
Citation: Porporato, M.; Manino, A.;

Cuttini, D.; Lorenzon, S.; Ciaudano,

S.; Parodi, V. Varroa Control by

Means of a Hyperthermic Device.

Appl. Sci. 2022, 12, 8138. https://

doi.org/10.3390/app12168138

Academic Editor: Franco Mutinelli

Received: 15 June 2022

Accepted: 9 August 2022

Published: 14 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Varroa Control by Means of a Hyperthermic Device
Marco Porporato 1, Aulo Manino 1,*, Davide Cuttini 1, Simone Lorenzon 1, Silvia Ciaudano 1 and Valerio Parodi 2

1 Deparment of Agricultural, Forestry and food Sciences (DISAFA), University of Turin, Largo Paolo Braccini 2,
10095 Grugliasco, Italy

2 Department of Mathematics, University of Genoa, 16132 Genoa, Italy
* Correspondence: aulo.manino@unito.it; Tel.: +39-011-670-8525

Abstract: Hyperthermia is the use of heat to control Varroa destructor. Various apparatuses have
been proposed to effectively apply heat and recently the Bee Ethic system was developed in Italy.
The Bee Ethic system is a technological hive consisting of a set of heated frames and an electronic
control unit. Trials were carried out in the years 2018, 2020 and 2021 to compare colony strength
and mite infestation in heat-treated and untreated control bee-hives. In addition, the influence of
repeated heat treatments on the development of bee colonies and mite populations was verified by
means of a mathematical model. Both in apiary and in silica results show that hyperthermia can be
effectively used for V. destructor control within an IPM approach, even in the presence of substantial
re-infestation phenomena.
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1. Introduction

Varroa destructor can be considered the major pest of honey bees worldwide [1,2]; in
addition to the direct damage it causes to adult bees and brood, it is responsible for the
spread of numerous viruses and is one of the main causes of colony loss [3]. A correlation
has been observed between the presence of V. destructor and infections with deformed wing
virus and acute paralysis virus, which are often the cause of colony collapse [4]. Moreover,
colony losses, directly or indirectly due to V. destructor infestation, are generally more
severe in autumn and winter [5].

Despite the fact that many control methods have been proposed over the years, varroa
control is particularly difficult and costly for beekeepers. The use of chemical acaricides has
been supplemented by the use of products with a low environmental impact, in particular
essential oils and organic acids. Oxalic acid and thymol have demonstrated good efficacy,
although they show a strong variability of action, suggesting the use of an integrated
pest management (IPM) approach. It is now generally accepted that in order to limit the
damage caused by varroa, such an approach should be adopted to minimize the use of
acaricides [6,7]; despite this, in current practice, beekeepers still tend to rely mainly on
chemical control measures.

Several studies have shown that heat can damage or kill V. destructor [8]. The practice
of using heat for varroa control is called thermotherapy or hyperthermia and involves
heating the whole bee-hive, the bees or the sealed brood alone, depending on how the
hyperthermia is applied, to a temperature that is harmless to the bees but fatal to varroa.
This is possible because honey bees and varroa have different sensitivities to heat. Juvenile
forms of honey bee, such as larvae, can tolerate up to 42–43 ◦C while adults can tolerate up
to 48 ◦C; therefore, if they are exposed for a sufficiently long time to temperatures above
40 ◦C, they are not harmed, unlike the mites, which are killed. The time required to kill or
seriously damage most of the mites is inversely proportional to temperature; times up to
eight hours were applied in various experiments without hampering adult bee and brood
survival [8,9], even extending worker lifespan [10].
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In the 1980s, the first devices capable of applying hyperthermia were developed. These
were thermal boxes (Hanko thermocube, thermo bell and thermobox) that utilized different
methods of heating adult bees to temperatures above 45 ◦C in order to kill varroa mites in
the phoretic phase. These devices could only be used for diagnostic purposes and also had
obvious limitations in their use since the entire hive had to be moved inside the heat boxes.
Subsequently, devices able to apply heat to the brood were designed, thus succeeding in
targeting the parasite during the reproductive phase. During the brood rearing season,
most varroa mites are in the brood cells to reproduce, so heat treatment of the brood keeps
infestation levels low [11]. Adult bees in the combs react to heat with intense ventilation in
order to cool the nest when brood temperature exceeds 36 ◦C. This suggested the removal of
adult bees from the combs to avoid significant bee losses. In 1991, the first thermo-solar hive
in history was developed, which was followed by the recent Rašnov thermo-solar hive [11];
the results obtained with this solution have shown high effectiveness, though it has a major
limitation as it can only be used in the hottest period of the year, with temperatures above
20 ◦C. In order to apply thermotherapy under cooler conditions, the Varroa Terminator was
developed; it is an electronic device consisting of two electrically heated boards that are
placed above and below the hive. Once the device is switched on, the temperature inside
the hive rises rapidly and the mites, as a result of falling off the bees, die on contact with
the hot surface of the lower panel [12]. In 2006, the Thermovar was developed in Greece;
this device performs heat treatment by gradually heating the air inside the system and
distributing it among the combs of the hive. However, long treatment times are required to
effectively affect varroa in both the reproductive and phoretic phases [8]. The Thermovar,
like the other devices described, heats the colony by feeding heat from outside into the
hive, failing to consistently heat the brood due to the ventilation carried out by adult bees.

The next step in the evolution of thermotherapy was the development of devices
capable of heating hives directly from the inside; in the United States, the Mite Zapper
was developed, the first device able to do so. It is made up of a male brood comb with
heating elements incorporated in the wax that generate heat when connected to a source of
electricity [13]. The device has shown high efficacy, but treating only male brood does not
allow a low level of parasite infestation to be maintained throughout the season, as bees no
longer raise male brood towards the end of the summer.

In order to maintain a low infestation as long as possible throughout the season with
thermotherapy, heat must be applied to worker brood also. In Switzerland, starting in 2015,
a technique was developed to heat the hive from the inside by treating only the female
brood using an electrically powered device called the Vatorex, which consists of a thermal
comb with an electrical heating element built into the wax. The electrical resistance is
connected to a distributor (control unit) that regulates the flow of current to the connected
combs. The method involves heating one comb at a time at a temperature of 42 ◦C for
3 h [14]. The limitations of this device are the heating element, which covers only the
central area of the comb, as well as the treatment time, as only one comb is heated at a time.

In 2015, independently from Swiss developments, a device called Bee Ethic was
marketed in Italy, equipped, like the Vatorex system, with a thermal comb. This solution
differs from the previous ones in terms of its electrical resistance, which is incorporated in
the foundation; the electrical resistance is distributed over the entire surface of the comb
and not only in its central part, and all the brood combs are equipped with resistance and
heated simultaneously.

The efficacy and functionality of the Bee Ethic system were preliminarily tested in 2014,
2015 and 2016 in Umbria (central Italy) on a hundred colonies to define the best ways of
using this technology (unpublished results). Subsequently, in the years 2018, 2020 and 2021,
further research was carried out in Piedmont (north-western Italy) to further investigate
the effects of hyperthermia on bees and varroa. Based on the information collected in the
apiary, simulations were then carried out with a well-known mathematical model of the
hive that was suitably modified for the specific conditions of hyperthermia. The present
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work reports the experimental results obtained in Piedmont and what emerged from the
simulations developed using the mathematical model.

2. Materials and Methods
2.1. The Bee Ethic System

The Bee Ethic system is a technological hive consisting of a set of heated frames and an
electronic control unit integrated in the frame. Bee Ethic has been recognized and financed
through Reg 1308/2013-OCM Miele as a valid biotechnology against Varroa by several
Italian regions.

Each Bee Ethic hive kit consists of two stainless steel spacers and eight frames with
a thermal foundation (Figure 1a). One of the frames (probe frame) includes a microchip
(Figure 1b) and must be placed in the hive in a central position (Figure 1c). The foundations
are supplied with wax or are to be waxed using a specially designed and manufactured
mold (Figure 1d). Brood combs are readily built by honey bees on such foundations
(Figure 1e).
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Figure 1. The Bee Ethic system: (a) hive kit: two stainless steel spacers and eight thermal frames;
(b) the microchip inserted in the probe frame; (c) the thermal frames in the hive with the one with the
microchip in central position; (d) mold for waxing thermal foundations; (e) the microchip and sensors
integrated in the probe frame; (f) the main parameters of a hive as shown by BEE-SMART control
unit; (g) 24-volt AC/DC transformer to connect the Bee Ethic system to a socket; (h) photovoltaic
panel; (i) apiary not served by the electric network.

Thanks to the microchip integrated in the probe frame, the Bee Ethic hive automatically
carries out heat treatment every 25 days, bringing the brood temperature to 42 ◦C for
90 min. Moreover, various sensors and the BEE-SMART control unit allow the beekeeper
to remotely check the main parameters of each hive—brood and air temperature inside
the hive, as well as humidity and sound frequency—on top of ambient temperature and
humidity (Figure 1f).
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The Bee Ethic system operates on 24-Volt DC and can be powered either by an elec-
trical outlet with a 24-Volt AC/DC transformer (Figure 1g), or by a photovoltaic panel
(Figure 1h) if the apiary is located in a remote place and not served by the electricity
network (Figure 1h).

2.2. Apiary Trials

All experiments were carried out in 2018, 2020 and 2021 at the DISAFA (University of
Turin) apiary located in Grugliasco (Turin District) (45◦03′59′ ′ N 7◦35′33′ ′ E). Dadant–Blatt
hives with ten frames, eight Bee Ethic frames and two standard frames placed on the sides
of the hive were used to carry out the heat treatments; honey supers were added when
necessary to store surplus honey. The results obtained were compared with those obtained
in identical Dadant–Blatt hives, equipped with standard combs, used as controls; these
bee-hives were subjected to standard varroa control practices using trickled oxalic acid and
amitraz strips.

All hives were standardized during spring in terms of colony strength and level of
varroa infestation by intermixing brood frames and workers between hives so that they
were as comparable as possible at the start of hyperthermia treatments. The first treatments
were applied on 23 and 18 May in 2018 and 2021, respectively; in 2020 it was delayed
to 25 June due to lockdown measures introduced in Italy to counteract the spread of
COVID-19. Heat treatments were repeated every three weeks until mid-October.

Varroa infestation trends were assessed in 21 hives equipped with the Bee Ethic device
(6 hives in 2018, 10 in 2020 and 5 in 2021) and the same number of control hives.

For all hives, both those heat-treated with the Bee Ethic system and the untreated
control hives, colony strength was assessed periodically (at one- or two-week intervals in
2018, every three weeks in 2020, and weekly in 2021) using a modified Liebefeld method to
evaluate worker and brood cell numbers [15]. Moreover, the varroa mites that fell on the
bottom boards were counted weekly all three years [16,17].

To assess the effectiveness of hyperthermia on the reproductive phase of varroa, two
brood combs from each of the heat-treated colonies were brought to the laboratory 48 h
after every treatment. Here, 300 cells per hive (150 per comb) were uncapped along
the diagonals of both sides of the two combs, using the sampling method developed by
Floris [18] (Figure 2). The number of live and dead individuals of V. destructor present in the
cells was counted, recording the number of adult females, males and juveniles separately.
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individuals of Varrosa destructor present in the cells.

2.3. Mathematical Model Simulations

In addition to the results of the apiary trials, the influence of repeated heat treatments
on the development of bee colonies and varroa populations was verified by means of a
mathematical model. To this end, the well-known mathematical model BEEHAVE [19]
was modified in 2019 to include the effect of thermotherapy. In the software simulation
we carried out, we added a value indicating the number of mites present at the beginning
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of the season, a parameter indicating daily re-infestation, and a parameter indicating the
number of treatments carried out with efficacy both within the cell and on the phoretic
mites (see Supplementary Materials S1 for details).

We adopted the weather conditions of the city of Turin during 2018 and rather con-
servative values for adult and juvenile V. destructor mortality parameters, in line with the
experimental data obtained during the apiary trials (see Supplementary Materials S2 for
details). Moreover, the presence of 40 V. destructor adult females (20 healthy and 20 infected
by deformed wing virus) at the beginning of the year was included. Apart from the above-
mentioned settings, BEEHAVE was run under default conditions in order to simulate the
trends of colony and parasite population dynamics over the season.

3. Results
3.1. Apiary Trials

The colonies used in the three years of trials developed normally, as can be seen
from the graphs shown in Figure 3 that refer to the number of worker cells, without any
noticeable differences between the heat-treated hives and the control hives. The number of
adult workers followed similar trends.
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and 2021 (below) tests.

With regard to the presence of varroa, the surveys carried out in 2018 (Figure 4) showed
that until the end of July, infestation levels were rather low in the heat-treated bee-hives,
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since no juvenile forms of the parasite were found in sealed brood-cells and few adults fell
on the bottom boards. A similar low degree of infestation was also found in the control
colonies. Between the end of July and the beginning of August, the degree of infestation
increased in the control colonies and consequently it was necessary to treat them with
trickled oxalic acid thrice in August and with the insertion of amitraz strips starting from
12 September. On the contrary, hyperthermia allowed the development of the parasite to
be kept under control until the end of September, as the average daily falls recorded meant
that no intervention with acaricides was necessary.
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Figure 4. Average daily Varroa destructor mortality in 2018.

In 2020 (Figure 5), the level of varroa infestation was initially quite high in both the
control and hyperthermia hives. Heat treatments reduced varroa fall on the bottom boards
to around 4 mites/day for the entire season. On the contrary, the mite number in the control
hives would have continued to increase exponentially had four treatments with trickled
oxalic acid not been carried out in July. On 7 August, amitraz strips were introduced in the
control hives and the infestation remained low in both the control and hyperthermia hives
until the end of the season.
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In 2021 (Figure 6), trials began earlier than in the previous year, and infestation levels
in the hives subjected to hyperthermia remained at modest levels until September, while
in control hives, despite three treatments with trickled oxalic acid carried out between
mid-July and early August, natural mite drop on the bottom boards increased alarm-
ingly. No other acaricide treatment was carried out until late October in both the test and
control hives.
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Figure 6. Average daily Varroa destructor mortality in 2021.

In the brood cells examined after each heat treatment, a low mortality of adult mites
was observed, whereas a large proportion of protonymphs and deutonymphs were killed
by the adopted combination of time and temperature (Table 1).

Table 1. Mortality of adult and juvenile forms of Varroa destructor within brood cells due to heat
treatments.

Adults Juveniles

2018 43.5% 85.3%
2020 25.8% 93.0%
2021 24.8% 79.9%

3.2. Mathematical Model Simulations

The development of the colony during of the year was simulated using the BEEHAVE
model with environmental parameters similar to those present in the apiary where the
experiment was carried out. The output of a single run is shown in Figure 7.
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Figure 7. Yearly development of worker population of a colony according to the BEEHAVE software.

The population dynamics of V. destructor were simulated under different control
approaches and various re-infestation hypotheses.

The simulations for the control colonies not subjected to hyperthermia, under different
hypotheses of re-infestation, showed high mite levels in the hives at the end of the year
even in the case of summer treatment with oxalic acid (Figure 8).
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Figure 8. Yearly development of Varroa destructor infestation in colonies not subjected to hyperthermia
under different hypotheses of re-infestation: (a) no re-infestation; (b) 30 mites per month from June
to September (120 mites in total); (c) 150 mites per month from June to September (600 mites in
total); (d) 30 mites per month from June to September (120 mites in total) with a dripped oxalic acid
treatment at the end of July with 95% efficacy on phoretic mites and efficacy duration of 1 day. Adult
mites alive on 31 December: (a) 0; (b) 2283; (c) 2821; (d) 1422.

Simulating the use of hyperthermia leaded to the total disappearance of the infestation
before the end of the year even if re-infestation occurred. In this case, the simulations
showed infestation levels at the end of the year that were much lower than those of the
control colonies without the need of summer treatments for the same level of re-infestations
and even in more critical situations (Figure 9).
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Figure 9. Yearly development of Varroa destructor infestation in colonies subjected to nine heat
treatments under different hypotheses of re-infestation: (a) no re-infestation; (b) 30 mites per month
from June to September (120 mites in total); (c) 150 mites per month from June to September (600 mites
in total); (d) 150 mites per month in June and July and 250 mites per month in August and September
(800 mites in total). Adult mites alive on 31 December: (a) 0; (b) 120; (c) 158; (d) 242.

By adopting an integrated control approach (hyperthermia and summer treatments
with oxalic acid), the simulations predicted very low levels of infestation at the end of the
year, even in the presence of heavy re-infestation phenomena (Figure 10).
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Figure 10. Yearly development of Varroa destructor infestation in colonies subjected to nine heat
treatments under different hypotheses of re-infestation and dripped oxalic acid treatment: (a) no
re-infestation and a single acid oxalic treatment at the end of July; (b) 30 mites per month from June
to September (120 mites in total) and a single oxalic acid treatment at the end of July; (c) 150 mites per
month from June to September (600 mites in total) and a single oxalic acid treatment at the end of July;
(d) 150 mites per month from June to September (600 mites in total) and one oxalic acid treatment per
month from the end of July to the end of October (4 treatments). Adult mites alive on 31 December:
(a) 0; (b) 18; (c) 133; (d) 12.

4. Discussion

Hyperthermia applied using the Bee Ethic system at three-week intervals from late
spring to autumn kept V. destructor population at tolerable levels, whereas alarming in-
creases in mite number were observed in untreated controls. Even if hyperthermia is a
rather old approach to varroa control [9,11], most of the tests were carried out in the labo-
ratory [9,10,20] and several reports of apiary trials are of anecdotal nature [11,13,14]. The
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experimental conditions adopted in our trials (42 ◦C for 90 min) were intermediate among
those adopted in other studies and proved to be effective in varroa control for most of the
season. In late summer and early autumn, sudden increases in V. destructor infestation rate
were often observed and hyperthermia alone was no longer able to control mites to tolerable
levels. It is difficult to decide if such increases were due to a lesser effectiveness of thermic
treatments or to re-infestation, but the latter appears as the more sensible explanation since
re-infestation is widespread and of relevant occurrence [21]. In any case, to turn to an IPM
approach coupling hyperthermia with rather soft chemical treatments would be sufficient
to keep mite infestation under control. It is worth mentioning that throughout the entire
three-year testing period, average daily mite falls were lower in heat-treated colonies.

The results obtained from sealed brood inspections demonstrate that the main effect
of heat treatments applied with the Bee Ethic system is on the reproductive phase of V.
destructor, with the mortality of the juvenile forms ranging from 76% to 98%. On the
contrary, the impact on adult mites was less positive as the maximum mortality recorded
was only 45%. Adult and juvenile mite mortality in sealed brood cells has been reported as
rather low [22] and some preliminary observations confirmed that this was also the case
in our experimental hives. Such results are in accordance with the lethal temperatures
verified in laboratory tests for V. destructor adults and juveniles [20]. Since the aim of our
investigations was to ascertain the fate of adult and juvenile mites within sealed brood
cells, a random sampling method was adopted and therefore our data do not permit for
verification of whether hyperthermia has any effect on mite reproduction. Such an effect
appears rather likely and further investigations should be carried out to clarify it.

The simulations with BEEHAVE produced trends in colony development that closely
resembled those experimentally observed in apiary trials. As far as mite population
dynamics are concerned, apiary data were subject to the obvious limitations that derive
from the difficulty in quantifying re-infestation and the necessity of acaricide treatments
in summer to prevent colony collapse before winter. Therefore, the mathematical model
proved to be quite useful in comparing different re-infestation phenomena and alternative
chemical control strategies. Since viral infections are often associated with high levels of V.
destructor and can be even more dangerous for honey bees than mites [3], model simulations
were also useful for generating trends of healthy and virus-infected mites during the year.

Viruses are quite sensitive to temperature and therefore it has been hypothesized
that hyperthermia could be at least partly effective against the spread of viruses in the
apiary. Some preliminary tests were carried out in 2018 (unpublished results). Samples of
40 worker bees were taken from the brood combs of each test hive with the intention of
quantifying via qPCR the viral load of five pathogenic viruses commonly found in bees:
deformed wing virus, acute bee paralysis virus complex, black queen cell virus, sackbrood
bee virus and chronic bee paralysis virus. In spite of the small number of repeats, there
was a promising tendency for DWV and ABPV viruses to increase their viral load less in
the colonies subjected to thermotherapy than in the control colonies. It remains unclear
whether this trend is directly attributable to the effect of heat or rather to the lower number
of mites in the treated hives. In any case, further research work in this direction would
be useful.

5. Conclusions

The Bee Ethic system helps in controlling varroa mite infestation in an IPM approach.
The Bee Ethic system appears feasible and applicable in practice by beekeepers, who

already use it extensively in Italy.
However, further research is needed to investigate if hyperthermia as applied by

means of the Bee Ethic system takes direct action on viruses and is sufficient to combat
re-infestation without the use of acaricides.
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6. Patents

The Bee Ethic system is protected by two patents (ITRN20130051A1 and ITRN20130052A1),
with PCT extension.
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