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Abstract

A controlled, randomized, partially blinded
study was conducted to evaluate target animal
safety and efficacy of a late summer/autumn
treatment with flumethrin 275 mg bee-hive
strips (PolyVar yellow®, Bayer) against natural
infestation with Varroa destructor in honey bee
colonies. Thirty colonies received the test prod-
uct applied as a “gate” at the hive entrance over
116 days, a positive control product (flumethrin
bee-hive strips for in hive use, Bayvarol®) over
42 days or remained untreated as a negative con-
trol. On day 117 a follow-up treatment with cou-
mafos solution (Perizin®) was applied to all three
groups. For the efficacy evaluation dead mites
were counted frequently up to 2 weeks after

application of the follow-up treatment. For the
safety evaluation dead bees were collected dur-
ing treatment and follow-up treatment period
by dead bee traps and several colony examina-
tions were conducted until the following sum-
mer. Efficacy of the test product against Varroa
was clearly demonstrated by a 99.9 % mite count
reduction with superiority over the negative con-
trol (p=0.0008). Survival of colonies treated with
the test product or the positive control product
was 80% and 90 %, respectively, while survival
in the negative control group was only 30 %.
Significantly lower numbers of dead bees were
observed in the treated groups compared to the
negative control. Also, no differences in colony
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development were observed between the groups
that were considered clinically relevant.

Thus, flumethrin 275 mg bee-hive strips were
confirmed to be an efficacious and safe treat-
ment for varroosis in honey bees caused by flu-
methrin-sensitive Varroa destructor.

Introduction

Much research has been undertaken in past
years to investigate potential causes of extensive
colony losses in honeybees (Potts et al. 2010).
The problem appears to be multifactorial (Old-
royd 2007, Kluser et al. 2010) but infestation
with Varroa destructor, has been concluded to
play a significant role (Neumann and Carreck
2010, Smith et al. 2014).

Sustainable Varroa control is a labour intensive
process requiring a combination of different
measures, e.g., monitoring of mite fall, cutting
of drone brood and application of miticides. Such
“integrated pest management” needs to consider
the population dynamics of Varroa as well as the
bee colony so that measures can be applied at
appropriate times of the year (Rosenkranz et al.
2010). To avoid development of resistance of the
Varroa mites against miticides alternating use
of actives with different modes of action should
be practiced, though not simple in a mainly non-
professional beekeepers community (Rosenkranz
et al. 2010). An example for population dynamics
of Varroa mites in honeybee colonies is shown,
together with numbers of adult bees and brood,
in Fig. 1. Late summer and autumn is a critical
period for honeybee colonies and Varroa infesta-
tion in various ways. With decline of honey and
pollen flow in late summer colony size decreases
through death of the short-lived summer bees
and cessation of brood rearing activity so that
relative mite load strongly increases. Robbing
behaviour of bee colonies occurs especially during
this time of the year and may result in significant
horizontal mite transfer between colonies and

apiaries often affecting rather strong colonies
(Rosenkranz et al. 2010, Frey and Rosenkranz
2014, Seeley and Smith 2015). Also, at this time
the long-lived winter bees are reared (Mattila
and Otis 2007), which are pivotal for survival of
the colony until the next brood rearing season in
the following spring. Therefore, to keep the mite
burden as low as possible a miticide treatment in
late summer/early autumn has become a regu-
lar part of Varroa management in most parts
of Europe. However, timing of treatment can be
challenging and available approved miticides so
far do not cover the complete period until end of
flight activity so that significant horizontal mite
transfer with resulting re-infestation can occur
despite of a successful Varroa treatment espe-
cially in regions with intense beekeeping (Frey
and Rosenkranz 2014). Flumethrin 275 mg bee-
hive strips (PolyVar Yellow®) were developed
as a treatment alternative which—with a treat-
ment duration of up to four months - could cover
the especially critical time between end of honey
flow and end of flight activity towards winter.
The strips are applied at the hive entrance and
have holes through which the bees enter and
leave the hive thereby getting exposed to the
active ingredient. For the clinical development of
this product, several studies were conducted to
address the various aspects of testing described
in the “Guideline on veterinary medicinal prod-
ucts controlling Varroa destructor parasitosis in
bees” (EMA 2011). The study described herein
was conducted as a combined dose confirmation
and target animal safety study to evaluate effi-
cacy and safety.

Materials and methods

The study was conducted as a monocentric, neg-
ative and positive controlled, randomized, par-
tially blinded efficacy and target animal safety
study according to the standards of “Good Clini-
cal Practice” based on VICH GL9 (July 2001) and
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Fig. 1 Exemplary colony development for adult bees, worker brood, and Varroa destructor mites. The number of
individual adult bees and worker brood was modelled over one year. The number of mites was modelled as being the
second year of mite infestation with a starting population of 100 mites in the first year. [redrawn from Martin (1998)]

Fig. 2 Apiary and hive positioning

the guidelines on Varroa control: “Guideline on
veterinary medicinal products controlling Varroa
destructor parasitosis in bees” (EMA 2011) and
the “Technical guideline” (2011).

Study animals

Thirty Apis mellifera mellifera honeybee colo-
nies that were naturally infected with Varroa
destructor were included in the study. Queens
were up to 2 years of age. Colonies showed
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Table 1 Study groups, treatments and timing of treatments

Group Treatment Treatment period Follow-up treatment
1 IVP Flumethrin 275 mg bee-hive strips day0-116 Perizin® (coumafos), day 117
2 CcP Bayvarol® (flumethrin) day 0 - 42 Perizin® (coumafos), day 117
3 Negative control No treatment n.a. Perizin® (coumafos), day 117

normal behavior and no signs of infectious dis-
eases, occupied 7—10 combs with presence of all
stages of brood development and had at least
3 combs with capped brood cells. No acaricidal
treatment of the colonies was allowed for at least
4 months prior to study start. As the colonies
were owned by the Wageningen Plant Research
institute no informed consent was required.

Housing and management

The colonies were housed in one-storey Simplex
hives with ten or eleven frames. The hives were
equipped with a bottom board with a screened
Varroa tray. The apiary was located in the exper-
imental fields of Wageningen Plant Research in
Wageningen, The Netherlands (Fiig. 2). Another
apiary was located at ~ 400 m to the south. No
other significant apiaries were present within
one kilometre. Large apiaries were located
at>4.5 km distance. During periods without
a significant honey flow colonies were provid-
ed with sugar dough (Fondabee, Belgosuc nv,
Beernem, Belgium) or with liquid sugar (Apiin-
vert, Sidzucker AG, Mannheim, Germany). For
the study the hives were marked with numbers
one through thirty. Queens that died (see results
section) were replaced with mated queens.

Group allocation and treatment

The colonies were randomly allocated to three
groups of ten on study day -1 (Table 1). Group
1 received the investigational veterinary prod-
uct (IVP), at a dose of two bee-hive strips,
each containing 275 mg flumethrin in a poly-
mer matrix formulation applied at the hive
entrance between study day 0 (22 August) and
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116 (16 December) (Fig. 3). Group 2 was treated
with authorized flumethrin bee-hive strips for
use inside the hive (Bayvarol® 3.6 mg bee-hive
strips, Bayer Animal Health GmbH, Germany)
at a dose of four strips per colony between day
0 and 42 as per instruction of the manufacturer
as a positive control product (CP). This group
was included for the evaluation of safety. Eval-
uation of the efficacy (mite count reduction) of
the CP was not deemed appropriate due to the
time gap of 75 days between end of treatment
and application of follow-up treatment, however
some supplemental analyses were conducted for
information purposes. Group 3 served as nega-
tive control for the evaluation of efficacy and
safety, and therefore remained untreated. All
colonies received a follow-up treatment with cou-
mafos solution for application by trickling (Peri-
zin® 32 mg/ml) according to the manufacturer’s
instruction on day 117 to determine the number
of residual mites.

Fig. 3 Fixation of the IVP at the hive entrance (picture
not taken within this study)

Mite counts

Dead Varroa mites were collected using disposable
sticky boards with grid lines (“Biosignaalplaten”/
“sticky traps”, Royal Brinkman, 2690 AA ‘s-Graven-
zande, Netherlands and “Bug-scan dry”, Biobest,
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2260 Westerlo, Belgium) that had been placed in
the Varroa trays of the hives.

Sticky boards were collected 3 times per week
between day -3 and 124 with a maximum of 2
calendar days between collections. A final sticky
board was entered into the hives on day 124 and
removed on day 131. On day 0 and 117 the sticky
boards were changed before treatment or follow-
up treatment. Counting of mites was performed
away from the apiary by lab personnel who had
no access to the group allocation and thus were
blinded.

Colony examination

The colonies were examined once on day -3, day
14, day 62 and day 116 using the Liebefeld estima-
tion method described by Imdorf and Gerig (2001).
A further examination took place in the follow-
ing spring on day 228 (April), and a final exami-
nation was conducted in June on day 298.

As it was not possible to complete evaluations
of all colonies in the early morning before flight
activity started colonies were estimated alter-
nately in each study group in order to compensate
the fluctuations of the flying activity. The evalua-
tion comprised the estimation of colony strength
(i.e. surface covered by live bees present), capped
brood surface and capped drone brood surface. Also
presence and appearance of eggs and open brood
were documented. In deviation to Imdorf and Gerig
(2001) only the brood surface of capped brood was
estimated while the surface taken by open brood
was left undetermined to minimize disturbance of
the bee colony. This was regarded as justified as
effects on open brood are expected to become evi-
dent indirectly in capped brood and colony size. It
was also attempted to search for the queen, howev-
er if the queen could not be identified the presence
of eggs was taken as an indication that the queen
was present. The following factors were used for
conversion of the surface estimations to numbers
of individuals according to the review by Delaplane
et al. (2013):

* Adult live bees: 125 bees per dm?
* Capped worker brood: 400 cells per dm?
* Capped drone brood: 260 cells per dm?

In addition, the hives were generally inspected
from the outside for abnormalities or any signs for
unusual events three times per week between day
-2 and 124 and once on day 131.

Dead bee counts

Intra hive mortality was determined by using
dead bee traps (Muenster traps). These traps
have been described and evaluated in Illies et al.
(2002). Undertaker bees carrying dead bees have to
pass through metal netting, which causes them to
lose the dead bee, which falls down into a drawer
(Fig. 4). Dead bees were collected from the traps
three times per week between day -2 and 124 with
a maximum of 2 calendar days between collections
and counted directly differentiating the type of bee
(pupa, queen, worker, drone). From day 12 onwards
also the number of dead worker bees with signs of
deformed wing virus (DWV) infection was recorded.

Data analysis

Efficacy per colony was analysed based on the
critical evaluation stated in the Guideline on
veterinary medicinal products controlling Varroa
destructor (EMA, 2011) according to the follow-
ing formula:

% mite count reduction =
N mites killed between day 0 and 117 x 100
N mites killed between day 0 and 131

Only colonies that completed the IVP treatment
period (day O to 117) and follow-up treatment
period (day 117 to 131) and that had demon-
strated a minimum infestation of 300 mites were
included in the analysis.

Results of mite count reduction were further
assessed for the IVP group versus the negative
control using the non-parametric Wilcoxon-
Mann-Whitney-U test. Superiority was defined
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Fig. 4 Dead bee trap (Muenster trap):
a) trap mounted at hive; b) removable drawer for collection of dead bees at the bottom of the trap

for a Mann Whitney (MW)-measure of 0.50.
Thus HO was MW <0.50 and H1 was MW>0.50.
As an additional efficacy parameter the number
of residual mites after treatment per 100 bees
(infestation rate) was calculated per colony
using the following formula:

Residual mite burden per 100 bees =
N mites killed between day 117 and 131 x 100
N bees on day 116

Safety parameters were analysed descriptively.
Dead bee counts were also analysed using the
above mentioned Wilcoxon-Mann-Whitney-U
test for superiority.

The analyses were performed using Report Ver-
sion 6.7 and Testimate software Version 6.5
(IDV Gauting, Germany).
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Results

Efficacy

Mite count and efficacy data are summarized in
Tables 2 and 3 and mitefall over time is shown
in Fig. 5. All colonies that reached day 131 were
adequately infected with at least 1,272 mites thus
well above the requirement of 300 mites per colony.
Efficacy of the flumethrin 275 mg bee-hive strips
was 99.9% and superiority over the negative con-
trol was statistically proven (p=0.0008). Clear
differences between the two treatment regimens
and the negative control were also evident in the
number of residual mites per 100 bees (Table 3).
Finally, 95 % of mites in the IVP group fell within
the first 5 weeks while only 19 % of mites in the
negative control group had fallen within this time.
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Table 2 Mean mite numbers (range) for different time periods during the study

Group | Pre-treatment period IVP treatment period Follow-up treatment period | IVP treatment and follow-up
(day -3 to 0) (day 0 to 117) (day 117-131) treatment period
(day 0 to 131)
1 174 (20-617) 4,434 | (1,750-11,183) 5 (0-15) 4,439 (1,752-11,183)
2 135 (13-557) 3,529 (1,180-6,835) 94 (27-211) 3,623 (1,272-6,943)
3 85 (9-400) 5,955 (2,294-8,674) 821 (66-1,274) 6,776 (4,031-8,740)

Table 3 Results efficacy analysis: mean % efficacy (95 % confidence interval), mean number (range) of residual mites per
100 bees after day 117 and proportion of colonies with residual mite loads >4 %

Group % efficacy Number of residual mites per 100 bees | Proportion of colonies with residual
after day 117 mite loads >4 %
1 99.9 (99.8-100) 0.1 (0-0.4) 0% (0/8 colonies)
2 n.a.2 2.7 (0.6-6.5) 20% (2/10 colonies)
3 84.9 (70.5-99.3) 20.4 (7.0-31.0) 100 % (5/5 colonies)

anot calculated because follow-up treatment was applied only 75 days after end of treatment with Bayvarol on day 42
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Fig. 5 Mean number of fallen mites per day. Mites were collected every 2 to 3 days, for better overview mite number
per day was calculated by dividing number at mite collection by the number of days covered by the respective mite
collection. Note: line plot was preferred over column graph for clarity

Safety colony size and heavy Varroa infestation. Also two
Colony survival colonies of the IVP group were euthanized during
Overall colony survival is shown in Table 4. Until  this time due to small colony size. One of these
application of the follow-up treatment on day colonies had been the weakest of the colonies and
117 five colonies of the negative control died or had been already in the process of decline due to
were euthanized because of strong decrease in  heavy Varroa infestation at baseline and the other
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Table 4 Results safety evaluation: overall survival, number of dead or euthanized colonies and number of dead queens

Group Overall colony Death/euthanasia [N] Dead queen found in dead bee trap [N]
survival Day 0-116 After day 116 Day 0-116 Day 117-124
1 80 % 2 0 0 1
2 90 % 0 1 2 1
3 30% 5 2 0 0
Study Day
-3 14 82 116 228 298
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Fig. 6 Number of adult bees at the colony estimations on day -3, 14, 62, 116, 228 and 298 (boxplot shows 10th and

was considered to have suffered from queen prob-
lems that had likely been present already at base-
line. A relation of IVP treatment to these colonies’
weakness therefore was considered to be not likely.
Three further colonies of the negative control and

one colony of the CP group did not survive until the
end of the study.

Colony examinations

Colony development during the study is summa-
rized by Fig. 6 (adult bees) and Fig. 7 (capped brood
cells). Colony development was similar across
groups with no differences that were regarded
as clinically relevant. However, only 3 colonies of

the negative control group survived for the colony
examinations in spring and summer.

Dead bee counts

Dead bee counts are summarized in Figs. 8 and 9
showing the time course from day 0 to day 124. The
time course of dead bee counts did not reveal any
signs for acute toxicity after start of treatment. Also
there was no indication for a trend in the IVP group
which could indicate toxicity building up over time.
Total numbers of trapped dead worker bees in the
IVP and CP group were proven significantly lower
than in the negative control group (p<0.03). The
groups that received IVP or CP were also proven
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Fig. 8 Number of dead workers from study day 0 to 124 for categories “normal”: dead workers with normal wing shape,
“DWV": dead workers with deformed wings, “Sum*”: N normal + N DWV, (boxplot shows 10th and 90th percentile)
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Fig. 9 Mean number of dead worker bees collected in Muenster traps per day. Bees were collected every 2 to 3 days,
for better overview number per day was calculated by dividing number at collection by the number of days covered by
the respective collection. Note: line plot was preferred over column graph for clarity

to have significantly lower numbers of dead worker
bees with signs of DWV infection (p <0.003).
Several dead queens (one in the IVP group and
three in the CP group) were trapped as shown in
Table 4 and death was considered to be related to
manipulations associated with colony examina-
tions or follow-up treatment that occurred in close
timely connection except for one of the queens in
the CP group. However, in this case a relation
to treatment with the CP appeared unlikely as
the dead queen was observed only on day 96, i.e.
54 days after termination of treatment with CP.
Trapped dead pupae were observed in low numbers
with no differences between groups that were con-
sidered relevant. Trapped dead drones were not
observed in significant numbers in any of the groups.

Discussion

The study demonstrated very high efficacy of flu-
methrin 275 mg bee-hive strips. Seemingly high
natural mite mortality in the negative control
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group is considered to be caused by the extreme-
ly long observation period of four months which
was required to ensure conservative conditions
for the evaluation of safety. According to Rosen-
kranz et al. (2010) one replication cycle of Varroa
mites is approximately 13 days so that multiple
replication cycles of mites can be expected to
have occurred, which is supported by the pres-
ence of capped brood in the negative control dur-
ing most of the treatment period (Fig. 7). Under
field conditions an average number between two
and three reproductive cycles can be expected in
the lifetime of a female mite (Fries and Rosen-
kranz 1996, Martin 1998, Martin and Kemp
1997). Thus several generations of mites may
have emerged and died during the treatment
period accumulating to a large number of mites
while no significant replication was possible in
the treatment groups due to the treatment effect
in the first few weeks of the study.

Very high efficacy in comparison to the nega-
tive control is also evident by the residual mite
load per 100 bees at the end of the treatment
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period (Table 3). Evaluation of the infestation
rate after treatment is considered a useful com-
plementary method to evaluate efficacy and
state of colonies from a clinical parasitological
perspective. Also, this parameter can be used to
determine whether a winter treatment is neces-
sary, indeed infestation rates above 4 % can be
considered critical (e.g., Honey bee health coali-
tion 2017). Infestation rates in the IVP group
were well below 1% in all colonies while mite
loads above 4% were seen in 20 % of the colo-
nies in the CP group which may illustrate that
despite good efficacy of a late summer treatment
re-infestation and replication of mites surviving
treatment can occur in significant numbers until
the end of flight activity towards winter.

Some minor differences in the initial mite fall
between the IVP and CP group may be explained
by the different way of application (Fig. 5).
Application of a strip within the hive may lead
to faster exposure of the bees to the active ingre-
dient in comparison to an application at the hive
entrance where exposure may be more influ-
enced by weather conditions causing variable
numbers of bees to enter and leave the hive and
to be near the hive entrance.

Ninety-five percent of the mites that were
observed during treatment and follow-up treat-
ment fell within 5 weeks. However, due to the
long evaluation period such an analysis may be
influenced by several factors like mites re-infest-
ing colonies during treatment so that this should
be regarded as estimation. In a multicentre field
study conducted for the same product similar
calculations indicated that 95 % of the mites fell
at least within 9 weeks (Bayer Animal Health,
unpublished data).

Effectiveness and significance of treatment was
further illustrated by the survival rates: colony
survival of the groups treated with IVP or CP was
80 and 90 %, respectively, while survival in the
negative control group was only 30 %. Fifty per-
cent of the negative control colonies had already
died before application of the follow-up treatment

on day 116. Acute safety was confirmed by the
dead bee counts with significantly lower numbers
of dead bees in the IVP or CP group in general,
but also significantly lower numbers of dead bees
with signs of DWV infection were observed in the
IVP or CP group compared to the negative con-
trol illustrating the indirect importance of effec-
tive Varroa treatment for the health of a colony.
Several circumstances can be considered rel-
evant for the interpretation of the study results
with regard to efficacy as well as safety. Treat-
ments against Varroa in this study started only
towards end of August which was relatively late
compared to the advised Varroa control sched-
ules in the Netherlands which are recommended
to start in July already (Cornelissen et al. 2013).
To meet the demand of no acaricidal treatment
at least four months before start of the study no
Varroa treatment could be applied to the colo-
nies in July so that they had been treated the
last time in the winter preceding the study. This
may have implicated that the onset of production
of winter bees in all colonies coincided with high
Varroa loads which may have impacted colonies
in all treatment groups (Van Dooremalen et al.
2012). A very early and favourable spring pre-
ceding the study may further have added to a
high Varroa load in the colonies, for which in the
Netherlands a warning of unpreceded high Var-
roa infestations was sent out to all beekeepers
in August by the Dutch beekeepers association.
The possible damage caused by the high Varroa
load already at start of the study may thus have
resulted in the safety evaluation being rather
conservative. Among a few colonies already
weakened at study start which had to be eutha-
nized before follow-up treatment due to weak-
ness was one colony from the IVP group which
had been the weakest at baseline. However, for
the reasons above death of this colony was not
attributed to treatment. Dead bee traps and
Liebefeld estimations may have represented fur-
ther stressors to the colonies. However, changes
in colony strength were within the expected
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ranges under the study conditions with strong
reductions in colony size and cessation of brood
rearing towards winter. The spring season fol-
lowing treatment was tough and started late in
the area where the study was conducted. From
Figs. 6 and 7 it can be seen that during the colo-
ny estimation in spring (April, day 228) the bee
population in all three groups had still not really
grown compared to December (day 116). Howev-
er this is comparable to data of Van Dooremalen
et al. (2012) which relate to a similar late spring.
At the end of the study on day 298 the colonies
had started to build up well.

In conclusion, excellent efficacy and safety of flu-
methrin 275 mg bee-hive strips was confirmed in a
positive and negative controlled study. The intro-
duction of the guideline on veterinary medicinal
products controlling Varroa destructor parasito-
sis in bees (EMA 2011) states that Varroa control
implies a number of integrated pest management
measures, which include routine beekeeping main-
tenance methods and the use of approved miticides
and that veterinary medicinal products should
therefore be regarded as an integrated part of
Varroa control. Flumethrin 275 mg bee-hive strips
may provide a significant contribution to such inte-
grated Varroa control.
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