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ARTICLE INFO ABSTRACT

Article history: Varroa destructor is considered one of the major threats for worldwide apiculture. Damage
Received 31 July 2013 caused by varroa mite includes body weight loss, malformation and weakening of the bees.
Received in revised form 25 February 2014 It was also suggested as the main cause associated with colony winter mortality and as

Accepted 6 April 2014 an important vector for several honey bee viruses. Little is known about multiple factors

and their interaction affecting V. destructor prevalence in apiaries from South America. The
aim of this study was to identify risk factors associated with V. destructor prevalence in

I.gfsy]lmfzrcﬁ'rs east-central Argentina. Parasitic mite infestation level and colony strength measures were
Varroa destructor evaluated in 63 apiaries distributed in 4 different regions in east-central Argentina in a
Apis mellifera cross sectional study. Data regarding management practices in each apiary were collected
Management practices by means of a questionnaire. A mixed-effects logistic regression model was constructed

to associate management variables with the risk of achieving mite infestation higher than
3%. Colonies owned by beekeepers who indicated that they did not monitor colonies after
mite treatment (OR=2.305; 95% CI: 0.944-5.629) nor disinfect hives woodenware mate-
rial (OR=2.722; 95% CI: 1.380-5.565) were associated with an increased risk of presenting
high intensity infestation with V. destructor (>3%). On the other hand, beekeepers who
reported replacing more than 50% of the queens in their operation (OR=0.305; 95% CI:
0.107-0.872), feeding colonies protein substitute containing natural pollen (OR=0.348;
95% CI: 0.129-0.941) and feeding colonies High Fructose Corn Syrup (HFCS) (OR=0.108;
95% CI: 0.032-0.364), had colonies that were less likely to have V. destructor infestations
above 3%, than beekeepers who did not report using these management practices. Further
research should be conducted considering that certain management practices were asso-
ciated to mite infestation level in order to improve the sanitary condition in the colonies.
Epidemiological studies provide key information to design surveillance programs against
one the major threat to worldwide beekeeping.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

*  Corresponding author at: Instituto Nacional de Tecnologia Varroa destructor (Anderson and Trueman) (Acari:
Agropecuaria EEA Rafaela, Ruta 34 Km 227, Rafaela, C.P. 2300, Provincia Mesostigmata) is an obligate ectoparasite of the honey bee
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worldwide apiculture (Genersch, 2010). During the larval
and pupal stages of bees, varroa mites ingest hemolymph,
causing body weight loss (Duay et al., 2003), malforma-
tion of bees and weakening of colonies (Marcangeli et al.,
1992; Garedew et al., 2004) and reduction of the lifespan
of workers (Amdam et al., 2004). In addition, V. destructor
is the vector of several honey bee viruses (Chen and Siede,
2007) and has been suggested to be the main cause asso-
ciated with colony winter mortality (Guzman-Novoa et al.,
2010).

In Argentina, control of V. destructor is especially impor-
tant, given that Argentina exports about 95% of its national
honey production and contributes to 6% of the global honey
production (SAGPYA, 2009). Additionally, since numerous
economically important crops depend on honey bees for
pollination, the loss of honey bee colonies is of ecological
concern and is also an economic issue at the global scale.

Alternative strategies to chemical control, including
disease prevention and control programs based on epi-
demiological studies that attempt to identify factors that
may explain or contribute to disease outbreak, should be
assessed (vanEngelsdorp et al., 2013). Apicultural practices
are thought to be responsible for maintaining the viru-
lent forms of pathogens, especially because they contribute
to horizontal transmission (Fries and Camazine, 2001). In
addition, certain management practices in apiculture, such
as having moving colonies or not rotating the acaricides,
may indicate that socio-economic factors may tend to arti-
ficially improve the performance of certain diseases.

The availability of critical resources for bees depends
on the environmental conditions of each geographical zone
(Murray et al., 2009). Like in other countries, in Argentina,
the amount and quality of forage sources have declined
(vanEngelsdorp and Maixner, 2010), especially given that
changes inland-use have reduced the diversity of flowering
plants (Kremen et al., 2007). When outside food sources for
bees become scarce, “robbing” ends up impacting on hor-
izontal transmission of V. destructor (Fries and Camazine,
2001).

All this suggests that beekeeping is threatened by mul-
tiple and complex drivers involving biological, ecological
and socio-economic factors. Neumann and Carreck (2010)
reviewed the recent bee colony losses reported in Europe,
Japan and the USA and suggested the central role of V.
destructor, although they also stated that the mite alone
cannot explain all the recent losses. Although colony losses
have not been recorded in South America, drug resistance
and colony losses are some of the most severe problems
concerning mite population control at regional scale. In
South American apiaries, little is known about risk fac-
tors associated with V. destructor infestation. Thus, the aim
of this study was to identify risk factors associated with
autumn V. destructor prevalence in east-central Argentina.

2. Materials and methods
2.1. Study design and sample size
A cross-sectional study was carried out from February

to May 2013 in Santa Fe province (total surface of
133,007 km?), east-central Argentina. The percentage of
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Fig. 1. Apiaries distribution consistent with zone classification of Santa
Fe province, in east-central Argentina.

infestation of V. destructor was estimated after honey
yield and prior to autumn acaricide treatment given that
colonies are commonly monitored at this time of the year
(Department of Agriculture from Santa Fe province, 2008)
and because this is a key practice to guarantee healthy over-
wintering conditions (Currie and Gatien, 2006). The study
was carried out during an extended period (from February
to May) because the honey harvest season and treatment
time frame vary according to the geographical zone and
the beekeeping management practices. During this period,
mite loads might be higher because ambient factors such as
climate and nectar flow are favorable for mite population
growth (Rosenkranz et al., 2010).

In previous studies, we determined a critical threshold
of 3% (mite load above which it is recommended to treat
colonies during autumn to avoid severe winter losses) for
temperate climate colonies of Argentina. Our results sug-
gested that colonies that go through winter with more than
3% of mite load hardly survive until the following spring
(Bulacio Cagnolo, 2011).

A total of 63 apiaries (owned by different beekeepers)
were sampled. The sample size was estimated based on
the fact that there are 3735 apiaries in Santa Fe province
(Department of Agriculture of Santa Fe province, 2008) and
74% of expected prevalence of colonies with >3% (3 mites
per 100 bees) of infestation intensity (SENASA, 2007), with
95% confidence level and a precision <10.5%. Four zones
were defined based on the nectar flow period and their
beekeeping management schedule, the eco-region cate-
gorization (Burkart et al., 1999; Arzamendia and Giraudo,
2004) and agricultural practices (Giorgi et al., 2008):
North, Central, Riverside, and South (Fig. 1). Apiaries were
randomly chosen following stratified randomization pro-
cedures (computerized random numbers) and assigned to
one of the different regions (Moher et al., 2010), accord-
ing to their proportional distribution. Spatial stratification
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is used in large-scale studies to ensure an unbiased num-
ber of apiaries. Within each apiary, a minimum of 6 or
10% of the total number of colonies (in apiaries larger than
60 colonies) was randomly selected to estimate V. destruc-
tor prevalence (Lee et al., 2010). The chosen colonies were
managed by the beekeeper like the rest of the colonies in
the apiary and according to the usual beekeeping practice.
The aim was to guarantee that colonies reflected different
management techniques in Santa Fe.

2.2. Data collection: colony strength and diagnosis of V.
destructor prevalence

Adult bees were examined to diagnose the presence of
varroa mites in bee colonies. Approximately 250 bees were
collected from both sides of three unsealed brood combs
in a jar containing 50% ethanol. The mites were separated
from the bees by pouring the jar content into a sieve with a
mesh size of 2 mm (Dietemann et al., 2013). The intensity of
mite infestation on adult bees was calculated dividing the
number of mites counted by the number of bees in the sam-
ple to determine the proportion of infested individuals and
multiplying by 100 to obtain the percentage of infestation
per colony (Dietemann et al., 2013). In addition, the popu-
lations of adult bees and brood, as well as pollen and honey
reserves, were measured in colonies by estimating the total
area of comb covered (De Grandi Hoffman et al., 2008;
vanEngelsdorp et al., 2009) by adult bees, brood, sealed
honey and pollen. Once each hive was opened, each frame
was sequentially removed and the percentage of coverage
in both sides was estimated.

2.3. Survey on management practices: risk exploratory
variables

Information on the potential risk factors was obtained
from a checklist questionnaire (available as supplemen-
tal material) answered by the beekeepers. Beekeepers
were explained the purpose and importance of the sur-
vey, emphasizing that the answers were anonymous. The
questionnaire included 37 questions distributed into three
main parts: general items related to the apiary, manage-
ment practices, and varroosis treatment. Table 1 shows a
summary of the variables analyzed. The explanatory vari-
ables were the risk factors, whereas the response variable
was the prevalence of colonies with more than 3% of V.
destructor infestation

2.4. Statistical analysis

To establish a relative sanitary condition, previous
results obtained in the same region were used to subcate-
gorize the colonies into two levels: high and low, according
to their autumn infestation with varroa mites (high: >3%;
low: <3%) (Bulacio Cagnolo, 2011).

In a first step, a descriptive analysis was performed to
identify variables with a large amount of missing obser-
vation or a low variability that might be of little value
for further investigations. After this validation, the asso-
ciations between each of the predictor variables and the
prevalence of V. destructor (>3%) were examined using the

Table 1

Summary of variables derived from the questionnaire and assessed as
potential risk factors for V. destructor in apiaries located in central-east
Argentina.

Subject Factors/variables

General data on the Region: north, south, central and
apiary riverside
Size: number of colonies in the apiary
Beekeeping experience: number of
years in the activity
Scale of beekeeping: hobbyist,
semi-professional and professional
beekeepers
Winter mortality during last 3 years (%
of colonies per year)
Average honey yield (last 3 years): kg
per colony

Protein diet: natural pollen,
supplements or substitutes
Carbohydrate supply: sucrose or high
fructose corn syrup

Season and purpose when diets are
used

Colony multiplication: production of
nuclei

Frequency (in years) of requeening
Percentage of requeening colonies by
the beekeeper per year?

Annual comb replacement: how many
combs per colony/per year

Wooden ware disinfection: yes/no
Migratory beekeeping: yes/no
Migratory beekeeping: to which crops,
when and how long

Management practices

Varroa treatment Autumn treatment: how many
treatments; active substance
Monitoring infestation level; prior to
and after treatment: yes/no

Late winter-spring treatment: yes/no;
active substance: rotation of chemical

treatments during last 4 years

2 This variable refers to the proportion of hives within each apiary in
which queen is replaced during one season.

Pearson chi square test of independence ( x2). All variables
with a significance value P<0.15 were selected for fur-
ther analysis in a multivariate logistic model. Colinearity
between the selected variables was assessed by a Pearson
chi square test of independence ( x2). When two potential
risk factors were associated, only one was used in the mul-
tivariable analysis (i.e. the one with the smallest P value in
the univariate analysis). Since we collected data on grouped
colonies (apiaries) and the unit of analysis was the colony,
we adjusted a final mixed-effects logistic-regression with
apiary as the random effect. Variables with a P < 0.05, calcu-
lated using the Wald test, were maintained in the model. All
statistical analyses were carried out using InfoStat software
(Universidad Nacional de Cérdoba, Argentina).

3. Results
3.1. Descriptive data
Surveys indicated that the Argentine apicultural sys-

tem is represented by small beekeepers (fewer than
200 colonies per farmer, distributed in several apiaries).
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Table 2
Definition and distribution of explanatory variables selected (P<0.15) by univariable analysis, for potential association with high prevalence (>3%) of V.
destructor.
Definition of variables Level No. of hives (%) % of high prevalence P-value
hives
Sampling time February and the first fortnight 228(59.3) 45.6 <0.0001
of March
Second fortnight of March and 114(29.7) 62.3
first fortnight of April
Second fortnight of April and 42(11.0) 81.0
first fortnight of May
Protein diet Natural pollen 24(6.3) 25.0 0.003
No or others 354(93.7) 55.9
Carbohydrate supply No-sucrose 318(84.1) 55.7 0.013
HFCS 24(6.4) 25.0
Both 36(9.5) 58.3
Geographical zone North 60(15.6) 65.0 0.007
Central 204(53.2) 471
South 78(20.3) 56.4
Riverside 42(10.9) 714
Frequency of queen No 129(34.1) 58.1 0.121
replacement? Every year 60(15.9) 60.0
Every 2 years 147(38.9) 46.3
More than 2 42(11.1) 59.5
% of queen replacement No or <50% 349(92.3) 55.9 0.010
>50% 29(7.7) 31.0
Hives wooden ware No 126(33.3) 67.5 <0.0001
disinfection Yes 252(66.7) 47.2
Monitoring before No 48(12.7) 68.8 0.028
treatment Yes 330(87.3) 51.8
Monitoring after No 84(22.3) 714 <0.0001
treatment Yes 294(77.7) 49.0
Commercial acaricide No 18(5) 72.2 0.099
in 2012 Yes 348 (95) 52.3
Commercial acaricide No 30(8.5) 70.0 0.061
in 2013 Yes 324(91.5) 52.2

HFCS: high fructose corn syrup.

2 Excluded of the logistic model because is associated to the variable percentage of queen replacement.

Surveys also indicated that beekeeping is usually a com-
plementary economic activity (semi-professional), given
that most farmers have other incomes from other activ-
ities. In addition, surveys showed that the mean size of
each apiary was 43 +18 colonies (mean=+S.D.) and that
most beekeepers have been in the activity for more than 10
years (12 4+ 8 years). During the last 3 years, average mortal-
ity was 15.67 & 8.50% colonies per year and average honey
production was 30.43 +£11.01 kilograms per colony/year.
A total of 209 of the 384 colonies (54.4%) showed an
infestation of V. destructor higher than 3%. The mean infes-
tation in the colonies prior to treatment was 5.7 + 6.3%. The
mean colony size was 8.7 +1.38 combs completely cov-
ered with adult bees. We found no significant correlation
between colony size and percentage of infestation (n=375;
r=0.037; P=0.47) when capped brood (n=375; r=—-0.088;
P=0.09) and pollen (n=345; r=0.079; P=0.14) comb area
were analyzed. Although we found a significant correla-
tion between infestation intensity and honey comb area
(n=345; r=0.188; P<0.0001), the correlation coefficient
was low and the P value was influenced by the sample size.
Since the sampling time was significantly associated with

varroa levels (Pearson X2, P<0.0001), it was included in the
mixed-effects logistic regression model. Three levels were
defined for the sampling time variable: February and the
first fortnight of March; the second fortnight of March and
the first fortnight of April and the second fortnight of April
and the first fortnight of May (Table 2).

Most apiaries received some carbohydrate supply dur-
ing autumn (88.5%) and spring (86.8%), independently of
the kind of syrup (sucrose or high fructose corn). Pollen
substitute was used mostly throughout spring (85.7%) and
autumn (54.1%), but only 39% of beekeepers used it dur-
ing both seasons. Protein feeding based on natural pollen
significantly increased colony size (9.25 £ 0.99 combs cov-
ered with adult bees; P=0.036) compared to colonies that
were fed with other protein diet or not fed at all (8.66 + 1.40
combs covered with adult bees).

3.2. Multivariable analyses
Ten out of the 37 potential explanatory variables tested

were selected after the univariable analysis (selected vari-
ables had a significance value P<0.15; Table 2) to be
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Table 3

Mixed-effects logistic regression model for apiary factors associated with V. destructor high prevalence (>3%) in hives at the end of the honey harvest season

and prior to acaricide treatment (n=384; Santa Fe province, 2013).

Variable Level Odds ratio 95% CI(O.R.) P-value
Protein diet No or others (Ref.) - - -
Natural pollen 0.348 0.129-0.941 0.037
Carbohydrate supply No-sucrose (Ref.) - - -
HFCS 0.108 0.032-0.364 <0.0001
Both 0.971 0.379-2.568 0.952
% of queen replacement >50% (Ref.) - - -
No or <50% 3.280 1.208-10.158 0.027
Wooden ware Yes (Ref.) - - -
disinfection No 2.722 1.380-5.565 0.005
Monitoring after Yes (Ref.) - - -
treatment No 2.305 0.944-5.629 0.067

Intercept=0.203 (P=0.147); model LR: 71.825; P<0.0001; CI: confidence interval; HFCS: high fructose corn syrup.

included in the mixed-effects logistic regression model. The
frequency (P=0.121) and percentage (P=0.027) of queen
replacement were associated (Pearson X2, P<0.0001).
Therefore, only the percentage of queen replacement
(whichrefers to the proportion of colonies within each api-
ary in which the queen is replaced by a new one during one
season) was offered to the model. Complete survey data
for the potential risk factors included in the model were
available for 366 of the 384 colonies sampled (95.3%). The
final multivariate model revealed five variables associated
with the prevalence of V. destructor (Table 3). The apiary
random-effect was not significant (P=0.715). The proba-
bility of colonies with >3% of varroa infestation decreased
when colonies were fed with natural pollen (OR=0.348;
95%Cl: 0.129-0.941; P=0.037), as well as when percentage
of queen replacement was more than 50% of total colonies
(OR=0.305; 95% CI: 0.107-0.872; P=0.027).

Colonies owned by beekeepers who indicated that
wooden ware was not disinfected after use (question
8, supplemental material) showed a higher prevalence
of colonies with infestation >3% (OR=2.722; 95% CI:
1.380-5.565; P <0.005). Additionally, we found that bee-
keepers who indicated that they regularly monitored mite
levels after varroa treatments (question 12, supplemental
material) had lower mite infestation than those who indi-
cated that they did not monitor the colonies after acaricide
treatment (OR =2.305; 95% CI: 0.944-5.629; P=0.067). On
the other hand, the prevalence of colonies with infestation
>3% decreased when high fructose corn syrup (HFCS) was
exclusively supplied to the colonies (OR=0.108; 95% CI:
0.032-0.364; P<0.0001) (Table 3).

The colonies located in the four geographical zones
studied (North=60; Central=204; South=78 and River-
side=42) were proportionally distributed along with
colony abundance. The North (OR=1.263; 95% ClI:
0.354-4.508; P=0.719), Central (OR=1.450; 95% CI:
0.431-4.881; P=0.549) and South zones (OR=0.530; 95%
CI: 0.152-1.853; P=0.320) were not different from the
Riverside zone.

4. Discussion

Honey bee colonies and honey production are threat-
ened at global scale (Genersch, 2010; Higes et al., 2010;

Le Conte et al., 2010; vanEngelsdorp et al., 2008, 2009).
Identifying and preventing risk factors associated with bee-
keeping management may help avoid exacerbating this
problem. The results of the present study show how cer-
tain management practices are correlated with varroa mite
prevalence. This is so because most beekeeping manage-
ment practices are widely common. Nevertheless, given
thatregional differences may be important for varroa infes-
tation, this sort of monitoring data should be regionally
obtained.

The average percentage of infestation on Santa Fe
colonies at the end of the harvest season was lower than
the critical thresholds for winter survival previously pro-
posed (Liebig, 2001; Fries et al., 2003; Currie and Gatien,
2006; Generschetal.,2010; Rosenkranz etal.,2010; Bulacio
Cagnolo, 2011) given that the impact of V. destructor on
honey bee colonies varies with climate conditions and in
different regions (Currie and Gatien, 2006).

The number of colonies sampled per apiary (6 or 10% of
total colonies) was below that recommended for research
purposes (Lee et al., 2010) and therefore was a weak point
of this study. However, considering the whole objective of
this study, we considered that this sample size was ade-
quate.

Five risk factors were found to be associated with a high
prevalence (>3%) of V. destructor. Firstly, when the protein
diet was based on natural pollen supplement, prevalence
of colonies with more than 3% of infestation decreased.
Natural pollen is more suitable for honey bee colonies
because it is consumed more readily than other substi-
tutes (De Grandi Hoffman et al., 2008; Brodscheneider and
Crailsheim, 2010). Although colonies supplemented dur-
ing autumn do not perform better the following spring
(Mattila and Otis, 2006), in commercial beekeeping it is
thought that pollen availability to overwintering colonies
might influence the size and growth of the colony during
the following season, and thus extra protein supply during
autumn is common. On the other hand, at the beginning
of spring, supplementary feeding is a current practice to
enhance colony growth when pollen flow is low (Keller
et al., 2005; Mattila and Otis, 2006). In any case, the use
of protein supplement is a common practice in apicultural
management and, as suggested by our results, when nat-
ural pollen is used, the prevalence of colonies with high
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infestation is lower. This is probably because, as reported
here, feeding with natural pollen increases colony size and
dilutes mite population since this variable is measured as
number of mites per bee. Appropriate amount and quality
of pollen are helpful against diverse pathogens (Rinderer
and Rothenbuhler, 1974; Rinderer and Elliott, 1977; De
Grandi Hoffman et al., 2010). Moreover, lower protein stor-
age capacity in V. destructor-infested bees may explain the
severe impact of the mite on honey bees in temperate
zones (Amdam et al., 2004). It is plausible that pollen-
supplemented colonies, which are better nourished and
larger, may improve their response to any negative impact
because susceptibility to disease depends to some extent
on nutrition (Field et al., 2002).

A second variable associated with lower prevalence of
colonies with infestation >3% was the use of high fruc-
tose corn syrup (HFCS) as a carbohydrate supply. Almost all
colonies (96.8%) sampled in this study were supplied with
some carbohydrate supplement. To provide carbohydrate
supplements after honey yield or during periods of death
is a common practice (Brodscheneider and Crailsheim,
2010). However, the use of alternative syrups to incorpo-
rate carbohydrates might have different effects (Neupane
and Thapa, 2005). A higher infestation intensity of V.
destructor was found when sucrose solution was added
to colonies. This can be explained by the fact that bees
provided with sucrose syrup produce higher numbers of
brood cells (Neupane and Thapa, 2005) and therefore pro-
vide a good opportunity for V. destructor to reproduce. Also,
providing HFCS as carbohydrate supply might decrease
the “robbing” behavior among the colonies (Barker and
Lehner, 1978) and consequently decrease pathogen hori-
zontal transmission (Fries and Camazine, 2001). Although
colonies supplemented with HFCS during autumn have
less sealed brood in spring than those supplemented with
sucrose, the supplement seems not to affect honey pro-
duction at the end of the harvest season in temperate
climates (Severson and Erickson, 1984). Moreover, if high
levels of Hydroxymethylfurfural are avoided (Le Blanc
et al.,, 2009; Ruiz-Matute et al., 2010), HFCS offers some
extra advantages such as reduced cost and feeding con-
venience (Standifer et al., 1977; Somerville, 2000). Since
colonies in beekeeping are probably under frequent stress
(which affects honey productivity), it is important for
beekeepers to consider that nutritional stresses accumu-
late in commercially managed colonies (Mattila and Otis,
2006).

Another important management practice to highlight
is queen replacement. Although queen replacement has
not been studied as a potential risk factor associated with
V. destructor, several studies regarding this issue have
been published (Tarpy et al., 2000; Invernizzi et al., 2006;
Schneider and De Grandi-Hoffman, 2008; Botias et al.,
2012).Requeening is recommended to avoid swarming and
to improve hygienic behavior and honey productivity. Sim-
ilarly to that reported in Uruguay (Invernizzi et al., 2006),
in Argentina, it is thought that a queen can maintain a
strong colony at least for two seasons. Botias et al. (2012)
found that colonies whose queen has been replaced show
decreased rates of Nosema infections. Our results suggest
that higher percentages of queen replacement also help

to maintain lower mite infestations since colonies headed
by young queens had lower intensity of varroa infestation
than those headed by old queens (Akyol et al.,2007). There-
fore, the performance of colonies could be improved by
replacing the queen periodically in a higher percentage of
colonies inside each apiary.

Monitoring and keeping the wooden ware of hives in
good conditions is recommended among best management
practices (Heintz et al., 2011). Article number 4.14.4 of
the Organization for permanent official sanitary surveil-
lance of apiaries in the Terrestrial Animal Health Code
(OIE, 2012) establishes that applying hygiene measures,
in particular, treating bee colonies and disinfecting the
equipment are obligatory tasks to ensure rapid eradication
of any outbreak of a disease. While these practices have
no biological effect on varroa mite infestation as diets or
queen replacement, beekeepers who treat their wooden
ware or frequently examine the colonies seem to be more
rigorous in their bee management practices. Our results
show that beekeepers who indicated that they monitored
mite levels after varroa treatments had lower mite levels
than those who indicated they did not check for acaricide
efficacy. It has been reported that rechecking for treat-
ment efficacy may help to detect acaricide failure or risk
of reinvasion problems (Renz and Rosenkranz, 2001). This
variable was linked to other suggested practices, such as
monitoring previous to treatment (X2, P<0.0001) and to
the use of commercial acaricides during 2012 and 2013
(X2, P<0.0001 and P=0.009, respectively). This is likely
because, generally, beekeepers that adhere to a manage-
ment program implement several suggested practices that,
combined, are expected to improve the productivity of api-
aries.

Environmental factors may act indirectly via the host on
the parasite status (Rosenkranz et al., 2010). The influence
of the geographical zone might indicate an indirect effect
of climate and other environmental conditions (e.g. avail-
ability of forager crops, use of pesticides, etc.). Likewise,
the influence of climate on the growth rate of mites may
extend beyond direct effects on mite fertility (Harris et al.,
2003). The weather close to the Parana River (Riverside
zone) has “tropical” features (e.g. higher relative humidity).
Thus, differences in climate conditions may imply longer
pollen flow and consequently longer periods of brood rear-
ing (Mattila and Otis, 2006). The opposite climate effect has
beenreported in more temperate climates, where apparent
adult infestation increases when brood decreases during
autumn and winter (Moretto et al., 2001). However, in this
study, the more infested colonies did not show significant
reduction in the brood area during varroa mite monitoring
(r=0.037; P=0.476). Moreover, given that the nectar flow
lasts at least until middle autumn (late April), it is plausible
that apiaries located close to the Parana River began their
treatments with considerable higher V. destructor infesta-
tion levels. In addition, we observed that the zone effect
was associated with the sampling time period (Pearson
X2, P<0.0001), probably because the sampling time cri-
terion (end of honey harvest season and treatment time
frame) varied according to the different zones. However,
in this study the prevalence of colonies with infestation
>3% was not associated with the geographical zone, and
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it is possible that its influence on the V. destructor infesta-
tion might be more related with beekeeping management
practices conducted in each zone or a high density of api-
aries than the environmental factors. For example, Central
zone had the largest apiaries (49.22 +19.49 colonies per
apiary) and they used more frequently natural pollen sup-
plements (P <0.001), high fructose corn syrup (P <0.001),
and monitored mite levels after varroa treatment than the
apiaries located in the other regions (P <0.001). Addition-
ally, apiaries located in North and Central region replaced
the queen periodically in a higher percentage of colonies
compared with the other regions (P=0.003). Finally, api-
aries located in Central region and in the Riverside zone
treated frequently the wooden ware (P <0.001).

It is possible that Odds ratio calculation overestimates
risk magnitude associated to an exposure factor, especially
when the disease prevalence is high, as it is the case of Var-
roa infestation. This condition should be considered when
results are analyzed.

5. Conclusions

The prevalence of colonies with V. destructor infestation
higher than 3% on adult bees seems to be associated with
multiple factors, illustrating the complexity of V. destruc-
tor epidemiology. Feeding natural pollen, using HFCS as a
carbohydrate supplement, requeening colonies frequently,
monitoring mite levels after treatment and disinfecting the
wooden ware of hives are management practices that allow
keeping lower V. destructor infestations. Thus, regardless of
their restrictions, field studies are important because they
allow gathering information about colonies under natural
conditions and managed by beekeepers. Additional spatial
and temporal studies should be conducted to elucidate the
complex set of variables that impact on honey bee colonies,
especially on V. destructor transmission.
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