. Comparison of weight gains among White Leghorn(WL), Rhode Island Red(RIR) and WL XRIR
crossbreed artificially infected with fowl typhoid

Weight gain by breed(g)

Age (weeks) Treatment Pen no.

White Leghorn Rhode Island Red WLXRIR

Infected 1 108.9 40.0 104.5

2 2 93.6 70.0 89.6
Means 101.0° 55.0° 96.7°

Non—infected 1 144.1 145.6 152.2

150.4 158.6 157.1

Means 147.5° 152.5° 154.6%

Infected 1 159.3 120.0 130.4

5 2 167.5 71.0 139.4
3 164.2 71.0 154.6

4 110.4 69.0 86.9

Means 151.4° 76.6° 131.7°

Non—infected 1 226.9 217.7 233.3

2 227.9 244.4 221.5

3 210.9 258.4 217.3

4 219.3 251.6 225.5

Means 221.1% 243.7° 224.1%

g Infected 1 240.3 194.3 193.4
2 219.1 127.3 186.7

3 209.0 125.8 152.7

4 179.4 145.0 177.0

5 262.3 - 186.1

Means 223.5° 146.3° 180.4°

Non—infected 1 211.4 266.3 259.3

2 230.5 277.5 261.3

3 251.9 260.5 228.9

4 269.6 281.4 -
5 246.4 260.0 -
Means 242.7% 269.7¢ 249.8%
— Not tested.

® Means within a column with different superscripts are significantly different (P<0.05).
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Table 4. Comparison of recovery rate of Sal. gallinarum among White Leghorn(WL), Rhode Island Red(RIR) and
WLXRIR crossbreed artificially infected with fowl typhoid

Age No. of Recovery rate of Sal. gallinarum(%)
Breeds .
(weeks) bird Brain Heart Liver Spleen Cecum
2 2 0 40.7 18. .
White 7 0 0 5 51.9
Lechorn 5 39 0 51.3 17.9 41.0 71.8
ceno 8 38 2.6 55.3 42.1 63.2 44.7
2 29 89.7 96.6 89.7 96.6 82.8
Rhode
Island Red 5 41 82.9 92.7 87.8 100.0 97.6
an 8 39 56.4 92.3 79.5 92.3 82.1
2 29 17.2 79.3 31.0 55.2 75.9
WLXRIR 5 41 19.5 75.6 39.0 70.7 87.8
8 35 11.4 91.4 57.1 88.6 65.7

Table 5. Comparison of positive rate of agglutinating
antibody among White Leghorn (WL), Rhode
Island Red(RIR) and WLXRIR crossbreed
artificially infected with fowl typhoid

Positive rate of agglutinating

Breeds Age antibody by Salmonella antigen (%)
(weeks)

Sal. pullorum Sal. gallinarum

. 2 18.5 (5/27) 37.0 Q0/27)
White

Leghorn 5 43.6 (17/39) 59.0 (23/29)

& 8 676 (25/37) 67.6 (25/37)

Rhode 2 0 (0/4) 0 (0/4)

Island 5 375 (3/8 50.0 (4/8)

Red 8 76.9 (10/13) 76.9 (10/13)

2 435 (10/23) 52.2 (12/23)

WL XRIR 5 97.1 (33/34) 97.1 (33/34)

8 91.2 (31/34) 88.2 (30/34)
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Table 6. Comparison of mortalities among HwHb, Hwlb, Iwlb, IwHb and Iblw crossbreeds artificially infected

with fowl typhoid

50 P4 FRERA A9 Ha

Mortalities by crossbreed(%)

Treatment Pen no. No. of bird
HwHb Hwlb Iwlb IwHb Iblw
Infected 1 11 0 0 0 0 27.3
2 11 0 9.1 9.1 0 18.2
3 11 0 0 0 18.2 18.2
Means - oP 3.0 3.0 6.1% 21.2°
Non-infected 1 11 0 0 0 0 0
2 11 0 0 0 0 0
3 11 0 0 0 0 0
Means - o° 0° o° oP o°

® Means within a row and a column with different superscripts are significantly different (p<0.05).
* Challenge dose of Salmonella gallinarum : 2.0x 103CFU/0.5ml/bird.

Table 7. Comparison of weight gains among HwHb, Hwlb, Iwlb, IwHb and Iblw crossbreeds artificially infected

with fowl typhoid

Weight gains by crossbreed(g)

Treatment Pen no.

HwHb Hwlb Iwlb IwHb IbIw

1 202.2° 145.7° 121.2° 185.5% 111.8°

Infected 2 232.6™ 137.4° 138.6" 150.1° 119.4°

3 224.0° 126.9° 146.0° 183.8* 78.4°

Means 219.6° 136.7° 135.2b 172.4° 102.9°

258.7% 225.0° 257.6 225.5% 223.8°

Non-infected 261.5% 252.1° 248.9° 244.5° 239.3°

3 276.9° 261.2° 266.6° 248.0° 248.8°

Means 265.7° 246.1° 257.7° 239.3° 237.3°

acd Means within a column with different superscripts are significantly different (p<0.05).
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Table 8. Comparison of recovery rate of Sal. gallinarum among HwHb, Hwlb, Iwlb, IwHb and Iblw crossbreeds

artificially infected with fowl typhoid

Recovery rate of Sal. gallinarum by crossbreed(%)

Organs  Pen no. No. of bird

HwHb Hwlb IwIb IwHb Ibiw

, 1 11 36.4 45.7 45.5 18.2 72.7
Liver 2 11 9.1 79.7 63.6 36.4 63.6
3 11 0 36.4 72.7 54.5 72.7

Means - 15.2° 51.5% 60.6° 36.4° 69.7°

1 11 54.5 90.9 63.6 27.3 81.8

Spleen 2 11 54.5 90.9 81.8 79.7 63.6
3 11 0.1 100 90.9 63.6 81.8

Means - 39.4¢ 93.9% 78.8% 54.5% 75.8%

e Means within a row with different superscripts are significantly different (p<0.05).

Table 9. Comparison of positive rate of agglutinating antibody among HwHb, Hwlb, Iwlb, IwHb and Iblw

crossbreeds artificially infected with fowl typhoid

Salmonella b Positive rate of agglutinating antibody’ (%)
. en no.
antigen Hwlb Hwlb Iwlb IwHb Iblw
Salmonella 1 63.6( 7/11) 81.8( 9/11) 81.8( 9/11) 455( 5/11) 100( 8/ 8)
pullorum 2 36.4( 4/11) 100(10/10) 80.0( 8/10) 72.7( 8/11) 77.8( 7/ 9)
3 18.2( 2/11) 100(11/11) 72.7( 8/11) 77.8( 7/9) 88.9( 8/ 9)
Means  39.4(13/33)°  93.8(30/32)*  78.1(25/32)®  64.5(20/31)™  88.5(23/26)®
Salmonella 1 63.6( 7/11) 81.8( 9/11) 72.7( 8/11) 45.5( 5/11) 100( &/ 8)
gallinarum 2 36.4( 4/11) 90.0( 9/10) 80.0( 8/10) 63.6( 7/11) 66.7( 6/ 9)
3 18.2( 2/11) 100 (11/11) 72.7( 8/11) 55.6( 5/ 9) 88.9( 8/ 9)
Means  39.4(13/33)°  90.6(29/32)*  75.0(24/32)®  54.8(17/31)™  84.6(22/26)®

e Means within a row with different superscripts are significantly different (p<0.05).

! No. positive/No. chickens tested.
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Table 10. Comparison of mortalities between brown
—feather line and white—feather line of
chickens in HbXHwHb back crossbreed
artificially infected with fowl typhoid

Table 11. Comparison of weight gains between bro—
wn—feather line and white—feather line of
chickens in HbXHwHb back crossbreed
artificially infected with fowl typhoid

Mortalities by

feather cotour’ (%)

Age Treat—
Pen no.
(weeks) ment Brown— White—
feather feather

16/16 (100) 15/16 (93.8)

weight gains by

Age Treat—  Pen feather colour (g)

o Infected 14/16 (87.5) 15/16 (93.8)
15/16 (93.8) 15/16 (93.8)
Means 45/48 (93.8)7 45/48 (93.8)
1 015 (0) 0/16 (0)
Non= 2 016 (0) 016 (0)
infected 5 516 (0)  0/16 (0)
Means 0/47 (0)® 0/48 (0)°
10/16 (62.5) 9/16 (56.3)
¢ Infected 7/16 (43.8) 7/16 (43.8)
4/16 (25.0)  4/16 (25.0)
Means 21/48 (43.8)" 20/48 (41.7)°
0/16 (0) 016 (0)
Non= 016 (0)  0/16 (0)
infected 5 /15 (0)  0/16 (0)

Means 0/48 (0)® 0/48 (0)°

# Challenge dose of Salmonella gallinarum : 9.3%x107
CFU/0.2ml/bird at 2 weeks old and 1.4 x 10°CFU/0.2ml
/bird at 6 weeks old.

* No. dead/ No. chickens tested.
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(weeks)  ment no. Brown— white—
feather line feather line
2 ! } -
Infected 9 _ _
3 — _
Means - -
Non~ 1 198.7 192.4
infected 2 205.5 204.9
3 201.1 212.0
Means 201.8 203.1
5 1 307.3 133.8
Infected 163.7 956.1
3 200.7 212.0
Means 219.8 203.1
Non-— 1 294.5 295.4
infected 2 285.3 300.0
3 277.1 204 6
Means 285.6 296.7
— Not tested.

6.7~9.4%5 ME3ko] 2 o] glo] thi E}oU FF
233 125%=% 7% 22 drhee VeI

ojfel A ANZ Kol A|@A Y A7 Bt Sl
A A 9 syt 2 A AW B 9d ol glle
m g AlY WeEE FA F51F 2% A9 ol |l

= Zom gzE,

H 2

19920l el Al HA2 7FFEF2 o] gld
ol o] ¥ WAE A 2] 7pA g R A7 UL
ATolE Erelal HIRA A FAETkel wiste 2
B2l o AAA Edo] e Aol wepA o
Aol gk A AgAgo] et Aoz de] A gl



Kim et al.: Resistance to Fowl Typhoid among Crossbreed Chickens 71

Table 12. Comparison of recovery rate of Sal. gallinarum between brown—feather line and white—feather line of

chickens in HbXHwHb back crossbreed artificially infected with fowl typhoid

Recovery rate of Sal. gallinarum(%)

Age(weeks) Feather colour Pen no. no. of bird - -
Brain Liver Spleen Cecum
2 Brown—feather line ! 16 100 100 100 7
2 16 87.5 87.5 87.5 68.8
3 16 93.8 93.8 93.8 87.5
Means 48 93.8 93.8 93.8 77.1
1 16 93.8 93.8 93.8 75
White— feather line 16 93.8 93.8 93.8 87.5
3 16 93.8 93.8 93.8 87.5
Means 43 93.8 93.8 93.8 83.3
6 Brown—feather line 1 16 62.5 75 81.3 62.5
2 16 75 93.8 100 75
3 16 68.8 68.8 68.8 62.5
Means 48 68.8 79.2 83.3 66.7
. ) 1 16 100 100 100 87.5
White=colour line 2 16 93.8 93.8 93.8 75
3 16 62.5 62.5 56.3 43.8
Means 48 85.4 85.4 83.3 68.8

Table 13. Comparison of positive rate of agglutinating antibody between brown—feather line and white—feather
line of chickens in HbXHwHb back crossbreed artificially infected with fowl typhoid

Positive rate of agglutinating antibody by antigen’ (%)

Age(weeks) Feather colour Pen no.

Sal. pullorum Sal. gallinarum

2 Brown—feather line ; 0 (O—/ 2) 0 (;)/ 2)

3 00O D 0 ©1

Means 0 O/ 3 0 /3

White—feather line ! 100 (/1) 100 (/D)

2 0 /D 0 D

3 0 O/ D 0 /1D

Means 33.3 1/ 3 333 1/ 3

6 Brown—feather line ! 0 ©76) 0 (076)

2 55.6 (5/ 9 33.3 (3/ 9

3 8.3 (1/12) 8.3 (1/12)

Means 22.2 (6/27) 14.3 (4/27)

) . 1 286 2/ 1) 28.6 (2/ 7)

White—feather line 2 11.1 (1/ 9) 111 (1/ 9)

3 33.3 (4/12) 33.3 (4/12)

Means 25.0 (7/28) 25.0 (7/28)

- ! Not tested.

! No. positive/No. chickens tested.
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Table 14. Detection of disease of dead chickens during the first test period of 72 weeks

No. of dead chickens by crossbreed’

Diseases
Chungnong # 1 Chungnong # 2 Chungnong # 3 Chungnong # 4 Subtotal

Proctoptosis 6 8 5 4 23
Gout 2 6 4 8 20
Fatty liver syndrome 3 3 3 2 11
Colibacillosis 2 4 1 4 11
Peritonitis 1 1 2 1 5
Ascites 1 1 0 1 3
Salpingitis 0 0 0 1 1
Putrefaction and 8 15 8 14 45
miscellaneous

Total and 23/160 38/120 24/104 35/200 120/584

mortality (%) (14.4) (31.7) (23.1) (17.5) (20.6)

Chungnong # 1 : White Leghorn (3 )PLXRhode Island Red($)PL, Chungnong # 2 : WL(3)PLXHyline Brown(${)PL,
Chungnong # 3 : WL($)PSXHB(%)PS, Chungnong # 14 : WL(3)PSXHB(%)CC
? No. dead/No. chickens tested.

Table 15. Detection of disease of dead chickens during the second test period of 68 weeks

No. of dead chickens by crosshreed’

Diseases Chungnong Chungnong Chungnong Chungnong Chungnong Chungnong Subtotal
# 21 # 22 # 23 # 24 # 25 # 26
Proctoptosis 5 3 5 3 3 2 21
Fatty liver 1 4 5
syndrome
Salpingitis 4 4
Colibacillosis 1 1 2
Peritonitis 2 2
Tumour 1 1
Liver necrosis 1 1
Putrefaction and 5 5 10 5 8 3 36
miscellaneous
Total and 10/120 9/120 25/200 8/120 15/160 5/200 72/920
mortality (%)’ (8.3) (7.5) (12.5) 6.7) (9.4) (2.5) (7.8)

! Chungnong # 21: Isa whitePS% xIsa brownPS$ (Iwlb), Chungnong # 22: Hyline whitePS4 xIsa brownPS<$ (Hwlb),
Chungnong # 23: Isa brownPS$ xIsa whitePS% (Iblw), Chungnong # 24: Isa whitePS$ xHyline brownPS$ (IwHb),
Chungnong # 25: Hyline whitePS 4 xHyline brownPS$ (HwHb), Chungnong # 26: Lohman whitePS $§ xLohman brown PS
£ (LwlLb)

> No. dead/No. chickens tested.
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