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Abstract — American foulbrood is a fatal disease of honeybee larvae. Larvae become infected by swal-
lowing spores of. larvae larvaethat contaminate their food. Adult bees who transfer the spores
and have close contact with larvae never become infected. Resistance to this bacterium was investi-
gated in various larval stages and in adults of different ages. Substances inhibiting the growth of
P. larvae larvaecould be demonstrated in 4 day old larvae and, to a lesser extent, in 1 day old larvae.
No such substances could be shown in 6 day old larvae. Extracts of midguts of adult bees generally
showed a stronger ability to inhibit growth of the bacteria than did extracts of larvae. It was discov-
ered that the midguts of 8 day old adult bees show a higher growth-inhibiting potentialRdainst

vae larvagthan midguts of freshly emerged adult bees or foragers.

Apis mellifera/ Paenibacillus larvae larvaé age-dependent resistance / honeybee larvae

1. INTRODUCTION and Brgdsgaard, 1999). Early detection of
infection by investigating honey samples
American foulbrood is a fatal disease of O" SPores (Hansen, 1984; Shimanuki and
honeybee Apis melliferal.) larvae. The Knox, 1988; Hornitzky and Clark, 1991;
causative agent is the spore-forming bacHornitzky and Karlovskis, 1998) or with
terium Paenibacillus larvaesubsplarvae  PCR (Alippi and Aguilar, 1998; Govan et al.,
(formerly Bacillus larvag (Heyndrickx et 1999) is desirable, but the disease is usu-
al., 1996). American foulbrood has a serially identified through recognition of
ous negative economic impact on the beeadvanced clinical signs by beekeepers. For
keeping industry and on agriculture (Hansemprotection and treatment, beekeepers have
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become increasingly dependent on the use tdmperature-stable substances in the midgut
antibiotics (Peng et al., 1996; Alippi et al.,of adult bees have the potential to suppress
1999), which presents toxicological hazardshe germination of spores and the growth
to bees and risks contaminating hive prodef the vegetative stage Bf larvae larvae
ucts (Lehnert and Shimanuki, 1981; Pen@ifferences in the amounts of such sub-
et al., 1992). In countries where the use oftances in larvae from different colonies
antibiotics for bees is forbidden, often themight contribute to the colonies’ differences
colonies have to be killed. in resistance or susceptibility to American

) _foulbrood.
Larvae become infected by swallowing

spores oP. larvae larvadhat contaminate _ 1he aim of the present work was to inves-
their food. After spores germinate in the larfigate if larvae have growth-inhibiting sub-
val midgut, the vegetative forms penetratétances, and to compare their effectiveness
the tissue of the intestine and multiply, whichWith those substances in adult bees of dif-
finally kills the larva (Ritter, 1996; Gregorc ferent ages. To learn more about the origin
and Bowen, 1998). It has been known for Sf these non'—lnduced substancgs, and if they
long time that young honeybee larvae aré&'® synthesised by the bee or incorporated
highly susceptible but older larvae and adultVith food, we also investigated the extent
bees, even adults that transfer the spord@ Which the larval food, honey, pollen and
and have close contact with young Iarvaei,e”y inhibit the growth of these bacteria.
never become infected (Woodrow, 1942;

Woodrow and Holst, 1942; Bradsgaard et al.,

1998) Schulze-Langner (1955) reported that 2. MATERIALS AND METHODS

spores germinate in the rectum of the adult o

bee and are egested as non-infectious vege- 2-1-Paenibacillus larvae larvae

tative cells. However, Wilson (1971) reported
that spores fed in large numbers to adult
bees remained viable in the alimentary canal . . .
and, when then fed to young larvae, caused For our experiments we used a wild strain

American foulbrood, although he did notOf .P' larvae Iarvagfrom Styria (Austria)
find any pathological effects on the adults (Riessberger-Gallé et al., unpublished data).

Larvae from different lines of honey bees]dentlﬁcatlon ofP. larvae larvaewas car-

showed different mortality rates following gfd 3‘“ by ingt;bgtioréor CclJ)I_umbia srl;eep
inoculation with spores d?. larvae larvae  2/00d agar (27.3 g Columbia agar base
(Rothenbuhler and Thompson, 1952). Fee Oxoid), 700 ml distilled water, 50 ml sheep
ing spores to larvae of different ages, Bam;l:lfl)Od)' foIIO\’/’vted tby the clj‘atﬁl_ase an%tge
rick and Rothenbuhler (1961) found that agemann” tests (giant whips could be

larvae of a resistant line were no longer Sugghentifigld ig tf|1e :iquid pli:t of Colum1b£5
ceptible after about 36 hours of age, while"€€p blood slan agar) (Plagemann, )-

larvae of a susceptible line did not become o

resistant until the age of about 48 hours. 2-1.2. Cultivation

Vegetative stages of the bacterium were i ) ,
found in a higher percentage of youn Bacteria \_Nere_cultlvate_d for two days in
infected larvae than in larvae of intermedi- ralrl-heart-mfus_mn (Oxoid) and frozen at
ate age or older following approximately‘m C in 1 ml aliquots until used. 40 ml of

the same period for spore germinatiorPrain-heart-infusion was then inoculated
(Bamrick, 1967). with 1ml of defrosted suspension (see

above), heated at 77 °C for 10 min to elim-
Riessberger-Gallé et al. (unpublishednate rods that might have survived freez-
data) found that one or more non-induceding and to activate spores to germinate, and

2.1.1. Identification
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incubated at 37 °C for about 48 hours. Thaddition of distilled water in the amounts
culture was in the beginning of the expo-of 160pl (for 30—36 h larvae), 10l (for
nential phase of growth when it was used! day larvae) or none (for 6 day larvae), the
for inoculation, standardised by dilution atcontents were homogenised by ultrasonic
an optical extinction of 0.20-0.21 measuredreatment. Then each vial was filled with
at 546 nm (von der Ohe et al., 1996), pat®60 ul (for 30-36 h larvae) or 650l (for
length 1 cm. Optical extinction was meas+4 day and 6 day larvae) ethanol and stored at
ured as a quantification of the cloudinesgl °C overnight. The next day the suspen-
caused by the growth of the bactd®idar- sion was centrifuged, and the supernatant
vae larvagimethod: Bast, 1999). was lyophilised and stored at 4 °C until used.

For another series of investigations,
Eppendorf vials were each filled with 50 lar-
vae 30-36 hours old, so that the combined

Samples of larvae and adult bees of difV€ight in one vial corresponded to the
ferent ages were taken from two full sizedV€ight of one 4 day larvae, and further treat-
colonies (each with 20 combs and aboufent was carried out as described above.

35000 bees, which were estimated by
screening the colonies) around the end of 5 4 Samples of adult bees
April 1999. Samples of royal jelly from

queen larvae were taken near the end of \y, investigated freshly emerged adult
May; samples of worker larvae 30-36 hourgyqe g day old adults and foragers. The
old and samples of pollen and worker jellygoqhiy emerged bees (0 day old) were taken
were taken during July; and honey samplegut of their brood cells before they had any
came from honey extracted at the end ofqgipjjity of being fed by nurses or feeding
summer. The two colonies (Aand B), standyemselves. The 8 day old adults were bees
ing side by side, differed in their behawourthat had emerged in an incubator during a

towards intruders: one was very calm, the 5 hour period, had been marked, and had
other was very aggressive. Whenever broof}, oy heen introduced into their original

combs were drawn from a hive to obtain.g hies and allowed to live normally for
bees emerged in an incubator, the emerg

beles a?d the ﬁprpbrs] were (eturr(ljed to thBjogically equipped to function as nurse
colony from which they originated. Sam-peeg (Crailsheim, 1986; Moritz and Crail-
ples of the food stores of both colonies wergp i 1987 Crailsheim. 1990: Hrassnigg
cgllected,fand angf')I/SlS colnflrmed th€,nd Crailsheim, 1998) and are frequently
3 secr)lﬁe 0 Zpgres arvilggz%lrvge(fvon observed nursing brood (Résch, 1925; Lin-
er d'e and Dustman, ) before Weyaer, 1952: Riessberger and Crailsheim,
started investigations. 1997). Forager bees were collected in front
of the hive entrance, returning from flights
2.3. Samples of larvae with pollen loads on their corbiculae.

The midguts of bees from each of these

The queen of each colony was caged othree temporal castes were dissected, washed
a brood comb in her colony for 6 hours totwice in distilled water and lightly touch-
obtain brood of known age. Larvae at thalried. Eppendorf vials were filled with
age of 30—36 hours, of 4 days and 6 day8 midguts each; after addition of 1al0dis-
(just capped) were taken out of their cellstilled water, the contents were homogenised,
washed twice in distilled water and touch-the vials were filled with 56@u ethanol,
dried lightly on filter paper. Eppendorf vials and analysis proceeded as described above
were filled with 8 larvae each. After the for samples of larvae.

2.2. Sampling and colonies
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2.5. Samples of food In each test, two test tubes were supplied
with the same concentration of extract from

Samples oZea maywpollen from three the same pool of larvae, adult midguts or
different sources were investigated:food samples. One of the tubes was inocu-
1: untreated pollen picked directly from lated with 3Qul of bacteria suspension, and
b|oomingZea maysz: po”en pe”etS taken the other O!’le served as the blank dunng later
from bees that were caught on the flowers gphotometrical measurement (564 nm). As
Zea maysand 3: bee bread removed fromthe blank remained clear (no cloudiness)
pollen cells, made by the bees fr@aa after incubation, there were no spores or
mayspollen (as confirmed by microscopic Vegetative forms of bacteria or fungi present
analysis). Each Eppendorf vial was filledin the added extracts. Tubes were incubated
with 32 mg of pollen, because about 4 mg ofterobically at 37 °C for 24 hours and shaken
pollen is typically found in an adult midgut P&fore measurement.
(Crailsheim et al., 1992), and analysis pro- The method of inoculation, incubation
ceeded as described above for 8 midguand measurement was the same in all tests.
samples from adult bees.

Similarly, we analysed 32 mg-samples 2.7. Statistics
of royal jelly (colony B only), worker jelly
from 30-36 h old larvae (colonies Aand B) Means and standard deviations are given.
and extracted honey. Six independent pools were tested in each
The amount of pollen in the gut of a SEMes: Significance was tested with repeated

4 day old larvae was determined by count€asures analysis of variance (SPSS). Dif-
ing the pollen grains (Crailsheim et al., 1992f€T€nces between concentrations of the
Loidl and Crailsheim, unpublished data).?XtraCt’ phfferences between age qlasse_s (and
Twelve 4 day old Iar\’/ae of two colonies. interactions between concentration differ-
different from colonies Aand B, were inves,-ences and age class) a_nd dlffer_ences between
tigated ’ the two colonies (and interactions between

' concentration differences and colonies) were
tested. Differences in the weight of the
pooled larvae (30—36 h) between colonies
Aand B were tested with the Mann-Witney

. . . U-Test. The level of significance was set at
To test for antibacterial activity, the p < g 5.

lyophilised powder of each sample of lar-

vae, adult midguts, pollen, royal jelly, worker

jelly, or honey was dissolved in sterile dis- 3, RESULTS

tilled water, and different concentrations of

the solutions were added to test tubes filled 3.1. Effects of larval age (Figs. 1 and 2)
with 1 ml of brain heart infusion. We tested

nine different concentrations of each larval Extracts of larvae of different ages dif-
extract or midgut extract, corresponding tdered in their effect on the growth of the
2 -0.00781 larvae or midguts of adult bees/egetative stages Bf larvae larvaeln these

In addition, for larvae 30—36 hours old, wetests we compared extracts from equal num-
tested nine other concentrations, corresporpers of larvae of different ages (one 30-36 h
ding to 12.5 — 0.0488 30-36 h larvae. \Wdarva vs. one 4 day larva vs. one 6 day larva
also tested nine different concentration@nd so on), even though their weights dif-
of “food” extract, corresponding to 8 — fered greatly.

0.03125 mg pollen, royal jelly, worker jelly  An extract equivalent of one 4 day larva,
or honey. Sterile kD was used as control. that contained not more than 0.2 mg pollen

2.6. Experimental set-up
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Figure 1. Growth-inhibiting effect (measured at gof bacterial suspension after 24 hours of aero-

bic incubation at 37 °C) of extracts of larvae (L) of different ages from two different colonies on the
vegetative stage d. larvae larvae For optical reasons standard deviations are not given for the
30-36 h and 6 day larvae of colony A, SD does not exceed 13.1% of the mean (for statistical signif-
icance, see results).

at most (mean 0.069 mg, + 0.05) inhibitedexperimental set-up the highest extract con-
bacterial growth almost 100%. As the dilu-centration was equivalent to 12.5 30-36 h
tion of the larval extract increased (that islarvae, with a weight about equal to the
the concentration of larval tissue decreasedyveight of 0.25 4 day larvae. In both
the growth-inhibition decreased. In contrastcolonies, the extract concentration had a sig-
extracts from larvae 30-36 h old and extractaificant effect: the more diluted the larval
from 6 day old larvae did not greatly inhibit extract, the greater the growth of the bacte-
bacterial growth at any concentrations. Thereia. The growth-inhibiting effect oR larvae
was no significant interaction between con{arvaewas significantly stronger in colony A;
centration and larval age for the youngesthis was the only significant difference we
larvae and for the 6 day larvae, but wherfound between the two colonies (Fig. 2).
the 4 day larvae are also considered there

was a significant age-concentration inter-

action. No significant differences between 3.2, Effects of adult age (Fig. 3)

the two colonies were found (Fig. 1).

We also investigated pools of 50 larvae The extract of midguts of each adult age
30-36 hours old. The total amount of tissugjroup (0 day old = freshly emerged bees;
in 50 of these very young larvae (combine® day old bees; and foragers) inhibited the
weight: 62.9 mg +6.8 in colony A; 55.1 mg growth ofP. larvae larvagods, and in all age
+9.5 in colony B) was similar to that in groups the higher the extract concentration
one 4 day larva ( 53.5 mg +2.7); similarthe stronger the inhibition of growth. The
weights were reported (Wang, 1965). In oufreshly emerged bees showed sigafitly
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Figure 2. Growth-inhibiting effect (measured at of bacterial suspension after 24 hours of aero-
bic incubation at 37 °C) of extracts of larvae (L) 30—36 hours old from two different colonies on
the vegetative stage Bf larvae larvadfor statistical significance, see results).
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Figure 3. Growth-inhibiting effect (measured ag sof bacterial suspension after 24 hours of aero-
bic incubation at 37 °C) of midgut extracts (MG) of adults of different ages from two different
colonies on the vegetative stagdofarvae larvaeFor optical reasons standard deviations are only
given for the freshly emerged bees (for statistical significance, see results).
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less bacteria-inhibiting potential than thethe worker jellies from the two colonies
other two age groups. Midgut extracts from(Fig. 4).

8 day old bees totally inhibited bacterial

growth for all concentrations, and those from

foragers were equally effective except when 3.4. Effects of honey, pollen

diluted to 0.125 midguts and below. Overall, and beebread (Fig. 5)

the difference between foragers and 8 day

bees was significant, due to the difference at pyiracts ofzea maygpollen of all three
low concentrations. No significant differ- ;

.~ types (collected directly from flowers; from
?Fni;eg)were found between the COlon'egollen pellets collected from honeybee cor-

biculae; and from beebread) all inhibited
bacterial growth, and for all three types the
effect was significantly stronger at higher
concentrations. Considering pollen pellets
and bee bread, there was no significant inter-
action between concentration and pollen
For both worker jelly and royal jelly, as type, but when the untreated pollen was also
with the other substances tested, the differewbnsidered there was a significant type-con-
extract concentrations were significantly dif-centration interaction. The extract of
ferent in the extent of their inhibition of bac- untreated pollen (taken directly from flow-
terial growth. Royal jelly (from colony B) ers) showed a significantly poorer inhibiting
had a significantly stronger growth- inhibit- effect on bacterial growth than the extracts
ing effect than worker jelly from either of pollen pellets or beebread. The extract of
colony; no differences were found betweerhoney did not show any growth-inhibiting

3.3. Effects of worker jelly
and royal jelly (Fig. 4)
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Figure 4. Growth-inhibiting effect (measured ag fof bacterial suspension after 24 hours of aero-
bic incubation at 37 °C) of royal jelly and worker jelly from two different colonies on the vegetative
stage oP. larvae larvadfor statistical significance, see results).
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Figure 5. Growth-inhibiting effect (measured agﬁof bacterial suspension after 24 hours of aero-
bic incubation at 37 °C) of honey of investigated colonies after extraction and different qualities of
pollen fromZea may®n the vegetative stage Bf larvae larvagfor statistical significance, see
results).

effect, and the dilution effect was not sig-weighs 1.17 mg; a 4 day larva weighs
nificant (Fig. 5). 53.5 mg). If the youngest larvae had the
same relative amount of inhibiting substance
as those 4 day old, our methods would not
4. DISCUSSION be able to detect any growth-inhibiting
effect. Therefore we used a more concen-
As we have stated with regard to nursdrated extract of the youngest larvae, equiv-
bees and winter bees (Riessberger-Gallé atent to the weight of 0.25 4 day larvae. This
al., unpublished data), we cannot say if théxtract did produce significant growth-inhi-
observed growth-inhibition d®. larvae lar-  bition (Fig. 2), but not as strong as produced
vaeis caused by one or more substance®y 4 day larvae (compare Figs. 1 and 2).
We are nevertheless using the term “subthis difference corresponds very well with
stances.” the fact that the youngest larvae are highly

The youngest and oldest larvae we teste?j"JSCEptibIe to infection and those a fe"‘.’ ‘?"'?‘VS
did not show an inhibiting effect on theolder show a much reduced susceptibility
growth of P. larvae larvae However the or none at all (Bamrick and Rothenbuhler,
4 day old larvae did demonstrate a highl);llggé_; gamnck, 1(?687; Brzdlsgggeéard etal,
significant inhibition of bacterial growth » oregore and Bowen, )-

even with extracts up to the equivalent of ¢ young larvae from colony A differed
two individuals (Fig. 1). in weight from those in colony B, but the
The lack of inhibiting potential in the differences were not significant. This weight
youngest larvae might be due to their verdifference might have been caused by dif-
low weights (on average a larva 36 h olderent rates of development (possibly caused
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by better nursing or higher brood nesttem- Adult individuals pass through a
perature in one colony, or perhaps by genetisequence of behavioural phases during their
differences). Another reason might be oulife, and every stage of life is characterised
sampling technique. We had caged the quedsy performance of a set of tasks (Rosch,
for 6 hours and then calculated the age af925; Lindauer, 1952; Winston, 1987).
our larvae. An earlier onset of egg-layingDuties like cleaning cells, nursing or also
of one of the two queens during the cagingannibalising of brood, and performing for-
period might cause somewhat older larva@ging flights are correlated with different
(closer to 36 h) in one colony and some¥isks of contacting a pathogen like lar-
what younger ones in the other case (closstae larvagRembold,1965; Riessberger and
to 30 h). Small age or weight differencesCrailsheim, 1997). In the literature it is said
might be the reason for the higher growththat adult bees are totally resistant against
inhibiting potential of the young larvae in infection byP. larvae larvagWilson, 1971).
colony A. On the other hand, it is possibleWe investigated an extract of midguts of
that this observed difference betweerfreshly emerged honey bees that had no pos-
colonies (only demonstrated in one examplé&ibility of being fed or of feeding them-
so far, Fig. 2) might suggest that larvae fronselves. A high growth-inhibiting effect was
different colonies can differ in the time of found but it was significantly weaker than
onset of a resistance mechanism. An earf{pe effect of midgut extracts from 8 day bees
onset and/or a higher rate of production ofr foragers. Eight day bees, whose duties
growth-inhibiting substances could causdnclude nursing the brood, can have close
greater resistance against an infection ofontact with infected larvae. They canni-
P. larvae lavaelf so, our method of testing balise diseased or dead larvae and therefore
those substances in larvae would be a usefifigest vegetative stages and spore? (fr-

tool in measuring resistance in colonies use#@e larvae We found a 100% growth-
for breeding. inhibiting effect in the midguts of this age

class at all dilutions tested. This finding
The oldest larvae that are already cappegemonstrates the high adaptation of the indi-

in their cells are no longer susceptible 1q;igyq| to its task. The high ability to resist
infection (Bamrick and Rothenbuhler, 1961;p |arvae larvadn bees of this age might
Bamrick, 1967) but these larvae did noje caused by a heightened production of the
show inhibiting effects in our tests (Fig. 1). growth-inhibiting substances, perhaps inten-
This might be because at this stage the gdffied by ingesting large numbers of pollen
(where infection byP. larvae larvaestarts)  grains, which cause a growth-inhibiting
(Snoodgrass, 1956). Also, larvae at this aggelow and Fig. 5). In foragers we found a
(6 day) might not need this protection as tha 9o, growth-inhibiting effect at all dilu-
cellis already sealed and pathogens canngbns corresponding to more than 0.125
enter. midguts, a result significantly different from
In a recent paper (Riessberger-Ga”éthat for 8 day t_)ees. This mlght be due to the
unpublished data) we demonstrated the preiack of pollen in the guts of foragers or to a
ence of bacterial growth-inhibiting sub- lower production rate of the inhibiting sub-
stances in the midguts of nurse bees angfances. Furthermore foragers do not have
winter beeS, the two groups of adult bee§0ntact with this pathogen to the same extent
that are maximally exposed to the bacteriun@s 8 day bees do.
in infected colonies. As at the end of the lar-  After demonstrating the strength of resist-
val development (in 6 day larvae) thisance of different larval and adult stages
inhibiting effect was not found. What is theagainst. larvae larvaewe still had to test
course of development of resistance againsthether these inhibiting substances are bee-
P.larvae larvaein the life of an adult bee? produced or are present in the bees’ food.
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The youngest and middle-aged larvae ardo not show this resistance, it was present in
mainly fed with worker jelly, and also con- freshly emerged adult bees that had not had
sume some honey and some bee breahy chance to ingest food. Also, bees fed
(Haydak, 1943). Our results show thatonly with artificial food for the first 8 days
worker jelly and bee bread do contain somef adult life showed midgut-located resist-
growth-inhibiting substances. Bee-processednce (Riessberger-Gallé, unpublished data).
pollen had a considerably stronger effect an addition, foragers that have only traces
concentrations of about 1 mg in our expereof pollen in their midguts (Crailsheim et al.,
imental setup. We found only amounts ugl992; Loidl and Crailsheim, unpublished
to 0.2 mg per 4 day larvae, but a muchdata) and mainly feed on honey and nectar,
higher activity againg®. larvae larvagn  show almost the same level of resistance as
4 day old larvae than could be attributable tds found in nurse bees.
that amount of consumed pollen. Neverthe-
less we cannot exclude an involvement of
food consumed as larvae in the develop- ACKNOWLEDGEMENTS
ment of bacterial resistance, or perhaps con- _ ,
suming large amounts of food amplifies the . This Project was supported by the European

effect. However, the fact that in the oldesgommun'ty’ INCO-COPERNICUS IC15CT-

larvae there is no growth-inhibiting effect t |inguistic corrections of the manuscript and

argues against such an amplifying effect. we also thank D.I. Bernd Genser for the statisti-
Royal jelly and worker jelly are known to @ analysis of the data.

have different compositions (Rembold,

1965). We found a striking difference . . o .

between these two foods in their e1°fe<:tive-Resume — Résistance des abeilles domes-

, . - tigues (Apis melliferg a la loque améri-
ness again®l. larvae larvaeconsistent with que Ap e 3 oque ame
the extremely high value of queen larvae i paine en fonction de Ieur_ agela quue
méricaine est une maladie du couvain lar-

a honeybee colony (Sakogawa et al., 1999 jement répandue et trés infectieuse, provo-

Freshly hand-harvested pollen inhibitedyyge paiPaenibacillus larvaesubsplar-
gI‘OWth of P. |a'l‘vae Iarvae but the effect vae Les Spores représentent |e Stade
was greatly increased when the beeffectieux. Sile couvain absorbe des spores
processed the pollen. Perhaps when these nourrissant, les spores germent dans I'in-
form pollen pellets, bees add substances thgdstin moyen de la larve et les batonnets,
inhibit growth ofP. larvae larvaen regur-  forme végétative trés mobile, traversent la
gitated liquids from the honey sac. Anotheiyaroi de l'intestin et pénétrent dans la cavité
possibility is that_the fermentation Of_po"e_nabdominale. La ils se multiplient rapide-
that takes place in the storage cells in a hivgent et provoquent la mort de la larve. Les
(Stanley and Linskens, 1985) progressivelypeilles adultes ne sont que des vecteurs,
liberates substances that are already in thﬁ|es_mémes ne contractent pas la maladie.
pollen. However, we investigated pollenpgyr nos expériences nous avons utilisé une
from only one planZea maysinvestigating  soyche sauvage @l. larvae La résistance
more pollen species and collecting pollery |5 pactérie a été étudiée chez les larves
at different stages of storage can clarify thig,x divers stades de développement et chez
question. les adultes a divers ages. Des tubes tests,

In general, our results strongly indicateremplis d’un milieu liquide (brain heart infu-
that honeybee larvae produce substance#on, Oxoid) ont été inoculés avec une sus-
that inhibit growth of the bacterium that pension de bactéries qui a été standardisée
causes American foulbrood. In fact, we carpar dilution jusqu’a extinction optique de
conclude that such substances are produc&0-0,22 mesurée a 546 nm. Des extraits de
by the imagos. Although the oldest larvadarves ou d’adultes ont été obtenus par mise

60905. We gratefully thank Dr. R. Nowogrodzki
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en suspension dans I'éthanol de larves oaochinfektiése Erkrankung der Bienenbrut.
d’intestins moyens d’abeilles adultes homo<Sie wird durch das sporenbildende Bakte-
généisés, puis par lyophilisation et dissolurium Paenibacillus larvae larvabervorge-
tion a I'eau distillée. Ces extraits ont étérufen. Sporen reprasentieren das infektiose
ajoutés dans les tubes tests a différente&dtadium; werden sie an Larven verfittert
concentrations. De I'eau a été utiliséeso keimen sie im larvalen Darm zu Stéb-
comme témoin. Aprés incubation, on achen aus. Diese vegetative, b@gtie Form
mesuré 'extinction optique pour quantifier ist aktiv beweglich, durchdringt die Darm-
|’état trouble du milieu liquide, utilisé wand und gelangt so in die Leibeshdohle.
comme mesure de la croissance bactérienndier kommt es schif@ich zu einer rapiden
Des substances inhibant la croissance déermehrung des Erregers was zum Tod der
P. |. larvaeont pu étre mises en évidencelarve fihrt. Im zersetzten larvalen Gewebe
chez des larves de 4 jours et, dans unkommt es erneut zur Sporulation v@riar-
moindre mesure, chez celles d'un jour. Devae larvaeAdulte Bienen dienen dem Erre-
telles substances étaient absentes chez lger als Vektor, sie selbst erkranken an der
larves de 6 jours, qui avaient atteint le stad&merikanischen Faulbrut nicht.

de l'operculation. Des extraits d'intestinspje Untersuchungen wurden mit einem
moyens d’'abeilles adultes ont généralemenyyiidstamm vonP. larvae larvaedurchge-
montre une plu§ forte capacité que les exjhrt. Die Resistenz unterschiedlicher Lar-
traits de larves a inhiber la croissance de lgenstadien und adulter Bienen unterschied-
(adultes agées de 8 jours) ont montré Upmerikanischen Faulbrut wurde getestet.
potentiel inhibiteur plus éleve que ceux desestrshrchen, gefillt mit einem fliissigen
adultes fraichement écloses ou des butjyedium (Brain Heart Infusion, Oxoid), wur-
neuses. . _ den mit Bakteriensuspension beimpft, wel-
Apres avoir mis en évidence les diverseghe durch Verdiinnung auf eine optische
résistances des stades larvaires et adultgsyinktion von 0,20-0,22 bei 546 nm stan-
on s’est posé la question de savoir si C€§ardisiert wurde. AnschiBend wurden
substances ne provenaient pas de la nourgyirakte aus Larven oder adulten Bienen
ture. On a testé le pouvoir inhibiteur denomogenisierte Larven oder Mitteldarme
divers types de nourriture (pollens traites,qiter Bienen wurden in Ethanol suspen-
difftremment, gelée d'ouvriere, gel€egjert |yophilisiert und in HO geldst) zuge-
royale) ; ils inhibaient eux aussi la crois-yepen. HO wurde als Kontrolle verwen-
sance bactérienne, bien qu'a un moindret Nach der Inkubation wurde die optische
SExtinktion, die Trilbung des fliissigen Medi-

mais le miel dilué n'avait, lui, aucune action. ;s als M@ fiir das Bakterienwachstum
Comme l'on pouvait s’y attendre, la geléeyaqtimmt

royale a montré une action inhibitrice forte,

ce qui souligne I'importance des IarvesE'”ehOder mehrere Substanzen die das
royales pour la colonie d’abeilles. Wachstum vorP. larvae larvaehemmen,

konnten in 4 Tage alten Larven und, in gerin-
Apis mellifera / Paenibacillus larvae 9eremAusm@auch in 3036 Stunden alten
larvae/ logque américaine / résistance en Larven nachgewiesen werden. Bei den bereits
fonction de I'age verdeckelten 6 Tage alten Larven konnte kein

hemmender Effekt gemessen werden. Der

Extrakt aus Mitteldarmen adulter Bienen
Zusammenfassung — Alters-abhangige zeigte allgemein eine starkere hemmende
Resistenz der Honigbiene gegen die ame- Wirkung auf das Wachstum vadh larvae
rikanische Faulbrut. Die Amerikanische larvaeals der Extrakt aus Larven. Der Extrakt
Faulbrut ist eine weltweit verbreitete,aus Mittelddrmen von Ammenbienen
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