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INTRODUCTION

Varroa destructor and Nosema spp. are the main 
biotic factors posing a serious threat to honeybees 
(Wilfert et al. 2016; Schuler et al. 2023). Varroa de-
structor is a parasitic mite that has spread from the 
original eastern honeybee (Apis cerana) in East Asia 
to honeybees (De Jong et al. 1982). This mite has 
become a major problem for beekeepers not only 

in Slovakia but also worldwide and is considered 
the most common cause of colony collapse disorder 
(Rosenkranz et al. 2010; Traynor et al. 2020; Jack 
and Ellis 2021; De Jong and Lester 2023). Today, 
beekeepers have a wide range of options available 
to combat Varroa mites, from non-pharmacologi-
cal biotechnological methods to pharmacotherapy, 
which involves the use of various drugs, including 
organic acids (Haber et al. 2019; Jack and Ellis 2021; 
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Szabo 2022; Brodschneider et al. 2023). Approved 
drugs include the synthetic acaricides amitraz, cou-
maphos, flumethrin, and tau-fluvalinate. As mites 
are becoming resistant to the synthetic acaricides, 
it is necessary to seek new methods of controlling 
varroosis (Thompson et al. 2002; Martin 2004).

In addition to Varroa mites, other pathogens have 
been known to impact bee colonies. On a global 
scale, microsporidia of the genus Nosema spp., are 
prevalent, with Nosema apis (N. apis) and Nosema 
ceranae (N. ceranae) being particularly notable spe-
cies (Fries et al. 1996; Chen et al. 2008; Martin-
Hernandez et al. 2012; Emsen et al. 2016; Ansari 
et al. 2017; Goblirsch 2018; Martin-Hernandez 
et al. 2018). Currently, fumagillin remains the only 
registered antibiotic for the treatment of nosemo-
sis caused by N. apis (van den Heever et al. 2014). 
Several studies have reported its efficacy in the tem-
porary reduction of N. ceranae spores (Williams 
et al. 2008; Huang et al. 2013); however, the utilisa-
tion is associated with a risk of residue accumula-
tion in bee products and negative impacts on bees 
(Nozal et al. 2008; Kanda et al. 2011; Huang et al. 
2013; van den Heever et al. 2015). Nonetheless, fu-
magillin is currently restricted in numerous coun-
tries (Chaimanee et al. 2021), indicating a pressing 
need for novel and effective treatments for nose-
mosis. The administration of plant extracts and 
natural supplements has been studied as a poten-
tial treatment for nosemosis (Charistos et al. 2015; 
Stevanovic et al. 2018; Cilia et al. 2020; Mura et al. 
2020; Valizadeh et al. 2020; Chen et al. 2021; Nanetti 
et al. 2021; Shumkova et al. 2021).

RESISTANCE

Resistance is defined as the ability of a pathogen 
to survive doses of drugs that are lethal to sensitive 
pathogens. Mites have repeatedly demonstrated 
a high adaptive potential to selective pressure, lead-
ing to resistance to a wide range of commonly used 
substances. As a result, resistance to frequently 
applied acaricides in Varroa mites has gradually 
emerged, including pyrethroids (tau-fluvalinate and 
flumethrin) and amitraz (Croft and Van De Baan 
1988; Lodesani et al. 1995; Milani 1995; Thompson 
et al. 2002; Martin 2004; Mitton et al. 2022). The 
extensive use of miticides over the years has ex-
erted strong selective pressure on mite populations, 
leading to the emergence of resistant populations 

worldwide (Milani 1995). These resistant popula-
tions have demonstrated the capacity to survive 
doses or concentrations of drugs that formerly 
induced high rates of mortality (Rinkevich 2020).

Repeated, long-term, and often exclusive use 
of synthetic miticides has significantly contrib-
uted to the development of pharmacoresistance, 
especially when not used in accordance with label 
instructions, with insufficient rotation of active 
ingredients, or with the use of unauthorised do-
mestic preparations (Rinkevich 2024). Resistance 
thus creates a vicious circle in which reduced sen-
sitivity to miticides leads to their repeated and 
excessive application of mentioned compounds. 
Consequently, sensitive mites are eliminated, while 
the resistant part of the population continues to re-
produce and gradually becomes dominant (Maggi 
et al. 2008; Le Conte et al. 2010; Maggi et al. 2010; 
Maggi et al. 2011; Gonzalez-Cabrera et al. 2013; 
Gonzalez-Cabrera et al. 2016).

The gradual development of resistance in Varroa 
destructor has therefore become a multifactorial 
process, driven not only by selective pressure from 
long-term miticide use but also by the physiological 
and molecular mechanisms available to the mite.

Recent genomic analyses have identified specific 
mutations associated with pyrethroid resistance, 
particularly the L925V/M substitutions in  the 
VGSC gene. Additionally, metabolic resistance 
mechanisms involving cytochrome P450 enzymes 
and carboxylesterases have been documented 
in several Varroa populations across Europe and 
North America (Gonzalez-Cabrera et  al. 2013; 
Vlogiannitis et al. 2021).

ORGANIC ACIDS

For several decades, various organic acids have 
been used as effective treatments against Varroa 
destructor. The implementation of “soft chemis-
try” requires a selection of appropriate substances, 
monitoring of the effects, testing and optimisation. 
Application of appropriate treatment using organic 
acids does not leave residues in hives or bee prod-
ucts. Although organic acids are natural compo-
nents of bee products, they must not be artificially 
enriched with them. The most commonly used 
are formic acid, oxalic acid, and lactic acid, in pure 
form or as registered medicines and preparations 
(Table 1) (Pohl 2021).
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Table 1. List of  veterinary medicinal products and preparations intended for bees for the treatment of  varroosis 
licensed in Slovakia

Veterinary medicines and veterinary preparations for honeybees
List of registered veterinary drugs

No. Name of the veterinary 
medicinal product

Active 
substance(s) Indication(s) Rp.

1. API-Bioxal 62 mg/ml, solution 
for use in beehives

Acidum oxalicum 
dihydricum

Treatment of Varroa destructor infestation 
in honeybees (Apis mellifera). without

2. API-Bioxal 886 mg/g, powder 
for use in beehives

Acidum oxalicum 
dihydricum

Treatment of Varroa destructor infestation 
in honeybees (Apis mellifera). without

3. APIGUARD gel (25% thymol) 
for use in beehives Thymolum Treatment against varroosis caused by the 

Varroa destructor mite. Rp.

4. APILIFE Var – strips for 
beehives for honeybees

Thymolum
Eucalyptietheroleum
Camphora racemica

Levomentholum

Treatment of varroosis caused 
by Varroa destructor. without

5. APIVAR 500 mg Amitraz, strips 
for beehives for honeybees Amitrazum Treatment of varroosis caused by the Varroa 

destructor mite sensitive to amitraz in honeybees. Rp.

6. APIVARTIN fumigation strip 
for beehives Amitrazum

Treatment of bee colonies infested with the 
ectoparasitic mite Varroa destructor, between 

October 1st and March 31st. Treatment of swarms 
and artificial swarms (swarm clusters) with 
a single application after they have settled.

Rp.

7. AVARTIN B – 90 Amitrazum Diagnosis and treatment of bee mite infestation. Rp.

8. BAYVAROL 3.6 mg/strip 
for bees Flumethrinum Diagnosis and treatment of varroosis 

(Varroa destructor) in honeybees. Rp.

9.
Dany’s BienenWohl 39.4 mg/ml 
powder and solution for disper-
sion in beehives for honeybees

Acidum oxalicum
For the treatment of varroosis (Varroa 

destructor) in honeybees (Apis mellifera) 
in colonies without brood.

without

10. FORMICPRO 68.2 g strips 
for honeybee hives Acidum formicum Treatment of varroosis caused by the mite 

Varroa destructor in honeybees (Apis mellifera). without

11. FORMIDOL 40 ml strips 
for beehives Acidum formicum 85%

Varroosis, nosemosis, and ascosphaerosis 
in bees. Treatment of bee colonies infested 

or suspected of being infested with the 
external mite Varroa destructor or the fungi 

Nosema spp. and Ascosphaera apis.

without

12. GABON PF 90 mg strips 
for beehives Tau-fluvalinatum

Varroosis. Treatment of bee colonies infested 
or suspected of being infested with the 

external mite Varroa destructor, even when 
there is brood in the colony. It is specifically de-

signed to protect the winter generation 
of bees in late summer and autumn.

Rp.

13.
M-1 AER 240 mg/ml concentrate 

for preparing a solution for the 
therapeutic treatment of bees

Tau-fluvalinatum

Varroosis. Treatment of bee colonies infested 
or suspected of being infested with the external 

mite Varroa destructor at a time when the colonies 
are broodless or have only a small area of capped 

brood (especially in winter and early spring).

Rp.

https://www.agriculturejournals.cz/web/vetmed/
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Table 1 to be continued

No. Name of the veterinary 
medicinal product

Active 
substance(s) Indication(s) Rp.

14.
OXUVAR 5.7%, 41.0 mg/ml 
concentrate for solution for 

honeybees
Acidum oxalicum

Treatment of varroosis in honeybees 
(Apis mellifera) caused by the Varroa mite 

(Varroa destructor – bee mite).
without

15.
OXYBEE 3.4 mg/ml powder 
and solution for dispersion 
in beehives for honeybees

Acidum oxalicum
For the treatment of varroosis (Varroa 

destructor) in honeybees (Apis mellifera) 
in colonies without brood.

without

16. PolyVar Yellow 275 mg strip 
for a beehive Flumethrin

For the treatment of varroosis in honeybees 
caused by Varroa destructor mites sensitive 

to flumethrin.
Rp.

17. THYMOVAR, 15 g Thymol 
in one strip for the beehive Thymolum

Treatment of varroosis (mite infestation) 
in honeybees (Apis mellifera) caused by the 

mite (Varroa destructor).
Rp.

18.
VARIDOL 125 mg/ml solution 
for the therapeutic treatment 

of bees
Amitrazum

Varroosis. Treatment of bee colonies infested 
or suspected of being infested with the ectopara-

sitic mite Varroa destructor at a time when the 
colonies are broodless or have only a small area 

of capped brood. Type of treatment: diagnosis and 
treatment between October 1st and April 15th.

Rp.

19.
VarroMed 5 mg/ml + 

44 mg/ml dispersion into 
the hive for honeybees

Acidum formicum
Acidum oxalicum

Treatment of varroosis (Varroa destructor) 
in honeybee colonies with and without brood. without

20.
VarroMed 75 mg + 660 mg 

dispersion into the hive 
for honeybees

Acidum formicum
Acidum oxalicum

Treatment of varroosis (Varroa destructor) 
in honeybee colonies with and without brood. without

Source: Institute for State Control of Veterinary Biological and Medicines Nitra 2021 (http://www.uskvbl.sk/; cited 
July 7, 2025)
Rp. = prescription (required)

In addition to organic acids, essential oils, such 
as thymol, are also registered for use in bee colo-
nies. Although they can easily penetrate wax, care-
ful use and hygiene of the combs can significantly 
limit this process (Ritter 2018; Pohl 2021).

FORMIC ACID

Formic acid is  a  natural component of  many 
bee products, including honey. This acid, se-
creted by ants, is used by birds to eliminate mites 
from their feathers (Ritter 2018). Formic acid was 
among the first substances tested for the control 
of varroosis and is therefore available in various ap-
plication forms. The application forms are systems 
with absorbent carriers that release acid, which 

evaporates and causes toxic damage to the mite. 
The primary effect is achieved on females of Varroa 
destructor present on bees, although this acid has 
also been shown to have a partial effect on mites 
present in/on capped brood (vanEngelsdorp et al. 
2008). It causes damage to Varroa destructor fe-
males, which are unable to mate, or damage to mite 
development in the brood cell. Formic acid also 
significantly suppresses nosemosis. In 1992, experi-
ments conducted at the Výzkumný ústav včelařský 
(VÚVč) in Dol demonstrated up to 95% effective-
ness against Nosema spp. spores in the hive en-
vironment when exposed to an evaporation plate 
with 85% formic acid for 4 days (Titera 2017).

There are two main approaches to utilisation:
•	 short-term evaporation systems;
•	 long-term evaporation systems.

https://www.agriculturejournals.cz/web/vetmed/
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When applying the product, the stages of brood 
development must be considered to ensure an ef-
fective evaporation effect. These conditions are met 
by long-term evaporators; for short-term evapora-
tors, the application must be repeated (PSNV CZ 
2016). To date, experience with formic acid indicates 
a better treatment effect in heavily concentrated bee 
colonies. Thus, the most suitable time for treatment 
is after the honeycomb has been removed and prepa-
rations for winter have been made (Ritter 2018).

Short-term evaporation systems

The effect of short-term evaporators lasts only 
2–4 days. If a capped brood is present in the colony, 
the application must be repeated. Both 85% and 
60% formic acid evaporators are used. Their ad-
vantages often include low treatment costs and, 
in some cases, dose variability across individual 
colonies. The disadvantage may be greater labour 
intensity (PSNV CZ 2016).

Long-term evaporation systems

The aim of using long-term evaporation systems 
is to kill as many females of Varroa destructor in the 
colony as possible in the presence of capped brood 
with a  single treatment. Therefore, long-term 
evaporators are designed for effective evaporation 
lasting at least 10 days. There are also evaporators 
that allow the active substance to evaporate for 
2–3 weeks. In the Middle Europe region, the most 
commonly used evaporators are the Nassenheider, 
Yannick, Mitegone, and Liebig evaporators, avail-
able in  various modifications (PSNV CZ 2016; 
Pohl 2021).

The application of each treatment must be con-
siderate, as  it  can impose a  significant burden 
on the bee organism. Damage to the brood can 
occur mainly in the vicinity of a saturated sponge 
carrier or evaporator – bees remove damaged/dead 
brood. Newly hatched bees are also sensitive to ac-
ids. During the treatment process, 50 to 100 young 
bees may die, which is  considered acceptable, 
as the colony can quickly replace this loss. Losses 
of the queen are rare but possible (Pohl 2021).

The available literature has not yet demonstrated 
the emergence of resistance to formic acid in Varroa 
destructor, despite its use for approximately four 

decades. Most studies report an efficacy rate of over 
70%, with lower values typically attributable to dis-
parities in methodology and experimental condi-
tions. The key factor for success is the actual rate 
of acid evaporation, which fundamentally affects 
the outcome of the treatment. Therefore, the need 
for accurate monitoring of evaporation and, ideally, 
the concentration of acid in the hive air during ap-
plication is emphasised. However, the overall vari-
ability of the data necessitates reporting median 
efficacy, while the available results do not indicate 
the presence of resistance (Kosch et al. 2025).

OXALIC ACID

Oxalic acid is a widely distributed compound 
in  nature. Its presence has also been identi-
fied in plants such as sorrel, rhubarb, and spinach. 
Oxalic acid is harmful to the body, especially in the 
form of crystals. Spraying and evaporation as meth-
ods of application are not permitted in some coun-
tries, or are permitted only with the use of safety 
pads. Globally approved methods of application 
include dripping and spraying with a 3.5% oxalic 
acid dihydrate solution, as well as sublimation. The 
most commonly used treatments involving organic 
acids are sublimation and dripping a sugar solution 
of oxalic acid onto bees (Ritter 2018; Pohl 2021).

The sublimation method requires technical 
equipment, i.e., a device that heats crystalline acid, 
causing it to sublimate. Protective equipment, espe-
cially a respirator, must be used when treating with 
the sublimation method. Due to its ability to bind 
calcium in the body and to form insoluble oxalates, 
it is recommended to treat the bees with oxalic acid 
only once. If the treatment is carried out on the 
summer bee colony, the winter treatment can also 
be performed, provided that a different generation 
of bees is present in the colony (PSNV CZ 2016).

The application by dripping is also carried out 
only once, never twice (loss of bees) or three times 
(death of the colony). The most commonly used 
concentration of oxalic acid solution is 3.5% to 4.5% 
applied in sugar syrup by dripping directly onto the 
bees present between the frames (PSNV CZ 2016; 
Pohl 2021). Oxalic acid can also be applied to treat 
swarms, clusters, or young colonies without capped 
brood (PSNV CZ 2016).

Although oxalic acid is generally regarded as one 
of the most reliable organic treatments, its bio-
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logical effects on bees can vary depending on the 
method of application.

The study by Pindakova et al. (2025) provides im-
portant insights into how different acaricidal treat-
ments affect honeybee physiology and immunity. 
Treatment with oxalic acid – glycerine strips (OA-G) 
resulted in a significant increase in antimicrobial 
activity in the haemolymph and stimulated the pro-
duction of several antimicrobial peptides, indicat-
ing a strong immune response in the bees. Such 
activation may be beneficial in the defence against 
pathogens; however, long-term stimulation of im-
munity may also be detrimental and lead to energetic 
costs or tissue damage. Because the experiment was 
conducted over a short period, it was not possible 
to assess the long-term biological impacts of these 
treatments. Compared to oxalic acid – trickling 
(OA-T) treatment, OA-G has a smaller effect on vi-
tellogenin levels and overall physiology of the bees. 
Although OA-T induced a short-term increase in vi-
tellogenin levels, further exploration is still required.

LACTIC ACID

Lactic acid, like oxalic acid and formic acid, 
is found in many foods. In honey, it is mainly pres-
ent in the L(+) form, which is particularly valuable 
to humans. A mixture of its L(+) and D(–) forms, 
which is commercially available, is used to combat 
varroosis (Ritter 2018). Treatment with lactic acid 
is one alternative to synthetic acaricides for the 
treatment of bee colonies with varroosis. It is an ef-
fective method of reducing the number of mites 
in a bee colony. The most commonly used method 
is to apply a 15% lactic acid solution directly to adult 
bees as an aerosol via a sprayer. The disadvantage 
is the need to dismantle the entire colony and treat 
the bees on the comb frame by frame. This obvi-
ously requires more time to treat a single colony 
and is very labour-intensive. Due to its labour in-
tensity, this treatment is not suitable for productive 
colonies but is ideal for treating swarm colonies. 
The most suitable time to treat swarms is during 
the phase without a capped brood. If the treat-
ment is carried out without the presence of capped 
brood, it is highly effective, as all the Varroa de-
structor females are present on the bees and are 
affected by the acid (PSNV CZ 2016). Outdoor tem-
peratures should not fall below 6 °C when applying 
lactic acid (Ritter 2018).

SYNTHETIC ACARICIDES

Synthetic acaricides, also known as “hard chemi-
cals”, are complex chemical compounds used 
in beekeeping – synthetic active substances that 
have been used to control varroosis since the 1980s 
(PSNV CZ 2016; Pohl 2021). They have gained pop-
ularity among beekeepers worldwide due to their 
ease of use, but they are detrimental to bees’ health. 
The first signs of the emerging mite populations 
resistant to these products have begun to appear 
relatively early. Resistant populations are a global 
problem in the control of varroosis. In some coun-
tries, the level of mite resistance to these products 
has become so high that their use is  ineffective 
(Bahreini et al. 2025). There is a global trend to-
wards reducing the use of synthetic acaricides, 
partly due to contamination and the long-term 
persistence of these drugs in bee products, espe-
cially wax. Although this contamination is mini-
mal when utilised correctly, an increasing number 
of beekeepers are opting to terminate their use. 
Moreover, cross-resistance has been demonstrated 
for the pyrethroid group (tau-fluvalinate, flume-
thrin) and amitraz. This means that if there is re-
sistance to one active substance in this group, other 
substances are often ineffective due to their similar 
structure (PSNV CZ 2016).

Current control strategies increasingly rely 
on Integrated Pest Management (IPM), combin-
ing biological, mechanical, and chemical tools. 
Recommended practice includes monitoring in-
festation levels, annually rotating active substances, 
integrating brood interruption, and minimising the 
use of synthetic acaricides to slow resistance evolu-
tion (Jack and Ellis 2021).

One of  the major factors causing bee decline 
is nosemosis, which weakens the immune system 
of bee colonies and contributes to their gradual col-
lapse. Infection by pathogens of the genus Nosema 
spp. can cause widespread problems in bee colo-
nies, subsequently affecting the overall health and 
productivity of the colonies.

So far, the only effective treatment against no-
semosis has been fumagillin, a mycotoxin isolated 
from Aspergillus fumigatus (Williams et al. 2008; 
Higes et al. 2011). However, treatment with fuma-
gillin can contribute to the development of resistant 
strains of N. ceranae and the presence of residues 
in honey. In addition, it may pose food safety con-
cerns due to its compound toxicity to mammals. 
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Table 2. List of approved veterinary products for the support of bees in Slovakia

List of approved veterinary products

No. Name of veterinary 
medicinal product Active substance(s) Indication(s) Rp.

1. Apibiovit

Vitamin A
Vitamin D3
Vitamin E

Vitamin B1
Vitamin B2
Vitamin B5
Vitamin B3
Vitamin B6

Vitamin B12
Vitamin H
Vitamin K3
Folic acid

Choline chloride
Methionine

Lysine
Valine

Isoleucine
Leucine
Serine

Glycine
Histidine
Arginine

Threonine
Alanine
Proline

Tyrosine
Hydroxylysine
Phenylalanine
Aspartic acid
Glutamic acid

Hydroxyproline
Tryptophan

Inositol

Stimulation of bee colony development in spring 
and in preparation for wintering. Emergency feeding, 

especially during periods of nectar shortage and 
in winter. Stimulation of queen egg laying and 

brood rearing. The product can be used to feed 
colonies intended for queen rearing, to accelerate 
colony development after swarming and merging 

of bee colonies, and during relocation. The product 
can be particularly effective before, during, and 
after the beekeeping season, when pollen and 

nectar supplies are naturally scarce.

without

2. Apidez Thymol
Fir essential oil

For the prevention and support of the treatment 
of varroosis in bees. without

3. Apilac

Lactobacillus acidophilus 
Streptococcus faecium

Vitamin B1
Vitamin B2
Vitamin B3
Vitamin B5
Vitamin B6
Vitamin C

Supplementation of vitamins and natural 
microflora in bee honey and in the digestive 

tract of bees. In addition, for feeding bees with 
sugar syrup, honey cake and royal jelly substitutes 

and in winter feeding. Increasing immunity against 
infectious diseases of the brood and adult bees. 

Restoration of natural microflora after poisoning 
with chemical sprays that pass through the 

digestive tract. Colonisation of the environment 
with lactobacilli after relocation and merging 

of swarms.

without

4. Apilekar

Natural honey
Powdered sugar

Garlic extract
Perga extract

Concentrated feed for bees to increase their 
immunity to adverse conditions and stimulate 

development and vitality.
without
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Table 2 to be continued

No. Name of veterinary 
medicinal product Active substance(s) Indication(s) Rp.

5. Bisanar
Thymol

Coriander oil
Fir essential oil

For the prevention and support of the treatment 
of varroosis in bees. without

6. Ekofytol
Needle extract

Garlic oil
Sea salt

Designed to stimulate the growth and development 
of bee colonies, increase the resistance of bees to ad-
verse environmental influences, and contribute to in-

creased queen fertilisation and colony vitality.

without

7. Ekopol

Artemisia absinthium 
essential oil Coriander 

essential oil
Thyme essential oil

Menthol essential oil

Acaricidal and repellent element against Varroa, 
acarapidosis, and honeycomb weevil. without

8. Ekovartin

Coriander essential oil
Thyme essential oil

Oregano essential oil
Peppermint essential oil

Ecological veterinary product for the prevention 
and support of treatment of Varroa and 

acarapidosis in bees.
without

9. Harmónia prírody

Succinic acid
Ascorbic acid

Cobalt chloride
Garlic

Sea salt
Glucose

Veterinary preparation for eliminating toxins in bee 
poisoning of various causes, increasing immunity and 

stimulating the development of bee colonies.
without

10. Nozetom

Sea salt
Glucose

Garlic extract (dry)
Ascorbic acid

Veterinary product for bees to increase bees‘ 
resistance to diseases and adverse environmental 

influences.
without

Source: Institute for State Control of Veterinary Biologicals and Medicines Nitra 2021 (http://www.uskvbl.sk/; cited 
July 7, 2025)
Rp. = prescription (required)

Treatment with fumagillin may also affect bee phys-
iology and promote the development of parasites 
(Huang et al. 2013). Furthermore, this compound 
is not legally available in all countries. Therefore, 
finding an alternative to fumagillin is crucial for 
honeybee health and for preventing environmen-
tal problems. The promotion of optimal health 
in bee colonies enhances resistance to pathogens, 
thereby positively impacting overwintering success 
and reducing colony mortality. Therefore, in recent 
years, increased attention has been paid to the use 
of natural substances and alternative preparations 
to control infections caused by Nosema ceranae. 
A study by Chaimanee et al. (2021) evaluated the 
toxicity and efficacy of  12  plant extracts, nine 
of which exhibited high antimicrosporidian ac-

tivity comparable to that of fumagillin. The most 
promising extracts (Annona squamosa, Ocimum 
basilicum, Psidium guajava, and Syzygium jambos) 
significantly reduced spore counts without adverse 
effects on bee colonies. Similarly, Cilia et al. (2020) 
demonstrated that treatment with ApiHerb® and 
Api-Bioxal® reduced the abundance of N. cera-
nae, and ApiHerb® also reduced the prevalence 
of infected bees. An alternative approach was pro-
posed by Arismendi et al. (2018), who showed that 
methanol extracts from Chilean plants (Aristotelia 
chilensis, Ugni molinae, and Gevuina avellana) and 
propolis significantly reduced the burden caused 
by N. ceranae, with some of them also promoting 
the survival of infected bees. Table 2 lists products 
that promote bee colony vitality.
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CONCLUSION

This study focused on the use of treatments, es-
pecially individual organic acids in commercially 
available products, and their methods of applica-
tion. Acknowledgement of the health challenges 
in modern beekeeping is essential, as mites and 
associated diseases have been identified as major 
contributors to bee colony health. 

Furthermore, chemical treatments, whether 
used for prevention or therapy, have been shown 
to significantly affect the bee organism and the bee 
colony. Additionally, the presence of residues can 
impact the quality of bee products.

Considering the escalating resistance exhibited 
by mites to synthetic substances, it is important 
to  adopt a  positive approach to  the utilisation 
of prevention and therapy. The review lists drugs 
containing organic acids licensed in Slovakia that 
could be suitable alternatives to synthetic acaricides.

Promising novel approaches include RNA in-
terference targeting essential Varroa genes, lith-
ium salts, and microbiome-based interventions. 
Although none of  these methods are ready for 
broad implementation, they represent important 
research directions in post-synthetic management 
of varroosis. 

Despite the widespread use of fumagillin abroad, 
pathogens such as N. ceranae can be effectively 
controlled using sustainable methods. However, 
the treatments mentioned in this study were not 
initially developed for N. ceranae infection. Further 
research is needed to expand their application.

Given the increasing incidence of  nosemosis 
(N. ceranae) worldwide, there is an urgent need for 
safe veterinary treatments to effectively manage this 
disease. In this context, standardisation of protocols 
with guidelines for the development of such products 
is an obvious requirement. Until now, such guidance 
has only existed for the registration of medicines for 
the treatment of Varroa mite infestation (European 
Medicines Agency 2011). As honeybee health is be-
coming an increasingly serious issue in terms of food 
safety, extending these standards to other honeybee 
diseases appears to be necessary. Future research 
focused on the development of integrated treatment 
approaches will provide us with a comprehensive 
view of honeybee health.

Moreover, considering that people’s environmen-
tal awareness is currently on the rise, this study 
aims to contribute to the current topic of Nosema 

spp. infection and the Varroa destructor popula-
tion with regard to the alternative approaches and 
environmental responsibility.
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