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Trypanosomatids infecting honey bees have been poorly studied with molecular methods until recently.
After the description of Crithidia mellificae (Langridge and McGhee, 1967) it took about forty years until
molecular data for honey bee trypanosomatids became available and were used to identify and describe a
new trypanosomatid species from honey bees, Lotmaria passim (Evans and Schwarz, 2014). However, an
easy method to distinguish them without sequencing is not yet available. Research on the related bumble
bee parasites Crithidia bombi and Crithidia expoeki revealed a fragment length polymorphism in the inter-
nal transcribed spacer 1 (ITS1), which enabled species discrimination. In search of fragment length poly-
morphisms for differential diagnostics in honey bee trypanosomatids, we studied honey bee
trypanosomatid cell cultures of C. mellificae and L. passim. This research resulted in the identification of
fragment length polymorphisms in ITS1 and ITS1-2 markers, which enabled us to develop a diagnostic
method to differentiate both honey bee trypanosomatid species without the need for sequencing.
However, the amplification success of the ITS1 marker depends probably on the trypanosomatid infection
level. Further investigation confirmed that L. passim is the dominant species in Belgium, Japan and
Switzerland. We found C. mellificae only rarely in Belgian honey bee samples, but not in honey bee sam-
ples from other countries. C. mellificae was also detected in mason bees (Osmia bicornis and Osmia cor-
nuta) besides in honey bees. Further, the characterization and comparison of additional markers from
L. passim strain SF (published as C. mellificae strain SF) and a Belgian honey bee sample revealed very
low divergence in the 18S rRNA, ITS1-2, 28S rRNA and cytochrome b sequences. Nevertheless, a variable
stretch was observed in the gp63 virulence factor.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Trypanosomatids can infect a diverse range of organisms like
insects, plants and vertebrates (Simpson et al., 2006). Human par-
asites with an insect-mediated transmission (dixenous trypanoso-
matids), such as some Trypanosoma spp. and Leishmania spp.,
received a lot of attention due to their medical importance. In con-
trast, trypanosomatids solely infecting insects (monoxenous try-
panosomatids) are comparatively neglected.

The early descriptions of these monoxenous parasites were
based on their morphology and host (Wallace, 1966). It was
believed that a trypanosomatid could infect only one host species,
the so called ‘one host – one parasite’ paradigm. The rise of molec-
ular methods like PCR led to the awareness that the previously
used criteria of morphology and host species had only limited
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significance in taxonomy, thus invalidating this paradigm (Maslov
et al., 2013). Numerous molecular markers, like the 18S ribosomal
RNA (rRNA), the spliced leader RNA and the glycosomal
glyceraldehyde-3-phosphate dehydrogenase (gGAPDH), are com-
monly used in current genotyping studies of insect trypanoso-
matids (Cepero et al., 2014; Hamilton et al., 2004; Maslov et al.,
1996; Schwarz et al., 2015; Westenberger et al., 2004).

Several insect groups like true bugs (Heteroptera), flies
(Diptera) and fleas (Siphonaptera) were recently studied for their
trypanosomatid diversity (Maslov et al., 2007; Tyc et al., 2013;
Votypka et al., 2013; Westenberger et al., 2004), but many other
insect groups remain inadequately studied. For instance, most cur-
rently known hymenopteran trypanosomatids were described dec-
ades ago, based on the outdated morphology and host species
criteria. For example, Herpetomonas swainei (Smirnoff and Lipa,
1970) and Crithidia cimbexi (Lipa and Smirnoff, 1971) were
reported from sawflies (Hymenoptera, suborder Symphyta) yet
they remained neglected after the initial research and no molecular
markers are currently available. In contrast, trypanosomatids from
social bees (bumble bees and honey bees) were poorly studied for a
long time but interest in them revived since they were shown to
have negative effects on these economically important and inter-
esting pollinators (Brown et al., 2000, 2003; Gegear et al., 2005;
Ravoet et al., 2013; Schwarz and Evans, 2013).

Nowadays, Crithidia bombi (Lipa and Triggiani, 1988) is a well
studied parasite from bumble bee species (Bombus spp.) that
occurs worldwide. Microsatellite data showed that many clones
are circulating (Schmid-Hempel and Reber, 2004) and by investi-
gating several molecular markers it became clear that a second
species can also infect bumble bees, namely Crithidia expoeki
(Schmid-Hempel and Tognazzo, 2010). It was also suggested that
C. bombi can be vectored by honey bees (Ruiz-Gonzalez and
Brown, 2006).

Contrary to bumble bees, trypanosomatids infecting honey bees
(Apis mellifera) were poorly studied until some years ago despite
the fact that Crithidia mellificae was already described in 1967
(Langridge and McGhee, 1967). A trypanosomatid cell culture from
American honey bees was later on deposited as C. mellificae ATCC
30254 in 1974, followed by C. mellificae ATCC 30862 from
Vespula squamosa in 1978. When sequence data of the 18S rRNA,
gGAPDH and cytochrome b markers became recently available
for the bumble bee trypanosomatids, sequences from a honey
bee trypanosomatid were presumed to be derived from C. mellificae
(Schmid-Hempel and Tognazzo, 2010). At the same period, try-
panosomatids were readily detected in the USA from multiple
studies (Cox-Foster et al., 2007; Runckel et al., 2011;
vanEngelsdorp et al., 2009). The honey bee trypanosomatid cell
culture strain SF (ATCC PRA 403) (Runckel et al., 2011) and subse-
quent draft genome assembly (Runckel et al., 2014) were arbitrar-
ily assigned as C. mellificae yet current honey bee trypanosomatid
sequences from colonies in the U.S. were noted to be divergent
from C. mellificae ATCC 30254 (Cornman et al., 2012). The high
genetic distance between this strain and recently obtained
sequences published as C. mellificae was later on demonstrated
by analyzing the gGAPDH gene and recognized that the latter
group belonged to another taxon which should be renamed accord-
ingly (Cepero et al., 2014). Concurrently, a third honey bee try-
panosomatid cell culture isolated in 2012 from the USA, strain
BRL (ATCC 000359), was in use along with strain SF to formally
contrast C. mellificae with the newly recognized taxon now denom-
inated as Lotmaria passim (Schwarz et al., 2015), represented by
hapantotype strain BRL and parahapantotype strain SF.

Nowadays, L. passim appears to be the predominant parasite in
honey bees worldwide (Schwarz et al., 2015), in contrast to the
‘true’ (=taxonomically valid) C. mellificae. Since the prevalence of
C. mellificae might be underestimated, we searched for a
convenient diagnosis method. Several loci, including cytochrome
b and gGAPDH, showed enough interspecific identity to discrimi-
nate between both species, but sequencing remains necessary.
Techniques like fragment length polymorphism and high resolu-
tion melting (HRM) were previously used to identify trypanoso-
matids in other host species (Higuera et al., 2013;
Schmid-Hempel and Tognazzo, 2010; Zackay et al., 2013). We
investigated both methods using infected honey bee samples from
different geographic locations and trypanosomatid cell types from
honey bees and bumble bees. This can provide an easy diagnostic
method to differentiate both honey bee trypanosomatids, without
the need for sequencing.
2. Material and methods

2.1. Sample selection

For this study we used honey bee (A. mellifera) samples from
Japan (10 cDNA samples), Spain (bee samples from 10 colonies),
Switzerland (10 DNA samples) and Turkey (30 cDNA samples),
infected with trypanosomatids as confirmed by previous 18S
rRNA detection. In addition, we used 8 Belgian honey bee samples
(cDNA) from which the partial 18S rRNA, GAPDH and cytochrome b
genes of trypanosomatids were previously determined (Schwarz
et al., 2015). Single bee specimens from one of these Belgian sam-
ples were further investigated. DNA samples of C. bombi types A1
(BJ08.079) and A2 (AK08.053), C. expoeki types B1 (BJ08.078) and
B2 (AK08.231), C. mellificae (ATCC 30862, ATCC 30254) and L. pas-
sim strain SF (ATCC PRA-403; deposited as C. mellificae strain SF
(Runckel et al., 2011; Runckel et al., 2014)) and L. passim strain
BRL (ATCC 00359 (Schwarz et al., 2015)) were also included.

2.2. Cell culture

Crithidia mellificae ATCC 30254 was first cultivated in ATCC
medium 355 as recommended. Further sub-cultivation was per-
formed in Brain Heart Infusion (BHI) medium, supplemented with
3.5 lg/ml hemin and 2% (v/v) anti-contamination cocktail (Maser
et al., 2002). The other cell lines were cultivated as described pre-
viously (Salathe et al., 2012; Schwarz et al., 2015). Cultivation of
trypanosomatids from Osmia bicornis and Osmia cornuta were
attempted as described earlier (Popp and Lattorff, 2011).

2.3. DNA/RNA extraction and cDNA synthesis

The nucleic acids from the infected Belgian (Ravoet et al., 2013),
Japanese (Morimoto et al., 2013), Swiss (unpublished results) and
Turkish honey bee samples (unpublished results) were extracted
earlier. For the Spanish samples, ten bees were homogenized in
5 ml PBS by mechanical agitation in a BulletBlender for 5 min.
After centrifugation at 13,300g for 5 min, extracellular RNA was
isolated from 140 ll supernatant using the QiaAmp Viral RNA mini
kit (Qiagen). Total RNA was extracted from five individual honey
bees from one Belgian sample, which appeared to be infected with
the two trypanosomatids. The individual bees were only used to
investigate the trypanosomatid diversity. They were directly
homogenized in 1 ml QIAzol by mechanical agitation in the pres-
ence of glass beads (2 mm). RNA was further extracted using the
RNeasy Lipid Tissue mini kit (Qiagen). For the cDNA synthesis with
the RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific),
5 ll extracellular RNA or 2 lg total RNA were reverse transcribed
using random hexamer primers.

DNA was extracted from 4 ml liquid culture (supplemented BHI
medium) of Crithidia mellificae ATCC 30254 and trypanosomatids
from Osmia bicornis and Osmia cornuta using the protocol for cell
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cultures of the DNeasy Blood & Tissue Kit (Qiagen). DNA from C.
bombi, C. expoeki, C. mellificae ATCC 30862 and L. passim strain SF
(ATCC PRA-403; deposited as C. mellificae strain SF (Runckel
et al., 2011; Runckel et al., 2014)) and L. passim strain BRL (ATCC
00359 (Schwarz et al., 2015)) was extracted as previously
described (Salathe et al., 2012; Schwarz et al., 2015).

2.4. PCR amplification

All PCR reaction mixtures contained: 2 lM of each primer
(Table A1); 1.0 mM MgSO4; 1.25 U Hotstar Taq HiFidelity DNA
polymerase (Qiagen) and 1 ll cDNA or DNA. Published PCR assays
were performed (see Table A1 for references), but for the newly
designed primers we used the following cycling conditions: 95 �C
for 5 min; 94 �C for 30 s, 55 �C or 50 �C (the latter only for the cyto-
chrome b amplification) for 30 s, 72 �C for 1 min, 35 cycles; final
elongation 72 �C for 10 min, hold at 4 �C. Several new primer pairs
for the amplification of 18S rRNA, cytochrome b, gp63 (glycopro-
tein of 63 kDa) and ITS1–2 (partial 18S rRNA – complete ITS1 –
complete 5.8S rRNA – complete ITS 2 – partial 28S rRNA) were
designed based on published sequences of C. bombi, Crithidia fasci-
culata, C. mellificae and/or L. passim (Table A1).

All PCR products were electrophoresed in 1.5% agarose gels,
stained with ethidium bromide and visualized under UV light.
Amplicons were purified or gel-extracted, and subsequently cloned
using the TOPO TA Cloning Kit for sequencing (Invitrogen). Four
plasmids of each amplicon were purified and sequenced using
M13 primers on an ABI3730XL platform (Applied Biosystems).
Different internal primer pairs (Table A1) were used to sequence
the 18S rRNA amplicons.

Cloned plasmids were processed for 30 min with FastDigest
EcoRI (Thermo Scientific) and analyzed using 1.5% agarose gel elec-
trophoresis or capillary electrophoresis on a Bioanalyzer (Agilent
Technologies). For the latter, the fragments were separated using
a Agilent DNA 1000 kit (Agilent Technologies). The different wells
were aligned at 15 bp and 15,000 bp.

2.5. High resolution melting analysis

Using the Type-it HRM PCR kit (Qiagen) with 10 lM primer
pairs (HRM-cytb-F – HRM-cytb-R or IR1-5.8R; Table A1) and 1 ll
cDNA or DNA, we performed the high resolution melting (HRM)
analyses. PCR products were analyzed with a LightScanner
machine (BioFire Diagnostics).

2.6. Sequence analysis

All obtained sequences were assembled, BLAST-searched and
aligned with MUSCLE in Geneious R7 to confirm their identity.
The 18S rRNA sequences of the C. bombi, C. expoeki, C. mellificae
and L. passim strains were assembled de novo. Afterward, they were
mapped onto the genome sequence of L. passim strain SF; ATCC
PRA-403 (published as C. mellificae strain SF (Runckel et al., 2011,
2014)), together with 18S rRNA sequences assigned to C. mellificae
(Genbank: AB738082, AB745487, AB745488, GU321196,
KF607064, KJ704242–KJ704251). The draft genome of L. passim
strain SF; ATCC PRA-403 was BLAST-searched to identify homolo-
gous gp63, 18S rRNA, 28S rRNA and ITS1-2 sequences. In addition,
ITS1 sequences from C. bombi (Genbank: GU321121–GU321168,
KF002565), C. expoeki (Genbank: GU321169–GU321186) were
downloaded from Genbank. Additional sequences were made
available for this study by R. Schwarz: C. mellificae ATCC 30254
(Genbank: KJ722745–KJ722753), C. mellificae ATCC 30862
(Genbank: KJ722754–KJ722757), L. passim strain BRL; ATCC
00359 (Genbank: KJ722738–KJ722744) (Schwarz et al., 2015) and
L. passim strain SF; ATCC PRA-403 (Genbank: KJ722728–
KJ722737). Gp63 proteins from Crithidia spp. were retrieved by a
BLASTP-search and investigated for conserved domains
(Marchler-Bauer et al., 2011).

Phylogenetic analysis of the ITS1 locus was performed to assign
the trypanosomatid sequences. Selection of the best fitted maxi-
mum likelihood models was based on the Bayesian information
criterion (BIC), as implemented in MEGA6. The analysis was per-
formed using the Kimura 2-parameter model with gamma dis-
tributed rate variation among sites (K80+G) using PhyML 3.0
(Guindon et al., 2010). The reliability was assessed by approximate
likelihood ratio test non-parametric branch support based on a
Shimodaira-Hasegawa-like (aLRT SH-like) procedure (Anisimova
and Gascuel, 2006).

All unique sequences obtained in this study were deposited in
Genbank under accession numbers KM980179 (L. passim gp63
fragment from honey bees), KM980180-81 (L. passim cytochrome
b sequences from honey bees), KM980182–KM980188 (C. bombi,
C. expoeki, C. mellificae and L. passim 18S rRNA sequences from
bumble bees and honey bees), KM980189-90 (L. passim 28S rRNA
fragments from honey bees), KM980191-98 (C. bombi, C. expoeki,
C. mellificae and L. passim ITS1-2 sequences from bumble bees
and honey bees), KP133036–KP133039, KP133020, KP133022,
KP133023 (C. mellificae ITS1 sequences from honey bees),
KP115801–KP115804 (C. mellificae ITS1 sequences from mason
bees) and KP132992–KP133019, KP133021, KP133023–KP133035
(L. passim ITS1 sequences from honey bees).
3. Results

Using the hapantotype (ATCC 30254 and ATCC 00359) and para-
hapantotype (ATCC 30862 and PRA 403) strains of C. mellificae and
L. passim, respectively (hereafter ‘type strains’), we were able to
distinguish them in initial HRM analyses. Nevertheless, a broader
screening with infected honey bee samples from a widespread ori-
gin failed to differentiate them (data not shown). Therefore we
investigated several loci in search for a PCR based fragment length
polymorphism.

First the 18S rRNA (Genbank: KM980182-7), ITS1 and ITS1-2
(Genbank: KM980195–98) were amplified from the type strains.
The ITS1 locus appeared to be very useful for species discrimina-
tion since we found a length difference of around 70 nt (verified
by sequencing of multiple clones per amplicon) between the two
clades of honey bee trypanosomatids, clearly envisioned by 1.5%
agarose gel. The ITS1 fragment size of C. mellificae varied between
314 and 318 nt, but the ITS1 of L. passim varied between 384 and
400 nt. Capillary electrophoresis envisioned also the length differ-
ence (Fig. 1), but we did not succeeded in assigning the correct
fragment size. Although the ITS1-2 locus differed by around 200
nucleotides (�930 bp for C. mellificae and �1140 bp for L. passim),
it could not be assigned unambiguously using 1.5% agarose gel
electrophoresis and this marker was not readily amplified in
infected honey bee samples. Also, the ITS1-2 marker did not allow
easy differentiation between the C. bombi and C. expoeki type
strains due to the small fragment length polymorphism of 22 nt.
The 18S rRNA fragments showed no usable fragment length poly-
morphisms (Fig. A1), but possess several nucleotide differences
between the bee trypanosomatids. By mapping published C. melli-
ficae sequences from China, Japan, Spain, Switzerland and Turkey
(Genbank: AB738082, AB745487, AB745488, GU321196,
KF607064, KJ704242–KJ704251) onto the 18S rRNA of the type
strains, we could assign them as previously discussed (Cepero
et al., 2014; Schwarz et al., 2015).

While the ITS1 locus was easily acquired from the type strains,
we could not successfully amplify it from all infected honey bee
samples. This was also observed using the cytochrome b and



Fig. 1. Example of ITS1 fragment length polymorphism visualized by capillary electrophoresis. L: 15–15.000 bp molecular weight ladder (Agilent Technologies). Clones
derived from C. mellificae ATCC 30254 (Cm), L. passim strain BRL (Lp), O. cornuta trypanosomatid culture (Oc1 and Oc2) and a pooled honey bee sample (Am1-Am7) are
included in this analysis. The fragments of C. mellificae are situated around 410 bp and those of L. passim around 550 bp. The fragments above 1.500 bp are derived from the
pCR4 cloning vector.
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gGAPDH markers (Schwarz et al., 2015). Nonetheless, we obtained
ITS1 sequences from nine Belgium honey bee samples, seven
Japanese samples, three Swiss samples but none of the Spanish
and Turkish samples.

To assess the specificity of the observed ITS1 polymorphism, we
performed a phylogenetic analysis which included our unique
sequences and published sequences from C. bombi, C. expoeki, C.
mellificae and L. passim. All ITS1 amplicons from Japan (Genbank:
KP133004–KP133018), Switzerland (Genbank: KP132992–
KP133003) and almost all Belgium honey bee samples (Genbank:
KP133019, KP133024–KP133035) could be assigned to the L. pas-
sim clade (strain BRL/SF) by a phylogenetic analysis (Fig. 2). This
was confirmed for a Swiss sample using the cytochrome b marker
(Genbank: KM98018), as already employed for the Belgian and
Japanese samples (Morimoto et al., 2013; Schwarz et al., 2015).

Surprisingly, sequences of C. mellificae were detected in two
Belgian honey bee samples. One sample was solely infected with
this species (Genbank: KP133036–KP133039), but the other sam-
ple (Genbank: KP133020, KP133022, KP133023) was co-infected
with L. passim (Genbank: KP133021) (Fig. 2). Investigation of single
honey bee specimens from this sample with mixed infection
revealed that L. passim was detected in all bee specimens. Only
one of five bees was co-infected with C. mellificae. In addition to
honey bees, we could detect C. mellificae in trypanosomatid cul-
tures derived from O. cornuta and O. bicornis (Genbank:
KP115801–KP115804). The 18S rRNA and the ITS1 marker from
both infected solitary bees were identical to the type strain C. mel-
lificae ATCC-30254.

A Belgian honey bee sample infected with L. passim was used to
characterize multiple loci, which were compared to L. passim strain
SF. Sequencing of the 18S rRNA (Genbank: KM980188) and 28S
rRNA (Genbank: KM980189-90) amplicons indicated only few
nucleotide differences with the L. passim strain SF genome
(Genbank: AHIJ01002555), resulting in �99% identity. The com-
plete ITS1–2 (Genbank: KM980191-94) region was also very simi-
lar (98% nucleotide identity). The cytochrome b amplicon (0.8 kb)
of the Belgian isolate (Genbank: KM980180) was even completely
identical (Genbank: AHIJ01002387). On the other hand, the viru-
lence factor gp63 (Genbank: KM980179) was largely identical
(93.6% nucleotide and 91.1% amino acid similarity) to strain SF
(Genbank: AHIJ01002023) but a small variable region of 9 amino
acids was present (Fig. 3, aa 9 till 18). The predicted gp63 protein
of strain SF contains the conserved Peptidase_M8 (leishmanolysin)
superfamily domain. Two additional gp63 proteins were retrieved
from Crithidia fasciculata (Genbank: AAA30319, Q06031) which
had around 70% amino acid similarity with those of L. passim.
4. Discussion

In this study, we wanted to design a convenient method to diag-
nose infections of the trypanosomatid parasites C. mellificae and
L. passim in honey bee samples, without the need to sequence
amplicons. HRM proved to be a simple technique to classify geno-
types of Leishmania donovani and Trypanosoma cruzi (Higuera et al.,
2013; Zackay et al., 2013) and was also used to assess the strain
diversity of Deformed wing virus (Martin et al., 2012). While
HRM analysis of the type strains of C. mellificae, C. bombi, C. expoeki
and L. passim appeared successful, we were not able to genotype
infected honey bee samples. This can be caused by the different
extraction methods and elution buffers.

Another method to discriminate between two trypanosomatids
is the amplification of a locus with a fragment length polymor-
phism. We succeeded in amplifying the ITS1 marker in the try-
panosomatid type strains, which revealed a fragment length
polymorphism between C. mellificae and L. passim, as already
demonstrated for C. bombi and C. expoeki (Schmid-Hempel and
Tognazzo, 2010). The ITS1-2 marker was also amplified, but this
was less usable than the ITS1 marker.

The ITS1 marker could be amplified in a subset of the infected
honey bee samples from a widespread origin. We confirmed the
omnipresence of L. passim (Schwarz et al., 2015) and the rare
detection of C. mellificae, since the latter is only known from
Australia (Langridge and McGhee, 1967), Belgium (Schwarz et al.,
2015) and the USA (origin of C. mellificae ATCC-30254 and
ATCC-30862). Its presence in Australia is not certain since no
molecular data are available. Surprisingly, we found a coincidence
of both parasites in one Belgian honey bee sample. Further
research demonstrated that C. mellificae was only very scarcely
detected in this colony. The presence of C. mellificae in this sample
was not demonstrated before based on the 18S rRNA, cytochrome b
and gGAPDH markers (Schwarz et al., 2015). Furthermore, we pro-
vide evidence for O. cornuta as another hymenopteran host of C.
mellificae, in addition to A. mellifera, O. bicornis and Vespula squa-
mosa (Schwarz et al., 2015). Since another Belgian honey bee sam-
ple was infected exclusively with C. mellificae, we can presume that
this trypanosomatid still infects hymenopterans nowadays. It is
possible that the presence of C. mellificae is underestimated in
honey bees due to its apparent low prevalence. Moreover, some



Fig. 2. Phylogenetic analysis of trypanosomatid ITS1 clones. The clades are visualized by named brackets. Each isolate is indicated by its accession number, but those of C.
bombi and C. expoeki are compressed. Accessions of the C. mellificae types are indicated by squares and those of the L. passim types by circles. Trypanosomatid sequences
derived from Swiss honey bees are shown in blue, from Japanese honey bees in green, from Belgian honey bees in red and from Belgian mason bees (Osmia spp.) in purple.
Sequences of both types are shown in black. The sequences of the co-infected Belgian sample are shown in bold italic. Branch support is indicated by aLRT statistics, although
only values higher than 70% are shown. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Alignment of trypanosomatid gp63 amino acid sequences from L. passim strain SF (Genbank: AHIJ01002023, contig 298), an L. passim strain obtained from an infected
Belgian honey bee sample (Genbank: KM980179) and Crithidia fasciculata (Genbank: AAA30319, Q06031). The Clustal X color scheme is used to visualize the amino acids. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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primer sets do not detect both trypanosomatids (Cepero et al.,
2014) but broad range primers for both honey bee trypanoso-
matids are now available for several loci like the 18S rRNA, cyto-
chrome b, gGAPDH and ITS1 (this study and (Cepero et al., 2014;
Ravoet et al., 2014; Schwarz et al., 2015)). Phylogenetic analysis
of the ITS1 sequences validated the fragment length polymor-
phism. Remarkably, C. mellificae isolates from Belgian honey bees
formed a separate subclade (with 76% branch support), while those
from the Belgian mason bees clustered with the type strains
(Fig. 2).

We could corroborated assignment of published 18S rRNA
sequences from China, Japan, Switzerland, Spain and Turkey to L.
passim (Schwarz et al., 2015). This parasite was also detected in
all investigated samples. However, amplicons obtained with the
primers SE-F and SE-R appeared to be too conserved while
sequences amplified with the primer sets 609F-706R or
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18SF-18SR contained the most indels and point mutations. This
implicates that the latter primer sets can be used for species
assignment of C. mellificae and L. passim in addition to primers tar-
geting the cytochrome b and gGAPDH loci (Cepero et al., 2014;
Schwarz et al., 2015), although sequencing remains necessary in
contrast to the ITS1 marker.

In search of intraspecific variation, we compared several loci of
L. passim strain SF and a Belgian honey bee sample infected with L.
passim. The almost complete 18S rRNA, 28S rRNA and ITS1-2
regions were almost identical, but they do not encode for proteins.
The gp63 virulence factor on the other hand showed a variable
amino acid stretch. This protein belongs to a multi-gene family
(Mauricio et al., 2007) and has been widely detected in trypanoso-
matids (d’Avila-Levy et al., 2014; Etges, 1992). Its role in insect par-
asites is understudied, but they are probably involved in cell
adhesion and nutrition (d’Avila-Levy et al., 2014).

We can conclude that an easy differentiation method between
both honey bee trypanosomatids was found using the ITS1 marker.
The fragment length polymorphism in this region can also reveal
the presence of the rarely detected C. mellificae, which can be
missed using other common markers like the 18s rRNA, cyto-
chrome b and gGAPDH. However, the amplification success of the
ITS1 marker depends probably on the trypanosomatid infection
level. Sequence variation was found in gp63 virulence factor, which
might be a good indicator of intraspecific variation.
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