Kafkas Univ Vet Fak Derg Kafkas Universitesi Veteriner Fakultesi Dergisi
ISSN: 1300-6045 e-ISSN: 1309-2251
Journal Home-Page: http://vetdergikafkas.org

26 (3):313-319, 2020
DOI: 10.9775/kvfd.2019.22845 Online Submission: http://submit.vetdergikafkas.org

Research Article

Detection and Molecular Examination of Pathogens in Honey
and Bees in the Northern Marmara Region, Turkey "

Giilay Merve BAYRAKAL 2,5 Gézde EKICi 2 Hayrettin AKKAYA 3¢
Funda Hatice SEZGIN ¢ Emek DUMEN 'e

['This study was funded by the Research Fund of the University of Istanbul (Project No: 36663)

!istanbul University - Cerrahpasa, Faculty of Veterinary Medicine, Department of Food Hygiene and Technology, TR-34500
istanbul - TURKEY

2jstanbul Kultur University, Faculty of Health Science, Department of Nutrition and Dietetics, TR-34192 istanbul - TURKEY

3 [stanbul University - Cerrahpasa, Faculty of Veterinary Medicine, Department of Parasitology, TR-34500 istanbul - TURKEY

“[stanbul University - Cerrahpasa, Faculty of Engineering, Department of Industrial Engineering, TR-34528 istanbul - TURKEY
2 ORCID: 0000-0002-2015-7182; ® ORCID: 0000-0002-9304-0786; < ORCID: 0000-0002-4557-0299; ¢ ORCID: 0000-0002-2693-9601
¢ ORCID: 0000-0001-9389-9382

Article ID: KVFD-2019-22845 Received:31.07.2019 Accepted: 29.02.2020 Published Online: 02.03.2020

How to Cite This Article

Bayrakal GM, Ekici G, Akkaya H, Sezgin FH, Diimen E: Detection and molecular examination of pathogens in honeys and bees in the Northern
Marmara Region, Turkey. Kafkas Univ Vet Fak Derg, 26 (3): 313-319, 2020. DOI: 10.9775/kvfd.2019.22845

Abstract

Honey, which has many positive health effects, is fondly consumed in our country and in the world. Although honey is considered
to be a micro-organism-free food because of its antimicrobial and bacteriostatic effects, studies refute this idea. In addition to
primary contamination, personnel, tools and equipment used in beekeeping and honey production is a potential source of secondary
contamination. In addition, honey, which can carry many microorganisms as a result of cross-contamination, is among the important
foods and can threat public health. Therefore, it is thought that screening of pathogens that may be present in honey would contribute
to the studies. Due to the geographical location, the diversity of climate and vegetation, Turkey is located in the upper row of honey
producting countries. In this study, 900 samples examined in Kirklareli province in Northern Marmara Region. Kirklareli region has
been chosen as the research area since it is considered as an important province in honey production and is a border province located
in the industrial zone. The aim of the study was to investigate the presence of parasitological, bacterial, fungal and viral parameters
which are important for the quality of the consumer, bee, larvae, colony and honey. According to the obtained data, positive results
were found in many parameters and statistically significant results were obtained.
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Kuzey Marmara Bolgesindeki Bal ve Arilardaki Patojenlerin Tespiti ve
Molekiiler incelenmesi

0z

Saghk acisindan bir¢cok olumlu etkiye sahip bal Gilkemizde ve dlinyada severek tiiketilmektedir. Antimikrobiyal ve bakteriyostatik etkileri
sebebiyle bal mikroorganizma icermeyen bir gida olarak disiinilmesine ragmen yapilan calismalar bunun aksini ispatlamaktadir.
Primer kontaminasyonun yanisira, aricilik ve bal tiretiminde kullanilan arag, gerecler ve personel potansiyel bir sekonder kontaminasyon
kaynagdidir. Ayrica capraz kontaminasyonlar sonucunda da bircok mikroorganizmanin tasiyiciligini yapabilen bal halk saghgini tehdit
edebilme potansiyeline sahip 6nemli gidalar arasinda yer almaktadir. Bu nedenle ballarda bulunabilecek patojenlerin taranmasinin
literatiire katki saglayacagi ve benzer calismalara temel olusturacagr distiniimustir. Cografi konumu, iklim ve bitki 6rtlsi cesitliligi
sebebiyle Turkiye bal tGretiminde Ust siralarda yer almaktadir. Calismamizda, Kuzey Marmara bdlgemizde bulunan Kirklareli ilimizdeki
900 adet 6rnegi incelenerek tuketici, ari, larva, koloni ve bal kalitesi acisindan 6nem arz eden parazitolojik, bakteriyel, fungal ve viral
parametrelerin varhginin arastirilmasi amaclanmistir. Hem bal tretiminde énemli iller arasinda sayilmasi hem de sanayi bdlgesinde
yer alan bir sinir ilimiz olmasi sebebiyle arastirma alani olarak Kirklareli bélgesi secilmistir. Elde edilen veriler dogrultusunda birgok
parametrede pozitif sonuclar bulunmus ve istatistiksel olarak degerlendirildiginde anlamli sonuclar elde edilmistir.

Anahtar sézciikler: Bal, Ari, Larva, Mikrobiyal kalite, Patojen
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INTRODUCTION

Turkey, which has 7 different geographical regions with
its own unique climate and vegetation, is an important
country for honey production. Our country also contains
75% of the honey plant species identified in the world "2,

Honey contains fructose (~38%), glucose (~30%), sucrose
(~1-2%), other carbohydrates (~12%), various minerals
(~0.2%), proteins (~200 mg/100 g), and water (~17%),
and is a nutritionally important food source B. Honey has
been used as a therapeutic agent in ancient times due to
its antimicrobial effect as well as health benefits to the
consumer 3,

In general, honey pH ranges between 3.4-6.1 and water
activities range from 0.5-0.6. Osmolarity, pH and hydrogen
peroxide activities are considered as important factors
that induce antimicrobial effect. The basic principle for this
antimicrobial activity is the oxidation of glucose through
the enzyme glucose-oxidase, resulting in the appearance
of hydrogen peroxide. However, the antimicrobial effect
described above can only be generated by successfully
diluting the honey, and hydrogen peroxide, which may be
sufficient for antimicrobial activity, cannot be produced
in sufficient amounts due to the low water activity of
the honey under normal conditions . Although some
honey types contain some phenolic compounds based
on residual non-hydrogen peroxide (such as benzoic acid
and some flavonoids) and a small amount of pathogenic
microorganismis expected in honey due to the compounds
in question, minimum hygiene rules and risk for consumer
health in honey produced without food safety systems, it is
reported that pathogens may be found as a factor “..

Foodborne pathogens are considered to be an important
risk factor for public health in developed and developing
countries because of their worldwide spread. In the United
States alone, 76 million cases of food poisoning occur every
year, 325.000 of these cases are hospitalized, and 5.000 of
the hospitalized cases are reported as fatal or deadly cases 1'%,
Viruses, bacteria, fungi and parasitic mites are the most
common disease factors in beekeeping '\ The fecal-oral
route is an important way for these diseases transmission.
The agents contaminating bees through water and food
can be transmitted to larvae and pupae by infected bees 2.
Another contamination that may occur in honey is
seconder contamination caused by secondary sources of
contamination such as personnel, tools and equipment.

Serological methods, electron microscopy (EM) and agar gel
immunodiffusion (AGID) test are used for the detection of
viruses. However, due to the low specificity, low sensitivity
of these methods and the inability to detect latent infections,
the use of molecular analysis methods has started to
increase "3, Although there are many studies with the
antimicrobial and bacteriostatic effects of honey in medical
literature, the information about the food-borne pathogens

in the initial flora of honey and information about the
reproductive profile of these pathogens is limited &%,

In this research presence of total mesophilic aerobic
bacteria, total coliform bacteria, Escherichia coli (E. coli),
Staphylococcus aureus (S. aureus), Clostridium botulinum
(C. botulinum), Nosema spp., Ascosphaera apis (A. apis),
Aspergillus flavus (A. flavus), Aspergillus fumigatus (A.
fumigatus), Varroa spp. was investigated using classical
methods. Molecular analysis method (Reverse Transcription-
Polymerase Chain Reaction-RT-PCR) was used for investigation
of Acute Bee Paralysis Virus (ABPV), Black Queen Cell Virus
(BQCV) and Sacbrood virus (SBV).

With this investigation, it was aimed to determine if honey
bees and honey production threat to public health in
Kirklareli, which is an important place for beekeeping in
Turkey.

MATERIAL and METHODS

Sample Collection

The bees, honey and larvae samples collected for analysis for
the determined microbiological parameters were collected
from direct bee colonies according to cold chain standards
and transferred to the laboratory. Visually, the hives which
were stagnant, weak and showing disease symptoms
(walking on flight boards by swarming their abdomen,
wings discrete bees, thrown larvae, slimy-diarrhea soil
crumbs, dead Varroa etc.) were preferred primarily in
the sampling procedure. 10x10 cm2 honeycomb honey
samples (capping or uncapping) were taken. During the
collection of adult bee (at least 150 and over from each
colony) and larvae samples (10x10 cm2 larvae honeycomb
from each colony), the samples were collected from the
newly dead and live bees. 900 samples were collected
from 300 hives belonging to 300 families that provided the
main livelihood sources from beekeeping from 9 districts/
regions of Kirklareli province in Northern Marmara Region
of Turkey.

Microbiological Analysis

Sample Preperation: 10 g of each samples were aseptically
taken and homogenized with 90 mL of sterile saline
water. Serial decimal dilutions were prepared from initial
homogenate in the same sterile diluents.

Total Mesophilic Aerobic Bacteria: Petri dishes including
Plate Count Agar (PCA) and sample diluent were incubated
at 35°C for 48 h and the counting of the typical colonies
was performed at the end of the incubation period 1'*,

Total Coliform Bacteria: 1 mL aliquots of each sample
dilution transferred to petri dishes including Violet Red
Bile Agar Petri dishes were incubated at 18-24 h at 35°C
and the counting of the typical colonies was performed at
the end of the incubation period ¢,
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Escherichia coli: 1 mL dilution was added to petri dishes
including Tryptone Bile X-glucuronide Agar (TBX) and
incubated at 44°C for 18-24 h '), In addition to TBX agar,
a chromogenic medium containing 4-methyl-umbelliferyl-
B-D-glucuronide was used for verification.

Staphylococcus aureus: After 1 mL dilution was added to
petri dishes including Baird Parker agar (BPA) with 5% egg
yolk tellurite emulsion, petri dishes were incubated at 37°C
for 24-48 h. DNase agar and coagulase test were used for
confirmation 1'%,

Clostridium botulinum: Samples were inoculated into
cooked meat medium (CMM) and Trypticase-peptone-
glucose-yeast extract (TPGY) for the enrichment of
cultures. After incubation time (5-10 days), cultures were
streaked to anaerobic Egg Yolk Agar and incubated at 35°C
for about 48 h under anaerobic conditions. For the honey
samples isolation, dilution centrifugation and supernatant
filtration methods were used and then isolation samples
were added to CMM and TPGY ',

Ascosphaera apis: Samples were cultured on potato
dextrose agar (PDA) at 30°C for 5-8 days. After incubation
suspected colonies were examined 2%,

Aspergillus flavus and Aspergillus fumigatus: Samples
were spread on Di-Chloran Rose Bengal Medium, Czapek'’s
Dox Agar Medium and Potato Dextrose Medium and
incubated at 25-30°C 222,

Nosema spp.: Intestinal specimens of up to 30 adult bees
from each colony were homogenized after extraction.
After each sample were homogenized, 1 mL homogenate
in 1 mLdistilled H,O were counted in a haemocytometer
(Neubauer chamber) under microscope for the presence
of Nosema spp. spores 2324 After homogenization of
honey samples taken from the same hive, approximately
1 mL honey sample was taken and 1 mL distilled water
was added to per sample. Homogenates were placed
on Neubauer slide and microscopic examination was
performed.

Varroa spp.: In order to demonstrate the presence of
Varroa to beekeepers in the field practically, powder
sugar shake method was used for detection of Varroa
mites ?°l. Bees and powder sugar were placed into a jar
and the jar was shekan. After the mixture in the jar was
poured onto a white cover, Varroa mites were counted.
In the laboratory examination, adult bees were put into
a bottle, shaken with gasoline and filtered through a
double honey strainer. The Varroas shaken on white
blotter were counted. The probable Varroas of bees were
also detected by stereo-microscopic analysis. For larval
analysis, larvae and honeycomb cells were frozen. After
freezing, it was disintegrated and filtered through a double
honey strainer. Finally, it was counted after poured it on
white blotter paper.

Table 1. RT-PCR primers used for viruses selected in the study

Primer T IneT S eqaT e Product Size
Name (Bp)
ABPV 1 5’-agccactatgtgctatcgtat-3’ 207
ABPV 2 5'-atggtgacctctgtgtcatta-3’ 207
BQCV 3 5'-gcaagctcttccaatgatag-3’ 322
BQCV 4 5’-aagattcagccgagtcctta-3’ 322

SBV 5 5'-accaaccgattcctcagtag-3’ 487

SBV 6 5'-ccttggaactctgctgtgta-3’ 487

Molecular Analysis

In our study, the collected samples were investigated for
the honey bee viruses. ABPV, BQCV and SBV were analyzed.
For the negative control samples, honey samples obtained
from the hives belonging to Istanbul University Faculty of
Veterinary, Parasitology Department were used. For this
purpose, honey bee/honeycomb/pupa samples collected
from different hives (preferably dead) were recorded
according to the hives from which they were collected and
the samples collected from each hive were homogenized
separately on the hive basis, but together on the basis
of the sample. Viral RNA contents were extracted from
homogenates using the Garbensteiner method using
purification and extraction kits ¢, The specific primer
sets (ABPV; GenBank Accession No. NC_002548, BQCV;
GenBank Accession No. AF183905, SBV; GenBank Accession
No. NC_002066), which have been previously issued and
approved by the reference laboratories, are provided to
be commercially designed 1'%, The primary sets used in our
study are shown in Table 1.

Statistical Analysis

The Kendall’s tau b correlation coefficient can be used to
test whether two variables are statistically interdependent.
Values of Tau-b range from-1to +1 (100% positive association,
or perfect agreement). Kendall's tau b correlation coefficient
was used to compare the correlations between each of the
study variables 7,

RESULTS

In this study, 900 samples were collected from 300 hives. The
presence of parasitological, bacterial and viral parameters
of the samples which are important for the quality of,
bees, larvae, colony and honey were investigated. Samples
collected from bees, honeycomb honey and larvae (bee,
honey and larvae samples from each hive) were examined
in terms of 13 different parameters, 5 bacterial, 3 fungal, 2
parasitological and 3 viral parameters. The results obtained
from the study are shown in the tables (Table 2, 3, 4) below.

The numbers mentioned in the sections in the table are the
number of samples belonging to the related parameter,
which are considered as risky for bee and hive health.
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Table 2. The results of bee samples (n = 300 colonies) in terms of examined parameters

Table 3. The results of larvae samples (n = 300 colonies) in terms of examined parameters

Table 4. The results of honey samples (n = 300) in terms of examined parameters
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Samples that were positive for the analyzed pathogens (in
a single colony - diffuse appearance range) were evaluated
as risky for bee, honey, larvae and consumer health.

In some beehives, although the agents were isolated, no
significant symptoms related to the diseases caused by
thatagentwere observed. It was concluded that all beehive
bees could be at risk by evaluating the possibility that the
disease may have in hives that do not show symptoms but
contain agents.

All the correlations of the bees, larvae and honeycomb
honey samples were examined in terms of the micro-
biological parameters analyzed. Since the viral agents
(acute bee paralysis virus, black queen cell virus and
Sacbrood virus) were not detected in any of the samples,
the parameters were excluded.

DISCUSSION

Honey is a very optimal nutrient for people of all ages,
except for the first year after birth . In particular, the
nutrients in their contents ensure that both the nutritional
value of honey is very high and helps to activate the human
immune system against many diseases. Best quality honey in
the world is produced in Turkey by reason of having many
flower species. Although honey production is incrising
in Turkey, it is below the required level in terms of honey
export. The most important reason for this imbalance
between production and exports is the parameters of
microbiologic origin which are transmitted to the hives from
primary/secondary contamination sources. The fact that
most of the bacterial, fungal and parasitic factors analyzed
in our study were positive proved that these factors
can survive in honey. This contamination indicates that
hygienic criteria are not sufficient for honey production.

In addition to honey, bees are also affected by many factors
and they are infected with pathogenic, viral and parasitic
factors #?. Pathogens can be transmitted to bees and
larvaes via other bees, parasitic mite or environmental
factors such as beekeeping equipments and air 5% While
the pathogens of bees and larvae causes economic damage,
at the same time, they can pose a risk to public health as
a result of contamination of honey by disease factors. In
our study, when the honey and larvae were examined, the
presence of many prameters was detected, and only the
viral parameter were not positive. In terms of the examined
hives, there is a risk that many bees may get sick or carry
these factors both to the larvae and other bees.

When the bacterial analysis results obtained in our study
are examined, honey samples which are considered as the
highest number of risks for consumer health in terms of
total mesophilic aerobic bacteria parameters are collected
from Kirklareli Center, Caglayik and Lileburgaz regions.
The main reason for this situation is the location features
of the study region. Pollen, dust, air, industrialization,

incorrect waste management, the digestive tracts of
honey bees and flowers are the main source and cause
of contamination 532, There is more population, vehicle
traffic and waste potential in Kirklareli central region. There
is more circulation of people/animals/vehicles/goods
on the borders due to the fact that Caglayik region is on
the border with Bulgaria, and Lileburgaz region is the
industrial zone of Kirklareli province. Tysett et al.** reported
in a study that they isolated species belonging to the family
Bacillus, Enterobacter and Micrococcus in all honey samples
examined. In our study, as in the study of Tysett et al.5*
incidence values were determined to threaten the health
of the consumer. The height of these values is attributed
to the rapidly growing genetic modification capabilities
of bacteria, the use of unconscious agents and the lack of
application in food safety systems.

According to the findings, 90 (30%) of the adult bee samples,
84 (28%) of the larval stages and 54 (19%) of the honey
samples were positive for S. aureus. In contrast to Packer
et al.®¥ Dixon B reports that S. aureus has been destroyed
in honey due to the antimicrobial effect of honey. The
positivity in honey samples was significantly lower than
the bee and larvae samples. One possible reason for this
result is the low water activity and pH values of honey.
In this study, a positive correlation was found between
E. coli and S. aureus microbiological parameters. These
microorganisms, which are transmitted especially as a
result of personnel contamination, may be an indicator
that the hygiene criteria are not complied sufficiently.

Clostridium botulinum was one of the other bacteria
examined in our study. Infant botulismis is the most serious
disease caused by the consumption of C. botulinum agent
in honey. When the agents are contaminated the hives,
they can form infant botulism in the dead larvae 3%, In
this study, C. botulinum were detected in both bees, larvae
and honey samples as in many studies around the world.
While a high level of C. botilnum was found in a study in
Lithuania, it was found in a much lower level in Serbia 3839,

The most important fungal infection in honey bees is
defined as Ascosphaeriosis (Chalkbrood Disease) “°. It
is reported that chalkbrood disease is very common in
the world and in our country and seriously damages the
production of bee products “'. Although the findings
obtained from our study are lower than the rates stated
by Soysal and Giircan “?, it has been observed that the
agent has continued its existence in the region for at
least 9 years and threatened hive and bee health. One
of the possible reasons is that the agent is resistant to
environmental conditions and can produce spore. Another
possible reason is the suitability of environmental and hive
conditions in terms of the easily reproducible agent in
humid environments.

Aspergillus flavus and Aspergillus fumigatus, which are the
most common agents of stone disease, were also studied.
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No meaningful relationship was found between Aspergillus
flavus, Aspergillus fumigatus agents and the other factors,
but significant relationships were found in the presence
of bees, larvae and honey samples in statistical analyses.
Kirpik et al.**! reported in their study in the region of the
Caucasus plateau that identified Aspergillus in the bees
intestinal flora in different colonies (including live bee).

In this study, some parasitological parameters were
investigated and Nosema spp. was one of the parameters
evaluated. 56 (18.7%) of the bee samples were positive
while none of the honey samples were positive for Nosema
spp. According to the statistical analysis, no significant
differences were found between Nosema spp. and the
other parameters. There are many studies carried out
in different provinces related to Nosema, which is very
common in our country. Oguz et al."? determined Nosema
spp. spores in Van province. In other studies Nosema spp.
spore were detected in Kirsehir and Ordu Province 244,
Studies in the world show that nosemosis is a serious
problem not only in our country but in the whole world .,
Although Nosema spores cause a serious risk to the honey
producer, studies show that spores are reduced as a result
of good hygiene practices 2%,

Varroa spp. which was also among the parasitological
parameters examined in our study was positive in some
bee and larva samples. Studies have shown that Varroosis
is unfortunately common in our country and it is known
as a dangerous external parasite that lives on the larvae,
pupae and adults of the active honey bees, growing
without showing any noticeable signs for a long time 1647,

Acute Bee Paralysis Virus infection, which can cause paralysis
and death in bees, is common in many countries around
the world. Altough Anido et al.“® found ABPV infection in
their study, ABPV was not found in any materials in Chen et
al®study. In this sudy, ABPV was not found in any samples.
BQCV and SBV which are so important in beekeeping
affect larvae, pupae, adult bee and cause to severe disease
and death. When studies on bees and larvae are examined,
itis seen that BQCV and SBV exist in the world [''4%°%, There
was no positive samples in our results.

In conclusion, in this study in the Northern Marmara Region
shows that many bacterial, fungal and parasitological
agents that are risky for both bee and public health can
be transmitted to bees, larvaes and honey. In order to
prevent this contamination caused by inadequate hygiene
and sanitation procedures and improper beekeeping
practices, firstly beekeepers must be included in education
programs. It is imperative that the producers and the
relevant government agencies cooperate in a series
of continuous measures. As a result of further studies
investigating the existence of different disease factors that
have not been studied in this study, methods to dealing
with these factors and possible contamination sources
can be determined.
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