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Pathogenicity of Bacillus larvae to Larvae of the Honeybee (Apis mellifera) [Research report]
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Abstract
Pathogenicity of Bacillus larvae spores to 1-day-old larvae of the worker honeybee, Apis mellifera, in which season (15-20°C)

was determined by experimental infection in Taiwan. Pooled data showed that LD50 and LD95 are 21 spores and 422 spores,
respectively. The results revealed that 1-day-old larvae are highly susceptible to B. larvae. From the results of winter bioassay, 4
selected lethal doses, LD30, LD50, LD70, and LD95, were inoculated onto 1-day-old larvae the following early summer (25-30°C).
The results showed no significant differences in pathogenicity between these 2 bioassays ran in different seasons. However, the
mortality of 2-day-old larvae to B. larvae was much lower than that of 1-day-old larvae. The mortality of 2-day-old larvae was 37.2%
+3.4% after 4.5x104 spores/larva inoculation, while 3-day-old larvae were not susceptible to this pathogen even at the same dose.
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F) B AT 3248 40 & 5F 3542 8 (Bacillus larvae) 37 1 A #1498 BRY A
BrihieciktfENHMae£EE » LDso & LDos %1 & 21 B 36-F 51 442 @3F -
BTRBERTHBH A RENEIEN - BAs AN LM (capping stages) &
+ & 2R B LM A% (American foulbrood) #9744k > HE BB R ITBL Y
& (13.8%-23.3%) Sk N3t A - MHH 1 O @ ANFHBURN > WRRIRTH 2
¥4 SRR RERK  BAESHERT 4.5 X 10*E%-F ) 24 372% %
34% IR TE - AFHRAH 3 ARV ANBURNEBE BRI -HERTHE

BmAsge R -
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% M % & 9% (American foulbrood, LA
T AFB) 2 76 ¥4 (Apis mellifera) &
% 1Y% (Morse, 1978) » Hefi5 i B MK
REEHE > BT OENERIRER A
TGy EE A 5 A TR ) Y 0 ALK LR
1% (Goodwin ef al., 1994) » AKEE
B EREKIBL - Bl 0 2HFE
EREM RS AFB % £ 8988 (Mathe-
son, 1993) ; AT BRKT - HEL 1967 &
BRE %3 AFB % (Yen and Chyn, 1971) »
BRESTBREMBESEREEE - 5%

*HENARE AR XHMBEZATA

AFB W% F 8 5 %) & 3 A2 & (Bacillus
larvae) » WEH A BRFHAERRELEN - T
W o R S 9 1 %) 8 & YUK (Rinderer
and Rothenbuhler, 1969) -

B i A AR G B L SR I BOR ) 0 B
H & 2% 79 K /N B 1% % ¥ (Bamrick and
Rothenbuhler, 1961; Bamrick, 1967) -
BN SRR E B, larvae W BUR 1 KR
(Rothenbuhler and Thompson, 1956) -
Woodrow (1942) % B. larvae fi T #8INA%)
HBARVIVIRHER ) > Bucher (1956) AR
& Woodrow fJERHEE I B. larvae {87 ¥
1 Hinw 4 & 09338 & (LDso) £5 35 fil i
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¥ o Hoage and Rothenbuhler (1966) #|]
FAR IR B9 75 s » B BRI B S SRR AL 3 /NERE
1 LDso AN 187-275 fEf 7 » SHAl=H £
FEK o S HBUR TR B R
i SR BRI EHN AR EE M 0 AHESE
IR S BEATS B, larvae 17 S EEE R
PR BT 95 IR T A b B 2R VS PR R LD SR T B
B BN T HEBOR IRE -

FEHER TS A
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PEPEME (R IR 1995 £ 7 BB H T K&
Fiesg > WA 10 AR EREER S
NE A SO RER TR U TR (R
Bk = 21, v/v) FITER o RN 8
B H THREE N 9 FEA 1 S IEEEN
(5% o B. larvae 187 FHILE A K&
S 1994 45 8 A AT AFB IR - 1%
TS TR AR -20 °C o B R AT LU
AL 50 W 208 0 b0 AHE B AT IR
ALUR B 2SR KBTI - BHE R 500
rpm, 4 CHEL 10 S8 L MasisrE R - L
WL 5000 rpm - 4 C#EEL 30 778 0 15
% b VIEBIAIIOA 10 ml SEEK - 3
DR S SREFRED GRS HERA 7 - &%
Fif LA ER 31 8 %8 (haemocytometer) 75K
B T AR TIRERS 45 X
10° / ml » RER4TC e
- SEERER

DR TGS RS 2E  ATRS
1 BBl h RSy ek Nz
o M RS S R A b 24
N R S > R 2 15 £) 1000
R 18 RN o BRI R E 15 T2 /NEE - BRRY
BREEW 3 HEIE 1 Himd ek - RiE 4
205 HHE 2 82 3 Hishas o ML LR 3 WH

24 HERHSHAEEE -

Bl s 0 (AR SRR - 1T T YRR ¢
OB RNETEEE

SEHY 1 Hhghak 30 & » 47 B DA &
&% (Gilson, P2) i1 pl 87 HE R
(4500 1 / wD BRSEREYMH - KH U
100 ol MEF K phEE 15 S LD B H H 7
4R 515 EHBEPR BEHTEZ o 575
W R G R B phYEIRE S 80 'CTh#A 10 77
S8 PR EEE 0 U oh 200 pl 4 FS BHIT
(Difco,
mented with 0.1 ppm thiamine) 7
FoBRITCER4H - PR EHEKHE
RIS R B R - SR A b
3 (catalase test) £5 B2 I 8L B B I 4 1
(Gram-stain) B4 %% E (Steinkraus and
Morse, 1992) » #I%E & F4 L B. larvae
% % > A5 & CFU {# (colony-forming
units) o FH[E AP EERE R H wh i 15 6 8
BRR L) S ARAR RS £ o BRI 1wl 1Y
7 F SRR A 400 pl EFE KRR - INEAR
HY 200 pl ®AZ 7 BHIT B4 > ksl v
SRR A RE BB AT R R B B WAL -
©) B. larvae 787 % — H i 4 & 0 BOR 1

#1995 4 11-12 A (15-20 'C ) it 8
BEEEE 1 D EhLh a0 SENUIR A 5L A % 3
em PA L4 & 30-35 5 RHIE » Bk
ARk 3 S E UL L A BB R
TR AT o BE IR N & 0 B LA
BEWREETEM 1 el HHEREN T RER
987 - 17 ~ 33 ~ 72 ~ 167 ~ 333 »
3,333 g 33,333 % A~ & i 7 Al & #9 5e H
[+ T B AE N OO 25 B Y SR K 0 8 R B
1T 3-8 HIE o WM R o A
A SR o R4 #E A E ] (capping
stage) » B} FEEEFHEI FAOREE 0 U NE
R H B aBE 0 BB A34TC 0%
RH WAEN > 9 HEIULBZEHERN S
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BB AFB %78 § 50205 L ga iR 2L
# AFB /5 8% - & Hornizky and Wilson
(1989) HH¥:AIE 2T 5 B. larvae B4 » il

S BEHE H LDso -
ZH&E -
@ B. larvae 78 7 & 3 09 3= 5 1 8% 52 R0 %
T ZHES & BUE 1

KRB ()8 HEEYSE 2
Bih 4 8 1 Hilmgha® 1996 425 A A
(25-30 C ) EfTHEMERER - BN T B
B ERRRE () o BEANETEA
SHREARE () WERSH AR LDso -
LDso . LD7o 1 LDoes | & g2 4 & 7k % 8
# 0 LU B. larvae 2% 91 E Y] B AR B
FIBUR ) o 55 4 BHgRHRME 2 71 3 Dk
HITHAE > BEFEMIR S 45, 450, 4,500,
45,000 f@E fi2 7 SE I 7K > LARES B. larvae
#H2f3 HEmshammBuw ) -

LDso ., LD7oe 1 LDgs

w R

- MBENRFEEE

#Mi{L# B. larvae 78T (4,500 @ 2 7 )
M BHIT S5 > 37 CHi®E 4 HAW
% 264-404 fHF % » & BT 381.60 »

HFIHBETYE 7.4%  B. larvae 551
% [ 8% (obligate pathogen) - [A I ffd 7 /2
B # B W % & W& (Nordstrom and
Fries, 1995) o ¥%& B. larvae {1 7 W% &%
o EREER D AR EE o 1P
2 H#% B RAEM T 5§l 2 8] A il R
46.7% Wi @B A B TEY > HA TR EK
1K PhEe RSB K 0-12 HF & - T
HHERE 2.14 > REENE TR 24 /0
FkE 0.64% HEHREYERE (R—) -
B4 BRI A T 4 s B e
#BHG L > R FE3E 13.3% ShEEE T
B (BfFI5 R - THEA 0.26 (0-
2) FE% R EENMFR 24 DRFRE
H0.13% A TG IF Ay EaE - LRER
g —HEm LHY R 24 MR R
HoBENBETRA > MEEERFHRH
b B BT+ B o
Z - B larvae BFH—BBHBIBREN
RA YA E B & & B. larvae £l ¥ 4%
1 s s Balk s - R
WA R RIRAIE 15-20 C » HhaEERET
5 NS K 2 BHIRAH A B E IR A
22.4% + 7.1% (mean * S.D.) %W T
R HHBREARBERNY S (17.6%

K— BER4SXICHRFASERFAI AR ITBOSNBEEATH

Table 1. Residue of spores after inoculating 1-day-old worker larvae with 4.5 X 10° B. larvae

spores/ larva

Bacterial colonies

Investigation period N

Residue (%) Residue cells/N

(range) (%)°
1st day
Inoculated cells 15 2.14 (0-12) 0.64 46.7
Neighbor cells 15 0.26 (0-2) 0.13 13.3
2nd day
Inoculated cells 15 0 0 0
Control 5 331.60 (264-404) - -

* (Residue of spores /inoculating spores) X 100%.
b (Observed cells containing residue of spores / N) X 100%.
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+ 58%) MIRHEI ABRKEEHE2ERT
& o #% B. larvae 8 7% &% > HECE
I o FeE ) B A 3R N R IE B S RIER T
(3,333 117 / $hEa A L) FHEIMIL T 5 B
R BT (72-333 87 / $i8) B T
EREf TR EEREBRE B  HETY
GHEZES 69%-188% » RERXCEH
79.0%-90.9% ; HERBFEMF (7-33 ¥
/48 FH  SEBHEMNEEERKIES
[0 2334 B 1t 7~ 75 & 1 38 i 0 281 2 195k 38 (P
<005 » HFHEEFER 32.6%-59.2
% » WIESE RS 24.4%-57.6%  #3E
(-2 E LA log-probit 2 34 47 15 B 5 12
A Y =3.34+1.25X (x%=8.2 < x%05, 5
df=11.1) » Lt ARG E B. larvae 8F
¥ 1 A &%) 2 BRI & 5 LDso=8, LDso=
21, LD70=56 1 LD95=442 fii ¥ -

R _hyRAIHE > #EED - SHEER
HENE TEBRWLAEZ SR HEAE P
< 0.05) - LLERHASH 13.8%-23.3%
EEEREZNBERERNBELEHEEE

®=

(P> 0.05 @ ER - ABEMNAETFEE
KRR shad R EA T EH o A EH WK
B AFB WL b EESHEEHABE
IR AFB BB W L OLER B B8 —
4Pl F (53.3%-60.0%) » THIERS 44.2%-
48.7% » EH|I &% 15.0%-36.6% 5 H »
EEENERTKN WIS 585 EH & F
BN TR R » MR T R RIEHEM A AR -
HEARTE AFB TS S B (5 B &I LA
BREHABEEENZR (P <0.05)
IR HESRMERE 100% - THEE
£ 71.0%-86.6% - & % & £ 20.1%-
52.3% o [A]IF » % uE EAR I 3 3 SRR FE AR 2R
BHMIES CE+ 453 » #1151 0%-8
% > RINWEEHE BB ERENRATERLY
#23% B. larvae 0 T HIBI & {5 {H -

AR EREERARGEEMGESLAIE -
g R B #5& LDso, LDso, LD7o 52 LDgs
BEATR 1 O T8 E - UHBRKRA
TRARFEH ZBUA T o BB A R B
SR RIEE 25-30 C 0 $hER AR S HER?

y B
=]

2% (15-20 C ) BEEARABHRHBFREERT M1 BB TRA[AIETE

Table 2. Mortality of 1-day-old worker larvae after inoculation with various doses of B. larvae
spores in winter season (15-20 C )

No. spores  Total larvae Living pupae Missing larvae  AFB/treated cells ~ AFB/capped cells Corrected
inoculated treated” (%) (%) (%) (%) mortality’ (%)
33,333 90 0+ 0a 4671 120c¢ 533 £ 120 ¢ 100+ 0f 100+ 0f
3,333 920 0+ 0a 400+ 88bc 600 & 88f 100+ 0f 100+ 0f
333 230 69 + 22ab 444 + 157¢c 487 + 165 def 866 £ 66 90.9 £ 2.5 ef
167 180 96+ 55bc 46.2 + 106 ¢ 442 + 9.7 cde 821 %+ 88e 87.7 64 de
72 180 188+ 72¢ 362+ 67bc 450 41 cde 71.0 + 884d 790 £ 804d
33 255 337+ 83d 2974 62ab 366 £ 5Tcd 523 £ 85¢ 576 £ 138 ¢
17 200 406 £ 59e 278+ 67ab 316+ 115¢ 431 £ 115¢c 466 £ 104 ¢
7 200 592 + 25f 258 + 42ab 150 £ 41b 201 £ 48D 244 £ 68 Db
Water 255 7.6+ 58g 224+ Tla 0a 0a 0a

“ Each assay contained 30-35 larvae in a colony and 3-8 colonies were tested.
Corrected mortality = (1 — living pupae of treatments / living pupae of control) X 100% .
¢ Means in the same column followed by the same letter are not significantly different by LSD multiple range test

(P <0.05).
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RAEE#ER 35 C) » HARW - BHER
B RN EASRWBREFRIK  T1H5
103% + 8.4%( % =) - AW HEREIFRK
BT 121% » HEREASH BN 89.7%
84% HHERPE 9 HERHEFE R 2HEE
Wi 5 AFB W08 - #:1E B. larvae -7
M5 - H 17 AR RE R 7 B & 98 0
B SEBEMANKIERCEGBERHE
{8+ B8/~ B. larvae fi 7% 1 HimSapI
FHAREEHMENER - o - 8 LD
$2 LDos i & #1%) & % B A R & R H

K=

(P <0.05) » BURkt - MEIRNMBTHRS
SR S a AR E c FHE > K&
BB SR ERRETN T BT PR IES
TR #EIRK 0%-9.6% » L RBERKGEL
VIR A -
=B larvae BFH_ - ZHBHBHIR
= Fa
B 45 X 10! ~ 45 X 10 #IgHT
2 HESsass R (RM) » A5 EE
FHESHR 4.5 X 103%* BT / &) #iF
BEFGHEREK P <0.05)  BHREENRE

EF(25-30C ) HETABNEORFAREATIA 1 BB TN/ TE

Table 3. Mortality of 1-day-old worker larvae after inoculation with doses of B. Jarvae spores

in summer season (25-30 °C )

No. spores  Total larvae  Living pupae  Missing larvae  AFB/treated cells AFB/capped cells Corrected
inoculated treated” (%) (%) (%) (%) mortality” (%)
LDg5 (442) 120 58 + 57a° 533+ 242c¢ 408+ 282b 895+ 95e¢ 937 % 634
LD (56) 120 217+ 193a 450 % 212bc 333 % 187b 663 * 151d 759 + 2164d
LDso (21) 120 475 + 132b 250 £ 135ab 275+ 173b 468 + 56c 468 + 148¢
LD3o (8) 119 06+ 99%c 11.7%79a 177+ 11.6ab 197 £ 86b 214 £ 79D
Water 117 897 + 84d 103 % 84a 0a 0 a 0a

% Bach assay contained 29-30 larvae in a colony and was performed with 4 colonies.
Corrected mortality = (1 — living pupae of treatments / living pupae of control) X 100% .
¢ Means in the same column followed by the same letter are not significantly different by LSD multiple range test

(P < 0.05).

RO EF(25-30C ) EZREBEARABEYSKFAREATMN 2 A THOEBAIFETE
Table 4. Mortality of 2-day-old worker larvae after inoculation with various doses of B. larvae

spores in summer season (25-30 C )

No. spores  Total larvae Living pupae Missing larvae AFB/treated cells =~ AFB/capped cells Corrected
inoculated treated” (%) (%) (%) (%) mortality’ (%)
45 x 10 119 60.7 £ 53a° 113 £ 98a 280 + 484d 315 £ 21d 372 £ 34¢
45 X 10° 119 775+ 80b 102+ 36a 1241 51c¢ 139+ 60¢ 198 + 59 b
45 x 10° 115 902+ 83c 26%44a T3+ 41k 76+ 46bc 651t 87a
45 X% 10' 119 966+ 01c¢ 23 % 20a 11+ 19ab 11+ 19ab -03 % 37a
Water 117 965 £ 36c 35+ 36a 0a 0a 0a

% Bach assay contained 29-30 larvae in a colony and was performed with 4 colonies.
Corrected mortality = (1 — living pupae of treatments / living pupae of control) X 100% .
¢ Means in the same column followed by the same letter are not significantly different by LSD multiple range test

(P < 0.05).
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Table 5. Mortality of 3-day-old worker larvae after inoculation with various doses of B. larvae

spores in summer season (25-30 °C )

No. spores Total larvae Living pupae Missing larvae AFB

inoculated treated” (%) (%) (%)
4.5 X 10¢ 120 90.0 £ 6.7 a 10.0 + 6.7 a 0
4.5 X 10° 120 89.8 £10.2 a 102 £ 102 a 0
4.5 %X 10° 119 933 £ 33 a 6.7 £ 33 a 0
4.5 X 10! 118 91.1 £ 96 a 89 £ 96 a 0
Water 120 96.7 £ 33 a 33+ 33 a 0
4 Fach assay contained 29-30 larvae in a colony and was performed with 4

colonies.

b Means in the same column followed by the same letter are not significantly
different by LSD multiple range test (P <0.05).
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Ay eiE 4.5 X 10° 82 4.5 x 10 #I &
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X 10* # & &  H G ik 37.2% RIS C
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Hoage and Rothenbuhlor (1966) i A
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AFB R BB R 5 e > B T AR R
RN B R R R E R
TSR A BN RRRRER - &
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Pathogenicity of Bacillus larvae to Larvae of the Honeybee

(Apis mellifera)

Yue-Wen Chen*, Chung-Hsiung Wang and Kai-Kuang Ho  Department of Plant Pathology and Entomology,

National Taiwan University, Taipei, Taiwan, R.0.C.

ABSTRACT

Pathogenicity of Bacillus larvae spores to 1-day-old larvae of the worker
honeybee, Apis mellifera, in winter season (15-20 ‘C) was determined by experi-
mental infection in Taiwan. Pooled data showed that LDso and LD¢s are 21
spores and 442 spores, respectively. The results revealed that 1-day-old larvae
are highly susceptible to B. larvae. From the results of winter bioassay, 4
selected lethal doses, LD3o, LDso, LD70, and LDys, were inoculated onto 1-day-
old larvae the following early summer (25-30 'C). The results showed no signif-
icant differences in pathogenicity between these 2 bioassays ran in different
seasons. However, the mortality of 2-day-old larvae to B. larvae was much
lower than that of 1-day-old larvae. The mortality of 2-day-old larvae was
37.2% + 3.4% after 4.5 X 10* spores/larva inoculation, while 3-day-old larvae
were not susceptible to this pathogen even at the same dose.

Key words: honeybee, Bacillus larvae, American foulbrood, pathogenicity
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