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Abstract— Phoretic mites associated with bumblebees are considered commensals that represent little or no risk for
their hosts. The aim of the present study was to assess the potential role of the phoretic mites Prneumolaelaps
longanalis and Parasitellus fucorum , as carriers of parasites that are known to affect bees. Mites were extracted
from bumblebees dating between 1945 and 1981 which belong to museum collections, and from a freshly collected
queen. The DNA was extracted and amplified, and the final products were sequenced and analyzed. Parasite’s DNA
was found in all samples. Ascosphaera spp., Crithidia bombi , Lotmaria passim , and Nosema ceranae were present
in both mite species. Moreover, DNA from Apis mellifera filamentous virus (AmFV), Apicystis bombi,
Ascosphaera apis , Nosema apis , and Nosema bombi was found in P. longanalis . This study represents the oldest
report of parasite’s DNA in bumblebee phoretic mites, highlighting the relevance of museum samples for historical
studies in parasitology.

phoretic mites / bumblebees / parasite’s DNA / molecular detection / historical parasitology

1. INTRODUCTION

Bees are major angiosperm pollinators, provid-
ing a key service to crop production estimated in
more than a hundred billion Euros per year (Gallai
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et al. 2009; Klein et al. 2013). However, and
despite their importance, it is known that both
domestic and wild bee populations are threatened
worldwide (Freitas et al. 2009; Neumann and
Carreck 2010; Potts et al. 2010; Maggi et al.
2016). These bees provide pollination services in
both natural and managed environments (Goulson
et al. 2008); therefore, their reduction in abun-
dance and distribution range imply an important
ecological and economic detriment (Biesmeijer
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et al. 2006). The main proposed drivers for these
phenomena include pathogens and other parasites,
interaction with exotic species, agrochemicals,
habitat fragmentation, and climate change
(Goulson 2010). In most cases, a combination of
such stressors, rather than a particular one, leads to
the decline of several wild bee populations and
severe honeybee colony losses (Kluser and
Peduzzi 2007; Brown and Paxton 2009; Potts
et al. 2010; Cameron et al. 2011; Goulson et al.
2015; Meeus et al. 2018).

The western honeybee, Apis mellifera, and the
buff-tailed bumblebee, Bombus terrestris, are by
far the most studied bee species. Many pathogens
were found affecting these bees, like fungi, mites,
viruses, and protists, which are the most frequent
causative agents of disease (Bailey and Ball 1991;
Ruiz-Gonzalez and Brown 2006; Meeus et al.
2010). Recently, it was reported that pathogen
spillover from managed to wild bee populations
could have potential negative consequences for
both crop pollination and conservation of native
bees (Blitzer et al. 2012).

Mites and bees are closely associated
exhibiting broad range of interaction from
phoresy to parasitism (Chmielewski 1971; Baker
2000; Maggi et al. 2011; Revainera et al. 2014).
Particularly important is the case of Varroa
destructor, considered as one of the main factors
contributing to honeybee colony losses around the
world (Steinhauer et al. 2018). The mite feeds on
fat tissue of both larvae and adult bees (Ramsey
et al. 2018), acting at the same time as vector of
many viruses, like black queen cell virus (BQCV),
deformed wing virus (DWYV), acute bee paralysis
virus (ABPV), and Israeli acute paralysis virus
(IAPV) (Martin et al. 2012).

Phoretic mites associated with bumblebees use
the insect as a transport to reach a nest in order to
obtain nutritional supply such as pollen, nectar,
comb material, nematodes, and microorganisms
(Walter et al. 2002; Cordeiro et al. 2011). This
association could benefit both parts of the bee-
mite system, where mites reach a secure place for
feeding and reproduction, meanwhile bees have
their nests cleaned by mites (Schwarz and Huck
1997). On the other hand, Athias-Binche (1994)
proposed that mites represent a disturbance for
bees, since they could hamper the flight when

@ Springer

are present in high loads, and also to interrupt
the communication, when they touch the antennae
or mouthparts. In addition, mites could be able to
induce starvation in the bee colony when they
feed on nest reservoirs during rainy seasons
(Haq et al. 2011). Food reservoirs provide nutri-
ents and a suitable habitat for fungi inside the
nests, and mites like those of the genera
Parasitellus, Scutacarus, and Tyrophagus
(Hughes 1976; Hubert et al. 2003; Marjorie
2011) feed on these fungi and are able to transport
their spores to new areas. However, there are no
conclusive results providing that mites constitute
a relevant threat for bumblebees. Phoretic mites
can be transferred between bees of the same spe-
cies switching from (i) workers to queens, proba-
bly detecting queen features like queen phero-
mones (Huck et al. 1998), (ii)) males to queens
during copulation (O’Connor 1982), and (iii)
among bees from the same or different species
during foraging (Schwarz and Huck 1997). Given
the lack of specificity of these mites (Maggi et al.
2011; Revainera et al. 2014; Revainera et al.
2019), they could reach nests of different bee
species carrying potential pathogens.

The mesostigmatid mite species Parasitellus
fucorum (Parasitidae) and Pneumolaelaps
longanalis (Laelapidae) are kleptoparasites that
present a phoretic deutonymph and a life cycle
closely associated with bumblebee nests (Royce
and Krantz 1989; Koulianos and Schwarz 1999).
The adult mites and deutonymphs feed on the
pollenkit and nectar coating that bees apply to
the pollen grains, leaving them with a pale and
translucent aspect, with no other damage, al-
though P. longanalis is also able to break the
pollen grains to obtain more nutrients (Royce
and Krantz 1989; Koulianos and Schwarz 1999).
The high proportion of bumblebees observed with
phoretic P. longanalis and P. fucorum (preva-
lence), the high number of these mites on each
bumblebee (intensity), and their big size com-
pared with other common phoretic mites such as
Kuzinia and Scutacarus are characteristics that
make them good targets for parasitological
studies.

The aims of this study were to (i) look for
parasites in P. longanalis and P. fucorum , isolat-
ed from a current, field-collected sample as well
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as from museum collections and (ii) evaluate the
detection efficiency of different primer pairs for
parasite’s DNA from collection samples.

2. MATERIALS AND METHODS
2.1. Sample collection

The phoretic mite species P. longanalis and P.
fucorum were extracted from a Bombus
pauloensis foraging queen in 2018 and identified
using taxonomic keys (Hunter 1966; Hyatt 1980).
Additionally, twelve specimens of B . pauloensis ,
Bombus dahlbomii, Bombus morio , and Bombus
opifex deposited in La Plata Museum and dated
from 1947 to 1981 were examined, from which
several specimens of P. longanalis were extract-
ed. Host species, number of extracted mites, lo-
cality, and date of collection are detailed in Table I
and Figure 1.

2.2. DNA extraction and qPCR control

Total genomic DNA was extracted from pool
homogenate of mites (Table I) using the High Pure
PCR Template Preparation Kit (Roche Diagnostics).
To verify the success of DNA extraction from pools
and lack of inhibition in the PCR, DNA amplifica-
tions of a 138-bp PCR product of 18S ribosomal
(rDNA) with primers 18SEu F and 18SEu R
(Table II) were performed (Fajardo et al. 2008).

The cycling program consisted of an initial de-
naturation of 2 min at 95 °C, and 40 cycles of 94 °C
(20™), 52 °C (20"), and 72 °C (30"). After amplifi-
cation, a melting curve analysis was performed,
which resulted in single product-specific melting
curve. Those samples with 18S rDNA Ct (cycle
threshold) values < 30 were considered suitable.

2.3. Pathogen detection through qPCR

In order to study the presence of pathogen
DNA in mites, we used primer sets selected from
bibliography. We screened for Apis mellifera fil-
amentous virus (AmFV), Apicystis bombi
(Apicomplexa: Neogregarinorida), Crithidia
bombi and Lotmaria passim (Euglenozoa:
Trypanosomatida), Nosema ceranae, Nosema
bombi , and Nosema apis (Fungi: Microsporidia),

and Ascosphaera spp. (Fungi: Ascomycota),
pathogens that are known to infest honeybees
and bumblebees, with negative effects on their
health (Macfarlane et al. 1995; Genersch et al.
2009). The cycling program consisted of an initial
denaturation of 2 min at 95 °C, and 40 cycles of
95 °C (20"), annealing temperature (20”), and
72 °C (30"). Samples with Ct values <30 were
considered positive. To search for AmFV, L. pas-
sim, and N. bombi, two sets of primers (of dif-
ferent product length) each were used. The spe-
cific dissociation temperatures of each searched
pathogen with each pair of primers are detailed in
Table II. The reaction efficiency for each primer
pair was calculated, in all cases being between 95
and 105%. During the validation process, the PCR
products were run on agarose gels to check the
size of the PCR products. All gPCR were carried
out in a Rotor Gene thermocycler (Qiagen,
Hilden, Germany) in a final volume of 20 ul using
EvaGreen as an intercalating fluorescent dye
(KAPA FAST, Biosystems, Woburn, USA). In
each qPCR run, positive, negative, and non-
template controls were added. As positive con-
trols, DNA extracted from pathogen isolates was
used in all cases, except for AmFV, in which a
positive honeybee sample was used. Negative
controls consisted in DNA from samples in which
the absence of the pathogen’s DNA was con-
firmed previously.

To verify the specificity of the selected primers,
amplified DNA fragments were purified and direct-
ly sequenced (ABI 3500 Genetic Analyzer, Ap-
plied Biosystems, Foster City, CA, USA). The
sequence similarities were determined by the Basic
Local Alignment Search Tool (BLAST, NCBI).

3. RESULTS

A total of 88 mites were extracted and pooled
from 13 bees. As DNA extraction control, a 138-
bp PCR product of 18S ribosomal (rDNA) was
amplified in all the analyzed samples, showing
that they were suitable for further study.

Parasite’s DNA was detected in all samples.
Both mite species, P. longanalis and P. fucorum ,
were positive for C. bombi, L. passim, N.
ceranae , and Ascosphaera spp. Additionally, P.
longanalis mites showed the presence of DNA of
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Table 1. Samples used for DNA extraction. Each sample corresponds to a pool of mites used for DNA extraction.
Samples pl—p12 belong to La Plata Museum collection; AB4 and ABS are new, freshly collected samples

Sample Host Mite Province Year Locality Number
of mites

pl B. pauloensis P. longanalis Tucuman 1948 Villa Padre Monti, Burruyacu 5

p2 B. pauloensis P. longanalis Tucuman 1948 Villa Padre Monti, Burruyacu 5

p3 B . morio P. longanalis Misiones 1945 Puerto Bemberg 1

p4 B. opifex P. longanalis Jujuy 1976 Tilcara 2

pS B. dahlbomii P. longanalis Neuquén 1981 San Martin de los Andes 5

po B. dahlbomii P. longanalis Neuquén 1981 San Martin de los Andes 5

p7 B. dahlbomii P. longanalis Neuquén 1981 San Martin de los Andes 5

p8 B. dahlbomii P. longanalis Neuquén 1981 San Martin de los Andes 5

p9 B. pauloensis P. longanalis Entre Rios 1951 Parana 5

pl0 B. pauloensis P. longanalis Entre Rios 1951 Parana 5

pll B . pauloensis P. longanalis Tucuman 1947 Quebrada del Funicular 5

pl2 B. pauloensis P. longanalis Tucuman 1947 Quebrada del Funicular 5

AB4 B. pauloensis P. fucorum Buenos Aires 2018 Mar del Plata 20

ABS5 B. pauloensis P. longanalis Buenos Aires 2018 Mar del Plata 15

A. bombi, AmFV, N. bombi, N. apis, and A .
apis (Table III).

AmFV was present in all the collection samples,
with the oldest one from 1947, and also present in a
pool of mites collected in 2018. Apicystis bombi
was only detected in a sample from 1951. DNA
from an undetermined species of Ascosphaera was
detected in the two new samples and in one from
1981, whereas A . apis was found in a sample from
1945. The trypanosomatids were detected in pools
from 2018 as well as in the ones taken from muse-
um collections, with the oldest sample (of both
species) dated in 1948. The three microsporidia
were also found; both N. ceranae and N. bombi
were detected in the two current pools of mites,
while V. apis was detected only in one. Their oldest
records were from 1947, 1948, and 1951 for N.
ceranae , N . bombi , and N . apis , respectively.

Regarding analysis of AmFV, L. passim , and N.
bombi, the set of primers that amplified a shorter
sequence improved the detection capability of these
pathogens in all cases. Detection of AmFV increased
from 28% with AmFV551 F/AmFV551 R set to
93% with AmFV97 F/AmFV97 R. Lotmaria pas-
sim and N. bombi were only detected using the
shorter set (50% with qCrF153/qCrR15, and 28%
with Bombicar101 F/Bombicarl101 R, respectively).
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The presence of the analyzed parasites was
confirmed by the sequencing of the obtained
PCR products. Lotmaria passim sequence obtain-
ed with primers qCr from mite pl (GenBank
accession no. MK860770) and mite p8 (GenBank
accession no. MK922078) showed 97% and 99%
homology with L. passim from Uruguay
(GenBank accession no. KX953204.1). AmFV
sequence amplified with primers AmFV97 from
mite p4 and with primers AmFV551 from mite
p12 (GenBank accession no. MK941661) showed
both 100% and 94% of homology with AMFV
partial genome from Switzerland (GenBank ac-
cession no. KR819915.1), respectively. Crithidia
bombi sequence from mite p10 (GenBank acces-
sion no. MK929304) showed 95% homology
with C. bombi from India (GenBank accession
no. KX151692.1). Nosema ceranae sequence
from mites pl0 (GenBank accession no.
MKO918502) and p2 (GenBank accession no.
MKS844210) showed 98% and 99% of homology,
respectively, with N. ceranae from Lithuania
(GenBank accession no. JQ639307.1) and Mexi-
co (GenBank accession no. HM802210.1).
Nosema bombi sequence from mites p2
(GenBank accession no. MK922077) and ab5
(GenBank accession no. MK929303) showed
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Figure 1. Bumblebee collection sites: 1, Puerto Bemberg (Misiones); 2, Tilcara (Jujuy); 3, San Martin de los Andes
(Neuquén); 4, Villa Padre Monti (Tucuman); 5, Quebrada del funicular (Tucuman); 6, Parana (Entre Rios); 7, Mar

del Plata (Buenos Aires).

98% and 97% of homology with N. bombi from
Thailand (GenBank accession no. MF776551.1),
respectively. Nosema apis sequence from mite p8
(GenBank accession no. MK875322) showed
98.8% of homology with N. apis from Poland
(GenBank accession no. KC707997.1). In the
case of A. bombi , Ascosphaera sp., and A . apis,
the amplified fragments of DNA were scarce in

quantity, not being adequate for sequencing, thus
impeding any further determinations.

4. DISCUSSION

The finding of parasite’s DNA in P. longanalis
from samples dated between 1945 and 1981 repre-
sents a new paradigm in the historical distribution
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Table II. Primers used for parasite detection

Parasite Primer Sequence 53’ Annealing Amplicon
T° size (bp)
AmFV AmFV551 F CAGAGAATTCGGTTTTTGTGAGTG 52 551"
AmFV551 R CATGGTGGCCAAGTCTTGCT
AmFV97 F ACCCAACCTTTTGCGAAGCGTT 52 97!
AmFV97 R ATGGGGCGTCTCGGGTAACCA
Apicystis bombi ApBF1293 F CGTACTGCCCTGAATACTCCAG 58 2932
ApBR1293 R TGAAAGCGGCGTATACATGA
Crithidia bombi Crithidial19 F CCAACGGTGAGCCGCATTCAGT 58 119°
Crithidial19 R CGCGTGTCGCCCAGAACATTGA
Lotmaria Lp2F459 AGGGATATTTAAACCCATCGAA 60 459*
passim Lp2R459 ACCACAAGAGTACGGAATGC
qCrF153 TCC ACT CTG CAA ACG ATG AC 56 1533
qCrR153 GGG CCG AAT GGA AAA GAT AC
Nosema apis 32lapis F GGGGGCATGTCTTTGACGTACTATGTA 60 3216
32lapis R GGGGGGCGTTTAAAATGTGAAACAAC
TATG
Nosema bombi Nbombi323 F CCATGCATGTTTTTGAAGATTATTAT 56 3237
Nbombi323 R CATATATTTTTAAAATATGAAACAATAA
Bombicarl0l F GGCCCATGCATGTTTTTGAAGATTATTAT 62 101®
Bombicar101 CTACACTTTAACGTAGTTATCTGCGG
R
Nosema 218mitoc F CGGCGACGATGTGATATGAAAATATTAA 60 218°
ceranae 218mitoc R CCCGGTCATTCTCAAACAAAAAACCG
Ascosphaera Ascosl136 F TGTGTCTGTGCGGCTAGGTG 60 136°
apis Ascos136 R GCTAGCCAGGGGGGAACTAA
Ascosphaera AscoAlll GCA CTC CCA CCC TTG TCT A 58 550°
Spp. AscoAll2 GAW CAC GAC GCC GTC ACT
Internal control 18SEu F TCT GCC CTATCA ACT TTC GAT GG 54 13810
18SEu R TAATTT GCG CGC CTG CTG

! Hartmann et al. 2015. > Meeus et al. 2010. > Huang et al. 2015. * Arismendi et al. 2016. * Runckel et al. 2011. ¢ Martin-Hernandez
et al. 2007. 7 Klee et al. 2006. ® Plischuk et al. 2009. ° James and Skinner 2005. '° Fajardo et al. 2008

of the infestation phenomenon. Our results suggest
that almost all detected pathogens have been pres-
ent in native bees for more than 50 years whereas
most of them were described decades after the
dates recorded in this report. Ascosphaera apis,
the causative agent of the Chalkbrood disease of
A . mellifera , has been described at the beginnings
of the twentieth century (Maassen 1913), and their
spores were also recently isolated from Bombus
spp. (Maxfield-Taylor et al. 2015), but its presence
in Argentina has not been detected prior to 1978
(Rossi and Carranza 1980). Our results suggest that
A. apis dates back at least to the 1940s.
Moreover, after a survey in South America
(Plischuk and Lange 2009), it has been proposed
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that A. bombi, C. bombi, or (more recently) N.
bombi could have been introduced by alien bees
and then transferred to native ones (Arbetman et al.
2013; Plischuk et al. 2017); however, temporarily
space incompatible findings have suggested some
weaknesses in this hypothesis (Gamboa et al. 2015;
Nunes-Silva et al. 2016). Throughout our contribu-
tion, we suggest that these three species were in fact
present in the region long before the introduction of
B. ruderatus in 1982 and B. terrestris in 1998.
The microsporidium N. ceranae is a highly
pathogenic fungus that was proposed as one of
the main factors involved in the worldwide decline
of wild bee populations and honeybee colony
losses. It was suspected that this parasite shifted
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Table I1I. Results of parasite detection on mites associated to bumblebees. Sample ID is the same as in Table I. P1 to
P12 and ABS samples correspond to pooled P. longanalis mites, and AB4 corresponds to pooled P. fircorum mites

Parasite\ID Pl P2 P3 P4 P5

P6 P7 P8 P9 PIO PIl P12

AB4 ABS

AmFv 551 bp - - + + _
AmFv 97 bp + + + N
A . bombi 293 bp - - - - _
C. bombi 119 bp - + - — _
L. passim 459 bp - — - _ _
L. passim 153 bp +%
N. ceranae 218 bp - 4k 4 + -
N. bombi 323 bp - - - _ _
N. bombi 101 bp + L _ _
N. apis 321 bp - - - - +

Ascosphaera spp. - - - - -
550 bp
A. apis 136 bp - - + - -

— — — — — +% — +%
+ o+ o+ o+ + + - +
- - - 4 _ - _ _

*Confirmed by Sanger sequencing

from Apis cerana to A . mellifera sometime before
1990 (Invernizzi et al. 2009). Additionally, the first
report of N. ceranae in South American native
bumblebees dated from 2005 (Plischuk et al.
2009). However, in this study, we reported its
presence in mites closely associated with bumble-
bees, the flowers that they visit, and their nests,
from at least 1945. In this line of evidence, the
spread of N. ceranae to other bee species could
have occurred many decades earlier than
suspected.

The presence of L. passim in mites is also
intriguing. This flagellate has been found only in
A . mellifera gut, so its finding in bumblebee
phoretic mites is difficult to explain. Possibly, as
Durrer and Schmid-Hempel (1994), Ruiz-
Gonzalez and Brown (2006), and Graystock
et al. (2015) suggested, there is an exchange of
pathogens by sharing flowers during pollination,
meanwhile their ectoparasites would be more fre-
quent than is currently supposed.

Although some of the parasites found in the
present study have a slight effect on honeybees’
health, others are highly virulent (Bailey and Ball
1991), and then their transmission via phoretic
mites to native bee species could represent a prob-
lem, especially those of high prevalence. Despite
the uncertainty about if the transported parasites

were in an infective form, those that produce
resistance structures (such as Ascosphaera,
Nosema , or A. bombi) could be more prone to
remain active until they reach their definitive
hosts. These organisms are also easily dispersed,
thus even if in the laboratory the hygiene proto-
cols followed ensure the lack of contamination,
cross-contamination could occur in the museum.

In this work, we compared three primer sets for
the detection of L. passim, N. bombi , and AmFV
DNA, finding that the corresponding pair of the
smallest PCR product showed the best detection
capability. Probably, primers that amplified larger
products were not able to generate PCR products
due to DNA degradation. When a PCR-based meth-
od is used in routine analysis, a DNA extraction
control could indicate false-negative results (Hoofar
et al. 2003; Burd 2010) and is critical for analyzing
field-collected samples. Sample preservation in the
field or in museums to ensure DNA stability is not
always manageable; thus, there are many cases
where samples are not correctly stored to guarantee
such stability. In the particular case of field-sampled
bees and their associated mites, there are various
factors that can inhibit PCR, for instance the pres-
ence of pollen or even the bee’s compound eyes
(Boncristiani et al. 2011; Lalhmangaihi et al. 2014).
Here, we used the amplification of a 138-bp PCR
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product as an internal control to verify DNA quality.
It should be noted that the size of the internal control
is also an important issue. In this work, all samples
were positive for the internal control, but some of
them only amplified N. bombi, AmFV, and L.
passim DNA with the smallest primer set. The size
of the internal control should be similar to the size of
the PCR product for the detection of the specific
parasite.

This study represents the first detection of cer-
tain bee pathogens in phoretic mites. Although
contamination in the museum, especially by spores,
cannot be ruled out, the presence of parasite’s DNA
in such high proportions should not be dismissed,
since transmission to new hosts by mites could
represent a threat to several bee species. Moreover,
co-occurrence of two or more parasites in mite
samples could be detrimental for the bees, as noted
by (Alizon and Lion 2011), for N. ceranae and L.
passim . Here, we show that phoretic mite
prospection could be considered as a valuable
method for colony health estimations even for an-
cient bee populations, helping to reconstruct the
historical dynamics of certain infections. Thus,
the study of museum collections opens new fron-
tiers within the study of historical parasitology in
bees. We suggest that further studies should be
focused on the estimation of parasite virulence in
mites, for exploring the role that such mites could
play in wild bee population declines.
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