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Abstract 
Background: The aim of this study was to determine the prevalence of the Nosema 
ceranae and Nosema apis among apiaries using both spore counts and multiplex PCR 
and the replacement of N. apis by N. ceranae in some regions of Turkey.  
Methods: A hundred honey bee samples were collected from 99 apiaries in 11 dif-
ferent locations in 2011-2012 in Turkey. Nosema infection degree from collected 
samples was determined using light microscope and molecular detection of Nosema 
spp. (N. ceranae and N. apis) was performed using specific primers by multiplex 
PCR. 
Results: N. ceranae was only found spores in sampling areas using molecular diag-
nosis. N. apis was not detected in whole sampling areas using both techniques. 
There are no Nosema spores detected in Konya one location using two techniques. 
The nucleotide sequences from amplification products of the Nosema infested hon-
eybee samples were (98%) identical with the sequence of N. ceranae for many coun-
tries deposited in the GenBank database in this study.  
Conclusion: The present study illustrated that N. ceranae is the only spores for 
sampled areas in 2011-2012. The study could also indicate that N. ceranae has been 
replaced instead of N. apis in Turkey. In addition, the prevalence of N. ceranae and 
two microsporodia spores effects on honey bee colonies in Turkey were needed to 
determine with intensive sampling, periodically. 
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Introduction 
 

he microsporodia having more than 
160 genera and 1300 species has been 
determined from insects and other 

species (1- 3). The most majority of Nosema 
species from microsporidia are parasitic for 
invertabrate (4). In honey bees, N. apis and N. T 
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ceranae are called microsporidia and found in 
adult bees (2). Previously, it was thought that 
N. apis, caused nosema disease, was specific 
for Apis mellifera but N. ceranae was found only 
in Apis ceranae. For the last decade, N. ceranae 
has been found widespread in Europe, Africa, 
North America and Australia (5- 15).  

The life cycles of two Nosema spores are sim-
ilar but both are distinguished from each other 
using molecular diagnostic methods. Generally, 
nosema causes digestive system disorders, 
shortening the life span, decreasing pollen col-
lection, reducing the colony population size 
and honey production, increasing the dead 
bees behind the hive entrance and the losses 
of colonies (16). The spores spread by using 
contaminated beekeeping equipments, poor 
beekeeping practices, temperature fluctuations 
and the movement of honey bee colonies (17). 
For the Western honey bee, these two micro-
sporidian species are pathogenic (18, 19). Alt-
hough, N. apis infection is restricted to the 
adult bees midgut epithelium (20), N. ceranae 
also was infect other tissues (21). The type C 
nosemosis caused by N. ceranae is one of the 
most prevalent bee pathogens (22, 23). Many 
factors such as weather conditions, host sus-
ceptibility, the age of the bees and beekeeping 
practices may contribute different effects of N. 
ceranae on infected colonies (16). Furthermore, 

the N. apis replacement by N. ceranae was re-
ported by many researchers in the world (13, 
22, 23-25).  

The molecular diagnosis was performed in 
order to distinguish N. apis from N. ceranae in 
honey bees from Turkey in 2010. That was the 
first time which indicated the presence of N. 
ceranae in these studies and samples were col-
lected in 2005-06, 07- 08 and 09 periods in 
these studies (8, 26, 27).  

In the present study, our goals were to gain a 
better understanding of the prevalence of the 
N. ceranae and N. apis among apiaries using 
both spore counts and multiplex PCR and also 
the replacement of N. apis by N. ceranae in 
some regions of Turkey compared with previ-
ous studies. 

 

Materials and Methods 
 

Samples were collected from 99 apiaries in 
eleven different locations in 2011-2012 in 
Turkey (Fig. 1). A hundred honey bee samples 
were collected from each apiary. Nosema infec-
tion degree from collected samples was de-
termined using light microscope and molecu-
lar detection of Nosema spp. (N. ceranae and N. 
apis) was performed using specific primers. 

 

 
 

Fig. 1: Map of sample collection sites in Turkey. The total numbers of apiaries / infected apiaries for Nosema 
spores using microscopic diagnose were given in parentheses 
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Determination of Nosema infection level  
Abdomens of twenty adult bees from a sin-

gle colony were crushed in 10 ml. of distilled 
water. The suspended samples were filtered 
through two layers of muslin and centrifuged 
at 1000 g for 5 min. and the supernatants were 
removed. Pellets were resuspended in 10 ml of 
distilled water. Each homogenate was micro-
scopically examined for the presence of Nose-
ma spp. spores at 400X magnification and the 
spores were counted on the haemocytometer 
(28). 
 
Molecular detection of Nosema spp. 

Each homagenate was kept at 4 °C. Total 
DNA was extracted from samples using DNA 
isolation kit (Fermentas K512) and isolated 
DNA was analyzed in order to confirm the 
Nosema species of the spores by PCR as previ-
ously described using 218MITOC 

FOR/218MITOC REV and 321APIS FOR/32-

1APIS REV primers specific for N. ceranae or 
N. apis, respectively (29). Multiplex PCR reac-
tion mix contains 10 ng DNA, 0.5 U Taq 
DNA polymerase (Fermentas), 10XPCR buff-
er (Fermentas), 0.3 mM of each dNTP (Fer-
mentas) 2.5 mM MgCl2 (Fermentas), 0.4 µM 
primers and high pure H2O as required in or-
der to make up to 20 µl total volume. The 
PCR protocol was 2 min at 95 °C, 35 cycles of 
30 s at 95 °C, 30 s at 55 °C, and 1 min at 
72 °C and a final extension step at 72 °C for 5 
min. PCR amplification was detected agarose 
gel (1.5%) electrophoresis and was visualized 
by ultraviolet (UV) after ethidium bromide 
staining (29). The positive PCR products were 
compared with positive for N. ceranae and N. 
apis provided from Etlik Veterinary Control 
Central Research Institute. Three positive 
PCR products for N. ceranae were sequenced 
and the sequence similarity analyses were per-
formed using BLAST database search.  

 

Results 
 

The microscopic examination results of 
Nosema spores in samples were illustrated in 

Table 1 and Fig. 1. The highest percentages 
(100%) of Nosema positive samples were 
found in Muğla located in the southwestern 
part of Anatolia having typical Mediterranean 
climatic condition. There were no Nosema 
spores observed in three locations (Isparta, 
Konya and Zonguldak) in microscopic diag-
nosis. The lowest percentage (8.3%) of Nosema 
spores was detected in Kırşehir located in the 
central part of Anatolia. After microscopic 
diagnosis, the homogenates from all different 
99 apiaries were used for DNA isolation and 
N. apis and N. ceranae were investigated by 
multiplex PCR. 

Molecular diagnosis of the samples illustrat-
ed that N. ceranae spore was the only Nosema 
species found to honeybees from in Turkey 
(Fig. 2).  
 

 
 
Fig. 2: PCR products of negative, positive con-
trols and infected colonies: Line 1: 100bp DNA 
ladder, line 2: negative control, line 3: N. apis, line 
4: N. ceranae, line 5- 9: nosema positive samples 

 
The main point is that all samples were neg-

ative for N. apis despite of the presence of N. 
apis illustrating in previous studies. The posi-
tive samples were from beekeepers located in 
Aegean, Mediterranean, Thrace, Black Sea and 
Central Anatolia regions in Turkey. There is 
no Nosema spore detected in Konya (in Central 
Anatolia) using both microscopic and molecu-
lar diagnosis. Other important point is that 
Nosema spores were not observed in Isparta 
and Zonguldak honey bee samples in micro-
scopic diagnoses; however, N. ceranae was de-
tected in samples using multiplex PCR. The 
nucleotide sequences of amplification prod-
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ucts from the Nosema infested samples were 
(98%) identical with the sequence of N. ceranae 
from many countries deposited in the Gen-
Bank database in this study. A nucleotide blast 
illustrated that N. ceranae samples from Tur-

key was highly identical (98%) from N. ceranae 
sequences from many European countries 
(Lithuania, Poland, France, Italy, Germany 
and Austria), Morrocco, Lebonan, Iran, Mexi-
co, Argentina, Australia and Thailand.  

 
Table 1: Results of light microscopy examination and PCR results for Nosema spp. spores in common samples 

originating from each location in Turkey 
 

Locations # of Apiaries Negative Positive  
  (N) (n-) (%) (n+) (%) N. ceranae N. Apis 
İzmir 13 11 84.6 2 15.4 Yes No 
Aydın 14 9 64.3 5 35.7 Yes No 

Muğla 12 0 0.0 12 100.0 Yes No 

Tekirdag 10 2 20.0 8 80.0 Yes No 
Kırklareli 13 11 84.6 2 15.4 Yes No 
Zonguldak 5 5 100.0 0 0.0 Yes No 
Artvin 5 4 80.0 1 20.0 Yes No 
Isparta 5 5 100.0 0 0.0 Yes No 
Adana  5 4 80.0 3 60.0 Yes No 
Konya 5 5 100.0 0 0.0 No No 
Kırşehir 12 11 91.7 1 8.3 Yes No 

(N=Total number of Apiaries; (n-)= Negative number of infected colonies; (n+)= Positive number of infected colonies) 

 

Discussion  
 

The presence of N. ceranae and N. apis in 
Turkey were determined using molecular 
techniques in previous studies (8, 26, 27). The 
sampling period of these studies included 
2005 to 2009. The detection of the two Nose-
ma spores was important suspicious for colony 
losses in Turkey in those periods. Because N. 
ceranae were detected in Artvin, Muğla and 
Hatay provinces (8) and high rates of colony 
losses were detected by Giray et al. (30). At 
that point, Whitaker et al. (8) mentioned that 
“Though the cause of the colony losses can-
not be conclusively attributed to N. ceranae 
infection, there were a potentially significant 
relationship between its presence and the oc-
currence of the losses”.  

Besides, N. ceranae is more pathogen than N. 
apis and it has been spread all over the world 
(8, 13, 22, 24). In 2005 and 2006, N. ceranae 
was detected from three samples from the 
Hatay, Muğla and Artvin provinces (8). N. apis 
was detected in samples from the Sivas, Izmir, 

Gaziantep and Bitlis provinces (8). In the 
samples from Black Sea (Samsun and Giresun), 
N. ceranae were detected in 2007 and 2008 (26). 
The other study informed the presence of N. 
cerana and N. apis in Hatay and southeastern 
Marmara region between 2007 and 2009 (27). 

 The present study results illustrated that N. 
ceranae is the only Nosema species detected into 
infect honey bee in Turkey and N. apis were 
not detected using both techniques for col-
lected samples between 2011-2012. But, the 
presence of N. apis was informed in previous 
studies (8, 26, 27). The other study illustrated 
the presence of N. ceranae in the samples of 
migratory beekeepers but not within the sam-
ples of local beekeepers (31). They also con-
cluded that the infectivity of N. ceranae ex-
pands with migratory beekeeping activities 
(31). However, the samples of the present 
study were collected mostly in local beekeep-
ers in Zonguldak, Isparta, Izmir, Kırşehir and 
others except Muğla and N. ceranae spores 
found nearly all locations except Konya sam-
ples, which were also collected from local 
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beekeepers. The present study does not sup-
port that N. ceranae expands with migratory 
beekeeping activities or found in migratory 
beekepers. The recent studies indicated the 
replacement of N. apis by N. ceranae in many 
regions in Turkey (31, 32).  

The present results illustrated that N. ceranae 
is the only spore in sampled areas which is 
found instead of N. apis in Turkey. The se-
quence results for present study also showed 
high-level identity of N. ceranae sequences 
from many European countries Morrocco, 
Lebanon, Iran, Mexico, Argentina, Australia 
and Thailand. This result can be explained 
with the properties of pathogen, which has 
high level of pathogenicity and transmission 
rate. The other reason of N. ceranae, which is 
the only spores in sampled areas, could be ex-
plained the lack of symptoms of N. ceranae led 
to insufficient attention or neglect nosemosis 
of beekeepers (12, 17). 
 

Conclusion 
 

N. ceranae is the only spores for sampled are-
as in 2011-2012. The study could also indicate 
that N. ceranae has been replaced instead of N. 
apis in Turkey according to sampling areas. 
Also the prevalence of N. ceranea and two mi-
crosporidia spores effects on honey bee colo-
nies in Turkey were needed to determine with 
intensive sampling, periodically.  
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