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Abstract

American foulbrood is an important bacterial disease affecting the larvae of honey bees (Apis mellifera L.) caused by Pae-
nibacillus larvae. Due to easy transmission of disease and the ability of bacteria to create spores, it is a bacterium resistant
to both physical and chemical conditions. The study aims to isolate, perform microbiological analyses, and determine bio-
chemical properties and genotypes P. larvae strains from AFB samples collected from Turkey's Central and Eastern Black
Sea regions. An isolation study was conducted on adult bees, larvae, honey, and primary honeycomb samples from suspected
colonies in the regions under study. After the purification of bacterial isolates from samples, P. larvae strains were identified
using biochemical and molecular methods. The genetic diversity and ERIC types of P. larvae isolates were determined by
rep-PCR DNA genotyping using BOX A1R and MBO REP1 primers and multiplex-PCR. A phylogenetic tree of P. larvae
strains was constructed in the study. All P. larvae isolates were determined as ERIC I type. According to the rep-PCR results
of P. larvae strains, 15 of the 28 isolates were Ab genotype (54%), 7 (25%) Ap genotype, 4 (14%) AB genotype, 1 (3.5%)
aB genotype, and 1 (3.5%) ab genotype. From an epidemiological viewpoint, it was determined that Ab and Ap genotypes
were widely distributed, while other genotypes (AB, aB, and ab) showed less spread. The results of the study will guide
researchers in taking relevant measures to prevent and control American foulbrood.
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reported to be reached after approximately three days (Gener-
sch 2010; Beims et al. 2020). Paenibacillus larvae is a Gram-
positive, facultative anaerobe, endospore-forming bacterium.
Infected larvae have a brownish, semi-liquid, sticky, filamen-
tous appendage and a foul, rotten odor. The spore resists
chemical disinfectants and adverse physical conditions (heat
and drying) (Hansen and Brgdsgaard 1999). Its vegetative
form is a chain or a single rod, while its spores are spindle-
shaped, 1.3x0.6 um in size, and swollen. When staining bac-
teria with Ziehl-Neelsen carbol-fuchsin, the bacterial walls
are stained red—purple while the spore walls remain clear. In
culture on MYPGP agar, colonies are 3—4 mm in diameter,
small, regular, often rough, flat or raised, and whitish to beige
or orange to red (Shimanuki and Knox 2000; OIE 2018). After
killing the vegetative bacteria form by heat treatment, the Pae-
nibacillus larvae bacteria were isolated (de Graaf et al. 2013).
Determined bacterial phenotypes, such as the morphology
of colonies in different culture media, biochemical testing,
pathogenicity, and antibiotic resistance, can be used to dif-
ferentiate between strains but need to be sufficiently variable
between closely related strains (Li et al. 2009). Genotyping,
which expresses the discrimination of bacterial strains accord-
ing to their genetic content, has been widely used in identify-
ing and subtyping strains due to their high solubility. Bacterial
genotyping methods, include pulsed-field gel electrophore-
sis (PFGE) (Herschleb et al. 2007), ribotyping (Harvey and
Minter 2005), restriction fragment length polymorphic DNA
analysis (RFLP) (Todd et al. 2001), random amplified poly-
morphic DNA assay (RAPD) (Welsh and McClelland 1990),
arbitrary primed PCR (AP-PCR) (Williams et al. 1990),
amplified fragment length polymorphism (AFLP) (Vos et al.
1995), repetitive element based PCR (rep-PCR) (Koeuth et al.
1995) and multilocus sequence typing (MLST) method (Ber-
tolotti et al. 2021), respectively. One of the methods used to
genotype P. larvae strains is MLST(Morrissey et al. 2015).
Rep-PCR, another analysis method, is a method for finger-
printing bacterial genomes by examining strain-specific pat-
terns derived from PCR amplification of repetitive DNA ele-
ments in bacterial genomes. REP-PCR is a valuable method
because it is more reproducible. After all, specific primers are
used for amplification because they are easy to use, the cost
is low, and they can get fast results (Li et al. 2009). Different
genotypes of P. larvae have different reproductive abilities.
For genotyping P. larvae isolates, three main sets of repeti-
tive elements are used: the repetitive extragenic palindromic
(REP) sequence, BOX elements, and the enterobacterial
repetitive intergenic consensus sequence (ERIC) (Genersch
et al. 2006; Beims et al. 2020). Genersch and Otten (2003)
examined P. larvae isolates using the rep-PCR technique with
BOX A1R and MBO REP1 primers and reported four genetic
subgroups (AB, Ab, ab, and aB). Using the same combination
(BOX A1R and MBO REP1 primer), Loncaric et al. (2009)
described five different genotypes (ab, aB, Ab, AB, and ab).
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AFB is a well-known and legally notifiable disease in
Turkey. The prevalence of AFB in Turkey is monitored and
diagnosed by the Samsun Veterinary Control Institute; how-
ever, the prevalence of specific P. larvae genotypes within
the country is unknown. There needs to be more research on
the identification and distribution of P. larvae genotypes in
Turkey. This study aimed to isolate P. larvae from AFB sus-
pected specimens collected from Turkey's Central and Eastern
Black Sea regions to determine the isolates' microbiological
and biochemical characteristics and their genetic diversity.

Materials and methods
Materials

The prevalence of AFB in Turkey is monitored and diag-
nosed by the Samsun Veterinary Control Institute Bee
Diseases Laboratory. The samples from the Bee Diseases
Laboratory consist of disease-suspicious honeycomb, larvae,
and primary honeycomb samples from 10 Black Sea region
(Central and Eastern) provinces. These P. larvae strains
(P. larvae PB3.2a, PB3.2b2, PB3.1a, PB3.3al, PB3.3b,
PB3.3bl, PB4, PB5a, PB5b, PB6a, and PB6b) were isolated
in a study by Bas and Alpay Karaoglu (2015).

Methods
Isolation of P. larvae from AFB suspect specimens

For P. larvae isolation, larvae, adult bees, and honey samples
were collected from the blackened pores of clinically suspect
combs. Five honey bee larvae from the combs were taken
into 5 mL of sterile distilled water with the help of sterile
forceps and suspended with a stirrer. Solid larval parts were
fragmented with the use of a homogenizer. Honey samples
scraped from the surface of the frames were used. Five grams
of the honey sample taken with a sterile spoon was mixed
homogeneously with 5 mL of sterile distilled water. Adult
bees that completed the larval stage of the adult bee samples
but could not get out of the comb cell were used. Five adult
bees collected from the combs with sterile forceps for dissec-
tion were subjected to surface sterilization in 70% ethanol for
2 min. Then they were washed three times with 5 mL of ster-
ile distilled water. Adult bees were crushed in a homogenizer
by adding 5 mL of sterile distilled water. Homogenized sam-
ples were exposed to heat in a water bath at 80 °C for 10 min
to eliminate vegetative bacterial forms (OIE 2008). The sam-
ples were left to cool at room temperature and precipitated by
centrifugation at 5,000 rpm for 10 min. The supernatant was
discarded, and the remaining pellet was homogenized by vor-
texing. Serial dilutions of 10~ to 107 were prepared from the
adult bee, honey, and honey bee larva homogenized samples.
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After being diluted for culture, the homogenate dilutions
were spread on agar plates and incubated at 37 °C and 5%
CO, conditions for 3—4 days for growth (OIE 2008; de Graaf
et al. 2013; Hamdi et al. 2013). At the end of the incubation,
P. larvae-like colonies were checked for catalase activity with
3% (v/v) H,0,. Catalase-negative colonies were selected for
morphological and biochemical tests. P. larvae isolated as a
single colony was re-grown on MYPGP agar medium and
stored at -80 °C for further studies (Hamdi et al. 2013).

Determination of the morphological and biochemical
characteristics of isolates

Isolates of P. larvae were recognized on the basis of mor-
phological and biochemical characteristics. Morphologi-
cal characterization of bacterial isolates was performed by
evaluating colony morphology, Gram staining, and motility
of colonies. Biochemical properties tested include oxidase,
catalase, urease, nitrate reduction, lecithinase, production
of dihydroxyacetone, gelatinase, Voges-Proskauer (VP), cit-
rate, indole, and sugar (glucose, maltose, fructose, lactose,
trehalose, and xylose) fermentation (de Graaf et al. 2013).

DNA isolation and genetic diversity of P. larvae isolates

According to Sambrook's procedure, bacterial genomic DNA
was extracted using the standard phenol: chloroform method
(Sambrook et al. 1989). For DNA isolation, isolates were
grown in MYPGP broth at 37 °C in a shaking incubator for
48 h. The isolates were transferred to a sterile Eppendorf tube
and settled at 10,000 rpm for 10 min, and then the pellet was
washed three times with sterile ultrapure water. Isolated DNA
samples (5 pL) were visualized on 1% agarose gel electro-
phoresis. Primers were commercially obtained from Macro-
gen Inc.(Amsterdam, Netherlands). The 16S rRNA gene was
amplified by PCR using primers 27F (5'-AGAGTTTGATC-
MTGGCTCAG-3') and 1492R (5'-TACGGYTAACCTTGT
TACGACTT-3'). To determine the genetic diversity of P. lar-
vae isolates, they were amplified by PCR using the repetitive
element PCR (rep-PCR) technique using BOX A1R (5-CTA
CGG CAAGGCGACGCTGACG-3") and MBO REPI (5'-
CCGCCGTTGCCGCCGTTGCCGCCG-3') primers. Reac-
tions were prepared using a final volume of 1X Taq DNA poly-
merase buffer, 2.5 uM MgCl,, 250 uM dNTP mix, 0.3 pmol/
pL primer, and 1 U/uL Tag DNA polymerase (Fermentas). The
16S rRNA gene PCR conditions were adapted according to the
study by Sevim et al. (2017). The amplified PCR products were
sequenced by sending 50 pL of each sample to the company
of Macrogen (Amsterdam, Netherlands). The rep-PCR condi-
tions for determining genetic diversity are as follows. The first
denaturation step in the PCR cycle was performed at 94 °C
for 15 min. PCR was performed with 35 cycles for BOX-PCR
with an elongation step of 60 s at 94 °C, 60 s at 53 °C, and

2.5 min at 72 °C, respectively. The final elongation step was
set at 72 °C for 7 min, and PCR products were preserved at
4 °C. BOX-PCR products were separated in a standard 1.0%
agarose gel, visualized under UV light, and photographed with
a gel Doc digital image capture system (Bio-Rad). The genetic
diversity of the amplified PCR products was evaluated accord-
ing to the nomenclature systems established by Genersch and
Otten (2003) and Peters et al. (2006).

ERIC types of P. larvae isolates were determined accord-
ing to the multiplex-PCR assay previously performed by
Okamoto et al. (2022). The multiplex PCR assay was per-
formed using the 2X PCR Master Mix (A140301, Ampliqon,
Denmark) in a final reaction volume of 20 pl containing the
appropriate primer concentrations previously described.

Alignment of 16S rRNA sequences and construction
of a phylogenetic tree

After sequencing the 16S rRNA gene PCR products, the
sequences were first edited with the BioEdit software
(Hall 1999), and the nucleotide sequences were aligned
using MEGA X software (Kumar et al. 2018). The result-
ing sequences were compared with sequences in the Gen-
Bank database using the NCBI-BLAST tool (Benson et al.
2012). A phylogenetic tree of the 16S rRNA gene region
was constructed using neighbor-joining analysis. Finally, the
sequences were subjected to neighbor-joining analysis with
p-distance correction, gap omission, and 1.000 bootstrap
pseudoreplicates using MEGA X (Kumar et al. 2018). NCBI
GenBank accession numbers were recorded for the 16S rRNA
gene sequences of P. larvae strains isolated in the study.

Results

This study examined 64 suspect samples (honey bee larvae,
adult bees, honey samples, and honeycombs) received by the
institute in 2014 and 2015. Bacterial isolation from suspi-
cious samples was performed at the Recep Tayyip Erdogan
University Microbiology and Molecular Biology Research
Laboratory. Because of culture, spore bacilli and cocci were
isolated in 35 of 64 samples, while no bacterial isolation
could be made from 29 samples. A total of 63 Gram-pos-
itive bacteria (58 Gram-positive bacilli and 5 Gram-pos-
itive cocci) were isolated from 35 samples with bacterial
growth. The bacterial colonies were examined macroscopi-
cally (color, type, and size of colonies) and microscopically
(Gram stain, bacterial morphology, and spore content).
Eighteen isolates thought to be P. larvae in the morphologi-
cal examination were then characterized and identified by
biochemical and molecular methods. The other 10 P. lar-
vae strains isolated in a study by Bas and Karaoglu (2015)
were also included in the analyses. The isolation source
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and province of origin of the P. larvae strains in the study
are given in Table 1. The P. larvae isolate was observed to
have cream, transparent, and translucent-looking colonies
on MYPGP agar medium, and all isolates were immobile
and slow-growing (48—72 h). The results of the biochemical
characteristics of P. larvae isolates are given in Table 2. In
all the isolates, fructose fermentation was positive. Except
for P. larvae SV21 and SV30b, they were able to metabolize
glucose and at least one of the other tested sugars. Other
than fructose, the SV21 and SV30b strains fermented only
maltose. While catalase activity results were negative (weak

positivity in 4 of them) in all strains, specificity could not be
determined in the oxidase activity results. The strains ana-
lyzed by the morphological and biochemical methods were
confirmed as P. larvae by 16S rRNA gene sequencing and
the multiplex PCR developed by Okamoto et al. (2022) and
typed by PCR assays with BOX A1R and MBO REP prim-
ers, methods commonly used for typing bacterial strains,
including Bacillus species (Alippi and Aguilar 1998; Cherif
et al. 2002). Although the 16S rRNA gene sequences of the
strains showed relatively high similarities with those of P.
larvae strains deposited in the GenBank database (Table 3),

Table 1 The isolate code,

Province Source Year Isolates Province Source Year Isolates

source, and province of origin

of P. larvae strains in the study Rize-Giineysu Honeybee Larvae _x Pb3.1a Trabzon  Honeybee larvae 2014  PB19%b
Rize-Giineysu Honeybee Larvae =¥ Pb3.3a Artvin Honey 2014 PB23a
Rize-Giineysu Honey =¥ Pb3.2a Samsun Honeybee larvae 2014 PB24b
Rize-Giineysu Honey - Pb3.2b Trabzon Honeybee larvae 2014 PB25b
Rize-Giineysu Honey - Pb3.2b2 Ordu Honeybee larvae 2014 PB27b
Rize- Tyidere Honeybee Larvae =¥ Pb5a Amasya Honeybee larvae 2014 PB31b
Rize- Tyidere Honeybee Larvae B Pb5b Corum Honeybee larvae 2014  PB32b
Rize- Tkizdere Honeybee Larvae B Pb4 Bayburt Honeybee larvae 2014  PB34
Rize- ikizdere Honeybee Larvae =¥ Pbb6a Bayburt Honey 2014 PB35
Rize- Ikizdere Honeybee Larvae ¥ Pb6b Giresun Honey bee 2015 SV21
Artvin Honeybee larvae 2014  PBI12b Ordu Honeybee larvae 2015 SV27b
Giimiishane Honeybee larvae 2014 PB13.1b Sinop Honeybee larvae 2015 SV28
Rize Honeybee larvae 2014 PB16.1b Samsun Honeybee larvae 2015 SV30b
Rize Honeybee larvae 2014 PB16.2 Tokat Honeycomb 2015 SV35

*Bas and Karaoglu 2015

Table 2 Biochemical
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Table 3 According to BLAST search with 16S rRNA sequences, the percentage similarity of P. larvae isolates with the closest bacteria isolates

in NCBI GenBank
Isolate Accession Species GenBank ID Coverage(%) Similarity(%)
Pb3.1a KU598688 Paenibacillus larvae Ymbl EF187246 100% 99.92%
Paenibacillus larvae 03-189 DQ079623 100% 99.92%
Pb3.3a KU598692 P. Lsubsp. larvae NRRL B-3555 KT363739 100% 100.0%
P.I. subsp. larvae ATCC 9545 KT363737 100% 99.92%
Pb3.2a KU598689 Paenibacillus larvae Sp19 MG650037 100% 99.76%
Paenibacillus larvae SAN MG650056 100% 99.76%
Pb3.2b KU598690 Paenibacillus larvae D4 MN982887 100% 99.52%
Paenibacillus larvae Sp28 MG650047 100% 99.52%
Pb3.2b2 KU598691 P. L subsp. larvae PL 63 KT363743 100% 99.92%
Paenibacillus larvae SURF-11S MW282861 100% 99.77%
Pb4 KU598693 P. larvae isolate 02-130 DQ079622 100% 100.0%
Paenibacillus larvae Ymb1 EF187246 100% 100.0%
Pb5a KU598694 Paenibacillus larvae 03-189 DQ079623 100% 100.0%
Paenibacillus larvae Sp28 MG650047 100% 99.84%
Pb5b KU598695 Paenibacillus larvae SAN MG650056 100% 99.83%
Paenibacillus larvae Sp19 MG650037 100% 99.83%
Pb6a KU598696 P.I. subsp. larvae PL 35 KT363742 100% 99.77%
P.larvae subsp. larvae PL 324 KT363744 100% 99.77%
Pb6b KU598697 P. L. subsp. pulvifaciens ATCC 25368 KT363751 100% 99.77%
P. I. subsp. pulvifaciens ATCC 25367 KT363750 100% 99.77%
PB12b OP900569 P. larvae isolate 02-130 DQ079622 98% 99.72%
P.. subsp. larvae PL 35 KT363742 98% 99.58%
PB13.1b OP900570 P.larvae subsp. larvae PL 7 KT363741 99% 99.38%
Paenibacillus larvae NBRC15408 AB680856 99% 99.32%
PB16.1b OP900571 Paenibacillus larvae D3 MNG613433 100% 97.13%
P.larvae subsp. larvae PL 324 KT363744 100% 97.13%
PB16.2 OP900572 Paenibacillus larvae CCM5680 MN613432 99% 99.38%
Paenibacillus larvae DSM 7030 NR_042947 99% 99.38%
PB19b MZ673469 Paenibacillus larvae 03-189 DQ079623 98% 98.08%
Paenibacillus larvae 03-525 DQ079620 98% 98.08%
PB23b OP900573 P. L.subsp. larvae NRRL B-3555 KT363739 98% 98.96%
P. larvae isolate 02-130 DQ079622 96% 99.37%
PB24b OP900574 Paenibacillus larvae 10S MN613428 99% 98.50%
Paenibacillus larvae CCM38 MN613431 99% 98.30%
PB25b OP900575 Paenibacillus larvae CCM4484 MN613429 99% 98.68%
Paenibacillus larvae CCM4488 MN613430 98% 98.90%
PB27b OP900576 P. L. subsp. larvae LMG16252 CP019655 98% 98.68%
P.I. subsp. larvae PL63 KT363743 98% 98.68%
PB31b MZ673470 P.L. subsp. larvae CT-021709-2 KT363745 100% 97.24%
Paenibacillus larvae D3 MN613433 100% 97.17%
PB32b OP900577 P.. subsp. larvae ATCC 9545 KT363737 98% 99.17%
P.I. subsp. larvae NRRL B-3553 KT363740 98% 98.89%
PB34 MZ673471 P.L.subsp. pulvifaciens NRRL B-14154 KT363747 98% 98.69%
P.L subsp. pulvifaciens CCM 38 KT363746 98% 98.69%
PB35 MW227606 P. l.subsp. larvae NRRL B-3555 KT363739 98% 99.52%
P. L. subsp. larvae LMG16247 CP019659 98% 99.52%
Sv21 MZ156074 P.larvae subsp. larvae PL 324 KT363744 99% 99.38%
P.larvae subsp. larvae PL 7 KT363741 99% 99.38%
SV27b MZ156075 P. Lsubsp. larvae NRRL B-3555 KT363739 99% 99.52%
P.L subsp. larvae ATCC 9545 KT363737 99% 99.45%
SV28 OP900578 Paenibacillus larvae 03-525 DQ079620 99% 99.38%
Paenibacillus larvae CCM5680 MN613432 99% 99.38%
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Table 3 (continued)

Isolate Accession Species GenBank ID Coverage(%) Similarity(%)
SV30b MZ673472 P. larvae isolate 02-130 DQ079622 97% 99.86%
P. 1. subsp. larvae DSM 25430 CP019652 97% 99.86%
Sv3s MW227607 P. L.subsp. larvae NRRL B-3555 KT363739 99% 99.59%
Paenibacillus larvae 03-189 DQ079623 99% 99.66%

some strains (PB16.1b, PB24b, and PB31b) showed less
than 98.65% sequence similarity, the value proposed as the
threshold for differentiating two species (Kim et al. 2014),
with other P. larvae strains. The phylogenetic tree generated
according to the result of the analysis is shown in Fig. 1.
However, the multiplex PCR (Okamoto et al. 2022) gener-
ated two products with sizes of 973-bp and 554-bp from
all the strains analyzed and thus they were identified as P.
larvae of genotype ERIC I (Fig. 2).

In the study, the genetic diversity of 28 Paenibacillus lar-
vae isolates was determined by PCRs with BOX A1R and
MBO REP primers. According to the presence or absence
of BOX-PCR specific products around 750-bp, which was
previously determined in the literature (Genersch and Otten
2003), it was determined that the isolates contained 3 differ-
ent genotypes, "A", "a" and "a". With MBO-REP1 primers,
3 different genotypes named B, b and p were generated. Iso-
lates with b patterns possess a band around 1000-bp moving
slightly faster than B pattern strains having a more slowly
running band at 1000-bp molecular marker fragments. How-
ever, isolates with the p pattern do not have a band around
1000-bp (Genersch and Otten 2003; Neuendorf et al. 2004).
According to the BOX A1R and MBO REP1 PCR meth-
ods, 15 (54%) of the isolates were Ab genotype, 7 (25%)
AB, 4 (14%) AB, 1 (3.5%) aB genotype, and 1 (3.5%) ab
genotype. As a result of the study, it was determined that
28 Paenibacillus larvae strains had five different genotypic
characteristics (Ab, Ap, AB, aB, and ab) (Table 4). From an
epidemiological viewpoint, Ab and A genotypes showed a
wide distribution, while other genotypes (AB, aB, and ab)
showed a lower distribution (Figs. 3 and 4).

Discussion

In parallel with the importance of beekeeping in the world and
Turkey, diseases (parasitic, bacterial, viral, and fungal) seen in
honey bees are important for the sector. A lot of research is con-
ducted worldwide to detect these diseases that cause economic
and yield losses (Balkaya et al. 2016). Honey bee diseases and
pests are some of the most important factors that slow down the
development of beekeeping and affect production. The develop-
ment stage of the bee creates suitable environments for many
disease agents and pests (Cakmak et al. 2003). AFB, European
foulbrood, Stonebrood, and Chalkbrood diseases are bacterial
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and fungal diseases that affect the honey bee in the larval stage
(OIE 2008). Therefore, this study investigated the presence and
genotype distribution of P. larvae causing AFB in honey bees
from samples collected between 2014 and 2015 in Turkey's
Central and Eastern Black Sea regions.

In a study conducted in Japan, seven P. larvae isolated
in the western region of Aichi province between 2012 and
2014 were analyzed, and their genotypic and phenotypic
characteristics were examined. Biochemical tests reported
that all seven P. larvae isolates metabolized D-trehalose,
D-glucose, and gelatin. The metabolic profiles of D-fruc-
tose, D-mannose, D-mannitol, salicin, glycerol, D-ribose,
N-acetylglucosamine, and D-tagatose differed among the
isolates (Hirai et al. 2016).

According to BOX and rep-PCR, the genotype dis-
tribution of these strains was found to be different. The
biochemical characteristics of the strains in our study
are given in Table 2, and their genotypes are given in
Table 4. However, strains PB25b, PB34, and PB13.1b
were positive for lactose fermentation, and strains
PB25b, PB27b, PB32b, and SV28 were positive for
xylose fermentation. Except for the PB13.1b strain, the
strains positive for lactose and xylose fermentation were
of the Ab genotype. P. larvae SV21 and SV30b strains,
which could not ferment glucose and could only ferment
maltose and fructose, two of the six sugars tested, were
identified as having the AP genotype. Oxidase, citrate,
gelatin hydrolysis, glucose, lactose, and trehalose fer-
mentation of the P. larvae PB13.1b strain, whose geno-
type was determined as ab, were positive. The biochemi-
cal test results are likely related to the genotype, but
more strains and biochemical tests should be performed
to obtain definitive results. It was observed that P. larvae
(PB3.3a, PB3.2b2, PB16.1b, and SV27b) strains with the
AB genotype have the common feature of being able to
ferment glucose and trehalose (Tables 2 and 4) (Sevim
et al. 2017). Different genotypes of P. larvae have been
identified in different regions. Rusenova and Parvanov
(2014) determined the genotypes of P. larvae isolated
in Bulgaria by rep-PCR. P. larvae were isolated from
samples collected from fifteen apiaries in northern (3
apiaries) and southern (12 apiaries) Bulgaria between
2009 and 2014. Of the study's total 103 P. larvae iso-
lates, 21 were reported as the AB genotype and 82 as the
ab genotype.
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It was reported that 70 P. larvae were isolated from
samples from southern Bulgaria, while 37 P. larvae
were isolated from apiary samples in northern Bulgaria.
Genotyping of 107 P. larvae isolates was performed by
the Rep-PCR method using BOX AIR and MBO REP1
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primers. Based on the genotyping of the isolates, it was
determined that there were ab and AB genotypes. The AB
genotype, which was more lethal in southern Bulgaria,
was reported to be more common (Rusenova and Parvanov
2016). According to the results of Rusenova and Parvanov
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Fig. 1 Phylogenetic tree based on 16S rRNA gene sequences of P. lar-
vae isolates. Black circles indicate isolates used in this study. Accession
numbers of the 16S rRNA gene sequences retrieved from the database
and used for the analysis are shown in parentheses next to each strain

name. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test are shown next to the branches
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Fig.2 Representative multiplex
PCR assay results of P. larvae
isolates. Arrows indicates 973
and 554-bp amplification prod-
ucts for ERIC types. The letter
of M incicate 100-bp DNA
marker (Thermo Scientific)

(2016), the necessity of regular, mandatory screening of
bee colonies for early disease diagnosis was stated. In the
genotyping of 28 P. larvae strains analyzed in our study,
the Ab (15) genotype was the most common. Then, (7)
AP, (4) AB, (1) aB genotype, and (1) ab genotypes were
determined, respectively (Fig. 4). It was observed that it is
necessary to implement relevant measures for the preven-
tion and control of AFB (Rusenova and Parvanov 2016).
Germany reported four genotypes (AB, Ab, ab, and af}) of
P. larvae and that the metabolic relationship of Ab, ab, and
ap genotypes was similar to each other (Neuendorf et al.
2004). A study was conducted in Austria to examine the
genotypic diversity of 214 Paenibacillus larvae strains. In
the study, two genotypes could be distinguished using the
ERIC-PCR method (ERIC I and II), while five different
genotypes were detected by BOX- and REP-PCR (ab, aB,

Table 4 Genotype diversity of P. larvae strains used in the study

Ab, AB, and ab). The aB and ab genotypes were new and
reported in this study for the first time among studies using
the same techniques (Loncaric et al. 2009). According to
the above literature results, four different genotypes were
identified in a study conducted in Germany, while five
were identified in a study conducted in Australia. While
two genotypic diversities (AB and ab) were encountered
in the Bulgarian study (Rusenova et al. 2013; Rusenova
and Parvanov 2016), five genotypic diversities (Ab, AP,
AB, oB, and ab genotypes) were identified in our study. It
was found important that these genotypes were identified
in our study, similar to the results in the literature.

Because of the established correlation between genotype,
the virulence of strains, and the development of clinical
symptoms, knowledge of genotypes is an important epide-
miological tool for AFB risk assessment (Loncaric et al.
2009). Beekeeper activities such as itinerant beekeeping,
unreported activities, queen purchases, and equipment
exchange contribute to the rapid spread of bacterial strains
and genotypes. Determining the relationship between rep-
PCR genotypes AB and ab and biochemical phenotypes in
studies is helpful in epidemiological studies to detect the
source of infection and control the disease. The distribution
of genotypes can be used to help locate the source of the
disease. Genersch and Otten (2003) reported that only BOX
primers would not be sufficient for the genetic subtyping of
P. larvae and that the discrimination power of rep-PCR for
typing could be increased by combining MBO REP1 and
BOX AIR primers instead. In our study, the (using the BOX
A1R and MBO REP1 primers) rep-PCR and multiple-PCR
methods were used to ensure good genotyping and to better
distinguish the isolated P. larvae strains.

Province Sources Isolates Genotype Province Sources Isolates Genotype
Rize-Giineysu Honeybee Larvae Pb3.1a* Ab Trabzon Honeybee Larvae PB19b AP
Rize-Giineysu Honeybee Larvae Pb3.3a* AB Artvin Honey PB23a AP
Rize-Giineysu Honey Pb3.2a* Ab Samsun Honeybee Larvae PB24b Ab
Rize-Giineysu Honey Pb3.2b* oB Trabzon Honeybee Larvae PB25b Ab
Rize-Giineysu Honey Pb3.2b2* AB Ordu Honeybee Larvae PB27b Ab
Rize- Iyidere Honeybee Larvae Pb5a* Ab Amasya Honeybee Larvae PB31b Ab
Rize- Iyidere Honeybee Larvae Pb5b* Ab Corum Honeybee Larvae PB32b Ab
Rize- ikizdere Honeybee Larvae Pb4* Ab Bayburt Honeybee Larvae PB34 Ab
Rize- Ikizdere Honeybee Larvae Pb6a* Ab Bayburt Honey PB35 AP
Rize- Ikizdere Honeybee Larvae Pb6b* Ab Giresun Honey bee SVv21 AP
Artvin Honeybee Larvae PB12b AP Ordu Honeybee Larvae SV27b AB
Giimiigshane Honeybee Larvae PB13.1b ab Sinop Honeybee Larvae SV28 Ab
Rize Honeybee Larvae PB16.1b AB Samsun Honeybee Larvae SV30b AP
Rize Honeybee Larvae PB16.2 AP Tokat Honeycomb SV35 Ab

*Bag and Alpay Karaoglu (2015)

@ Springer



Biologia (2023) 78:2919-2929

2927

Fig.3 Map distribution of
genetic diversity of P. larvae
strains used in the study

In 2014, 22 P. larvae isolates from Turkey were genotyped
using the rep-PCR method. The rep-PCR results show that no
P. larvae were detected in the genotypes ERIC III and ERIC
IV. All isolates genotyped by the molecular method belonged
to genotypes ERIC I or ERIC II. It was found that 13 of the 22
P. larvae isolates belonged to genotype ERIC I and 9 isolates
to genotype ERIC II (Schiesser 2014). According to the results
of some investigations carried out in Europe, it was found that
both genotypes, ERIC I and ERIC II, are widespread. The geno-
type ERIC II is common in Slovenia (Zugelj et al. 2021), the
Czech Republic (Biova et al. 2021), and northern Italy (Bassi
et al. 2015), while ERIC I is reported to be a more common
genotype in the Republic of Kosovo (Hulaj et al. 2021). A total
of 88 strains of P. larvae were isolated from samples collected

Fig.4 BOX A1R and MBO A
REP1 rep-PCR of P. larvae

isolates results. Arrows indi-

cates around 750 and1000-bp

amplification products for BOX

A1R and MBO REP. The letter

of M indicate 100-bp DNA

marker (Solid BioDyne, Cat.-

No: 07-11-00050)
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in neighboring regions of the Czech Republic and Slovakia and
analyzed using molecular methods that allow epidemiological
inferences to be made. The majority of isolates (78 isolates)
were isolated from samples from the Czech Republic, while 10
isolates were isolated from the western part of Slovakia on the
border with the Czech Republic. According to the genotyping
results, 78.9% of the isolates belonged to the ERIC II genotype
and 21.1% belonged to the ERIC I genotype (Matiasovic et al.
2023). A total of 108 isolates of P. larvae collected in 2011 and
2021 in different geographical regions of Lithuania were ana-
lyzed by molecular methods. The results of molecular analyses
of P. larvae isolates obtained by the rep-PCR method showed
that 100% belonged to the ERIC I genotype (AmSiejute et al.
2022). In our study, both methods were combined to ensure
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good genotyping and differentiate the isolated P. larvae strains.
The analysis of P. larvae isolated from the eastern Black Sea
region by the multiplex PCR method revealed that all were
genotype ERIC 1. AFB disease, caused by P. larvae, is occa-
sionally observed in many countries and regions. Global bee-
keeping activities, in general, and rarely atmospheric events,
cause AFB-causing bacteria to spread between countries and/or
regions. In the AFB disease detected in the Eastern Black Sea
region, where beekeeping is an important sector geographically,
it was found important to observe the ERIC I genotype, which
is common worldwide and is pathogenic.

Conclusions

There are few studies on the genetic population structure
of P. larvae in Turkey. Comprehensive studies of AFB
cases and the phenotypic and genotypic characterization
of isolated P. larvae will reveal this honeybee disease's
the local and national epidemiology of this honeybee dis-
ease. Understanding the genotypic distribution and preva-
lence of P. larvae will help with disease prevention and
control. These epidemiological data obtained in studies
are critical in forming a strategy in the fight against noti-
fiable diseases. Therefore, the scope can be expanded in
future studies, and more detailed results can be revealed
with samples isolated from all regions of Turkey.
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