

    
      
          
            
  
Welcome to Read the Docs

This is an autogenerated index file.

Please create an index.rst or README.rst file with your own content
under the root (or /docs) directory in your repository.

If you want to use another markup, choose a different builder in your settings.
Check out our Getting Started Guide [https://docs.readthedocs.io/en/latest/getting_started.html] to become more
familiar with Read the Docs.
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  # Contributing guidelines

We thank you in advance :thumbsup: :tada: for taking the time to contribute, whether with code or with ideas, to the project.

## Did you find a bug?


	Ensure that the bug was not already reported by [searching under Issues].


	If you’re unable to find an (open) issue addressing the problem, [open a new one]. Be sure to prefix the issue title with [BUG] and to include:


	a clear description,


	as much relevant information as possible, and


	a code sample or an (executable) test case demonstrating the expected behaviour that is not occurring.








## How to work on a new feature/bug

Create an issue on Github or you can alternatively pick one already created.

Assign yourself to that issue.

Discussions on how to proceed about that issue take place in the comment section on that issue.

Some of the work might have been done already by somebody, hence we avoid unnecessary work duplication and a waste of time and effort. Other reason for discussing the issue beforehand is to communicate with the team the changes as some of the features might impact different components, and we can plan accordingly.

## How we work with Git

All work should take place in a dedicated branch with a short descriptive name.

Use comments in your code, choose variable and function names that clearly show what you intend to implement.

Once the feature is done you can request it to be merged back into master by making a Pull Request.

Before making the pull request it is a good idea to rebase your branch to master to ensure that eventual conflicts with the master branch is solved before the PR is reviewed and we can therefore have a clean merge.

### General stuff about git and commit messages

In general it is better to commit often. Small commits are easier to roll back and also makes the code easier to review.

Write helpful commit messages that describes the changes and possibly why they were necessary.

Each commit should contain changes that are functionally connected and/or related. If you for example want to write _and_ in the first line of the commit message this is an indicator that it should have been two commits.

Learn how to select chunks of changed files to do multiple separate commits of unrelated things. This can be done with either git add -p or git commit -p.

#### Helpful commit messages

The commit messages may be seen as meta-comments on the code that are incredibly helpful for anyone who wants to know how this piece of software is working, including colleagues (current and future) and external users.

Some tips about writing helpful commit messages:



	Separate subject (the first line of the message) from body with a blank line.


	Limit the subject line to 50 characters.


	Capitalize the subject line.


	Do not end the subject line with a period.


	Use the imperative mood in the subject line.


	Wrap the body at 72 characters.


	Use the body to explain what and why vs. how.







For an in-depth explanation of the above points, please see [How to Write a Git Commit Message](http://chris.beams.io/posts/git-commit/).

### How we do code reviews

A code review is initiated when someone has made a Pull Request in the repo on github.

Work should not continue on the branch _unless_ it is a [Draft Pull Request](https://github.blog/2019-02-14-introducing-draft-pull-requests/). Once the PR is marked ready the review can start.

The initiator of the PR should recruit a reviewer that get assigned reviewer duty on the branch.

Other people may also look at and review the code.

A reviewers job is to:



	Write polite and friendly comments - remember that it can be tough to have other people critizising your work, a little kindness goes a long way. This does not mean we should not comment on things that need to be changed of course.


	Read the code and make sure it is understandable


	Make sure that commit messages and commits are structured so that it is possible to understand why certain changes were made.







Once the review is positive the Pull Request can be _merged_ into master and the feature branch deleted.



Thanks again.

[searching under Issues]: https://github.com/BeeBiome-consortium/beebiome-data-portal/issues?utf8=%E2%9C%93&q=is%3Aissue%20label%3Abug%20[BUG]%20in%3Atitle
[open a new one]: https://github.com/BeeBiome-consortium/beebiome-data-portal/issues/new?title=%5BBUG%5D



            

          

      

      

    

  

    
      
          
            
  # BeeBiome-data-portal
A resource for scientists and the general public on bee-associated microbes/viruses and their impact on bee health.

The dedicated BeeBiome web site is available here: [https://beebiome.org/](https://beebiome.org/)

See also
> The Bee Microbiome: Impact on Bee Health and Model for Evolution and Ecology of Host-Microbe Interactions
> Philipp Engel, Waldan K. Kwong, Quinn McFrederick, Kirk E. Anderson, Seth Michael Barribeau, James Angus Chandler, R. Scott Cornman, Jacques Dainat, Joachim R. de Miranda, Vincent Doublet, Olivier Emery, Jay D. Evans, Laurent Farinelli, Michelle L. Flenniken, Fredrik Granberg, Juris A. Grasis, Laurent Gauthier, Juliette Hayer, Hauke Koch, Sarah Kocher, Vincent G. Martinson, Nancy Moran, Monica Munoz-Torres, Irene Newton, Robert J. Paxton, Eli Powell, Ben M. Sadd, Paul Schmid-Hempel, Regula Schmid-Hempel, Se Jin Song, Ryan S. Schwarz, Dennis vanEngelsdorp, Benjamin Dainat.
> mBio Apr 2016, 7 (2) e02164-15; DOI: 10.1128/mBio.02164-15 - https://mbio.asm.org/content/7/2/e02164-15

## Directory structure

```
beebiome-data-portal/   The repository of BeeBiome Data Portal project
….beebiome-api/       The API to use a data source, such as a PostgreSQL database.


It is a Java/spring boot project.
This includes classes used to generate and insert data into the BeeBiome database.
The war file generated from this module will be used to deploy the API on a server.




….beebiome-docs/      This repository houses the raw markdown content for the user documentation.
….beebiome-scripts/   This repository contains scripts for updating data in BeeBiome database.
….beebiome-web/       The view layer of the application written in React.


The war file generated from this module will be used to deploy the web app on a server.




```



            

          

      

      

    

  

    
      
          
            
  # Procedure to deploy WARs

## API WAR
1. Save version in prod to be able to come back to the current version
2. Uncompress war
`unzip beebiome-api-0.1-SNAPSHOT.war -d beebiome`
3. Compare properties files
`sdiff /var/lib/tomcat8/webapps/beebiome/WEB-INF/classes/application.properties beebiome/WEB-INF/classes/application.properties`
4. Set correctly properties in beebiome/WEB-INF/classes/application.properties or copy file from current version
`cp -p /var/lib/tomcat8/webapps/beebiome/WEB-INF/classes/application.properties beebiome/WEB-INF/classes/application.properties`
5. Empty repository in Tomcat
`rm -rf /var/lib/tomcat8/webapps/beebiome/*`
6. Copy repository in Tomcat
`/bin/cp -pR beebiome/* /var/lib/tomcat8/webapps/beebiome/`
7. Reload the api in Tomcat manager (application: /beebiome)

## Webapp WAR
1. Save version in prod to be able to come back to the current version
2. Uncompress war
`unzip beebiome-web.war -d beebiome-web`
3. Empty repository in Tomcat
`rm -rf /var/lib/tomcat8/webapps/beebiome-web/*`
4. Copy repository in Tomcat
`/bin/cp -pR beebiome-web/* /var/lib/tomcat8/webapps/beebiome-web/`



            

          

      

      

    

  

    
      
          
            
  —
name: Bug report
about: Create a report to help us improve
title: ‘’
labels: ‘’
assignees: ‘’

—

Describe the bug
A clear and concise description of what the bug is.

To Reproduce
Steps to reproduce the behavior:
1. Go to ‘…’
2. Click on ‘….’
3. Scroll down to ‘….’
4. See error

Expected behavior
A clear and concise description of what you expected to happen.

Screenshots
If applicable, add screenshots to help explain your problem.


	Desktop (please complete the following information):
	
	OS: [e.g. iOS]


	Browser [e.g. chrome, safari]


	Version [e.g. 22]






	Smartphone (please complete the following information):
	
	Device: [e.g. iPhone6]


	OS: [e.g. iOS8.1]


	Browser [e.g. stock browser, safari]


	Version [e.g. 22]








Additional context
Add any other context about the problem here.



            

          

      

      

    

  

    
      
          
            
  —
name: Feature request
about: Suggest an idea for this project
title: ‘’
labels: ‘’
assignees: ‘’

—

Is your feature request related to a problem? Please describe.
A clear and concise description of what the problem is. Ex. I’m always frustrated when […]

Describe the solution you’d like
A clear and concise description of what you want to happen.

Describe alternatives you’ve considered
A clear and concise description of any alternative solutions or features you’ve considered.

Additional context
Add any other context or screenshots about the feature request here.



            

          

      

      

    

  

    
      
          
            
  # How to run locally with IntelliJ
1. Configure a Spring boot application:


Run > Edit Configurations > + > Spring boot
- name: beebiome-api
- main class: org.beebiome.dataportal.api.DataPortalApiApplication
- use classpath module: beebiome-api
- VM options -Djavax.xml.accessExternalDTD=all





	
	Set properties in beebiome-api/src/main/resources/application.properties:
	
	spring.datasource.username


	spring.datasource.password










	
	Run the application:
	Run > Run ‘beebiome-api’









# How to build the war API
1. Set properties in beebiome-api/src/main/resources/application.properties:
- spring.datasource.username
- spring.datasource.password
- github.token

WARNING: These properties should not be commited as they should not be available on GitHub

These properties can be set after the decompression of the war and before the deployment in Tomcat.


	Build the war from beebiome-api directory: cd beebiome-api ; mvn -DskipTests clean install




# Some links to retrieve data
- <api_url>/sample/all: to retrieve all metadata.
- <api_url>/sample/1234: to retrieve metadata with the Biosample accession containing ‘1234’.
- <api_url>/sample/advanced-search: to retrieve metadata with filters using a ‘AND’ boolean logic. Filters (see https://beebiome.org/help/browse-search for definitions):



	bioSampleAcc


	bioProjectAcc


	organism


	host


	collectionDate


	geoLocationName


	librarySources


	libraryLayouts


	libraryStrategies


	centerName


	instruments


	biosamplePackageAcc


	biosamplePackageName









            

          

      

      

    

  

    
      
          
            
  # Citing us

If you find Beebiome useful please consider citing:

Engel P, Kwong WK, McFrederick Q, Anderson KE, Barribeau SM, Chandler JA,
Cornman RS, Dainat J, de Miranda JR, Doublet V, Emery O, Evans JD, Farinelli L,
Flenniken ML, Granberg F, Grasis JA, Gauthier L, Hayer J, Koch H, Kocher S,
Martinson VG, Moran N, Munoz-Torres M, Newton I, Paxton RJ, Powell E, Sadd BM,
Schmid-Hempel P, Schmid-Hempel R, Song SJ, Schwarz RS, vanEngelsdorp D, Dainat B.
The Bee Microbiome: Impact on Bee Health and Model for Evolution and Ecology of
Host-Microbe Interactions.
MBio. 2016 Apr 26;7(2):e02164-15. doi: 10.1128/mBio.02164-15.
PubMed PMID: [27118586](https://www.ncbi.nlm.nih.gov/pubmed/27118586); PubMed Central PMCID: [PMC4850275](https://europepmc.org/abstract/pmc/pmc4850275).



            

          

      

      

    

  

    
      
          
            
  # About

## What is BeeBiome Data Portal?

BeeBiome Data Portal is a resource for scientists and the general public on bee-associated microbes/viruses and their impact on bee health.

## Who are we?
Beebiome Data portal is developed by :


	[The Bioinformatics Research Support Unit of the Lethbridge Research and Development Centre](https://profils-profiles.science.gc.ca/en/research-centre/lethbridge-research-and-development-centre) at [Agriculture and Agri-Food Canada](https://agriculture.canada.ca/en/);


	[The Engel lab](https://engelbeelab.com/) at the University of Lausanne;


	[The Evolutionary Bioinformatics group](https://bioinfo.unil.ch/) at the University of Lausanne and the SIB Swiss Institute of Bioinformatics;


	[The Swiss Bee Research Centre](https://www.agroscope.admin.ch/agroscope/en/home/topics/livestock/bees.html) which belongs to Agroscope.




## Funding sources


	2019: BeeBiome Data Portal received funding from the [Eva Crane Trust](https://www.evacranetrust.org/page/eva-crane) for its development.




![Eva Crane logo](https://github.com/BeeBiome-consortium/beebiome-data-portal/raw/${GITHUB_BRANCH}/beebiome-docs/assets/eva_crane_logo.jpg)


	2020: BeeBiome Data Portal is supported by funding from [Genome Alberta](https://www.genomealberta.ca/) for its development.




![Genome Alberta logo](https://github.com/BeeBiome-consortium/beebiome-data-portal/raw/${GITHUB_BRANCH}/beebiome-docs/assets/genome_alberta_logo.jpg)



            

          

      

      

    

  

    
      
          
            
  # Consortium aims

High-throughput biotechnologies are able to generate huge amounts of highly detailed molecular data from biological samples, including genomic, transcriptomic, proteomic and metabolomic data. These technologies are therefore supremely suited for studying the complexities of the microbial communities associated with bees. In theory, this allows us to obtain a global picture of the effects, population dynamics, interactions, exchange and evolution of these communities within and between bee species. To make this possible, sequence data produced by different laboratories need to be consistently analyzed and archived, allowing integration and subsequent exploitation by scientists from different research areas, such as bee pathology, microbial ecology, and evolution. This consortium was establisched through the project “BeeBiome: Omic approaches for understanding bee-microbe relationships”, a workshop organized in 2014 at the National Evolutionary Synthesis Center (NESCent) in Durham, USA supported by a NESCent Catalysis meeting grant, NSF #EF-0905606, that led to the formation of the Beebiome consortium, representing over 30 scientists from Europe and the USA, bee-scientist, ecologists and bioinformaticians, working on bee-associated microbes. This group aims to:


	identify the most burning questions regarding bee microbiome interactions, evolution, biodiversity, microbial patterns and the effect of the environment on its composition,


	define an appropriate strategy to address these questions, including the design of tools such as a dedicated database,


	establish future collaborative efforts to fund the proposed research.




Schematic representation of the consortium aims:

![Consortium aims schema](https://github.com/BeeBiome-consortium/beebiome-data-portal/raw/${GITHUB_BRANCH}/beebiome-docs/assets/Beebiome_Schema_HypBuild_Synthesis2.jpg)

A primary aim of the Bee Microbiome Consortium is a centralized database and data analysis platform for bee microbiome studies. Such a platform is needed to systematically archive, curate and process the large amounts of data generated by laboratories worldwide; to make this data available to researchers in the field; to facilitate cross-study analyses, and to standardize analytical approaches to microbiome studies. Communal approaches to multiple, integrated data-sets maximize the use and value of such data, leading to more robust analyses and conclusions and to novel, research-driven, hypotheses about bee health, microbial ecology and microbiome evolution.



            

          

      

      

    

  

    
      
          
            
  # Consortium members

Here is the first picture of the BeeBiome consortium gathered at Nescent in Durham, NC, US in 2014:
![Consortium members](https://github.com/BeeBiome-consortium/beebiome-data-portal/raw/${GITHUB_BRANCH}/beebiome-docs/assets/beebiome_consortium_members_2014.jpg)

## Coordination team

The coordination team is composed of Benjamin Dainat, Jay D Evans, Philipp Engel, Joachim de Miranda and Vincent Doublet (further details in contact).

## Currently, we have 44 members in our consortium!


Name | Affiliation |

- | - |



Kirk Anderson | USDA, Tucson, USA
Mark Barnett | University of Edinburgh, UK
Seth Barribeau | University of Liverpool, UK
Remy Bruggmann | University of Bern, Switzerland
Angus Chandler | University of California, Berkeley, USA
Scott Cornman | Fort Collins Science Center, USA
Benjamin Dainat | Agroscope, Bern, Switzerland
Jacques Dainat | Sys2Diag - ALCEDIAG / CNRS UMR9005, Montpellier, France
Joachim R. de Miranda | Swedish University of Agricultural Sciences, Uppsala, Sweden
Vincent Doublet | University of Ulm, Germany
Olivier Emery | University of Lausanne, Switzerland
Philipp Engel | University of Lausanne, Switzerland
Jay D. Evans | USDA, Beltsville, USA
Laurent Farinelli | Fasteris, Geneva, Switzerland
Michelle Flenniken | Montana State University, USA
Laurent Gauthier | Montpellier, France
Fredrik Granberg | Swedish University of Agricultural Sciences, Uppsala, Sweden
Juris A. Grasis | University of California, Merced, USA
Marta Guarna | Agriculture and Agri-Food Canada / Government of Canada
Juliette Hayer | UMR IRD 224-CNRS 5290-UM MIVEGEC, IRD Montpellier, France
Hauke Koch | Royal Botanic Gardens KEW, UK
Sarah Kocher | Princeton University, USA
Waldan Kwong | Instituto Gulbenkian de Ciência, Portugal
Vince Martinson | University of New Mexico, Albuquerque, USA
Florent Mazel | University of Lausanne, Switzerland
Quinn McFrederick | University of California, Riverside, USA
Lilia Mesina | Agriculture and Agri-Food Canada / Government of Canada
Nancy Moran | University of Texas, Austin, USA
Monica Munoz Torres | Lawrence Livermore Labs, Berkeley, USA
Irene Newton | Indiana University, USA
Rodrigo Ortega Polo | Agriculture and Agri-Food Canada / Government of Canada
Robert Paxton | Martin-Luther University of Halle-Wittenberg, Germany
Eli Powell | University of Texas, Austin, USA
Kasie Raymann | University of North Carolina, Greensboro, USA
Valentine Rech de Laval | Agroscope, University of Lausanne, University of Geneva, Switzerland
Tim Regan | University of Edinburgh, UK
Benjamin Rubin | Princeton University, USA
Ben Sadd | Illinois State University, USA
Paul Schmid-Hempel | ETH Zürich, Switzerland
Regula Schmid-Hempel | ETH Zürich, Switzerland
Ryan Schwarz | Fort Lewis College, Durango, USA
Se Jin Song | University of California San Diego, USA
Peter Vandamme | Ghent University, Belgium
Dennis VanEngelsdorp | University of Maryland, USA



            

          

      

      

    

  

    
      
          
            
  # Browse and search help

## Contents of BeeBiome Data Portal

BeeBiome Data Portal contains metadata of datasets from NCBI having a host which is a species under the NCBI taxonomic level ‘
[Apoidea](https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=34735)’. Only BioSamples linked to at least one SRA experiment are displayed.

Based on this set of metadata, you can find the following pages:


	[Browse table page](/browse/table) where you can see and download all metadata with a basic text-search;


	[View map page](/browse/map) where you can see all geographical collection points of datasets;


	[Advanced search page](/search) where you can see and download metadata from a request based on a text-based search on each field and combine them using a ‘AND’ boolean logic.




## Definition of metadata fields
* BioProject acc.: Accession from [NCBI BioProject](https://www.ncbi.nlm.nih.gov/bioproject) (a collection of biological data related to a single initiative).
* BioSample acc.: Accession from [NCBI BioSample](https://www.ncbi.nlm.nih.gov/biosample) (a database containing descriptions of biological source materials used in experimental assays).
* SRA experiment entries: Count of entries from [NCBI Sequence Read Archive (SRA)](https://www.ncbi.nlm.nih.gov/sra) (a repository of high throughput sequencing data).
* NCBI Nucleotide entries: Count of entries from [NCBI Nucleotide](https://www.ncbi.nlm.nih.gov/nucleotide) (a collection of genome, gene and transcript sequence data).
* Host: Scientific name of the natural (as opposed to laboratory) host to the organism from which the sample was obtained.
* Organism: Scientific name of the organism that harbours the host.
* Collection date: Date on which the sample was collected.
* Geo. location name: Geographical origin where the sample was collected.
* Library source: Type of source material that is being sequenced.
* Library layout: Whether to expect SINGLE or PAIRED end reads.
* Library strategy: Sequencing technique intended for the library.
* Instrument: Sequencing instrument for library.
* Center name: Organization involved into the project.
* BioSample package acc.: Accession of a type of sample and specifies the list of attributes by which it should be described ([more details](https://www.ncbi.nlm.nih.gov/biosample/docs/packages/)).



            

          

      

      

    

  

    
      
          
            
  # Apis bee diseases

## Fungi

Microbe | Taxonomy | Known Apis hosts | Effect on host | Citations (DOI URL or stable URL if available)
– | – | – | – | –
Ascosphaera apis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Apis mellifera | Pathogenic | [Spiltoir 1955](http://www.jstor.org/stable/2438686)
Nosema apis |  |  | Pathogenic | Zander 1909
Nosema ceranae |  |  | unknown | [Fries et al. 1996](https://doi.org/10.1016/S0932-4739(96)80059-9)

## Viruses

Microbe | Taxonomy | Known Apis hosts | Effect on host | Citations (DOI URL or stable URL if available)
– | – | – | – | –
Acute bee paralysis virus (ABPV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Aparavirus |  | Pathogenic | [Govan et al. 2000](https://doi.org/doi:10.1006/viro.2000.0616)
Israeli acute paralysis virus (IAPV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Aparavirus |  | Pathogenic | [Maori et al. 2007](https://doi.org/10.1099/vir.0.83284-0)
Kashmir bee virus (KBV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Aparavirus |  | Pathogenic | [de Miranda et al. 2004](https://doi.org/10.1099/vir.0.79990-0)
Black queen cell virus (BQCV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Cripavirus |  | unknown | [Leat et al. 2000](https://doi.org/10.1099/0022-1317-81-8-2111)
Aphid Lethal Paralysis Virus (ALPV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; |  |  | [Runckel et al. 2011](https://doi.org/10.1371/journal.pone.0020656)
Big Sioux River Virus (BSRV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae;  |  |  | [Runckel et al. 2011](https://doi.org/10.1371/journal.pone.0020656)
Deformed Wing Virus (DWV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus |  | Pathogenic | [Lanzi et al. 2006](https://doi.org/10.1128/JVI.80.10.4998-5009.2006)
Varroa destructor virus 1 (VDV1) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus |  | Pathogenic | [Ongus et al. 2004](https://doi.org/10.1099/vir.0.80470-0)
Kakugo virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus |  | unknown | [Fujiyuki et al. 2004](https://doi.org/10.1128/JVI.78.3.1093-1100.2004)
sacbrood virus (SBV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus |  | Pathogenic | [Ghosh et al. 1999](https://doi.org/10.1099/0022-1317-80-6-1541)
Slow bee paralysis virus (SBPV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus |  | unknown | [de Miranda et al. 2010](https://doi.org/10.1099/vir.0.022434-0)
chronic bee paralysis virus (CBPV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; unclassified |  | Pathogenic | [Olivier et al. 2008](https://doi.org/10.1016/j.virusres.2007.10.014)
Lake Sinai viruses (LSV) | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; unclassified |  | unknown | [Runckel et al. 2011](https://doi.org/10.1371/journal.pone.0020656)
Bee macula-like virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Thymovirales; Thymoviridae | Apis mellifera | unknown | [de Miranda et al. 2015](https://doi.org/10.3390/v7072789)
Apis mellifera filamentous virus (AmFV) | Bee | Apis mellifera | unknown | [Gauthier et al. 2015](https://doi.org/10.3390/v7072798)
Apis iridescent virus | Viruses; dsDNA viruses, no RNA stage; Iridoviridae | Apis cerana | unknown | [Bailey L. et al. 1976](https://doi.org/10.1099/0022-1317-31-3-459)

## Bacteria

Microbe | Known Apis hosts | Effect on host | Citations (DOI URL or stable URL if available)
– | – | – | –
Melissococcus plutonius | A. cerana, A. mellifera, A. laboriosa | Pathogenic to larvae | [Bailey 1983](https://doi.org/10.1111/j.1365-2672.1983.tb02648.x) ; [Allen et al. 1990](https://doi.org/10.1016/0022-2011(90)90090-S)
Paenibacillus larvae | Apis mellifera | Pathogenic to larvae | [Qin 2006](https://doi.org/10.1111/j.1365-2583.2006.00694.x)
Paenibacillus alvei | Apis mellifera | Parasitic | Bailey 1963 ; Bailey and Ball 1991 (ISBN 0-12-073481-8)
Brevibacillus laterosporus | Apis mellifera | Parasitic | Bailey 1963 ; Bailey and Ball 1991 (ISBN 0-12-073481-9)
Enterococcus faecalis | Apis mellifera | Parasitic | Bailey 1963 ; Bailey and Ball 1991 (ISBN 0-12-073481-10)
Achromobacter euridice | Apis mellifera | Parasitic | Bailey 1956, [Djordjevic et al. 1998](https://doi.org/10.1080/00218839.1998.11100968)
Spiroplasma apis | Apis mellifera | Parasitic | [Mouches 1982](https://doi.org/10.1007/BF02010677) ; [Meeus et al. 2012](https://doi.org/10.1016/j.jip.2011.11.006) ; [Ravoet et al. 2013](https://doi.org/10.1371/journal.pone.0072443) ; [Schwarz et al. 2014](https://doi.org/10.1002/mbo3.172)
Spiroplasma melliferum | Apis mellifera | Parasitic | [Clark 1985](https://doi.org/10.1099/00207713-35-3-296) ; [Meeus et al. 2012](https://doi.org/10.1016/j.jip.2011.11.006) ; [Ravoet et al. 2013](https://doi.org/10.1371/journal.pone.0072443) ; [Schwarz et al. 2014](https://doi.org/10.1002/mbo3.173)

## Protists

Microbe | Known Apis hosts | Effect on host | Citations (DOI URL or stable URL if available)
– | – | – | –
Crithidia mellificae | Apis mellifera | Parasitic | [Langridge and McGhee 1967](https://doi.org/10.1111/j.1550-7408.1967.tb02033.x)
Lotmaria passim | Apis mellifera, Apis cerana | Parasitic | [Schwarz et al. 2015](https://doi.org/10.1111/jeu.12209)
Apicystics bombi | Apis mellifera | Parasitic | [Ravoet et al. 2013](https://doi.org/10.1371/journal.pone.0072443)
Malpighamoeba mellificae | Apis mellifera | Parasitic | Reviewed in [Evans and Schwarz 2011](https://doi.org/10.1016/j.tim.2011.09.003)

##  Reference
These data come from supplemental material of:
The Bee Microbiome: Impact on Bee Health and Model for Evolution and Ecology of Host-Microbe Interactions
Engel et al., mBio, 2016; DOI: 10.1128/mBio.02164-15
PubMed PMID: [27118586](https://www.ncbi.nlm.nih.gov/pubmed/27118586); PubMed Central PMCID: [PMC4850275](https://europepmc.org/abstract/pmc/pmc4850275).



            

          

      

      

    

  

    
      
          
            
  # Members of the bee microbiome (Bacteria)

## Corbiculate Apid ‘core’ microbiome

There are many citations for these bacteria, here we present important early records and species descriptions.

Bacterium | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Bifidobacterium sp.  | Bacteria; Actinobacteria; Bifidobacteriales; Bifidobacteriaceae; Bifidobacterium | Apis spp. Bombus spp., Meliponini | unknown | [Jeyaprakash et al. 2003](http://dx.doi.org/10.1016/j.jip.2003.08.007), Martinson et al. 2011, Koch et al. 2011, Vasquez et al. 2012, Anderson et al. 2103
Frischella perrara | Bacteria; Proteobacteria; Gammaproteobacteria; Orbales; Orbaceae; Frischella | Apis spp. | causes scab on gut epithelium  | [Babendreier et al. 2007](http://dx.doi.org/10.1111/j.1574-6941.2006.00249.x), Martinson et al. 2011,Engel et al. 2012, Engel et al. 2015
Gilliamella apicola | Bacteria; Proteobacteria; Gammaproteobacteria; Orbales; Orbaceae; Gilliamella | Apis spp. Bombus spp. | possible mutualist | [Jeyaprakash et al. 2003](http://dx.doi.org/10.1016/j.jip.2003.08.007), [Mohr and Tebbe 2006](http://dx.doi.org/10.1111/j.1462-2920.2005.00893.x), [Babendreier et al. 2007](http://dx.doi.org/10.1111/j.1574-6941.2006.00249.x), Martinson et al. 2011, Martinson et al. 2012, Kwong and Moran 2013
Snodgrasella alvi | Bacteria; Proteobacteria; Betaproteobacteria; Neisseriales; Neisseriaceae, Snodgrassella | Apis spp. Bombus spp. | possible mutualist | [Jeyaprakash et al. 2003](http://dx.doi.org/10.1016/j.jip.2003.08.007), [Mohr and Tebbe 2006](http://dx.doi.org/10.1111/j.1462-2920.2005.00893.x), [Babendreier et al. 2007](http://dx.doi.org/10.1111/j.1574-6941.2006.00249.x), Martinson et al. 2011, Koch et al. 2011, Martinson et al. 2012, Kwong and Moran 2013
Lactobacillus Firm5 (L. kimbladii, L. kullabergensis, L. melliventris, L. helsingborgensis) | Bacteria; Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus | Apis spp. Bombus spp., Meliponini | unknown | [Jeyaprakash et al. 2003](http://dx.doi.org/10.1016/j.jip.2003.08.007), [Mohr and Tebbe 2006](http://dx.doi.org/10.1111/j.1462-2920.2005.00893.x), [Babendreier et al. 2007](http://dx.doi.org/10.1111/j.1574-6941.2006.00249.x), Martinson et al. 2011, Vasquez et al. 2012, Kwong et al. 2014, Oloffsson et al. 2014
Lactobacillus Firm4 (L. mellifer, L. mellis) | Bacteria; Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus | Apis spp. Bombus spp., Meliponini | unknown | [Mohr and Tebbe 2006](http://dx.doi.org/10.1111/j.1462-2920.2005.00893.x), [Babendreier et al. 2007](http://dx.doi.org/10.1111/j.1574-6941.2006.00249.x), Martinson et al. 2011, Vasquez et al. 2012,  Oloffsson et al. 2014
Bartonella apis | Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales; Bartonellaceae; Bartonella | Apis spp. |  | Jeyaprakash 2003, Mohr and Tebbe 2006, Babendreier et al. 2007, Martinson et al. 2011, Engel et al. 2012, [Kesnerova et al. 2015](http://dx.doi.org/10.1099/ijsem.0.000736)

## Apis colony bacteria (i.e. not core bacteria in the worker gut but commonly found in other parts of the colony)

Bacterium | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Parasaccharibacter apium | Bacteria; Proteobacteria; Alphaproteobacteria; Rhodospirillales;Acetobacteraceae; Parasaccharibacter | Apis mellifera larvae hypopharyngeal glands, royal jelly | increased larval fitness | [Jeyaprakash et al. 2003](http://dx.doi.org/10.1016/j.jip.2003.08.007), [Mohr and Tebbe 2006](http://dx.doi.org/10.1111/j.1462-2920.2005.00893.x), [Babendreier et al. 2007](http://dx.doi.org/10.1111/j.1574-6941.2006.00249.x), Corby-Harris et al. 2014A
Alpha 2.1 | Bacteria; Proteobacteria; Alphaproteobacteria; Rhodospirillales; Acetobacteraceae; unclassified Acetobacteraceae | Apis mellifera, Bombus spp. | unknown | [Koch et al. 2011](http://dx.doi.org/10.1007/s00248-011-9854-3)
Lactobacillus kunkeei | Bacteria; Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus | Apis mellifera | unknown | [Anderson et al. 2013](http://dx.doi.org/10.1371/journal.pone.0083125), Corby-Harris 2014B
Fructobacillus fructosus | Bacteria; Firmicutes; Bacilli; Lactobacillales; Leuconostocaceae; Fructobacillus | Apis mellifera, Bombus spp. |  | [Koch et al. 2011](http://dx.doi.org/10.1007/s00248-011-9854-3), [Anderson et al. 2013](http://dx.doi.org/10.1371/journal.pone.0083125), Vojvodic et al. 2013

## Apis incidental bacteria

Many other bacteria have been found associated with honey bees, but in low numbers. We include Arsenophonus as it has possibly interesting biology.

Bacterium | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Arsenophonus sp.  | Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales; Enterobacteriaceae; Arsenophonus | Apis mellifera |  | [Babendreier et al. 2007](http://dx.doi.org/10.1111/j.1574-6941.2006.00249.x), Aizenberg-Gershtein et al. 2013, Corby-Harris et al. 2014B

## Non-Apis bee bacteria common associates

Many other environmental bacteria are also found sporadically associated with Non-Apis bees. Very few of the nearly 20,000 species of bees have been studied, so this list will likely change drastically with future research.

Bacterium | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Lactobacillus kunkeei clade bacteria | Bacteria; Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus | Halictidae, Megachilidae, Apidae, Austroplebeia australis | unknown | [McFrederick et al. 2012](http://dx.doi.org/10.1111/j.1365-294x.2012.05496.x), McFrederick et al. 2013, McFrederick et al. 2014A, McFrederick et al. 2014B, Leonhardt and Kaltenpoth 2014
Saccharibacter floricola | Bacteria; Proteobacteria; Alphaproteobacteria; Rhodospirillales; Acetobacteraceae; Saccharibacter | Halictidae | unknown | [McFrederick et al. 2012](http://dx.doi.org/10.1111/j.1365-294x.2012.05496.x), [McFrederick et al. 2014B](https://doi.org/10.1111/1574-6941.12302)
Fructobacillus spp.  | Bacteria; Firmicutes; Bacilli; Lactobacillales; Leuconostocaceae; Fructobacillus | Megalopta spp. | unknown | [McFrederick et al. 2012](http://dx.doi.org/10.1111/j.1365-294x.2012.05496.x), [McFrederick et al. 2014B](https://doi.org/10.1111/1574-6941.12302)

## Non-Apis bee bacteria possible endosymbionts

Bacterium | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Arsenophonus sp. | Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales; Enterobacteriaceae; Arsenophonus | Collettes, Megachile rotundata | unknown | [McFrederick et al. 2014 A](http://dx.doi.org/10.1098/rspb.2013.2653), Gerth et al. 2015
Wolbachia | Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Anaplasmataceae; Wolbachieae; Wolbachia | Widespread outside of Apis | unknown | [Gerth et al. 2011](http://dx.doi.org/10.1080/14772000.2011.627953), [McFrederick 2012](http://dx.doi.org/10.1111/j.1365-294x.2012.05496.x), [McFrederick et al. 2014B](https://doi.org/10.1111/1574-6941.12302), Gerth et al. 2015
Rickettsia | Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Rickettsiaceae; Rickettsieae; Rickettsia | Halictidae, Osmia | unknown | [Gerth et al. 2015](http://dx.doi.org/10.1093/femsec/fiv047)
Spiroplasma | Bacteria; Tenericutes; Mollicutes; Entomoplasmatales; Spiroplasmataceae; Spiroplasma | Megalopta spp. | unknown | [McFrederick et al. 2014B](https://doi.org/10.1111/1574-6941.12302)

##  Reference
These data come from supplemental material of:
The Bee Microbiome: Impact on Bee Health and Model for Evolution and Ecology of Host-Microbe Interactions
Engel et al., mBio, 2016; DOI: 10.1128/mBio.02164-15
PubMed PMID: [27118586](https://www.ncbi.nlm.nih.gov/pubmed/27118586); PubMed Central PMCID: [PMC4850275](https://europepmc.org/abstract/pmc/pmc4850275).



            

          

      

      

    

  

    
      
          
            
  # Non-Apis bee diseases

## Fungi

Microbe | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Antonospora scoticae  | Eukaryota; Opisthokonta; Fungi;Microsporidia;Microsporidia incertae sedis; Antonospora | Andrena scotica | Negative | Fries et al. 1999
Ascosphaera acerosa | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile rotundata, Megachile sp.  | Apathogenic | Anderson et al. 1998, Bissett 1996
Ascosphaera aggregata | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile rotundata | Negative | Anderson et al. 1998, McFrederick 2014
Ascosphaera asterophora | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile rotundata | Apathogenic | Anderson et al. 1998, Skou 1982
Ascosphaera atra | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile rotundata | Apathogenic | Anderson et al. 1998
Ascosphaera callicarpa | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Chelostoma florisomne | fecal pellet saprotroph  | Wynns et al. 2013
Ascosphaera celerrima | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia cornifrons | Not known | Anderson et al. 1998
Ascosphaera cinnamomea | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia cornifrons | Not known | Skou 1988, Anderson & Gibson 1998
Ascosphaera duoformis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Trigona carbonaria | Apathogenic | Anderson et al. 1998, Anderson & Gibson 1998
Ascosphaera flava | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile sp. | Not known | Anderson et al. 1998, Anderson & Gibson 1998
Ascosphaera fusiformis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia cornifrons | Not known | Anderson et al. 1998, Skou 1988, Anderson & Gibson 1998
Ascosphaera larvis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile rotundata | Negative | Bissett 1988, Hedtke et al. 2015
Ascosphaera major | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile centuncularis | Facultative parasite | Holm and Skou 1972
Ascosphaera naganensis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia cornifrons | Not known | Hedtke et al. 2015, Skou 1988
Ascosphaera osmophila | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Chalicodoma mystaceana, Megachile spp. | Negative | Anderson et al. 1998, Klinger et al. 2013
Ascosphaera parasitica | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia cornifrons | Not known | Skou 1988, Anderson & Gibson 1998
Ascosphaera pollenicola | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile rotundata | Apathogenic | Bissett 1988, Anderson & Gibson 1998
Ascosphaera scaccaria | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Leioproctus sp. | Negative | Anderson & Gibson 1998
Ascosphaera solina | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Colletidae | Not known | Anderson et al. 1998, Anderson & Gibson 1998
Ascosphaera spp.  | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia cornifrons, Osmia bicornis, Bombus spp., Andrena sp., Halictus sp. Lasioglossum sp. | Negative | Hedtke et al. 2015, Evison et al. 2012, Ravoet et al. 2014
Ascosphaera subcuticulata | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile (Chalicodoma) aethiops | Pathogenic | Anderson et al. 1998, Anderson & Gibson 1998
Ascosphaera subglobosa | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile rotundata | Apathogenic | Wynns et al. 2012
Ascosphaera torchio | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia lignaria | Negative | Torchio 1992
Ascosphaera variegata (synonym colubrina) | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile rotundata | Not known | Bissett 1988, Anderson & Gibson 1998, Wynns et al. 2012
Ascosphaera verrucosa | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia cornifrons | Apathogenic | Skou 1988, Anderson & Gibson 1998
Ascosphaera xerophila | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Osmia cornifrons | Not known | Anderson et al. 1998, Anderson & Gibson 1998, Skou 1988
Ascosphera proliperda | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Megachile centuncularis, Osmia cornifrons, other Megachile | Negative | Hedtke et al. 2015, Anderson 1998, Holm and Skou 1972.
Aspergillus flavus | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae | Nomia melanderi, Diadasia bituberculata | Negative  | Batra and Bohart 1969, Batra, Batra and Bohart 1973, Linsley and MacSwain 1952
Aspergillus spp. | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae | Osmia cornifrons | Negative | Hedtke et al. 2015
Aspergillus tamarii | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae | Nomia melanderi | Negative | Batra and Bohart 1969
Aspergillus terreus | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae | Nomia melanderi | Negative | Batra, Batra, and Bohart 1973
Beauveria bassiana | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; sordariomyceta; Sordariomycetes; Hypocreomycetidae; Hypocreales; Cordycipitaceae; Beauveria | Bombus pratorum, Bombus spp. | Negative | Leatherdale 1970
Fusarium solani | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; sordariomyceta; Sordariomycetes;Hypocreomycetidae; Hypocreales; Nectriaceae; Fusarium; Fusarium solani species complex | Nomia melanderi | Negative | Batra and Bohart 1969
Microsporidia | Eukaryota; Opisthokonta; Fungi | Bombus spp., Lasioglossum sp. | Unknown | Evison et al. 2012
Mucor sp.  | Eukaryota; Opisthokonta;Fungi; Fungi incertae sedis; Mucoromycotina; Mucorales; Mucorineae; Mucoraceae | Nomia melanderi | Negative | Batra and Bohart 1969
Nosema apis | Eukaryota; Opisthokonta; Fungi; Microsporidia; Apansporoblastina; Nosematidae | Bombus spp. | Unknown | Graystock et al. 2013
Nosema bombi | Eukaryota; Opisthokonta; Fungi; Microsporidia; Apansporoblastina; Nosematidae | Bombus spp.  | Negative | Cameron et al. 2011, Graystock et al. 2013; Li et al. 2012
Nosema ceranae | Eukaryota; Opisthokonta; Fungi; Microsporidia; Apansporoblastina; Nosematidae | Bombus spp., Osmia cornuta, Osmia bicornis, Andrena vaga, Andrena ventralis, Heriades truncorum | Negative in Bombus  | Graystock et al. 2013, Furst et al. 2014, Ravoet et al. 2014; Li et al. 2012
Nosema undescribed spp. | Eukaryota; Opisthokonta; Fungi; Microsporidia; Apansporoblastina; Nosematidae | Bombus spp. | Unknown | Li et al. 2012
Rhizopus sp.  | Eukaryota; Opisthokonta;Fungi; Fungi incertae sedis; Mucoromycotina; Mucorales; Mucorineae; Rhizopodaceae | Nomia melanderi, Diadasia bituberculata | Negative (spoilage) | Batra and Bohart 1969, Linsley and MacSwain 1952
Trichothecium roseum | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; sordariomyceta; Sordariomycetes; Hypocreomycetidae; Hypocreales; Hypocreales incertae sedis;Trichothecium | Nomia melanderi | Negative | Batra, Batra, and Bohart 1973

## Viruses

Microbe | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Acute bee paralysis virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Aparavirus | Bombus spp. | Unknown | McMahon et al. 2015
Black Queen Cell Virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Cripavirus | Bombus spp., Xylocopa virginica, Andrena sp. | Unknown | Singh et al. 2010, McMahon et al. 2015
Deformed Wing Virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus | Bombus spp., Megachile rotundata, Nomia melanderi, Augochlora pura, Andrean sp., Ceratina dupla, Xylocopa virginica | Negative | Singh et al. 2010, Levitt 2013, Evison et al. 2012, Singh 2011, Dissertation, Furst et al. 2014
Entomopox-like virus | Viruses; dsDNA viruses, no RNA stage; Poxviridae; Entomopoxvirinae; unclassified Entomopoxvirinae | Bombus spp.Unknown | Unknown | Clark 1982
Israeli acute paralysis virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Aparavirus | Megachile rotundata, Nomia melanderi, Bombus impatiens, Augochlora pura | Replicates in Bombus | Levitt et al. 2012, Singh et al. 2010, Singh 2011, Dissertation
Sac brood virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus | Bombus spp., Andrena sp. | Unknown | Singh 2010, McMahon et al. 2015
Slow bee paralysis virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus | Bombus spp. | Unknown | McMahon et al. 2015

## Bacteria

Microbe | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Arsenophonus | Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales; Enterobacteriaceae | Megachile rotundata, Colletes spp. | Unknown, reproductive parasite in other insects | McFrederick 2014, Gerth 2015
Paenibacillus sp. |  Bacteria; Firmicutes; Bacilli; Bacillales; Paenibacillaceae | Osmia cornifrons, Halictus ligatus, Megalopta genalis, Megalopta centrals | Not known | Hedtke 2015, McFrederick 2014, McFrederick 2012
Rickettsia | Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Rickettsiaceae; Rickettsieae | Halictus spp., Lasioglossum spp. | Unknown | Gerth et al. 2015
Spiroplasma apis | Bacteria; Tenericutes; Mollicutes; Entomoplasmatales; Spiroplasmataceae |  Osmia bicornis, Bombus spp. | Unknown | Ravoet et al.  2014, Meeus 2012
Spiroplasma melliferum | Bacteria; Tenericutes; Mollicutes; Entomoplasmatales; Spiroplasmataceae | Andrenid, Anthophora, Bombus spp., Osmia bicornis | Unknown | Clark et al. 1985, Ravoet et al.  2014, Meeus 2012
Wolbachia | Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Anaplasmataceae; Wolbachieae | Andrena sp., Halictus sp. Lasioglossum sp., Halictus ligatus, Augochlora pura, Megalopta genalis, Megalopta centralis, Melittidae, Megachilidae, Apidae, Andrenidae, Halictidae, Colletidae | Unknown, reproductive parasite in other insects | Evison et al. 2012, McFrederick et al. 2012, McFrederick et al. 2014, Gerth et al. 2015

## Protists

Microbe | Taxonomy | Known hosts | Effect on host | Citations
– | – | – | – | –
Apicystis bombi | Eukaryota; Alveolata; Apicomplexa; Conoidasida; Gregarinasina; Neogregarinorida; Ophryocystidae; Apicystis | Bombus spp., Osmia cornuta, Osmia bicornis, Andrena vaga, Andrena ventralis, Heriades truncorum  | Negative in Bombus | Graystock et al. 2013, Gamboa et al. 2015, Ravoet et al. 2014
Crithidia bombi | Eukaryota; Euglenozoa; Kinetoplastida; Trypanosomatidae; Leishmaniinae; Crithidia | Bombus spp., Andrean vaga, Osmia bicornis | Negative in Bombus | Shykoff and Schmidt-Hempel 1991 (among many others), Ravoet et al. 2014
Crithidia expoeki | Eukaryota; Euglenozoa; Kinetoplastida; Trypanosomatidae; Leishmaniinae; Crithidia | Bombus spp. | Not known. | Schmid-Hempel and Tognazzo 2010
Crithidia mellificae | Eukaryota; Euglenozoa; Kinetoplastida; Trypanosomatidae; Leishmaniinae; Crithidia | Vespula squamosa, Osmia bicornis, Osmia cornuta | Unknown | Schwarz et al. 2015, Ravoet et al. 2015

##  Reference
These data come from supplemental material of:
The Bee Microbiome: Impact on Bee Health and Model for Evolution and Ecology of Host-Microbe Interactions
Engel et al., mBio, 2016; DOI: 10.1128/mBio.02164-15
PubMed PMID: [27118586](https://www.ncbi.nlm.nih.gov/pubmed/27118586); PubMed Central PMCID: [PMC4850275](https://europepmc.org/abstract/pmc/pmc4850275).



            

          

      

      

    

  

    
      
          
            
  # Non-Apis bee micro-organisms

## Fungi

Microbe | Taxonomy | Citations (DOI or stable URL if available)
– | – | –
Antonospora scoticae | Eukaryota; Opisthokonta;Fungi;Microsporidia;Microsporidia incertae sedis; Antonospora | [Fries et al. 1999](http://dx.doi.org/10.1016/s0932-4739(99)80036-4)
Ascosphaera acerosa | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), Bissett et al. 1996
Ascosphaera aggregata | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), McFrederick 2014
Ascosphaera asterophora | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), Skou 1982
Ascosphaera atra | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261)
Ascosphaera callicarpa | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Wynns et al. 2013](http://dx.doi.org/10.1371/journal.pone.0073419)
Ascosphaera celerrima | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261)
Ascosphaera cinnamomea | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Skou 1988, [Anderson & Gibson 1998](http://dx.doi.org/10.1071/sb96026)
Ascosphaera duoformis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), [Anderson & Gibson 1998](http://dx.doi.org/10.1071/sb96026)
Ascosphaera flava | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), [Anderson & Gibson 1998](http://dx.doi.org/10.1071/sb96026)
Ascosphaera fusiformis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), Skou 1988, [Anderson & Gibson 1998](http://dx.doi.org/10.1071/sb96026)
Ascosphaera larvis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Bissett 1988](http://dx.doi.org/10.1139/b88-346), Hedtke et al. 2015
Ascosphaera major | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Holm and Skou 1972](http://dx.doi.org/10.1163/187631272x00274)
Ascosphaera naganensis | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Hedtke et al. 2015](http://dx.doi.org/10.1371/journal.pone.0130560), Skou 1988
Ascosphaera osmophila | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), Klinger et al. 2013
Ascosphaera parasitica | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Skou 1988, Anderson & Gibson 1998
Ascosphaera pollenicola | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Bissett 1988](http://dx.doi.org/10.1139/b88-346), Anderson & Gibson 1998
Ascosphaera scaccaria | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson & Gibson 1998](http://dx.doi.org/10.1071/sb96026)
Ascosphaera solina | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), [Anderson & Gibson 1998](http://dx.doi.org/10.1071/sb96026)
Ascosphaera spp. | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Hedtke et al. 2015](http://dx.doi.org/10.1371/journal.pone.0130560), Evison et al. 2012, Ravoet et al. 2014
Ascosphaera subcuticulata | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), [Anderson & Gibson 1998](http://dx.doi.org/10.1071/sb96026)
Ascosphaera subglobosa | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Wynns et al. 2012](http://dx.doi.org/10.3852/10-047)
Ascosphaera torchio | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Torchio 1992](http://dx.doi.org/10.1093/ee/21.5.1086)
Ascosphaera variegata (synonym colubrina) | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Bissett 1988](http://dx.doi.org/10.1139/b88-346), Anderson & Gibson 1998, Wynns et al. 2012
Ascosphaera verrucosa | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | Skou 1988, Anderson & Gibson 1998
Ascosphaera xerophila | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Anderson et al. 1998](http://dx.doi.org/10.1017/s0953756297005261), [Anderson & Gibson 1998](http://dx.doi.org/10.1071/sb96026), Skou 1988
Ascosphera proliperda | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Onygenales; Ascosphaeraceae; Ascosphaera | [Hedtke et al. 2015](http://dx.doi.org/10.1371/journal.pone.0130560), Anderson 1998, Holm and Skou 1972.
Aspergillus flavus | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae | [Batra and Bohart 1969](http://dx.doi.org/10.1126/science.165.3893.607), Batra, Batra and Bohart 1973, Linsley and MacSwain 1952
Aspergillus spp. | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae | [Hedtke et al. 2015](http://dx.doi.org/10.1371/journal.pone.0130560)
Aspergillus tamarii | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae | [Batra and Bohart 1969](http://dx.doi.org/10.1126/science.165.3893.607)
Aspergillus terreus | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; Eurotiomycetes; Eurotiomycetidae; Eurotiales; Aspergillaceae | [Batra, Batra, and Bohart 1973](http://dx.doi.org/10.1007/bf02057445)
Beauveria bassiana | Eukaryota; Opisthokonta; Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; sordariomyceta; Sordariomycetes; Hypocreomycetidae; Hypocreales; Cordycipitaceae; Beauveria | [Leatherdale 1970](http://dx.doi.org/10.1007/bf02370311)
Fusarium solani | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; sordariomyceta; Sordariomycetes;Hypocreomycetidae; Hypocreales; Nectriaceae; Fusarium; Fusarium solani species complex | [Batra and Bohart 1969](http://dx.doi.org/10.1126/science.165.3893.607)
Microsporidia | Eukaryota; Opisthokonta; Fungi | [Evison et al. 2012](http://dx.doi.org/10.1371/journal.pone.0030641)
Mucor sp. | Eukaryota; Opisthokonta;Fungi; Fungi incertae sedis; Mucoromycotina; Mucorales; Mucorineae; Mucoraceae | [Batra and Bohart 1969](http://dx.doi.org/10.1126/science.165.3893.607)
Nosema apis | Eukaryota; Opisthokonta; Fungi; Microsporidia; Apansporoblastina; Nosematidae | [Graystock et al. 2013](http://dx.doi.org/10.1111/1365-2664.12134)
Nosema bombi | Eukaryota; Opisthokonta; Fungi; Microsporidia; Apansporoblastina; Nosematidae | [Cameron et al. 2011](http://dx.doi.org/10.1073/pnas.1014743108), Graystock et al. 2013; Li et al. 2012
Nosema ceranae | Eukaryota; Opisthokonta; Fungi; Microsporidia; Apansporoblastina; Nosematidae | [Graystock et al. 2013](http://dx.doi.org/10.1111/1365-2664.12134), Furst et al. 2014, Ravoet et al. 2014; Li et al. 2012
Nosema undescribed spp. | Eukaryota; Opisthokonta; Fungi; Microsporidia; Apansporoblastina; Nosematidae | [Li et al. 2012](http://dx.doi.org/10.1016/j.ijpara.2011.10.005)
Rhizopus sp. | Eukaryota; Opisthokonta;Fungi; Fungi incertae sedis; Mucoromycotina; Mucorales; Mucorineae; Rhizopodaceae | [Batra and Bohart 1969](http://dx.doi.org/10.1126/science.165.3893.607), Linsley and MacSwain 1952
Trichothecium roseum | Eukaryota; Opisthokonta;Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina; leotiomyceta; sordariomyceta; Sordariomycetes; Hypocreomycetidae; Hypocreales; Hypocreales incertae sedis;Trichothecium | [Batra, Batra, and Bohart 1973](http://dx.doi.org/10.1007/bf02057445)

## Viruses

Microbe | Taxonomy | Citations (DOI or stable URL if available)
– | – | –
Acute bee paralysis virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Aparavirus | [McMahon et al. 2015](http://dx.doi.org/10.1111/1365-2656.12345)
Black Queen Cell Virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Cripavirus | [Singh et al. 2010](http://dx.doi.org/10.1371/journal.pone.0014357), McMahon et al. 2015
Deformed Wing Virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus | [Singh et al. 2010](http://dx.doi.org/10.1371/journal.pone.0014357), Levitt 2013, Evison et al. 2012, Singh 2011, Dissertation, Furst et al. 2014; Genersch et al. 2006
Entomopox-like virus | Viruses; dsDNA viruses, no RNA stage; Poxviridae; Entomopoxvirinae; unclassified Entomopoxvirinae | [Clark 1982](http://dx.doi.org/10.1016/0022-2011(82)90168-9)
Israeli acute paralysis virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Aparavirus | [Levitt et al. 2013](http://dx.doi.org/10.1016/j.virusres.2013.06.013), Singh et al. 2010, Singh 2011, Dissertation, Meeus et al. 2014
Kashmir bee virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Dicistroviridae; Aparavirus | [Meeus et al. 2014](http://dx.doi.org/10.1016/j.jip.2014.06.011)
Sac brood virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus | [Singh et al. 2010](http://dx.doi.org/10.1371/journal.pone.0014357), McMahon et al. 2015
Slow bee paralysis virus | Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA stage; Picornavirales; Iflaviridae; Iflavirus | [McMahon et al. 2015](http://dx.doi.org/10.1111/1365-2656.12345)

## Bacteria

Microbe | Taxonomy | Citations (DOI or stable URL if available)
– | – | –
Arsenophonus | Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales; Enterobacteriaceae | [McFrederick 2014](http://dx.doi.org/10.1111/1574-6941.12302), Gerth 2015
Paenibacillus sp. | Bacteria; Firmicutes; Bacilli; Bacillales; Paenibacillaceae | [Hedtke et al. 2015](http://dx.doi.org/10.1371/journal.pone.0130560), McFrederick 2014, McFrederick 2012
Rickettsia | Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Rickettsiaceae; Rickettsieae | [Gerth et al. 2015](http://dx.doi.org/10.1093/femsec/fiv047)
Spiroplasma apis | Bacteria; Tenericutes; Mollicutes; Entomoplasmatales; Spiroplasmataceae | [Ravoet et al. 2014](http://dx.doi.org/10.1016/j.jip.2014.08.007), Meeus 2012
Spiroplasma melliferum | Bacteria; Tenericutes; Mollicutes; Entomoplasmatales; Spiroplasmataceae | [Clark et al. 1985](http://dx.doi.org/10.1099/00207713-35-3-296), Ravoet et al.  2014, Meeus 2012
Wolbachia | Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Anaplasmataceae; Wolbachieae | [Evison et al. 2012](http://dx.doi.org/10.1371/journal.pone.0030641), McFrederick et al. 2012, McFrederick et al. 2014, Gerth et al. 2015

## Protists

Microbe | Taxonomy | Citations (DOI or stable URL if available)
– | – | –
Apicystis bombi | Eukaryota; Alveolata; Apicomplexa; Conoidasida; Gregarinasina; Neogregarinorida; Ophryocystidae; Apicystis | [Graystock et al. 2013](http://dx.doi.org/10.1111/1365-2664.12134), Gamboa et al. 2015, [Ravoet et al. 2014](http://dx.doi.org/10.1016/j.jip.2014.08.007)
Crithidia bombi | Eukaryota; Euglenozoa; Kinetoplastida; Trypanosomatidae; Leishmaniinae; Crithidia | [Shykoff and Schmidt-Hempel 1991](http://dx.doi.org/10.1007/bf00164387) (among many others), [Ravoet et al. 2014](http://dx.doi.org/10.1016/j.jip.2014.08.007)

##  Reference
These data come from supplemental material of:
The Bee Microbiome: Impact on Bee Health and Model for Evolution and Ecology of Host-Microbe Interactions
Engel et al., mBio, 2016; DOI: 10.1128/mBio.02164-15
PubMed PMID: [27118586](https://www.ncbi.nlm.nih.gov/pubmed/27118586); PubMed Central PMCID: [PMC4850275](https://europepmc.org/abstract/pmc/pmc4850275).



            

          

      

      

    

  

    
      
          
            
  # Wiki

A comprehensive catalogue of Apis and non-Apis diseases and microbes, providing an overview of most of the microorganisms known to date, can be found here:


	[Apis bee diseases, including known hosts and known effects on hosts](/wiki/apis-bee-disease-overview)


	[Non-Apis bee diseases, including known hosts and known effects on hosts](/wiki/non-apis-bee-disease-overview)


	[Apis bee microbes](/wiki/apis-bee-microbe-overview)


	[Non-Apis bee microorganisms](/wiki/non-apis-bee-microorganism-overview)






            

          

      

      

    

  

    
      
          
            
  ## Available Scripts

In the project directory, you can run:

#### Install BeeBiome package and any packages that it depends on

npm install

#### Runs the app in the development mode


	npm start


	Open [http://localhost:3000](http://localhost:3000) to view it in the browser.




The page will reload if you make edits.
You will also see any lint errors in the console.

Note: environment variables are defined in following files (files on the left have more priority than files on the right): .env.development.local, .env.development, .env.local, .env

#### Create a war for production

1. Modify .env to set properties.
WARNING: Do not commit this file to avoid having unencrypted e-mails in the git repository.


	Then, mvn -P prod clean install




Note: environment variables are defined in following files (files on the left have more priority than files on the right): .env.production.local, .env.production, .env.local, .env

## Learn More

You can learn more in the [Create React Hero documentation](https://facebook.github.io/create-react-app/docs/getting-started).

This project was bootstrapped with [Create React Hero](https://github.com/facebook/create-react-app).
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