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Gut microbial communities and pathogens infection in New
Zealand bumble bees (Bombus terrestris, Linnaeus, 1758)
Antoine Felden , James W. Baty and Philip J. Lester

Centre for Biodiversity and Restoration Ecology, School of Biological Sciences, Te Herenga Waka—Victoria
University of Wellington, Wellington, New Zealand

ABSTRACT
The gut microbiome is an important component of bee health. Previous
research around the globe indicated that bee gut microbiome can be
affected by the presence of pathogens. We surveyed for the presence
of three specific pathogens in populations of the buff-tailed bumble
bee, Bombus terrestris (Linnaeus, 1758), across New Zealand. The
pathogen Crithidia bombi was the most prevalent and widespread
pathogen across the studied sites, with prevalence ranging from 30 to
100% of the bees examined. Nosema bombi was, however, only found
in North Island sites. The Deformed wing virus was detected in bumble
bees at all the sites except one (Twizel in the South Island) with
prevalence ranging from 0 to 60%. The B. terrestris gut microbiome and
the associated pathogens from two contrasting locations were studied.
Bacteria such as Snodgrassella alvi and Lactobacillales were observed.
We also found that infections with C. bombi were associated with more
diverse, distinct gut microbiome perhaps indicating disruptions of gut
microbe communities that contribute to impair bumble bees’ health.
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Introduction

Bumble bees and honey bees are important natural pollinators and therefore key to food production
(Goulson 2010). However, together with the global entomofauna, they experience population
declines (Goulson 2019; Goulson et al. 2008). Increased mortality of bees around the world has
been linked to several interacting factors such as exposure to pesticides, pathogens and lack of
food (Goulson et al. 2015). The Deformed wing virus (DWV), the trypanosomatid Crithidia
bombi and the microsporidium Nosema bombi are important pathogens observed to affect bumble
bee fitness elsewhere around the globe (Cameron & Sadd 2020). Pathogens such as Crithidia spp.
live within the bumble bee mid-gut and are known to be associated with disrupted bee gut microbial
communities (Motta et al. 2018). Similarly, Nosema spp. has also been associated with changes in
the gut bacteriome (Hubert et al. 2017). The DWV does not specifically reside in the bee gut. How-
ever, variation in the bee gut microbiota has been associated with tolerance to DWV infection in
honey bees (Dosch et al. 2021). The prevalence of these pathogens can vary between landscapes
and regions. Variation between areas in floral resources, for example, appears to alter pathogen
loads within bumble bees (DeGrandi-Hoffman & Chen 2015; Dolezal & Toth 2018; McNeil et al.
2020). Declines in pathogen communities with latitude have also been observed (McNeil et al.
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2020). Some of this spatial variation in bumble bee infection rates can be correlated with pathogen
infection in other hosts such as honey bees (Fürst et al. 2014).

The gut microbiome can play a key role in an organism’s general health. Bees rely on a healthy
gut microbiome to promote growth and defence against pathogens, although the precise functions
of gut bacteria are often difficult to pinpoint (Engel et al. 2012). In bumble bees, colony fitness has
been associated with variation in the bacteriome and pathogen defence (Koch & Schmid-Hempel
2011; Cariveau et al. 2014). The bee gut microbiome also aids other functions such as digestion
(Engel et al. 2012; Lee et al. 2015). However, only a few bacterial taxa are consistently found in
bee guts (Kwong & Moran 2016).

We surveyed the presence and prevalence of three specific pathogens C. bombi, N. bombi, and
DWV in the buff-tailed bumble bee, Bombus terrestris, at six sites around New Zealand. The
buff-tailed bumble bee was first introduced into New Zealand for pollination purposes in 1885
but has since spread widely throughout New Zealand (Donovan 2007). In a second part of the
analysis, we used 16S amplicon sequencing to characterise variation in community composition
of gut microbiome in relation to locality and pathogen infection. This analysis was performed at
two contrasting locations.

Materials and methods

Sampling and nucleic acids extraction

We sampled between 6 and 16 individual bumble bee foragers (i.e. all female individuals) per site
from seven locations across New Zealand in October and November 2019 (Figure 1). Our sampling
approach consisted of opportunistically collecting live foragers at each study site while they were
foraging on flowers. Consequently, we did not ascertain the relatedness of the bees or if they
were from the same or different nests. Bees were subsequently frozen in ethanol at −80°C. Bumble
bee guts were dissected, and the DNA and RNA were simultaneously extracted using GENEzol
plant DNA reagent (Geneaid Biotech, Taiwan) as follows. First, the guts were homogenised in 2

Figure 1. Prevalence of Nosema bombi (Nos.), Crithidia bombi (Cri.) and Deformed wing virus (DWV) in bumble bee foragers across
NZ. The prevalence is based on the presence or absence of the pathogen in individual foragers caught on plants at each sample
site (n = 6–16 bees at each sampling location).
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mL tubes containing 1 mL GENEzol, 5 μL β-mercaptoethanol (Sigma Aldrich, USA), and two stain-
less-steel beads in a Precellys Evolution homogeniser (Bertin Instruments, France). Chloroform-
isoamyl alcohol mixture (Sigma Aldrich) was used to extract nucleic acids, which were then
precipitated using isopropanol (Sigma Aldrich) and washed with 70% (v/v) ethanol. DNA and
RNA concentrations were measured by absorbance on a NanoPhotometer platform (Implen,
Germany).

Screening of specific pathogens using PCR

We used Polymerase Chain Reaction (PCR) assays for the detection of C. bombi, N. bombi and
DWV with specific conditions developed for each pathogen. Each PCR reaction contained 0.4
μM of each primer, 12.5 μL TaqMan Red Mix (Bioline, UK), and 200 ng sample DNA made to
25 μL total volume with nuclease-free water. For C. bombi, we used the published primers CB-
SSUrRNA-F2 (CTTTTGACGAACAACTGCCCTATC) and CB-SSUrRNA-B4 (AACCGAACG-
CACTAAACCCC) (Schmid-Hempel & Tognazzo 2010). Cycling conditions were: 95°C for
5 min; 40 cycles of 95°C for 30 s, 57°C for 30 s, 72°C for 1 min; 72°C for 10 min and holding at
4°C. Nosema bombi was detected using published primers Nbombi-SSU-Jf1 (CCATG-
CATGTTTTTGAAGATTATTAT) and Nbombi-SSU-Jr1 (CATATATTTTTAAAATATGAAA-
CAATAA) (Klee et al. 2006) with reaction mixes the same as for the C. bombi PCR. Cycling
conditions were: 95°C for 4 min; 45 cycles of 95°C for 1 min, 50°C for 1 min, 72°C for 1 min;
72°C for 4 min and holding at 4°C. Deformed wing virus was detected using Reverse Transcriptase
(RT)-PCR. For the RT step 500 ng sample RNA was made to 16 μL with water and mixed with 4 uL
SuperScript IV VILO (Invitrogen/ThermoFisher Scientific, USA). Reactions proceeded at 25°C for
10 min, 50°C for 10 min, 85°C for 5 min and holding at 4°C. The DWV PCR utilised F15 primer
(TCCATCAGGTTCTCCAATAACGGA) and B23 (CCACCCAAATGCTAACTCTAAGCG) (Yue
& Genersch 2005). Each reaction contained 2.5 μL cDNA. Cycling conditions were: 95°C for 1 min;
35 cycles of 95°C for 15 s, 54°C for 15 s, 72°C for 30 s; 72°C for 5 min and a hold step at 4°C.

Gut microbiome analysis (16S amplicon sequencing)

Total DNA extracts were dried on DNAStable (Biomatrica, USA) following the manufacturer’s
instructions and shipped at room temperature to BGI’s laboratory (Hong Kong). DNA quality
was checked by BGI using Qubit (Invitrogen, USA), with all samples qualifying for rDNA amplifi-
cation (i.e. amount was greater than 50 ng and there was limited degradation). Sequencing of 250
paired-end reads was carried on Illumina HiSeq 2500. Processing of raw data included removal of
reads with a Phred score <20 over a 30 base pair sliding window, removal of resulting reads less than
75% of their original length, removal of adapter-contaminated reads and removal of reads contain-
ing ambiguous bases as well as low complexity reads (i.e. with 10 consecutive identical bases). Clean
data can be downloaded from the NCBI SRA repository at http://www.ncbi.nlm.nih.gov/bioproject/
814717 under the accession number PRJNA814717.

Overall, we obtained 222,182 ± 31,445 clean reads per sample (mean ± sd). Taxonomic ranks
were assigned to representative sequence using the Ribosomal Database Project (RDP) Naïve Baye-
sian Classifier v.2.2 and tags were clustered into OTUs at 97% sequence similarity using the software
USEARCH v.7. Chimeras were also filtered out using UCHIME v.4.2.4. Available information in the
databases resulted in some OTUs not being identified to the species level. In R v.4.0.5, we used a
custom script to compute the relative abundance of bacteria OTUs using the total number of
reads in each sample. To focus on the most abundant taxa, we assigned low abundance OTUs
(i.e. comprising less than 1% of the total read count in each sample) to a ‘Minor taxa’ category.

To compare gut microbial diversity, we employed a PERMANOVA approach based on Jac-
card measure of relative abundance using the adonis function in the vegan R package (Oksanen
et al. 2020). We specified the model with 999 permutations using microbial community as
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response variable, and location as well as infection with C. bombi, N. bombi and DWV as inter-
acting factors.

Results

Prevalence of C. bombi, N. bombi and deformed wing virus

Critihida bombi was the most prevalent pathogen in our sample set. It was present in all studied
sites, with prevalence ranging from 30% to 100% (see Table S1). Nosema bombi was, however,
only found in North Island sites, where prevalence ranged from 0% to 30%. The Deformed
wing virus was detected in all sites except for Twizel in the South Island with prevalence ranging
from 0 to 60% (Figure 1). We also unexpectedly observed bumble bees with substantial infec-
tions of the phoretic stage, heteromorphic deutonymphs (hypopi) of the mite Kuzinia laevis
(Dujardin) in the samples from Palmerston North. Some individual bees hosted more than 30
mites.

Figure 2. Frequency plot showing the proportion of reads assigned to Operational Taxonomic Units (OTUs) using BLASTn of 16S
amplicon sequences. Gut samples were collected from bumble bee foragers in Wellington (North Island) and Twizel (South
Island). Taxa representing less than 1% of all the reads within and across samples were labelled as ‘Minor taxa’.
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Characterisation of B. terrestris gut microbiome

We found a limited number of bacteria consistently present in B. terrestris guts (Figure 2; Tables 1
and 2). Snodgrassella alvi was found in all but two samples, ranging from 0 to 86% of all reads
(mean ± sd: 36 ± 21% of the total microbiome). The second most abundant OTU was unclassified
Pasteuralles detected in all but two samples (34 ± 21% of the total microbiome). Lactobacilliales
were found in six samples, with the proportion of microbiome ranging from 1% to 43% of the
total microbiome. Enterobacteriaceae bacteria were found in four samples with the proportion of

Table 1. Frequency of the most abundant bacteria in bumble bee gut samples from Wellington (North Island). Taxa present are
shown in bold.

Wellington samples 1 2 3 4 5 6 7 8 9 10

Acinetobacter sp. 0 0 0 0 0 0 0 0 0 0
Bombiscardovia sp. 0.13 0 0 0 0 0 0.04 0 0 0.07
Chryseobacterium sp. 0 0 0 0 0 0 0 0 0 0
Comamonadaceae 0 0 0 0 0 0 0 0 0 0
Enterobacteriaceae 0.1 0 0 0.75 0 0.01 0 0 0 0
Escherichia coli 0 0 0 0 0 0 0 0 0 0
Fructobacillus sp. 0 0 0 0 0 0.45 0 0 0 0
Gluconobacter sp. 0 0 0.03 0 0.05 0.1 0 0 0 0.05
Lactobacillus sp. 0 0 0 0 0 0 0 0 0 0.01
Mitochondria 0 0 0 0 0 0 0 0 0 0
Moraxellaceae 0 0 0 0 0.02 0.02 0 0 0 0
Pseudomonas sp. 0 0 0 0 0 0 0 0 0 0
Pseudomonas fragi 0 0 0 0 0 0 0 0 0 0
Snodgrassella alvi 0.13 0.85 0 0.19 0.28 0.03 0.59 0.42 0.66 0.28
Minor taxa 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0 0.01 0.03
Unclassified Bacillales 0 0 0 0 0 0 0 0 0 0
Unclassified Bacteria 0.34 0 0 0 0 0 0 0 0 0.3
Unclassified Gammaproteobacteria 0 0 0.93 0 0 0 0 0 0 0
Unclassified Lactobacillales 0.04 0 0 0 0.43 0.25 0.17 0.16 0 0
Unclassified MLE1-12 0 0 0 0 0 0 0 0 0 0
Unclassified Pasteurellales 0.25 0.15 0 0.05 0.21 0.13 0.19 0.42 0.33 0.24
Unclassified Streptophyta 0 0 0.03 0 0 0 0 0 0 0.01

Table 2. Frequency of the most abundant bacteria in bumble bee gut samples from Twizel (South Island). Taxa present are
shown in bold.

Twizel samples 11 12 13 14 15 16 17 18 19 20

Acinetobacter sp. 0.15 0 0 0 0 0 0 0 0 0
Bombiscardovia sp. 0 0 0.54 0 0 0 0 0 0 0.05
Chryseobacterium sp. 0.01 0 0 0 0 0 0 0 0 0
Comamonadaceae 0.05 0 0 0 0 0 0 0 0 0
Enterobacteriaceae 0.06 0 0 0 0 0 0 0 0 0
Escherichia coli 0.03 0 0 0 0 0 0 0 0 0
Fructobacillus sp. 0 0 0 0 0 0 0 0 0 0
Gluconobacter sp. 0 0 0 0 0 0 0 0 0 0
Lactobacillus sp. 0 0 0 0 0 0 0 0 0 0
Mitochondria 0.03 0 0 0.03 0 0 0.02 0 0 0
Moraxellaceae 0 0 0 0 0 0 0 0 0.02 0
Pseudomonas sp. 0.16 0 0 0 0 0 0 0 0 0
Pseudomonas fragi 0.09 0 0 0 0 0 0 0 0 0
Snodgrassella alvi 0 0.44 0.24 0.31 0.49 0.3 0.19 0.55 0.45 0.39
Minor taxa 0.13 0.01 0.01 0.01 0.01 0.01 0 0.01 0.02 0.01
Unclassified Bacillales 0.03 0 0 0 0 0 0 0 0 0
Unclassified Bacteria 0.01 0 0 0 0 0 0 0 0 0
Unclassified Gammaproteobacteria 0 0 0 0 0 0 0 0 0 0
Unclassified Lactobacillales 0 0 0 0 0 0 0 0 0 0
Unclassified MLE1-12 0.02 0 0 0 0 0 0 0 0 0
Unclassified Pasteurellales 0 0.55 0.19 0.48 0.47 0.69 0.71 0.43 0.51 0.49
Unclassified Streptophyta 0.22 0 0.02 0.18 0.03 0 0.09 0.01 0 0.06
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microbiome ranging from 1-75% of the total microbiome. Bombiscardovia sp. was found in five
samples, and its proportion in the gut microbiome when present ranged from 4% to 54% of the
total microbiome. Streptophyta bacteria were detected in nine samples at relatively low proportions
(1–22% of the total microbiome), likely reflecting plant material ingested by the bumble bees. Simi-
larly, mitochondrial genes were detected in most samples and do not reflect gut microbiome. Some
other taxa were present in small amounts and in only a few samples: Gluconobacter sp. was found in
four samples (3-10% of the total microbiome) and unclassified Moraxellaceae were found in three
samples (2% total microbiome). Unclassified bacteria were found in three samples (1–34% of total
microbiome). Fructobacilus sp.was found in one sample only (sample 6) and represented 45% of the
total microbiome. One sample stood out by its unusual gut microbial community: Acinetobacter sp.,
Chryseobacterium sp., unclassified Comamonadaceae, Escherichia coli, Pseudomonas sp., Pseudomo-
nas fragi, unclassified Bacilliales and unclassified MLE1-12 (uncultured taxa) were found in one
Twizel sample only (i.e. sample 11).

Factors associated with gut microbiome composition

When including all samples in the analysis, we found a significant effect of location (0.001 < p <
0.01) as well as significant effects of the presence of N. bombi and C. bombi (all 0.01 < p < 0.05).
We also found significant interactions between infection by both N. bombi and C. bombi and the
interaction between DWV and C. bombi (all 0.01 < p < 0.05; Table 3). However, the results related
to N. bombi have to be taken with caution as only two samples tested positive. Non-metric multi-
dimensional analysis shows that C. bombi infection appeared to be associated with more distinct gut
microbiomes (Figures 3 and 4). Furthermore, more pronounced clustering in Twizel samples indi-
cates more similar communities within Twizel than within Wellington (Figures 3 and 4).

Discussion

Our results demonstrate the presence of three important pathogens of B. terrestris in New Zealand.
We found the parasitic trypanosomatid, C. bombi, across all studied locations, indicating wide-
spread presence and common infection in New Zealand. Infection rates were >80% in four out
of six collection sites, although more sampling would have been appropriate to gain better estimate
of infection prevalence, as it can vary greatly over time and location (Schmid-Hempel et al. 2019).
Crithidia bombi is normally considered as a commensal organism, although it can also be a cause of
increased mortality when combined with other stressors (Brown et al. 2003, 2000; Schmid-Hempel
et al. 2019). The parasitic fungi N. bombi spread in North America has been shown to be correlated
with Bombus spp. declines (Cameron et al. 2016). It has been previously observed in the North
Island of New Zealand (McIvor &Malone 1995) where it has so far not been demonstrated to influ-
ence colony productivity (Fisher & Pomeroy 1989). We did not find evidence for the presence of

Table 3. PERMANOVA results based on Jaccard dissimilarities using abundance data for bacterial community structure including
all samples, in relation to sampling location (City), and infection with Nosema bombi, Deformed Wing virus and Crithida bombi.

Df Sums of Squares Means of squares F-value R2 P-value

City 1 0.53236 0.53236 6.1230 0.17326 0.001***
NOS 1 0.38322 0.38322 4.4076 0.12472 0.017*
DWV 1 0.08165 0.08165 0.9391 0.02657 0.498
CRI 1 0.27444 0.27444 3.1564 0.08932 0.031*
City:CRI 1 0.19535 0.19535 2.2468 0.06358 0.057
NOS:CRI 1 0.31164 0.31164 3.5844 0.10143 0.023*
DWV:CRI 1 0.33757 0.33757 3.8825 0.10986 0.010**
Residuals 11 0.95640 0.08695 0.31126
Total 18 3.07263 1.00000

Note: NOS = N. bombi; DWV = Deformed Wing Virus; CRI = C. bombi.
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N. bombi in the South Island, although it is possible that this pathogen could be found with
additional sampling. However, infection rates of bumble bees byN. bombi can also exhibit a positive
correlation with temperature and humidity (Sharma et al. 2021). Perhaps N. bombi is not tolerant of
cooler temperatures, as we have observed in other insect pathogens in New Zealand (Lester & Bul-
garella 2021), or it is possible that this pathogen has not yet dispersed to the South Island. Bombus
terrestris was first introduced in New Zealand via the South Island in 1885 (Gurr 1972) and a lack of
opportunity to disperse to the South Island seems unlikely as bee movements between islands have
not been restricted. We observed DWV as a common pathogen of B. terrestris. The only previous

Figure 3. Non-metric multi-dimensional scaling analysis showing higher dispersion of Wellington samples (triangles) as well as
Crithidia bombi-infected samples (in yellow). Dissimilarity matrix of gut bacteria communities was constructed using the Jaccard
distance. Gut samples were collected from bumble bee foragers in Wellington (North Island) and Twizel (South Island), and micro-
biome data was obtained using 16S amplicon sequencing.

Figure 4. Venn diagrams showing gut microbiome diversity associated with (a) Crithidia bombi infection and (b) locality. Infec-
tions with C. bombi is associated with increased gut microbiome diversity. Higher diversity of taxa in Twizel was driven by the
hyperdiverse sample 11 (C. bombi-infected), which contained eight taxa only found in Twizel. Gut samples were collected from
bumble bee foragers in Wellington (North Island) and Twizel (South Island), and microbiome data was obtained using 16S ampli-
con sequencing.

NEW ZEALAND ENTOMOLOGIST 7



viral screening of New Zealand bumble bees did not report DWV detection, although a small num-
ber of bees were assayed (Dobelmann et al. 2020). DWV affects bumble bees in a similar way to how
it affects honey bees, causing wing deformities (Genersch et al. 2006).

The gut microbiota in bees is highly variable depending on species, age, caste and season, and is a
determining factor in health (Kwong & Moran 2016). In our dataset, we found in most samples
Snodgrassella alvi and Bombiscardovia sp., bacteria previously identified as a core honey bee gut
bacterium (Moran et al. 2012). Unfortunately, many reads could only be identified down to class
or order, making detailed analysis of these taxa difficult. Nevertheless, orders such as Pasteurellales
and Lactobacillales are frequently detected in bee microbiome studies (Moran 2015). Disruptions of
the bees gut microbiome can be associated with a shift towards more opportunistic environmental
bacteria, including Entorobacteriaceae and other Gammaproteobacteria (Kwong & Moran 2016;
Moran et al. 2012; Sabree et al. 2012). We observed a significant effect of the presence of
N. bombi and C. bombi on the gut microbiota of bumble bees. Both N. bombi and C. bombi can
alter the gut microbial communities of B. terrestris, with infections by these pathogens associated
with increase in microbial diversity (Koch et al. 2012). In our study, samples infected with
C. bombi often exhibited more diverse and distinct gut microbiome. Pathogens such as tryponoso-
matids can indeed disrupt gut microbiomes (Cariveau et al. 2014; Kwong & Moran 2016). Further-
more, higher microbiota diversity has been shown to be associated with decreased resistence to
C. bombi (Näpflin & Schmid-Hempel 2018).

Sampling location also significantly affected bumble bee gut microbiota. Temperature can med-
iate the effects of these intestinal symbionts on bumble bee gut pathogens (Palmer-Young et al.
2018). With our sampling design, we do not know what aspect of location is specifically influencing
the gut microbiota. The two sites will have differed in many aspects including temperature, food
availability, types of vegetation, agrochemical usage and the abundance and diversity of other pol-
linators. Overall, small sample size and low number of sampling locations are limiting the interpret-
ation of our results. Further research would be required to disentangle the influence of these factors
on the bee gut microbiota and health.

The presence of high populations of the mite K. laevis was observed in Palmerston North.
This species is thought to be primarily phoretic on B. terrestris, where they are carried as deu-
tonymps (OConnor 1988). Populations of B. terrestris invading Tasmania, which were assumed
and likely to be from New Zealand, were found to have high infection loads of this mite (Allen
et al. 2007). Interestingly, contrary to our findings in New Zealand the incipient bumble bee
populations in Tasmania were apparently free from pathogens including C. bombi and
N. bombi, and displayed no wing deformities that might be associated with DWV (Allen
et al. 2007). More recent work on the Tasmanian B. terrestris has also failed to find DWV,
but has found these bumble bees to be infected with both the Kashmir bee virus and Sacbrood
virus (Fung et al. 2018).

Our work demonstrates that bumble bees in New Zealand do suffer infections by pathogens
associated with honey bees including DWV and Kashmir bee virus (Dobelmann et al. 2020), as
well as their own specific pathogens. Apicultural practices involving honey bees, including their
introduction and movement, can give rise in repeated spillover events and substantially influence
the presence of pathogens such as DWV in bumble bees (Fürst et al. 2014). We show that parasites
such as C. bombi are associated with increased variation in gut microbiome and the presence of
more diverse taxa. Our study provides preliminary results on variation in bumble bee pathogens
and the gut microbial communities in New Zealand.

Supplementary data

Table S1. Infection status of bumble bee foragers for Crithidia bombi, Nosema bombi and Deformed
wing virus detected using PCR.

8 A. FELDEN ET AL.



Acknowledgements

We thank Matt Howse for collecting bumble bees in Napier, and Qing Hai Fan (Plant Health & Environment Lab-
oratory, Biosecurity New Zealand – Tiakitanga Pūtaiao Aotearoa) for expertise in identification of the mite Kuzinia
laevis. This study was funded by Te Herenga Waka. We thanks two anonymous reviewers for their comments on an
earlier version of the manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by Victoria University of Wellington.

ORCID

Antoine Felden http://orcid.org/0000-0002-8499-0739
James W. Baty http://orcid.org/0000-0002-7961-3234
Philip J. Lester http://orcid.org/0000-0002-1801-5687

References

AllenGR, SeemanOD, Schmid-Hempel P, Buttermore RE. 2007. Low parasite loads accompany the invading population
of the bumblebee, Bombus terrestris in Tasmania. Insectes Sociaux. 54:56–63. doi:10.1007/s00040-007-0908-y.

Brown MJF, Loosli R, Schmid-Hempel P. 2000. Condition-dependent expression of virulence in a trypanosome
infecting bumblebees. Oikos. 91:421–427. doi:10.1034/j.1600-0706.2000.910302.x.

Brown MJF, Schmid-Hempel R, Schmid-Hempel P. 2003. Strong context-dependent virulence in a host–parasite sys-
tem: reconciling genetic evidence with theory. Journal of Animal Ecology. 72:994–1002. doi:10.1046/j.1365-2656.
2003.00770.x.
Cameron SA, Lim HC, Lozier JD, Duennes MA, Thorp R. 2016. Test of the invasive pathogen hypothesis of bum-
ble bee decline in North America. Proceedings of the National Academy of Sciences. 113:4386–4391. doi:10.1073/
pnas.1525266113.

Cameron SA, Sadd BM. 2020. Global trends in bumble bee health. Annual Review of Entomology. 65:209–232.
doi:10.1146/annurev-ento-011118-111847.

Cariveau DP, Elijah Powell J, Koch H, Winfree R, Moran NA. 2014. Variation in gut microbial communities and its
association with pathogen infection in wild bumble bees (Bombus). The ISME Journal. 8:2369–2379. doi:10.1038/
ismej.2014.68.

DeGrandi-Hoffman G, Chen Y. 2015. Nutrition, immunity and viral infections in honey bees. Current Opinion in
Insect Science. 10:170–176. doi:10.1016/j.cois.2015.05.007.

Dobelmann J, Felden A, Lester PJ. 2020. Genetic strain diversity of multi-host RNAViruses that infect a wide range of
pollinators and associates is shaped by geographic origins. Viruses. 12:358. doi:10.3390/v12030358.

Dolezal AG, Toth AL. 2018. Feedbacks between nutrition and disease in honey bee health. Current Opinion in Insect
Science. 26:114–119. doi:10.1016/j.cois.2018.02.006.

Donovan BJ. 2007. Apoidea (insecta: Hymenoptera). Fauna of New Zealand. 57. doi:10.7931/J2/FNZ.57.
Dosch C, Manigk A, Streicher T, Tehel A, Paxton RJ, Tragust S. 2021. The gut microbiota can provide viral tolerance

in the honey bee. Microorganisms. 9:871. doi:10.3390/microorganisms9040871.
Engel P, Martinson VG, Moran NA. 2012. Functional diversity within the simple gut microbiota of the honey bee.

Proceedings of the National Academy of Sciences. 109:11002–11007. doi:10.1073/pnas.1202970109.
Fisher RM, Pomeroy N. 1989. Incipient colony manipulation, Nosema incidence and colony productivity of the bum-

ble bee Bombus terrestris (Hymenoptera: Apidae). Journal of the Kansas Entomological Society. 62:581–589.
Fung E, Hill K, Hogendoorn K, Hingston AB, Glatz RV. 2018. Co-occurrence of RNA viruses in Tasmanian-intro-

duced bumble bees (Bombus terrestris) and honey bees (Apis mellifera). Apidologie. 49:243–251. doi:10.1007/
s13592-017-0549-8.

Fürst MA, McMahon DP, Osborne JL, Paxton RJ, Brown MJF. 2014. Disease associations between honeybees and
bumblebees as a threat to wild pollinators. Nature. 506:364–366. doi:10.1038/nature12977.

Genersch E, Yue C, Fries I, de Miranda JR. 2006. Detection of Deformed wing virus, a honey bee viral pathogen, in
bumble bees (Bombus terrestris and Bombus pascuorum) with wing deformities. Journal of Invertebrate Pathology.
91:61–63. doi:10.1016/j.jip.2005.10.002.

NEW ZEALAND ENTOMOLOGIST 9

http://orcid.org/0000-0002-8499-0739
http://orcid.org/0000-0002-7961-3234
http://orcid.org/0000-0002-1801-5687
https://doi.org/10.1007/s00040-007-0908-y
https://doi.org/10.1034/j.1600-0706.2000.910302.x
https://doi.org/10.1046/j.1365-2656.2003.00770.x
https://doi.org/10.1046/j.1365-2656.2003.00770.x
https://doi.org/10.1073/pnas.1525266113
https://doi.org/10.1073/pnas.1525266113
https://doi.org/10.1146/annurev-ento-011118-111847
https://doi.org/10.1038/ismej.2014.68
https://doi.org/10.1038/ismej.2014.68
https://doi.org/10.1016/j.cois.2015.05.007
https://doi.org/10.3390/v12030358
https://doi.org/10.1016/j.cois.2018.02.006
https://doi.org/10.7931/J2/FNZ.57
https://doi.org/10.3390/microorganisms9040871
https://doi.org/10.1073/pnas.1202970109
https://doi.org/10.1007/s13592-017-0549-8
https://doi.org/10.1007/s13592-017-0549-8
https://doi.org/10.1038/nature12977
https://doi.org/10.1016/j.jip.2005.10.002


Goulson D. 2010. Bumblebees: behaviour, ecology, and conservation. Oxford: Oxford University Press.
Goulson D. 2019. The insect apocalypse, and why it matters. Current Biology. 29:R967–R971. doi:10.1016/j.cub.2019.

06.069.
Goulson D, Lye GC, Darvill B. 2008. Decline and conservation of bumble bees. Annual Review of Entomology.

53:191–208. doi:10.1146/annurev.ento.53.103106.093454.
Goulson D, Nicholls E, Botías C, Rotheray EL. 2015. Bee declines driven by combined stress from parasites, pesti-

cides, and lack of flowers. Science. 347:1255957. doi:10.1126/science.1255957.
Gurr L. 1972. The introduction of bumblebees into North Island, New Zealand. New Zealand Journal of Agricultural

Research. 15:635–638. doi:10.1080/00288233.1972.10430553.
Hubert J, Bicianova M, Ledvinka O, Kamler M, Lester PJ, Nesvorna M, Kopecky J, Erban T. 2017. Changes in the

bacteriome of honey bees associated with the parasite Varroa destructor, and pathogens Nosema and lotmaria pas-
sim. Microbial Ecology. 73:685–698. doi:10.1007/s00248-016-0869-7.

Klee J, Tek Tay W, Paxton RJ. 2006. Specific and sensitive detection of Nosema bombi (Microsporidia: Nosematidae)
in bumble bees (Bombus spp. Hymenoptera: Apidae) by PCR of partial rRNA gene sequences. Journal of
Invertebrate Pathology. 91:98–104. doi:10.1016/j.jip.2005.10.012.

Koch H, Cisarovsky G, Schmid-Hempel P. 2012. Ecological effects on gut bacterial communities in wild bumblebee
colonies. Journal of Animal Ecology. 81:1202–1210. doi:10.1111/j.1365-2656.2012.02004.x.

Koch H, Schmid-Hempel P. 2011. Socially transmitted gut microbiota protect bumble bees against an intestinal para-
site. Proceedings of the National Academy of Sciences. 108:19288–19292. doi:10.1073/pnas.1110474108.

Kwong WK, Moran NA. 2016. Gut microbial communities of social bees. Nature Reviews Microbiology. 14:374–384.
doi:10.1038/nrmicro.2016.43.

Lee FJ, Rusch DB, Stewart FJ, Mattila HR, Newton ILG. 2015. Saccharide breakdown and fermentation by the honey
bee gut microbiome. Environmental Microbiology. 17:796–815. doi:10.1111/1462-2920.12526.

Lester PJ, Bulgarella M. 2021. A citizen science project reveals contrasting latitudinal gradients of wing deformity and
parasite infection of monarch butterflies in New Zealand. Ecological Entomology. 46:1128–1135. doi:10.1111/een.
13057.

McIvor CA, Malone LA. 1995. Nosema bombi, a microsporidian pathogen of the bumble bee Bombus terrestris (L.
New Zealand Journal of Zoology. 22:25–31. doi:10.1080/03014223.1995.9518020.

McNeil DJ, McCormick E, Heimann AC, Kammerer M, Douglas MR, Goslee SC, Grozinger CM, Hines HM. 2020.
Bumble bees in landscapes with abundant floral resources have lower pathogen loads. Scientific Reports. 10:22306.
doi:10.1038/s41598-020-78119-2.

Moran NA. 2015. Genomics of the honey bee microbiome. Current Opinion in Insect Science. 10:22–28. doi:10.1016/
j.cois.2015.04.003.

Moran NA, Hansen AK, Powell JE, Sabree ZL. 2012. Distinctive Gut microbiota of honey bees assessed Using Deep
sampling from individual worker bees. PLOS ONE. 7:e36393. doi:10.1371/journal.pone.0036393.

Motta EVS, Raymann K, Moran NA. 2018. Glyphosate perturbs the gut microbiota of honey bees. PNAS. 115:10305–
10310. doi:10.1073/pnas.1803880115.

Näpflin K, Schmid-Hempel P. 2018. High Gut microbiota diversity provides lower resistance against infection by an
intestinal parasite in bumblebees. The American Naturalist. 192:131–141. doi:10.1086/698013.

OConnor BM. 1988. Coevolution in astigmatid mite-bee associations. In: Africanized honeybees and Bee mites. pp.
339–346. E. Horwood. Chichester, West Sussex, England.

Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D, Minchin PR, O’Hara RB, Simpson GL,
Solymos P, et al. 2020. Vegan: community Ecology package. R package version 2.5-7. https://CRAN.R-project.
org/package = vegan.

Palmer-Young EC, Raffel TR, McFrederick QS. 2018. Temperature-mediated inhibition of a bumblebee parasite by
an intestinal symbiont. Proceedings of the Royal Society B: Biological Sciences. 285:20182041. doi:10.1098/rspb.
2018.2041.

Sabree ZL, Hansen AK, Moran NA. 2012. Independent studies using deep sequencing resolve the same set of core
bacterial species dominating gut communities of honey bees. PLOS ONE. 7:e41250. doi:10.1371/journal.pone.
0041250.

Schmid-Hempel R, Tognazzo M. 2010. Molecular divergence defines two distinct lineages of Crithidia bombi
(Trypanosomatidae), parasites of bumblebees. The Journal of Eukaryotic Microbiology. 57:337–345. doi:10.
1111/j.1550-7408.2010.00480.x.

Schmid-Hempel P, Wilfert L, Schmid-Hempel R. 2019. Pollinator diseases: the Bombus-Crithidia system. In: Wildlife
disease ecology: linking theory to data and application. Cambridge University Press.

Sharma HK, Kalia L, Sharma R, Thakur M, Prasad H, Devi M, Thakur P, Sharma D, Rana K. 2021. Seasonal inci-
dence, epidemiology and establishment of different pests and disease in laboratory reared Bombus haemorrhoidalis
Smith. International Journal of Tropical Insect Science. doi:10.1007/s42690-021-00435-5.

Yue C, Genersch E. 2005. RT-PCR analysis of Deformed wing virus in honeybees (Apis mellifera) and mites (Varroa
destructor). The Journal of General Virology. 86:3419–3424. doi:10.1099/vir.0.81401-0.

10 A. FELDEN ET AL.

https://doi.org/10.1016/j.cub.2019.06.069
https://doi.org/10.1016/j.cub.2019.06.069
https://doi.org/10.1146/annurev.ento.53.103106.093454
https://doi.org/10.1126/science.1255957
https://doi.org/10.1080/00288233.1972.10430553
https://doi.org/10.1007/s00248-016-0869-7
https://doi.org/10.1016/j.jip.2005.10.012
https://doi.org/10.1111/j.1365-2656.2012.02004.x
https://doi.org/10.1073/pnas.1110474108
https://doi.org/10.1038/nrmicro.2016.43
https://doi.org/10.1111/1462-2920.12526
https://doi.org/10.1111/een.13057
https://doi.org/10.1111/een.13057
https://doi.org/10.1080/03014223.1995.9518020
https://doi.org/10.1038/s41598-020-78119-2
https://doi.org/10.1016/j.cois.2015.04.003
https://doi.org/10.1016/j.cois.2015.04.003
https://doi.org/10.1371/journal.pone.0036393
https://doi.org/10.1073/pnas.1803880115
https://doi.org/10.1086/698013
https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan
https://doi.org/10.1098/rspb.2018.2041
https://doi.org/10.1098/rspb.2018.2041
https://doi.org/10.1371/journal.pone.0041250
https://doi.org/10.1371/journal.pone.0041250
https://doi.org/10.1111/j.1550-7408.2010.00480.x
https://doi.org/10.1111/j.1550-7408.2010.00480.x
https://doi.org/10.1007/s42690-021-00435-5
https://doi.org/10.1099/vir.0.81401-0

	Abstract
	Introduction
	Materials and methods
	Sampling and nucleic acids extraction
	Screening of specific pathogens using PCR
	Gut microbiome analysis (16S amplicon sequencing)

	Results
	Prevalence of C. bombi, N. bombi and deformed wing virus
	Characterisation of B. terrestris gut microbiome
	Factors associated with gut microbiome composition

	Discussion
	Supplementary data
	Acknowledgements
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


