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Abstract:

Rhinonyssidae (Mesostigmata) is a family of nasal mites only found in birds. All species are

hematophagous endoparasites, which may damage the nasal cavities of birds, and also could

be  potential  reservoirs  or  vectors  of  other  infections.  However,  the  role  of  members  of

Rhinonyssidae  as  disease  vectors  in  wild  bird  populations  remains  uninvestigated,  with

studies of the microbiomes of Rhinonyssidae being almost non-existent.  In the nasal  mite

(Tinaminyssus melloi) from rock doves (Columba livia), a previous study found evidence of a

highly abundant putatively endosymbiotic bacteria from Class Alphaproteobacteria. Here, we

expanded the sample size of this species, incorporated contamination controls, and increased

sequencing depth in shotgun sequencing and genome-resolved metagenomic analyses. Our

goal  was  to  increase  the  information  regarding  this  mite  species  with  its  putative

endosymbiont. Our results support the endosymbiotic nature of this bacterial taxon, which is

the first described for bird's nasal mites to date, and improve the overall understanding of the

microbiota inhabiting these mites.
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1. Introduction

Mites are one of the most diverse groups of eukaryotes on earth [1]. Mites are ubiquitous, 

occupying aquatic, terrestrial, and arboreal habitats [2-8]. On some occasions, mites have an 

intimate association (symbiosis) with a different organism, which, in the most extreme 

scenario (permanent symbionts), represents the habitat in which they undergo their entire 

life-cycle [9]. For example, a single species of insect, mammal, or bird can often host several 

mite species and have different types of interactions with them [9, 10-12]. The nature of these 

interactions can range from mutualism (e.g., mites inhabiting and cleaning birds' feathers; 

[13]) to parasitism (e.g., mites inhabiting the nasal passages and lungs of seals causing illness 

to them; [14, 15]).

In some cases, mites can affect the host's health and be responsible for transmitting 

zoonotic diseases [9]. For example, the itch mite Sarcoptes scabiei has caused the population 

decline of different mammal species by transmitting scabies [16-19]. In another case, Varroa 

destructor, a parasitic mite of the Asian honeybee (Apis cerana) has caused the decline of the 

European honeybee by transmitting a virus [20]. In some cases, disease transmission may be 

mediated by endosymbiotic pathogens that inhabit the mites. One example of this mechanism

is Leptotrombidium scutellare, a mite that parasitizes mice and carries the endosymbiont 

bacteria Orientia tsutsugamushi, responsible for the scrub typhus disease [21]. Endosymbionts 

as causal agents of diseases have also been widely reported in ticks [22-24]. However, 

examples of endosymbionts in mites are still rare.

Rhinonyssidae (Mesostigmata) is a family of nasal mites with more than 500 species 

described worldwide [25-28]. They have been described from birds [29]. Almost all species of 

birds are inhabited by nasal mites, which usually live in the nasal cavity on vascularized 

epithelial tissue [9]. All rhinonyssid species are hematophagous endoparasites [30]. 

Specifically, rhinonyssid mites damage the nasal cavities of birds, which, in rare cases, may 

lead to the death of the hosts (Rhinonyssidosis avium disease) [28]. Moreover, it has been 
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suggested that these mites could be potential reservoirs or vectors of other infections (such as 

West Nile fever, Q fever, avian influenza, and Lyme diseases), as demonstrated in mites of the 

family Dermanyssidae [31]. However, the role of species of Rhinonyssidae as disease vectors 

in wild bird populations is yet to be understood. In addition, studies on rhinonyssid 

microbiomes more generally are almost non-existent.

In a preliminary previous study, the microbiome of two different species of rhinonyssid

mites (Tinaminyssus melloi and Ptilonyssus chlori) from two different avian host species 

(Columba livia and Chloris chloris, respectively) was characterized [32]. The results of that study

suggested that the nasal mite Tinaminyssus melloi harbored a potential endosymbiont 

Alphaproteobacteria (Family: Bartonellaceae) in a high abundance. However, the low 

sequencing coverage, small sample size, and lack of control samples did not allow definitive 

conclusions to be made. In particular, only a partial (~26%) assembly of the bacterial genome 

was achieved, and it could not be ruled out completely if this bacterial taxon came from the 

bird host instead of the mite. 

Here, we focused on expanding knowledge of the microbiome of this mite species 

(Tinaminyssus melloi), emphasizing increasing the information of its association with this 

putative endosymbiont. In the current study, we expanded the sample size, used 

contamination controls, and increased sequencing depth. In particular, we collected two mite 

pools (five mite individuals per pool) plus a control bird saliva sample from two different 

individual Rock doves (Columba livia). Then, we conducted shotgun and genome-resolved 

metagenomic analyses to characterize the mite’s microbiome along with evaluating the 

genome properties of this bacterial taxon, which may be informative regarding its 

endosymbiotic status. 

2. Materials and Methods

A total of ten nasal mites were collected from two different freshly dead Columba livia 

individuals (i.e., 5 mites per individual host). The nasal cavities of the birds were dissected 
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under a stereomicroscope, and the mites were taxonomically identified. A saliva sample was 

also collected from each individual. Mite and saliva samples were preserved at -20°C in tubes 

with 100% ethanol.

Before DNA isolation, samples were washed three times with ethanol to remove 

possible external contaminants following [13] and [33]. Total genomic DNA was isolated from

all samples using the Quick-DNA MicroPrep kit (Zymo), specifically designed to isolate DNA 

from small samples. A sample that did not contain tissue was included and treated as a 

regular sample to check for cross-contamination during the DNA isolation procedure. Total 

DNA was quantified using the Qubit High Sensitivity dsDNA Assay (Thermo Fisher 

Scientific).

Libraries were prepared using the Nextera DNA Flex Library Prep kit (Illumina), 

strictly following the manufacturer's instructions. Briefly, DNA was enzymatically cut, and 

adapters were added in a single step. The ligated DNA was amplified, and oligonucleotide 

indices were added to both ends of the fragments for post-sequencing demultiplexing. The 

constructed libraries were quantified with the Qubit dsDNA HT Assay kit (Thermo Scientific),

and quality checked on an Agilent 2100 Bioanalyzer (Agilent Technologies). According to the 

Qubit results, the libraries were pooled in equimolar amounts, and this pool was sequenced 

on a NovaSeq PE150 single lane fraction (Illumina), aiming for a total output of 30 gigabases. 

The DNA isolation, amplification, library preparation, and whole-genome sequencing were 

carried out in AllGenetics & Biology SL (www.allgenetics.eu).

For the genome-resolved metagenomic analyses, we trimmed the raw reads using fastp

[34]. We used BBNorm [35] to reduce the coverage of the concatenated FASTQ file to a 

maximum of 60X and discarding reads with a coverage under 5X. Using this normalized 

coverage, we ran the metaWRAP v1.1.5 pipeline [36]. First, we used the metaWRAP Read_qc 

module with default parameters to quality trim the reads. We then assembled the reads using

the metaWRAP Assembly module (–use megahit option) [37]. We binned the reads with the 
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metaWRAP Binning module (–maxbin2 –concoct –metabat2 options), and after that we 

consolidated the resulting bins into a final bin set with Bin_refinement module (-c 50 -× 10 

options). We quantified the bins with the Quant_bin module and then reassembled the 

consolidate bins set using the Reassemble_bins module. Finally, we classified bins using the 

Classify_bins module. In addition, we uploaded our final metagenome-assembled genomes 

(MAGs) to MiGA [38] for a complementary analysis to determine the most likely taxonomic 

classification and novelty rank of the bin. We used the NCBI Genome database (NCBI Prok; 

Apr-23-2021 version) for this analysis and the TypeMat database ([38]; r2021-04 version). 

Additionally, we conducted an investigation of the metabolic capabilities of the assembled 

bacteria by investigating the completeness of metabolic pathways using GhostKOALA [39] 

and KEGG-Decoder [40].

For the shotgun metagenomic analyses, we used the metagenomic classifier Kaiju [41] 

to characterize the taxonomic content of the metagenomes with the following parameters: 

Reference database: nr +euk; Database date: 2017-05-16; SEG low complexity filter: yes; Run 

mode: greedy; Minimum match length: 11; Minimum match score: 75; Allowed mismatches: 

5. We then converted Kaiju's output files into a summary table at the genus and species level 

and filtered out taxa with low abundances (<0.3% of the total reads). We also removed poorly 

identified taxa because they would artificially increase the similarity between our samples. 

Specifically, the following taxa were excluded: "NA," "Viruses," "archaeon," "uncultured 

bacterium," "uncultured Gammaproteobacteria bacterium". 

To visualize similarities of microbiome composition among mite individuals from 

different individual hosts and saliva samples, we constructed non-metric multidimensional 

scaling (NMDS) ordinations based on Bray–Curtis and Jaccard (binary = T) dissimilarities 

using phyloseq v1.26-1 R package [42]. Prior these analyses, matrices were rarefied using the 

rarefy_even_depth function of phyloseq (without replacement as in the hypergeometric 

model) to rarefy samples to the smallest number of classified sequences per individual 

observed.
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 Endosymbionts genomes have been typically described as small (i.e., eroded with 

respect to non-endosymbiotic species) and have an AT base compositional bias [43]. 

Accordingly, we explored the relative position of the putative endosymbiont MAG in a 

“Genome size ∼ GC content” correlation plot. Specifically, we compared our results to those 

from Doña et al. 2021 [44], who used this approach to identify potential endosymbionts in 

lice. Finally, we aligned the MAG to the partial one previously assembled in Osuna-Mascaró 

et al., 2020 [32], using Mauve (MCM algorithm and default parameters) [45], and we 

estimated the pairwise genetic distances between both MAGs.

3. Results

Rhinonyssid mites from two hosts as well that two saliva samples were sampled and 

sequenced (see Table S1 for details). From the genome-resolved metagenomic pipeline, we 

retrieved a single bacterial metagenome-assembled genome (MAG). The MAG was present in 

all but the saliva samples (mean MAG copies per million reads: mite samples = 331.5; saliva 

samples = 0). According to CheckM, the MAG was 98.1 % complete, with only 0.9 % 

contamination, N50 = 101,044 bp. The MAG has a 99.5 % similarity with the MAG assembled 

in [32] Osuna-Mascaró et al., 2020 (Figure 1). Also, the MAG has characteristics typical of 

endosymbionts with an AT bias (GC content = 0.31) and a small genome size (1,269,226 bp). 

In particular, compared to the MAGs from Doña et al. 2021 [44], the MAG has lower GC 

content, and a smaller genome size than any of the MAGs from that study. The metaWRAP 

Classify_bins module classified the MAG as belonging to the family Bartonellaceae. A further 

taxonomic classification analysis in MiGA revealed similar results. When using the TypeMat 

database, it was classified as possibly belonging to the class Alphaproteobacteria (P = 0.0012) 

and close to the family Brucellaceae (P = 0.41). Specifically, the closest related species found 

were Brucella abortus (544 GCA 000369945T; 53.03 % AAI, i.e., maximum average amino acid 

identity) and Brucella microti (CCM 4915 NC 013119; 99.73 % AAI). MiGA results indicate that 

the MAG most likely belongs to a species not represented in the TypeMat database (P = 

0.00034) and probably belongs to a genus not represented in the database (P = 0.171). When 
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using the NCBI Prok database, it was also classified as an Alphaproteobacteria (P = 0.0015), 

and the closest relatives found in this database were Candidatus Tokpelaia hoelldoblerii 

(CP017315; 51.01% AAI) and Brucella pinnipedialis (B2 94 NC 015857; 50.71% AAI). Using this 

database, MiGA analyses also indicate that this species most likely belongs to a species not 

represented in the database (P = 0.00017) and probably to a genus not represented in the 

database (P = 0.12).

Lastly, the MAG was classified by NCBI Prok also as a possible Alphaproteobacteria (P 

= 0.0015), and the closest relative found in this database were Candidatus Tokpelaia hoelldoblerii 

(CP017315; 51.01% AAI) and Brucella pinnipedialis (B2 94 NC 015857; 50.71% AAI). We found 

that this MAG has complete pathways for vitamin B (riboflavin) and vitamin B12 synthesis, 

among others (Table S2 and Figure S1). In addition, the MAG has complete pathways for 

synthesis of essential amino acids (i.e., lysine) and several non-essential amino acids (i.e., 

aspartate, glutamate, serine). We also found many fully or partially missing pathways that 

may be redundant or potentially shared (or synthesized along) with the mite. 

Figure 1. Mauve alignment of the MAG found in this study (on the top; 98.1 % completeness) 

to the MAG assembled in Osuna-Mascaró et al., 2020 [32] (on the bottom, 26 % completeness).

Kaiju analyses recovered a higher diversity of microorganisms. When collapsing the 

Kaiju matrices at the genus level, the bacterial taxa with higher relative abundances were 

Staphylococcus, Streptomyces, Nocardia, Clostridioides, Chlamydia, and Bartonella (Figure 2). When 
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collapsing at the species level, the bacterial taxa with higher relative abundance were 

Staphylococcus capitis, Streptomyces shenzhenensis, Nocardia nova, and Clostridum difficile (Figure 

3). NMDS ordinations showed a similar clustering among mite samples and saliva samples 

when collapsing at both the species and the genus level, and based on both Bray–Curtis and 

Jaccard distances (Figure S2).

Figure 2. Kaiju results. (A) Stacked bar plot showing bacterial relative abundances (at the 

genus level) in each mite and saliva sample. The four first bar plots corresponded to the mite 

samples (namely Aca 3 for one host and Aca 4 for the other host), and the last two samples 

corresponded to the saliva from both hosts (B) Boxplot summarizing the relative abundance 

of each genus of bacteria assembled.
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Figure 3. Kaiju results. (A) Stacked bar plot showing bacterial relative abundances (at the 

species level) in each mite and saliva sample. The four first bar plots corresponded to the mite 

samples (namely Aca 3 for one host and Aca 4 for the other host), and the last two samples 

corresponded to the saliva from both hosts (B) Boxplot summarizing the relative abundance 

of each genus of bacteria assembled.
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4. Discussion

In this study, we conducted shotgun and genome-resolved metagenomic analyses of a 

rhinonyssid mite species (Tinaminyssus melloi). A preliminary characterization of the 

microbiomes of this mite species [32] suggested that a potential endosymbiont 

Alphaproteobacteria (Bartonellaceae family) was associated with this mite species. Here, we 

expanded the sample size, used contamination controls, and increased sequencing depth to 

retrieve an almost complete genome of this bacterial taxon. In addition, our comparative 

analyses of the genome of this bacterium support the endosymbiotic nature of this taxon, 

which is the first endosymbiont described to date for nasal mites. 

The genome of this endosymbiont was evaluated to be 98.1 % complete. Indeed, 

considering this value is very close to 100, and given that endosymbionts tend to have eroded 

genomes (i.e., lose some genes when compared to free-living counterparts), it seems likely 

that the assembly does in fact represent the complete genome, and it has lost some genes from

the panel used to evaluate completeness. This MAG was detected in mite samples but not in 

the saliva samples, thus supporting its exclusive association with the mites. The comparative 

analyses indicate that this genome was AT-biased, and the genome size was small (see 

Results) compared to a previous study on endosymbionts of lice [44]. Altogether, these 

characteristics have been reported as typical of arthropod endosymbionts [46, 47]. Also, 

endosymbionts are typically thought to complement deficiencies in their host’s diet [48]. We 

found that this MAG has complete pathways for vitamin B (riboflavin) and vitamin B12 

synthesis. In addition, the MAG has complete pathways for essential amino acid synthesis 

(i.e., lysine), as well as for several non-essential amino acids (i.e., aspartate, glutamate, serine).

We also found many fully or partially missing pathways that may be redundant or potentially

shared (or possibly complementary) with the mite. Our analyses on the completeness of 

metabolic pathways show that it has complete pathways for some essential amino acids (e.g., 

vitamin B, Table S2 and Figure S1) and non-essential amino acids (e.g., aspartate). We also 

found many fully or partially missing pathways that may be redundant or potentially shared 
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(complementary) with the mite. Overall, these results are congruent with previous studies of 

hematophagous parasites in which endosymbionts have been reported and that complement 

deficiencies in host diet (i.e., Wolbachia, Cardinium; [47]). However, no endosymbiont has been 

described from an avian nasal mite species to date; thus, further research on the interaction of

bacterial endosymbionts and rhinonyssid mites is needed.

The closest relatives to the potential endosymbiotic bacterial species found by MiGA in 

both databases were species related to Brucella (Brucella abortus, Brucella microtis, Brucella 

pinnipedialis, and Candidatus Tokpelaia hoelldoblerii). However, in all cases, the maximum 

average amino acid identity was lower than 53 %. Brucella-like bacteria has infrequently been 

described for mite species [49, 50]. Taxator-tk [51], which is based on a much more complete 

database (NCBI nucleotide), assigned this bacterial taxon to the Bartonellaceae family. Mite 

endosymbionts belonging to the Bartonella genus have been found by previous studies [52-54].

Thus, it may be that this endosymbiont belongs to Bartonella, but MiGA databases (TypeMat 

and NCBI Prok) do not have genomes of closely related Bartonella taxa. Indeed, MiGA 

analyses using both databases indicate that this species is likely to be a new species (P < 0.05) 

but not a new genus (P > 0.05). 

The microbiome composition of hematophagous arthropods has received much 

attention because their bacterial and virus associates could significantly affect the status of 

disease in vertebrate host species [55]. Here, we found several bacterial species that have been 

previously reported in other mite species, such as Staphylococcus, Nocardia, Clostridium, 

Bartonella, and Chlamydia [56, 57, 58]. One particular example is that of Staphylococcus species. 

We found some taxa from this genus to be present in a high relative abundance, and 

Staphylococcal species have been widely described as associates of dust and human skin 

mites [59-63]. Another example is the genus Streptomyces, for which some species have been 

described as endosymbionts in scabies mites [64], in which their role seems to be providing 

antimicrobial compounds to the mite. We found Streptomyces species in high relative 

abundance. Overall, the role of Staphylococcus and Streptomyces in bird's nasal mites is still 
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unknown and should be explored further. On the other hand, despite their high abundance in

Kaiju analyses, we did not retrieve any MAG belonging to any of these genera in our genome-

resolved metagenomic approach. It may be that the genomes of these bacterial species are 

more difficult to assemble (e.g., higher content of repetitive regions), and thus, were discarded

along the assembly pipeline because they did not meet the completeness/contamination 

parameters. Further studies using targeted approaches (e.g., MinYS [65]) are needed to 

evaluate their potential role as an endosymbiont of bird's nasal mites. Lastly, we also found 

species from bacterial genera known to contain species that can cause zoonoses, like 

Escherichia, Nocardia, and Salmonella [66]. The role these bacteria may have in nasal mites is 

also unknown, and further dedicated studies are required to understand whether they could 

be harmful for the birds' host health. 

Overall, apart from this study, whole-genome metagenomic data from nasal mites are 

not available. Further knowledge on this topic is important because nasal mites could cause 

the transmission of bacteria and viruses to their vertebrate hosts, acting as vectors of disease 

for birds. Thus, nasal mites could directly affect the health of avian hosts (or others should 

they switch hosts, [67]) and other species (e.g., humans that may feed upon wild birds and 

ingest the mites). Furthermore, this group of mites could support the zoonotic biological 

cycles of some microorganisms in their bird hosts. Therefore, further research on nasal mites' 

microbiomes and investigating their role as vectors of diseases in nature is needed.

Author Contributions: COM, JD, and MR conceived this study. COM and JD analyzed the 

data. KJ supervised the research. COM wrote the first draft, which was revised by all other 

authors.

Funding: This research was funded by “V Plan Propio de Investigación of the University of 

Seville, Spain”. KPJ was supported by U.S. NSF grants DEB-1926919 and DEB-1925487.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


Data Availability Statement: The high-throughput sequencing data of each sample is 

available at the Sequence Read Archive SRA under the accession numbers XXX and XXX. The 

metagenome-assembled genome is available at NCBI (submission ID: XXX).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in 

the design of the study; in the collection, analyses, or interpretation of data; in the writing of 

the manuscript, or in the decision to publish the results.

Acknowledgments: We thank the “Centro Municipal Zoosanitario of Sevilla” and especially 

to Francisco Peña Fernández and Rafael Cuadrado Nieto for providing the samples.

References

1. Walter, D. E.; Proctor, H. C. Mites: ecology, evolution, and behaviour, 1999. CABI 

Publishing.

2. Proctor, H.; Pritchard, G. Neglected predators: water mites (Acari: Parasitengona: 

Hydrachnellae) in freshwater communities. J N Am Benthol Soc, 1989, 8 (1), 100-111.

3. Di Sabatino, A.; Gerecke, R.; Martin, P. The biology and ecology of lotic water mites 

(Hydrachnidia). Freshw. Biol, 2000, 44 (1), 47-62.

4. Solhøy, T. Oribatid mites. In Tracking environmental change using lake sediments. Springer,

Dordrecht, 2001; pp. 81-104.

5. Proctor, H. C. Aquatic Mites from Genes to Communities. Springer Netherlands, 2004.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


6. Gergócs, V.; Hufnagel, L.; Application of oribatid mites as indicators. Appl Ecol Environ 

Res, 2009, 7 (1), 79-98.

7. Lindo, Z.; Winchester, N. N. Spatial and environmental factors contributing to patterns in 

arboreal and terrestrial oribatid mite diversity across spatial scales. Oecologia, 2009, 160 (4), 

817-825.

8. Maraun, M.; Erdmann, G.; Schulz, G.; Norton, R. A.; Scheu, S.; Domes, K. Multiple 

convergent evolution of arboreal life in oribatid mites indicates the primacy of ecology. Proc. 

Royal Soc. B, 2009, 276 (1671), 3219-3227.

9. Walter, D. E.; Proctor, H. C. Animals as habitats. Mites: Ecology, evolution & behaviour. 

Springer, Dordrecht, 2013, pp. 341-422.

10. Doña, J.; Proctor, H.; Mironov, S.; Serrano, D.; Jovani, R. Global associations between birds 

and vane‐dwelling feather mites. Ecology, 2016, 97 (11), 3242-3242.

11. De Rojas, M.; Doña, J.; Dimov, I. A comprehensive survey of rhinonyssid mites 

(Mesostigmata: Rhinonyssidae) in Northwest Russia: New mite-host associations and 

prevalence data. Biodivers. Data J, 2020, 8.

12. Sastre, N.; Calvete, O.; Martínez-Vargas, J.; Medarde, N.; Casellas, J.; Altet, L.; Sánchez, 

A;Ventura, J. Skin mites in mice (Mus musculus): high prevalence of Myobia sp. (Acari, 

Arachnida) in Robertsonian mice. Parasitology Research, 2018, 117 (7), 2139-2148.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


13. Doña, J.; Proctor, H.; Serrano, D.; Johnson, K. P.; Oploo, A. O. V.; Huguet‐Tapia, J. C.; 

Ascunce, M; Jovani, R. Feather mites play a role in cleaning host feathers: New insights from 

DNA metabarcoding and microscopy. Mol. Ecol, 2019, 28 (2), 203-218.

14. Kim, K. C. Coevolution of parasitic arthropods and mammals. 1985, Wiley.

15. Pesapane, R.; Dodd, E.; Javeed, N.; Miller, M.; Foley, J. Molecular characterization and 

prevalence of Halarachne halichoeri in threatened southern sea otters (Enhydra lutris nereis). 

Int J Parasitol Parasites Wildl, 2018, (3), 386-390.

16. González-Candela, M.; Léon-Vizcaíno, L.; Cubero-Pablo, M. J. Population effects of 

sarcoptic mange in Barbary sheep (Ammotragus lervia) from Sierra Espuña Regional Park, 

Spain. Journal of Wildlife Diseases, 2004, 40 (3), 456-465.

17. Hartley, M.; English, A. Sarcoptes scabei var. wombati infection in the common wombat 

(Vombatus ursinus). European Journal of Wildlife Research, 2005, 51 (2), 117-121.

18. Soulsbury, C. D.; Iossa, G.; Baker, P. J.; Cole, N. C.; Funk, S. M.; Harris, S. The impact of 

sarcoptic mange Sarcoptes scabiei on the British fox Vulpes vulpes population. Mammal Rev, 

2007, 37 (4), 278-296.

19. Arlian, L. G.; Morgan, M. S. A review of Sarcoptes scabiei: past, present and future. 

Parasites & vectors, 2007, 10 (1), 1-22.

20. Rosenkranz, P.; Aumeier, P.; Ziegelmann, B. Biology and control of Varroa destructor. J. 

Invertebr. Pathol, 2010, 103, S96-S119.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


21. Ogawa, M.; Takahashi, M.; Matsutani, M.; Takada, N.; Noda, S.; Saijo, M. Obligate 

intracellular bacteria diversity in unfed Leptotrombidium scutellare larvae highlights novel 

bacterial endosymbionts of mites. Microbiol. Immunol, 2020, 64 (1), 1-9.

22. Ahantarig, A.; Trinachartvanit, W.; Baimai, V.; Grubhoffer, L. Hard ticks and their bacterial

endosymbionts (or would be pathogens). Folia microbiologica, 2013, 58 (5), 419-428.

23. Bonnet, S. I.; Binetruy, F.; Hernández-Jarguín, A. M.; Duron, O. The tick microbiome: why 

non-pathogenic microorganisms matter in tick biology and pathogen transmission. Front. cell.

infect. Microbiol, 2017, 7, 236.

24. Greay, T. L.; Gofton, A. W.; Paparini, A.; Ryan, U. M.; Oskam, C. L.; Irwin, P. J. Recent 

insights into the tick microbiome gained through next-generation sequencing. Parasites & 

vectors, 2018, 11 (1), 1-14.

25. George, J. E. The nasal mites of the genus Ptilonyssus (Acarina: Rhinonyssidae) occurring 

in some North American passeriform birds. J. Kansas Entomol. Soc. 1961, 34, 105–132.

26. Fain, A. Adaptation, specificity and host-parasite coevolution in mites (Acari). Int. J. 

Parasitol, 1994, 24, 1273–1283.

27. De Rojas, M.; Úbeda, J. M.; Cutillas, C.; Mora, M. D.; Ariza, C.; Guevara, D. Utility of ITS1–

5.8 S–ITS2 and 16S mitochondrial DNA sequences for species identification and phylogenetic

inference within the Rhinonyssus coniventris species complex (Acari: Rhinonyssidae). 

Parasitol. Res, 2007, 100 (5), 1041-1046.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


28. Dimov, I.; de Rojas, M. One new species of nasal mites of the genus Vitznyssus 

(Rhinonyssidae) from the Leningrad province, Russia. J. Acarol. Soc. Jap, 2012, 21, 125-130.

29. Proctor, H.; Owens, I. Mites and birds: diversity, parasitism and coevolution. Trends Ecol. 

Evol, 2000, 15 (9), 358- 364.

30. Vitzthum, H. G. Milben aus der Nasenhöhle von Vögeln. J. Ornithol, 1935, 83 (4), 563-587.

31. Reeves, W. K.; Dowling, A. P.; Dasch, G. A. Rickettsial agents from parasitic 

Dermanyssoidea (Acari: Mesostigmata). Exp. Appl. Acarol, 2006, 38 (2), 181-188.

32. Osuna-Mascaró, C.; Doña, J.; Johnson, K. P.; Esteban, R.; De Rojas, M. Complete 

mitochondrial genomes and bacterial metagenomic data from two species of parasitic avian 

nasal-mites (Rhinonyssidae: Mesostigmata). 2020, Front. Ecol. Evol, 8, 142.

33. Vizcaíno, A.; Doña, J.; Vierna; J., Marí-Mena, N.; Esteban, R.; Mironov, S.; Urien, C; 

Serrano, D; Jovani, R. Enabling large- scale feather mite studies: an Illumina DNA 

metabarcoding pipeline. Exp. Appl. Acarol, 2018, 76 (1), 81- 97.

34. Chen, S.; Zhou, Y.; Chen, Y.; Gu, J. fastp: an ultra-fast all-in-one FASTQ preprocessor. 

Bioinformatics, 2018, 34 (17), i884-i890.

35. Bushnell, B. BBMap short read aligner, and other bioinformatic tools, 2014.38.

36. Uritskiy, G. V.; DiRuggiero, J.; Taylor, J. MetaWRAP a flexible pipeline for genome-resolved

metagenomic data analysis. Microbiome, 2018, 6 (1), 113.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


37. Li, D.; Liu, C. M.; Luo, R.; Sadakane, K.; Lam, T. W. MEGAHIT: an ultra-fast single-node 

solution for large and complex metagenomics assembly via succinct de Bruijn graph. 

Bioinformatics, 2015, 31 (10), 1674-1676.

38. Rodriguez-R, L. M.; Gunturu, S.; Harvey, W. T.; Rosselló-Mora, R.; Tiedje, J. M.; Cole, J. R.; 

Konstantinidis, K. T. The Microbial Genomes Atlas (MiGA) webserver: taxonomic and gene 

diversity analysis of Archaea and Bacteria at the whole genome level. Nucleic Acids Res, 2018,

46 (W1), W282-W288.

39. Kanehisa M.; Sato Y., Morishima K. BlastKOALA and GhostKOALA: KEGG tools for 

functional characterization of genome and metagenome sequences. J. Mol. Biol. 2016 , 428 

726–731. 

40. Graham E. D.; Heidelberg J. F.; Tully B. J. Potential for primary productivity in a globally-

distributed bacterial phototroph. ISME J. 2018, 12 1861-1866.

41. Menzel, P.; Ng, K. L.; Krogh, A. Fast and sensitive taxonomic classification for 

metagenomics with Kaiju. Nat. Commu, 2016, 7 (1), 1-9.

42. McMurdie, P. J.; Holmes, S. phyloseq: an R package for reproducible interactive analysis 

and graphics of microbiome census data. PloS One, 2013, 8 (4), e61217.

43. Wernegreen, J. J. Endosymbiont evolution: predictions from theory and surprises from 

genomes.Ann. N. Y. Acad. Sci., 2015, 1360 (1), 16.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


44. Doña, J.; Virrueta Herrera, S.; Nyman, T.; Kunnasranta, M.; Johnson, K. P. Patterns of 

microbiome variation among infrapopulations of permanent bloodsucking parasites. Front. 

Microbiol., 2021, 12, 884.

45. Darling, A. C.; Mau, B.; Blattner, F. R.; Perna, N. T. Mauve: multiple alignment of 

conserved genomic sequence with rearrangements. Genome Res, 2004, 14 (7), 1394-1403.

46. Moran, N. A.; Baumann, P. Bacterial endosymbionts in animals. Curr Opin Microbiol, 

2000, 3 (3), 270-275.

47. Enigl, M.; Schausberger, P. Incidence of the endosymbionts Wolbachia, Cardinium and 

Spiroplasma in phytoseiid mites and associated prey. Exp. Appl. Acarol., 2007, 42 (2), 75-85.

48. Wernegreen, J. J. Endosymbiont evolution: predictions from theory and surprises from 

genomes. Ann. N. Y. Acad. Sci., 2015, 1360 (1), 16.

49. Derbala, A.; Ghazi, Y. Some investigations on brucella and psoroptes mites infections 

among Barki sheep flocks. Mansoura Veterinary Medical Journal, 2001, 3 (1), 173-183.

50. Hosseini-Chegeni, A.; Tavakoli, M.; Telmadarraiy, Z.; Sedaghat, M. M.; Faghihi, F. 

Detection of a brucella-like (Alphaproteobacteria) bacterium in boophilus spp. (Acari: 

Ixodidae) from Iran. JoMMID, 2017, 5 (3), 66-68.

51. Dröge, J.; Gregor, I.; McHardy, A. C. Taxator-tk: precise taxonomic assignment of 

metagenomes by fast approximation of evolutionary neighborhoods. Bioinformatics, 2015, 31 

(6), 817-824.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


52. Kim, C. M.; Kim, J. Y.; Yi, Y. H.; Lee, M. J.; Cho, M. R.; Shah, D. H., et al. Detection of 

Bartonella species from ticks, mites and small mammals in Korea. J. Vet. Sci, 2005, 6, 327–334.

53. Hubert, J., Erban, T., Kopecky, J., Sopko, B., Nesvorna, M., Lichovnikova, M., et al. 

Comparison of microbiomes between red poultry mite populations (Dermanyssus gallinae): 

predominance of Bartonella-like bacteria. Microb. Ecol, 2017, 74, 947–960.

54. Doña, J., Proctor, H., Serrano, D., Johnson, K. P., Oploo, A. O. V., Huguet-Tapia, J. C., et al. 

Feather mites play a role in cleaning host feathers: New insights from DNA metabarcoding 

and microscopy. Mol. Ecol, 2019, 28, 203–218. 

55. Walter, D. E.; Proctor, H. C. Mites that cause and transmit disease. In Mites: Ecology, 

Evolution & Behaviour, 2013, (pp. 423-445). Springer, Dordrecht.

56. Tang, V. H.; Chang, B. J.; Srinivasan, A.; Mathaba, L. T.; Harnett, G. B.; Stewart, G. A. Skin-

associated Bacillus, staphylococcal and micrococcal species from the house dust mite, 

Dermatophagoides pteronyssinus and bacteriolytic enzymes. Exp. Appl. Acarol., 2013, 61 (4), 

431-447.

57. Kopecký, J.; Nesvorná, M.; Hubert, J. Bartonella-like bacteria carried by domestic mite 

species. Exp. Appl. Acarol., 2014, 64 (1), 21-32.

58. Hubert, J., Kopecky, J., Sagova-Mareckova, M., Nesvorna, M., Zurek, L., & Erban, T. (2016). 

Assessment of bacterial communities in thirteen species of laboratory-cultured domestic 

mites (Acari: Acaridida). Journal of economic entomology, 109 (4), 1887-1896.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


59. Hubert, J.; Kopecký, J.; Perotti, M. A.; Nesvorná, M.; Braig, H. R.; Ságová-Marečková, M.; 

Macovei, L; Zurek, L. Detection and identification of species-specific bacteria associated with 

synanthropic mites. Microb. Ecol, 2012, 63 (4), 919-928.

60. Tang, V. H.; Chang, B. J.; Srinivasan, A.; Mathaba, L. T.; Harnett, G. B.; Stewart, G. A. Skin-

associated Bacillus, staphylococcal and micrococcal species from the house dust mite, 

Dermatophagoides pteronyssinus and bacteriolytic enzymes. Exp. Appl. Acarol., 2013, 61 (4), 

431-447.

61. Dzoro, S.; Mittermann, I.; Resch‐Marat, Y.; Vrtala, S.; Nehr, M.; Hirschl, A. M., Wikberg,G, 

Lundeberg,L; Johansson, C; Scheynius, A; Valenta, R. House dust mites as potential carriers 

for IgE sensitization to bacterial antigens. Allergy, 2018, 73 (1), 115-124.

62. Molva, V.; Nesvorna, M.; Hubert, J. Feeding interactions between microorganisms and the 

house dust mites Dermatophagoides pteronyssinus and Dermatophagoides farinae 

(Astigmata: Pyroglyphidae). J. Med. Entomol, 2019, 56 (6), 1669-1677.

63. Erban, T.; Klimov, P.; Molva, V.; Hubert, J. Whole genomic sequencing and sex-dependent 

abundance estimation of Cardinium sp., a common and hyperabundant bacterial 

endosymbiont of the American house dust mite, Dermatophagoides farinae. Exp. Appl. 

Acarol., 2020, 80 (3), 363-380.

64. Swe, P. M.; Zakrzewski, M.; Waddell, R.; Sriprakash, K. S.; Fischer, K. High-throughput 

metagenome analysis of the Sarcoptes scabiei internal microbiota and in-situ identification of 

intestinal Streptomyces sp. Sci. Rep., 2019, 9 (1), 1-11.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008


65. Guyomar, C.; Delage, W.; Legeai, F.; Mougel, C.; Simon, J. C.; Lemaitre, C. MinYS: mine 

your symbiont by targeted genome assembly in symbiotic communities. NAR genomics and 

bioinformatics, 2020, 2 (3), lqaa047.

66. Wales, A. D.; Carrique‐Mas, J. J.; Rankin, M.; Bell, B.; Thind, B. B.; Davies, R. H. Review of 

the carriage of zoonotic bacteria by arthropods, with special reference to Salmonella in mites, 

flies and litter beetles. Zoonoses and public Health, 2010, 57 (5), 299-314.

67. Veiga, J.; Dimov, I.; de Rojas, M. Endoparasitic Mites (Rhinonyssidae) on Urban Pigeons 

and Doves: Updating Morphological and Epidemiological Information. Diversity, 2021, 13 (1), 

11.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 12, 2021. ; https://doi.org/10.1101/2021.07.12.452008doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.12.452008

	4 Department of Microbiology and Parasitology, Faculty of Pharmacy, Universidad de Sevilla, Sevilla, Spain; derojas@us.es
	1. Introduction

