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Abstract

American Foulbrood (AFB) is a devastating
bee disease, caused by the bacterium Paenibacillus
larvae, and due for notification to responsible
authorities. Brood of Apis mellifera gets infected
after incorporation of low amounts of P. larvae
spores and die after infection. Veterinarians and
beekeepers can identify typical symptoms of diseased
colonies. Still, from infection of a colony until the
outbreak of AFB several years can remain, which in
the bacterium can spread into other colonies.
Microbiological methods allow detecting infections
before outbreaks and to safe these colonies by
beekeeping procedures. However, samples of food or
honey are needed as a source to detect the spores of
the causative agent. These matrices are native
samples, that harbour a lot of ubiquitous
contaminants, which may lead to un-analyzable
samples. We present an easy microbiological method,
using a different commercially available formulation
of Columbia sheep blood agar, to decrease the
number of un-analyzable samples.

Keywords — Paenibacillus larvae, American
Foulbrood, Microbiology, Cultivation, Germination,
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I. INTRODUCTION

The western honeybee Apis mellifera is one of the
most important animals for humanity because of its
role in pollination [1]. Like all animals, the honeybee
can be infected by different pathogens, like mites (i.e.
Varroa destructor), fungi (i.e. Ascosphera APIS),
viruses (i.e. Deformed Wing Virus) and bacteria.
There are still two bacteria, which are known to
infect the brood of A. mellifera. Melissococcus
plutonius causes European Foulbrood, a less
important brood disease, whereas Paenibacillus
larvae cause American Foulbrood (AFB) [2]. P.
larvae can be subdivided into five genotypes (ERIC
I-V) [3, 4, 5], that differ in their virulence and
pathomechanisms [6, 7, 8, 9]. The genotypes ERIC |
and Il can be isolated from AFB outbreaks all over
the world. In contrast, ERIC IlI-V are only known
from a low number of isolates without knowledge
about the colonies status [2, 5]. Only first instar
larvae of A. mellifera are susceptible to infection with
P. larvae by the incorporation of low spore amounts
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[2]. Infected larvae are killed during infection and
lysed into a glue-like liquid. After drying out, the
remains form a scale on the brood cells bottom,
which only consists of P. larvae-spores. However,
these spores can spread through the colony and
harbour the risk of enormous further infections [2].
Because of its high risk to spread between apiaries,
AFB is under due for notification in most countries.

The forming of AFB-typical symptoms depends on
the responsible genotype and its” LT1go [7, 8, 10]. The
incubation time of AFB also depends on different
factors, like colony strength and condition. Still, in
most cases, several years are needed from the
infection until clinical symptoms can be detected.
Moreover, the optical inspection of a colony
represents only a momentary value. State of the art is
the detection of P. larvae-spores in samples of food
or honey [11]. However, this method allows to detect
infections of honeybee colonies with P. larvae in
early stages and to quantify the amounts of spores [11,
12, 13]. By the number of spores, it can be assumed
if an AFB hotspot infected the colony, or if this
colony may be in the clinical phase and spread AFB
to other apiaries.

Samples, like food or honey, out of a colony,
represent a heterogeneous kind of matrix, which has
to be processed for analysis [11, 12, 13]. These
samples may include different fungi (i.e. Aspergillus
spec.) or bacteria (i.e. Bacillus licheniformis), which
can persist the sample procession by its spores.
Nevertheless, the detection of P. larvae spores from
heterogeneous matrices includes a cultivation step, to
germinate into colonies on complex synthetic media.
Cultivation is performed at approximately 37 °C for
at least 6 days under aerobic, or microaerophilic
conditions. Unfortunately, numerous microorganisms
can grow under this condition on complex media.
These circumstances lead to the growth of unspecific
microorganisms and not available results in the
diagnostic detection of P. larvae. To decrease the
number of un-analyzable samples, we tested different
commercial available Columbia sheep blood agar
formulations. Finally, we are going to adapt our
routine procedure to increase efficiency and
explanatory power of our laboratory.
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Il. MATERIAL AND METHODS

Bacterial strains and spiked honey samples.
Honey samples, without spores of P. larvae, were
used as a basis for spiking them with spore-
containing honey and described elsewhere [14]. Two
samples (166 and 746) were spiked with different
amounts auf P. larvae genotype ERIC | and two
samples (348 and 599) were spiked with genotype
ERIC II. For each genotype, a sample with lower
(ERIC I: 166; ERIC 11: 348) and higher (ERIC I: 746;
ERIC 1I: 599) spore amount was prepared. The
commercially available standard spore solution
“RSK16” (charge RSK 16-03-19) [LAVES - Institute
of Apiculture, Germany], representing genotype
ERIC Il (DSM17237), was used as positive control
without any unspecific microorganisms, surviving the
typical sample preparation. As a negative control,
Ambrosia [Nordzucker AG, Germany] was sued.
Additionally, a honey sample without spores of P.
larvae (259) was analyzed.

Sample procession and cultivation conditions.
Three preparations (a-c) of each sample were
processed according to authorized methods [11] by
four different technicians each. Triplicates of 200 pL
suspension of every preparation (a-c) were plated on
four different media of Columbia sheep blood agar.
Three media were obtained as fix plates from BD
[Becton Dickinson GmbH, Germany], representing
BD Columbia Agar with 5% Sheep Blood (BD-CSA),
BD Columbia CNA Agar with 5% Sheep Blood,
including colistin (10.0 mg/L) and nalidixic acid
(10.0g/L) (BD-CNA) and BD Columbia Il Agar
with 5% Sheep Blood, containing growth activators
(BD-CSA-I1II). A fourth medium was prepared of
35.2 g Columbia agar basis (Oxoid, UK) and 900 mL
ddH,O. After autoclaving, 50 mL of defibrinated
sheep blood (WDT, Germany) were added, and plates
were cast (Oxoid-CSA). Plates were incubated for 6
days at 36 °C £1 °C under aerobic conditions.

Analysis of potential P. larvae colonies. Plates
were inspected after 3 and 6 days of incubation.
Colonies, which showed typical morphological
characteristics of P. larvae were counted [11, 12, 13].
If >200 cfu/plate were found, the results were
counted as 200. Finally, after six days, colonies were
randomly picked for mgPCR to verify and genotype

P. larvae [15]. If unspecific microorganisms
overgrew plates, they were evaluated as un-
analyzable.

Analysis of unspecific microbiological growth.
Single colonies of unspecific microorganisms were
counted. In the case of covering areas >10%, their
grown area was estimated [%]. Only plates with
<90% area, grown with unspecific microorganisms
were analyzed for cfu of P. larvae.

Statistical analysis. Data were digitalized and
analyzed by using R (version x64 3.6.1) [R Core
Team, Austria]. Significance was tested by unpaired
Student t-test.
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I1l. RESULTS AND DISCUSSION

The sensitivity of different media for standard
spore solution RSK16. The standard spore solution
RSK16 was used to define the plate’s sensitivity for
spores of P. larvae. Therefore, the mean of cfu £SEM
was calculated (Fig. 1). According to the results, we
classified media with regular sensitivity (ts: Oxoid-
CSA=9.83 +0.73, BD-CSA-I11=19.33 +1.04; fte:
Oxoid-CSA= 26.03 +1.05, BD-CSA-111= 29.47 +0.92)
and media with increased sensitivity (t: BD-
CSA=86.28 +2.13, BD-CNA=76.58 +2.77; ts: BD-
CSA=90.50 +2.01, BD-CNA=84.92 +2.22). In the
case of BD-CSA and BD-CNA, no significant
differences could be detected (p=0.0664), but Oxoid-
CSA and BD-CSA-Il, | showed significant
differences (p=0.0159). However, in Lower Saxony
and some other states, the absolute number of cfu is
only used to generate semi-quantitative information
on spores amount, called category [16]. Since we
perform the official analysis for Lower Saxony,
Oxoid-CSA is used for the detection of P.
larvae spores. Category 1 (“low”) indicates the
infection with P. larvae (food<22cfu/plate, honey<12
cfu/plate), representing the typical incubation time
between infection with the pathogen and outbreak of
AFB. In case of category 2 (‘“high”), the cfu reach a
level in which normally typical symptoms of AFB
can be found in affected colonies (food>23 cfu/plate,
honey>13 cfu/plate) [16]. The standard spore solution
RSK16 is prepared in a spore titer to show the scope
between category 1 and 2. To get up with topical
quality management systems, commercial ready-to-
use available media (BD-CSA-III) should be
preferred instead of house-made media (Oxoid-CSA)
for reliable official analysis of animal diseases, even
in case of complex media. Finally, the cfu level for
category 1 and 2 on BD-CSA-III can be adapted by
using the standard spore solution RSK16.
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Fig. 1: Germination of standard spore solution RSK16
on different Columbia sheep blood agar.

The sensitivity of different media for spiked
honey samples. To validate the results of the RSK186,
honey samples were spiked with spores of different
P. larvae genotypes and germination was evaluated
by mean of cfu/plate +SEM after 3 and 6 days. For
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genotype ERIC I isolate 166 with a low spore titer (ts:
BD-CSA=17.97 +1.87, BD-CNA=8.89 +1.57, BD-
CSA-I1=5.44 +0.46, Oxoid-CSA=5.44 +0.43; tg:
BD-CSA=20.24 +1.86, BD-CNA=10.61 +1.59, BD-
CSA-I11=7.00 %0.64, Oxoid-CSA=5.78 +0.43) and
isolate 746 with higher spore amount (ts: BD-
CSA=23.94 +2.95, BD-CNA=9.97 +2.37, BD-CSA-
I11=5.97 +0.51, Oxoid-CSA=8.34 +0.77; ts: BD-
CSA=27.33 +3.01, BD-CNA=11.56 +2.47, BD-CSA-
I11=7.41 +0.61, Oxoid-CSA=10.09 +0.81) were
tested (Fig. 2). Compared to the results of RSK16,
significant  differences were obtained in the
sensitivity between BD-CSA and BD-CNA after 6
days (p1s6=0.002, p746=0.0001). Moreover, Oxoid-
CSA and BD-CSA-II, | differed significantly in their
sensitivity after 6 days (p=0.0132), where this
difference was not detected for sample 166
(p=0.1215). Taken together, the classified regular and
increased sensitivity was also shown for the used
honey samples, spiked with genotype ERIC I.
Nevertheless, BD-CNA seems to influence the
germination of ERIC I, compared to BD-CSA, which
only differs in the supplementation of colistin and
nalidixic acid. Several strains of P. larvae were tested
against different antibiotics, including nalidixic acid
[17]. P. larvae were shown to be not sensitive against
this antibiotic [11,17]. Still, less information was
found about colistin. Moreover, the concentration of
nalidixic acid in BD_CNA is 10.0 g/L, whereas a
concentration of 3.0 g/L is recommended for the
isolation of P. larvae [11].
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Fig. 2: Germination of used P. larvae ERIC | samples on
different Columbia sheep blood agar. N.s., no
significance (p>0.05); *, significant (0.05>p>0.01); ***,
significant (p<0.001).

Genotype ERIC Il was presented by isolate 348
with low spore amounts (t;: BD-CSA=161.23 +6.87,
BD-CNA=187.22 +3.94, BD-CSA-I11=47.69 +3.26,
Oxo0id-CSA=21.11 +1.65; ts: BD-CSA=187.91 +5.09
[28x >200 cfu/plate], BD-CNA=200.00 +0.00
[42x >200 cfu/plate], BD-CSA-111=58.23 +3.40,
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Ox0id-CSA=34.11 +3.31; 200 cfu/plate) and isolate
299 with higher titer (t3: BD-CSA=195.71 +3.16
[25x >200 cfu/plate], BD-CNA=200.00 +0.00
[29x >200 cfu/plate], BD-CSA-I11=131.39 +6.94,
Ox0id-CSA=68.35 +2.97; ts: BD-CSA-111=142.36
+7.20 [4x >200 cfu/plate], Oxo0id-CSA=90.29 £3.82)
(Fig. 3). Also for genotype ERIC Il of P. larvae the
different sensitivity between the used media was
obtained. In contrast to ERIC | the Oxoid-CSA and
BD-CSA-III differed significantly in the cfu of
P. larvae (psss<0.001, psge=0.0031), while BD-CSA-
111 showed a higher cfu data. BD-CSA and BD-CNA
only differed significantly in sample 348
(p348:O.0393, p599:0.0855).

Germination of ERIC Il samples
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Fig. 3: Germination of used P. larvae ERIC Il samples
on different Columbia sheep blood agar. N.s., no
significance (p>0.05); *, significant (0.05>p>0.01); **,
0.01<p<0.001; ***, significant (p<0.001).

Only one isolate was used for each ERIC genotype
in the analyzed honey samples. Statistical analysis
showed significant differences between BD-CSA and
BD-CNA in ERIC Il sample 599. Because of its
origin [14], this difference cannot be caused by the P.
larvae isolate or the used honey. Because of co-
cultivated unspecific microorganisms, an influence of
its quorum sensing [18] and secondary metabolites
could be an explanation. In case of the used isolate,
representing genotype ERIC |, a decrease of cfu was
recorded, when using BD-CNA. However, besides
the influence of colistin, strain-specific growth and
germination conditions should be reassessed [17].
According to the genotypes differing
pathomechanisms [7, 8], the ERIC genotypes can be
subdivided into more detailed MLVA or MLST
genotypes [19, 20], which could differ in their
sensitivity and minimal inhibitory concentration of
different antibiotics [17, 21, 22].

Influence on different media on ubiquitous
microorganisms. Honey and food samples represent
a heterogeneous matrix of environmental samples,
which harbours numerous ubiquitous microorganisms.
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These organisms have to be reduced efficiently to
increase the analyzable number of samples. To
characterize the different Columbia sheep blood agar,
we analyzed the growth of unspecific
microorganisms and calculated the ratio of un-
analyzable plates (NA). Sample 259 resulted in
22.22% +11.05% NA (BD-CSA=16.67%, BD-
CNA=0.00%, BD-CSA-111=52.78%, Oxoid-
CSA=19.44%). ERIC | sample 166 showed 2.08%
+1.33% NA (BD-CSA=2.78%, BD-CNA=0.00%,
BD-CSA-111=0.00%,  Oxoid-CSA=5.56%) and
sample 746 5.56% +3.76% NA (BD-CSA=2.78%,
BD-CNA=0.00%, BD-CSA-111=16.67%, Oxoid-
CSA=2.78%). Sample 348 resulted in 8.33% +3.00%
NA (BD-CSA=8.33, BD-CNA=0.00%, BD-CSA-
111=13.89%, Oxo0id-CSA=11.11%) and 599 in
13.19% +5.24% NA (BD-CSA=16.67%, BD-
CNA=0.00%, BD-CSA-111=25.00%, Oxoid-
CSA=11.11%), while representing samples with
spores of genotype ERIC II.
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Fig. 4: Ratio of un-analyzable plates from used honey
samples on different Columbia sheep blood agar.

BD-CSA and Oxoid-CSA showed a moderate
number of un-analyzable plates, whereas the most
NA was detected on BD-CSA-III. By the use of BD-
CNA, all plates were analyzable. BD-CSA and
Oxoid-CSA are based on the same complex medium,
which leads to comparable growth conditions of P.
larvae and unspecific bacteria that can be cultivated
under the chosen conditions. BD-CSA-III is also
based on Columbia sheep blood agar, but growth
activators are added. These activators may increase
the growth of unspecific microorganisms. P. larvae
need a relatively long incubation time until spores
germinate and bacterial colonies can be detected. If
the mentioned growth factors increase the
proliferation of other, less discerning microorganisms,
it may lead to un-analyzable results. BD-CNA is
based on Columbia medium and supplemented with
two antibiotics, at which at least nalidixic acid is in a
relatively high concentration. This may result in
reduced growth of several microorganisms, resulting
in 100% analyzable plates in this study. Nevertheless,
growth of unspecific microorganisms was detected
on all four used media, but the covered plate area
differed (BD-CSA=48.95%  +0.36%, BD-
CNA=22.22%  +0.72%, BD-CSA-111=60.17%
+0.35%, Oxo0id-CSA=50.57% +0.17%).
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However, samples for P. larvae spiked honey were
prepared from the same honey as basic, but they
differed in the number of un-analyzable plates.
Potential reasons for these differences might be
founded in sample heterogeneity, as well as in
quorum sensing and secondary metabolites of
cultured unspecific microorganisms or by P. larvae
itself.

IV. CONCLUSIONS

Four different formulations of Columbia
sheep blood agar were tested, to increase the number
of analyzable samples and to keep up with actual
quality management guidelines. The tested media
were divided into those with regular (BD-CSA-III,
Oxo0id-CSA) and increased (BD-CSA, BD-CNA)
sensitivity for P. larvae.

In Lower Saxony and some other states, the
spore amount is correlated with categories [12, 13,
16]. Oxoid-CSA is used to prepare the standard spore
solution RSK16 and to differentiate between “low”
and “high” spore titer. The use of BD-CSA-III results
in quantifiable cfu/plate. Therefore, BD-CSA-III
should be used as a ready-to-use alternative to Oxoid-
CSA, while the cfu level to determine category 1 and
2 have to be adapted.

An increased sensitivity of culture media to
detect discerning microorganisms (BD-CSA, BD-
CNA) could be used to prevent false-negative results
if samples with the very low amount of spores were
analyzed only by media with regular sensitivity.
Moreover, BD-CNA did not lead to any un-
analyzable plates in this study. About 5% of samples
cannot he analyzed because of unspecific
microorganisms’ growth [23]. The use of BD-CNA
could increase this number.

Taken together, we will improve our
analysis for the detection of P. larvae in honey and
food samples at the Lower Saxony State Office for
Consumer Protection and Food Safety, Institute of
Apiculture. BD-CSA-III will be used for the first
triplicate to quantify the P. larvae spores’ category
and to detect those isolates of target organism that
might be sensitive against nalidixic acid or colistin.
BD-CNA will be used for the second and third
replicate to detect P. larvae in samples with very low
spore titer and to reduce the number of un-analyzable
samples. Moreover, both media will be supplied by
one company (Becton Dickinson), which can
supervise the production process under more
standardized conditions.

ACKNOWLEDGMENT

We thank Katlen Schiitze, Friewi Linau, Florian
Hinz and Marc Hermann for excellent technical
assistance.



[1]

[2]

(3]

[4]

[5]

(6]

[7]

(8]

[0]

[10]

[11]

Hannes Beimset al. / 1JAES, 7(5), 130-134, 2020

REFERENCES

C. J. Ritten, D. Peck, M. Ehmke, M. A. Buddhika-Patalee,
“Firm Efficiency and Returns-to-Scale in the Honey Bee
Pollination Service Industry”, J Econ Entomol., vol. 28, pp.
1014-1022, 2018.

E. Genersch, “American Foulbrood in honeybees and its
causative agent, Paenibacillus larvae”, J Invertebr Pathol.,
vol. 103, pp. 10-19, 2010.

E. Genersch, C. Otten, “The use of repetitive element PCR
fingerprinting (rep-PCR) for genetic subtyping of German
field isolates of Paenibacillus larvae subsp. larvae”,
Apidologie, vol. 34, pp. 195-206, 2003.

E. Genersch, E. Forsgren, J. Pentikéinen, A. Ashiralieva, S.
Rauch, J. Kilwinski, 1. Fries, “Reclassification of
Paenibacillus larvae subsp. larvae and Paenibacillus larvae
subsp. pulvifaciens as Paenibacillus larvae without
subspecies differentiation”, IntJ Syst Evol Microbiol., vol.
56, pp. 501-511, 2006.

H. Beims, B. Bunk, S. Erler, K. I. Mohr, C. Sprder, S.
Pradella, G. Giinther, M. Rohde, W. von der Ohe, M.
Steinert, “Discovery of Paenibacillus larvae ERIC V:
Phenotypic and genomic comparison to genotypes ERIC I-
IV reveal different inventories of virulence factors which
correlate with epidemiological prevalences of American
Foulbrood“, Int J Med Microbiol., vol. 310, 151394, 2020.
M. Djukic, E. Brzuszkiewicz, A. Finfhaus, J. Voss, K.
Gollnow, L. Poppinga, H. Liesegang, E. Garcia-Gonzalez, E.
Genersch, R. Daniel, “How to kill the honey bee larva:
Genomic potential and virulence mechanisms of
Paenibacillus larvae ”, PLos One, vol. 9, 90914, 2014.

J. Ebeling, H. Knispel, G. Hertlein, A. Funfhaus, E.
Genersch, “Biology of Paenibacillus larvae, a deadly
pathogen of honey bee larvae “, Appl Microbiol Biotechnol.,
vol. 100, pp. 7387-7398, 2016.

L. Poppinga, E. Genersch, “Molecular pathogenesis of
American Foulbrood: how Paenibacillus larvae kill honey
bee larvae”, Curr Opin Insec. Sci., vol. 10, pp. 29-36, 2015.
L. Popping, B. Janesch, A. Fiinfhaus, G. Sekot, E. Garcia-
Gonzalez, G. Hertlein, K. Hedtke, C. Schaffer, E. Genersch,
“Identification and functional analysis of the S-layer
protein SplA of Paenibacillus larvae, the causative agent of
American Foulbrood of honey bees”, PL0S Pathog., vol. 8,
€1002716, 2012.

O. Boecking, “Krankheitsbild bei ERIC I und bei ERIC II”,
LAVES - Inst. f. Bienenkunde Celle, Germany, Das
Bieneninstitut Celle informiert, 69, 2017.
Friedrich-Loeffler-Institut,  “Amerikanische  Faulbrut”,
Greifswald — Insel Riems, Germany: Amtliche
Methodensammlung: Anzeigepflichtige Tierseuchen, 2018.

134

[12]

[13]

[14]

[15]

[16]

[17

[18]

[19]

[20]

[21]

[22]

[23]

W. von der Ohe, K. Schiitze, F. W. Lienau, “Moglichkeiten
der Vorbeugung der Amerikanischen Faulbrut mit Hilfe der
Untersuchung von Futterkranzproben”, Die Biene, vol. 133,
pp. 8-10, 1997.

W. von der Ohe, K. Schiitze, F. W. Lienau, “Prophylaxe der
Amerikanischen Faulbrut mit Hilfe der Untersuchung von
Futterkranzproben auf Paenibacillus-larvae-larvae-Sporen ”,
Deutsches Bienenjournal, vol. 5, pp. 138-141, 1997.

M. O. Schafer, W. von der Ohe, H. Beims, S. Fischer,
“Laborvergleichsuntersuchung  zum  Nachweis  von
Paenibacillus larvae, dem Erreger der Amerikanischen
Faulbrut”, Berl Munch Tierdrztl Wochenschr, accepted,
2020.

H. Beims, M. Janke, W. von der Ohe, M. Steinert, “Rapid
identification and genotyping of the honeybee pathogen
Paenibacillus larvae by combining culturing and
quantitative multiplex PCR”, Open Vet J., vol. 10, pp. 53-
58, 2020.

W. von der Ohe, “Amerikanische Faulbrut —
Bekdampfungsstrategie in Niedersachsen”, LAVES — Inst. f.
Bienenkunde Celle, Germany, Das Bieneninstitut Celle
informiert, 63, 2016.

V. A. Govan, M. H. Allsopp, S. Davidson, “4 PCR
detection method for rapid identification of Paenibacillus
larvae ”, Appl Environ Microbiol., vol. 65, pp. 2243-2245,
1999.

E. A. Shank, R. Kolter, “Extracellular signalling and
multicellularity in Bacillus subtilis”, Curr Opin Microbiol.,
vol. 14, pp. 741-747, 2011.

T. Descamps, L. DeSmet, P. STragier, P. DeVos, D. C.
DeGraaf, “Multiple locus variable number of tandem repeat
analysis: a molecular genotyping tool for Paenibacillus
larvae ”, Microb Biotechnol., vol. 9, pp. 772-781, 2016.

B. J. Morrissey, T. Helgason, L. Poppinga, A. Funfhaus, E.
Genersch, G. E. Budge, “Biogeography of Paenibacillus
larvae, the causative agent of American Foulbrood, using a
new multilocus sequence typing scheme”, Environ
Microbiol., vol. 17, pp. 1414-1424, 2015.

E. B. Nyarko, C. W. Donnelly, “Listeria monocytogenes:
strain heterogeneity, methods and challenges of subtyping”,
J Food Sci., vol. 80, pp. 2868-2878, 2015.

S. Krongdang, J. D. Evans, J. S: Pettis, P. Chantawannakul,
“Multilocus sequence typing, biochemical and antibiotic
resistance characterizations reveal the diversity of North
American strains of the honey bee pathogen Paenibacillus
larvae ” PL0S One, vol. 12, e0176831, 2017.

LAVES - Institut fir Bienenkunde Celle, “Jahresbericht
20197, Celle, Germany, 2020.



