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Abstract — Honeybees are essential components to modern agriculture and economy. However, a continuous
increase in cases of colony losses and colony depopulation are being reported worldwide. This critical situation has
put the fragile equilibrium between bees and plants on the edge. As a consequence, several scientists have begun to
focus their lines of research on this issue. Most researchers agree that there is no single explanation for the observed
colony losses. Instead, these losses result from a synergistic interaction between different stressors. South America is
not the exception; several cases of colony losses and colony depopulation were reported by beekeepers throughout
the continent, yet no accurate data has been published to date. Therefore, this article attempts to analyze the past and
present situation of honeybee health in South America, specifically in Argentina, Chile, Uruguay, Brazil, and
Venezuela. Furthermore, it is intended to serve as a comparison to future colony losses, as well as to provide
guidance for future hypothesis-driven research on the causes of colony mortality. We evaluate the impact of the main
parasites and pathogens affecting honeybee colonies and discuss the role of each with respect to reported honeybee
losses. We also contemplate the main challenges that each nation must confront with regards to honeybee health.

Apis mellifera / health / colony losses / South America

1. INTRODUCTION

Along with wild bees, honeybees are the most

important crop pollinators (Buchmann and
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sustain the global human population (Buchmann
and Nabhan 1996). Since 1998, individual bee-
keepers have reported the unusual weakening and
mortality of colonies, particularly in France, Bel-
gium, Switzerland, Germany, the United King-
dom, the Netherlands, Italy, Spain, and North
America (Le Conte et al. 2010; Neumann and
Carreck 2010). Most scientists agree that there is
no single explanation for the extensive colony
losses, but that interactions between different
stressors are likely involved (Potts et al 2010).
Taking into account that the only global data
about bee losses available for South America
(SA) (Latin America = LA) is the study published
by Vandame and Palacio (2010), the main objec-
tive of this review is to serve as an update and
reference on honeybee health status in this region.
This review provides a detailed account of the
current situation in SA countries, where beekeep-
ing is more relevant from the point of view of
economic and ecological information. This infor-
mation is crucial to raising awareness among
official sectors on the critical circumstances of
these countries. Moreover, it represents the first
association of researchers from SA, whose ulti-
mate goal was to create a document that would
describe the current health situation and serve in
future decision making to promote honeybee con-
servation. Data from Brazil, Argentina, Uruguay,
Chile, and Venezuela were used for this review
due to two main reasons: a) Most peer-reviewed
published studies from SA were performed in
these countries (we have also included unpub-
lished data and personal communications from
the authors of this review, as well as from gov-
ernment agency reports); and b) these countries
are the main honey producers in SA. We have
structured this review firstly focusing on the cur-
rent main biological hazards affecting
A. mellifera in SA (varroosis, RNA viruses,
nosemosis, American and European fouldbrood,
and acarapisosis); and secondly focusing on other
non-biological stressors impacting bee colonies in
SA (river disease, agricultural intensification,
pesticides, and Brazilian sacbrood disease). In
addition, this review also presents the dissemina-
tion of each parasite in each country and the
control measures used to manage these parasites.
The impact of honeybee parasites (and
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pathogens) against native bees from SA is also
discussed. This information for native bees was
added due to the fact that they represent a source
of new biological hazards for honey bees (and
vice versa as well) if both bee species superpose
geographical distributions.

As stated by Vandame and Palacio (2010), for
the case of Latin America (LA), evaluating bee
health in SA is a difficult task. This is due to the
fact that the SA region is large and highly diverse,
with a wide range of climates (from tropical to
temperate) and altitudes (from sea level to around
2000 m of altitude), with various types of bee-
keepers (who own from 15 to 15,000 colonies,
running them as a business or as hobbyists), and
there is limited published information on honey-
bee health in SA countries. The only published
data on colony losses in SA were reported in
Uruguay and Argentina (Invernizzi et al. 2011;
Maggi et al. 2013). However, the main problem
impeding the organization of the causes for colo-
ny losses has been the lack of connection net-
works between public and private institutions at
the national and international levels. These would
serve as a tool in order to exchange experiences,
projects, and generate scientific publications re-
garding situations that involve each other, and
would also make health, production, traceability,
nutritional history, and other information available
in order to seek ways to resolve these gaps. More-
over, conducting this review has shown the need
to generate networking and collaborative working
bodies in order to learn more about the reality of
beekeeping in the countries included in this re-
view and the rest of South America. For these
reasons, estimating the exact number of hives
and colony losses is a complex issue (Table I).
Additionally, the current distribution of African-
ized genes, which reveals better sanitary condi-
tions, is inaccurate in SA. In Venezuela and Brazil,
beekeepers utilize Africanized honeybees (De
Jong 1984; Thimann 2001), while in Uruguay,
most honeybees are hybrids between European
bees and Africanized bees from Brazil (Collet
et al. 2006). The persistence of the non-African
haplotypes in western provinces may be due to a
strong introduction of European queens
(Branchiccela et al. 2014). Regarding Argentina
and Chile, most of their bee populations belong to



Table 1. Number of colonies, beekeepers, and estimated number of colony losses per year for Argentina, Brazil, Uruguay, Chile, and Venezuela.

References

Estimated colony losses

per year (%)

Number of colonies
per beekeeper

Number of colonies

Number of beekeepers

per country

Country

estimated per country

Maggi et al. (2013)
SENASA (2015)

120 30-35

3 million

25,000

Argentina

USAID-Brasil, (2006)
Vilela and Araujo (2006)

Not estimated

2 million 7-10

200,000-300,000

Brazil

DIGEGRA-MGAP (2014)

Laval et al. (2010)

29

183.3
50

550,000
500,000

3,000
10,000

Uruguay
Chile

30-35 (professional beekeepers)
50 (nonprofessional beekeepers)

<10
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Aldea and Rodriguez (2014)
Lommatzsch unpubl. data

375

30,000

800

Venezuela

European lineages (Eguaras and Ruffinengo
2006; Delaplane 2014); however, Africanized
individuals have also been detected in Argenti-
na (Abrahamovich et al. 2007). Ecotypes of
Africanized bees are more tolerant against at-
tacks by parasites and pathogens, thus leading
to different survival responses by honeybee
populations against biotic threats such as
Varroa destructor or Paenibacillus larvae .
Nonetheless, many beekeepers are unaware of
the ecotypes of bees that they have in their
apiaries.

2. THE MAIN BIOLOGICAL HAZARDS
FOR HONEY BEES IN SA

2.1. Varroosis

Varroa destructor is the main biological hazard
for honeybees in temperate climates (Eguaras and
Ruffinengo 2006). Countries like Argentina, Chi-
le, and Uruguay suffer from the devastating ef-
fects of Varroa, and its presence has been associ-
ated with colony losses (Antinez et al. 2015;
Maggi et al. 2013).

The first report of V. destructor in SA was in
Argentina in 1976 (Montiel and Piola 1976). Two
years later, it was detected in Uruguay (Invernizzi
etal. 2011), and in 1982, it was reported in Brazil
by De Jong et al. (1982). Due to its presence in
Argentina, the introduction of Varroa in Brazil
was through Paraguay (De Jong et al. 1982). The
presence of Varroa mites in Venezuela and Chile
is recent: it was detected in Venezuela in 1991
(Principal et al. 1991) and in Chile in 1992
(Casanova and Perruolo 1992). Current studies
have demonstrated that the Korean haplotype is
cosmopolite in SA (Strapazzon et al. 2009; Maggi
et al. 2012), to the point that the Japanese haplo-
type is nearly absent in SA countries. The island
of Fernando de Noronha (Brazil) is the exception,
where Italian bees were introduced into colonies
that had been transported from mainland Brazil in
1984 (De Jong and Soares 1997).

Since the 1990s, reproductive success and dis-
semination of V. destructor have increased con-
siderably (Maggi et al. 2010). In Chile, Neira et al.
(2007) determined a prevalence of 80 % of
V. destructor. Nowadays, the average prevalence
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of varroosis in Chile is close to 93 %, with an
infestation level in adult bees between 5 and 9 %
(Aldea et al. 2013a, b). Between 1985 and 2005 in
Uruguay, 77.4 % of the analyzed samples were
infested, with a mean percentage of infestation of
7.9 % (Invernizzi et al. 2011). Today, it is known
that the mite presents a high prevalence in autumn
(75.7 %). In Argentina, high Varroa prevalences
(74 %) were reported in a national survey per-
formed by SENASA in 2007 (Maggi et al. 2013).
Recent studies performed in the Santa Fe Province
(Argentina) have reported that high mite infesta-
tion rates are associated with poor nutrition, old
queens, and climate conditions (Giacobino et al.
2014).

When Varroa was initially introduced to SA,
mite infestations were controlled with only one
cure per year using mainly synthetic acaricides, or
even without acaricide treatment (Eguaras and
Ruffinengo 2006; Invernizzi et al. 2011). Howev-
er, this situation changed in the late 1990s, when
overwintering losses associated with the mite
were detected in different regions of the continent
(Eguaras and Ruffinengo 2006; Invernizzi et al.
2011; Maggi et al. 2013). Today, V. destructor
appears to be less virulent in tropical and subtrop-
ical regions where Africanized bees are present
than in temperate regions; this situation has been
reported through studies published in Argentina,
East Uruguay, Brazil, and Venezuela (Casanova
2000; Moretto 2002; Vandame and Palacio 2010;
Invernizzi et al. 2011).

The natural resistance of Africanized honey-
bees (AHB) to Varroa mites has been well docu-
mented in Venezuela and Brazil (Casanova 2000;
Moretto 2002; Junkes et al. 2007). The hygienic
and grooming behaviors of these bees have been
considered a key factor in disease resistance
(Corréa-Marques et al. 2000; Invernizzi et al
2016). Likewise, Principal et al. (2004) and
Piccirillo and Gonzalez (1995) have reported that
infestation rates were low in AHB colonies,
allowing beekeeping without the need of treat-
ments for varroosis. Currently, Varroa infestation
in Venezuela is not considered a serious problem
(Principal, pers. commun.). Nevertheless, this sce-
nario has been gradually changing in southern
Brazil, where the percentage of fertile mites in-
creased from 56 % in the 1980s to 86 % in 2005—
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2006 (Carneiro et al. 2007). Infestation levels are
higher in cool regions of Brazil as well as in first
generation European/Africanized crosses
(Moretto et al. 1991). Santos et al. (2014) has
reported high Varroa prevalence for the Sédo
Paulo State in Brazil (95.7 %), with an overall
average infestation of mites in adult bees of
5.41 %. Some beekeepers have attempted to use
chemical controls against V. destructor instead of
following recommendations of selecting for resis-
tance. However, in the same regions where bee-
keepers allege that treatment for Varroa is neces-
sary, others maintain highly productive colonies
without any control. Some of these beekeepers
use selection, especially for hygienic behavior,
without resorting to chemical treatment
(Message et al. 2012). Table II summarizes the
surveys of V. destructor prevalence from different
SA countries.

The widespread use of synthetic acaricides
throughout the years in SA has generated a strong
selective pressure on mite populations. In this
context, mite populations that are resistant to
amitraz, flumethrine, and coumaphos have
emerged in SA (Maggi et al. 2009, 2011; Aldea
and Rodriguez 2014). On the other hand, a de-
creased efficacy of fluvalinate has been detected
in Uruguay and Argentina in zones where it has
been used for many years (Fernandez and Garcia
1997; Invernizzi et al. 2011). To date, no cases of
cross-resistance between acaricides or multiple
resistances have been detected in SA.

In addition to resistance phenomena and con-
trol failures, the beekeeping industry in SA is
suffering a dramatic negative effect in relation to
wax adulteration and contamination, which af-
fects colony survival (Medici et al. 2011). The
presence of acaricides in beeswax also affects
the population dynamics of V. destructor
(Medici et al. 2015). There is only enough evi-
dence in Argentina to correct sanitary plans: the
study performed by Castro et al. (2010) demon-
strated that comb foundation with high content of
paraffin (40 %) presented more viability of bee
brood than comb foundation without paraffin.
Later, Medici et al. (2012) found that recycled
beeswax without added paraffin wax (0 %) had
high levels of coumaphos and fluvalinate contam-
ination, and when paraffin wax was added in
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different percentages (20 %, 40 %), the concen-
tration of these components was lower. When the
pesticide concentration decreased, an improve-
ment in the bee survival rate was found. In this
way, larvae developed in beeswax foundation
without paraffin wax, exposed at higher concen-
tration of pollutant residues, were more vulnerable
to the toxic effects of the acaricides. Furthermore,
a recent study performed in Argentina by Medici
et al. (2015) documented a positive correlation
between the resistance index of coumaphos in
V. destructor and the levels of the organophos-
phate found in beeswax. These studies and the
reports of phenomena of resistance to acaricides
in Argentina (Maggi et al. 2008, 2009, 2010)
provided enough evidence to correct sanitary
plans after being reported to public health agen-
cies and beekeepers in order to modify the use and
rotation of acaricides. Uruguay and Chile still
require more in-depth studies related to this topic;
the fact that the presence of acaricides in beeswax
affects the susceptibility of V. destructor (Medici
et al. 2015) is extremely worrying. The develop-
ment of new acaricides from plants (propolis,
essential oils, organic acids) is a key factor to
revert this situation. In this sense, some recent
studies report promising molecules for Varroa
control (Damiani et al. 2010, 2014; Maggi et al.
2015 among others).

2.2. RNA viruses

The first reports on RNA viruses in SA were
carried out by Message et al. (1996), with honey-
bees from Brazil and Argentina. Using the immu-
nodiffusion technique, these authors reported the
presence of the Filamentous Virus (FV), Acute
Bee Paralysis Virus (ABPV), Black Queen Cell
Virus (BQCV), and Cloudy Wing Virus (CWV) in
Brazilian honey bees, and the Sacbrood bee virus
(SBV) in Argentine samples. On the other hand,
Marcangeli et al. (1992) reported the presence of
bees with deformed wings emerging from cells
not parasitized by V. destructor in Argentina, a
symptom associated today with the presence of
Deformed Wing Virus (DWV) (Lanzi et al. 20006).

Through the use of molecular methods,
Antanez et al. (2006) reported the presence of
ABPV, BQCYV, Chronic bee paralysis virus

@ Springer

M. Maggi et al.

(CBPV), DWYV, and Sacbrood virus (SBV) in
Uruguay. Later, these same viruses were detected
in Brazil with the exception of CBPV (Teixeira
et al. 2008; Freiberg et al. 2012), and in Argentina
(Reynaldi et al. 2010; Brasesco et al. 2013), and in
Chile, with the exception of CBPV (Barriga et al.
2012; Rodriguez et al. 2012, 2014). RNA viruses
were detected in colonies from apiaries with ante-
cedents of colony losses and in apiaries without
clinical symptoms of diseases as well. In Peru,
only DWV and BQCV were found, although the
study included a limited number of colonies
(Yanez et al. 2014).

In the case of Israeli Acute Paralysis Virus
(IAPV), this virus has only been detected in Ar-
gentina and Brazil (Reynaldi et al. 2011; Teixeira
et al. 2012). It has not been detected in Uruguay,
although extensive analyses have been performed
(Anido et al. 2015; Antunez et al. 2015). Regard-
ing KBV, there are no records about its presence in
SA (Anido et al. 2015; Teixeira et al. 2008).
Table III summarizes all viral diseases reported
in SA.

It is quite difficult to estimate the prevalence of
viruses in SA, since most studies were carried out
in apiaries with colony losses (Antinez et al 2006;
Teixeira et al. 2008; Reynaldi et al. 2010;
Rodriguez et al. 2012) and the obtained preva-
lences may be overestimated. Taking only into
consideration studies with random sampling
around the country (Argentina and Uruguay),
prevalence was between 1 and 14.6 % for ABPV,
2 and 87.4 % for BQCYV, 1 and 25 % for CBPYV, 3
and 47 % for DWYV, and 2 and 26 % for SBV
(Anido et al. 2015; Castilla et al. 2015). These
viruses have been detected all year round, al-
though higher prevalence and viral loads were
detected during autumn, coinciding with
V. destructor infestation (Antunez et al. 2015).
In fact, V. destructor infestation level has been
associated with DWV viral load, and colonies
with infestation above 4 % presented a six times
greater risk of being infected with DWV (Anido
et al. 2015).

Besides the presence of RNA viruses in
A. mellifera , these viruses also infect native honey
bees in SA. BQCV, DWV, and SBV have been
detected in the bumblebee Bombus atratus in
Argentina (Reynaldi et al 2013), while these
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viruses, along with ABPV and Like Sinai Virus
(LSV), were detected in B. atratus in Colombia
(Gamboa et al. 2015). DWV has also been detect-
ed in the carpenter bee Xylocopa augusti (Lucia
etal. 2014).

Considering all of these studies, it is suggested
that ABPV, BQCV, DWYV, and SBV are widely
spread in SA.

2.3. Nosemosis

The microsporidian Nosema apis has been
present in SA for at least 90 years. The first docu-
mented detection of N. apis was in Brazil in 1928
in apiaries near Porto Alegre in the Rio Grande do
Sul state (Message et al. 2012). In Uruguay, it has
been recognized since 1940 (Invernizzi et al 2011),
in Argentina since the mid-1950s (Cornejo et al.
1970), and in Chile since 1978 (Bravo et al. 2014).
For these countries, during those years it was as-
sumed that only V. apis was present and infecting
honeybee colonies. Although nosemosis affects
bee production, the effects of this parasite on hon-
eybee colonies were never reported as “lethal”
(Cornejo et al. 1970).

Nowadays, the current situation for nosemosis
in SA is very different from the situation in the
past. Several epidemiological surveys of Nosema
spp. were performed, and in most of them, only
N. ceranae was detected (Table IV). This new
Nosema species appears to have been active in
Brazil since 1979 (Teixeira et al. 2013). Invernizzi
et al. (2009) also reported that this parasite has
been present in Uruguay since 1990. The first
detection of N. ceranae in Chile was in 2009,
from samples analyzed by the National Sanitary
Service (SAG 2010). In Argentina, its detection
was reported in 2011 (Medici et al. 2012). Cur-
rently, V. apis is still encountered in some regions
of SA, but it has a very low prevalence (Anido
etal. 2015; Medicietal. 2012; Aldea et al. 2013b;
Rodriguez et al. 2014) (Table 1V).

The impact of Nosema on honeybee colonies is
variable. In regions in which Africanized bees are
present, no damage is reported. What is more,
different levels of resistance to N. ceranae have
been reported among Africanized bees, and this
resistance has been associated with vitellogenin
levels (Mendoza et al. 2014). In the 1990s in

Brazil, Nosema spores were found in adult bee
samples taken by beekeepers concerned about
losses, which was unexpected. In 2006, in about
1100 colonies that had been sampled from 20
apiaries in the Sdo Paulo state, all had Nosema
spores, though spore counts varied greatly, from
70,000 to 8 million spores per bee, also varying
widely throughout the year (Teixeira et al. 2013).
No clear evidence of correlation of such counts
with colony decline was found in these apiaries
or in other research carried out in Brazil (De Jong
pers. commun.). Subsequently, the causative agent
was identified as N. ceranae (Klee et al. 2007).

In Uruguay, nosemosis is not a great problem
in most of the country. However, colonies were
heavily infected with N. ceranae when they were
moved to commercial plantations of Eucalyptus
grandis (Mendoza et al. 2013). Despite this, bee-
keepers do not lose colonies if they are removed at
the end of the flowering period, and these colonies
frequently survived in good condition until the
following spring (Mendoza et al. 2013). These
trees, of great nectar and pollen potential, bloom
between February and May, allowing the colonies
to produce up to 50 kg of honey if environmental
conditions are good. However, if the hives are not
removed at the end of flowering, high losses often
occur. Strong N. ceranae infection combined with
a low pollen collection of poor botanical diversity
(almost solely of E. grandis ) makes this environ-
ment suitable for studying the relationship be-
tween protein diet quality and nosemosis
(Invernizzi et al. 2011).

Genetic origin of bees is also an important
factor, since under the conditions of E. grandis
plantations, Africanized colonies presented a low-
er level of infection by N. ceranae, had a larger
population size, and produced more honey than
Italian colonies (Mendoza et al. 2014).

In Chile, since the first report of N. ceranae in
2009, different prevalences have been observed in
the country. For example, 49 % of Nosema prev-
alence was reported in 2012 from the Bio-Bio
Region, (Martinez et al. 2012). Later, 100 % of
the prevalence in samples from 12 apiaries in the
Valparaiso Region without mixed infection with
N. apis was reported (Bravo et al. 2014). Howev-
er, Rodriguez et al. (2014) also detected a low
prevalence of N. apis (3 %) in regions outside of
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Valparaiso. In this study, it was reported that hives
located below 39°07°04.82”S usually exhibit
symptoms similar to those observed when
N. apis is present (Rodriguez et al. 2014). In this
part of the country, nosemosis is an important
cause of winter bee losses in Chile (Aldea et al.
2013b).

Native bees are also infected by honeybee par-
asites. Plischuk et al. (2009) described the pres-
ence of N. ceranae in three species of Argentine
native bumblebees. In Colombia, bumblebees
were found to be infected by at least four different
species of pathogens. In some cases, even up to
eight species were found in a single specimen
(Gamboa et al. 2015). N. ceranae was omnipres-
ent. Recently in Uruguay, high prevalence and
infection levels of N. ceranae were detected in
Bombus atratus and Bombus bellicosus bumble-
bees (Arbulo et al. 2015).

2.4. American Foulbrood

American foulbrood (AFB) was first described
in SA in Argentina, in 1989, constituting the first
sanitary challenge for beekeepers to overcome. It
was hypothesized that the entrance of
Paenibacillus larvae, the causative agent, into
the country was through bees imported from the
USA (Alippi 1992). AFB quickly spread to most
important beekeeping centers of the country
(Alippi 1996), with incidences as high as 30 %
in some geographic areas (Marcangeli et al.
2005). It is believed that at least 30- 45 % of the
colonies were lost due to AFB during those years
(Eguaras, unpubl. data).

AFB disease spread to the neighboring country
of Chile in 2002 and was controlled. Then, in
2005, new outbreaks were detected in different
regions (SAG 2006). In order to evaluate the
presence of P. larvae in honey as an indicator of
colony health status (Antinez et al. 2004), Moran
(2011) analyzed approximately 1300 honey sam-
ples collected in the field fresh honey frames
between 2004 and 2009. The results showed an
estimated prevalence of 4 % of P. larvae spores in
the honey samples studied. Simultaneously, the
bacterium spread to Uruguay, probably through
the entrance of live material from Argentina
(Piccini and Zunino 2001; Antinez et al. 2007).
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AFB quickly spread throughout the country,
reaching a prevalence of 51 % in honey collected
in the field, from 2001-2002 (AntOnez et al.
2004). Nowadays, AFB is not a major problem,
and the prevalence was estimated to be 2 % in
2011 (Antnez et al. 2012).

Regarding Brazil, the first report of AFB was in
2001, when spores of this bacterium were found in
honey and bees collected from apiaries in Rio
Grande do Sul, close to Uruguay (Schuch et al.
2003). Though the colonies had no AFB symptoms,
they were all destroyed by burning. Subsequent
analyses of honey samples collected in this state in
2005 were all negative, demonstrating that the dis-
ease had not propagated (Message et al. 2012). A
second outbreak was detected in the Parana state in
2006; these colonies were destroyed and no further
AFB cases were detected (Sattler 2008). It is spec-
ulated that the Africanized honey bees in Brazil
have some degree of resistance to AFB, probably
due to a high degree of hygienic behavior (Morais
2009) or due to the large amount of propolis used in
their colonies (Bastos et al. 2008).

Finally, in Venezuela, AFB has yet to be reported
(Principal, unpubl. data). Prevention and control
measures of AFB in SA countries generally include
vigilance for early diagnosis, isolation of apiaries
with cases of AFB, and multiplication of healthy
colonies with hygienic queens, among others
(SENASA 2005; SAG 2007; MAG 2008; Harriet
et al. 2013). Brazilian, Chilean, and Uruguayan
authorities specifically recommend the burning of
colonies containing clinical signs of the disease in
order to control the outbreaks (SAG 2007, MAG
2008; Harriet et al. 2013). The use of antibiotics is
not allowed, except in Argentina (SENASA 2005).
The extensive use of tetracycline hydrochloride in
this country has led to the development of resistant
P, larvae isolates (Alippi 1996), which is an impor-
tant concern for Argentine beekeepers. In contrast,
in Uruguay and Chile, where its use is not autho-
rized, resistant strains have not been detected
(Piccini and Zunino 2001; Aldea et al. 2013b). In
Uruguay, the use of ethanolic extract of propolis on
colonies has been a useful prevention strategy
(Antinez et al. 2008). Currently, alternative strate-
gies for the prevention and treatment of AFB are
being studied, mainly based on essential oils
(Fuselli et al. 2010; Sabate et al. 2012; Santos
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et al. 2012; Damiani et al. 2014; Gonzalez et al.
2015; Piana et al. 2015), probiotics (Audisio et al.
2011), and propolis (Bastos et al. 2008).

2.5. European Foulbrood

European Foulbrood (EFB) was first reported in
South America in 1954 (Message et al. 2012), then
in 2009, it was reported in Argentina, Chile, and
Uruguay to the OIE office (OIE 2014). In the pres-
ent, the situation of this disease is unclear because it
is typically managed by beckeepers without the
sanitary agency in each country noticing. The use
of antibiotics is not allowed, and strategies to reduce
the prevalence are the same as in the case of AFB. In
this sense, EFB is considered endemic and active in
Argentina without data about the prevalence. The
last report in Chile was in 2012, and in that year, the
prevalence was less than 3 % (SAG 2015). In
Uruguay, the last official report was in May 2011,
with unknown prevalence data in the country.
Nonetheless, nowadays it does not represent an
important threat for beekeeping (Invernizzi et al.
2011). This disease is now considered to be inactive
in Venezuela, as it has been occasionally observed
without generating negative consequences for the
colonies (Principal, unpubl. data). Finally, even
when it was considered to be present in Brazil, there
was no official report or published data since it
became relatively rare and sporadic after the colo-
nies became Africanized in the 1960s and 1970s
(De Jong Pers comm.). In recent years, symptoms
similar to EFB disease have been found in colonies,
especially in the South and Southeast of Brazil,
although Melissococcus plutonius (causative agent
of European Fouldbrood) was not present (Mes-
sage, unpubl. data).

2.6. Acarapisosis

The tracheal mite Acarapis woodi was first re-
ported in Argentina in 1944 (Lozano et al. 1987), in
Venezuela in 1957, and later in Chile in 1962. In
general, the situation concerning this mite on the
continent is not clear. Eguaras et al. (1998) pub-
lished the first scientific study about the dynamics of
this mite across the different seasons in Argentina
using only ten colonies. The determined prevalence
was less than 4.26 % in July (winter) and 0.4 % in
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November (spring) in 1994. This disease is not
considered relevant in Argentina and the last official
report in the country was in 2004 (OIE 2014).
Currently, Szawarski et al. (2013) showed no posi-
tive samples in a national study carried out in 2014.
Flechtmann (1977) published the first report of
acarapisosis in Brazil, but nowadays there is no
official or scientific data. In 2007, the presence of
the tracheal mite was surveyed in Chile by Neira
et al. (2007). This study reported that the mite was
highly distributed in Chile. However, as a result
from the sanitary vigilance from the National San-
itary Service (SAG), an average prevalence of 8 %
was determined in 2010 in the country (SAG 2015).
In a more recent analysis with a major sample size,
some areas with more than a 20 % prevalence were
found (especially in the case of unprofessional bee-
keepers), while other areas obtained negative values
(Aldea et al. 2013b; Rodriguez et al. 2014). The
relevance of the tracheal mite in Chile is unclear, as
well as if the interaction between V. destructor and
A. woodi is responsible, at least in part, for the high
number of mortalities caused by Varroa (Aldea
et al. 2013b). The last official report of tracheal
mites in Uruguay was in 1997 to the OIE, but it
did not represent a relevant problem for beekeepers.
In 2012, the presence of A. woodi in the country
was evaluated through microscopic analysis, but the
pathogen was not detected, suggesting a low
prevalence. Using molecular methods, the
prevalence was estimated to be approximately
1-2.7 %.

Finally, in Venezuela, Wilson et al. (1985)
found mites in tracheal tubes in adult workers of
honeybees, confirming their presence in the coun-
try. Furthermore, Casanova and Perruolo (1992)
found a 2.7 % prevalence in apiaries in the Tachira
State. To date, the infestation rate of Acarapis in
Venezuela remains unknown.

3. OTHER STRESSORS AFFECTING
COLONY HEALTH IN SA

3.1. Agricultural intensification
and use of pesticides

In man-made landscapes, agricultural activities
are the most frequent cause of species loss and
extinction (Rosenzweig 1975). Vandame and
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Palacio (2010) stated that intensive crops are less
abundant in LA than Europe or the US. As a
consequence, a low impact of pesticides on bee
population is observed in LA countries. The au-
thors also reported that croplands represent a
much higher proportion of the total land area in
industrialized countries in comparison to LA (as a
whole). Nevertheless, commercial agriculture has
grown to unprecedented levels in the past years in
SA lands. This has led to a loss of biodiversity and
habitat fragmentation (Pacheco 2012). This ex-
pansion is primarily related to the increasing
amount of land used for soybean cultivation ob-
served in recent years in Brazil and Argentina,
with expansion into Paraguay, Bolivia, and Uru-
guay (Pacheco 2012). According to FAOSTAT,
the Americas contribute 84.6 % of global soybean
production (FAOSTAT 2016), with Brazil and
Argentina being the main soybean producers in
SA. Moreover, Brazil is ranked as the second-
most soybean producing country, while Argentina
is the third (FAOSTAT 2016). The continuous
increase of soybean monocultures in SA indirectly
affects colony survival in two main ways: a) By
loss of local flora available, which provides diver-
sity in nectar and pollen source, relevant for a
successful immune response (Negri et al. 2015);
and b) By the use of pesticides; sudden mortality
of bees is usually associated with pesticide use
(Malaspina et al. 2008). Pesticides have been
blamed for honeybee losses in many regions of
Brazil, especially in agriculture zones (Message
et al. 2012), and also in Uruguay (Pareja et al.
2011). In the latter country, fipronil and
imidacloprid have been detected in high doses in
depopulated colonies. Although foliar application
of fipronil was prohibited in 2009, intoxication is
still a problem (Pareja et al. 2011). Additionally,
pesticides can also affect native bee populations in
SA. Several studies have documented the negative
impact of insecticides on stingless bees in SA
(Barbosa et al. 2015; Jacob et al. 2015;
Lourengo et al. 2012).

Sublethal doses of pesticides induce negative
effects on honeybees (Nguyen et al. 2009; Xavier
et al. 2015). In Brazil, de Almeida Rossi et al.
(2013) reported that sublethal doses of
imidacloprid induced negative effects on malpi-
ghian tubules of Africanized bees. Moreover,
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Brazilian researchers reported that thiamethoxam,
also a neonicotinoid, was toxic for bee larva in
lower doses which alter bee development (Tavares
et al. 2015).

Glyphosate, one of the most common herbi-
cides used in Argentina, negatively affected learn-
ing behavior in adult bees when they were ex-
posed to this herbicide (Herbert et al. 2014). How-
ever, clearly documented cases are rare in SA due
to difficulties in collecting samples and in identi-
fying the specific chemicals that cause the losses.

3.2. River disease in Uruguay

In the case of Uruguayan beekeeping, there is a
syndrome that beekeepers call “River disease.” It
is characterized by the mass death of young larvae
(specifically 1 and 2 days old) from colonies
located close to the catchment area of rivers, es-
pecially along the center and west coast of the
country during the end of the spring or early
summer (Mendoza et al. 2012a). Affected colo-
nies, in just few days, have no brood and begin to
decline. It can trigger colony loss if the problem
continues over time. This syndrome appeared
50 years ago, but sporadic cases have been recent-
ly reported (Mendoza et al. 2012b). Although
Vandame and Palacio (2010) mentioned in their
work that this decline seems to be an effect of food
shortage in spring (apparently increasing in recent
years due to loss of natural vegetation), current
studies bring new evidences to light about this
phenomenon. It is now speculated that the cause
of bee toxicity is a toxic substance present in
pollen that forager bees carry to colonies, since it
has been observed that when colonies are
relocated, they begin to slowly recover. The re-
covery is rapid when reserves of pollen and nectar
are removed from the colony (Invernizzi, unpubl.
data).

3.3. Brazilian sacbrood disease
(toxic pollen)

In recent years, one of the main problems af-
fecting beekeepers in the Atlantic rainforest and
Cerrado Regions of Brazil is “Brazilian Sacbrood
Disease” (Carvalho and Message 2004). This dis-
ease causes severe losses, weakening, and the
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death of thousands of colonies, often eliminating
entire apiaries. The larvae die in the last instar and
are filled with a clear liquid, similar to symptoms
of larvae affected by the sacbrood disease virus,
leading to suspicion of a virus disease. However,
no viruses are found in the diseased larvae. Bra-
zilian Sacbrood disease was found to be caused by
pollen collected from several tree species known
as Barbatimao (Stryphnodendron spp.) trees
(Carvalho and Message 2004). In the laboratory,
the symptoms can be recreated by feeding pollen
from Stryphnodendron spp. (Silva et al. 2009).
Feeding with floral extracts from this tree signif-
icantly reduces adult bee lifespan (Cintra et al.
2003), which helps to explain why strong honey-
bee colonies decline and die within a month.

4. ARE THERE CASES OF COLONY
COLLAPSE DISORDER (CCD)
IN SA?

Only in Brazil, in the Region of Altinopolis, SP,
Message et al. (2010) detected two cases of rapid
loss of strong colonies in closely monitored com-
mercial apiaries within an interval of 15 days in
2008, with symptoms similar to what has been
described as CCD in the USA. As stated by Ellis
et al. (2010), in collapsed (dead) colonies, CCD
may produce the following symptoms: 1) The com-
plete absence of adult bees in colonies with few or
no dead bees in / around colonies; 2) the presence of
capped brood; and 3) the presence of food stores
that are not robbed by other bees or typical colony
pests. CCD symptoms often associated with col-
lapsing (weakening) colonies may include: 1) An
insufficient number of bees to maintain the amount
of brood in the colony; 2) workforce composed
largely of younger adult bees; 3) the queen is pres-
ent; and 4) the cluster of bees is reluctant to consume
food. The IAPV, APV, BQCYV, and DWYV viruses,
as well as Spiroplasmaapis and Leptomonas apis
(Teixeira et al. 2008), were detected in bees from the
same region. All of the colonies that were analyzed
were also infected with the microsporidian
N. ceranae and were infested with the V. destructor
mite.

A severe case of bee decline was also reported
in the Santa Catarina state in 2011, where over
100,000 of 350,000 colonies died within a few
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months. In some regions, over 90 % of the colonies
were lost. These losses have been primarily attrib-
uted to bee viruses, interacting with the
V. destructor mite, the microsporidian
N. ceranae, and also to pesticides, including
fipronil and neonicotinoids, which are widely used
in Brazilian agriculture (Message et al. 2012).

5. FINAL REMARKS
AND CONCLUSIONS

In the present manuscript, we present a review
regarding the main hazards for A. mellifera in
Argentina, Brazil, Uruguay, Chile, and Venezuela
as an attempt to expand the information on hon-
eybee health status in SA and to explain the high
percentage of colony losses reported throughout
this review. Given the decline of wild non-honey
bee pollinators (Potts et al. 2010), data about
A. mellifera health in SA lands becomes increas-
ingly important for pollination service and honey
production. Furthermore, by studying the current
health status of European and Africanized bees in
SA, this provides a way to contribute to informa-
tion about threats towards populations of native
bees. The worldwide spread of diseases is consid-
ered a major threat to biodiversity and a possible
driver of the decline in pollinator populations,
particularly when novel species or strains of par-
asites emerge (Maharramov et al. 2013). Thus,
reviewing the sanitary situation in SA contributes
by avoiding the future apparition and/or spreading
of emerging diseases in other bee species.

There is no doubt that the sanitary situation of
beekeeping in SA is complex. Over 6 million
beekeepers exist in SA (Table I), and a mean of
30 % of colony losses (at least) are estimated per
year, at least in temperate climates (Maggi et al.
2013; SENASA 2015; USAID-Brasil 2006;
Vilela and Araujo 2006; DIGEGRA-MGAP
2014; Laval et al. 2010). Similar values of
colony losses were reported in other parts of
the world. For example, in the USA,
vanEngelsdorp et al. (2008, 2010) reported
colony losses for fall/winter 2006-2007 and
2007-2008 to be 31 % and 36 %, respectively
(vanEngelsdorp et al. 2008, 2010). In the fall of
2006, some beekeepers in the USA reported
losing 30-90 % of their colonies (Ellis et al.
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2010). Recently, Lee et al. (2015) reported col-
ony losses in the USA to be 19.8 % during the
summer, 23.7 % during the winter, and 34.1 %
for the whole year. Average losses were 15.1 %
during the summer, 44.8 % during the winter,
and 51.1 % for the whole year. While total
winter loss was one of the lowest reported in
8 years, 66 % of all beekeepers had higher
losses than they deemed acceptable. In Canada,
winter losses (34-36 %) were also reported
from 2006 to 2009 (Currie et al. 2010). Europe
also suffers colony losses each year (Le Conte
et al. 2010; Van der Zee 2010, among others).

The cause(s) of colony losses in North America
and Europe remains under investigation. In the
USA, Israeli acute paralysis virus (IAPV) has
been found in many samples taken from colonies
exhibiting CCD-like symptoms, although this is
not believed to be the sole cause of CCD (Cox-
Foster et al. 2007). According to Ellis et al.
(2010), the primary hypotheses include: 1) tradi-
tional bee pests and pathogens; 2) how the CCD
bees in the U.S. were managed (management
stress); 3) queen source (poor genetic biodiversi-
ty); 4) chemical use in bee colonies to control bee
pests / pathogens; 5) chemical toxins present in
the environment; 6) V. destructor mites and asso-
ciated pathogens; 7) bee nutritional fitness; 8)
undiscovered / newly discovered pests and path-
ogens or increasing virulence of existing patho-
gens; and 9) potential synergistic interactions be-
tween two or more of the above hypotheses. In the
case of Canada, increased rates of winter colony
losses were most likely the result of regional
differences in weather patterns that affected forage
availability for bees, fall feeding management,
mite and bee population growth, V. destructor
treatment timing, the presence of Nosema spp.,
viruses and other diseases, and the spring build-up
of colonies (Currie et al 2010). These stressors
interacting in combination affected colony surviv-
al, but direct and indirect effects associated with
acaricide resistance and the failure to control
V. destructor mites are believed to be the most
important factors related to colony loss in Canada
(Currie et al 2010).

What are the main reasons for the high colony
losses reported in SA? Are these the same factors
that are active in other regions of the world? The
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answer is complex, but if anything is clear, it is
that CCD phenomenon is not the only factor
responsible for the bee colony losses reported in
SA.

The following are the main causes of the losses
observed in SA:

* Varroa mites seems to be the major threat to
A. mellifera in SA, even in countries with
AHB. This is explained by the direct and
indirect damage produced to bees by the mites
by feeding on bees and/or by the transmission
of lethal RNA viruses, respectively.

» The intensive acaricide use registered in many
countries for Varroa mite control. The abu-
sive use of acaricides (coumaphos, amitraz,
fluvalinate and flumethrin) generates resistant
mite populations, wax contamination, and bee
intoxication.

* Agriculture intensification. Although further
studies are still needed, the major threats re-
lated to this topic for bees are: 1) loss of
angiosperm diversity; 2) use of pesticides such
as neonicotinoids and/or glyphosate among
others; and 3) habitat fragmentation.

*  Phenomena related to bee nutrition. River dis-
ease (in Uruguay), the Brazilian sacbrood dis-
ease (in Brazil), and nosemosis in temperate
climates (Uruguay and Argentina) are other
causes of eventual colony losses in SA that
are extremely related to bee nutrition status.

* The presence of Africanized bees appears to
be a crucial factor that affects the survival of
honeybees. Beekeepers and researchers have
found these bees to be more resistant to path-
ogens and parasites than European bees. Bees
from Venezuela and Brazil (and some prov-
inces in Uruguay and Argentina) are able to
coexist with V. destructor. Perhaps the most
complicated countries in terms of bee health
are Argentina and Chile, due to the fact that
most of their bee populations belong to Euro-
pean lineages, which are highly susceptible to
attacks by parasites and pathogens.

The only way to preserve bee populations in
SA is by understanding the bee biology and pest
biology for each region. Bee populations with
enhanced hygienic behavior (AHB) are more
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likely to survive in comparison to European bees
in SA. In regions where bees present hygienic or
grooming behavior, the use of pesticides should
be applied, taking into account this “natural” bee
defense against parasites. The expression of this
complex bee/parasite/pathogen system is also af-
fected by non-biotic stressors, such as climate
conditions, land use, or bee nutrition. The yearly
documentation of colony losses is critical in order
to put losses into context and identify potential
causes of mortality. Continuous monitoring of bee
populations in SA is required, and this is impos-
sible to avoid if colony losses are still observed
and reported in the current global situation.
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