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Før vi starter:

u Jeg er ikke konsulent, og det er ikke min opgave at rådgive!

u Jeg kan sige, hvad jeg gør ved bierne i Flakkebjerg

u Om I vælger at gøre det samme eller det modsatte, er op til jer

u Jeg kan tale om behov for behandling, et punkt der ofte overses
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Navn Lægemiddelform Styrketekst AktiveSubstanser MftIndehaver Registreringsdato

Apiguard Vet. gel 12,5 g/50 g Thymol Vita Bee Health Ltd. 04-02-2003

Oxybee pulver og opløsning til bistadedispersion 39,4 mg/ml oxalsyre, dihydrat Dany Bienenwohl GmbH 01-02-2018

Dany's BienenWohl bistadedispersion 39,4 mg/ml oxalsyre, dihydrat Dany Bienenwohl GmbH 14-06-2018

VarroMed bistadedispersion 5+44 mg/ml myresyre, oxalsyre, dihydrat BeeVital GmbH 02-02-2017

VarroMed bistadedispersion 75+660 mg myresyre, oxalsyre, dihydrat BeeVital GmbH 02-02-2017

Apivar bistadestrip 500 mg AMITRAZ Veto Pharma SAS 02-10-2017

Maqsplus Vet. bistadestrip 68,2 g myresyre NOD Apiary Ireland Limited 11-10-2021

Bayticol Pour-on Vet. pour-on, opløsning 10 mg/ml FLUMETHRIN Bayer Animal Health GmbH 30-10-1991
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u Egen holdning
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Abstract
In this study, honey bees (Apis mellifera L.) were exposed to LD05 and LD50 doses of five commonly used acaricides for
controlling the parasitic mite, Varroa destructor. LD50 values at 48 h post-treatment showed that tau-fluvalinate was the most
toxic, followed by amitraz, coumaphos, thymol, and formic acid. However, the hazard ratios, which estimate the hive risk level
based on a ratio of a standard dose of acaricide per hive to the LD50 of the acaricide, revealed that tau-fluvalinate was the most
hazardous followed by formic acid, coumaphos, amitraz, and thymol. The expression of the honey bee acetylcholinesterase gene
increased after treatment with the LD05 and LD50 acaricide doses and could distinguish three patterns in the timing and level of
increased expression between acaricides: one for amitraz, one for tau-fluvalinate and formic acid, and one for coumaphos and
thymol. Conversely, changes in cytochrome P450 gene expression could also be detected in response to all five acaricides, but
there were no significant differences between them. Changes in vitellogenin gene expression could only detect the effects of tau-
fluvalinate, amitraz, or coumaphos treatment, which were not significantly different from each other. Among the acaricides
tested, coumaphos, amitraz, and thymol appear to be the safest acaricides based on their hazard ratios, and a goodmarker to detect
differences between the effects of sub-lethal doses of acaricides is monitoring changes in acetylcholinesterase gene expression.

Keywords Acaricides . Acetylcholinesteras . Apis mellifera . Cytochrome P450 . Gene expression . Varroa destructor .
Vitellogenin

Introduction

The varroa mite (Varroa destructor) is the most damaging
parasite of the honey bee, A. mellifera (Ellis and Munn
2005). Current methods used to control this mite primarily
depend upon the application of synthetic acaricides in honey

bee colonies. Although initially effective, the continuous use
of these chemicals has led to the development of mite resis-
tance to the active ingredients of these products (Lodensani
et al. 1995; Wang et al. 2002; Li et al. 2005; Sammataro et al.
2005). Synthetic acaricides may also leave chemical residues
in honey and wax (Wu et al. 2011). Acaricides like tau-
fluvalinate and coumaphos may contaminate 98% of wax
combs with up to 204 and 94 ppm, respectively (Mullin
et al. 2010). Thus, there will always be residual amounts of
some chemicals left over in hive products.

Few studies have been conducted to study the toxicity of
synthetic and natural acaricides to bees and most of themwere
conducted with synthetic compounds. The reported LD50

values of topically applied tau-fluvalinate to honey bees range
from 0.97 to 200 !g per bee (Atkins et al. 1981; Barnavon
1987; Atkins 1992; Vandame and Belzunces 1998; Santiago
et al. 2000; Johnson et al. 2006, 2013; Gashout and Guzman-
Novoa 2009). The reported LD50 values for topically applied
amitraz are similarly variable, ranging between 2.55 and
100 !g per bee (Santiago et al. 2000; USEPA 2011). The
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values determined by log–dose probit analysis, tau-fluvalinate
was the most toxic, followed by amitraz and coumaphos that
were not significantly different from each other, and then thy-
mol and formic acid that were also not significantly different
from each other (Table 1). The LD50 values showed the same
ranking of lethality, but each acaricide had significantly dif-
ferent LD50 values from each other. The slopes for all the
acaricides were similar except for amitraz, which had a higher
slope, indicating a stronger dose response in bee mortality.
The intercept values, which indicate the sensitivity to the acar-
icides, corresponded relatively close to the ranking of the
LD50 values.

Acaricides’ hazard

The hazard ratios, calculated from the recommended manu-
facturer’s dose and the LD50, were used to predict the risk of
toxicity for bees in a hive. Tau-fluvalinate had the highest
hazard, which was six times higher than formic acid, whereas
the lowest hazard ratios were for amitraz, coumaphos, and
thymol, which were the same and about 55% of that of formic
acid (Table 2). This indicates that tau-fluvalinate presented a
much greater risk for worker bees at the hive level than the
other compounds.

Effect on CYP9Q3 expression

For the LD05 dose, expression of CYP9Q3 decreased greatly
from 0 to 2 hpt with all treatments (Fig. 1a). At 2 hpt, CYP9Q3
expression with non-treated bees was significantly higher than
that of ethanol treated bees, which was significantly higher
than in any of the acaricide treated bees, which were not sig-
nificantly different from each other (F6,34 = 4.72, P = 0.0076).
At 24 and 48 hpt, CYP9Q3 expression for ethanol and non-
treated bees continued to decline, but expression with non-
treated bees was still significantly higher than that with etha-
nol and all acaricide treated bees at 24 hpt (F6,34 = 21.15,

P < 0.0001) and 48 hpt (F6,34 = 8.24, P = 0.0004). However,
expression with ethanol was no longer significantly higher
than that with the acaricides (F6,34 = 21.15, P > 0.5; F6,34 =
8.24, P > 0.5, respectively). Thus, the effect of the acaricides
at the LD05 dose could only be distinguished from that of the
ethanol solvent at 2 hpt.

The effect of the LD50 doses had very similar effects on
expression of CYP9Q3 (Fig. 1b). At 2 hpt, CYP9Q3 expres-
sion was significantly higher in non-treated bees than in
ethanol treated bees, which was significantly higher than that
found in tau-fluvalinate, amitraz, coumaphos, thymol, or
formic acid treated bees (F6,34 = 9.99, P = 0.0002). At 24
and 48 hpt, CYP9Q3 expression for non-treated bees was
significantly higher than that for ethanol or acaricide treated
bees, which did not differ from each other (F6,34 = 17.82,
P < 0.0001;F6,34 = 5.43, P = 0.004). The highly similar results
for CYP9Q3 expression at the LD05 and LD50 doses indicated
that there was no dose response in its expression at those
concentrations.

Effect on Vg expression

After exposure to the LD05 doses, Vg expression increased
from 0 to 2 hpt for the controls and all the acaricides
(Fig. 2a). At 2, 24, and 48 hpt, Vg expression in bees exposed
to ethanol and all acaricides was not significantly different
from each other or that in non-treated bees (F6,34 = 0.87, P =
0.54; F6,34 = 0.39, P < 0.87; F6,34 = 1.11, P = 0.41,
respectively).

The LD50 doses also resulted in increased Vg expression
from 0 to 2 hpt for the controls and all acaricides (Fig. 2b). At
2 hpt, Vg expression with non-treated bees was significantly
lower than that of bees treated with tau-fluvalinate (F6,34 =
16.26, P < 0.0001) but not to any of the other treatments
(F6,34 = 16.26, P > 0.82; Fig. 2b). At 24 and 48 hpt, Vg ex-
pression with non-treated bees was not significantly different
than that of ethanol, thymol, and formic acid treated bees, but

Table 1 LD05 and LD50 values (!g/bee) and 95% confidence limits estimated for worker honey bees at 48 hpt to five acaricides under laboratory
conditions

Acaricide N1 LD05
2, 4 (!g/bee) 95% confidence limits LD50

3, 4 (!g/bee) 95% confidence limits Intercept ± SE Slope ± SE Chi2

Tau-fluvalinate 675 0.027 a 0.009–0.055 0.448 a 0.294–0.643 5.47 ± 0.11 1.34 ± 0.17 9.17

Amitraz 825 0.335 b 0.170–0.517 1.986 b 1.555–2.461 4.37 ± 0.15 2.13 ± 0.26 2.67

Coumaphos 750 0.347 b 0.115–0.710 6.232 c 4.100–8.979 3.96 ± 0.19 1.31 ± 0.16 2.76

Thymol 825 4.509 c 2.010–7.756 51.250 d 37.469–68.775 2.33 ± 0.33 1.56 ± 0.17 1.44

Formic acid 825 6.723 c 2.358–13.241 152.452 e 105.560–220.640 2.35 ± 0.33 1.21 ± 0.15 4.77

1 Total number of honey bees used per treatment
2 Lethal dosage causing 5% mortality after 48 h with 95% confidence limits
3 Lethal dosage causing 50% mortality after 48 h with 95% confidence limits
4 Different letters next to the LD05 and LD50 values indicate significant differences based on ANOVA and Tukey tests (P < 0.05). Comparisons are only
valid within same dose
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was significantly lower than that of bees treated with tau-
fluvalinate, amitraz, and coumaphos, which were not signifi-
cantly different from each other (F6,34 = 15.37, P < 0.0001;
F6,34 = 5.43, P = 0.004). The expression of Vg showed a dose
response with no response to the acaricides at the LD05 doses,
but the LD50 doses of tau-fluvalinate, amitraz, and coumaphos
showed significantly higher expression than both controls at
24 and 48 hpt.

Effect on AChE expression

For the LD05 doses, AChE expression was not significantly
different between the controls or any of the acaricides at 2 and

24 hpt (F6,34 = 0.41, P = 0.86; F6,34 = 0.45, P = 0.84, respec-
tively; Fig. 3a). However, from 24 to 48 hpt, AChE expression
increased most with amitraz that had significantly higher ex-
pression (F6,34 = 66.07, P < 0.0001) than tau-fluvalinate and
formic acid that had significantly higher expression (F6,34 =
66.07, P < 0.0001) than in non-treated and ethanol, couma-
phos, and thymol treated bees (F6,34 = 11.17, P = 0.0001).

Exposure to the LD50 doses resulted in AChE expression
increasing from 0 to 2 hpt with all the acaricides, and AChE
expression was significantly higher in bees treated with all the
acaricides compared to the two controls (F6,34 = 34.17,
P < 0.0001) (Fig. 3b). There was no change at 24 hpt
(F6,34 = 76.38, P < 0.0001). However, at 48 hpt, AChE

Table 2 Determination of hazard
ratio of tested acaricides Formulated acaricide1 Active ingredient Residual time in combs2 Dose (g)/hive3 Hazard ratio4

Apistan® Tau-fluvalinate Years 1.6 3.6

Apivar® Amitraz Days 1.0 0.5

ChekMite® Coumaphos Years 2.8 0.5

Apiguard® Thymol Days 25.0 0.5

Mite Away QS® Formic acid Days 137.0 0.9

1 Trade names of acaricides
2 Residual time of acaricides in combs (Bogdanov 2006)
3 Dose/hive is the dose of acaricide recommended by manufactures for each colony
4Hazard ratios were calculated by dividing the dose of acaricide applied in the hive by their LD50s

Fig. 1 Relative expression (mean ± SE) of cytochrome P450 (CYP9Q3)
for worker honey bees following the treatments with a LD05 and b LD50

doses of five acaricides. Bees were topically treated with a LD05 dose of
( ) tau-fluvalinate, ( ) amitraz, ( ) coumaphos, ( ) thymol, or ( )
formic acid. The control treatments consisted of ( ) ethanol-treated bees

(solvent) and ( ) non-treated bees (control). Levels of mRNA were de-
termined relative to RPS5 mRNA levels. Data points represent the mean
of six replications. Different letters indicate that the relative expression of
cytochrome P450 in treated bees was significantly different from those of
non-treated bees based on ANOVA and Tukey tests (P < 0.05)
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ribonuclease III activity) could also improve
efficacy (20). The deleterious effects of Varroa
mites and viruses for which the mites act as
vectors are interdependent (2); both types of
pests could be targeted simultaneously by
symbiont-mediated RNAi, which might lead
to synergistic improvements in bee health or
more robust protection in the context of the
fluctuating biotic interactions within hives.

For example, co-infecting viruses that encode
RNAi suppressors may limit the efficacy of
symbiont-mediated RNAi (21); thus, a strat-
egy that exploits the RNAi machinery of both
bees and mites could ensure more consistent
benefits to bee health.
We have shown that microbiome engineer-

ing can increase resistance to pathogens, a
strategy proposed for humans (22) and honey
bees (23, 24). Insect-associatedmicrobes have
been engineered to interfere with mosquito
transmission of malaria (25) and to kill crop
pests (26), but not to improve pollinator health.
Our results imply movement of symbiont-
produced dsRNA from the gut lumen into bee
cells but do not identify the mechanism of
transfer. Possibly, lysis of S. alvi cells releases
dsRNA to be taken up through the same route
as orally administered dsRNA. Alternatively,
symbiont-mediated dsRNA delivery may co-opt
an uncharacterized interaction of S. alviwith
its bee host, such as outer membrane vesicle
production (27) or direct RNA export (28).
Symbiont-mediated RNAi provides a new tool
to study bee biology and to improve resilience
against current and future challenges to honey
bee health.
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Fig. 4. Symbiont-produced RNAi kills Varroa
mites feeding on honey bees. (A) Design of
pDS-VAR plasmid targeting essential Varroa genes.
(B) Survival curves for Varroa mites that fed on bees
colonized with engineered S. alvi. Total N = 253
mites. All mites came from a single infested hive.
Bees were sourced from three separate hives.
**P < 0.01 (Wald test); NS, not significant.
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bacteria died more quickly than mites that
fed on control bees (Fig. 4B).
Determining whether engineered symbiotic

bacteria can improve whole hive health will
require further testing. It is promising that
inoculating beeswith dsRNA-producing strains
alone has no negative effect on their survival
(fig. S9). Ongoing within-hive transmission could
increase the effectiveness of this treatment by

promoting the persistence and spread of en-
gineered strains to new bees. Natural trans-
mission of S. alvi and other bee gut symbionts
occurs through direct social contact within
hives (15), and engineered S. alvi strains are
transferred between cohoused bees in the
lab (fig. S10), suggesting that within-hive
transmission is likely. Less is known about
between-hive transmission of the bee gut

microbiota. Use of this approach outside of
the laboratory would require an understand-
ing of these processes and the necessary bio-
containment safeguards.
The degree of protection of bees that we

observed in our experiments could likely be
improved by further optimizing this symbiont-
mediated RNAi delivery system. The specific
dsRNA sequence chosenwill affect the efficacy
of targeted RNAi knockdown, as has been
shown for suppression of DWV by oral de-
livery of RNAi (19). Engineering S. alvi to
deliver more dsRNA to bees (e.g., by reducing

Leonard et al., Science 367, 573–576 (2020) 31 January 2020 3 of 4

Fig. 2. Symbiont-mediated RNAi reduces expression of a specific host gene and alters feeding
behavior and physiology. (A) Plasmid design for off-target dsRNA control plasmid (pDS-GFP) and InR1
knockdown plasmid (pDS-InR1). (B) Bees colonized with engineered S. alvi expressing InR1 dsRNA
(pDS-InR1 plasmid) show reduced expression of InR1 throughout body regions for 10 days compared to
bees colonized with off-target dsRNA control (pDS-GFP). Total N = 29 bees from one hive. (C) pDS-InR1
plasmid increases host feeding activity (sucrose sensitivity response), measured 5 days after inoculation.
Curves are a binomial family generalized linear model fit to the response data for N = 67 bees from two hives.
(D) pDS-InR1 plasmid significantly increases bee weight, measured 10 and 15 days postinoculation
(Mann-Whitney U test). Total N = 135 bees from one hive. See fig. S4 for data from an additional trial.
Error bars and shading represent SEs. **P < 0.01; ***P < 0.001.

Fig. 3. Symbiont-produced RNAi can improve
honey bee survival after viral injection.
(A) Design of the DWV knockdown construct
pDS-DWV2. (B) Survival curves of bees monitored
for 10 days after injection with DWV or the
phosphate-buffered saline (PBS) control. Bees
inoculated with pNR, pDS-GFP, or pDS-DWV2 and
then injected with PBS showed no significant change
in survival (dotted lines). When injected with DWV,
bees inoculated with pDS-DWV2 showed increased
survival compared with bees inoculated with pNR
(no dsRNA control) or pDS-GFP (off-target dsRNA
control). ***P < 0.001 (Wald test); NS, not
significant. Total N = 980 bees, sourced from three
separate hives.
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BEE HEALTH

Engineered symbionts activate honey bee immunity
and limit pathogens
Sean P. Leonard1,2, J. Elijah Powell1, Jiri Perutka2, Peng Geng2, Luke C. Heckmann1, Richard D. Horak1,
Bryan W. Davies2, Andrew D. Ellington2, Jeffrey E. Barrick2*, Nancy A. Moran1*

Honey bees are essential pollinators threatened by colony losses linked to the spread of parasites and
pathogens. Here, we report a new approach for manipulating bee gene expression and protecting bee
health. We engineered a symbiotic bee gut bacterium, Snodgrassella alvi, to induce eukaryotic RNA
interference (RNAi) immune responses. We show that engineered S. alvi can stably recolonize bees and
produce double-stranded RNA to activate RNAi and repress host gene expression, thereby altering
bee physiology, behavior, and growth. We used this approach to improve bee survival after a viral
challenge, and we show that engineered S. alvi can kill parasitic Varroa mites by triggering the mite RNAi
response. This symbiont-mediated RNAi approach is a tool for studying bee functional genomics and
potentially for safeguarding bee health.

H
oney bees (Apismellifera) are dominant
crop pollinators worldwide and amodel
organism for studying development, be-
havior, and learning. Recently, high honey
bee colonymortality (1), attributed large-

ly to synergistic interactions between parasitic
mites (Varroa destructor) and RNA viruses (2),
has become a critical problem for agriculture
and the maintenance of natural biodiversity.
Despite the importance of honey bees, studies
of honey bee biology are limited by bees’ un-
usual social structure and reproductive biology.
New genetic tools and methods for deterring
pathogens are vital for understanding and
protecting honey bees.
Honey bees possess themolecularmachinery

for RNA interference (RNAi) (3), a eukaryotic
antiviral immune system in which double-
stranded RNA (dsRNA) triggers degradation
of other RNAs with similar sequences. RNAi
can be induced by feeding or injecting dsRNA,
and this has been used to knock down ex-
pression of bee genes and to impair repli-
cation of RNA viruses, including deformed
wing virus (DWV) (4–8). dsRNA administered
to bees is transmitted to their eukaryotic par-
asites and can induce parasite RNAi responses.
This approach has been used to suppress
Varroa (9) andNosema (10) by using dsRNAs
that silence essential parasite genes. How-
ever, use of dsRNA for sustained manipula-
tion of bee gene expression or control of bee
pests has proven difficult. Even administration
of dsRNA to individual bees yields patchy and
transient gene knockdown (11), and dsRNA can
have off-target effects (12–14). There are even
greater obstacles to using dsRNA to defend en-
tire hives located in the field against pathogens,

as dsRNA is expensive to produce anddegrades
rapidly in the environment.
Here, we describe successful efforts to en-

gineer Snodgrassella alvi wkB2, a symbiotic
bacterium found in bee guts, to continuously
produce dsRNA to manipulate host gene ex-
pression and protect bees against pathogens
and parasites.
S. alvi is a coremember of the conserved gut

microbiota of honey bees (15). To test whether
engineered S. alvi robustly colonizes bees, we
inoculated newly emerged, antibiotic-treated
bees en masse with S. alvi transformed with a
plasmid expressing green fluorescent protein
(GFP) and thenmonitoredbacterial colonization
(Fig. 1). Even at a dose of 500 colony-forming
units (CFU), engineered S. alvi establishes
within worker bees, grows to ~5.0 ! 107 CFU
after 5 days (Fig. 1A), and persists stably
throughout the life span of bees reared in the
lab (Fig. 1B). Most engineered S. alvi cells
remained functional throughout our 15-day
experiments, although some bees contained
cells that lost fluorescence at the final time
point (Fig. 1C). We also confirmed that, 11 days
after colonization, engineered S. alviwas found
along the gut wall with the same localization
as the wild-type strain (Fig. 1, D to F) (15).
To test whether S. alvi can deliver dsRNA

in situ, we designed a modular platform to
assemble plasmids that produce dsRNA from
an inverted arrangement of two promoters
(fig. S1). First, we assessed whether S. alvi
produced dsRNA during colonization and
whether there was a general bee immune
response to symbiont production of dsRNA.
We inoculated bees with S. alvi wkB2 trans-
formed with either a plasmid that expressed
no dsRNA (pNR) or a plasmid that expressed
dsRNA corresponding to the GFP coding se-
quence (pDS-GFP). At 5, 10, and 15 days after
inoculation, we sampled and dissected bees
to measure RNA levels in different body re-
gions. We detected GFP RNA in the head, gut,

and hemolymph of bees colonized with dsRNA-
producing bacteria at all sampling times (fig.
S2). The presence of GFP RNA in the hemo-
lymphs and heads of bees, where no bacte-
ria reside, suggests that RNA is transported
throughout their bodies, as previously reported
(8). We also detected up-regulation and differ-
ential expression of immune pathway genes
in the bees colonized with S. alvi bearing the
pDS-GFP plasmid, and for some genes this
up-regulation correlated with the amount of
dsRNA produced in the gut (fig. S2). The up-
regulated genes includedDDX52 andDHX33,
which encode RNA helicases previously im-
plicated in the bee immune response to dsRNA
(8). Other up-regulated genes included cact1
and cact2 (in abdomens), which remained up-
regulated for the entire 15-day trial; cact1 and
cact2were previously shown to be up-regulated
after injection of dsRNA, but only for a few
hours (8). The RNAi components dicer and
argonaute were not consistently up-regulated,
but dicer expression in abdomens did increase
5 to 10 days after colonization, as reported for
dicer shortly after dsRNA injection (8). Thus,
engineered S. alvi persistently produces dsRNA
in situ, and the bee host responds by activating
immune pathway genes.
Next, we testedwhether symbiont-produced

dsRNA can be used to silence specific host
genes. The insulin/insulin-like growth factor
signaling pathway controls bee feeding behav-
ior and development, including the transition
of worker bees from nurses to foragers (16).
We built a dsRNA plasmid targeting the in-
sulin receptor InR1 (pDS-InR1) (Fig. 2A and
fig. S3), transformed this plasmid into S. alvi,
and assayed its effects on bees. Comparedwith
the pDS-GFP off-target control, we saw signif-
icantly lower expression of InR1 over multiple
days and in all tested body regions (Fig. 2B). In
contrast, previous studies found that direct
injections of dsRNA into honey bee brains
cause only transient (<1 day) knockdown (17).
Bees colonized by bacteria harboring the pDS-
InR1 plasmid showed increased sensitivity to
low concentrations of sucrose (Fig. 2C) and
gained more weight over time in each of two
independent trials (Fig. 2D and fig S4). InR1-
suppressing bacteria led to significantly heav-
ier bees at 10 and 15 days after colonization,
likely a product of increased feeding behavior.
Thus, symbiont-mediated RNAi systemically
silences bee genes and can lead to persistent
behavioral and physiological changes.
Next, we testedwhether symbiont-produced

dsRNA can protect bees against a common
viral pathogen. We designed three dsRNA-
producing plasmids targeting different sections
of theDWVgenome (pDS-DWV1 topDS-DWV3)
(fig. S5) and then initially assessed whether
S. alviwith these plasmids could help bees re-
sistDWV infection (fig. S6).Weorally inoculated
beeswithDWVand48hours later assessed viral
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Genmodificerede tarmbakterier
aktiverer honningbiers immunitet
og hæmmer skadegørere.

< -
Man indsætter gen element 
fra Deform vingevirus, så
det bliver udtrykt i 
Snodgrassella alvi i biens tarm.

->
Man kan alternativt indsætte 
varroa gen elementer som er 
livsvigtige for miden.
Varroamiderne dør kort efter at 
bierne fodres med bakterien.



Avlsarbejde? 

Der findes varroa tolerant bier og der er vigtigt
arbejde i gang i Europa.

Der spores ingen interesse for dette i Danmark.
Hvis ikke I efterspørger varroa tolerante bier
kommer de ikke til salg.
Det er jeres ansvar at ændre dette!



Varroabekæmpelse uden kemi



Yngelpause uden sværm

u Fangsttavle - har været anvendt siden 1985, har 
ikke slået an, men vi forsøger igen

u Bure til indespærring af droning udviklet i Italien
til at yngelafbrydelse

u Total yngelfratagelse, enten for dannelse af
aflæggere eller produktion af bivoks









Når dronningen sættes
fri og stadet er yngelfrit
kan man behandle med
oxalsyre





Virker det?
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Introduction 

b

Seasonal brood interruption as an effective measure 
for Varroa control 

Most Varroa induced colony losses occur during the autumn or winter season in consequence of an insufficient health status of the winter bee population. Even when starting
from a low initial mite infestation in early spring, critical mite and virus infection levels can be reached until the period of winter bee production if colonies continuously rear brood
throughout the whole season. The aim of this study was to investigate the effect of a seasonal brood interruption, partly combined with oxalic acid application, on mite control,
colony strength and work demand on a representative international level.

Study design

Figure 1. Annual timeline of the study

The study was run during 2016/17 and 2017/18 in 10 European countries (see country
codes in the name of apiaries) with a total of 370 colonies representing different European
honey bee subspecies.
A standardized testing protocol was developed and published on the COLOSS website
(www.coloss.org). Queen caging (QC) for 25 days, followed by a single treatment with
trickling of 5 ml of an 4.2 % oxalic acid (OA) solution (Apibioxal®) per settled comb served
as a standard in all apiaries. It was compared to 8 ml 2.5% and 5 ml 2.5% OA dosage

Efficacy of treatment

Figure 3: Efficacy of QC in combination with 
different OA treatments. 

Bee tolerability and workload
The standard treatment (QC 4.2%-5ml) achieved an adjusted mean efficacy of 87.5 % with
some significant differences between the apiaries (see fig. 2). In comparison, trickling with
lower dosages (2.5%-8ml and 2.5%-5ml) reduced the mean efficacy to 80.1 % and 48.6 %
respectively while the application of OA via sublimation achieved a mean efficacy of 88.9 %
(see fig. 3).
Due to the undetermined mite reduction by removed brood the efficacy of TC, TCS and
TBR were estimated by the mite fall during the critical treatment (see table 2). It was
usually higher than in the QC 4.2%-5ml group, but the difference was only significant for
the TBR treatment.

No remarkable losses of queens or colonies occurred at any of the testing
apiaries during this study. Single queens were lost during the caging or soon
after release from the cage, but the frequency remained within the range of
normal seasonal supersedure events.
To estimate the effect of treatment on the colony development, the ratio of bees
70 days post and shortly before treatment were compared. The balanced mean
values for the treatment groups do not differ significantly, but the variability
between apiaries was high (see table 3).

Table 2: Post-treatment mite 
infestations (mean values with 

95% confidence intervals) 

Figure 4. Working time per hive 
for all relevant manipulations 

(adjusted means with std. dev.)

Conclusions
The results of our study show a high potential of seasonal brood interruption techniques to effectively reduce
mite infestation levels in due time before winter colony build up. While beekeepers sometimes worry about
negative effects of longtime caging on the queen, no such problems were observed during two seasons.
An effective mite reduction during brood interruption periods can either be achieved by a single oxalic acid
application in broodlees stage (about 25 day after caging) or by attracting mites to trapping combs with open
brood which will be removed after capping. The latter options (TC or TBR), although sometimes slightly less
effective, can even work without the use of any drugs.
The efficacy of OA application in broodless, strong and active colonies depends very much on a suitable
dosage. The most effective method was sublimation of about 2 g crystalline oxalic acid per hive by a suitable
vaporizer like the electrically heated Varrox® device. With the simpler OA application by trickling similar
results can be achieved if the dosage is high enough (f.e. 5 ml Apibioxal® solution with 4.2% pure (water free)
oxcalic acid concentration or 8 ml Oxuvar® solution with 2.5% pure OA concentration per settled Langstroth
comb).
The bee population development of the experimental colonies varied considerably depending on
environmental effects (apiary and season), but didn´t show significant differences between the treatments.
Still there is the tendency of a higher bee tolerability of OA application by sublimation than by trickling.
Interestingly, total brood removal does not result in a sustainable weakening of the hives, but is usually well
compensated by colonies within about two months after treatment.
Large scale operations may prefer a simple caging of queens as it is less time consuming than the trapping
comb or total brood removal procedure. However, the latter can be of special interest for organic producers
who attempt to avoid the use of any drugs as far as possible.
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Table 1: Number of colonies within two seasons by treatment groups and apiaries

(Oxuvar®), OA sublimation, trapping comb technique (TC, TCS) and total brood
removal (TBR) methods (see the online protocol for details).
The remaining mite infestation was estimated by a critical treatment with either
Apistan®, Apivar®, Apitraz®, Bayvarol®, CheckMite® or Varostop® strips
according to label instructions 10 days post treatment. Efficacy was calculated as
percent of mites killed before the critical treatment by the total number of mites.
The survival of queens and colonies was observed till the following spring. To
check for effects on colony development, the number of bees and brood cells
were estimated according to the Liebefeld method before and 70 days post
treatment. Finally, to compare the workload of the different methods, the working
time per hive for all treatment related activities was measured.
The data were analyzed by a SPSS-GLM anova model using apiary, season and
treatment as fixed factors. Adjusted means are used to compare for the effect of
different treatments.

Figure 2: Efficacy of QC 4.2%-5ml standard 
treatment in different apiaries

Treatment Mean Lower CI-95% Upper CI-95%

QC 4.2%-5ml 191.3 143.7 238.9

TC 270.5 164.2 376.7

TCS 215.4 109.1 321.6

TBR 352.8 252.4 453.1

Table 3: Relative colony 
strength 70 days post 

treatment compared to the 
strength before treatment 

(mean values with 95% 
confidence intervals) 

Treatment Mean Lower CI-95% Upper CI-95%
QC 4.2%-5ml 0.553 0.511 0.595
QC 2.5%-8ml 0.579 0.519 0.638
QC 2.5%-5ml 0.411 0.310 0.512
QC OA-subl 0,634 0.554 0.714
TC 0,561 0.483 0.640
TCS 0.702 0.615 0.790
TBR 0.521 0.378 0.665

Apiary QC 4.2%-
5ml

QC 2.5%-
8ml

QC 2.5%-
5ml

QC OA-
subl

TC TC simpl TBR total

DE-KO 10 10 20
DE-MA 16 8 10 17 51
EL-NM 4 10 14
ES-AR 10 5 15
ES-FR 4 10 14
ES-OP 5 5
ES-UR 10 5 15
FR-LD 9 9 18
IE-OA 10 10 10 8 38
IT-MF 10 11 21
IT-RO 9 8 17
MK-PE 17 10 27
PL-OL 10 10 10 30
RS-BE 15 9 10 34
SL-BR 16 11 10 14 51

total 155 60 20 64 34 27 10 370

One time queen caging combined with a single OA application takes on average
about 20 minutes working time, while the repeated moving of queens and
trapping comb removal of TC treatment takes about twice as much time (fig 4).
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QC 4.2 % 5 ml = dronningebur oxalsyre drypning
QC OA subl = dronningebur oxalsyrefordampning
TC = fangsttavle
TBR = totalyngelfratagelse



Frivillige søges til 2022

u Vi vil gerne tilbyde jer bure til indespærring af dronningen

u Vi tæller varroa så I kan vurdere behovet før behandling 
og vi kan se effekten af behandling under jeres forhold

u Det skal optimeres til danske forhold
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Back-up resultater



Ikke dødelige effekter af
oxalsyre på honningbier:
ændringer i adfærd og
livslængde


