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Introduction

Abstract

Nosemosis is known as a serious disease of adult honey bees, Apis mellifera L.
(Hymenoptera: Apidae) caused by Nosema apis and N. ceranae which are obligate
intracellular microsporidian parasites. The parasites infect the epithelial cells of honey
bee ventriculum and lead to critical changes in midgut mucosa that cause digestive and
metabolic disorders. Accordingly, the infestation causes the death of adult honey bees
and leads to great economic losses for beekeeping industry worldwide. Seasonal
patterns of nosemosis are consistent and mostly observed in the spring or autumn
months, with the highest spore counts and viability. The aim of this work was to evaluate
the seasonality of nosemosis in the light of previous literature and specifically
investigate the presence of Nosema spp. during the summer season including June, July,
and August from various locations in Ankara. Honey bee individuals were collected from
80 apiaries located in 14 different areas in Ankara. The samples were analyzed from
pools of ten adult honey bees per population using digestion methods. Before analysis,
the anesthesia was induced by cold (30 sec, -80 °C) on the bees. According to obtained
data, 12 out of 80 (15%) sampled apiaries were infected with Nosema spp. spores.
Infected apiaries were mainly located in the central and north parts of Ankara. Results
show nosemosis might be detrimental to honey bee colonies and its productivity in the
summer months. Therefore, the treatment might be needed when infections of Nosema
spp. reach to an infectious level even in summer.

decreasing honey production, foraging behavior, and
pollination productivity (Higes et al., 2006). In severe

Microsporidia are eukaryotic, obligate intracellular
parasites that invade vertebrates and invertebrates.
They are spore-forming organisms and classified as
fungi. Spores are the infective stage of microsporidian
parasites and keep them surviving outside of the host
(Adl et al., 2005; Higes et al., 2006). The western honey
bee, Apis mellifera L. (Hymenoptera: Apidae), is mostly
infected by two microsporidia species, Nosema ceranae
(Fries et al., 1996) and Nosema apis (Zander, 1909)
(Microsporidia: Nosematidae), causing Nosema disease.
Although N. ceranae and N. apis both infect honey bees,
N. ceranae dominates its distribution geographically in
the world (Fries et al., 2006; Higes et al., 2013b).

Nosemosis is known as one of the most significant
diseases of adult honey bees. The infections possess

cases, it can cause bee mortality and even colony collaps
(Cox-Foster et al., 2007; Higes et al., 2008; Martin-
Hernandez et al., 2007).

Nosema spp. are transmitted orally with
contaminated nectar, pollen, honey, and bee feces
(Smith, 2012). When the spores of N. ceranae reach the
infected level, infections lead to cytopathological
changes in the midgut epithelial cells by degenerating
columnar cells, disrupting microvilli, damaging goblet
cells. Additionally, N. ceranae inhibits programmed cell
death, apoptosis by inducing the genes involved in
apoptosis in order to prevent cell death to limit
pathogen growth (Ceylan et al., 2019; Higes et al, 2013a;
Kurze et al., 2018; Martin-Hernandez et al., 2017).
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Since the first description of N. ceranae in 1996
(Fries et al., 1996), the prevalence, distribution, and
seasonality have been determined and showed
variability of seasonal patterns in the world. However,
seasonal patterns of Nosemosis are consistent and
mostly observed in the spring or autumn months, with
the highest spore counts and viability (Brenna et al.,
2012; Gisder et al., 2010; Traver and Fell, 2011). On the
other hand, a study from Spain reported that N. ceranae
raised the number of winter hive losses (Martin-
Hernandez et al., 2007). Rarely, consistent high levels of
summer infection prevelance were demonstrated
(Pernal et al., 2010). Many significant gaps remain in our
understanding of the variations in seasonal patterns of
Nosemosis.

This study investigates the seasonal pattern of
Nosema spp. infection in the light of literature and
focuses on the presence of Nosemosis in honey bee
colonies during the summer months in Ankara, Turkey.

Materials and Methods
Collection of Bee Samples

Samples were requested from beekeepers in the
different locations of Ankara, which are registered in the
Bee Registration System. Adult bee samples collected in
the study were taken from a total of 80 hives from 23
beekeepers who agreed to participate in the study from
Ankara districts (Ayas, Bala, Beypazari, Cankaya, Cubuk,
Golbasi, Gldul, Kalecik, Kazan, Kizilcahamam, Nallihan,
Polatli, Haymana, Yenimahalle). Sample was taken once
from the hives in which beekeepers thought there was a
disease and deaths were seen in June, July and August
months. In order to detect the presence of nosemosis,
50 bee samples per hive were taken from the outermost
frame of the hive.

Detection and Counting of Nosema spores

Counting was performed with a Neubauer slide for
the detection of Nosema. For the preparation of
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samples for Nosema counting, 10 bees were randomly
taken from the groups after inducing the anesthesia by
cold (30 sec, -80 °C) (Tutun et al., 2020). The abdomens
of the bees were separated from their bodies with the
help of forceps and collected in a container. Abdominal
pieces collected in the container were crushed to allow
the intestinal contents to come out. A homogeneous
mixture was obtained as a result of crushing using 1 mL
of distilled water per bee. Then, the body parts were
separated by filtering with 3 layers of gauze patch.
Furthermore, the mixture was placed in 15 mL
centrifuge tubes and centrifuged at 5000-6000 rpm for
10 min. The supernatant was removed from the tube
and counting was performed by adding 1 mL of distilled
water per bee (Glizerin, 2013; Terrestrial Manual of the
OIE, 2018).

Safranin (1%) and Giemsa (5%) stained smears
were prepared for a more detailed examination. For
both methods, the smears were firstly fixed with 100%
methanol. Then, they were stained with Safranin and
Giemsa, 30 and 45 min., respectively. Stained smears
were rinsed with water, air-dried, and examined under
a light microscope with 100x objective and immersion
oil.

Results

Within the scope of this research, bee samples
were collected from different locations in Ankara to
determine the level of nosemosis infestation in the
summer. Nosema agent was found to be positive in 12
out of 80 hives in total, and the infestation rate was
determined to be 15% in the collected samples.
Nosemosis positive samples were obtained from Cubuk,
Golbasi, Kalecik, Kazan, Kizilcahamam and Yenimahalle
districts (Figure 1).

Discussion
Although Nosemosis caused by N. cerenae and N.

apis is known as a serious disease of adult honey bees
worldwide, some gaps still remain in our understanding

Figure 1: Map of sampling locations of Honey bee populations from beekeeping areas in Ankara. The colors, green,

red indicate the positive and negative samples, respectively.
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of their biology, particularly its seasonal features.
Therefore, the current study aimed to provide
information about the seasonal features of nosemosis,
focusing on summer status in Ankara, Turkey. The
occurrence of Nosema infection was first described in
1986 in Turkey (Tutkun & Inci, 1992), and, so far, the
infestation rate has been reported in different ratios
such as 26.4%, 60%, 45.8% in 1990, 2005, 2016
respectively (Kutlu & Kaftanoglu, 1990; Aydin et al.,
2001; Ozkirim et al., 2019). One of the studies conducted
in Ankara showed the existence of nosemosis and
93.75% prevalence of N. ceranae and 6.25% N. apis
infection (Utuk et al., 2016).

The results of previous studies showed that
seasons influence the abundance of nosemosis in hives.
A high spore abundance was detected in spring and
autumn (Brenna et al., 2012; Gisder et al., 2010; Traver
& Fell, 2011). On the other hand, rare studies have
existed about Nosema spp. infection in winter and
summer stuation (Martin-Hernandez et al., 2007; Pernal
et al.,, 2010). According to the findings of a present
study, Nosema infections have still appeared and are a
problem in the summer months in line with Pernal et al.
(2010) and Martin-Hernandez et al. (2009).

In Turkey, Basar (1990) reported that the
maximum level of infection was seen in spring and
winter in the Trakya region, Mugla and istanbul. Another
study conducted in the winter season in Hatay reported
a 10% Nosema infection between 2010 and 2011 (Muz
et al.,, 2012). In addition, the highest infestation level
was observed in June and July in the Eastern Black Sea
region of Turkey (Tosun & Yaman, 2016). In our study,
15% (12 out of 80) prevalence was determined during
the summer season in Ankara, Turkey. Additionally,
infected apiaries were mainly located in the central and
north parts of Ankara.

Conclusion

Detection of nosemosis in the hives is very
important to prevent colony losses and financial
damage. Even though the presence of Nosema infection
is mostly known in spring and autumn, summer infection
prevalence was demonstrated rarely. The results of the
present study provide a minor evidence for summer
infection. Therefore, more attention should be paid to
the presence of infestation and treatment necessity in
all-season including summer.
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