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Abstract – The treatment against Varroa destructor has become a basic tool in beekeeping practices, mainly during
autumn. The treatment effectiveness should be improved by identifying variables affecting the final outcome. The
aim of this study was to identify the risk factors associated with the treatment outcome achieved during autumn
control of Varroa destructor . The mite infestation after treatment was evaluated in 62 apiaries and data regarding
management practices were collected by means of a questionnaire. A mixed-effects model was constructed to
associate management variables with the risk of treatment failure occurrence. Colonies with high mite levels prior to
treatment (P=0.002) and owned by beekeepers who did not frequently replace queens (P=0.001) were associated
with a higher risk of treatment failure. Other beekeeping practices indirectly improved treatment effectiveness. An
integrated strategy for controlling mites that includes chemotherapy and suitable beekeepers management is needed
to keep mite populations low during winter.

Varroa destructor /Apismellifera / chemical acaricides / treatment effectiveness / management practices

1. INTRODUCTION

Worldwide apiculture is threatened by the ec-
toparasitic mite Varroa destructor (Anderson and
Trueman), since its host range has been success-
fully extended all around the world (Oldroyd
1999; Rosenkranz et al. 2010). The treatment
against Varroa mites has become a basic tool in
beekeeping practices (Genersch 2010) mainly to
keep the autumn infestation rate under the thresh-
old indicated for an acceptable colony loss rate
during winter (Genersch et al. 2010). There are
few strategies to keep V. destructor populations

below injurious levels in honey bee colonies
(Rosenkranz et al. 2010), being chemical sub-
stances widely used. Both the easy application
and the economic convenience are still pre-
ferred advantages and therefore, many bee-
keepers decided to use at least one chemical
treatment a year (Lodesani et al. 2006).
However, there are some limitations such as
the parasite resistance (Milani 1999; Elzen
et al. 2000; Goodwin et al. 2005; Maggi
et al. 2011) and the variability of efficacy
(Underwood and Currie 2003; Aldea et al.
2012; Dietemann et al. 2012).

A wide diversity of integrated pest manage-
ment tactics have been proposed and tested for
V. destructor population control (Imdorf et al.
2003; Calderone 2005; Delaplane et al. 2005;
Currie and Gatien 2006). While abandoning of
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chemical control seems hard to achieve, the fre-
quency of synthetic acaricides application must be
partially reduced and its efficacy should be max-
imized. For instance, seasonal differences (Currie
and Gatien 2006), treating according to label in-
structions, the active ingredient rotation
(Rosenkranz et al. 2010), and the sanitary condi-
tion of honey bee colonies are some of the driving
variables that might affect the treatment final out-
come. Likewise, V. destructor control effective-
ness in temperate climates might depend on brood
availability in the colonies. The simulation of the
Varroa population dynamics predicted fewer
mites for a short season condition with a defined
break in brood rearing during winter than for a
long season of brood availability (Vetharaniam
2012).

Additionally, a spatial analysis approach is re-
quired in order to identify zones tending to con-
centrate control failure either due to beekeeping
practices variation or environmental factors. The
aim of this study was to identify the risk factors
associated with the treatment outcome achieved
during autumn control of V. destructor .

2. MATERIALS AND METHODS

2.1. Study design and sample size

A cross sectional study was carried out from April to
June 2013, in east-central Argentina (Santa Fe prov-
ince). The sampling time was at the end of the acaricide
treatment period (45 days after treatment began) to
check mite levels of the colonies before winter season.
Since the sampling time varied according to treatment
initiation date, a time frame of approximately 3 months
was defined between the first and last sampling date.

Apiaries were randomly chosen following stratified
randomization procedures (computerized random num-
bers) (Moher et al. 2010). A total of 62 apiaries
(n=3735; 95 % confidence level; precision=10.5 %)
were sampled during the late autumn season, being
consistent with the number of apiaries in Santa Fe
province. Within each apiary, a minimum of six colo-
nies or 10 % of the total colonies (Lee et al. 2010) have
been randomly selected to evaluate V. destructor infes-
tation level after acaricide treatment. As a result, a total
number of 377 colonies were analyzed.

2.2. Data collection

A sample of approximately 300 adult worker bees
per colony was collected from both sides of three un-
sealed brood combs and placed in a jar filled with
alcohol. Adult bees were examined using the warm/
soap water method to diagnose the presence of phoretic
mites in bee colonies and to estimate the infestation rate
of adult bees (Dietemann et al. 2013). In addition, the
populations of adult bees and brood, as well as pollen
and honey reserves were measured in colonies by esti-
mating the total area of comb covered by adult bees,
brood, sealed honey, and pollen (DeGrandi Hoffman
et al. 2008; vanEngelsdorp et al. 2009). Once each hive
was opened, each frame was sequentially removed and
the percentage of coverage on both sides was estimated.

A monitoring questionnaire was answered by the
participating beekeepers in order to gather information
about: general apiary traits (i.e., geographic location,
number of colonies, average honey production, and
winter mortality per year), commonly performed man-
agement practices (carbohydrates and protein diets,
monitoring of mite levels in the colonies measured by
the beekeepers, queen replacement, making nuclei, col-
onies migration), and acaricide treatment against
Varroa mites (active ingredient, date of treatment,
chemical rotation during the last 4 years). Additional
information concerning apiary management practices
could be obtained from the complete questionnaire
(available as supplemental material in Giacobino et al.
2014).

The prevalence of colonies with more than 1 % of
V. destructor infestation after an autumn acaricide treat-
ment was estimated from diagnose examination of 377
honey bee colonies. The colonies with >1 % of Varroa
infestation after control treatment were considered as
treatment failure (TF) colonies. This threshold was set,
assuming that colonies that undergo winter with avail-
able brood should keep Varroa phoretic levels as low as
possible, since 85–90 % of Varroa are in cells
during a brood cycle (Vetharaniam 2012). This is
rather important for colonies from a temperate
climate without broodless period given that the
proportion of total mites within capped brood is
a significant linear predictor of the growth rate
(Harris et al. 2003). The focus of our analysis
was set in the final levels of Varroa of the
overwintering colonies according to the manage-
ment decisions including acaricide treatment.
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2.3. Statistical analysis

All potential predictor variables and the prevalence
of TF colonies (>1%)were examined using the Pearson
chi square test of independence (χ 2). All variables with
a significance value of P<0.15 were selected. The col-
linearity between the selected variables was performed
by a Pearson’s chi square test. When two potential risk
factors were associated, only one was offered to the
multivariable analysis.

A mixed-effect logistic regression with apiary as the
random effect was adjusted for the significant factors
previously tested. Variables with a P<0.05, calculated
using the Wald test, were maintained in the model. All
the statistical analyses were carried out using the
InfoStat software (Universidad Nacional de Córdoba,
Argentina).

2.4. Spatial analysis

The spatial scan statistic method for cluster detection
(Kulldorff and Nagarwalla 1995) was used to identify
and test the significance of specific clusters for a het-
erogeneous population distribution. The data set was
scanned for windows with less and more cases of TF
colonies (low and high rates, respectively) than expect-
ed, equivalent to a two-sided statistical test. A likeli-
hood ratio test statistic was calculated for each window
and the scanning upper limit was set at 50 % of the
population at risk. The distribution of TF colonies was
assumed to be Bernoulli (for instance cases >1 % and
non-cases ≤1 %), the most likely cluster along with
secondary clusters were reported (Kulldorff 2014). All
analyses were performed using SaTScan software ver-
sion 9.2 (www.satscan.org).

3. RESULTS

A total of 76 (20.2 %) out of 377 colonies
showed an infestation higher than 1 % (1 mite
per 100 bees) after treatment against V. destructor
and were considered as TF colonies. The mean
abundance of V. destructor (per colony) before
treatment was 0.05±0.06 mites per adult bee (5
mites per 100 bees). Before treatment, combs
covered by adult bees per colony were 8.70
±1.39 and combs covered by brood were 4.63
±1.87. The number of combs covered by brood
at the beginning of the treatment was similar

(P=0.192) between TF colonies (4.43±1.44) and
colonies <1 % after treatment (4.7±1.96). The
average sealed honey and pollen stored were
2.97±1.62 and 0.86±0.66 combs, respectively. At
the end of treatment, colonies had 7.32±1.78
combs covered by adult bees, 1.46±1.18 combs
covered by brood, 3.56±1.80 combs of sealed
honey, and 0.58±0.69 combs of stored pollen.
The most used acaricide during Autumn 2013
was flumethrin strips (43 out of 62 beekeepers),
followed by amitraz (10 beekeepers), oxalic acid
(5 beekeepers), and coumaphos (4 beekeepers).
Most of the beekeepers (90.5 %) applied a com-
mercial acaricide: 69.8 % used Flumevar®
(Flumethrin strip 0.34 g/100 g of product),
14.3 % used Amivar® (Amitraz 4.13 g/100 g of
product), 3.2 % Cumavar® (Coumaphos strips
8.5 g/100 g of product) and 3.2 % Oxavar® (pow-
der of Oxalic acid 97 g/100 g of product). Home-
made formulations were uncommon (9.5 %).

After the univariable analysis, 14 out of the
total potential explanatory variables tested were
selected (selected variables had a significance val-
ue of P<0.15) to be included in the mixed-effects
logistic regression model. Elected variables after
collinearity test (P<0.05) were as follows: the
percentage of Varroa infestation prior to treat-
ment, carbohydrate and protein diet, autumn acar-
icide product, date of treatment and active ingre-
dient rotation, spring treatment management,
monitoring Varroa levels, apiary location, apicul-
tural experience, queen replacement, making nu-
clei, colony migration, and percentage of comb
replacement (Table I).

The final multivariate model identified two
variables associated with the prevalence of TF
colonies (Table I). The apiary random effect was
significant (P<0.01). The probability of TF colo-
nies increased when queen replacement was not
performed (odds ratio (OR)=8.849; 95 % confi-
dence interval (CI)=2.551–30.303; P=0.001), as
well as when the percentage of infestation prior to
treatment was 3 % or more (OR=4.884; 95 %
CI=1.820–13.102; P=0.002) (Table I). Addition-
ally, we found that variables removed from the
multivariate model were associated either with
queen replacement or with the percentage of
Varroa prior to treatment (Figure 1). Spring treat-
ment (P =0.007), active ingredient rotation
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(P=0.002), making nuclei (P<0.0001), colony mi-
gration (P<0.0001), comb replacement (P=0.007),
and protein diet (P<0.0001) were associated with
queen replacement. On the other hand, autumn
treatment date (P=0.001) was associated with the

percentage ofVarroa prior to treatment. In addition,
monitoring before treatment (P =0.001 and
P=0.03), zone (P=0.001 and P=0.017), carbo-
hydrate supply (P<0.0001 and P=0.008) and
autumn treatment product (P <0.0001 and

Table I. Final mixed-effects logistic regression model for apiary factors associated with V. destructor high
prevalence (>1 %) in honey bee colonies after autumn acaricide treatment (random effect: apiary; n =341).

Variable Level Odds ratio 95 % CI (OR) P valueb

Intercept 34.833±323.577a 0.914

Protein diet No (ref.) – – –

Yes – – 0.639

Carbohydrate supply No-sucrose (ref.) – – –

HFCS – – 0.924

Queen replacement Yes (ref.) – – –

No 8.849 2.551–30.303 0.001*

% of Varroa prior to treatment Less than 3 % (ref.) – – –

3 % or more than 3 % 4.884 1.820–13.102 0.002*

Monitoring before treatment Yes (ref.) – – –

No – – 0.591

Zone Coast (ref.) – – –

North – – 0.995

Center – – 0.971

South – – 0.971

Apicultural experience Less than 10 years (ref.) – – –

10 or more than 10 years – – 0.147

% of nuclei per apiary Less than 50 % (ref.) – – –

50 % or more than 50 % – – 0.944

% of annual comb replacement
per hive

3 or less than 3 combs (ref.) – – –

More than 3 combs – – 0.941

Colonies migration No – – –

Yes – – 0.922

Acaricide rotation (last 2 years) No (ref.) – – –

Yes – – 0.979

Spring acaricide treatment No (ref.) – – –

Yes – – 0.983

Autumn treatment acaricide Organics – – –

Flumethrin/amitraz – – 0.972

Coumaphos – – 0.999

Autumn treatment date Early (ref.) – – –

Late – – 0.903

Ref reference category, CI confidence interval, HFCS high fructose corn syrup
a Beta±SE
b Significance of likelihood ratio test statistic; Apiary (P >0.01)
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P=0.048) were associated with risk factors,
queen replacement, and Varroa previous level,
respectively. The apicultural experience was not
associated neither to queen replacement
(P=0.99) nor Varroa previous level (P=0.6).

Two significant clusters were detected across
the geographical range (Table II). The most likely
cluster (ID number=1) had almost 115 km of
radius and was the more extensive. It was located
in the south of Santa Fe province (Figure 2a) and
had a relative risk of 3.78 (high rate cluster). Any
colony that was inside this cluster had almost four
times higher possibilities to be a TF colony than
the others outside the same cluster. The fact of it
being inside a cluster was associated with some of
the risk factors identified by the logistic model
(Figure 2a). A total of 60.5 % of the colonies with
>3 % of Varroa infestation before treatment were
significantly associated with being in a high-rate
cluster after treatment (P=0.01) (Figure 2b). In
contrast, requeening in the colonies was not sta-
tistically associated with being in a high- or low-
rate cluster (P=0.626) (Figure 2c).

In addition, all the colonies within a low-rate
cluster received legal synthetic acaricide

(P<0.0001) at an early date (P<0.0001) and came
from apiaries that usually rotate the chemical
treatments (P<0.0001). However, 71.4 % of the
colonies from a high rate cluster were also treated
with legal synthetic acaricide.

4. DISCUSSION

There are several cases where the acaricide
treatment failed, mainly as a consequence of re-
sistance development (Lodesani et al. 1995, 2006;
Goodwin et al. 2005). The misapplication of com-
mercial products and homemade acaricides
(Higes et al. 2010) enhances drug -resistant mite
populations. The resistance also favors the escala-
tion of chemical applications and increases resi-
dues of miticides in bee products (Tremolada et al.
2004; Bogdanov 2006; Le Conte et al. 2010).
Furthermore, sub-lethal pesticide exposure can
increase susceptibility to pathogen attack in colo-
nies affected with colony collapse disorder
(vanEngelsdorp et al. 2010). Within this context,
adjusting some beekeeping practices associated
with the improvement of the treatment concept
may help to avoid the resistance development

Figure 1. Association network between the significant explanatory variables in the univariate analysis (P<0.15) and
risk factors for TF colonies occurrence identified by the logistic regression mixed model outcome.
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problem of the compounds (Lodesani et al. 2006).
Moreover, since flumethrin was the most fre-
quently used product during 2013 and so far no
resistance detection was reported for it in Argen-
tina, treatment failure seems to be a multi-causal
phenomenon.

The methodology for Varroa infestation as-
sessment in the colonies is widely discussed
(Dietemann et al. 2013). A number of available
methods for the Varroa infestation assessment
(using acaricides, monitoring natural mite fall,
and assessing infestation levels) were found to
provide comparable results (Branco et al. 2006).
The selection of an appropriate method depends
on several factors like the amount and situation of

sampled colonies, the desired precision in the
estimation consistent with the objective of the
study, and an achievable sampling effort. Consid-
ering these study conditions (particularly, the dis-
tances from apiaries to the laboratory and the
number of samples to analyze) the adult infesta-
tion rate per colony was estimated according to
the sampling plan for researchers proposed by Lee
et al. (2010).

As our results suggested, TF colonies had 4.9
times more risk of occurrence when the percent-
age of Varroa infestation prior to treatment was
more than 3 %. Nevertheless, it is difficult to
avoid high levels of mite populations since treat-
ment can only be carried out after the harvest,

Table II. Summary of TF colonies spatial distribution variables (cluster detection), for low- and high-rate clusters
(n=62; total population=379; total number of TF colonies=76; maximum spatial cluster size=50 % of population at
risk; number of replications=999).

Cluster ID Cluster radius (km) Number of colonies Relative risk P value

Most likely 1 114.46 123 3.78 <0.0001

Secondary 2 39.59 64 0 <0.0001

Relative risk: <1 low rate of TF colonies; >1 high rate of TF colonies

Figure 2. Monitored apiaries distribution from Santa Fe province (n=62). a Cluster distribution (purely spatial) of
percentage of Varroa destructor infestation after acaricide treatment; high rate (1 and 3) and low rate of TF colonies
(2 and 4). b Spatial association between cluster distribution of TF Colonies and percentage of infestation with
V. destructor prior to autumn acaricide treatment (black circle >3 % of infestation per colony; white circle ≤3 % of
infestation per colony). c Spatial association between cluster distribution of TF colonies and requeening (black
circle yes; white circle no).
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when the mite population has often risen to inju-
rious levels (Le Conte et al. 2010). However,
management practices that help keeping lower
Varroa infestation level are available, such as
protein and carbohydrate diet, monitoring the col-
onies, and woodenware disinfection (Giacobino
et al. 2014). Possibly, integrated strategies such as
healthy and well-nourished bees along with mite
level check-ups (monitoring) and the organic acar-
icide application during spring (Giovanezzo and
Dubreuil 2011), if required, are key to enhance the
treatment concept as a whole and avoid achieving
an increased infestation level during autumn. This
is important since autumn Varroa mite infestation
is one of the potential causes of winter mortality in
honey bee colonies (Genersch et al. 2010;
Guzmán-Novoa et al. 2010; Le Conte et al. 2010).

Queen replacement had also a significant effect
as a potential risk factor associated with the TF
colonies occurrence. Requeening is a key feature
associated with honey bee health as previous stud-
ies had suggested (Tarpy et al. 2000; Invernizzi
et al. 2006; Schneider and DeGrandi Hoffman
2008; Botías et al. 2012). Furthermore, in apiaries
where no queen replacement was performed, the
risk of achieving an increased percentage of
Varroa was higher (Giacobino et al. 2014). The
health and fitness of a honey bee colony depends
significantly on the quality of the queen (Botías
et al. 2012), as the variation in her reproductive
potential affects the entire colony organization
(Tarpy et al. 2000). Also, the damage caused by
a high Varroa mite infestation (Akyol et al. 2007)
and infections rates of Nosema sp. (Botías et al.
2012) could be decreased in colonies that have
young queens. As requeening is recommend-
ed to improve the hygienic behavior, a pos-
sible interaction with the acaricide treatment
could decrease the probability of the TF col-
onies occurrence.

Some management practices are associated
with risk factors of the TF colonies occurrence,
since they improve the effectiveness of the treat-
ment concept as a whole. This is likely because,
generally, beekeepers that adhere to a manage-
ment program keep the Varroa levels tolerable
during autumn (Giacobino et al. 2014) and after
treatment. The feeding with carbohydrate in the
colonies might be related to the autumn mite level

since better nourished bees improve their response
to nutritional stresses accumulated in managed
colonies (Mattila and Otis 2006). In addition, the
treatment applied during early autumn helped to
avoid the TF colonies occurrence (only 10 % of
TF colonies; P<0.0001), since the date of treat-
ment had significant effects on colony mortality
rates, mite levels, and brood area the following
spring (Strange and Sheppard 2001).

Although the mean abundance of V. destructor
prior to the application of acaricides in this study
was lower than expected for autumn season in
previous reports (Liebig 2001; Fries et al. 2003;
Currie and Gatien 2006; Rosenkranz et al. 2010),
the percentage of Varroa infestation prior to treat-
ment seems to be highly associated with the prob-
ability of the TF colonies occurrence. Likewise,
the 1 % criterium set up for TF colonies in our
study was below the threshold for economic dam-
age related to winter colony losses in Germany
(Genersch et al. 2010). Perhaps, the main differ-
ence was given by the fact that “autumn colonies”
in Germany have already produced their winter
bee population and usually they have little or no
brood (Genersch et al. 2010). The ratio live/dead
mites will change between periods when bee
brood is present or absent (Martin 1998). Northern
European countries have a shorter summer,
resulting in a shorter brood period and fewer mite
reproduction cycles, leading to a less Varroa -re-
lated risk of loss (van der Zee et al. 2014). Fur-
thermore, practically all mites are phoretic during
the winter months, which makes them vulnerable
to control products. On the other hand, if colonies
are not treated during late summer, when the host
population declines, the relative Varroa infesta-
tion increases and consequently the production of
healthy long-living winter bees is negatively im-
pacted (Genersch et al. 2010). In contrast, the
Argentinean situation is quite different mainly
because, regardless of the temperate climate, in
most regions, there is no broodless period
(Marcangeli et al. 1992). The long season is also
a typical condition of New Zealand, in which
brood rearing often continues throughout winter
(Vetharaniam 2012). The length of time over
which brood cells are available exerts the greatest
effect on mite population growth, thus Varroa
infestation will be more severe in long brood-
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rearing seasons than in short ones (Wilkinson and
Smith 2002).

Spatial cluster methods are the most common
tools for assessing nonrandom spatial patterns
(Auchincloss et al. 2012). The estimated practical
range for V. destructor spread in New Zealand
was 19 km (Stevenson et al. 2005), therefore,
local clustering methods that test specific small-
scale clusters, like spatial scan statistic, are
suitable.

The spatial distribution of TF colonies was
associated with the percentage of Varroa prior to
treatment, independently of the acaricide treat-
ment. The chemical treatment per se is not enough
to guarantee that Varroa levels were reduced be-
fore winter. Therefore, both preventing the occur-
rence of high levels of Varroa during late summer
and checking mite levels after the autumn treat-
ment are key tools to maintain a healthy
overwintering bee population. On the other hand,
colonies from the low-rate cluster were associated
with some recommended management practices
like an early chemical treatment along with an
active ingredient rotation. This supports the idea
that the influence of the geographical zone on TF
colonies is better explained by a coordinated re-
sponse strategy, as discussed previously, than by a
direct climate effect. Differently, high- or low-rate
clusters were not associated with requeening
though we found that it was a risk factor for the
TF colonies occurrence. Possibly, a spatial aggre-
gation of beekeepers that decide to perform queen
replacement in their colonies is not present. As our
results show, inside the high-rate cluster as well as
inside the low-rate cluster, requeening and not
requeening apiaries are present. Perhaps, circum-
stances where queen replacement may be re-
strained by personal economic factors arise and
therefore it is not possible to find a spatial pattern.

Environmental factors may act indirectly on
Varroa populations (Rosenkranz et al. 2010).
The influence of the geographical zone on risk
factors, such as queen replacement and the per-
centage of Varroa prior to treatment, might either
indicate a direct effect of climate on mite fertility
(Moretto et al. 1991; Harris et al. 2003) or a
coordinated and regionalized response from bee-
keepers concerning mites control measures. Re-
gardless, the geographical zone is a multifactorial

variable that demands a constant and a thoughtful
research effort beyond these study results.

5. CONCLUSIONS

The percentage of V. destructor infestation pri-
or to treatment and queen replacement are factors
associated with the treatment failure occurrence in
mite control during autumn. Appropriate manage-
ment practices are basic to improve the effective-
ness of the treatment concept and therefore to
keep mite populations low during winter. While
synthetic acaricides are still the foremost choice in
commercial beekeeping, strategies for the efficient
and suitable management of the chemical control
in the honey bee colonies are essential. Manage-
ment practices that mainly help to avoid treatment
failure before winter are highly valuable to be
included in worldwide apiculture, especially in
temperate climate without broodless period.
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