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ABSTRACT 

Nosema ceranae as a fungal parasite has been reported from the Apis mellifera in all continents. It 
causes reduced longevity, depopulation, decreased production, and colony losses in honeybee 
colonies. This study aimed to determine the prevalence of N.ceranae in the apiaries of Mazandaran 
province. In this study, we randomly selected 320 hives from thirty-two apiaries and collected twenty 
old honeybees from the apiaries. The collected samples were examined by microscopy and molecular 
methods. The results of the microscopic examinations showed that 78.12% of apiaries were infected 
with Nosema spp. In addition, N. ceranae was identified 84.37% of apiaries by PCR, while no samples 
were infected by N. apis. Blast analysis of the sequenced samples confirmed the presence of N. 
ceranae infection in the apiaries. Based on the obtained results, a high frequency of N.ceranae was 
detected in apiaries in Mazandaran province. 
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ÖZ 

Nosema ceranae, tüm kıtalarda Apis mellifera'dan mantar paraziti olarak rapor edilmiştir. Bal arısı 
kolonilerinde yaşam süresinin azalmasına, nüfus azalmasına, üretimin azalmasına ve koloni 
kayıplarına neden olur. Bu çalışmada Mazandaran ili arılıklarında N.ceranae yaygınlığının belirlenmesi 
amaçlanmıştır. Bu çalışmada, otuz iki arılıktan rastgele 320 kovan seçtik ve arılıklardan yirmi yaşlı bal 
arısı topladık. Toplanan örnekler mikroskop ve moleküler yöntemlerle incelendi. Mikroskobik 
incelemelerde arılıkların %78,12'sinin Nosema spp belirlendi. Ayrıca N. ceranae, PCR ile %84.37'sinde 
tespit edilirken, hiçbir numune N. apis ile enfekte olmamıştır. Sıralı örneklerin gen hizalama analizi 
sonucunda arılıklarda N. ceranae enfeksiyonunun varlığı doğrulandı. Elde edilen sonuçlara göre 
Mazandaran ilindeki arılıklarda yüksek oranda N.ceranae tespit edilmiştir. 

Anahtar Kelimeler: Nosema ceranae, Bal arısı, PCR, İran 

 

GENIŞLETILMIŞ ÖZET 

Amaç: Çalışmanın amacı, Mazandaran ili 
arılıklarında N.ceranae yaygınlığının mikroskopik ve 
moleküler yöntemlerle belirlenmesidir. 

Gereç ve yöntem: Bu çalışmada, otuz iki arılıktan 
rastgele 320 kovan seçilmiştir. Her bir kovanda, her 
bir kovanın çevre çerçevelerinden 20 yaşlı işçi arı 
toplanmıştır. Bal arılarının karınları normal tuzlu su 
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çözeltisinde öğütüldü. Süspansiyon süzüldü ve 
santrifüjlendi. Süpernatantlar çıkarıldı ve Pelletler 
doymuş salin solüsyonu ile karıştırıldı. Birkaç mililitre 
süpernatan alındı ve solüsyonun geri kalanı atıldı. 
Süpernatanlar, tekrarlanan santrifüjleme yoluyla 
damıtılmış su ile yıkandı. Nihai pelet, Nosema 
sporunu tanımlamak için mikroskobik olarak 
incelendi. Bal arılarının geri kalan karın içeriği DNA 
ekstraksiyonu için kullanıldı. Her numunede Nosema 
türlerinin saptanması için bir multipleks PCR tahlili 
kullanıldı. En güçlü banda sahip beş pozitif amplikon 
da gen dizilimi için seçildi. 

Bulgular: Mikroskobik incelemelerin sonucunda 
arılıkların %78.12'sinin Nosema spp. belirlendi. Ek 
olarak, N. ceranae, PCR ile arılıkların %84.37'sinde 
tespit edilirken, hiçbir örneğe N. apis bulaşmamıştır. 
Mikroskobik ve moleküler yöntemler arasında adil bir 
sonuç elde edildi. Ayrıca, fumagillin reçete 
edilmesinin arılık boyutunda, arılıklarda Nosema spp 
enfeksiyon oranı üzerinde anlamlı bir etkisi 
olmamıştır. Sıralı örneklerin gen sıralama analizi, 
arılıklarda N. ceranae enfeksiyonunun varlığını 
doğruladı. 

Tartışma ve sonuç: Birçok çalışmanın sonuçları, N. 
ceranae enfeksiyonunun dünya çapında bir dağılıma 
sahip olduğunu göstermiştir (Klee ve ark. 2007). N. 
ceranae yaygınlığı Türkiye'de %15-100 (Ivgin Tunca 
ve ark. 2016), İtalya'da %63 (Papini ve ark. 2017), 
Polonya'da %80,6 (Michalczyk ve ark. 2011), %95-
97 Macaristan'da (Csáki ve diğerleri 2015), 
Bulgaristan'da %77 (Shumkova ve diğerleri 2018), 
Kanada'da %41-91 (Emsen ve diğerleri 2016) ve 
Suudi Arabistan'da %56 (Ansari ve diğerleri 2017). 

Bu çalışmada, mikroskopik ve PCR sonuçları 
arasında adil bir uyum gözlemlenirken, diğer 
çalışmalar iki yöntem arasında önemli bir uyum 
olduğunu bildirmiştir (Khezri ve diğerleri 2018, Papini 
ve diğerleri 2017). Bal arılarında Nosema 
enfeksiyonunun tanımlanması ve ayrımı için PCR 
yönteminin duyarlılığı ve özgüllüğünün ışık 
mikroskobundan daha yüksek olduğu açıktır 
(Michalczyk ve ark. 2011). Bununla birlikte, sporlar 
gözlemlenmesine rağmen, iki örnekte PCR sonuçları 
negatifti. Sonuçlar, eksik DNA ekstraksiyonu veya 
esnek duvarların DNA ekstraksiyonu üzerindeki 
önleyici etkisi ile ilgili olabilir (Webster ve ark. 2004). 
Bu çalışmada izole edilen N. ceranae dizileri, Çin'de 
toplanan ve GenBank veri tabanında depolanan N. 
ceranae dizileriyle yüksek düzeyde homolojiye 
sahiptir. 

Moleküler inceleme, bu çalışmada arılıklarının 
%87,37'sinin yalnızca N. ceranae ile enfekte 
olduğunu göstermiştir. Sonuçlarımız, İran arı 
kovanlarında N. ceranae'nin tek nosemosis etkeni 
olduğunu belirleyen diğer moleküler çalışmalarla 
uyumludur (Nabian ve ark. 2011, Khezri ve ark. 
2018, Mohhamadian ve ark. 2018). Bu çalışmada N. 
ceranae'nin yüksek oranda yaygınlığı, bölgelerdeki 
subtropikal iklim ile ilgili olabilir. N. ceranae 
enfeksiyonlarının oranı, diğer bölgelere kıyasla 
ılıman iklimlerde daha baskın görünmektedir, oysa 
N. apis şu anda daha soğuk iklimlerde daha yaygın 
olabilir (Fries 2010). 

Elde edilen sonuçlara göre İran'ın Mazandaran 
eyaletindeki arılıklarda yüksek oranda N.ceranae 
tespit edilmiştir. Ayrıca, fumagillin kullanımı, enfekte 
olmuş kolonilerde nosemayı kontrol etmek için 
yeterli değildir. 

 

INTRODUCTION 

Nosemosis is a significant disease in honey bees 
around the world (Bailey and Ball 1981). Nosemosis 
is caused by unicellular fungi belonging to class 
Microsporidia (OIE 2019). Recent molecular 
research of the SSU rRNA gene was shown a new 
definition of the Nosema –Vairimorpha clade. 
Although Nosema species are genetically close to 
Vairimorpha, but their morphological and 
developmental features of two groups are very 
similar. However the taxonomy of Nosema species 
is not yet well established (Tokarev et al. 2020). 
Nosema spores are found in feces and are ingested, 
directly or indirectly, by adult bees. A higher rate of 
Nosema infection is observed in worker bees 
compared to drones and queens, probably due to 
the cleaning activities of worker bees in the hive 
(Bailey and Ball 1981). The spores then develop in 
the epithelial cells in the bees’ midgut and affect their 
digestive functions. The spores are expelled in the 
feces and are able to maintain their infectivity for a 
long time in cold and heat conditions for several 
years (Fenoy et al. 2009). The causative agents of 
nosemosis are N. apis and N. ceranae that infect 
Apis mellifera, with different frequency depending on 
the area (Fries 2010). Nosema apis is distributed 
especially in cold and temperate regions. It more 
common during spring and winter. Nosema ceranae 
is a new species of microsporidium isolated for the 
first time from Apis cerana, a bee species 
widespread in Southeast Asia (Fries et al. 1996). 
The natural infection of Apis mellifera with N. 
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ceranae was reported in Spanish apiaries (Higes et 
al. 2006). The clinical signs of N. ceranae infection 
in adult honeybees are different from N. apis. The 
most prominent symptom in N. apis infection is 
dysentery, while intestinal disorders are not 
observed in N. ceranae infection. The affected 
honeybees tend to die away from the hive, resulting 
in progressive depopulation of the colonies (OIE 
2019, Fries 2010). 

The microscopic spores of N. apis are barely 
morphologically distinguishable from those of N. 
ceranae. It is only possible to make an accurate 
diagnosis through PCR (OIE 2019). Epidemiological 
studies have indicated a high prevalence of Nosema 
spp. in honeybee colonies in the northern half of Iran 
(Lotfi et al. 2009, Tavassoli et al. 2009, Razmaraii 
and Karimi 2010, Moshverinia et al. 2012). However, 
molecular studies have shown only N. ceranae 
infection in the apiaries in different provinces of Iran 
(Nabian et al. 2011, Khezri et al. 2018, 
Mohhamadian et al. 2018). 

Mazandaran province is located in the Caspian 
climate, and with abundant flowering plants, it is one 

of the essential centers of beekeeping in Iran. 
Nosema ceranae infection was reported the first time 
from Iranian apiaries in this province (Nabian et al. 
2011). This study aimed to determine the prevalence 
of Nosema ceranae in the apiaries of Mazandaran 
province by microscopy and molecular assays. 

 

MATERIALS AND METHODS 

Study area 

Mazandaran province is located between the 
Caspian Sea and Alborz Mountain, extending from 
latitude 35°45’ to 37°10' and longitude 50°15' to 54° 
(Fig.1). The Alborz Mountains separate the 
Mazandaran province from the plateau and prevent 
Caspian's humidity from extending over the country, 
and also cause high annual precipitation consisting 
of snow in the highlands and rain in the lowlands. 
The abundant precipitation provides suitable 
conditions for natural vegetative growth in the 
province (Kazembeyki 2003). 

 

 

Figure 1. Map of sample collection in the Mazandran Province, Iran. 
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Samples collection 

We collected samples from 320 hives. The sample 
size was calculated using a 95% confidence level 
with 5% desired absolute precision (Thursfield 
1986), based on the prevalence of Nosema spp. 
infection (59%) that was previously reported in 
Azerbaijan province (Razmaraii and Karimi 2010). 
Thirty-two apiaries were randomly selected and 
sampled from April to March 2017 in Mazandaran 
province. The apiaries were located in the Sari, 
Ghaemshar, Babol and Savadkooh areas (Fig. 1). 

After visiting the determined apiaries, the data for 
each apiary, we obtained from the beekeeper the 
apiary address, the name of the owner, bee 
population. Then, the samples were collected from 
10 seemingly healthy hives in each apiary, 
consisting of 20 old worker bees from peripheral 
frames of each hive (200 honeybees in each apiary) 
(OIE 2019). The collected bees were put in storage 
containers and transported immediately to the 
laboratory under cold conditions. 

Samples preparation Twenty honeybees’ 
abdomens from each hive were ground up in 5 ml of 
normal saline solution. The suspensions were 
filtered through two layers of muslin to remove 
coarse bee parts and then centrifuged at 2500 g for 
5 min. and the supernatants removed. Pellets of 
isolated spores were mixed with saturated saline 
solution and again centrifuged at 2500 g for 5 min. 
Some milliliters of supernatants were taken and the 
rest of the solution was discarded. The supernatants 
were washed three times with distilled water and 
each time they were centrifuged at 2500 g for 3 min 
and the upper parts were discarded. The finel pellets 
were resuspended in 1.5 ml of distilled water. The 
final pellets were One drop of the sample was put on 
a slide and covered with a slip and examined by a 
light microscope at ×400 magnification. The rest of 
the homogenate was transferred to an Eppendorf 
tube at kept at -20°C until use. 

DNA extraction and Duplex- PCR 

Total genomic DNA of homogenate samples was 
extracted according to the protocol of a DNA 
isolation kit (Molecular Biological System Transfer 
(MBST), Tehran, Iran). A Multiplex PCR method was 
used to simultaneous detection of two Nosema 
species in isolate DNA. (Martín-Hernández et al. 
2007). Briefly, in amplification of Duplex-PCR four 
oligonucleotide PCR primers, 5ʹ-
GGCGACGATGTGATATGAAAATATTAA-3ʹ as N. 

ceranae forward, 5ʹ-
CCCGGTCATTCTCAAACAAAAAACCG-3ʹ as N. 
ceranae reverse, and 5ʹ-
GGGGGCATGTCTTTGACGTACTATGTA-3ʹ as N. 
apis forward and 
GGGGGGCGTTTAAAATGTGAAACAACTATG -3ʹ 
as N. apis reverse were used  Amplification was 
conducted in 25 μl reaction volumes (Accupower 
PCR premix kit, Bioneer®, South Korea) with a final 
concentration of each dNTP of 250 μM in 10 mM 
Tris-HCl pH 9.0, 30 mM KCl and 1.5 mM MgCl2, 1U 
Taq DNA polymerase and 10 pmol of each PCR 
primer (Takapouzist Co. Iran), Then 1 μl of DNA 
template was added to each reaction . The 
remaining 25 μl reaction volume was filled with 
nuclease-free distilled water. The thermocycler 
program consisted of 94°C for 2 min, followed by 10 
cycles of 15 s at 94°C, 30 s at 61.8°C, and 45 s at 
72°C, 20 cycles of 15 s at 94°C, 30 s at 61.8°C, and 
50 s at 72°C plus an additional 5 s of elongation for 
each successive cycle, and a final extension step at 
72°C for 7 min. The PCR products were 
electrophoresed in a 2% agarose gel with TBE buffer 
and visualized using ethidium bromide and UV-
eliminator. A visible band at 321 bp for N. apis and 
218bp for N. ceranae was produced in the PCR. The 
positive controls were prepared from the infected 
honeybees in the last study (Moshverinia et al. 2012) 
and the nuclease free distilled water as a negative 
control for each PCR amplification. 

Gene sequencing 

Five positive amplicons with the strongest band were 
selected, purified and sent to gene sequencing 
(Bioneer Inc, Seoul, Korea). The primers which were 
previously used for the PCR product of N. ceranae 
were applied for the sequencing reactions. 
Assembling and editing of sequenced nucleotides 
was performed using CLC software (CLC Main 
Workbench, Version5.5).  

Statistics analysis 

The relationship between Nosema infection rate and 
different variables such as the size of apiary and use 
and non-use of fumagillin was analyzed by the Chi-
square test. A significant association was identified 
when a p-value of less than 0.05 was observed. The 
agreement between the molecular and microscopic 
tests was showed as a Kappa- coefficient. The 
agreement as poor if Kappa- coefficient between 0.2 
and 0.4, moderate if between 0.4 and 0.6, 
substantial if 0.6 and 0.8 and good if it exceeds 0.8 
and 1, (Petrie and Watson 2006). 
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RESULTS 

In this study, Nosema spp. infection was detected in 
78.12% of apiaries (25/32) by microscopy method 
(Fig. 2) and 84.37% of apiaries (27/32) by PCR. N. 
ceranae was the only species of Nosema identified. 
(Fig. 3). A poor agreement was observed between 
the microscopy and PCR methods (Table.1). 
(Kappa= 0.389). No significant statistical differences 
were identified between the prevalence of N. 
ceranae infection in apiaries by population and the 
use of fumagillin (Table. 2) (p>0.05). A blast search 
against GenBank revealed the highest similarity 
(100%) with N. ceranae 16SrRNA partial sequence 
from China )Sequence ID: MF099642.1). 

 

Figure2. Nosema spores stained by Giemsa under a light 
microscope (1000×).

 

 

Figure 3. Electrophoresis results of SSUrRNA gene with special primers, M: Marker, P: Positive control, N: Negative 
Control, 1, 2, 3 and 4: Nosema Positive samples (218bp) 
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Table 1. Comparison of detection Nosema spp. infection 
in apiaries by Microscopy and PCR 

Variable PCR Total 

The size of apiary 
Negative    

N 
Positive       

N 
 

10-100 hives 4 18(81.8) 22 

>100 hives 1 9(90) 10 

Prophylaxis drug    

Fumagillin use 1 10 (90.9) 11 

Fumagillin no use 4 17(80.9) 21 

Total 5 27 (4.5)* 32 

 

Table 2. Frequency of N.ceranae infection by size of 
apiaries 

Results Number (%) 

Both Microscopy and PCR (+) 23 71.8 

Both Microscopy and PCR (-) 3 9 

Microscopy (+), PCR (-) 2 6.2 

Microscopy (-), PCR (+) 4 12.5 

 

DISCUSSION 

The frequency of Nosema spp. infection was 78.12% 
in apiaries in the present study based on microscopic 
examination. The rate of Nosema spp. infection was 
reported to be 50%-90% in Iranian apiaries in 
different regions by a microscopy method 
(Razmaraii and Karimi 2010, Moshverinia et al. 
2012, Khezri et al. 2018). The frequency of Nosema 
spp. infection was reported to be 22.4%-35.4% in 
Germany (Gisder et al. 2010), 78.6%-94.6% in 
Balkan countries (Stevanovic et al. 2011), and 
20.59% in Saudi Arabia (Ansari et al. 2017) by 
microscopic examination. The differences in the 
reported prevalence of Nosema infection may 
depend on the climate of each country, health 
management practices in apiaries, and sampling 
and diagnostic methods. Two studies were reported 
N. apis infection in Iranian apiaries by microscopic 
method (Razmaraii and Karimi 2010, Mashverinia et 
al. 2012). The results of these studies are 
questionable, because, the spores of two Nosema 
species are very similar and there is no 
morphological index for two species differentiation. 

Molecular examination showed that 87.37% of the 
apiaries of this study were infected with N. ceranae 
only. Our results are consistent with other molecular 
studies that determined that N. ceranae was the only 
causative agent of nosemosis in Iranian apiaries 
(Nabian et al. 2011, Khezri et al. 2018, 
Mohhamadian et al. 2018). The high prevalence of 
N. ceranae in this study may be related to subtropical 

climate in the areas. The proportion of N. ceranae 
infections appears to dominate in warmer climates 
compared to more temperate regions, whereas N. 
apis presently may be more prevalent in colder 
climates (Fries 2010). 

The results of many studies have shown that N. 
ceranae infection has a worldwide distribution (Klee 
et al. 2007). The prevalence of N. ceranae was15%-
100% in Turkey (Ivgin Tunca et al. 2016), 63% in 
Italy (Papini et al. 2017), 80.6% in Poland 
(Michalczyk et al. 2011), 95%-97% in Hungary 
(Csáki et al. 2015), 77% in Bulgaria (Shumkova et 
al. 2018), 41%-91% in Canada (Emsen et al. 2016), 
and 56% in Saudi Arabia (Ansari et al. 2017). 

In the present study, a fair agreement was observed 
between microscopy and PCR results, while other 
studies have reported substantial to good agreement 
between the two methods (Khezri et al. 2018, Papini 
et al. 2017). It is clear that the sensitivity and 
specificity of PCR method is higher than light 
microscopy for identification and differentiation of 
Nosema infection in honeybees (Michalczyk et al. 
2011). However, the PCR results were negative in 
two samples, even though the spores were 
observed. The results may be related to incomplete 
DNA extraction or the prevention effect of the 
resilient walls on DNA extraction (Webster et al. 
2004). The isolated N. ceranae sequences in this 
study had high-level homology with N. ceranae 
sequences of N. ceranae collected in China that 
were deposited in the GenBank database. The 
Fumagillin as an antibiotic extracted from Aspergillus 
fumagitus has been used for treatment of nosemosis 
in apiaries for several years. Recent studies have 
been shown that fumagillin is a carcinogenic 
substance and its residue in honey is dangerous for 
human health. (Van den Heever et al. 2014). For this 
reason, European countries have banned its use in 
apiary. Nevertheless, it is still used as a drug for 
nosomiasis treatment in Iran (Moradi, 2019) and 
other countries (McCallum et al. 2020; Glavinic et al. 
2021). We also investigated the effectiveness of 
preventive fumagillin treatment in this study. The 
results showed that the level of Nosema spp. 
infection did not differ between treated and untreated 
colonies. An experimental study showed that N. 
ceranae is not very sensitive to low doses of 
fumagillin, and it can actually cause 
hyperproliferation of Nosema spp. in infected 
honeybees. (Williams et al. 2010). Our findings 
showed that N. ceranae at a high frequency are the 
only causative agent of nosemosis in Mazandaran 
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province. Furthermore, the use of fumagillin was not 
adequate for controlling nosemosis in infected 
colonies. 
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