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overview 



The old story: Nosema apis 

- microsporidia (fungi) 
- spores: characteristic internal structure 
- first desciption in bees: Dönhoff & Leukart (1857) 
- classification by Enoch Zander in 1909 



The old story: Nosema apis 

- tissue specific: midgut 



The old story: Nosema apis 

- hatching of spores 
- invasion of host cells 

> polar tube 
> polaroplast 
> posterior vacuole 
> sporoplasm 



The old story: Nosema apis 



The old story: Nosema apis 

- thick and thin-walled spores 



The old story: Nosema apis 

- diseased midgut 

> microscopic section 
> whole intestinal tract 



The old story: Nosema apis 

- diseased colonies 
- seasonal course 
- world-wide distribution 
- economic losses in 
temperate climates 



N. ceranae, parasite of Asian honeybee 

Fries et al. (1996): 
« Nosema ceranae n. sp., morphology and molecular 
characterization of a microsporidian parasite of the 
Asian honey bee Apis cerana » 

- host: Apis cerana  
(around Beijing, China) 



N. ceranae, parasite of Asian honeybee 

- spores: ovocylindrical, curved, distinctly smaller, 
fewer polar filament coils 



N. ceranae, parasite of Asian honeybee 

- ribosomes/rRNA 

TYPE   SIZE  LSU     SSU 
prokaryotic  70S  50S (5S, 23S)   30S (16S) 
eukarytic  80S  60S (5S, 5.8S, 28S)  40S (18S) 
microspor.  70S  50S (5S, 23S)   30S (16S) 



A new issue: Nosema ceranae 

- 12 samples from different regions in Spain from 
colonies with signs of population depletion 
- microscopy: Nosema spp. 
- N. apis PCR negative (Webster 2004; 16S rRNA) 
- new PCR primers + sequencing: 11 x N. ceranae 



A new issue: Nosema ceranae 

- rRNA sequenties 
- ultastructural characteristics 



A new issue: Nosema ceranae 

- widespread dispersal 

THE AMERICAS 
Brazil, Canada, Uruguay (one sample of 1990), USA 
(since at least 1995) 

ASIA 
Taiwan, Vietnam 

EUROPE 
Belgium, China, Denmark, Finland (since at least 
1998), France, Germany, Greece, Hungary, Ireland, 
Italy, The Netherlands, Serbia, Spain, Sweden, 
Switzerland, UK 

AUSTRALASIA 
New Zealand, Australia 



A new issue: Nosema ceranae 

- cage experiments (125,000 spores/bee) 



A new issue: Nosema ceranae 

Paxton et al. (2007): 

NATURAL   CAGE EXPERIMENT 
INFECTION   (100,000 spores/bee) 



A new issue: Nosema ceranae 

Forsgren & Fries (2010): 



A new issue: Nosema ceranae 

Martin-Hernandez et al. (2007): 



A new issue: Nosema ceranae 

Cox-Foster et al. (2007): Metagonomic survey of 
microbes in honeybee colonies with CCD 



A new issue: Nosema ceranae 

 Genersch et al. (2010): German monitoring project 



A new issue: Nosema ceranae 

Fries (2010): 



A new issue: Nosema ceranae 

Cornman et al. (2009): 



Diagnostics according to the OIA Manual 

Office International des 
Epizooties 

World Organisation for 
Animal Health 

= intergovernmental 
organisation responsible 
for improving animal 
health worldwide 

- recognised as a reference 
organisation by the World 
Trade Organization (WTO) 
- 176 Member Countries 
and Territories 



Diagnostics according to the OIA Manual 

http://www.oie.int/eng/normes/mmanual/A_summry.htm 



Diagnostics according to the OIA Manual 

Section 2.2. Apidae 

  Introductory note on bee diseases 
Ch. 2.2.1.  Acarapisosis of honey bees 
Ch. 2.2.2.  American foulbrood of honey bees 
Ch. 2.2.3.  European foulbrood of honey bees 
Ch. 2.2.4.  Nosemosis of honey bees 
Ch. 2.2.5.  Small hive beetle infestation (Aethina 
  tumida) 
Ch. 2.2.6.  Tropilaelaps infestation of honey bee  
  (Tropilaelaps spp.) 
Ch. 2.2.7.  Varroosis of honey bees 



Diagnostics according to the OIA Manual 

Microscopy 
UNSTAINED (Cantwell, 1970) 
- sample bees at hive entrance (avoid bees under the 
age of 8 days) 
- 60 bees should be collected  (in order to detect 5% 
of diseased bees with 95% confidence) 
- fixation in 4% formol, 70% EtOH or freezing 
(in order to prevent them from decomposing) 
- separate abdomens and ground in 2-3 ml water 
- 3 drops on slide, examination at x400 under bright-
field or phase-contrast optics 

STAINED 
- air-dried, EtOH-fixed smears of infected tissues 
- Giemsa staining (10% in 0.02M phosphate buffer) 



Diagnostics according to the OIA Manual 

UNSTAINED 
Nosema apis    Nosema ceranae 

STAINED 
N. apis: unstained wall, indistict blue interior without 
visible nuclei 
insect cell, fungal spores and other protozoa: thinner 
wall, blue/purple cytoplasm, magenta coloured 
nuclei 



Diagnostics according to the OIA Manual 

Microscopy 
QUANTITATIVE 
- 10 abdomens macerated in 5 ml water 
- filtration through 2 layers of muslin 
- water level equalised 
- centrifugation, supernatants decanted 
- tubes refilled to 10 ml level 
- counting in a haemocytometer at 400x 



Diagnostics according to the OIA Manual 

Polymerase Chain Reaction 
SAMPLE PREPARATION 
- 10-20 abdomens macerated in 10 ml water 
- filtration 
- centrifugation, supernatants decanted 
- induction of spore germination (NaCl+NaHCO3) 
- DNA extraction (routine procedure/comercial kits) 

MULTIPLEX PCR 
- primers used < Martin-Hernandez et al. (2007) 
NAME   AMPLICON   SPECIFIC 
218MITOC FOR  218-219   N. ceranae 
218MITOC REV 
321APIS FOR  321    N. apis 
321APIS REV 



Beyond OIE Manual 

Microscopy 
SEMI-QUANTITATIVE (Gross & Rutner, 1970) 
- 10-20 abdomens macerated in 10 ml water 
- crushed midguts 
- examination at 400x 
- average infection level (30 fields of vision) 

infection level  I 
+/- 10 spores  

II 
+/- 50 spores  

III 
+/- 100-150 

spores  

IV 
> 150 spores  



Beyond OIE Manual 

Polymerase Chain Reaction 
FOR SEQUENCING 

Higes et al. (2006)(N. apis-based) 
primers  NOS FOR and NOS REV (240 bp) 

Higes et al. (2007)(Enterocytozoon-based) 
primers  MICROCE-F and MICROCE-R (1171 bp) 
  INTERFOR and INTER-REV 

Huang et al. (2007)(divers origin) 



Beyond OIE Manual 

N. ceranae rRNA gene  vs.  Higes/OIE-primers: 

>gi|94962170|gb|DQ486027.1| 
CACCAGGTTGATTCTGCCTGACGTAGACGCTATTCCCTAAGATTAACCCATGCATGTTTTTGACATTTGAAAAATGGACTGCTCAGTAATACTCACTTTATTTTATGTAAATTTTTAATTAACTA
CGTTAAAGTGTAGATAAGATGTTTACAGTAAGAGTGAGACCTATCAGCTAGTTGTTAAGGTAATGGCTTAACAAGGCTGTGACGGGTAACGGTATTACTTTGTAATATTCCGGAGAAGGAGCCTG
AGAGACGGCTACTAAGTCTAAGGATTGCAGCAGGGGCGAAACTTGACCTATGGATTTTATCTGAGGCAGTTATGGGAAGTAATATTATATTGTTTCATATTTTAAAAGTATATGAGGTGATTAAT
TGGAGGGCAAATCAAGTGCCAGCAGCCGCGGTAATACTTGTTCCAAGAGTGTGTATGATGATTGATGCAGTCAAAAAGTCCGTAGTTTATTTATTTAAGAAGCAATATGAGGTGTACTGTATAGT
TGGGAGAAAGATGAAATGTGACGACCCTGACTGGACGAACAGAAGCGAAAGCTGTACACTTGTATGTATTTTTTGAACAAGGACGTAAGCTGGAGGAGCGAAGATGATTAGATACCATTGTAGTT
CCAGCAGTAAACTATGCCGACGATGTGATATGAAAATATTAATTTGTATTACATACTAGAAATTTGAGTTTTTTGGCTCTGGGGATAGTATGATCGCACGATTGAAAATTAAAGAAATTGACGGA
AGAATA 
      (H)TGCCGACGATGTGATATGAG 
      (O)CGGCGACGATGTGATATGAAAATATTAA  
CCACAAGGAGTGGATTGTGCGGCTTAATTTGACTCAACGCGAGGTAACTTACCAATATTTTATTATTTTGAGAGAACGGTTTTTTGTTTGAGAATGATAATAGTGGTGCATGGCCGTTTTCAATG
G 
                                                                            GCCAAAAAACAAACTCTTACTGGCCC(O)         
GCAAAAGTTACC 
ATGCTGTGAAGTTTTGATTAATTTCAACAAGACGTGAGACCCTTATTTTTTATTAAAGACAGACACAATCAGTGTAGGAAGGAAAGGATTAAAACAGGTCCGTTATGCCCTCTGACATTTTGGGC
T 
TACGACAC(H) 
GCACGCGCAATACAATAGATATATAATCTTTATGGGATAATATTTTGTAAGAGATATTTGAACTTGGAATTGCTAGTAAATTTTATTAAATAAGTAGAATTGAATGTGTCCCTGTTCTTTGTACA
CACCGCCCGTCGCTATCTAAGATGATATATGTTGTGAAATTAGTGAAAACTACTTAAACAATATGTATTAGATCTGATATAAGTCGTAACATGGTTGCTGTTGGAGAACCATTAGCAGGATCATA
ATGATTTTTAAAATTATTTATTTCATATTATTATTTTTATTTTGCCCACACATGGGATCAATAGGATACCATAACGATGAAGGTCGTAATAGAATACGAAAGTATTTTAATATTTACCGAATTAA
TATTTAATAATATTGATTACCCTTTGAACTTAAGCATATCATTAAAAGGAGGAAAAGAAACTAACTAGGATTTCTTTAGTAGCGGCGAGTGAACAAGAAATAACCCTTGATTGTAATCCTTAATT
GGAGATGTAAATCAATTTTATTTTTATTTAATTATATCATAGAGAATATTTATTATTCGTTATTATAAGATGATAATCAAATATATTGAGTAGGGCTGCTTGGTAGTGCAGTTTGAATAAAGGTA
GAATGAGATATCTAAGGTTAAATATAATGGTATACCGATAGCAAATAAGTACTGCGAAGGATTTTGTGAAAATGTGTGTGGTATAGCCTTATTTTTAAGGACCCGTCTTGAAACCGACCAGGAGA
TTATATTTATACCGAGATAATTTTTTTATTTTAGCCGTTATTAATTTGTAAGTTATATTATAAGACCCGAAACACAGTGAACTATACATGTTCTGGTTGAAGATAAGCAACAGTTTATTGGAAGA
CCATAATCATTCTGACGTGCAAATCGATGATTTAAGATGTGTATAGTGGCGAAAGACCAATCGAACTGTGTGGTAGCTGGTTCACAGCGAAATGTCTCTCAGGACAGCAGTCATTATTTTTTTTA
TATAGGACATAGATGTGGAACACTGTTATAATATTTATATTATGAGAAATCTTTAATTCTATGGAATTTTATAAATTAATTTTATAAAATGTATCTATTATTTTATGACTAGTGGGCACATGATT
GTAAGAATGATGTGCAAAAAGGGATGAACCTTATGAAACATTAAATATTCTATATAGTAGATATTATACCCATAAATATGATGAAGACGTGGAGACAGCGCGCCGGCTGTTATGGAAGTAGAAAT
CCGCTAAGAAACGTGTTACAACGTATCTACCGAATGTATTATTGTATAAAATGGAAGAAGATTACTACTTTTTATGAGATGGTTTCTGTTNTATTTATTTATCAGGTAGCTGTGCAATTTGTTTG
TATTGAAGTATATATGTGAATATATATAGAAGAAACAAATGAGCCGATCTTGGAGGCAGTAACAATATATTTGTATAGATATTAGACTAGGGTTTTCAATTATTATTGAAGTGAATCGGTGTTAT
TTTATAAAAACAAAAAAGATTAATAATTCTTTATTAAACTATTTTAAGGCGACTTGATGATGACAGTATATTTATTAATCTAAGATAAATGAATTAGATTATTTATTTATTAACTATGGATTGTC
ATGATAAGAAGTAGTTATTTATATATACTTGATAAAAATATTATAGTTTTAACCGTACCTATACCGCATCAGGAGTCTTTGTATCATAACAAATATTTTAAATTAAAGTAAGTAAGGGAATTCGG
CAAATTAGATCTGTAACTTTGGGATAAAGATTGGCTCTAGCATGCTAGAACTTTTACTATGTAAGGAATCTGACTGTTTATTAAAAACATAGCTTTTTGTAATTACAAGAAGTGAATTCTGCCCA
GTGCATTTATTGTTAAAGTTGTGTAAGCGAATGTAAACGGCGGGAGTAACTATGACTCTCTTAAGGTAGCCAAATGCCTCGTCATTTAATTGGTGACGCGCATGAATGGAGCAACGAGATTCCTA
CTGTCCCTACTTACAATTTTGTGAAACCACTATACAAGGGAACGGGCTTGTTATTTATCAGCGGGGAAAGAAGACCCTGTTGAGCTTGACTTTAGTATGTTCTAATAATTATTCGATATATTGTA
GAGAGGTGGGAGATTATTTGTGAAACCACTAGTATGTTTGAATAATTATTTATTTTATTGAATATATGGGGAGTTTGGCTGGGGCGGTACAGCTGTTAAAAAGTAACACAGCTGTCCTAAGGTAG
ATGAATGATGGATGGTAACCATCAGTTTATTATAAGGGAATGAATCTGCTTTACTTTATACATATGACTGTATTTAGTAGGGAAACCTTGGCCTAGCGATCCCAATTACATTCATTATGTATTGG
GTGATTGAAAAGTTACCACAGGGATAACTGGCTTGTAGCAGGCAAGCGATCATAGCGACTCTGCTTTTTGATTCTTCGATGTCGTCTCTTCTGATCATCGTAGTGTATATGTTACGAAGTGTTGG
ATTGTTCACCCGGTAATGAGGAACGTGAGATGGGTTTAGACCGTCGTGAGACAGGTTAGTTTTACCCTACTGTTTGTATTTTTGAGTGAACTTTGATAGTACGAGAGGAACTCTAAGTGATGACC
ACTGGTAGTGCGATTAACTATTAAGTTATGTTGCTTAGCTACGTCATTTCGATTAAGGCTGAAAGCCTCTTAAGCCTGAAGCGTAGCTCAAGGATATTTTTTTGAGAATACTACTCTTTTAAGCA
GAACTGTAAGAATGAAGGTGTATGCCGACATTTTGAGGTTACTGCTTTTTTGTTAATGAAGTAGGTTATAAACACTAATATTCGATTATATTATGTATGATAACTGCCCTCCGAGTGAAAAGGCG
AAGTATAAGAACTTACCGCCAGAAGAGAAGACAATAATCTCTCATACCAAAGTTAAGGAGCCCTCCACAATGAGAGCGTCCACGTCGCGGAGGGTGGGACTGGGGTTTTATAACTCCTGGTGCGA
ATCTCATAAGTCTTACCAATACCTCCTGCCCTCCACAATGAGAGCGTCCACGTCGCGGAGGGTGGGACTGGGGTTTTATAACTCCCGGTGCGAATCTCATAAGTCTTACCACTACCTTCTGGCTG
CTGGCATGGTAAGTAGGATCAGCGATATCCTTGGGGTGAGTAGACCCATTGCCGGATAAAAGAGTCCGTTACCCTTCGGGGAATCTTAAGTCTTTCTTCTAAGAAAGTAGGGCAAGCTATGCTCT
TGGGATGTGAGATCCAGTGCCGGTTGGGAGAAGCCGTTACCCTTCGGGGAATCTTCAAAAAACACACAACCTGGGGGAGGGTTTGGCAAGCTGCTGACGCCGTAGCATTTGCGTTGGATCAGGTC
AGATCCTTAAACTGACGATTGAGTCAGCGTGTTATCCCTAGAACCCTGCTCAGCGCAGTCACGGTCTTCATGACTGTGGATGTTAATCCTAA  



Beyond OIE Manual 

PCR FOR RAPID DIFFERENTIATION 

Klee et al. (2007) 
SSU rRNA 
PCR-RFLP using MspI, PacI and NdeI 



Beyond OIE Manual 

1=N. bombi 
2=N. apis 
3=N. ceranae 



Beyond OIE Manual 

Chen et al. (2008) 
- rRNA gene based 
- 3 primer sets separately applied 



Beyond OIE Manual 

SEARCH FOR POLYMORPHISM 
Huang et al. (2008) 
- comparison InterGenic Spacer region (IGS) 
- comparison Internally Transcribed Spacer (ITS) 
- no differences in sequences (except 1 point 
mutation < Martinique) 



Beyond OIE Manual 

SEARCH FOR POLYMORPHISM 
Sagastume et al. (2010) 
- genotyping based on IGS and SSU 
- high diversity of sequences: 79 haplotypes 
- '2 sequences from one isolate as different as any 
pair of sequences from a different sample' 
-'identical haplotypes found in different regions' 
=> no reliable marker for differentiation 



Beyond OIE Manual 

Sagastume et al. (2010)(continue) 
- processus of homologue recombination suggested 
(but putatively asexual microsporidia) 



Beyond OIE Manual 

REAL-TIME PCR FOR QUANTIFICATION 
Bourgeois et al. (2010) 



Beyond OIE Manual 

Bourgeois et al. (2010)(continue) 



Conclusions 

- N. ceranae jumped recently from the Asian to the 
European honeybee (discovered 2x independently) 
- impact is region dependent a may be related to its 
freezing-°T sensitivity 
- traditional microscopic techniques cannot 
differentiate N. apis and N. ceranae 
- there are several molecular tools that can 
- haplotyping based on rRNA gene seems no 
releable marker for differentiation 
- quantification of spore-load is also possible by 
real-time PCR 


