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Field clinicoepidemiological and laboratory etiological examinations were performed in apiaries with
colony collapse disorder (CCD)-like symptoms in different regions in Bulgaria. The survey included
5,785 bee families in 41 apiaries, which were depopulated by 3,043 (52.6%) families. In 30 apiaries
(71.8 %), the depopulation occurred in the spring (March-April) and in 11 apiaries (26.8%) bees left
the hives in the autumn (September-October). The depopulation consisted in a dramatic decrease in
the number of bees (the bees disappeared) until only queens with 20-30 bees were left and the family
perished. In all apiaries except in one (n=40) Nosema ceranae infection was established. The results
from questionnaires and clinicoepidemiological studies in affected apiaries allowed rejecting depopu-
lation factors such as starvation, inadequate and poor-quality feed stores, varroatosis, pesticide
intoxication, genetically modified cultures, high-voltage, electromagnetic and radiofrequency influ-
ences. Severe Nosema ceranae infection probably combined with viral infection resulting in disturbed
repair of the intestinal epithelium, nutritional and energy deficiency and impossibility of flying bees
to return to their hives were outlined as the main causes for the rapid collapse of bee families and
depopulation of hives.
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INTRODUCTION

The increased death rates of bee families
during the last years are of major concern
to global apiculture. In the USA only,
colony collapse disorder (CCD; empty
hive syndrome) was responsible for the
disappearance of 31% and 36% of bee
families during the winter and spring of

2006/2007 and 2007/2008 respectively
(vanEngelsdorp et al., 2007; 2008), whe-
reas in the autumn of 2006 some bee-
keepers have lost 30-90% of their bee
families (Ellis et al., 2010).

Considerable losses were registered
also on Europe — Spain, Greece, Turkey,
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France, Switzerland, Poland, and Ger-
many (Fries et al., 2006; Higes et al.
2006; Topolska & Kasprzak, 2007; Giray
et al., 2007; 2010). Only in northern
Greece, 45 to 65% of bee families were
lost during the winter and spring of 2007—
2008 (Thrasyvoulou, 2009).

Numerous authors associated the
weakening of bee families with pesticides
used in agricultural practice (Decourtye et
al., 2003, 2004), genetically modified
cultures (Malone et al., 1999; Malone &
Pham-Delegue, 2001; Huang et al., 2004),
temperature deviations during brood
rearing (Tautz et al, 2003), inbreeding
(Spivak & Gilliam, 1998a,b; Palmer &
Oldroyd, 2000), starvation, stress, electro-
magnetic influences from TV and GSM
retranslators.

The involvement of pathogens in CCD
etiology is the most plausible hypothesis
(Martin-Hernandez et al., 2007). A spe-
cial attention is paid on the Israeli acute
paralysis virus (IAPV), transmitted by the
Varroa destructor mite. Other viruses
have been also isolated from bee families
with CCD — Chronic paralysis virus,
Deforming wing virus, Kashmir bee virus,
Black queen cell virus, but they were not
associated with syndrome etiology (Higes
et al., 2008a).

The theory for the leading role of the
microsporidian Nosema ceranae (N. cera-
nae) in CCD etiology and high mortality
of bees is supported by the investigations
of Higes et al. (2006) and Martin-Her-
nandez et al. (2007) carried out in some
regions in Spain. It is however suggested
that N. ceranae infection without predis-
posing factors could not lead to bee family
perishing, determining the agent as
opportunistic but not obligate pathogen
(Invernizzi et al., 2009).

Johnson et al. (2009) have linked
CCD to picornaviruses suppressing pro-
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tein synthesis in the organism of bees,
whereas Bromenshenk et al. (2010) attri-
bute the high death rates of bee families to
mixed Iridovirus/Nosema infection. Des-
pite the multiple studies however, the
main cause of the problem has not been
identified.

The present investigation was motiva-
ted by the spread of bee family weakening
and in many instances, disappearing of
bees from entire apiaries in different
regions of Bulgaria during the last years
reported by beekeepers and according to
our own observations.

The purpose of the present survey was
to perform a more detailed etiological and
clinicoepidemiological profile of Bulgari-
an apiaries with CCD-like states, which
have not been so far performed.

MATERIALS AND METHODS

From April 2008 to May 2010, together
with the National Branch Organisation
Bulgarian Union of Beekeepers, a survey
was performed in the country by filling
feedback forms developed by us for
detection and investigation of apiaries
with CCD-like syndromes.

The questionnaire consisted of 20
questions about the tentative causes for
the syndrome and increased death rates
according to our and global experience.
The aim was to obtain information about
the number of perished bee families in
affected apiaries, the time and way of
depopulation, the strength of bee families
in the autumn, the type, amount and
quality of winter feed stores, the used anti-
varroatosis drugs, presence of GSM re-
translation towers and GMO crops in the
neighbourhood, chemical pollutions etc.

The respondents were owners of apia-
ries in different regions in Bulgaria (Fig. 1).
Affected apiaries (41) were located in 34
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settlements and possessed a total of 5,785
bee families.

Field clinicoepidemiological survey of
affected apiaries was conducted to con-
firm the results from the feedback forms.
All collected bee samples were examined
for nosemosis, varroatosis and septicae-
mic bacterial diseases in the Bee patho-
logy lab to the Department of Veterinary
Microbiology, Infectious and Parasitic
Diseases, Faculty of Veterinary Medicine,
Trakia University.

Laboratory tests were performed
according to generally acknowledged
methods described in the Manual of
Diagnostic Tests and Vaccines for Terres-
trial Animals (Anonymous, 2004).

The species identification of Nosema
isolates was done by qRT-PCR at the
Department of Entomology, Swedish
University of Agricultural Sciences, Up-
psala.
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RESULTS

Out of all surveyed 41 apiaries with 5,785
bee families, a total of 3,043 (52.6%)
have disappeared (Table 1).

With exception of one apiary, all
others were affected by extensive Nosema
infection. The genetic species identifica-
tion of bee suspensions collected from
apiaries in the region of Dobrich, Varna,
Targovishte, Haskovo and Montana yiel-
ded a positive result for N. ceranae.
Samples from Dobrich, Varna and Mon-
tana were with mixed N. ceranae/ Nosema
apis infection at ratios of 99.9%/0.1%; 72
%/28 % and 94 %/6 %, respectively.

In 30 apiaries (73.2%) depopulation
occurred during the spring (March-April)
and in 11 apiaries (26.8%) hives were
abandoned during the autumn (September-
October).

In 40 apiaries (97.6%) depopulation
consisted in rapid decrease of the number
of bees in the hives (,the bees disap-

Fig. 1. Geographical distribution and time of occurrence of CCD-like symptoms
in affected apiaries.
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Table 1. Surveyed apiaries with CCD-like symptoms

Region and Time of the Number of  Number of  Depopulated Isolated
number of .. o o
event apiaries bee families  bee families pathogen
settlements
Dobrich region
1 April 2008 3 700 300 N. ceranae
3 April 2008 3 828 528 Nosema spp.
3 May 2010 4 453 216 Nosema spp.
Varna region
1 May 2008 3 800 680 N. ceranae
2 May 2008 2 260 290 Nosema spp.
Haskovo region
1 April 2008 146 63 Nosema spp.
1 April 2008 1 32 8 N. ceranae
1 October 2008 1 52 18 V. destructor
Montana region
1 April 2008 1 260 80 N. ceranae
Vidin region
3 April 2008 3 400 80 Nosema spp.
Targovishte region
1 May 2008 1 80 60 N. ceranae
11 October 2009 11 1310 430 Nosema spp.
Pleven region
5 April 2010 5 464 290 Nosema spp.
Total — 34 41 5785 3043

peared”), until only the queen bee and 20—
30 workers were left in the hive (Fig. 2)
and the family perished. The combs had
enough stored food, no dead bees were
found lying on the bottom of hives and no
diarrhoeic staining was present in most
cases (Fig. 3). The apiaries were not
affected by infectious diseases during the
previous year. At the beginning of the
winter, the strength of the bee families
was high and moderate, and the food
stores — adequate and of high-quality.
During both the autumn and the spring,
bees were additionally fed honey-sugar
paste and sugar syrup. Apiaries were pro-
phylactically treated against varroatosis
with approved drugs and according to
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beekeepers, depopulation was not asso-
ciated with either varroatosis or antivar-
roatosis treatments.

In one of apiaries in Haskovo region,
the depopulation was described by the
beekeepers as sudden disappearing of
bees together with the bee queen (as a
swarm) when the nest was full of food
stores and with brood. Out of 52 bee
families, 18 have left the hives (34.61%).
The brood was defective, with damaged
caps and malformed bee bodies inside the
cells. This description is compatible with
that of severe varroatosis. In this apiary,
no antivarroatosis treatments have been
performed during the past two years.
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Fig. 3. Honeycomb with stores of food without faecal contamination.

According to results from the survey
and field examinations, the depopulation
of hives was not associated with pesticide
utilisation, high-voltage effects or pre-
sence of TV or GSM retranslators in the
neighbourhood. No GMO crops were rea-
red in the region.

The microbiological examinations and
PCR detection of Nosema isolates from
affected apiaries demonstrated that in all
instances the disappearing of bee families
was related to Nosema infection.
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DISCUSSION

The spring depopulation of bee families
observed in most cases (73.2%) in March-
April and the relatively less frequent
(26.8%) disappearing of bees from hives
during the autumn (March-April) supports
the thesis of other researchers on the mar-
ked seasonal pattern of N. ceranae infec-
tion and its consequences (Fries, 2010).
The clinical signs observed by us were
similar to those reported by Higes et al.
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(2008a) in Spain. The depopulation
occurred by decrease in the number of
bees in the hive until only the bee queen
and 20-30 bees were left and finally, the
family perished despite the adequate food
stores in the nests. On hive bottom,
neither dead bees nor diarrhoeic stains
were usually found. The lack or few diar-
rhoeic stains is considered as characteris-
tic feature of N. ceranae infection (Kasp-
rzak & Topolska, 2007; Fries, 2010).
Furthermore, in such samples, predomi-
nance of N. ceranae was established up to
a ratio of 99.9%/0.1%. Similar data are
also reported by others (Tapaszti et al.,
2009; Bourgeois et al., 2010). The diar-
rhoeic staining in some hives were pro-
bably result of N. ceranae/N. apis co-in-
fection.

The survey, clinicoepidemiological
and laboratory examinations of affected
apiaries allowed rejecting as the only or
major cause for disappearance of bees
factors such as starvation, inadequate or
low-quality food stores, varroatosis infec-
tion, pesticide contamination of nests,
GMO, high-voltage or radiofrequency
influences.

Considering that N. ceranae infection
of bee families is slow and more common-
ly, asymptomatic, some of aforementioned
predisposing factors could play a role for
its exacerbation and hence, rapid depo-
pulation of hives (Higes et al., 2008a,b).
However, a viral infection could be a
more probable cause (Johnson et al.,
2009; Bromenshenk ef al., 2010), leading
to impaired protein synthesis and inhibited
repair potential of the intestinal epithe-
lium, enhancing and exacerbating N.
ceranae infection. These circumstances,
in our belief, could explain the rapid wea-
kening of bee families and reduction of
the number of bees, as severely affected
bees leave the hives and due to nutritional
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or energy deficiency, could not return
back.
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