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Abstract

Bee diseases are one of the main problems related to beekeeping activities. Harmful microorganisms such as parasites, bacteria,
viruses, and fungi cause diseases in honey bees juvenile and adult periods. These disease-causing agents enter the colony by various
means and spread rapidly from colony to colony, apiary to apiary, and region to region. Therefore, bee diseases are the main
problems that negatively affect beekeeping activities, cause colony losses, and limit production efficiency. In bee diseases,
symptoms such as watery stools, thirst, tremors during rest, unusual wing angles, restless behavior of bees in the chronic period,
and changes in body physiology are observed. These symptoms appear mostly in the spring. However, the disease suppresses the
hive during the summer period. Therefore, to minimize the problems in the hive, there is a need to control the diseases and develop
control methods. Colonies should be observed correctly in the spring and fall periods and strengthening activities should be carried
out. It is recommended to move sick colonies to disinfected hives after they have been treated. The reason for this is to prepare the
colony for the winter period without allowing brood development to stop during the summer period. It is very difficult to say that
beekeepers are made aware of this field, the correct treatment methods are applied, and they have access to the relevant resources.
It is seen that some existing treatment methods and drugs are not direct solutions for bee diseases. For this reason, this review
covers bee diseases and pests that can cause colony losses in detail. These diseases are mainly classified as ‘bacterial’, ‘viral’,
‘protozoal’, and 'other colony pests'. In addition, traditional and new technological treatment methods for bee diseases are also
briefly mentioned.
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Ar1 hastaliklar1 ve tedavi yontemleri

0z

Art hastaliklari, aricilik faaliyetleri ile ilgili temel sorunlardan biridir. Parazitler, bakteriler, viriisler ve mantarlar gibi zararl
mikroorganizmalar bal arilarinin yavru ve ergin donemlerinde hastaliklara neden olmaktadir. Bu hastalik etmenleri ¢esitli yollarla
koloniye girmekte ve koloniden koloniye, ariliktan ariliga ve bolgeden bolgeye hizla yayilmaktadir. Bu nedenle ar1 hastaliklar,
aricilik faaliyetlerini olumsuz etkileyen, koloni kayiplarina neden olan ve iiretim verimliligini sinirlayan baslica sorunlardir. Ar1
hastaliklarinda sulu diski, susuzluk, dinlenme sirasinda titreme, alisilmadik kanat agilari, kronik dénemde arilarin huzursuz
davranislarnn ve viicut fizyolojisinde degisiklikler gibi belirtiler goriilmektedir. Bu belirtiler ¢ogunlukla ilkbaharda ortaya
cikmaktadir. Ancak hastalik yaz doneminde kovani baski altina almaktadir. Bu nedenle kovandaki sorunlari en aza indirmek i¢in
hastaliklarin kontrol altina alinmasi ve miicadele yontemlerinin gelistirilmesine ihtiyag vardir. Ilkbahar ve sonbahar dénemlerinde
koloniler dogru gozlemlenmeli ve giiclendirme ¢alismalar1 yapilmalidir. Hasta kolonilerin tedavi edildikten sonra dezenfekte
edilmis kovanlara taginmasi 6nerilmektedir. Bunun nedeni, yaz doneminde kulugka gelisiminin durmasina izin vermeden koloniyi
kig donemine hazirlamaktir. Aricilarin bu alanda bilinglendirildigini, dogru tedavi yontemlerinin uygulandigini ve ilgili kaynaklara
ulagabildiklerini s6ylemek ¢ok zordur. Mevcut bazi tedavi yontemleri ve ilaglarin ari hastaliklar igin dogrudan ¢6ziim olmadigt
goriilmektedir. Bu nedenle bu derlemede koloni kayiplarina neden olabilen ar1 hastalik ve zararlilar1 detayli olarak ele alinmistir.

Bu hastaliklar temel olarak 'bakteriyel', 'viral', 'protozoal' ve 'diger koloni zararllari' olarak smiflandirilmistir. Ayrica, ari
hastaliklar1 igin geleneksel ve yeni teknolojik tedavi yontemlerinden de kisaca bahsedilmektedir.

Anahtar Kelimeler: Bakteriyel Hastahiklar; Ar1 Hastaliklar; Ilag Tedavisi; Hagere Kontrolii
1. Introduction

Bees are defined as beneficial insects whose first human existence dates back to the Cretaceous period in the
Mesopotamian era. The most important products of bees are honey, beeswax, royal jelly, royal jelly, bee venom,
pollen, and propolis, natural products that directly affect human health [1]. In addition, the pollination factor that bees
provide to plants in their natural habitats is vital for the protection of ecological balance and the continuation of
agricultural production. For this reason, beekeeping has been seen as a source of income or healthy nutrition for the
rural population from past to present. Today, with the transition from traditional production to modern methods in
beekeeping, there is a rapid increase in the number of bee colonies. With this increase, problems such as buying and
selling of bees between countries, disruptions in queen production, lack of control in the sale of queen bees, increase
in itinerant beekeeping, shrinkage of beekeeping areas, widespread use of pesticides arise in the beekeeping sector
[2], [3]. Bee diseases, colony losses, and pesticide problems threaten all living things in and around the hive. Similarly,
the trade of bees, bee products, and beekeeping materials between countries causes bee diseases to spread in a short
time. Bee diseases are seen especially in the spring months [4]. The reason for this is that in the spring months, the
queen bee's activity of raising offspring increases greatly with the laying period and it is faced with predatory insects
with spring rains. During this period, it is necessary to be very sensitive to bee diseases, to prevent the colony from
catching cold during hive controls, and to sterilization of the hive during and after harvest. It is very important to
protect the colony from disease by considering the risks of transmission from other colonies such as preventive
measures, fight against pesticides, and regular hive maintenance [5]. Bee diseases are classified as bacterial (American
and European Foulbrood, Septicemia, Crusted Larvae Disease), marketer (Varroa Jacobsoni and Acarapis Voodi),
viral (Chronic and Acute Bee Paralysis), fungal (Lime and Stone Disease) and protozoan (Nosema and Amoeba)
according to the factors causing the disease [6], [7], [8]. In addition, Adult and Fledgling Bee Diseases are also seen
depending on the host of the disease. Many pathogens, pests, and insects cause diseases in both the developmental
and adult stages of bees. However, not all of them are equally dangerous, and some diseases cause the hive to be
destroyed within a few weeks [9]. For example, bee diseases classified as very dangerous, such as American foulbrood,
Lime Disease, and Varroa, spread rapidly throughout the colony and require national beekeepers association control
programs at very advanced stages [10]. American foulbrood disease causes the bee eggs in the larval stage to turn
yellow and even brown in the later stages. The most prominent feature of a hive infected with the disease is that the
dead brood is not easily cleaned from the comb cells [11]. In this case, the queen will not lay eggs until the honeycombs
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are cleaned, so the offspring are not organized but scattered [12]. The bees that die from the disease are seen in the
honeycomb in a watery, soft mushy consistency. The dead larvae are watery and sticky and cover the base of the eye.
When a stick is inserted and removed from the honeycomb, it grows up to 6-8 cm and infects other honeycombs. For
this reason, it is very difficult to remove and clean the closed-eye bases [13], [14]. Another example is Varroa disease,
the parasitic insects in the closed eye suck the blood of the bee in the larval, pupal, and adult stages, reducing the
working activity in the hive [15]. In addition, the larval remains dry out over time and adheres to the base of the eye
as a host carrying millions of spores. However, if the pupa dies in the pupal stage, their tongues harden and pierce the
honeycomb. The most prominent feature of Varroa disease is the appearance of wingless bees in the hive. Bees are
exposed to many disease agents, ecological disorders, and insecticides during the development period [16], [17], [18].
In this case, the rate of development of the diseased hive decreases, and the number of adult bees and the amount of
offspring are visibly reduced. There is a decrease in the activity of bees to collect pollen and nectar for the hive.
Therefore, bee diseases cause great losses in bee-keeping countries [19], [20]. However, it is very difficult to say that
a conscious treatment method is applied for bee diseases. Beekeepers should be made aware of issues such as
unconscious use of antibiotics, not paying attention to hive hygiene, not performing spring maintenance, not cleaning
the hive after harvest, direct transmission between parasite colonies, plundering of weak colonies, contaminated honey
contaminating healthy colonies [21], [22].

Within the scope of this review, the creation of a resource where beekeepers can get detailed information, about bee
diseases, disease-causing factors, and treatment methods from the past to the present are mentioned. Diagnosis of bee
disease, disease symptoms, according to the factors causing the disease; bacterial, viral, protozoal, fungal, parasitic,
or honey bee pests are discussed in detail with literature research [23].

2. Bacterial diseases
2.1. American foulbrood rot

American foulbrood disease causes disease in honey bees Apis mellifera and other Apis species [24]. It is seen in
honey bee larvae and is a highly contagious bacterial disease [25]. When infected, it Kills entire colonies [26]. The
causative pathogen of the disease is known as Paenibacillus larvae subsp. larvae [27]. Apart from infecting beehives
kept in the same region, it can also infect beehives kept in different regions around it. Paenibacillus larvae spores can
contain 2.5 billion spores in the infected larva [28]. Paenibacillus larvae subsp. larvae spores remain viable for 33
years in the hive, 60 years in the soil, and 45 years in the foundation comb [29]. Spores that can remain viable for
many years cause disease in the following years [30]. The structure of Paenibacillus larvae bacteria is straight or
curved rod-shaped, 1.5-6 pm in length and 0.5-0.8 um in width. Gram-positive [31] and microaerophilic,
Paenibacillus larvae are found in nature in the form of single chains or filaments [32]. Paenibacillus larvae have two
forms, spore and vegetative. The vegetative form is not dangerous for bees, only the spore form causes infection in
bees [33]. Paenibacillus larvae subsp. larvae spores are ellipsoid-shaped. Bacterial spores are resistant to chemicals
and temperature changes. Paenibacillus larvae spores are highly resistant to external conditions. Even in the dry
remains of larvae that died from this disease, viable spores were found 69 years later. Spores can survive for more
than 40 years in the comb, 1-10 years in honey, and 5 days in molten beeswax. For this reason, sterilization of beeswax
at high temperatures is important. American foulbrood shows its effect depending on the age of the larvae. When the
age of the larva exceeds 32 hours, American foulbrood cannot show its full effect and its sensitivity decreases. After
the larva reaches 53 hours of age, American foulbrood is no longer a threat. For larvae less than 24 hours old, 1
Paenibacillus larvae spore is sufficient for infection. Paenibacillus larvae spores begin to reproduce 24 hours after
the larva has ingested food. This bacterium reproduces in the middle intestine of the bee and enters the body cavity
by crossing the intestinal wall [34]. Approximately 2.5 million spores grow in the body of the infected larva. American
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foulbrood disease is transmitted from colony to colony through theft and hive straying. The exchange of frames with
young between diseased colonies and healthy colonies, honey and pollen from diseased colonies, and swarming are
important factors in the spread of the disease [35]. American foulbrood bacteria can be easily transported by queens,
unsterilized combs, beekeeping tools and clothes, beekeepers, combs, and swarming bees [36]. ]. Another factor in
the spread of the disease is the improper sterilization and use of diseased old combs. The disease can be seen in worker
bees, drones, and queens in the larval stage. However, the disease is rarely seen in adult drones and queens. In strong
colonies, the disease is very difficult to recognize. The progression of the disease is understood by the increase in bee
losses. After increasing bee losses, the vitality in the flight hole decreases and the bees wander involuntarily on the
flight board. It is an important issue that worker bees throw broods out of the hive. This should not be confused with
the action of starving bees to protect the colony, because when American foulbrood starts in the hive, the bees consume
large amounts of honey and run out of honey. To cope with this situation, they sacrifice their young and expel them
from the hive. Larvae born in a healthy hive have a pearly white, shiny color. At the base of the comb chamber, the
larva is in a "C" shape. When infected, this structure disappears fills the cell, and dies upwards. Larvae that die from
American foulbrood disease turn dull-white, light brown, dark brown, and black in color. The structure of larvae that
die from American foulbrood is initially watery and slightly sticky. As the disease progresses, the larvae become like
glue, and their color turns brown [37]. There is also a glue odor in the combs. The larvae that turn brown are subjected
to the "larval elongation test" by pulling them to the right and left with the help of a suitable tool. When elongation
between 2.5 cmand 10 cm is observed, it is considered as a marker of American foulbrood (figure 1). It is also possible
to identify the disease with the stick test, which is 98% accurate. In the stick test, diseased larvae are placed in a bottle
and diluted. Then a drop of sample is taken and placed on the preparation. When a color change is observed, the
presence of the disease is confirmed. In the honeycombs with the disease, the pupal eyes have an asymmetrical
appearance. There is a mixed color appearance in the honeycomb eyes. The dead larvae in the combs lie on the bottom
surface and are very firmly adhered to each other. When the larvae are dried, they are hard and very difficult to clean.
The membranes of the pupal eyes are withered, collapsed inwards and have holes the size of the ball of a pin. Juveniles
that die during the larval stage are found in closed eyes. This is the main difference between American foulbrood and
European foulbrood. The larvae that are dead in the closed cavity die upright in the comb cavity, but this is not

observed in European foulbrood [38].

Fig 1. American foulbrood disease colony with visible drifting fry lavra (Reprinted with permission from [39], Copyright MDPI).
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One of the main methods of combating American foulbrood is to keep the apiaries clean and tidy. Pieces of honeycomb
and propolis should not be thrown around the combs. Diseased combs should not be used again and should be
destroyed by burning. Bees should be taken to places where pollen and nectar are high. Strong bee colonies should be
used and queen bees should be replaced if they are inefficient. Beekeeping activities should be carried out at a distance
of about 6 km from other apiaries. When purchasing a colony, the colony should be checked for diseases. Beeswax
should be sterilized at 120°C for 15 minutes before being made into combs. Hives should be positioned in a U or S
shape. Hives should be checked frequently and diseased colonies and all beekeeping products should be destroyed as
soon as the disease is detected. Beekeeping equipment should be more than one. Potassium hypochlorite, lye, kefiran,
hydrogen peroxide, and chloramine potassium hypochlorite can be used when disinfecting beekeeping materials.
Antibiotics containing oxytetracycline hydrochloride (OTC) and sodium sulfathiazole should be used in the treatment
phase of the disease. However, antibiotics are not effective in sporulated forms but in vegetative forms[40Q].

2.2. European foulbrood rot

It is an infectious and bacterial disease seen in most parts of the world. It affects honey bee brood. The causative
pathogen of European foulbrood disease is hon-spore forming, gram (+) Melissococcus plutonis [41]. This disease
can also be caused by other secondary microorganisms. These microorganisms include Streptococcus faecalis,
Bacillus eurydice, Paenibacillus alvei, Bacillus cereus, Bacillus lateresporus, Bacillus subtilis, Bacillus orpheus and
Corynebacterium pyogenes [42]. Secondary bacteria are effective on the odor and consistency of dead larvae, they do
not affect the occurrence of the disease. This disease is mostly seen in weak hives in spring and early summer (usually
in May and June), when brood rearing is intense [43]. In addition, this disease is particularly common when nectar is
scarce. The number of young bees is directly related to food production. To produce large amounts of food, young
bees must be numerous. In this way, enough food is produced for the larvae. It shows its effect more in the larval stage
of bees. The disease is more effective on 3-4 day old larvae. Carrier adult bees are less affected by the disease [44].
The pathogen of this disease is transmitted to the larvae by the worker bees during the feeding of the larvae with the
food taken by mouth and is rapidly transmitted. In this way, the bacteria settle in the digestive system and develop in
the middle intestine. In the meantime, since they feed on the food in the intestine of the larva, the larva loses nutrients
and cannot develop because it rapidly consumes the contents of the intestine. After infection, death is usually seen
after 4 days, and death is seen before the larva passes to the pupal stage [45]. After the larva has passed into the pupal
stage, it is excreted into the comb chamber with feces. The disease is also transmitted to healthy larvae by the contact
of worker bees while cleaning the residues in the comb cells. The causative agent of the disease survives for 3 years
in the intestine of the bee, 1 year in old combs, 15-20 minutes in boiling water, 65 days in beeswax, and 2 minutes at
116°C. Symptoms of the disease are seen in climatic conditions such as poor and weak hives in winter, prolonged cold
and humid weather in spring, malnutrition, stress, and lack of nectar and pollen. Combining weak and diseased
colonies with healthy colonies, using unsterilized tools that were previously used in the infected hive can also cause
the disease. If there is an excess of young bees, the hive produces the necessary food for the larvae. If the hive receives
a large amount of nectar, the severity of the disease decreases to the same extent and the disease begins to recover
when the colony conditions return to normal [29]. The larvae carrying the disease are usually detected and removed
from the hive before they show signs of the disease. Therefore, the disease can go undetected for long periods. Most
brood deaths occur before the honeycomb eyes close, so the disease occurs in open honeycomb eyes, but if the disease
is severe and advanced, deaths can also occur in closed eyes. If death occurs in closed eyes, the eye will collapse,
perforate, and discolor. The bees that die from the disease are curled into the letter "C" at the base of the comb eye.
This is the most important symptom in diagnosing the disease. They do not adhere to the honeycomb, they can be
easily removed from the honeycomb with the help of a match. The color of dead larvae first changes to white, then
brown, and then black [46]. When the hive lid is opened, the odor perceived due to the dead larvae inside the hive is
the smell of spoiled meat/fish or sour brewer's yeast. Another symptom is that dead larvae can be easily removed from
the comb cavity without elongation when the dead larvae are pulled out with the garbage [47]. The consistency of the
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dead larvae is soft and watery at first and then hardens to a pasty consistency. Colonies infected with the disease show
reluctance and weakness. Larvae that have died but which the worker larvae cannot expel rot. The decaying larvae
have little or no stickiness. With the death of the larvae, the proliferation of the causative agent stops. To diagnose the
disease, an easy milk test can be performed. Healthy or sick larvae can be identified according to their milk coagulation
time. Healthy larvae coagulate milk in around 13 minutes. Sick larvae coagulate milk in 2 minutes. Early diagnosis
plays an important role in the treatment of the disease. When the disease is not diagnosed and intervened in time, the
disease progresses. Except in severe cases, the destruction of bees and combs is not necessary. If the disease
progresses, the hive may need to be burned [43]. As a way of controlling and preventing the disease, colonies harboring
the disease agent should not be merged with other colonies and should not be moved. Colonies should be moved to
nutrient-rich areas with better pollen and nectar. Nutrition should be provided with syrups containing minerals and
vitamins. It should be ensured that the queen bee does not leave the hive to prevent the formation of new larvae and
that the available nutrients are sufficient for the larvae in the hive. The queen in the colony is prevented from laying
eggs by keeping her inside the hive for a while. In hives with the disease, the queen should be renewed and young
queens should be used. Bees are kept away from stress. The diseased combs in the hive should be removed from the
hive. Honeycombs with strong and healthy brood from other hives should be taken into the hive. The equipment and
tools used must be sterile. The disease can be treated with antibiotics such as oxytetracycline, erythromycin, etc.
However, the use of any antibiotic for the treatment of this disease is prohibited in Turkey. An antibiogram test is used
to determine the antibiotic that will be effective. In the use of antibiotics, a specialist should be consulted and
applications should be made accordingly. Because each product is a substance that must be taken at certain intervals
and in certain doses. If antibiotic administration is not done carefully, the bee colony and the quality of the honey will
be damaged. Antibiotics used unconsciously increase the resistance of bacteria and cause residue in honey. Honey
from the hive that has been given antibiotics should not be consumed for a long time. Even when the larvae recover
from the disease, the disease agent continues to live in the honeycombs in the hive and the disease may recur. European
foulbrood is a disease that can be encountered quite frequently. But in some cases, when the infection level is low or
the colony is strong, the bees can cope with the disease.

2.3. Septicemia disease

Septicemia is also known as blood poisoning [48]. It is a fatal disease caused by a bacterium called Pseudomonas
apiseptica (Pseudomonas aeruginosa) [49]. It is a non-spore-forming, motile, and gram (-) bacteria. This causative
bacterium is found in plants, swamps, stagnant water, and moist soils. This disease is transmitted through the
respiratory system (trachea), from where it passes into the blood fluid and causes infection. The possibility of disease
is triggered by stress factors. Unfavorable weather conditions, intensive artificial feeding, the difficult adaptation of
swarming bees to the hive they come from, feeding with too dense sugar syrup, and honeycombing stress trigger the
disease. The causative agent is found in the hemolymph of bees but rarely causes disease. The hemolymph of healthy
bees is yellow. The hemolymph of sick bees varies in color from white to brown. Pseudomonas aseptic is found in
the gut of young bees that feed on pollen. It is not found in the gut of young bees emerging from the honeycomb.
When the bees feed on honey, the bacteria in the gut are destroyed. The death of the bees infected with the disease
becomes inevitable in a short time. The death rate is highest 20-36 hours after the bee is infected [50]. Adult bees
carrying the disease are seen in pairs or singly. The symptoms of this disease are; that the color of the bees starts to
turn black, the ability to fly decreases and then disappears, and there is a rapid loss of reflexes in their muscles. The
most important symptom of the disease is the degeneration of the muscles. Since the muscles of diseased bees are
deformed, they cannot be held at the joints. For this reason, when the head, chest, abdomen, and legs are touched,
these parts are torn from their joints [29]. If the patient becomes unable to defend the bee, there is a risk of being easily
caught. Since the muscles cannot fulfill the function they are supposed to do, the bees cannot fly and walk in a dazed
state. In a weakened state, they move their mouthparts and legs. Food consumption first decreases, then stops and the
colony is weakened. Another symptom is a change in blood color. In healthy bees, the blood color is yellowish or
ashen. But the blood color of the sick bee changes from light brown to white. Dead or dying bees in diseased hives
have a rotten, sour odor. There is no known cure for the disease. However, some precautions can be taken. These
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measures can be taken such as avoiding stress factors, establishing hives in clean, dry, sunlit places, avoiding
contaminated water in the environment, and keeping colonies in environments rich in nutrients such as pollen and
nectar. When the nutrient sources in the environment are low, vitamin-added sugar syrups should be given. Intensive
artificial feeding should be avoided. Work with strong bee colonies. The use of antibiotics is prohibited in this disease.

2.4. Crusted larva disease (Dusty larva disease)

Paenibacillus pulvifaciens bacterium is the causative agent. This disease is rarely encountered. The reason for the
rarity is that the disease is rare and beekeepers have difficulty in diagnosis. The dead larvae are crusted specific to the
disease. The crusts can have different colors from yellow to brown. They can be seen extending from the bottom to
the top of the honeycomb. When the dead larvae are crumbled, they fall as dust. Paenibacillus pulvifaciens is 0.3-0.6
x1.5-3.0 um in size. It can grow on nutrient agar. It is very similar to Paenibacillus larvae, but its spores do not make
Brownian motion when tested with the modified drop technique. Another difference is that Paenibacillus pulvifaciens
can grow in nutrient agar at 20°C [29].

2.5. Spiroplasmosis

Spiroplasma species bacteria cause spiroplasmosis in adult bees. This bacterium is motile, spiral-shaped, and has no
cell wall [51]. Spiroplasma is 2-10 um in length and 0.7-1.2 um in width. It is very easy to visualize with a dark field
microscope [52].

3. Viral diseases of bees
3.1. Sackbrood rot (SBV) (Sacbrood)

Also known as bag rot or bag disease. The disease agent is a very small virus called Morator fistulas. This disease
was first described by White in 1917 [53]. There is no information on whether this disease is seen in our country [54].
It causes disease in workers and drone larvae. It is seen in pupae in the pupal stage [55]. Adult bees become infected
due to contact with the fluid containing the virus in the body of the sick larvae while throwing the sick larvae out of
the hive. Larvae acquire the virus through worker bees, which are responsible for the development and feeding of the
brood. The virus multiplies in the brood food glands of the worker bees and passes to healthy larvae fed by the worker
bees [56]. The diseased larvae die after the honeycomb is sealed and during the transition to the pupal stage. The
incubation period of the disease is 6-7 days. Larvae are most susceptible to the disease when they are 2 days old.
Infected larvae cannot pass into the pupal stage and fluid accumulates around the skin [57]. The head of the infected
larva faces the comb chamber and death occurs in the upright position. Mortality is low in open comb cells but high
in sealed comb cells. Young larvae infected with this virus show retarded and inadequate development and queen bees
show a decrease in egg-laying. Sick colonies become weak and honey yield decreases. This disease is seen in hives
that spend the winter in poor conditions and therefore emerge in the spring with weak and neglected hives. The
exchange of comb and food between hives also triggers the spread of the disease. It is not as lethal as other brood
diseases. Infection decreases and disappears in winter. It is most common in spring and summer [58]. The color change
is important as a sign of the disease. The larval color is white at first, then yellow, but turns dark brown when the
disease progresses. The color of the dead larva is gray-black. The dead larva dries and crusts [59]. It is hardened and
curled sideways in the shape of the letter "L" in the comb chamber [60]. If the honeycomb eyes are opened, the head
of the larva can be seen curled up and to the side. The causative virus disrupts the order required for the molting of
the diseased larva, so that the old skin, which cannot be separated from the head, cannot be detached. Fluid
accumulates between the two skin parts [61]. For this reason, the head swells and curls up, forming a structure similar
to a jumpsuit. The larvae look like a bag filled with water. The dead larva can be easily removed from the honeycomb
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with the help of a needle. The honeycombs look like a puzzle. Dead larvae have a clear greenish liquid between the
larval shirt and the body. Dead larvae have no odor. The dead larvae are removed from the combs by the worker bees
and thrown out of the hive. The disease is a brood disease, but the virus that causes the disease also affects adult bees
[62]. Since it is a viral disease, it is diagnosed by molecular techniques. The diagnosis of the disease is made by
molecular techniques ELISA and RT-PCR. Since the disease is caused by a virus, there is no known drug for its
treatment. Some precautions should be taken to prevent the disease. In order to prevent the occurrence of the disease,
itis necessary to feed the bees well in the spring, pay attention to the temperature of the hive, nutrient supplementation,
not to catch the young cold and cut out the honeycombs in which the disease is detected, change the queen bee,
increase the number of worker bees, hives should be located in places without moisture, attention should be paid to
moisture intake from the bottom. In order to maintain moisture content, hives should be placed 30-40 cm high.

3.2. Acute bee paralysis

Acute bee paralysis disease is caused by the acute paralysis virus which is in the Dicistroviridae family [63]. Acute
paralysis virus is seen in the summer season. If Varroa destructor is seen in the colony in addition to acute paralysis
virus, deaths are observed in adult bees and larvae. Varroa destructor feeds on the blood of bees with the virus, which
facilitates the multiplication of the virus [64]. In this way, the acute paralysis virus has a lethal effect. Varroa virus
facilitates the transmission of acute paralysis virus to adult bees, larvae, and pupae. Acute paralysis virus spreads
rapidly in the colony. It targets young larvae and adult bees. It draws attention to rapid adult bee death. Larvae infected
with the acute paralysis virus have an appearance similar to American foulbrood or European foulbrood (figure 2).

Fig 2. Colony inspection of hairless, dark-colored, short-bellied worker bees and ant-like bees holding their wings at unusual angles (Reprinted
with permission from [82], Copyright MDPI).

3.3. Kashmir bee virus

Kashmir bee virus, a member of the Dicistroviridae family, was discovered in the Kashmir region of India [56]. This
virus was first found in Apis cerana bees, and then in Apis mellifera bees in Australia. Kashmir bee virus is fatal for
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adult bees, larvae, and pupae. Kashmir bee virus is similar to the acute paralysis virus with its disease-causing and
spreading characteristics. Kashmir bee virus survives in adult bees and pupae without showing signs of disease.
Kashmir bee virus strains have a high ability to produce disease. Very few Kashmir bee viruses are sufficient to cause
infection. It multiplies rapidly in the blood of pupae or adult bees and becomes lethal in a short time. This virus
becomes much more effective with varroa. Kashmir bee virus combined with varroa destroys colonies [65].

3.4. Chronic bee paralysis

Chronic bee paralysis was first reported in the USA in 1809 in an article written by Huber. Chronic bee paralysis was
identified by Burnside in 1933. Burnside brought the disease to light by infecting healthy hives with infected material
obtained from infected hives. The paralysis virus is satellitic, 30-65um in size. The bee's immune system blocks the
reproduction of the chronic paralysis virus. Chronic bee paralysis is more common in temperate regions. The disease
is recognized by its symptoms. The typical symptom of chronic bee paralysis is the separation of queen and worker
bees from the hive. Adult bees infected with the disease are seen with their wings open, shaky, and drooping. The
body hairs of the bees fall out and the abdomen takes a dark and shiny color [66]. The abdomens of paralyzed bees
with molting hairs appear smaller than they normally are. Due to chronic bee paralysis, they are unable to empty their
intestines, leading to bloated abdomens and full honey sacs. Dysentery can occur as a result of these conditions. Bees
infected with the disease do not fly and crawl around the hive in groups. When the hive is smoked, it becomes unable
to move. Paralyzed bees are not taken into the hive by healthy bees after the flight. Diseased bees start to tremble after
1-2 days of being outside. The diseased bees that are not allowed inside gather in front of the hive and then die. In
adult bees, deaths begin after a few days after the symptoms appear. When the severity of infection increases, sudden
deaths can occur and colonies can be destroyed as a result. Heat and drought increase the multiplicity of the disease.
It is not known how the disease is transmitted and it is estimated that it is transmitted during food transfer, as in other
bee diseases. Chronic bee paralysis is usually caused by pesticides used by beekeepers. Another reason for the disease
to be effective is the presence of old queens in the colony. The colony can be saved by queen replacement. No medicine
can be used to detect the disease yet.

3.5. Deformed wing virus (DWV)

The deformed wing virus was first found in Japan [67]. It is noticeable that the wings of diseased baby bees are weak
or deformed when emerging from the comb cells. Egyptian bee virus has a slight structural similarity with the
deformed wing virus. The wing development in the honeycomb of the infected bees is disrupted and the structure
changes. In the disease; abdominal shrinkage, wrinkling of the wings, and a decrease in mass are observed [68],[69].
Death is observed in larval and pupal stages [70]. Adult bees die without showing symptoms when infected [71].
Deformed wing virus is lethal on its own, when combined with varroa, it causes large colony losses [72],[73].

3.6. Slow paralysis virus

The slow paralysis virus was first discovered during laboratory research. This virus causes the death of the adult bee
with in 12 hours. Before the bee dies, the first pair of its legs are paralyzed [74]. When combined with varroa mites in
the colony, it causes death in adult bees and larvae. As long as the varroa mite is present, it will feed on the bees and
the slow paralysis virus will continue to reproduce.

3.7. Black queen bee virus

The black queen cell virus belongs to the Dicistroviridae family. This virus was identified as a result of encountering
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dead queen larvae or pupae. The color of pupae and larvae that die as a result of the black queen virus is between dark
brown and black. The infected larvae turn yellow and have hardened bag-like skin. Like the sacbrood virus, it
multiplies very much when the pupa is infected. The virus does not reproduce when the bees eat the infected larvae.
It was discovered in the USA by Clark in 1978. No known symptoms are known. When the black queen virus is
combined with nosema apis, its reproduction is only accelerated. When this virus combines with the Y virus, the
survival time of bees decreases. When combined with nosema apis and parasites in overwintering hives, the hive
terminates rapidly. In a similar situation, when this virus combines with the filamentous virus, its severity decreases.
Black queen virus is widespread in the world on its own and in combination.

3.8. Bee X virus

Bee X virus, which has links with the Y virus, is very difficult to distinguish from the Y virus. It shows high physical
and chemical similarity. Bee X virus shows a disease effect as a result of the adult bee digesting infected products.
This effect disrupts intestinal functions as in the Y virus. It does not interact with Nosema apis and this behavior
distinguishes it from the Y virus. Bee X virus is most effective in the winter months. Bee X virus and Malpighamoeba
mellificae parasite are found in bees that die in winter. Bee X virus is transmitted through bee feces and infected bees
live less. If Bee X Virus and Malpighamoeba mellificae are found together, the disease reaches its most effective
range. It is the most deadly range. When the disease reaches this level, it is extremely dangerous for the hives.
Therefore, since new worker bees cannot be raised instead of young worker bees, life in the hive comes to an end. Bee
X virus affects honey bees in Australia, Canada, Europe, Argentina, and Iran.

3.9. Cloudy wing virus

Cloudy wing virus belongs to the Dicistroviridae family. It is a common disease in bees. It causes the wings to appear
opaque. Its particles are very small and can easily pass from hive to hive through the air. Cloudy wing virus is
transmitted to the pupa by varroa. The disease can only be understood by serological tests. With the immunodiffusion
technique, viruses that multiply in the head and thorax of the bee are determined. When the proportion of sick bees in
the hive increases, bee vitality begins to disappear and the hive dies. It does not need certain seasons to reproduce and
spread.

3.10. Apis iridescent virus

The disease is linked to the clustering disease of Apis cerana bees in India. Bees infected with the Apicidescent Virus
do not want to work in summer, they cluster in the hive. Bees leave the hive and crawl on the soil. If more bees come
out, the symptoms of the disease may decrease. This virus multiplies in the digestive system, hypofrangeal glands,
and ovaries. Apislrisdescent Virus affects Apis cerana and Apis mellifera.

3.11. Israeli acute paralysis virus (IAPV)

Discovered in 2002 in Israel, the Israeli acute paralysis bee virus belongs to the Dicistroviridae family. It has a high
genetic diversity. The most prominent feature of the disease is that the bees leave the hive before winter. There are
too many dead bees in the hive. If there is not plenty of nectar around the bees, the virus reproduces too much. The
bees stop feeding and brood care. This allows the bees to become early foragers. Healthy and young queens should be
transplanted to colonies with the disease [75].
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4. Protozoal diseases
4.1. Nosema disease (Nosemosis)

Nosema disease is a disease seen in most parts of the world and is caused by spore-bearing protozoa called Nosema
apis [76]. The causative agent is an internal parasite [77]. Nosema apis spores are oval-shaped [78]. This disease is
seen in adult honey bees [79]. The spores, which enter the digestive system through food and mouth, develop in the
epithelial cells in the stomach and intestine of adult bees [80]. As a result of the cold and rainy weather, bees stay in
the hive for a long time. Therefore, they cannot defecate outside the hive. Defecation inside the hive causes the parasite
to increase. Infected bees in the colony transmit the disease to healthy bees through feces. Spores multiply rapidly in
the digestive tract of the bees. Symptoms of the disease include separation of the wings, swelling of the abdomen, loss
of sting reflexes, and the ability to fly [81]. They try to walk with the help of the grass in front of the hive. This disease,
which starts to show its effect in the stomach, turns the stomach, which is straw-colored when healthy, into a dirty and
white color. The feces of the bees are watery and sticky and yellow-white in color. In infected colonies; there are
white and orange bee feces on combs, frames, and flight boards. The effects of the disease increase if the colony is
queenless, malnutrition, insufficient pollen or nectar sources, or varroa disease in the colony. The use of infected
combs, hive confusion, transfer of sick bees to other hives, excessive humidity in the hive, insufficient food, feeding
with poor quality food, and windy and cold weather are effective in the spread of the disease. This disease reduces
productivity by causing disorders in the digestive system of bees (figure 3). It causes the number of colonies to
decrease. It has been determined that this disease agent can survive for at least 1 year in contaminated bee feces, 11
months in honey, 7 years under suitable conditions in the laboratory, and is resistant to cold, freezing, and microwaves.
The disease is more common in humid environments and in spring months. The disease recovers when climatic
conditions improve. Infected colonies have low honey production and a shortened life span [82]. For the diagnosis of
the disease, microscopic and macroscopic examination of the stomach of the sick bee is required. The use of antibiotics
is allowed in the treatment of the disease. Drugs with the active ingredient Fumagillin are given to the bees together
with syrup. It is important to use the drug at the specified doses and time to avoid residue in the honey. After treatment
of sick colonies with the drug, they should be transferred to a different hive that has been disinfected. Hives should
be given food such as pollen cake and sugar syrup in the spring season. Strong colonies should be established. Apiaries
should be established in airy and moisture-free places.

Adult bee Honeybee gut

Fig 3. Examination of the digestive tract of adult honey bees, (A) control group, (B) nosema-infected group (Reprinted with permission from
[83], Copyright MDPI).
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4.2. Ordinary diarrhea (Dysentery)

It is when adult bees have diarrhea due to digestive disorders. It is not contagious and does not contain germs. The
cause of the disease is improper feeding. It is more common in the spring season when bee activities begin. Since it is
a seasonal disease, it goes away on its own as the season progresses. The disease passes with the increase in the amount
of pollen and nectar in the environment. The disease can occur due to different reasons. Bees staying in the hive for a
long time on rainy and windy days and therefore not being able to go on cleaning flights, feeding with dirty or rancid
syrups, fermented foods, feeding bees with expired, spoiled syrups, damp cold, or humid environment, feeding with
raw sugar, feeding bees with pollen due to the lack of sufficient honey in the hive in winter can be counted as the main
causes of the disease [84]. In addition, the disease is also triggered by increased stress factors of the bees due to the
constant disturbance of the wintering bees and disruption of their order: Bees are lethargic, they produce dark yellow,
sticky, watery, and foul-smelling feces, and when the feces come into contact with the air, they dry up and lose their
odor within 3-4 days. The source of the watery feces that accumulate in the intestines of bees is water. Normally, the
digestive waste that accumulates in the intestines is excreted from the body during the spring cleaning flight away
from the hive. The bee's intestine has a high ability to expand. Therefore, in winter, bees can carry and store feces in
their intestines for a long time. Digestive residues accumulate in the bee's intestine up to a certain capacity. The
accumulated feces remain in the honeycombs and contaminate the interior of the hive because of the lack of cleaning
flights in rainy and windy weather. The water content in the feces of bees with dysentery is higher than in healthy
bees. Bees infected with the disease cannot go out if the weather is cold. In this case, sick bees that stay in the hive
for a long time defecate inside the hive. In this case, the inside of the hive becomes damp, moldy, and smelly and bee
deaths begin to be seen. To treat the disease, a drop of formic acid and a small amount of alcohol can be added to the
syrup and given to sick bees. If the disease is mild, it is not very harmful to the colony. But if it progresses together
with nosema disease, its spread accelerates. If the disease progresses rapidly, mass deaths begin in the hive. Bees
should be fed with refined granulated sugar. Fall maintenance and feeding should be done on time and should not be
delayed. Fermented sour honey should not be given to the bee. Ventilation in the hive should be sufficient. To remove
excess water, bees should be given time before the weather gets too cold. In addition, care should be taken in the
feeding and care of the bees.

4.3. Amoeba disease

Malpighamoeba mellificia protozoan is the cause [85],[86]. It is found in the Malpighi tubes of honey bees infected
with Nosema apis. It belongs to the class Rhizopoda. It is a very common protozoan. It is found on all continents
where the honey bee is found. Malpighamoeba mellifera infects adult worker bees. Drones and queen bees are rarely
infected. M. Mellifera in feces infects when eaten by bees. It is an extracellular parasite. It settles in Malpighi tubes
and metamorphoses into cysts [87]. There is no typical symptom. It destroys the epithelial cells of the infected
Malpighi tubes. In hives infected by Malpighamoeba mellifera, life is terminated. It is much more effective with
Nosema apis. It can be diagnosed by microscopic examination of cysts taken from Malpighi tubes. Malpighi tubes are
taken from the middle and posterior intestines. The size of the cysts is 5-8mm wide. The fight against the disease starts
with the cleaning of beekeeping equipment. There are no drugs that can control it yet. When feces are found in the
combs, they should be cleaned with acetic acid. In the early infected period, bees can be moved to clean hives.

4.4. Gregarines

Leidyana species of the Gregarine class targets honeybees. It acts in the digestive system of honey bees. It attaches to
the intestinal epithelium through its organelles. It survives in the bee and continues to reproduce, producing the spores
necessary to infect other bees. It is not specific to honey bees, it can be seen in other bees. It is transmitted to bees
through nectar and water. It was first found in Europe. It is more common in temperate regions. Gregarines affect bee
cells and cause changes. Diseased bees do not cause much damage to the colony. The disease can be managed by
fumagillin application.
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5. Mushrooms
5.1. Lime disease

Lime disease is a disease caused by a fungus called Ascosphaera apis [88]. The spores of the causative agent cause
disease only in the larvae of bees and the reproduction of this disease is through sporulation. Ascosphaera apis
heterotallic fungus is a type of fungus whose mycelia have male and female sexes. Mycelia of the two sexes must
coexist for spores to form. Larvae acquire Ascosphaera apis through food. This agent develops in hives with
insufficient ventilation due to the increase in the amount of CO2 and the high level of humidity in the environment
[89]. This disease is most common in spring and fall [90]. Strong colonies can overcome this disease in summer.
These spores can live on the combs for years [91]. In addition, these spores, which can live inactive on the comb for
years, become active again for reproduction if suitable conditions are provided. Drone larvae are usually found in the
side combs of the hive and therefore remain at the lower level of incubation temperature. Since the optimum
temperature for the development of this spore is 30°C, the first symptoms of the disease are seen in the male larvae on
the edges of the combs. The diseased larvae mummify and dry inside the comb chamber. These larvae have a white,
gray, or blackish color. In the later stages of the disease, white-colored mummified larvae are encountered because
the disease spreads to the young in the middle parts of the comb. If the larvae are only infected with the female or the
male, the infected bee is white like lime. However, if both the male and female are infected, the larvae are grayish-
black.

The amount of moisture in the hive, environmental pollution, excessive humidity, stress factors such as starvation, use
of adulterated beeswax, excessive use of syrup, inappropriate colony controls, feeding bees with artificial food, and
swarming are effective in the formation of the disease. Improper cleaning of the hive by the bees is also one of the
factors causing the disease [92]. There is an inverse relationship between bacteria and fungi. Antibiotics used to kill
bacteria create favorable conditions for fungi to spread the disease. Spores of fungi are found on plants, in the soil,
and between the body hairs of foraging bees, which are responsible for collecting pollen and honey. The fungi do not
cause disease in adult bees but are transmitted to larvae by worker bees through food. Larvae are not infected for the
first three days as they feed on royal jelly. When the bee larvae are 4-5 days old in open comb cells, infection is
observed. As time progresses, the danger of the larvae becoming infected decreases. Deaths are most common during
the mature larval and pupal stages. No chemicals or drugs are recommended for lime disease. In colonies with good
cleaning behavior, larvae that tend to mummify or mummify are expelled from the hive by the worker bees in a short
time. The diseased combs should be replaced with new combs in a short time so that the severity of the disease will
be reduced [90]. Lines resistant to this disease should be used. Hives should be well-ventilated. The amount of
moisture in the hive should remain at a certain level. Honeycombs from sick colonies should not be transferred to
healthy colonies. Controls of colonies should not be carried out in the spring months when the weather is cool, and if
it is necessary, the hive should not remain open for a long time. Perennial comb should not be used in colonies. The
queens of sick colonies should be replaced with queens from healthy colonies. Work with strong colonies and young
bees because weak colonies catch the disease faster.

5.2. Stone disease

It is also known as Stone Rot or Stonebrood. It is a rare disease [93]. The causative agent of this disease is a type of
mold fungus called Aspergillus flavus [94]. This agent causes disease in adult and juvenile bees and causes death by
infecting them. In the early stages of the disease, it is very difficult to diagnose the disease [95]. Besides Aspergillus
flavus, Aspergillus fumigatus, and other Aspergillus species can also cause this disease [96]. These causal fungi are
found in plants and soil. The disease affects the internal organs of the larvae and causes them to die. The larvae die in
the closed honeycomb cells before entering the pupal stage. The larvae and pupae that carry the disease transform.
Aspergillus first reproduces in the digestive tract. Then they gradually spread, covering the entire larva within a few
days. After death, the larvae turn into mummies that are hard and hard to break like Stones [97]. The causative fungus
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causes the body wall of the larva to burst, forming a false outer shell. Meanwhile, the outer surfaces of the larvae are
covered with yellow fungal spores [98]. Bees that clean the honeycomb cells carry these spores and transmit the
disease to other larvae, causing the disease to spread within the colony. Symptoms of the disease; bees look sluggish
and restless. They have difficulty flying and are weak. The abdomen of the bees enlarges. The dead larvae and pupae
dry up and become mummies. Honeycombs infected with this disease appear green. The spores of these fungi can live
in honey and are therefore passed on to people who eat it. It is dangerous to eat honey from infected hives. In humans
and other mammals, it causes infection of the upper respiratory tract. High humidity in the hive, disruption of the
intestinal flora due to antibiotic use, inadequate ventilation in the hive, increase in the temperature of the hive are
important factors in the emergence of the disease. In addition, an increase in the stress rate is also an effective factor
in the emergence of the disease [99]. The disease can also be spread by carrying contaminated honeycombs to healthy
colonies: There is no chemical treatment for this disease. It is necessary to disinfect the hives in which the disease is
detected and burn the honeycombs. Honey infected with the disease is not suitable as food for humans and bees and
should not be used. Hives and other tools used should be disinfected. Hive ventilation should be done well, high
humidity should be prevented. The queen bee should be replaced.

It is found in the pollen in the honeycomb cells. Another name is pollen fungus. The disease is seen in early spring
after the winter season. In hives where this disease is observed, lime disease is observed later. Bettsia alvei develops
more easily at temperatures lower than 30°C. It multiplies in the pollen in the comb during winter and early spring.
Pollen is damaged and wasted. Honeycombs are closed after they are filled with honey, but if the honeycombs are not
completely filled with honey or if honey is removed from the honeycombs and closed, a very good environment is
created for Bettsia alvei to multiply. When the disease takes effect, pollen becomes unusable. Summer heat is not
effective for spores. It is more common in weak colonies during cold times. The disease turns pollen into hard and dry
particles. The fungus in the honeycombs is gray and is found in pollen clusters. Bees expel these pollen clusters.
Bettsia alvei is not a problem in healthy colonies. It does not harm the normal cycle of the bees. In warm weather, the
problematic pollen is removed from the comb, and the disease is combated. To prevent the onset of Bettsia alvei, it is
necessary to keep the hives dry and wrapped in winter.

5.4. Other mushrooms

Fungi are usually collected by foraging bees. Most fungi collected by foraging bees cannot survive in hives and are
not effective for bees. Some fungi can reproduce after the life of the bees is over and cause mummification of soft
tissues. Fungi can be harmful under favorable conditions, but they can be a problem for weak colonies if they are
provided with favorable conditions of humidity, temperature, and low ventilation. Mucor mucedo and Trichoderma
lignorum cause disease in adult bees and larvae. Aspergillus niger causes disease in queen larvae. Rhizopus equinus,
seen in adult bees and larvae, is caused by contamination of flowers with horse manure. It is seen in cold countries.
Scopulariopsis brevicaulis, infected larvae appear black or yellow and are found adhered to the honeycomb walls.
The disease disappears when the temperature is effective. Labyrinthula apis and Endomycopsis apis cause larval death.

6. Honey bee pests

6.1. Yeasts

Yeasts are not considered a disease agent for honey bees. The preservation of bee bread provides growth factors and
vitamins. Candida utilis is very useful for young bees. Some osmophilic yeasts are fermentation agents in honey and
change the structure of honey. As a result, malnutrition is seen in adult bees and larvae and deaths occur.
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6.2. Varroa

Varroosis disease is caused by the general pathogen called Varroa jacobsoni oudemans [118]. This disease causes
deformation of the wings and legs of the bees, shortness of the legs, short abdomen, low productivity, and easier
transmission of other diseases. The female varroa is oval in appearance, dark brown in color, and the mouth structure
is stinging and sucking. The male ones are yellow or gray in color and round in appearance. It has a softer chitin
structure than the female varroa. Male varroas are not seen on the bee when they die after mating with the female. The
reproductive period of varroa in colonies starts with the brood period in spring [100]. With the end of the brood period
in the fall, the reproduction of varroa also ends. Varroa reproduce and develop in closed brood cells in the colony.
Adult female varroes enter the brood cells just before they close and start laying eggs two days later. In the first 24
hours, 6-legged larvae hatch from the eggs. The larva completes its development in 6-7 days if it is male and 8-10
days if it is female. Varroa feeds on the hemolymph of larvae, pupae, and adults, which is the equivalent of blood in
invertebrates. As a result, pupae do not develop well and adults are weak and unable to fly (figure 4). The number of
drones in the colony drops noticeably. The ability of drones to mate is also considerably reduced. The lifespan of the
bees in the colony shortens. Worker bees are smaller than their normal size. This size reduction is more pronounced
during the pupation period. Young bees emerging from the cells may have wingless, single, or short wings. In addition
to these, abnormalities such as missing legs and a short abdomen are also seen.

Fig 4. (A) examination of drone larvae showing red lavra with Varroa mites, (B) Varroa mites on the thorax of drones (Reprinted with permission
from [101], Copyright MDPI).

The worker bees' brood care is weakened and therefore the queen's oviposition capacity is reduced. The wounds
opened by varroa on the bees to meet their nutritional needs create a favorable environment for various diseases. Since
they feed on hemolymph, the resistance of bees against diseases decreases. Since Varroa has many ways of spreading
and adapts to colony biology quickly and easily, it becomes difficult to fight. Control methods are classified as
physical, biological, and chemical. Physical and biological control is usually carried out in spring and summer, while
chemical control is carried out in fall and winter. Varroes die between %74-98 at 46°C. For this reason, in specially
prepared hives, the temperature is increased in a controlled manner and the varroas are expected to die and fall to the
bottom board. Female varroas prefer drone cells to lay eggs in the spring period. In the spring period, honeycombs
with drone cells are placed on the colonies and female varroa are collected in the drone cells. After these eyes close,
they are removed from the hive and destroyed. In this way, the eggs laid by the female varroa and the drone pupae are
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destroyed. Thanks to this method, it is possible to reduce the number of varroa in the colony. In addition, it continues
to be effective because the varroa that multiply in the worker bee cells remain. It is the control of mites with chemicals
used for the control of mites. Things to be considered in acaricide applications; Chemical substances that have not
been laboratory tested or that have negative results for human or bee health should not be used, the desired drugs
should be used as described and in dosage, and acaricide should not be used during the harvest period. Spraying should
be done in spring and fall periods, spraying should be done on days when the air temperature is higher than 14°C, and
in periods when the bees come from nectar collection, spraying should be done after removing the partitioned boards
in the hive to facilitate the contact of the drugs with the bees [102].

6.3. Small hive beetle (Aethina tumida)

The small hive beetle, a very dangerous pest, was first found in the USA in 1998. Tens of thousands of colonies were
destroyed. The small hive beetle, which spread very rapidly, became the most important problem of American
beekeeping in those years. It is thought to have arrived with vegetables and fruits imported from Africa around 1995
[103]. This insect originated from South Africa and belongs to the family Nitidulidae of the order Aethina tumida
Coleoptera [104], [105], [106]. African bees are not affected by the small hive beetle due to their cleaning properties.
Since it is harmless in Africa, it was almost unrecognized until 1988. Physiologically, adults are about 5-7 mm long,
6-legged, reddish brown or black, and have 2 pairs of wings [107], [108]. Their bodies are protected from bee stings
by a thick layer of chitin. Covered with very fine hairs, the small hive beetle is very difficult to catch by bees. The
adult beetles can fly and move between hives. Flight distances have not been determined. They reproduce by laying
eggs. Their eggs, similar to honey bees, are pearl white. They can lay eggs almost all the time except in harsh winters.
Larvae are cream-colored, about 11mm long, and about 1.6mm in diameter. The larvae cannot spin cocoons but instead
are surrounded by a thick layer of chitin. The thick layer of chitin protects the larvae from bees. They can reproduce
continuously in the hive and even take over the hive and neutralize the hive. Larvae use honey and pollen as food
[109], [110Q]. They eat the glaze on the honey and defecate on the honey. Sour, rotten orange-smelling honey flows
out of the hive. The bees do not touch this contaminated honey, but if it covers the honeycomb, they move away from
the honeycomb. It has been found that bees return only when the honeycomb is cleaned with water. When the adult
reaches the size of an insect, it leaves the hive, goes under the soil and the pupation period begins [111]. The pupae
are as big as the adult beetle and have an amber or blue color. The life of the small hive beetle begins when the female
beetle lays eggs in the honeycomb in an irregular way. The larvae hatch from these eggs in about 2-3 days. Even a
very small number of female beetles are effective because they can lay a very large number of eggs. After the larval
period lasting 10-16 days, they leave the hive and enter the soil. 3-4 weeks pass after the pupation period begins and
adult beetles are formed. The life span of adult beetles is approximately 6 months. Adult beetles lay eggs in their first
week. They can produce up to 5 generations per year. There is no control mechanism against the small hive beetle yet.
Small hive beetles die when kept at -12 degrees Celsius for 24 hours.

6.4. Bee louse

It is not actually a species of louse but a member of the order Diptera [112]. The insect that causes this disease is
Braula coeca [113],[114]. This is a small, colorful insect. It is shiny and brownish-red in color. This insect has no
wings and no eyes. This disease does not harm the bee directly, it is a food partner. Adult bee lice are similar to varroa
[115]. They are distinguished from varroa by their three pairs of legs and the licking-sucking mouthparts. Bee lice
also have a distinguishable head structure when viewed from the top. They live on worker and queen bees. They
survive by clinging to the hairs on the chest of bees. It is very rarely seen on drones. Adult bee lice are found on the
chest and mouth parts of bees and steal food from the bees' mouths. They do not live by sucking the blood of bees but
by feeding on royal jelly, pollen, and honey [116]. Since royal jelly is their favorite food, they share the food of the
queen bee and reduce its performance. The adult bee louse is 1.5 mm long and 1 mm wide. Male lice are smaller than
female lice. Adult females of bee lice lay their eggs in the upper part of the comb cells. The egg is white in color and
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oval in shape. Bee lice can lay their eggs anywhere in the colony. The larvae that hatch from the eggs pass through
the honey glazes and consume the honey, which is their food source. It is more common in the fall and spring. It
cannot reproduce in winter. Adult bee lice spend the winter on the bee. It is possible for 15-20 bee lice to live on a
queen bee. This causes the queen to stop laying eggs. If more bee lice are found, the queen dies. The disease spreads
due to swarming, predation, carrier bees getting confused in their own hives, and colony transplants. The bee louse
causes the queen bees to become weak, their ability to lay eggs decreases, and the marketing value of honey decreases
due to the deterioration of the honeycombs in the hive. Tobacco smoke is used in the control of bee lice. Cigarette
tobacco burned in the bellows is given into the hive through the flight hole. Bee lice, which faint under the influence
of smoke, fall to the bottom board and are collected and destroyed. Bromopropylate and formic acid are used as
medicines.

6.5. Trachea parasite

It was first detected in England in 1921 by Rennie [117]. After being seen in England, it spread to various regions. It
is a parasite called Acarapis Woodi and is also known as tracheal mite [118]. There are 3 Acarapis species in honey
bees and these are Acarapis woodi, Acarapis dorsalis, and Acarapis externus. The harmful species among these
species is Acarapis woodi. This disease is an internal parasite that settles on the respiratory system of worker bees and
can lead the bees to death [119], [120]. It is sometimes seen in queens and drones. It has male and female sexes. It
feeds and reproduces in the trachea, the respiratory tract. After the female and male mate, the male tracheal mite dies.
The female tracheal mite enters through the first thorax of the adult bee and settles in the trachea. Within 1-2 days she
can lay 6-10 eggs in the trachea. The eggs complete their development within 14 days. The larvae hatch from the eggs,
pierce the wall of the trachea with their mouthparts, and use the bees' blood as food. This parasite first enters the
trachea of 1-4 day-old young bees and sucks their blood. When blood leaks from the trachea, the young bee's trachea
becomes blocked or damaged. The bee, deprived of oxygen for these reasons, dies from respiratory failure. The disease
has some symptoms. The most important symptom in bees infected with the tracheal mite is the inability of sick bees
to fly [121]. They have asymmetrical wing positions. The wings appear drooping. The abdomen appears swollen. The
trachea of a healthy bee appears pale, transparent, spotless and clear. The trachea of sick larvae, on the other hand,
has crusting, brown spots and a black color depending on the number of mites. The lifespan of an adult tracheal mite
is around 30-40 days. In dead bees, the tracheal mite can live for 1-2 days. For their development, 34°C is the optimal
temperature. It develops the fastest in winter when it is in the hive. By the end of winter, it has contaminated the bee's
trachea with its feces and eggs. When the bee takes its first flight, it moves a certain distance away from the hive and
becomes unable to breathe air due to the clogged and damaged trachea, and death occurs. Domestic Anatolian breed
bees do not get this disease because they are resistant to the parasite that causes the disease. For the diagnosis of the
disease, diseased bees should be examined in the laboratory and a definite conclusion should be reached afterwards.
Treatment methods used in varroa disease can be used in its treatment.

6.6. Lepidoptera

6.6.1. Large wax moth

Galleria mellonellae, known by different names such as bee moth, honeycomb moth, large wax moth, etc., cause
damage to honey and combs [122],[123]. It is usually found in weak bee colonies without queen bees and weakened
bee colonies [124]. In weak colonies, there is a decrease in brood, honey, and pollen production due to the residues
and nets of Galleria mellonella. When the temperature increases, hives begin to die out. The development of the moth
is accelerated by lack of food, absence of queen bees, varroa, and pesticide poisoning in colonies. Large wax moth is
found all over the world [125]. Its harmfulness disappears at high altitudes. Its presence decreases when the altitude
is above 1000 meters, and it cannot survive when the altitude exceeds 1500 meters. In Turkey, it is found in regions
with warm and mild climates.
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6.6.2. Small wax moth (Achroia Grisella)

It is also known for its Achroia grisella [126], [127], [128]. It is more harmless than the large wax moth. It is effective
in weak colonies [129]. Its physical characteristics are light yellow on the head, silver gray on the body and male
moths are 10mm in size and female moths are 13mm in size. Females usually live for 7 days and produce 250-300
eggs during their lifetime. The developmental stage is similar to that of the large wax moth and it makes tunnels made
of silk. The small wax moth eats combs with young, honey, pollen, bee brood, and beeswax [130]. It does not cause
as much damage as the large wax moth. In hives with the small wax moth, the comb cells are not closed even though
there are bee larvae in the comb cells. The reason for this is that the moth has eaten the honeycomb wall and made a
hole, and the worker bees remove the entire honeycomb wall instead of repairing the hole. The honeycombs that
remain open contain moth feces, and the bee larvae that can grow under these conditions show developmental
disorders.

6.6.3. Bumble bee wax moth

Aphomia sociella, the Bumble Bee wax moth, is found in Europe and Asia [131], [132]. It is found in the nests of
bumblebees and rarely in honey bee colonies. Adults are slightly smaller than the large wax moth. Mature larvae are
yellow and 22-30 mm in size. Larvae eat bee eggs, larvae, pupae, pollen, and honey [133].

6.6.4. Deadhead moth

Acherontia atropos feeds by eating honey or nectar in bee colonies. The deadhead moth attacks bee colonies in the
evening and stays inside. Sometimes dead moths are found inside the hive.

6.7. Ants

Ants, which live in almost every region of the world, can be a problem for honey bees. The carpenter ant gnaws the
wooden parts of the hives. When other ants find the opportunity, they enter the hive and eat the honey, pollen and
baby bees, and when their numbers are dominant, they also eat the adult bees.

6.8. Wasps

Wasps attack colonies in beekeeping regions and cause serious economic consequences. It is a problem in East Asia,
Southeast Asia, and the island of Japan. Apis cerana, Apis florea, and Apis mellifera colonies are more affected by
wasps.

6.9. Birds

Birds prefer small or large insects for feeding and bees are also in the food chain. Birds are known to hunt bees during
migrations, during accommodation, and in the areas where they live.

6.10. Moxibustion beetle (Meloidea)

It belongs to the Coleoptera order and Meloidae family. The most important and harmful species known in our country
are Meloe variegates, M. proscarabeus, M. vilaceus, and M. cavensis. They act on bees in two different ways. Firstly,
they eat eggs and larvae. Secondly, they parasitize mature bees. 1st instar larvae feed on the hemolymph of bees; 2nd
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instar larvae consume honey, pollen, bee eggs, and bee larvae as food. The adults of this species do not harm honey
bees. Moxibustion beetles are found in various regions such as the Aegean, Mediterranean, Central Anatolia, and
Black Sea regions. Meloe violaceus Marsham species are effective in the Erzurum region in our country. The length
of adult bees is around 22-30 mm. Male bees are smaller and female bees are larger. Moxibustion beetles consume
plant leaves and stems as food during their adult stages. However, there is not yet a successful intervention method
with the moxibustion beetle [134].

7. Nanotechnology and bee diseases

Nanotechnology science is used in many fields today [135]- [167]. Nanomaterials are reported in the literature to be
able to have antibacterial, antifungal, and antiviral properties [168], [169], [170], [171]. The use of nanomaterials
smaller than 100 nanometers (nm) for specific purposes has been applied in agricultural, industrial, and medical fields
[172]. Therefore, nanotechnology has many potential applications in beekeeping as well as in various fields.
Nanotechnology is attracting attention as an advanced tool in the diagnosis and treatment of bee diseases. Targeted
and pest-directed therapies formulated with nanoparticles are available. With antimicrobial properties such as silver
nanoparticles, they can protect bees against pathogens in a highly functional way [173]. Thus, the positive impact on
bee health and lifespan is a remarkable research topic [174]. These technologies have the potential to offer sustainable
solutions in beekeeping.

8. Conclusion

Even though beekeeping is a very important sector dating back to the past, there are many inexperienced producers
engaged in beekeeping. In addition, bees can be affected by many biotic factors such as ecological and geographical
abiotic factors, natural disease agents, and predators. Apart from these reasons that affect the damage of bees, parasites,
bacterial, viral, and fungal diseases cause many negativities in the sector. Among these environmental and biological
effects, the factors that cause natural diseases in bee colonies cause large colony losses. Therefore, the most important
point in bee diseases is to protect the hive with the right information, equipment, and methods. Diseased hives should
definitely be separated and transported, weak hives should be combined, and procedures that will strengthen the hive,
such as the reinforcement of frames with brood, should be followed meticulously. All equipment used in beekeeping
should always be kept clean and go through sterilization stages. Hives should be strengthened and regularly
maintained, and bees should be fed with vitamin syrups and cake when necessary. Thus, healthy growth and body
resistance of the bees should be increased and the diseases should be minimized. Methods of controlling other
predators, insects, and parasites should be sought. Various chemicals, antibiotics, and natural methods are at the top
of these control methods. Potassium hypochlorite and 2% formaldehyde solution are the most commonly used in
honeycomb disinfection. However, honey and combs in the hive should not be given to the bees after chemical use.
Potassium hypochlorite is frequently used for sterilization of metal beekeeping equipment. Other chemicals such as
benzalkonium chloride, hydrogen peroxide, and chloramine are used to prevent and treat bee diseases.
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