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Abstract: The Istituto Zooprofilattico Sperimentale del Lazio e della Toscana (IZSLT) and the Interna-
tional Federation of Beekeepers’ Associations (Apimondia) set up a worldwide survey in 2015–2017
to gather information on beekeepers’ perceptions concerning good beekeeping practices, the main
honey bee diseases, and the technical assistance they receive. The on-line dissemination of the survey
was facilitated by the “Technologies and Practices for Small Agricultural Producers” platform (TECA)
of the Food and Agriculture Organization of the United Nations (FAO). In total, 248 questionnaires
were received from the European region and the results are reported here. Varroosis remains the
biggest concern and is the most important reason for beekeepers’ use of veterinary medicines. How-
ever, a sustainable approach to managing Varroa was detected. American foulbrood (AFB) and
European foulbrood (EFB) infections are mainly managed through the shook swarm technique or
burning the hives. Concerning technical assistance for disease management, beekeepers were mainly
supported by their associations or expert beekeepers. Relevant data were collected and analyzed but
information from many low-income countries in Africa or Asia is still missing, and more efforts are
needed to fill the knowledge gaps.

Keywords: online survey; beekeeping; veterinary medicines; honey bee diseases; good beekeep-
ing practices

1. Introduction

Modern beekeeping suffers significant losses worldwide due to a variety of external
stressors, including pesticide misuse, climate change, globalization of honey bee diseases
and pests, loss of bee fodder, conventional monocultures, overbuilding and mistakes in
hive and disease management [1–5].

In recent years, new issues concerning the beekeeping sector have also been docu-
mented, such as the spread of new invasive alien species (Vespa velutina, Nosema ceranae,
Aethina tumida) and an increase in the pathogenicity of already known pathogens, such as
the viruses related to Varroa destructor [6–10].

In this complex situation, guaranteeing both honey bee health and successful beekeep-
ing activity is often quite arduous. Furthermore, in most countries, veterinarians usually
lack the minimum competencies required to enable them to provide helpful support to
beekeepers [11]. The availability of only a few veterinary medicinal products (VMPs) (EU
Veterinary Medicinal Product Database, accessed on 9 January 2020) further complicates the
situation. As a result, all these factors can lead to inadequate control of honey bee diseases,
misuse of veterinary medicines, or in the worst cases, illegal use of unauthorized drugs.

In the apiculture sector, as in others, the intensive use of the same active ingredients
over the years has led to the development of veterinary drug resistance, especially in
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the Varroa mite [12,13]. As a direct consequence, there has been either a reduction in the
efficacy (and choices) of available treatments or an increase in chemical residues in hive
products [14–17].

Nowadays, modern apiculture requires the adoption of Good Beekeeping Practices
(GBPs) in order to prevent and control, in the best way possible, honey bee diseases and
allow the proper use of VMPs. In this context, the adequate training of beekeepers as
well as veterinarians and the application of an integrated pest management (IPM) strategy,
which is defined by the Food and Agriculture Organization of the United Nations (FAO)
as: “The careful consideration of all available pest control techniques and subsequent integration
of appropriate measures that discourage the development of pest populations and keep pesticides
and other interventions to levels that are economically justified and reduce or minimize risks to
human health and the environment”, play a vital role in the achievement of good honey
bee colony management. In particular, this means the adoption of different beekeeping
techniques and biotechnical methods in combination with veterinary medicines [16]. A
good understanding of honey bee biology and pathogens is also required in order to
incorporate the IPM strategy into daily activities.

However, there is a general lack of information about beekeepers’ knowledge, level of
training and application of GBPs to manage and control honey bee diseases and data are
missing from large geographical areas.

For these reasons, a questionnaire-based survey was developed and promoted with
the purpose of filling the gaps by collecting specific information from target professions
around the world including: (1) knowledge of the most important honey bee diseases and
their management; (2) use of VMPs in beekeeping; and (3) perceptions about the role of
veterinarians, training and technical assistance in the management of honey bee diseases.

The online questionnaire, “Veterinary medicines in beekeeping around the world:
which active ingredients are in use and do they respond to the needs of beekeepers?” was
set up by the Istituto Zooprofilattico Sperimentale del Lazio e della Toscana “M. Aleandri”
(IZSLT), and the International Federation of Beekeepers’ Associations (Apimondia). The
on-line dissemination of the survey was facilitated by the “Technologies and Practices for
Small Agricultural Producers” (TECA) platform of the FAO [18].

In this paper, we present the most relevant results of the survey from European
participants together with the considerations involved in this unique experience.

2. Materials and Methods

SurveyMonkey® was used to implement the online questionnaire and collect the data.
It was made available in four languages (English, French, Italian and Spanish) and was
promoted in three different periods (of about two months each) between 2015 and 2017.
The target groups were: beekeepers, veterinarians, beekeeping inspectors/technicians,
beekeeping teachers/trainers, researchers in the beekeeping sector and employees of
governmental institutions involved in beekeeping. Various channels were used to promote
and distribute the survey, mainly through the TECA website and outreach activities and
direct invitation by e-mails. The link to the survey was also published on a IZSLT specific
webpage dedicated to apiculture and people from the target categories were invited to
participate [19].

Participation in the survey was anonymous and a mechanism was introduced to
prevent users from submitting the questionnaire more than once.

The questionnaire was preceded by a set of three closed questions that aimed to
classify participants based on (a) their geographical location, (b) profession (see target
groups above) and (c) number of hives they possessed (Table 1). Based on this last question
the beekeeper category was divided into two sub-categories: those with less than 30 hives
were considered hobby beekeepers while those with more than 30 hives were considered
professional beekeepers.
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Table 1. Structure of the questionnaire: questions are divided into three main parts A, B and C; type of questions (Sm)1 =
Semi-closed, (Cl)2 = Closed, (Oe)3 = Open-ended.

Letter/Number Question, (Type of Question) Part/Section

a In which region are you located? -

b Select your profession among the following: -

c How many beehives do you have? -

1 What diseases have you already heard about? (Sm) A

2 Can you give a score to each disease according to its impact on the
honeybee health in your apiary? (Sm) A

3
Do you have other information you want to share about diseases affecting
beekeeping in your country (personal experience, global impact, evolution

in the last years, etc.)? (Oe)
A

4
Do you think that observing good beekeeping practices alone, without the
use of active ingredients or medicines, could guarantee the health of your

hives (regarding the following diseases)? (Sm)
A

5 Do you think that veterinary medicines are necessary in apiculture to
guarantee the health of your hives (regarding the following diseases)? (Sm) A

6 Have you ever seen a Varroa mite? (Cl) B

7 Which are the active ingredients you normally use in your apiary in the
treatment against Varroa? (Sm) B

8 Before treating your hives against Varroa, do you check the level of
infestation (mite count)? (Cl) B

9 If not yet available, which active ingredients would you like to have in
your country as registered and authorized ingredients? (Sm) B

10 Have you ever seen brood affected by AFB? (Cl) B

11 Are you able to diagnose AFB in your hives? (Cl) B

12 How did you diagnose AFB in you hives? (Sm) B

13 Which method do you think is the best to manage AFB? (Sm) B

14 What product is currently available in your country to treat AFB? (Sm) B

15 Do you think the products currently available in your country to treat AFB
are effective? (Cl) B

16 Have you ever seen brood affected by EFB? (Cl) B

17 Are you able to diagnose EFB in your hives? (Cl) B

18 How did you diagnose EFB in you hives? (Sm) B

19 Which method do you think is the best to manage EFB? (Sm) B

20 What product is currently available in your country to treat EFB? (Sm) B

21 Do you think the products currently available in your country to treat EFB
are effective? (Cl) B

22 How did you develop your beekeeping skills? (Sm) C

23 Are you well informed about the organization of beekeeping
courses/meetings held in your region? (Sm) C

24 Do you think you receive appropriate technical assistance for your needs
in the apiary treatments? (Sm) C

25 What amount of assistance would you need in your apiary for honeybee
diseases/apiary management? (Cl) C

26 What amount of assistance do you actually get in your apiary for honeybee
diseases/apiary management? (Cl) C
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Table 1. Cont.

Letter/Number Question, (Type of Question) Part/Section

27 Where do you get assistance about apiary treatments? (Sm) C

28 Do you think veterinarians are sufficiently informed on the honeybee
diseases and the related treatments? (Sm) C

29 Do you think you are well informed about the good beekeeping practices
to apply at the apiary level? (Sm) C

30 Do you consider effective the veterinary products available in your country
to treat the following hive diseases? (Sm) C

31 Do you buy veterinary medicines, to treat the following diseases? (Sm) C

32 Do you use homemade medicines to treat the following diseases? (Sm) C

33 Have you already noticed lack of efficacy of treatments? (Cl) C

34 Which active ingredients do you think are no longer effective (e.g., because
of resistance)? (Sm) C

35 What do you think could be done to improve the efficacy of the available
treatments? (Oe) C

36 Do you think you need new active ingredients against honeybee diseases?
(Cl) C

37 Which new active ingredients would you need against Varroa? (Sm) C

38 Which new active ingredients would you need against AFB? (Sm) C

39 Which new active ingredients would you need against EFB? (Sm) C

40 Which new active ingredients would you need against Nosema? (Sm) C

41 Which new active ingredients would you need against Tracheal mite
(Acarapis woodi)? (Sm) C

42 Which new active ingredients would you need against Small hive beetle
(Aethina tumida)? (Sm) C

43 Which new active ingredients would you need against Tropilaelaps? (Sm) C

44 Which new active ingredients would you need against Myiasis of
honeybees (e.g., Senotainia tricuspis)? (Sm) C

45 Which new active ingredients would you need against any other diseases
that were not mentioned in this survey? (Oe) C

1 “Semi-closed” is a single-choice question with the option to further specify the answer by writing a reply. 2 “Closed” is a question that
can only be answered by selecting one or multiple choices from a limited number of options. 3 “Open-ended” is a question that allows the
participant to give a free form answer by writing a reply.

A list of 13 different geographical areas covering all the continents was used to identify
the user’s location.

The core part of the questionnaire consisted of 45 questions (Table 1), most of which
were semi-closed (67%) or closed (27%) with just a few open-ended questions (6%), and
was divided into three parts each investigating specific aspects of beekeeping. Part “A”
(5 questions) aimed to gather general information on the perceptions regarding honey
bee diseases, the proper management of the hives and the use of medicines; part “B”
(16 questions) aimed to assess specific knowledge about the prevention and control mea-
sures adopted by the participants against Varroa, American foulbrood (AFB) and European
foulbrood (EFB); and part “C” (24 questions) aimed to collect information concerning the
kind of assistance available to beekeepers, their perceptions about the efficacy of treatments
and the need for new VMPs.

All responses from participants were tabulated and the basic data analysis and presen-
tation was achieved using Microsoft Excel spreadsheets (Microsoft®, Redmond, Washing-
ton, DC, USA). Graphs were prepared for each question of the survey using percentages
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or weighted averages, according to the type of collected data. In particular, a modified
equation was used to calculate the weighted arithmetic means (Figure 1) in order to take
the variations in the total number of answers for each disease into consideration:

∑n
i=1 wi ∗ xi

Td

∑n
i=1 wi

(1)

where: wi = Weight assigned to the disease impact parameter (i); Td = Total number of
answers from participants for disease (d); xi = Number of participants who chose the
parameter (i) for the disease (d).

Disease impact parameters Weight

Very severe 5

Severe 4

Moderate 3

Low impact 2

No impact 1
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3. Results

In total, 403 questionnaires were received; 41.9% of participants used the English
version of the survey, 39% used the Italian one, and 11.9% and 7.2% used the French and
Spanish versions, respectively.

With regard to the geographical distribution of participants, 74.7% (301/403) were
from the European continent whereas 25.3% (102/403) were from non-European countries
(mainly Northern America, Australia and New Zealand).

Among all the targeted professions, most participants were beekeepers (323/403, 80%)
or veterinarians (62/403, 15%).

Here, we report only the data received from beekeepers in the European region (248
questionnaires) as data from other very large and diverse geographical regions of the globe
represented a small percentage of the received questionnaires.

In this category, 38% of the participants (95/248) were professional beekeepers while
62% were hobby beekeepers (153/248).
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3.1. Part A. “General Information about the Honey Bee Diseases, the Proper Management of the
Hives and the Use of Medicines”

The majority of beekeepers (mean, 93.04%) knew about the main honey bee diseases
(especially Varroa, nosema, AFB and EFB) but they were less aware of minor or less known
honey bee diseases (such as tracheal mite, Tropilaelaps or myiasis).

Varroa was considered the most important disease affecting honey bee health, followed
by viral diseases and nosema (Figure 1). The modified weighted mean equation was used
for the calculation.

According to 78.6% of hobby and 77.4% of professional beekeepers, the adoption of
good beekeeping practices alone, without the use of any active ingredients or medicines, is
fully or partially sufficient to control nosema, EFB, tracheal mite, AFB and viral diseases.
On the contrary, 85.1% of hobby beekeepers and 93.7% of professionals think that the
application of veterinary medicines is indispensable for controlling Varroa.

3.2. Part B. “Assessment of Specific Knowledge about the Prevention and Control Measures
Adopted for Varroa, AFB and EFB”

The survey showed that 71.3% of hobby and 72.8% of professional beekeepers use
organic acids (formic acid, oxalic acid, lactic acid) for the control of Varroa while 45.3% and
45.7%, respectively, also rely on the application of mechanical methods (e.g., queen caging
and brood removal). Four percent of hobby beekeepers (0% of professionals) do not use
any type of Varroa control measures.

Concerning the monitoring of Varroa infestation levels, almost half (48%) of the hobby
beekeepers and 38% of professional beekeepers in Europe always check such levels prior
to treatment. On the other hand, 11.3% of hobby and 15.2% of professional beekeepers
consider such an approach unnecessary, and therefore, they never monitor the parasite.

Regarding the diagnosis of AFB and EFB, 74.9% and 91.7% of hobby and professional
beekeepers, respectively, declared that they are able to identify the visible signs of the
diseases by themselves. Less than 27.8% of hobby beekeepers and less than 22% of pro-
fessional beekeepers rely on laboratory tests to confirm the diagnosis of these microbial
infections while the use of on-field kits varied between 16.7% and 27.5% in both categories.
Showing the sample to a more experienced beekeeper in case of doubt or consulting with
veterinarians were the least adopted options (percentages varied and were below 15.2%).

The “shook swarm” technique was considered the best method to manage EFB or
AFB (only hobby beekeepers). The destruction of the affected colonies was also one of the
preferred strategies for both diseases (especially for professional beekeepers). Between 1%
and 10% of beekeepers consider the application of antibiotics, alone or in combination with
the shook swarm technique, as a valid method for the control of such bacterial diseases
(Figures 2 and 3). On the contrary, between 13.2% and 28.1% of beekeepers do not know
how to manage such diseases.
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3.3. Part C. “The Kind of Assistance Beekeepers Receive, Their Impressions of the Efficacy of
Treatments and the Need for New VMPs”

In total, 66.4% (mean) of beekeepers have developed their beekeeping skills (Figure 4)
through: (1) participation in beekeeping courses or working/training with expert beekeep-
ers; (2) self-study using websites, reading books or forums; and (3) courses or visits to
apiaries organized by the beekeepers’ associations.

However, governmental initiatives (leaflets, guidelines, technical assistance), or the
web platforms of international organizations (e.g., FAO-TECA) were poorly used.
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The results showed that 73.4% of hobby beekeepers and 78.4% of professional bee-
keepers declared they were well informed about the good beekeeping practices that should
be applied at the apiary level. The main sources of assistance concerning the control of
honey bee diseases were the beekeepers’ associations and cooperatives (38.6% of hobby
and 45.5% professional beekeepers), followed by expert beekeepers (28% of hobby and
27.3% of professional beekeepers), and to a lesser extent, veterinarians (15.9% and 18.2% of
the surveyed hobby and professional beekeepers, respectively). Around one-third (30.3%)
of hobby beekeepers and 25.0% of professional beekeepers declared they did not receive
any kind of assistance at all. A total of 56% of hobby beekeepers and 63.6% of professional
beekeepers consider that veterinarians are not sufficiently informed about the main honey
bee diseases and related treatments. Concerning Varroa, 49.2% of hobby and 50% of pro-
fessional beekeepers consider that the available veterinary medicine products are only
partially effective against the mite. The lack of efficacy of treatments was mainly ascribed
to thymol and fluvalinate (Figure 5).

Appl. Sci. 2021, 11, x FOR PEER REVIEW 9 of 13 
 

 
Figure 5. VMPs’ active ingredients no longer effective according to surveyed beekeepers. 

4. Discussion 
The scope of the survey presented here was to collect worldwide data on essential 

aspects of the beekeeping sector, mainly concerning the application of good beekeeping 
practices, the use of veterinary medicines and the technical support and training provided 
to beekeepers, in order to reduce the gap in knowledge and contribute to the dissemina-
tion of vital information among stakeholders. Attempts to collect this data were made on 
three different occasions through the on-line promotion of the questionnaire in collabora-
tion with international institutions and beekeeping organizations. We interviewed people 
involved in the beekeeping sector (80% of the participants were beekeepers and 15% vet-
erinarians), however, most of them were from Europe while wide geographic areas such 
as Africa and Asia remained almost completely unexplored. The low participation from 
medium and low-income areas might be due to the lack of or limited access to the internet 
or to a computer, language barriers, and/or difficulties in reaching beekeepers. Other sur-
veys in apiculture have been more successful in terms of participants, such as the surveys 
conducted by COLOSS [20] and by the US Bee Informed Partnership [21], which involved 
28,629 and 5725 beekeepers, respectively. However, these surveys mainly focused on col-
ony mortality, included only a few questions on Varroa and queen management, and did 
not address the main topics reported in our study (prevention and control measures for 
the main honey bee diseases, the use of medicines, the efficacy of the treatments and the 
kind of assistance beekeepers receive). 

The distinction between hobby and professional beekeepers was made based on the 
number of hives they owned. There is no internationally recognized and clear definition 
of these two categories, probably because of the variability in hive production in the dif-
ferent geographical areas; therefore, we decided to set a threshold of 30 hives (based on 
the authors’ experience and perception in relation to the EU context) to differentiate these 
two categories of beekeepers. 

A similar attempt was made in the US for the colony losses survey [21], where they 
differentiated three categories: backyard beekeepers (1–50 colonies), sideline beekeepers 
(51–500 colonies) and commercial beekeepers (>500 colonies).  

In regards to the general information about honey bee diseases, proper management 
of the hives and use of medicines (part A of the survey), the majority of beekeepers from 
both categories are able to recognize and manage (e.g., by proper feeding of the colonies 
in cases of nosemosis, or by shook swarm in cases of AFB and EFB) most important honey 

Figure 5. VMPs’ active ingredients no longer effective according to surveyed beekeepers.



Appl. Sci. 2021, 11, 7311 9 of 13

Finally, the most frequently used veterinary medicines in beekeeping were those
against Varroa (86.4% for hobby and 88.6% for professional beekeepers).

4. Discussion

The scope of the survey presented here was to collect worldwide data on essential
aspects of the beekeeping sector, mainly concerning the application of good beekeeping
practices, the use of veterinary medicines and the technical support and training provided
to beekeepers, in order to reduce the gap in knowledge and contribute to the dissemination
of vital information among stakeholders. Attempts to collect this data were made on three
different occasions through the on-line promotion of the questionnaire in collaboration with
international institutions and beekeeping organizations. We interviewed people involved
in the beekeeping sector (80% of the participants were beekeepers and 15% veterinarians),
however, most of them were from Europe while wide geographic areas such as Africa
and Asia remained almost completely unexplored. The low participation from medium
and low-income areas might be due to the lack of or limited access to the internet or to a
computer, language barriers, and/or difficulties in reaching beekeepers. Other surveys
in apiculture have been more successful in terms of participants, such as the surveys
conducted by COLOSS [20] and by the US Bee Informed Partnership [21], which involved
28,629 and 5725 beekeepers, respectively. However, these surveys mainly focused on colony
mortality, included only a few questions on Varroa and queen management, and did not
address the main topics reported in our study (prevention and control measures for the
main honey bee diseases, the use of medicines, the efficacy of the treatments and the kind
of assistance beekeepers receive).

The distinction between hobby and professional beekeepers was made based on the
number of hives they owned. There is no internationally recognized and clear definition of
these two categories, probably because of the variability in hive production in the different
geographical areas; therefore, we decided to set a threshold of 30 hives (based on the
authors’ experience and perception in relation to the EU context) to differentiate these two
categories of beekeepers.

A similar attempt was made in the US for the colony losses survey [21], where they
differentiated three categories: backyard beekeepers (1–50 colonies), sideline beekeepers
(51–500 colonies) and commercial beekeepers (>500 colonies).

In regards to the general information about honey bee diseases, proper management
of the hives and use of medicines (part A of the survey), the majority of beekeepers from
both categories are able to recognize and manage (e.g., by proper feeding of the colonies in
cases of nosemosis, or by shook swarm in cases of AFB and EFB) most important honey
bee diseases (varroosis, AFB and EFB). Varroosis remains the biggest concern for European
beekeepers as well as the most important reason for treating colonies with veterinary
medicines.

The results regarding the prevention and control measures adopted for Varroa showed
that an “organic” approach to its control is prevalent (>70%) in Europe. The use of biome-
chanical methods, such as queen caging techniques or brood removal, are used quite
frequently (>45%) by both categories of beekeepers. This denotes the use of approaches
oriented towards sustainable beekeeping, as well as a good understanding of the integrated
management of Varroa.

A very small proportion of hobby beekeepers (4%) do not treat against Varroa. This
might be the result of the “natural selection” approach to breeding for Varroa resistance that
is gaining popularity among beekeepers in Europe (the so-called “Darwinian beekeeping”
approach). This “naive” approach, which was not present among professional beekeepers,
may cause, despite its low frequency, a serious threat to all surrounding apiaries by acting
as a possible reservoir of the parasite.

Among European beekeepers, significant attention is given to the regular monitoring
of Varroa in order to prevent the attainment of too-high infestation levels within the colonies
(48% of hobby and 38% of professionals). However, a small proportion of beekeepers (11%
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of hobby and 15% of professionals) seem to give more relevance to planned treatments
rather than checking the infestation levels.

A total of 74.9 % of hobby and 91.7% of professional beekeepers declared that they
recognize the clinical signs of AFB and EFB and do not rely on laboratory tests for confir-
mation or differential diagnosis. This is probably to avoid the consequences deriving from
the communication of these notifiable diseases to the relevant authorities.

European beekeepers consider that the shook swarm technique is the best method
to manage EFB. Similarly, almost half of hobby beekeepers also use the shook swarm
technique for AFB. The destruction of the hives by burning is the strategy of choice among
professional beekeepers in case of AFB. Indeed, AFB is a much more severe disease than
EFB. The shook swarm technique is quite a time-consuming, labor-intensive technique
that may be associated with the possibility of relapses (depending on the season and
the strength of the colonies), especially in case of AFB. The shook swarm represents the
preferred control method for hobby beekeepers, which is probably due to the lower number
of hives they have to manage and the consequent higher amount of time they have to
invest in curing each colony compared to professional beekeepers.

Less than 10% of beekeepers, especially professionals, consider the application of
antibiotics, alone or in combination with the shook swarm technique, a valid method
for the control of these bacterial diseases. The use of antibiotics is considered by most
beekeepers as the worst option for managing both foulbrood diseases. This is probably
for several reasons: (1) the absence of antibiotics specifically registered for honey bees; (2)
the use of antibiotics registered for other animals is only allowed under the application
of the cascade system with the direct involvement of a veterinarian; (3) frequent relapses
after treatment; and (4) the need for a withdrawal period to avoid the risk of residues in
honey [22–25]. The existence of a relevant proportion of beekeepers that still do not know
how to manage AFB and EFB could be taken into consideration when addressing training
programs for European beekeepers.

VMPs against Varroa are considered only partially effective by 50% of hobby bee-
keepers and not effective at all by 15.2% and 19.3% of hobby and professional beekeepers,
respectively. This phenomenon might be partially explained by the development of acari-
cide resistance in V. destructor or by the complexity that can exist in the proper application
of varroacide treatments. Acaricide resistance might be induced by the abuse of treatments
(e.g., too high dosage or frequency of applications) or by the practice of illegal treatments
(e.g., with home-made preparations containing pesticide treatments). In fact, a small pro-
portion of beekeepers (13.6% of hobbyists and 10.2% of professionals) never buy veterinary
products but completely rely on illegal, homemade treatments, which is forbidden under
current EU legislation.

Unfortunately, in the European Union (EU) most of the medicines registered for honey
bees are still sold without any veterinary prescription, making their traceability extremely
difficult. Moreover, many of the registered products are not easy to use (e.g., reconstituting
medicinal solutions starting from powders, or needing specific administration procedures
such as sublimation, etc.), or they need particular conditions (e.g., absence of brood,
consideration of external temperatures) to reach their optimum efficacy.

The lack of efficacy of treatments was mainly ascribed to fluvalinate and thymol
(Figure 5). Long-term application of synthetic miticides may result in the development
of resistance [26–31]. Thymol resistance is rarely reported in the scientific literature on
bees [32] even though it is undeniable that several other factors might interfere with its
final efficacy [33,34]. It is very unlikely that new active compounds will be developed for
bees, but elementary practices may be applied to boost the efficacy of the treatments, such
as the rotation of the active ingredients and the concurrent application of treatments by all
beekeepers located in a certain area.

The results showed that among all the medicinal products, varroacides are the most
purchased by European beekeepers (86.4% for hobby and 88.6% for professional beekeep-
ers). So far, in the EU, only acaricides are authorized as veterinary medicines for use in
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apiculture [35] and no veterinary medicinal products are registered for bees to control
nosemosis and AFB even though several products are (not properly) registered as feed
supplements able to reduce those infections.

With regard to the assistance that the European beekeepers receive (part C of the
survey), the collected data showed that the majority of beekeepers gain their knowledge
through unverified sources instead of verified sources, such as governmental leaflets or
TECA techniques.

It is important to note that there is no centralized program for training beekeepers
in EU and each Member State defines its own parameters. In most countries, beekeepers’
associations in collaboration with universities and research institutes (beekeeping institutes,
veterinary institutes, agricultural institutes, etc.) play a key role as they organize different
courses for beginners and for experienced beekeepers.

Our data also indicate that the majority of beekeepers (75.9%) consider themselves
well informed about good beekeeping practices. Concerning the assistance for treating
diseases, support is mainly provided by the beekeepers’ association or by expert beekeepers.
Unfortunately, 30.3% of hobby beekeepers and 25% of professional beekeepers still do not
receive any kind of assistance at all.

Finally, a relevant proportion of beekeepers consider that veterinarians are not suf-
ficiently informed about honey bee diseases and the related treatments (56% and 63.6%
of hobby and professional beekeepers respectively) and this should encourage veterinary
federations and institutions to provide better training for their professionals in this field.

5. Conclusions

The on-line dissemination of the survey, even though it was done in collaboration
with international institutions and beekeeping organizations, was very difficult and did not
reach the desired goal to gather as much information as possible from large geographical
areas. Unfortunately, gaps in the knowledge on the main topics reported in this paper
remain in the literature, in particular, in relation to medium and low-income countries in
Africa and Asia. Nevertheless, relevant data from European participants were collected
and presented here.
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