Acaricide (pyrethroid)

resistance in Varroa destructor
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The infamous varroa mite has become one of the most serious pests of European honey bees, causing a worldwide loss of millions of colonies. As the
eradication of the mite is impossible, beekeepers have had to rely heavily on a small number of acaricides as their main line of defence against the
mite. However, the appearance and rapid spread of mites resistant to some of the most commonly used acaricides is causing a new wave of problems for

beekeepers.

Pesticide resistance is the ability of a pest to
survive normally lethal rates of a pesticide.
The ability to develop resistance to a wide
range of pesticides is a widespread
phenomenon among the mites,’ so it was
almost inevitable that varroa would become
resistant against the commonly used
acaricides such as the pyrethroids, tau-
fluvalinate (Apistan®) and flumethrin
(Bayvarol®). Studies found that by comparing
the concentration of a compound which
causes 50% mortality in the test mite
population (LC, ), resistant mites had
increased LC__ values of 2-fold in Israel,” 11-
fold in the UK*' and from 36- to 440-fold in
Italy.13,22

Early detection is crucial to reducing both
colony losses and spread of a resistant mite
strain. However, as there are no physical
differences between resistant and susceptible
mites, the only way to distinguish the
presence of resistant mites is to perform a
resistance bioassay that has been developed.”
Unfortunately these are rarely performed by
beekeepers and normally the first signs of a
problem is the unexpected collapse of treated
colonies, rather than beekeepers detecting a
failure of the treatment. This has greatly
helped the spread of resistant mites across
Europe and possibly further afield.

Pyrethroid resistant mites were first detected
in the Lombarby region in the north-west of
Italy around 1991. This region was closely
connected by a well-established movement of
colonies to Sicily, where similar problems may
have been occurring, but precise data is
lacking, although resistant mites were later
detected.” Resistant mites quickly spread via
bee movement into the neighbouring regions
of southern Switzerland, Slovenia and
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southern France. From there it continued its
spread throughout Europe following
established colony trade routes in France™
finally reaching Germany in 1997, Finland via
possible bee movement from Italy in 1998
and UK in August 2001 (fig. 1). In the UK the
first outbreak discovered was limited to only
25 apiaries” but by June 2004 it had already
spread to around 140 apiaries, some of which

are many hundreds of kilometres from the
original source (fig. 1). The pattern of spread
of resistant mites throughout mainland
Europe and UK was very similar to the
pattern of spread exhibited by the ‘original’
varroa mites. This is a slow local spread by
flying bees moving mites between colonies,
with irregular long-distance jumps caused by
beekeepers moving infested colonies.
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Although during the original spread of the
mites (non-resistant) they appeared in many
areas that could not be clearly linked to the
movement of bees. However, since mites can
only move attached to bees, the movement
of bees is the only possibly explanation to
explain the pattern of spread, since mites
cannot spontaneously appear in a new area. A
similar dispersal pattern of resistant mites to
non-resistant mites suggests that the main
underlying reason (bee movement) is similar.
However, in cases where no obvious bee
movement is known, it is often assumed that
resistance has arisen independently,”’ normally
without any other supporting evidence.

In 1997 pyrethroid resistant mites were
detected in the USA. Although the first
reports of resistance were from South
Dakota,' it was quickly established that this
was linked to bees moved from Florida where
tests confirmed that pyrethroid resistant
mites were also present.’ Incidentally, Florida
was also the place where the original varroa
mites entered the USA in 1987.” Florida is a
major bee breeding and distribution centre
with bee packages sent to all over the USA.
This has aided the long-distance spread of
both the original varroa and now their
pyrethroid resistant sisters. In only seven
years resistant mites have spread nationwide
in the USA with almost all states reporting
problems due to resistant mites (P Elzen,
personal communication). How varroa was
originally introduced into Florida remains an
enigma, but it remains a possibility that the
pyrethroid resistant mites have used the same
or a similar route. Outside the USA and
Europe pyrethroid resistant mites have also
been reported in Israel” and Argentina.’

Did resistance appear once and spread or has
resistance appeared independently several
times? The definitive answer will depend on
the determination of the precise resistance
mechanisms and the genes involved.
Laboratory bioassays found that the
resistance mechanisms of some mites share
some similarity, indicating a possible identical
determinism," but further work is needed.
Although some accidental movements of
resistant mites are documented, in most
cases beekeepers are naturally cautious about
revealing their colony movements.

The initial spread of varroa demonstrated the
ineffectiveness of international quarantine
laws'"” and revealed the extent that movement
of honey bees, both locally and globally played
in this process. The spread of pyrethroid
resistant mites has followed a similar pattern,
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i.e. following well-established colony
movement routes, which suggests that
resistance did in fact arise only once, probably
in Italy, and then spread throughout Europe™
and possibly even further a field. Resistance in
Italy arose after only four years of pyrethroid
use," although Klartan/Mavrik may have been
used for many more years than this, whilst in
the USA, most of Europe and the UK,
pyrethroids have remained effective for over
10 years. In most arthropod populations
resistance does not normally arise
independently in many different geographic
regions, but appears in one area and then the
resistant strain spreads elsewhere because of
its high selective advantage." Furthermore,
the similar shape of the dose response curve
between resistant mite populations from
different areas does not support the idea of
many independent origins.” Cross-resistance
between tau-fluvalinate, flumethrin and
acrinathrin was expected due to the
extremely close chemical similarity between
these compounds.

Resistance to acaricides such as
organophosphorous coumaphos (Perizin®) has
been reported in Italy” and Switzerland.
Resistance to amitraz has been reported in
Croatia,’ is suspected in France, and now is
confirmed in the USA (P Elzen, personal
communication). No resistance to amitraz,
cymiazole or coumaphos has so far been
detected in the UK mite population.”

Pyrethroids are manufactured chemicals that
are very similar in structure to the pyrethrins,
which occur naturally in some

chrysanthemum flowers. Pyrethrins were
recognized in 1800 to have insecticidal
properties but break down quickly in the
environment, especially when exposed to
sunlight. Pyrethroids are toxic to insects, as
well as to mammals, and last longer in the
environment. Pyrethroids, like DDT, kill the
individual by prolonging the opening of the
cells’ sodium channels, which leads to
paralysis and death.

The three main non-behavioural mechanisms
by which animals have become resistant to a
wide range of pesticides (fig. 2) are to modify
the dose by reducing its penetration,
improving its detoxification by enzymes
(metabolic resistance), or by changing the
shape the target site itself, i.e. the sodium
channel, so it becomes less sensitive to the
pesticide.”

Currently there are no studies that have
investigated if mite-resistant populations are
able to reduce or prevent the penetration of
pyrethroids by changes to physical properties
of the cuticle. In Europe and Israel varroa
resistance may be partly explained by
metabolic resistance as there is an increased
detoxification (break down) of pyrethroids by
enzymes, in particular monooxygenases, and
possible by a small (non-significant) increase
in esterase activity."""* However, data from the
USA indicated that these metabolic pathways
were not involved in their mite resistant
population.’

In the USA pyrethroid (fluvalinate) resistance
in varroa was associated with four new point
mutations in the sodium channel gene.” It is
already known that similar point mutations in
a sodium channel gene, which by changing the
shape of the proteins in the cell wall
associated with the transport of sodium ions,
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reduce the cells’ sensitivity to pyrethroids.”*

Ongoing research™ is attempting to
determine if any of these resistance-
associated mutations are indeed involved in
tau-fluvalinate resistance in varroa. These
sodium channel gene mutations found in the
USA mite population need to be investigated
in the European mite resistant population.
This is because if different resistance
mechanisms were shown in the European and
USA mite populations this would be the best
evidence for the appearance of two
independent strains of the resistant mites.

Often, resistance in populations of
arthropods can be costly, e.g. by the over-
expression of certain detoxification enzymes.
This, in the absence of the pesticide, leads to
reduced fitness of resistant individuals due to
lower reproductive ability or less efficient
metabolism than their susceptible
counterparts.”” For example, some resistant
strains of mosquitoes have only one quarter
of the reproductive potential of susceptible
strains in the absence of an insecticide,’
although this probably represents an extreme
case. Conversely the disadvantage associated
with resistance can be small”® and in some
cases zero.

It was suggested that pyrethroid resistant
varroa do have a lower fitness compared to
susceptible mites, but no data were
presented.” However, a detailed study of the
reproductive ability of resistant and
susceptible mite populations in the USA
revealed no differences between the two
populations.” In Italy no disadvantage or only
a small consistent one (reduction in fitness)
associated with fluvalinate resistance was
found in varroa, which is consistent with
observations on insects when resistance is
due to monooxygenases.” Furthermore, if
the resistance mechanism is due to point
mutations” the metabolic load on resistant
mites may again be very small and so
differences in mite reproduction would not
be expected.

All the current evidence (i.e. we do not have
any evidence to the contrary) suggests that
mite resistance to pyrethroids has arisen only
once or twice and that the major cause for
the rapid spread of resistant mites is the
movement of bee colonies by beekeepers.
While positive selection only takes place as a
consequence of the use of an acaricide
(removing non-resistant mites from the
population so allowing the resistant mites to
thrive), the mutations that give rise to the
resistance occur independently from
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exposure, as they are chance events. There is
no evidence that the misuse of treatments
selects more quickly for resistant mites than
correct treatments. Therefore, the
occurrence of resistant mites is not
associated with the misuse of treatments as
has often been claimed, since the same end
result will occur irrespective if the treatment
has been used correctly or not.

The appearance of coumaphos resistant mites
is a worrying trend, and it needs to be
established quickly if a similar mechanism to
that used by pyrethroid resistant mites is
been employed. Molecular biology will help us
understand the resistance mechanisms and
the costs associated with resistance, which in
turn will help in the development of the most
effective control strategy. For example, if the
resistance mechanisms employed by varroa
do in fact have no or a small cost then
rotational use of different acaricides, i.e. using
a pyrethroid one year then coumaphos in the
next year followed by a pyrethroid in the next
and so on, will be ineffective.
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