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Stenyngel og Kalkyngel



Stenyngel
• Forårsages af Aspergillus flavus, A. niger, A. fumigatus


• Sygdom ikke set i Danmark i mere end 50 år


• Det er især kendt fra biernes yngel


•Men døde bier med stenyngel symptomer kan forekomme


• Svampen er en saprofyt, d.v.s. døde bier angribes 


•Men produktion af kraftige giftstoffer kan slå ihjel



Stenyngel symptomer

Foto fra http://windowbee.com/stony-mycosis/



Stenyngel sygdom
• Der er meldepligt!


• Det skyldes at stenyngel kan angribe mennesker


• Svampen har mange værter eller ofre


• Honningbier, mennesker, biavlere, insekter, planter


• Svampens gift virker på nervesystemet og kan dræbe


• Nogle stoffer er kræftfremkaldende



Sygdomsforløb
• Ikke velbeskrevet hos honningbier


• Kan smitte gennem larvens hud eller gennem tarmen


• Dræber bilarver med cellegifte


• Der dannes nye sporer fra frugtlegemer


• De lette sporer kan spredes med vinden


• Svampen vokser ud mellem biens leddele









Stenyngel sidder fast i cellerne
• Svampen vokser ud ad pupperne og gror sammen med vokstavlen


HUSK


• Meldepligt! Kontakt straks Offentlig Bisygdomsbekæmpelse


• Angriber mennesker, via slimhinder, d.v.s. øjne, mund og lunger


• Honning skal destrueres: 
Svampen producere nervegifte, der er kræftfremkaldende!


• Hvis i tvivl, kontakt læge.



Kalkyngel
• Forårsages af Ascophaera apis


• Rammer biernes yngel i larvestadiet


• Larver kan dø, men ofte nås puppestadiet


• Forseglet yngel dør i cellerne


• Bierne fjerner de døde pupper, såkaldte mumier


• Sygdommen kan ofte ses uden at åbne stadet



Kalkyngel mumier

Bierne har let ved at udrense kalkyngel mumier











Kalkyngel symptomer
• Kalkyngel rammer bier yngel


• Ascophaera apis foretrækker honningbier


• Karakterisk er de løse mumier, der rasler i tavler


• Falder ofte ud når man inspicere tavlen


• Bierne har let ved at fjerne kalkyngel mumier


• Man kan finder mumierne foran stadet og i bunden









4 Jensen et al. 

1.2.2.1 PCR for species identification 

Genomic DNA can be amplified in a 25 µl reaction containing: 

1. 2.5 μl Taq polymerase buffer (100 mM tris-HCl, pH 8.3; 500  

 mM KCL) 

2. 2 U of Taq DNA polymerase 

3. 1.5-2.5 mM MgCl2  

4. 250 µM of each deoxyribonucleotide triphosphate 

5. 0.25 μM of an forward and reverse primer (Table 1)  

6. 1 µl of DNA 

 

Reaction conditions are as follows:  

1. initial denaturing for 10 min at 94°C 

2. 30 cycles of 45 s denaturing at 94°C 

3. 45 s annealing at 62-65°C 

4. 1 min extension at 72°C 

5. final extension for 5 min at 72°C.  

Results are visualised using Gel Doc (BioRad) or any other DNA 

imaging systems. We would recommend that the primer pair 3-F1 and 

3-R1 (Table 1) (James and Skinner, 2005) be used as a standard for 

identification of A. apis. Both primers are A. apis specific as opposed 

to the primer pair in Murray et al. (2005). Furthermore, 3-F1/3-R1 

amplifies a longer PCR product that could be very useful for sequencing 

efforts (James and Skinner, 2005). The PCR protocol described above 

can be optimised depending on the type of equipment and reagents 

used in the laboratory. We would recommend sequencing the PCR 

product as a quality control, the first time the protocol is implemented 

in a new laboratory (for more information on sequencing consult the 

BEEBOOK paper on molecular methods (Evans et al., 2013).  

1.3. Quantitative detection  

1.3.1. Quantify the level of fungal infection in bee colonies  

Different methods have been used to assess the level of chalkbrood 

infection in the honey bee hive, but none of the methods are 

completely reliable. The most direct method is to remove brood 

combs from the hives and count the number of mummies inside 

capped and uncapped cells. These values can be added to the number 

of mummies found on the bottom board of the hive. It is however 

important to add an entrance hive trap like a pollen trap (see the 

BEEBOOK paper on miscellaneous methods (Human et al., 2013) or a 

screened bottom board (Flores, unpublished data), to hinder the bees 

from removing mummies from the hive.   

Assessing chalkbrood infection by counting mummies has 

important drawbacks: it does not include the number of mummies 

inside capped cells, unless all capped cells are opened and inspected; 

and it does not include the mummies that are removed from the hive 

in small pieces by worker bees which are thus not collected by the 

entrance traps. Furthermore, these counting methods are heavily 

influenced by environmental conditions. High nectar flow induces 

higher removal of mummies (Thompson, 1964; Momot and 

Rothenbuhler, 1971) and during a nectar flow more mummies may be 

recovered in the traps, leading to possible error in the estimation of 

disease prevalence. 

For the above reasons, we propose that the level of colony 

infection be evaluated by chilling the brood to 25ºC (Flores et al., 

1996a). The number of mummified larvae after chilling allows for an 

assessment of the degree of potential infection in bee colonies. This 

method has also been used to compare the degree of infection among 

Fig. 3. Scanning electron microscope pictures of Ascosphaera apis fruiting body. A. Spherical fruiting body; B. Cracked fruiting body with 

sporeballs; C. Sporeballs with multiple ascospores.                                                                                 Photos: J Bresciani and A B Jensen 

Table 1. List of Ascosphaera apis specific primers. * Primer pair recommended to be used as standard.  

Primer name 
Annealing 
temp. (°C) Primer sequence Citation 

3-F1* 62 TGTCTGTGCGGCTAGGTG James and Skinner, 2005 

3-F2 62 GGGTTCTCGCGAGCCTG James and Skinner, 2005 

3-R1* 62 CCACTAGAAGTAAATGATGGTTAGA James and Skinner, 2005 

AscoF3 64 GCACTCCCACCCTTGTCTA Murray et al., 2005 

AapisR3 64 CCCACTAGAAGTAAATGATGGTTA Murray et al., 2005 

A C B 

Kalkyngel elektronmikroskopi: J Bresciani og Annette Bruun Jensen, Københavns Universitet

A) Rund sæk B) Åben sæk med spore kugler C) sporekugler



Mumier
• Der er to parringstyper i kalkyngel


• Nye sporer dannes kun efter kønnet formering


• De sorte mumier spreder nye sporer


• Hvide eller gulgrønne mumier har ikke dannet sporer


• Sporer af kalkyngel kan overleve mere end 10 år


• Sporen spirer i larvens tarm



Skimmelsvamp



Nosemasyge - sygdom rammer voksne bier!



 
 

- EPILOBEE - 2012-2014 Version 2 (from 15th. September 2015) 
 

Nosemosis 

Figure 8: Clinical prevalence of nosemosis in the apiaries recorded during the three visits of EPILOBEE 2012 – 2013 (Revised graph) 
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Tre arter af nosema
• Nosema apis er den oprindelig art i Europa 1906


• Nosema ceranae beskrevet i Asien, hos Apis cerana


• Bredt sig til Apis mellifera i næsten hele verden


• Store tab i Spanien, men ellers ligner symptomer N. apis 

• Kuldefølsom, mindre udbredt i koldt klima


• Nosema neumanni en nye art fra Uganda, biologi ukendt


• Navngivet ikke længere som Nosema, men Vairimorpha apis og V. ceranae



5. Diagnosis and biology

There is no specific outward sign of disease in bees infected
with N. apis, although the ventriculus of heavily infected bees
may appear whitish and swollen (Fries, 1997). Similarly, there
are no outward symptoms reported for N. ceranae. Thus, diagnosis
requires light microscopy, or more sophisticated molecular meth-
ods. The spores of N. ceranae are slightly smaller than in N. apis,
but the two species are nevertheless difficult to tell apart with cer-
tainty under a light microscope (Fig. 1; Fries et al., 2006a). Using
transmission electron microscopy, the species can be separated
based on the number of polar filament coils on that basis that N.
ceranae always have fewer coils compared to N. apis (Fries et al.,
1996; Chen et al., 2009) (Fig. 2). Several PCR based molecular tech-
niques for the diagnosis and identification of N. apis and N. ceranae
have been described. Protocols for the PCR–RFLP method (Higes
et al., 2006; Klee et al., 2007), a uniplex PCR using species specific
primers (Chen et al., 2008) and a multiplex PCR for amplification of
DNA from the two species simultaneously (Martín-Hernández
et al., 2007) have been published. The latter methodology is ac-
cepted and recommended by The World Organisation for Animal
Health (OIE Terrestrial Manual, 2008). Because mixed infections
of the two parasites are common in some areas (Paxton et al.,
2007) the development of quantitative molecular tools is necessary
to describe relative parasite prevalence.

Colony level symptoms of dysentery may be aggravated by
infections of N. apis (Bailey, 1981) but this agent is not the primary
cause of this condition (Bailey, 1967). Nevertheless, dysentery cer-
tainly aids the fecal–oral route of parasite transmission. For
N. ceranae no specific colony level symptoms of infection have been
described. In Spain, infected colonies have been associated with
gradual depopulation, higher autumn and winter colony death
and a decrease in honey production (Higes et al., 2008a). Strikingly,
no dysentery is reported to be associated with infections of
N. ceranae (Faucon, 2005; Higes et al., 2008a). Whether this indi-
cates that the main transmission routes of N. ceranae are different
from N. apis, where soiled comb is believed to be the primary

source of infection (Bailey, 1955) remains to be investigated. Dis-
ease transmission through soiled comb is possible because N. apis
spores may remain viable in fecal deposits for more than a year
(Bailey, 1962) whereas the effect of time on the viability of N. cer-
anae spores in the hive environment is unknown. Nevertheless,
even if freezing significantly reduces N. ceranae viability (Fig. 3,
Fries and Forsgren, 2009), the spores of this parasite do remain via-
ble for extended periods outside of bees, given that viable spores
have been found in regurgitated pellets of the bee eating bird Mer-
ops apiaster (Higes et al., 2008b).

The intracellular development of N. ceranae in the ventricular
cells appears to be similar to that of N. apis (Fries et al., 1996; Higes
et al., 2007; Chen et al., 2009). The spores enter the bee through the
food canal and germinate in the midgut where the epithelial cells
become infected. There is as yet no evidence for N. ceranae spores
being produced in any other cell type than in the ventricular epi-
thelial cells (Fries et al., 1996; Higes et al., 2009). However, using
PCR, Chen et al. (2009) report on finding N. ceranae-specific nucleic
acid, not only in the ventricular epithelium, but also in the Malpi-
ghian tubules, hypopharyngeal glands, salivary glands and fat body
cells. These data suggest that N. ceranae may not be cell specific,
but it remains to be demonstrated whether the parasite can com-
plete its life cycle outside of the ventricular cells. Using light
microscopy, no spores of N. ceranae were found in any other tissue
type in A. cerana when the parasite was first described (Fries et al.,
1996). Nevertheless many microsporidian species infect multiple
tissues. As an example, Nosema bombi, a parasite of different bum-
ble bee species, completes its life cycle not only in the ventricular
cells, but also in the Malpighian tubules, fat body cells and even in
the brain and nerve tissue cells (Fries et al., 2001).

Following a dose of 10,000 spores to bees kept at +30 !C, the
growth rate of N. ceranae is similar to that of N. apis, but mature
spores are produced a day or so later (Paxton et al., 2007). Both
parasites reach approximately 30 million spores in the midgut
after 10–12 days although bees may need to be kept longer to
reach the maximum spore number in N. ceranae (Paxton et al.,
2007). Martín-Hernández et al., 2009 reported different growth
curves for both parasites at +33 !C with spores produced much fas-
ter in N. ceranae. However, they (Martín-Hernández et al., 2009)
used a dose of 100,000 spores per bee and investigated the whole
abdomen and not just the ventriculus. The discrepancy in growth

Fig. 1. Spores of N. ceranae (A) are distinctly smaller than spores of N. apis (B).
Nevertheless, they can be hard to distinguish by light microscopy, in particular
where mixed infections occur. Bars = 5 lm. (From Fries et al. 2006a).

Fig. 2. The internal structures of the diplokaryotic (D) N. ceranae (A) and N. apis (B)
are similar. Notably, N. ceranae spores contain fewer polar filamant (PF) coils
compared to N. apis. Bars = 0.5 lm. (from Fries et al. 2006a).
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a b s t r a c t

Nosema ceranae is a microsporidian parasite described from the Asian honey bee, Apis cerana. The parasite
is cross-infective with the European honey bee, Apis mellifera. It is not known when or where N. ceranae
first infected European bees, but N. ceranae has probably been infecting European bees for at least two
decades. N. ceranae appears to be replacing Nosema apis, at least in some populations of European honey
bees. This replacement is an enigma because the spores of the new parasite are less durable than those of
N. apis. Virulence data at both the individual bee and at the colony level are conflicting possibly because
the impact of this parasite differs in different environments. The recent advancements in N. ceranae
genetics, with a draft assembly of the N. ceranae genome available, are discussed and the need for
increased research on the impacts of this parasite on European honey bees is emphasized.

! 2009 Elsevier Inc. All rights reserved.

1. Background

Nosema ceranae is a microsporidian parasite presently known to
infect the Asian honey bee, Apis cerana, and the European honey
bee, Apis mellifera (Fries et al., 1996; Higes et al., 2006). All micro-
sporidians are intracellular parasites, disperse between hosts as
spores and have unique organs for cell invasion. The infection
mechanism is based on mechanical injection of a polar filament
protruding from the germinating spore. With physical force, the fil-
ament penetrates a host cell membrane into the host cell. Through
the filament, the infective sporoplasm is injected into the host cell
cytoplasm where parasite replication, and later spore production is
initiated (Larsson, 1986). Based on molecular evidence, microspor-
idia are now included into the cluster Fungi (Sina et al., 2005).
Thus, taxonomically, Microsporidia are highly specialized parasitic
fungi.

N. ceranae was first described from the Asian honey bee
(A. cerana) in samples from the Bee Institute of the Chinese Acad-
emy of Agricultural Sciences outside Beijing, China (Fries et al.,
1996). Cross-infection experiments using both N. ceranae and Nose-
ma apis in both A. cerana and A. mellifera demonstrated that both
parasites were cross-infective across hosts, but that N. ceranae
developed better in A. mellifera compared to N. apis in A. cerana
(Fries and Feng, 1995; Fries, 1997). The infectivity of N. ceranae
to A. mellifera is not surprising since many microsporidia exploit
multiple hosts. As an example, the species Nosema necatrix (de-
scribed by Kramer (1965)) and later redescribed as Vairimorpha
necatrix (Pilley, 1976), which is phylogenetically closer to N. cer-

anae than to N. apis (Fries et al., 1996; Chen et al., 2009), success-
fully completes development in a variety of lepidopteran hosts
(Darwish et al., 1989; Kramer, 1965; Nordin and Maddox, 1974;
Pilley, 1976). Microsporidia infections in A. cerana had been de-
scribed prior to the description of N. ceranae and were assumed
to be infections by N. apis (Lian, 1980; Singh, 1975; Yakobson
et al., 1992). However, it is possible that some earlier observations
of microsporidian infections in A. cerana, and possibly also in A.
mellifera, may have been observations of N. ceranae (Fries et al.,
2006a).

Although it was known that N. ceranae was infective for
A. mellifera (Fries, 1997), there is no record of natural infections
of N. ceranae in A. mellifera until Higes et al. (2006) found 10 out
of 11 samples from 2005 from Spanish apiaries positive for micro-
sporidia to contain N. ceranae, based on homology to the original
16S ssrRNA GenBank entry for N. ceranae (accession number
U26533). Also, in samples from 2005, Huang et al. (2007) reported
on natural infections of N. ceranae in A. mellifera in an apiary con-
taining colonies of both A. mellifera and A. cerana.

2. Phylogeny and genetics

The first genetic analysis of N. ceranae based on the 16S small
sub-unit rRNA gene suggested that N. apis was not as phylogenet-
ically close to N. ceranae as one may have suspected (Fries et al.,
1996). Later analysis, based on the same gene and from GenBank
entries have given some conflicting results. Three analyses found
N. ceranae to be closer to N. bombi than to N. apis (Fries et al.,
2001; Wang et al., 2006; Chen et al., 2009), whereas the analysis
of Slamovits et al. (2004) placed N. apis closer to N. ceranae. In con-
trast, the analysis of Vossbrinck and Debrunner-Vossbrinck (2005)

0022-2011/$ - see front matter ! 2009 Elsevier Inc. All rights reserved.
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pattern may be due to different methods used, but also to different
temperatures at which infected bees were exposed. Further infec-
tion experiments are warranted to study the progress of infection
in individual bees.

The infectious dose of N. apis has previously been reported to be
close to 100 spores per bee (Fries, 1988). Recent experiments sug-
gested that the infectious dose of N. ceranae may be of this magni-
tude, although the infectious dose was slightly higher for N. apis in
these experiments. It needs to be verified if there is a difference be-
tween the two species in infectious dose. When both parasites
occur in the same bee, it does not appear as if one parasite outcom-
petes the other, when bees infected with similar doses of both par-
asites are subsequently analyzed for parasite DNA using qPCR
(Fries and Forsgren, 2009, unpublished).

It was specifically noted in the species description of N. ceranae
that emptied spores of the parasite were not present in the host
cell cytoplasm of A. cerana (Fries et al., 1996). Emptied spores in
the host cytoplasm are always present when mature spores of N.
apis can be seen in A. mellifera, and are interpreted as the means
by which the parasites can spread between cells in the ventricular
epithelium (Fries et al., 1992). Interestingly, Higes et al. (2006)
found emptied spores of N. ceranae in infected ventricular cells of
A. mellifera but such structures were not evident in the micro-
graphs presented by Chen et al. (2009). This aspect may require
further attention. If intracellular germination of spores occurs in
one region and not in the other, or in some isolates and not in oth-
ers, disease progression may also be different. The presence of
emptied spores probably means that within host transmission is
more effective for that microsporidian in that tissue. Without
intracellular germination the parasite spores probably need to re-
enter the ventricular lumen and re-infect the epithelium for in-
tra-host transmission whereas intracellular germination also offers
intercellular transmission.

A major effect of N. apis infections on individual bees that can
lead to strong colony level impacts is the atrophy of the hypopha-
ryngeal glands of infected bees (Lotmar, 1936, 1939). This atrophy
leads to poor spring build up and low honey production (Lotmar,

1936). Because N. ceranae infects this same tissue, it is likely that
both infections have the same effect, but this needs to be verified.
It is clear that the parasites do not necessarily have the same ef-
fects either on individual bees (infection with N. ceranae is not
associated with dysentery), or on infected bee colonies (colonies
are reported to collapse in Spain). Thus, all work done on N. apis
biology and epidemiology now needs to be repeated for N. ceranae.

6. Control

Until more research is available on the biology and transmission
of N. ceranae it is difficult to say if general recommendations for N.
apis (i.e. wax renewal, acetic acid fumigation of stored comb) are
also relevant for N. ceranae control. The major commercial medica-
tion available, based on the antibiotic fumagillin, is effective on
both parasites (Williams et al., 2008). However, in contrast to some
other parts of the world where N. ceranae infections may be con-
trolled using fumagillin, antibiotic treatments of honey bee colo-
nies are not legal in most parts of Europe.

7. Conclusions

Several puzzles remain with respect to the importance of N. cer-
anae for honey bee health. Infections of N. ceranae appear to give
different colony level effects in different geographical regions. Fur-
thermore, the seasonal variations and gross colony level symptoms
described for N. apis seem not to be present in N. ceranae. At the
individual level, there are differences between the two parasites,
but virulence differences remain to be conclusively verified. The
spores of N. ceranae appear to be much more vulnerable than
spores of N. apis, in particular to freezing, and the apparent replace-
ment of N. apis for N. ceranae remains enigmatic. These and other
remaining questions warrant increased research on the impacts
of N. ceranae on individual bees, colonies, and populations of
European honey bees.

N. ceranae, 1 week frozen

N. apis, 1 week frozen

N. ceranae, 1 week refrig.

N. apis, 1 week refrig.

Nosema ceranae, fresh

Nosema apis, fresh

Proportion infected bees (N=25)

10 000 spores

1 000 spores

0 0.2 0.4 0.6 0.8 1

Fig. 3. The effect of freezing on N. ceranae spore viability is dramatic. Each bar represents 25 bees individually fed with 10 ll sugar suspension containing 1000 or 10,000
spores of either N. ceranae or N. apis. Spores were fed from fresh infections (fresh) or (using the same suspension) after one week in a refrigerator at +8 !C (refrig.) or in a deep
freezer at !18 !C (frozen). (From Fries and Forsgren, 2009).
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a b s t r a c t

Nosema ceranae is a microsporidian parasite described from the Asian honey bee, Apis cerana. The parasite
is cross-infective with the European honey bee, Apis mellifera. It is not known when or where N. ceranae
first infected European bees, but N. ceranae has probably been infecting European bees for at least two
decades. N. ceranae appears to be replacing Nosema apis, at least in some populations of European honey
bees. This replacement is an enigma because the spores of the new parasite are less durable than those of
N. apis. Virulence data at both the individual bee and at the colony level are conflicting possibly because
the impact of this parasite differs in different environments. The recent advancements in N. ceranae
genetics, with a draft assembly of the N. ceranae genome available, are discussed and the need for
increased research on the impacts of this parasite on European honey bees is emphasized.

! 2009 Elsevier Inc. All rights reserved.

1. Background

Nosema ceranae is a microsporidian parasite presently known to
infect the Asian honey bee, Apis cerana, and the European honey
bee, Apis mellifera (Fries et al., 1996; Higes et al., 2006). All micro-
sporidians are intracellular parasites, disperse between hosts as
spores and have unique organs for cell invasion. The infection
mechanism is based on mechanical injection of a polar filament
protruding from the germinating spore. With physical force, the fil-
ament penetrates a host cell membrane into the host cell. Through
the filament, the infective sporoplasm is injected into the host cell
cytoplasm where parasite replication, and later spore production is
initiated (Larsson, 1986). Based on molecular evidence, microspor-
idia are now included into the cluster Fungi (Sina et al., 2005).
Thus, taxonomically, Microsporidia are highly specialized parasitic
fungi.

N. ceranae was first described from the Asian honey bee
(A. cerana) in samples from the Bee Institute of the Chinese Acad-
emy of Agricultural Sciences outside Beijing, China (Fries et al.,
1996). Cross-infection experiments using both N. ceranae and Nose-
ma apis in both A. cerana and A. mellifera demonstrated that both
parasites were cross-infective across hosts, but that N. ceranae
developed better in A. mellifera compared to N. apis in A. cerana
(Fries and Feng, 1995; Fries, 1997). The infectivity of N. ceranae
to A. mellifera is not surprising since many microsporidia exploit
multiple hosts. As an example, the species Nosema necatrix (de-
scribed by Kramer (1965)) and later redescribed as Vairimorpha
necatrix (Pilley, 1976), which is phylogenetically closer to N. cer-

anae than to N. apis (Fries et al., 1996; Chen et al., 2009), success-
fully completes development in a variety of lepidopteran hosts
(Darwish et al., 1989; Kramer, 1965; Nordin and Maddox, 1974;
Pilley, 1976). Microsporidia infections in A. cerana had been de-
scribed prior to the description of N. ceranae and were assumed
to be infections by N. apis (Lian, 1980; Singh, 1975; Yakobson
et al., 1992). However, it is possible that some earlier observations
of microsporidian infections in A. cerana, and possibly also in A.
mellifera, may have been observations of N. ceranae (Fries et al.,
2006a).

Although it was known that N. ceranae was infective for
A. mellifera (Fries, 1997), there is no record of natural infections
of N. ceranae in A. mellifera until Higes et al. (2006) found 10 out
of 11 samples from 2005 from Spanish apiaries positive for micro-
sporidia to contain N. ceranae, based on homology to the original
16S ssrRNA GenBank entry for N. ceranae (accession number
U26533). Also, in samples from 2005, Huang et al. (2007) reported
on natural infections of N. ceranae in A. mellifera in an apiary con-
taining colonies of both A. mellifera and A. cerana.

2. Phylogeny and genetics

The first genetic analysis of N. ceranae based on the 16S small
sub-unit rRNA gene suggested that N. apis was not as phylogenet-
ically close to N. ceranae as one may have suspected (Fries et al.,
1996). Later analysis, based on the same gene and from GenBank
entries have given some conflicting results. Three analyses found
N. ceranae to be closer to N. bombi than to N. apis (Fries et al.,
2001; Wang et al., 2006; Chen et al., 2009), whereas the analysis
of Slamovits et al. (2004) placed N. apis closer to N. ceranae. In con-
trast, the analysis of Vossbrinck and Debrunner-Vossbrinck (2005)
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Sygdomstegn
• Rammer kun voksne bier, men N ceranae fundet i pupper
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was insu!cient to li" the spores into the laboratory air. #e low number of honeybees in the laboratory and the 
restricted space for $ying in the cages limited the spread of the spores into the laboratory air; also, because the 
bees maintained in the cages could not $y, they did not collect pollen or excrete faeces. However, during the labo-
ratory experiment, there were open ventilation holes in the bees’ cages, through which the Nosema microsporidia 
may have been transported into the laboratory air. Nonetheless, we did not detect the presence of Nosema 
microsporidia in the laboratory air. #ese results provide con%rmation that experiments with both infected and 
non-infected honeybees can be performed in one laboratory.

Conclusions
Our research adds knowledge about the transfer of Nosema microsporidia in the natural environment. Using 
the volumetric method with a Hirst-type sampler, we have shown a new route for the spreading of spores via the 
air in the investigated apiary. #e results obtained in our apiary in one beekeeping season indicated the months 
associated with the greatest risk of a bee colony infection with Nosema. However, further investigations in other 
environments worldwide are required in order to evaluate the risk of the infection with Nosema in particular sea-
sons. If our observations are con%rmed in future studies, the proposed method will complement other methods 
of monitoring the levels of Nosema infection in apiaries. In our opinion, it could also have a potential application 
and provide useful information on air monitoring in areas characterised by a high density of crop plants before 
pollination. #is is especially important in the case of wandering apiaries, which should be placed in Nosema-free 
areas.

Materials and Methods
Field experiment design. From 1 June to 1 September 2015, spores were collected from the apiary of the 
University of Life Sciences in Lublin (51°13!N, 22°38!E). Between 1 June and 1 September 2016, spores were 
also collected from the Botanical Garden (BG) of the University of Maria Curie-Sk&odowska (51°26!N, 22°51!E) 
without the presence of bee colonies within a radius of 4 km, which was a control relative to the spores collected 
from the apiary. #e spores present in the air were monitored by the volumetric method using a Hirst-type sam-
pler (Burkard Manufacturing Company Ltd.) placed between the rows of hives (Fig.'3). On 1 June, immediately 
a"er installing the Hirst-type sampler, the mean rate of Nosema spp. infections in foragers and the prevalence 
of infections in the apiary were estimated with the microscopic method71. Brie$y, 30 bees from each of the 30 
colonies were homogenised in 30 mL of distilled water. #e homogenous suspension was then placed in a Bürker 
haemocytometer. #e spores in each square were counted under a light microscope at 400" magni%cation and 
were expressed as the number of spores per honeybee. On 1 September, a"er the spore trapping from the air had 
ceased, the foragers in the bee colonies were again examined to detect the presence of Nosema spores.

Laboratory experiment design. Cage tests were carried out with infected bees and spores, which were 
trapped in the laboratory air for examination in the laboratories at the University of Life Sciences and at the 
University of Maria Curie-Sk&odowska in Lublin. Brood combs were taken on the 20th day of development, which 
were placed in an environmental chamber, and maintained at a constant temperature (34 °C) and relative humid-
ity (60%) to obtain 1-day-old honeybees. #e cage tests were performed in 60 wooden cages (12 " 12 " 4 cm) 
equipped with glass screens on the front and having ventilation holes. #ere were no combs or wax foundations 
in the cages. #e experimental groups comprised 1-day-old bees that were maintained in laboratory conditions 
(25 °C; H = 65%). On the 3rd day a"er emerging, the honeybees were inoculated by mass provisioning with a 
solution of N. ceranae and N. apis spores (5 " 106 spores/mL)72, which were previously puri%ed by single centrifu-
gation (20,000 g; 30 min) in the Percoll gradient73. #e pellets of Nosema spp. obtained were re-suspended in sugar 
syrup (1:1). Subsequently, the honeybees in the cages were provisioned with the spore suspension over three days, 
and were then maintained in the laboratory room for another 19 days. #e average quantity of spores (5.25 " 105) 
administered to each bee was estimated from the total volume (4.2 mL) of the spore-containing syrup consumed 
by all the bees in a cage.

Figure 3. Experimental procedures. A Hirst-type spore trap was placed among the hives.
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Microsporidia Nosema spp. 
– obligate bee parasites are 
transmitted by air
Aneta Sulborska1, Beata Horecka2, Malgorzata Cebrat3, Marek Kowalczyk2, 
Tomasz H. Skrzypek4, Waldemar Kazimierczak5, Mariusz Trytek6 & Grzegorz Borsuk2

Microsporidia Nosema are transferred among bees via the faecal-oral route. Nosema spp. spores have 
been detected on flowers and transferred to hives along with the bee pollen. The aim of the present 
study was to determine whether Nosema microsporidia are transferred by air in an apiary, in a control 
area (without the presence of bee colonies), and/or in a laboratory during cage experiments with 
artificially infected bees. The novel way of transmission by air was investigated by the volumetric 
method using a Hirst-type aerobiological sampler located on the ground in the apiary, in the Botanical 
Garden and on the laboratory floor. Concurrently, the mean rate of Nosema infections in the foragers 
in the apiary was estimated with the Bürker haemocytometer method. Spore-trapping tapes were 
imaged by means of light microscopy, Nomarski interference contrast microscopy and scanning 
electron microscopy. The highest concentration of Nosema spores per 1m3 of air (4.65) was recorded in 
August, while the lowest concentration (2.89) was noted in July. This was confirmed by a Real-Time PCR 
analysis. The presence of N. apis as well as N. ceranae was detected in each of the tested tapes from the 
apiary. The average copy number of N. apis was estimated at 14.4 ! 104 copies per 1 cm2 of the tape; 
whereas the number of N. ceranae was 2.24 ! 104 copies per tape per 1 cm2. The results indicate that 
Nosema microsporidia were transferred by the wind in the apiary, but not in the Botanical Garden and 
laboratory by air. This was confirmed by genetic analyses. DNA from immobilised biological material 
was isolated and subjected to a PCR to detect the Nosema species. A fragment of the 16S rRNA gene, 
characteristic of Nosema apis and N. ceranae, was detected. Our research adds knowledge about the 
transfer of Nosema spp. microsporidia in the natural environment and indicates the season associated 
with the greatest risk of a bee colony infection with Nosema spp.

Microsporidia are ubiquitous in the environment and they infect almost all invertebrates and vertebrates1. !e 
phylum Microsporidia is a large group of eukaryotic obligate intracellular parasites that can only complete their 
life cycle within an infected eukaryotic host cell2. Despite mitochondria that are reduced to mitosomes and a 
lack of some other organelles in the cell structure, microsporidia are acknowledged as belonging to the kingdom 
of Fungi3,4. Nosema apis5 and Nosema ceranae6 microsporidia are parasites of adult bees that are causing severe 
losses worldwide7. N. apis spores are 4–6 ! 2–4 µm and N. ceranae spores are 3.3–5.5 ! 2.3–3.0 µm in size6,8. !e 
largest N. ceranae spores occupy a size range similar to that of the smaller N. apis spores9. Microsporidia are typ-
ically transmitted horizontally via the faecal-oral route, and an infection can occur, for example, by the ingestion 
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of Biocontrol, Production and Application of EPN, John Paul II Catholic University of Lublin, Konstantynów 1J, 20-
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Opformering af sporer
• Smittes optages gennem føden


• I biernes tarm åbnes sporen 


• Poltråd skyder nosema cellekerne ind i biens tarmcelle


• Intracellulær parasit, vokser og danner nye spore
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• Tarmen fyldes med sporer i løbet af 9 døgn



even though N. ceranae was present throughout the

year (Higes et al., 2008a; Martı́n-Hern!andez et al.,

2012). However, the levels of N. ceranae (percentage of

bees infected) vary over time with very high levels from

the end of summer up to spring and the maximum dur-

ing winter in Spain (Higes et al., 2008a). These profile

can be influenced by some undetermined factors since

the higher levels were reported in summer in Canada

(Copley et al., 2012), in March in Serbia (Stevanovic

et al., 2013) or in spring (reflecting the development

over winter) in Germany (Gisder et al., 2017). Also, N.

ceranae can multiply at higher temperatures, displaying

a greater biotic potential than N. apis (Martı́n-Hern!andez

et al., 2009; Higes et al., 2010b; Gisder et al., 2017).

Indeed, their spores are tolerant to temperatures as high

as 608C and they can survive desiccation (Fenoy et al.,

2009; Martı́n-Hern!andez et al., 2009). By contrast, cold

has a negative effect on N. ceranae whose spores are

sensitive to low temperatures and freezing (Fries, 2010;

Gisder et al., 2010; S!anchez Collado et al., 2014).

A first study of the within-host competition effect

between N. apis and N. ceranae did not show any clear

competitive advantage for any of them (Forsgren and

Fries 2010). However, a later study identified a priority

effect when N. ceranae was the first infection (Natso-

poulou et al., 2016). Apparently both environmental vari-

ables and interspecies competition are important

elements of mathematical models that help explain the

differential prevalence of Nosema spp. in distinct climatic

regions. Although such models can overestimate preva-

lence, the predictions derived from them are consistent

with field data obtained across Europe. Hence, they

reveal a transition zone in the relative prevalence of the

two species, with N. ceranae predominating over N. apis

in Southern regions (e.g., Spain) and vice versa (e.g.,

Sweden). Accordingly, the apparent global advantage of

N. ceranae appears not to be due to differences in

spore production or infectivity (as shown by Milbrath

et al., 2015). The replacement of N. apis by N. ceranae

is unlikely to occur due to a competitive advantage for

within-host spore production (Martı́n-Hern!andez et al.,

2012; Gisder et al., 2017).

Genetic diversity of N. ceranae

Many studies assessing the intraspecific variability in N.

ceranae rely on the analysis of the ribosomal DNA

(rDNA) (Huang et al., 2008; Sagastume et al., 2011;

2014; Suwannapong et al., 2011; Roudel et al., 2013),

which is organized into ribosomal units (Huang et al.,

2007; Huang et al., 2008) present as multiple copies in

the genome (Cornman et al., 2009). Although intrage-

nomic rDNA diversity is usually low as a result of con-

certed evolution (Eickbush and Eickbush, 2007), rDNA

markers show extensive sequence heterogeneity in N.

ceranae (Sagastume et al., 2011; 2014) and in other

Nosema species (Gatehouse and Malone, 1998; 1999;

Tay et al., 2005; O’Mahony et al., 2007). Indeed, the

Fig. 1. Nosema ceranae and Nosema apis life cycle in honey bees. The spores ingested by the bees get to the ventricular lumen. There,
spores extrude the polar filament and the sporoplasm is transferred into the epithelial cells. The sporoplasm matures into a Meront and a Mer-
ogonic phase starts that comprises binary division of binucleate stages (the number of divisions is still undetermined). Lately, electrondense
material is deposited in the outer face of the plasma membrane, which indicates the sporogonial phase. This phase involves the division of the
sporonts (Nosema spp. have been described as bisporous) and then sporonts and daughter cells mature into spores. The first generation of
spores will be primary spores which can re-infect the same cell or infect neighbor cells. The second generation (after secondary meronts) will
lead to environmental spores with the spore wall thicker than the primary spores (Huang and Solter, 2013). All parasitic stages develop in
direct contact with the host cell cytoplasm and all phases are dyplokariotic.
A. Scheme of the Nosema cell-cycle inside the host cell.
B. TEM image taken from a honey bee infected by N. ceranae. The ventricular cells can be seen with different parasitic stages.
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Nosema abundance followed a similar pattern (Fig. 1B).  There 

was no significant difference between the TP0 and S0 (T = 0.44,        

2-tailed test, P = 0.67), and between S0 and S1 (T = 0.37, 2-tailed 

test, P = 0.71). Therefore TP and S had the same Nosema abundance 

before bees were moved for pollination service and S colonies did not 

change their Nosema abundance during the same period.  However 

Nosema abundance was significantly higher in TP1 than TP0 (T = 1.72, 

1-tailed test, P = 0.05). TP1 was almost significantly higher than S1    

(T = 1.63, 1-tailed test, P = 0.06), and the abundance of T1 

(2,223,295 spores per bee) was more than 2.5 times as many as S1 

(860,191 spores per bee).  

In conclusion, the major finding in this study is that transportation 

and pollination lead to higher Nosema prevalence and abundance in 

worker bees.  It is not clear which one is the main cause because 

transportation and pollination were confounded in this study so their 

effects could not be separated. However, it is more likely that it is 

mainly due to transportation (and its subsequent displacement for two 

times) because a recent study showed that bees placed in blueberry 

fields for pollination had almost no blueberry pollen (Pettis et al., 

2013), suggesting that bees did not have a monofloral diet when 

placed at blueberry fields (at least for pollen). It is also not clear 

whether these increases in pathogens were due to reduced immune 

system in the host bees.  Future studies are needed to determine how 

stressful the pollination service alone is to honey bees.  
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Fig. 1.  Percent of bees (± SE) infected with N. ceranae (A) and 

mean number of N. ceranae spores (million, mean ± SE) per bee (B) 

in four groups of bees. Bees either stayed  in East Lansing, MI 

(“Stationary”), with no pollination commission, or were transported to 

Fennville, MI, for 11 days of blueberry pollination and transported 

back (total distance travelled 270 km, “TP”).  Each group had seven 

colonies with 15 workers sampled per colony.  Different letters on top 

of bars indicate significant difference at P < 0.05 with either          

one-tailed T-test (TP1 vs. TP0, TP1 vs S1) or two-tailed T-tests (other 

comparisons). Comparisons were done only within each treatment 

before and after (0 and 1). Data presented were untransformed but 

statistics were performed post transformation.  
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The Western honey bee (Apis mellifera L.) is the most beneficial 

insect to humans due to the pollination service it provides to 

agriculture. Honey bees live under many different types of stress. 

There are external parasites such as Varroa destructor, microsporidian 

pathogens such as Nosema ceranae and N. apis (Chen and Huang, 

2010), and small hive beetles. Aside from parasites and diseases, long 

distance transportation also affects honey bee physiology (Ahn et al., 

2012). There are studies showing that polyfloral pollen is healthier 

than monofloral pollen for caged honey bees (reviewed by Huang, 

2012). However, it is not clear how the use of colonies for a 

pollination service, which includes transportation, displacement and 

feeding on one type of pollen, affects honey bee health. 

 N. ceranae is a wide-spread fungal pathogen, attacking the 

epithelial midgut cells of adult honey bees (Chen and Huang, 2010). It 

is first reported attacking A. mellifera in Taiwan, and has been found 

in Asia, Europe, and the Americas in the last decade. N. ceranae 

infection has been found to affect honey bee behaviour and 

physiology (Goblirsch et al., 2013), to induce energy stress (Mayack 

and Naug, 2009) and to cause immune suppression (Karina et al., 

2009). It causes colony mortality and is speculated to be a main 

reason for colony losses (Higes et al., 2007).  

In this study, we intended to determine whether transportation 

and pollination service would affect the infection rate (prevalence) 

and the average number of spores per bee (abundance) of N. ceranae 

in workers of A. mellifera. We hypothesized that transportation and 

the ensuing pollination weakens the immune system of bees, 

rendering them more susceptible to N. ceranae infections, resulting in 

higher prevalence and abundance of N. ceranae in honey bee hosts.   

Fourteen colonies were randomly divided into two groups. A 

group of “transported and pollinating colonies” (TP) was moved to 

pollination for blueberry for 11 days (17-28 May 2013). A group of 

“stationary colonies” (S) was not moved, and served as the control 

during the same time. The S group stayed in East Lasing, MI, USA 

(GPS position: N42°40'44.97", W84°28' 39.16"), while the TP group 

was moved to Fennville, MI, USA (GPS position: N42°35'38.07", W86° 

9'18.85"), with a distance between the two as 137.6 km. On 17 May, 

15 foragers were sampled per colony from all 14 colonies using a bee 

vacuum, before transportation took place. These samples were named 

TP0 and S0. On 4 June, 15 foragers per colony were again sampled 

from the two groups (TP1 and S1). We waited seven days to do the 2nd 

sampling after the 2nd transportation (Fennville to East Lansing), to 

allow bees time to respond to the 2nd transportation trip. 

We isolated the midgut of each bee, and homogenized it in      

200 ml distilled water using a plastic pestle inside an Eppendorf tube. 

Spore number was determined using a hemocytometer chamber 

(Hausser Scientific) (Fries et al., 2013). We ran PCR (Chen et al., 

2008) on 10 random samples and identified all 10 bees to be infected 

by a single species of N. ceranae. 

We used Log (x+1) and arcsine transformations for spore load 

and infection rate, respectively to stabilize their variance and used 

one-tailed T-tests when comparing treatments with specific a priori 

predictions, and two-tailed T-tests for others. Analysis was done by 

Statview 5.0.1 (SAS Institute; Gary, NC, USA). 

There was no significant difference in infection rates between TP0 

and S0 (T = 0.013, 2-tailed test, P = 0.99) and between S0 and S1      

(T = 0.43, 2-tailed test, P = 0.67) (Fig. 1A). This suggests that TP 

and S groups had the same Nosema prevalence at the beginning of 

the experiment. In addition, prevalence of S group did not change 

before and after transportation and pollination. However, we found a 

significantly higher Nosema prevalence in TP1 than S1 (T = 2.14,       

1-tailed test, P = 0.027), suggesting that transportation and/or 

pollination caused a higher infection rate in workers.  
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Syge bier
• Nyklækkede bier er fri for nosema


• Smitte overføres gennem afføring


• Syge bier kan ikke optage sukker og protein


• Det fører til diarré, fordi vand fylder tarmen


• Den sukkerholdige afføring optages af unge bier 
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Tolerante danske bier
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a b s t r a c t

Honey bee colonies (Apis mellifera) have been selected for low level of Nosema in Denmark over decades
and Nosema is now rarely found in bee colonies from these breeding lines. We compared the immune
response of a selected and an unselected honey bee lineage, taking advantage of the haploid males to
study its potential impact on the tolerance toward Nosema ceranae, a novel introduced microsporidian
pathogen. After artificial infections of the N. ceranae spores, the lineage selected for Nosema tolerance
showed a higher N. ceranae spore load, a lower mortality and an up-regulated immune response. The dif-
ferences in the response of the innate immune system between the selected and unselected lineage were
strongest at day six post infection. In particular genes of the Toll pathway were up-regulated in the
selected strain, probably is the main immune pathway involved in N. ceranae infection response. After
decades of selective breeding for Nosema tolerance in the Danish strain, it appears these bees are tolerant
to N. ceranae infections.

! 2012 Elsevier Inc. All rights reserved.

1. Introduction

The honey bee, Apis mellifera can be infected by two microspo-
ridian parasites, Nosema apis and Nosema ceranae. N. apis is an evo-
lutionarily old pathogen of A. mellifera with moderate virulence and
colonies can cure themselves under favorable environmental condi-
tions (Zander, 1909; Chen et al., 2009). This relatively low virulence
of N. apis is different from that of N. ceranae, a microsporidium orig-
inally found in the Asian honey bee Apis ceranae (Fries et al., 1996)
which has been introduced into European honey bee populations
(Higes et al., 2006; Fries et al., 2006) and is now widespread in A.
mellifera populations across the globe (Chauzat et al., 2007; Cox-
Foster et al., 2007; Klee et al., 2007). N. ceranae had been reported
to have high virulence in both the colony and individual, but there
are repeated reports suggesting the species is less virulent than N.
apis (Paxton et al., 2007; Higes et al., 2008, 2009; Invernizzi et al.,
2009; Gisder et al., 2010; Forsgren and Fries, 2010; Fries, 2010).

The Nosema infection cycle is well understood. Spores are in-
gested by the honey bee and germinate quickly in the midgut.

The spores extrude the polar tube which penetrates the epithe-
lial cells to release the sporoplasm directly into the cytoplasm
(Higes et al., 2007; Fries, 2010). Within a week, the host epithe-
lial cells are filled with offspring spores (Graaf et al., 1994; Gis-
der et al., 2011) and the cells burst to release a new generation
of primary spores. If the honey bees can block the further infec-
tion, the primary spores develop into environmental spores and
excreted through the feces. Otherwise, primary spores will ger-
minate again and keep infecting more cells. However, the mech-
anisms of blocking Nosema infection in honey bees are still
unclear.

In Denmark, bee keepers have been selecting colonies that have
low Nosema infection level for decades (Traynor, 2008) and today
Nosema is rarely found in bee colonies from these breeding lines.
All four immune pathways – the Toll-pathway, the IMD-pathway,
then JNK-pathway and the JAK/STAT-pathway have been identified
in the A. mellifera genome (Evans et al., 2006) and respond to Nose-
ma infection (Antúnez et al., 2009). Since the immune system has
been shown to be involved in the N. ceranae infection responses
(Antúnez et al., 2009) and the Danish breeding line has been se-
lected for Nosema tolerance, we here screen how the immune sys-
tem of the Nosema tolerance selected strain negotiates with this
novel pathogen.

0022-2011/$ - see front matter ! 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.jip.2012.01.004
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higher spore load, the drones of the selected strain had a signifi-
cantly lower mortality than those of the unselected strain (Log
Rank, p < 0.001). Moreover the mortality of the selected drones
was not significantly different from the uninfected control group
(Log Rank, p = 0.25) (Fig. 2). The mortality in the unselected strain
was significantly higher than the control group (p < 0.001). More
than 90% of the drones of the selected strain were still alive even
on day eight post infection whereas 40% the drones of unselected
strain were dead. The highest mortality occurred on day two post
infection in drones of the unselected strain (Fig. 2) (Table S1).

3.2. Reference and immune gene expression

Three genes from the five chosen reference genes (ß-Actin, RP49
and GAPDH56) were significantly differentially expressed between
drones of selected and unselected population (p < 0.05) and hence
unsuited and excluded as a reference in the further analyzes. The
two remaining reference genes GAPDH-1 and EF showed no co-
regulation with the treatment and were used for the normalization
of the immune gene expression levels.

All 33 genes tested, showed no significant differences in expres-
sion levels between the selected strain and unselected strain dur-
ing the first five days after the infection. However, on day six
post infection, six immune genes from three pathways showed sig-
nificantly differential regulation between the two strains (adjusted
p < 0.05) (Fig. 3). The expression levels of these six genes were
therefore further compared with the control groups to identify
which strain deviated from the uninfected drones.

Table 1
Tested immune genes, associated pathways and primers. Categories: P = pathogen or bacteria receptor; T = trans-membrane signal receptor; E = end product; K = kinase;
TR = transcription regulator; R = reference gene.

Gene name Pathway Category F. primer B. primer

Abaecin Toll E CAGCATTCGCATACGTACCA GACCAGGAAACGTTGGAAAC
AmPPO Toll E AGATGGCATGCATTTGTTGA CCACGCTCGTCTTCTTTAGG
Apidaec Toll E TAGTCGCGGTATTTGGGAAT TTTCACGTGCTTCATATTCTTCA
Apisimin Toll E TGAGCAAAATCGTTGCTGTC AACGACATCCACGTTCGATT
Cactus-1 Toll K CACAAGATCTGGAGCAACGA GCATTCTTGAAGGAGGAACG
Cactus-2 Toll K TTAGCAGGACAAACGGCTCT CAGAAAGTGGTTCCGGTGTT
Defensin-2 Toll E GCAACTACCGCCTTTACGTC GGGTAACGTGCGACGTTTTA
Defensin-1 Toll E TGCGCTGCTAACTGTCTCAG AATGGCACTTAACCGAAACG
Dorsal-2 Toll TR TCACCATCAACGCCTAACAA AACTAACACCACGCGCTTCT
Hymenopt Toll K CTCTTCTGTGCCGTTGCATA GCGTCTCCTGTCATTCCATT
Lys-1 Toll E GAACACACGGTTGGTCACTG ATTTCCAACCATCGTTTTCG
Lys-2 Toll E CCAAATTAACAGCGCCAAGT GCAATTCTTCACCCAACCAT
Lys3l Toll E ATCTGTTTGCGGACCATTTC TCGATGAATGCGAAGAAAATC
Myd88 Toll K TCACATCCAGATCCAACTGC CAGCTGACGTTTGAGATTTTTG
PGRP9710 Toll P TTTGAAAATTTCCTATGAAAGCA TTTTTAATTGGTGGAGATGGAAA
PGRPSC2505 Toll P TAATTCATCATTCGGCGACA TGTTTGTCCCATCCTCTTCC
PGRPSC4300 Toll P GAGGCTGGTACGACATTGGT TTATAACCAGGTGCGTGTGC
PPPOact Toll E GTTTGGTCGACGGAAGAAAA CCGTCGACTCGAAATCGTAT
Spaetzle Toll K TGCACAAATTGTTTTTCCTGA GTCGTCCATGAAATCGATCC
Toll Toll T TAGAGTGGCGCATTGTCAAG ATCGCAATTTGTCCCAAAAC
Dredd Imd K GCGTCATAAAGAAAAAGGATCA TTTCGGGTAATTGAGCAACG
Imd Imd T TGTTAACGACCGATGCAAAA CATCGCTCTTTTCGGATGTT
Kenny Imd K GCTGAACCAGAAAGCCACTT TGCAAGTGATGATTGTTGGA
Relish Imd TR GCAGTGTTGAAGGAGCTGAA CCAATTCTGAAAAGCGTCCA
Tak-1 Imd K ATGGATATGCTGCCAATGGT TCGGATCGCATTCAACATAA
Demeless JAK/STAT P TTGTGCTCCTGAAAATGCTG AACCTCCAAATCGCTCTGTG
Hopscotch JAK/STAT K ATTCATGGCATCGTGAACAA CTGTGGTGGAGTTGTTGGTG
TepA JAK/STAT E CAAGAAGAAACGTGCGTGAA ATCGGGCAGTAAGGACATTG
Basket JNK K AGGAGAACGTGGACATTTGG AATCCGATGGAAACAGAACG
Dscam JNK E TTCAGTTCACAGCCGAGATG ATCAGTGTCCCGCTAACCTG
EGFlikeA JNK E CATTTGCCAACCTGTTTGT ATCCATTGGTGCAATTTGG
Hemipterous JNK K CACCTGTTCAGGGTGGATCT CCTTCGTGCAAAAGAAGGAG
ß-Actin R ATGCCAACACTGTCCTTTCTGG GACCCACCAATCCATACGGA
RP49 R CGCTACAAGAAGCTTAAGAGGTCAT CCTACGGCGCACTCTGTTG
Gpdh56 R GGATCAGGAAATTGGGGTTC CGGAAGCTTATGTCCTGGAA
Gpdh-1 R GCTGGTTTCATCGATGGTTT ACGATTTCGACCACCGTAAC
EF R GATGCTCCAGGCCACAGAGA TGCACAGTCGGCCTGTGAT

Fig. 1. Increase in N. ceranae spore load in the gut of artificially infected drone of the
selected and unselected strain. Both strains were fed with the same number of N.
ceranae spores. From 5 days post infection, the spore multiplication in selected
tolerant strain was much higher than in the unselected strain.
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3.3. Toll pathway

All screened Toll pathway genes were up-regulated after the
infection in both the selected and the unselected strain. The pepti-
doglycan recognition protein-SA (PGRPSC4300, GB15371) was sig-
nificantly up regulated on day one post infection compared to the
control group (p < 0.001). This up-regulation decreased steadily
over the subsequent days in both strains until this gene was close
to the expression level of the uninfected control group in the se-
lected strain day six post infection, and even significantly down
regulated in the unselected strain (p < 0.05). Toll (GB18520), lyso-
zyme-2 (lys-2, GB15106) and dorsal-2 (GB18032) showed a similar
but less pronounced expression dynamics and only on day six was
there a significant difference in the expression levels between the
selected and the unselected strain (p < 0.05) (Fig. 3).

3.4. IMD pathway and JAK/STAT pathway

All screened genes of these two pathways (IMD and JAK/STAT)
were up-regulated in the infected drones of both strains during
the first five days after the infection. Again significant differences
only occurred on day six post infection when Dredd (GB17683,
Imd pathway) up regulated in the selected strain (p < 0.01) but
down regulated in the unselected strain. The gene domeless
(GB16422) from the JAK/STAT pathway was similarly up-regulated
after the infection in both strains (p < 0.01), but again significantly
down-regulated in the unselected strain on day six post infection
(Fig. 3).

4. Discussion

As shown before for workers (Antúnez et al., 2009), also in our
experiments with drones immune genes were involved in the re-
sponse to N. ceranae infection, resulting in a general increase in im-
mune activity in response to the infection. The gene expression
levels from day one to five post infection in both the selected
and the unselected strain were higher than in the uninfected con-
trols. However there were no significant differences between the
gene expression levels of drones from the selected and the unse-

lected strain. Only on day six post infection could we observe re-
duced expression levels in genes of the innate immune system in
the unselected strain, similar to the depression of the immune sys-
tem in workers (Antúnez et al., 2009).

Although Nosema was similar with the fungi (Liu et al., 2006)
and is not a bacterial pathogen, the strongest response towards
the infection was that of the bacterial recognition receptor
PGRPSC4300 of the Toll pathway. The membrane-spanning Toll
receptor known to initiate the cell immune cascade (Imler et al.,
2004) was also up-regulated as was Dorsal which is involved in
melanization and antimicrobial effectors production. After day four
post infection, the overall immune activity decreased to reach
expression levels close to uninfected control group (for the se-
lected strain) or even significantly less (for the unselected strain)
on day six post infection. In spite of the receptor activation, the
infection did apparently not further enhance the subsequent im-
mune gene cascade of the drones at this stage. In addition the
trans-membrane receptor domeless in JAK/STAT was also up regu-
lated immediately at the beginning of the infection. But we did not
find any expression differences neither on hopscotch nor thioester
containing protein between the selected and unselected strain.
Since Dredd was the only gene from the IMD pathway showed a
different expression on day six post infection between the selected
and unselected strain. There is no clear cascade pattern how IMD
pathway and/or the JAK/STAT pathway initiate the response to
the N. ceranae infection, or were secondarily activated by other
triggers. Alternatively, the immune genes in IMD pathway and
the JAK/STAT were regulated at post expression level. Therefore,
we cannot find the significant difference on the gene expression.

Higes et al. (2007) shows that the number of infected epithelial
gut cells markedly increase on day six post infection and start
degeneration after day seven post infection. Also in our study No-
sema spores titers rapidly increased after four days post infection
in both strains. The N. ceranae spore titer was even larger in drones
of the selected strain in conjunction with lower mortality than
those of the unselected strain. The high mortality in the first few
days after infection is not due to the replication of Nosema which
occurs at a later stage. But adding N. ceranae spores to the inocula-
tion diet did significantly increase the mortality, because the con-
trol drones survived. This may be due to the gut damage during the
initial infection, but it may also be due to the behavior of the host
workers towards the infected drones. It is important to note that
these highly sensitive drones died and could not establish high
spore loads after Nosema replication. The variance in survival
might result from the variance in the initial feeding of spore solu-
tions. Although we tried to control the initial spore dose, variance
among the actual numbers of spore administered to the drones is
inevitable. We interpret the result such that only those susceptible
drones which had received a low spore number survived, which in
turn eventually resulted in the low spore load at the end of the
experiment. But we have not found a significance difference on
the spore load between the dead and alive drones, which might be-
cause the highest mortality was on day two post infection and
most dead drones were before day four post infection. So the spore
load was not significantly different at this early phase of the infec-
tion. We do not know the actual mechanisms how drones of se-
lected strain fight against N. ceranae infection and how an initial
N. ceranae infection can kill the drones of unselected strain. QTL
mapping and a histological examination of the gut tissue will be
suitable to test these hypothesis.

After decades of selective breeding for Nosema tolerance in the
Danish honey bee strain, it appears these bees are not only tolerant
to N. apis but at least the drones are also tolerant to N. ceranae. The
selected strain showed a very low mortality and a high tolerance to
N. ceranae spore load. If not kept in the cages, under natural condi-
tions and at the apiary the drones would simply expel the high

Fig. 2. Time series mortality. Three drones that were sampled every day from each
cage. These three drones were treated as sensored in the survival analysis. Drones in
the unselected strain had significantly higher mortality (Kaplan–Meier procedure)
whereas there was no difference in survival between the uninfected control group
and the drones from the selected lineage.
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Overlevelse og immunforsvar hos droner af en Nosema tolerant honningbi 
stamme mod N ceranae infektioner. - Det er danske bier.
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Abstract
Apoptosis is not only pivotal for development, but also for pathogen defence in multicellular
organisms. Although numerous intracellular pathogens are known to interfere with the
host’s apoptotic machinery to overcome this defence, its importance for host-parasite
coevolution has been neglected. We conducted three inoculation experiments to investi-
gate in the apoptotic respond during infection with the intracellular gut pathogen Nosema
ceranae, which is considered as potential global threat to the honeybee (Apis mellifera) and
other bee pollinators, in sensitive and tolerant honeybees. To explore apoptotic processes
in the gut epithelium, we visualised apoptotic cells using TUNEL assays and measured the
relative expression levels of subset of candidate genes involved in the apoptotic machinery
using qPCR. Our results suggest that N. ceranae reduces apoptosis in sensitive honeybees
by enhancing inhibitor of apoptosis protein-(iap)-2 gene transcription. Interestingly, this
seems not be the case in Nosema tolerant honeybees. We propose that these tolerant hon-
eybees are able to escape the manipulation of apoptosis by N. ceranae, which may have
evolved a mechanism to regulate an anti-apoptotic gene as key adaptation for improved
host invasion.

Introduction
In insects, epithelial cells of the intestine are typically the first line of pathogen defence. They
produce not only antimicrobial peptides (AMPs) and reactive oxygen species (ROS) but they
can also respond with programmed cell death (including apoptosis) of infected cells. The infec-
tion may then be simply cleared by defecation. Hence, it is not surprising to see that intracellu-
lar pathogens have evolved mechanisms to overcome apoptosis for self-protection and increase
of reproductive success within their host cell [1–3]. This is also the case for microsporidia [4–
6], a group of highly specialised intracellular fungal parasites, causing diseases in a wide range
of animal hosts, including humans and several animal species important for agriculture and
aquaculture [7].
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samples three times in PBS and then counterstaining with 1 !g ml!1 DAPI (4',6-diamidino-
2-phenylindole) (Sigma-Aldrich). We visualised apoptotic cells (TUNEL+ve) relative to the
total number of cells (DAPI+ve) in the posterior part of midguts (primary site of the infection
on day 6 p.i.) using fluorescence microscopy and acquired images with CCD camera connected
to Axio Vision 4.6 (Zeiss). Automatic cell counting and analyses were performed with ImageJ
[18] (Fig 1A) screening at the average 325 ± 16 s.e. cells per sample (see also S2 Table).

Gene expression
Midguts of nine workers for each treatment group and for each replicated experiment were
sampled in pools of three individuals, flash-frozen in liquid nitrogen and stored at -80°C until
subsequent qPCR analyses. Briefly, total RNA was isolated using TRIZOL extraction procedure
and 1 !g RNA each were reverse transcribed. Obtained cDNA were purified using QIAquick
PCR Purification Kit (Qiagen). We performed a TBLASTN search [19] of Apis mellifera (taxid
7460) database using full-length amino acid sequences for key proteins involved in apoptosis
known from Drosophila melanogaster [20]. Only homologous proteins with at least 20% iden-
tity were considered for this study (S1 Table). Thus some proteins known to be relevant for
apoptosis in D.melanogaster were not included due to insufficient homology. Gene specific
primers spanning one intron of subset of nine potential candidate genes, including the genes
basket (bsk), tumor protein p53-like (p53), inhibitor of apoptosis protein 2 (iap–2; homologous
gene to Diap–1), caspase-2-like (casp–2; possible homologous gene to Dronc) and caspase-10-like
(casp–10; homologous gene to Dredd), were designed using Primer-BLAST on the A.mellifera
reference genome (release v.4.5, GenBank, S1 Table). Ribosomal protein S5a (RpS5a) and actin
related protein 1 (arp1, also known as actin) were initially chosen in order to standardize
expression levels between pools and treatment groups [21]. For qPCR, we used 20 ng cDNA
mixed with 5 !l SensiMixPlus (Bioline), 0.25 !M of each primer and DEPC-water in 10 !l final

Fig 1. Quantification of apoptosis in the midgut epithelium of honeybees infected withN. ceranae. (A) The frequency of apoptotic cells was calculated
as the numbers of TUNEL+ve relation to all (DAPI+ve) nuclei. For this, DAPI and TUNEL stained images (top) were merged (bottom left); nuclei were
binarised and automatically counted using ImageJ (bottom right; red = TUNEL+ve, white = TUNEL–ve). Scale bars = 25 !m. (B) Comparison of apoptotic
TUNEL+ve cells detected in the posterior end of the midgut in Nosema infected sensitive and tolerant honeybees on day 6 p.i. Scale bars = 50 !m. (C)
Apoptosis ratio (mean ± s.e.) duringNosema ceranae infection inNosema sensitive (SN, solid circles) and tolerant (TN, solid squares) honeybees, and their
uninfected controls (SC, open circles and TC, open squares) at 1 day (green) and 6 days (blue) after inoculation. Sample sizes are given in S2 Table.
Significance between treatment groups **, P < 0.01.

doi:10.1371/journal.pone.0140174.g001
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Nosema tolerant honningbi undslipper 
parasit manipulation af programmeret 
celledød



Syge bifamilier
• Smitte kan spredes effektivt mellem bierne


• Bifamilien svinder ind, når bierne dør inden nye klækker


• Det påfører bifamilien stress og øger stofskifte


• Pollenforråd og honninglager tømmes


• Ældre pollen med ringere næringsværdi bliver brugt


• Ringe proteinoptag giver dårlige ammebier 



Bekæmpelse = forebyggelse!
• Undgå smittespredning


• Fjern tavler med ekskrementer


• Rens stadet bund og flyvespække 


• Dampe af eddikesyre kan dræbe spore


• Fumagillin - et antibiotika er FORBUDT


• Køb nosema tolerante bidronninger


