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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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oz

Nosema ceranae, tiim kitalarda Apis mellifera’dan mantar paraziti olarak rapor edilmistir. Bal arisi
kolonilerinde yasam siiresinin azalmasina, niifus azalmasina, ilretimin azalmasina ve koloni
kayiplarina neden olur. Bu galismada Mazandaran ili arihklarinda N.ceranae yayginhginin belirlenmesi
amaclanmistir. Bu ¢alismada, otuz iki ariliktan rastgele 320 kovan segtik ve ariliklardan yirmi yash bal
arisi topladik. Toplanan ornekler mikroskop ve molekiiler yontemlerle incelendi. Mikroskobik
incelemelerde ariliklarin %78,12'sinin Nosema spp belirlendi. Ayrica N. ceranae, PCR ile %84.37'sinde
tespit edilirken, hicbir numune N. apis ile enfekte olmamistir. Sirali 6rneklerin gen hizalama analizi
sonucunda ariliklarda N. ceranae enfeksiyonunun varligi dogrulandi. Elde edilen sonuglara gore
Mazandaran ilindeki ariliklarda yiiksek oranda N.ceranae tespit edilmistir.

Anahtar Kelimeler: Nosema ceranae, Bal arisi, PCR, iran

GENISLETILMIS OZET Gereg ve yontem: Bu calismada, otuz iki arilhktan
rastgele 320 kovan secilmistir. Her bir kovanda, her
bir kovanin gevre cercgevelerinden 20 yasl isci ari
toplanmigtir. Bal arilarinin karinlari normal tuzlu su

Amag: Calismanin amaci, Mazandaran ili
ariliklarinda N.ceranae yayginliginin mikroskopik ve
molekuler yontemlerle belirlenmesidir.

Uludag Aricilik Dergisi — Uludag Bee Journal 2021, 21 (2): 198-205 198



ARASTIRMA MAKALESI / RESEARCH ARTICLE

¢cOzeltisinde o6gutuldd. Sudspansiyon suzildi ve
santrifljlendi. SUpernatantlar cikarildi ve Pelletler
doymus salin solusyonu ile karigtirildi. Birka¢ mililitre
stupernatan alindi ve solUsyonun geri kalani atildi.
Slpernatanlar, tekrarlanan santrifijleme yoluyla
damitimis su ile yikandi. Nihai pelet, Nosema
sporunu tanimlamak igin mikroskobik olarak
incelendi. Bal arilarinin geri kalan karin icerigi DNA
ekstraksiyonu icin kullanildi. Her numunede Nosema
turlerinin saptanmasi igin bir multipleks PCR tahlili
kullanildi. En gug¢li banda sahip bes pozitif amplikon
da gen dizilimi i¢in segildi.

Bulgular: Mikroskobik incelemelerin sonucunda
ariliklarin %78.12'sinin Nosema spp. belirlendi. Ek
olarak, N. ceranae, PCR ile ariliklarin %84.37'sinde
tespit edilirken, hicbir drnede N. apis bulagmamisgtir.
Mikroskobik ve molekuler yontemler arasinda adil bir
sonu¢ elde edildi. Ayrica, fumagillin recete
edilmesinin arilik boyutunda, ariliklarda Nosema spp
enfeksiyon orani Uzerinde anlamh bir etkisi
olmamisgtir. Sirali érneklerin gen siralama analizi,
ariliklarda N. ceranae enfeksiyonunun varhgini
dogruladi.

Tartisma ve sonug: Birgok galismanin sonuglari, N.
ceranae enfeksiyonunun dinya ¢apinda bir dagihma
sahip oldugunu gostermistir (Klee ve ark. 2007). N.
ceranae yayginhgi Turkiye'de %15-100 (lvgin Tunca
ve ark. 2016), italya'da %63 (Papini ve ark. 2017),
Polonya'da %80,6 (Michalczyk ve ark. 2011), %95-
97 Macaristan'da (Csaki ve digerleri 2015),
Bulgaristan'da %77 (Shumkova ve digerleri 2018),
Kanada'da %41-91 (Emsen ve digerleri 2016) ve
Suudi Arabistan'da %56 (Ansari ve digerleri 2017).

Bu c¢alismada, mikroskopik ve PCR sonuglari
arasinda adil bir uyum gdézlemlenirken, diger
¢alismalar iki yontem arasinda 6nemli bir uyum
oldugunu bildirmistir (Khezri ve digerleri 2018, Papini
ve digerleri 2017). Bal arilarinda Nosema
enfeksiyonunun tanimlanmasi ve ayrimi igin PCR
yonteminin  duyarhhgr ve &6zgulligundn 1sik
mikroskobundan daha ylksek oldugu aciktir
(Michalczyk ve ark. 2011). Bununla birlikte, sporlar
g6zlemlenmesine ragmen, iki drnekte PCR sonuglari
negatifti. Sonuclar, eksik DNA ekstraksiyonu veya
esnek duvarlarin DNA ekstraksiyonu uzerindeki
Onleyici etkisi ile ilgili olabilir (Webster ve ark. 2004).
Bu calismada izole edilen N. ceranae dizileri, Cin'de
toplanan ve GenBank veri tabaninda depolanan N.
ceranae dizileriyle yuksek dizeyde homolojiye
sahiptir.
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Molekuler inceleme, bu c¢alismada ariliklarinin
%87,37'sinin yalnizca N. ceranae ile enfekte
oldugunu géstermistir. Sonuglarimiz, iran ar
kovanlarinda N. ceranae'nin tek nosemosis etkeni
oldugunu belirleyen diger molekuler caligsmalarla
uyumludur (Nabian ve ark. 2011, Khezri ve ark.
2018, Mohhamadian ve ark. 2018). Bu ¢alismada N.
ceranae'nin yuksek oranda yayginhgi, bolgelerdeki
subtropikal iklim ile ilgili olabilir. N. ceranae
enfeksiyonlarinin orani, diger bolgelere kiyasla
ihman iklimlerde daha baskin goriinmektedir, oysa
N. apis su anda daha soguk iklimlerde daha yaygin
olabilir (Fries 2010).

Elde edilen sonuglara gére iran'in Mazandaran
eyaletindeki ariliklarda yiksek oranda N.ceranae
tespit edilmistir. Ayrica, fumagillin kullanimi, enfekte
olmus kolonilerde nosemayil kontrol etmek igin
yeterli degildir.

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).
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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 x400 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. (Martin-Hernandez et al.
2007). Briefly, in amplification of Duplex-PCR four
oligonucleotide PCR primers, 5'-
GGCGACGATGTGATATGAAAATATTAA-3' as N.
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ceranae forward, 5'-
CCCGGTCATTCTCAAACAAAAAACCG-3' as N.
ceranae reverse, and 5'-
GGGGGCATGTCTTTGACGTACTATGTA-3' as N.
apis forward and

GGGGGGCGTTTAAAATGTGAAACAACTATG -3
as N. apis reverse were used Amplification was
conducted in 25 pl reaction volumes (Accupower
PCR premix kit, Bioneer®, South Korea) with a final
concentration of each dNTP of 250 yM in 10 mM
Tris-HCI pH 9.0, 30 mM KCl and 1.5 mM MgClz, 1U
Tag DNA polymerase and 10 pmol of each PCR
primer (Takapouzist Co. Iran), Then 1 pl of DNA
template was added to each reaction . The
remaining 25 pl 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.l).
(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).

500 bp

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

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)

Uludag Aricilik Dergisi — Uludag Bee Journal 2021, 21 (2): 229-236 202



ARASTIRMA MAKALESI / RESEARCH ARTICLE

Table 1. Comparison of detection Nosema spp. infection
in apiaries by Microscopy and PCR

Variable PCR Total
The size of apiary NegNat|ve Pos’\||t|ve

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 (+) 4 125
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
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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 (lvgin Tunca et al. 2016), 63% in
Italy (Papini et al. 2017), 80.6% in Poland
(Michalczyk et al. 2011), 95%-97% in Hungary
(Csaki 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. (Wiliams 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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