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The loss of Apis mellifera L. colonies in recent years has, in many regions of the world, been alarmingly
high. No single cause has been identified for these losses, but the interactions between several factors
(mostly pathogens and parasites) have been held responsible. Work in the Americas on honeybees orig-
inating mainly from South Africa indicates that Africanised honeybees are less affected by the interplay of
pathogens and parasites. However, little is known about the health status of South African honeybees (A.
m. scutellata and A. m. capensis) in relation to pathogens and parasites. We therefore compared the sea-
sonal prevalence of honeybee pathogens (viruses, bacteria, fungi) and parasites (mites, bee lice, wax
moth, small hive beetles, A. m. capensis social parasites) between sedentary and migratory A. m. scutellata
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Pathogen

Virusg apiaries situated in the Gauteng region of South Africa. No significant differences were found in the prev-
Honeybee alence of pathogens and parasites between sedentary and migratory apiaries. Three (Black queen cell
Parasite virus, Varroa destructor virus 1 and Israeli acute paralysis virus) of the eight viruses screened were

detected, a remarkable difference compared to European honeybees. Even though no bacterial pathogens
were detected, Nosema apis and Chalkbrood were confirmed. All of the honeybee parasites were found in
the majority of the apiaries with the most common parasite being the Varroa mite. In spite of hosting few

pathogens, yet most parasites, A. m. scutellata colonies appeared to be healthy.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Honeybees (Apis mellifera L.) are valuable insects, known for
their importance as pollinators and honey producers (Camazine
and Morse, 1988; Morse and Calderone, 2000). The health of hon-
eybees has been one of the most important topics in apicultural re-
search in recent years (Genersch, 2010). This is primarily due to the
recent emergence of high honeybee colony losses in many parts of
the world (Le Conte et al., 2010; Neumann and Carreck, 2010;
Stokstad, 2007; vanEngelsdorp et al., 2008) and the vulnerability
of honeybees to parasitic mites, fungi, viruses and bacteria (Bailey
and Ball, 1991; Chen et al., 2006; Dietemann et al., 2012; Genersch,
2010; Genersch et al., 2010; Martin, 2001; Ribiére et al., 2010;
Sammataro et al., 2000). These pathogens and parasites can have
harmful effects on honeybee health and the services they offer,
which in turn can lead to severe economic losses (Genersch,
2010; Morse and Calderone, 2000; Shen et al., 2005).

The majority of pathogens and parasites affecting honeybees
have an almost worldwide distribution (Allen and Ball, 1996;
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Bailey and Ball, 1991; Ellis and Munn, 2005). However, the health
status of honeybees in Africa is poorly characterised (Hepburn and
Radloff, 1998; Dietemann et al., 2009). African honeybees are
genetically diverse, with an estimated 310 million colonies in Afri-
ca and ~10 million colonies in South Africa (Dietemann et al.,
2009). Only a small proportion (~100,000 colonies) of the South
African population with its two subspecies (A. m. scutellata (Savan-
nah honeybee) and (A. m. capensis (Cape honeybee)) is managed by
beekeepers (unpublished results), which distinguishes it from the
situation in Europe and North America.

One of the major effects of beekeeping on the health of the
western honeybee has been the introduction of the ectoparasitic
mite Varroa destructor (Rosenkranz et al., 2010; Dietemann et al.,
2012). This parasite invaded the Western Cape region of South
Africa approximately 15 years ago (Allsopp, 1997; Martin and
Kryger, 2002). The mites spread quite rapidly to most parts of
the country where they infested both wild and commercially
kept honeybee colonies of both subspecies (Allsopp, 2006; Mar-
tin and Kryger, 2002). There were some reports of colony losses
just after the initial invasion of Varroa mites into South Africa
(Allsopp, 2006) as well as in Varroa mite infested colonies that
tested positive for Black queen cell virus, acute bee paralysis
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virus and two unnamed viruses (Davison et al.,, 1999; Swart
et al, 2001). In contrast to many counties around the world,
South Africa has not yet experienced the devastating effects of
the ectoparasitic mite V. destructor and honeybee pathogens (All-
sopp, 2006; Neumann and Carreck, 2010), despite average losses
of between 20% and 29% in the years 2009-2011 (unpublished
results). This might be due to a lack of continuous surveys inves-
tigating pathogen presence (Allen and Ball, 1996; Allsopp, 2006;
Buys, 1982; Davison et al., 1999; Ellis and Munn, 2005; Hepburn
and Radloff, 1998) or as a result of honeybees that are able to
withstand the negative effects of these pathogens (Dietemann
et al.,, 2009; Human et al., 2011).

In order to gain better insight into the health of A. m. scutellata,
we screened colonies from 13 apiaries situated in the Gauteng re-
gion of South Africa for viruses, bacteria, fungi, bee lice, wax moth,
small hive beetles, Varroa mites and capensis social parasites. Given
the important role of viruses transmitted by Varroa mites (Allen
and Ball, 1996; Bailey and Ball, 1991; Ball and Allen, 1988; Bo-
wen-Walker et al., 1999; Chen and Siede, 2007; Ribiére et al.,
2008; Shen et al., 2005) in colony health, we also screened for their
occurrence in the mites. Pathogen and parasite prevalence was
compared between the colonies in sedentary and migratory apiar-
ies in order to assess whether the movement of colonies for polli-
nation purposes increases their susceptibility to pathogens and
parasites.

2. Materials and methods
2.1. Sample collection

Apparently healthy honeybee (A. m. scutellata) colonies from 13
apiaries belonging to eight beekeepers were randomly selected and
sampled each season from July 2010 to August 2011 (Fig. 1, Ta-
ble 1). Sampled apiaries were situated in and around the Gauteng
region of South Africa. Sedentary apiaries (n = 5) remained at these
locations permanently, while migratory apiaries (n = 8) were trans-
ported to other regions of South Africa (including the North West,
Mpumalanga and Limpopo provinces) for pollination services be-
fore and between sampling occasions. All colonies were marked
to ensure correct identification. Lost, dead or absconded colonies
were replaced with new colonies (if available) in order to allow
for continued monitoring of the selected apiaries. Two to five hon-
eybee colonies were sampled per apiary (Table 1). On average,
202 + 103 adult worker honeybees and 100 sealed worker brood
cells were examined from each colony for the identification of
pathogens and parasites. All samples were kept in a freezer
(=20 °C) until analysed.

2.2. Pathogen diagnosis

The following honeybee pathogens were screened using PCR
methods: Deformed wing virus (DWV), Black queen cell virus
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Fig. 1. (I) Map of Africa with South Africa highlighted in grey. (II) Map of the Gauteng province of South Africa showing the localities from which samples were collected.
Localities 8 and 10 are in the North West and Free State provinces, respectively. The remaining localities are situated in the Gauteng province. (III) Map showing the nine
provinces of South Africa with Gauteng highlighted in black. (Maps I-IIl were adapted and modified from Wikipedia.org).
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Table 1

Sampling locations and number of honeybee colonies screened per season for the presence of pathogens and parasites.

Apiary Locality Management  Winter (July- Spring (September- Summer (December 2010- Autumn (March- Winter (June-

code type August 2010) November 2010) February 2011) May 2011) August 2011)

1 Krugersdorp Sedentary 5 5 - 5 5

2 Magaliesberg ~ Migratory 4 4 2 5 5
Site 1

3 Magaliesberg  Migratory 5 5 5 5 5
Site 2

4 Pretoria Sedentary 5 5 5 5 5
(Hatfield)

5 Soshanguve Migratory 5 - - - -
Site 1

6 Soshanguve Migratory 5 - - - -
Site 2

7 Meyerton Migratory - 5 - -

8 Rustenburg Sedentary - 5 - -

9 Randfontein Sedentary - - 5 - -

10 Parys Migratory - - 3 - -

11 Pretoria Sedentary - - 5 5 5
(Brooklyn)

12 Pretoria North ~ Migratory - - 5 - -
Site 1

13 Pretoria North  Migratory - - 5 - -
Site 2

(BQCV), V. destructor virus 1 (VDV-1), Israeli acute paralysis virus
(IAPV), Acute bee paralysis virus (ABPV), Chronic bee paralysis
virus (CBPV), Sacbrood virus (SBV), V. destructor Macula-like virus
(VAMLV), Nosema apis, Nosema ceranae, American foulbrood (AFB)
and European foulbrood (EFB). Both adult honeybees and Varroa
mites were screened for viruses whereas only adult honeybees
were screened for N. apis, N. ceranae, AFB and EFB. Even though
AFB and EFB are brood diseases, adult honeybees were screened
as they act as carriers of these pathogens (Belloy et al., 2007; Wil-
son, 1971).

2.2.1. Sample preparation

For PCR diagnosis, six honeybees were pooled per colony from
each apiary. When available, up to 45 adult female Varroa mites
(phoretic on adult honeybees or in the brood) were pooled per api-
ary. Honeybees and Varroa mites were homogenised separately in
TN buffer (0.4 M NaCl, Tris 10 mM: pH 7.5) (0.2 ml per honeybee
and 200 pl per mite). The samples were placed into Eppendorf
tubes and centrifuged at 5000g for 10 min. Fifty microlitres of
the supernatant of each sample were transferred into Eppendorf
tubes for total RNA/DNA extraction.

2.2.2. RNA/DNA extraction and primer design

For DWV, BQCV, VDV-1, IAPV, ABPV, CBPV, SBV and VdMLV
identification, total RNA was extracted from honeybees and Varroa
mites using a Nucleospin RNA II kit (Macherey-Nagel) according to
the manufacturer’s protocols. cDNA synthesis was performed with
the M-MLV Reverse Transcriptase enzyme (Invitrogen). For each
sample, 9 ul of total extracted RNA, 1pl of random primers
(500 pg/ml) and 2 pl ANTPs (2.5 mM) were added and incubated
at 65 °C for 5 min. This was followed by the addition of 4 pul of
5x cDNA buffer, 1 pl DTT (0.1 M), 1 pl RNAse inhibitor, 1 pl water
and 1 pl M-MLV RT with a final volume of 20 pl for each sample.
Samples were centrifuged and then incubated at 25°C for
10 min, 37 °C for 60 min and finally at 70 °C for 15 min to inacti-
vate the enzyme. The cDNA was diluted with 180 pl of water
resulting in a final volume of 200 pl per sample. For N. apis, N. cer-
anae, EFB and AFB, total DNA was extracted using a Genomic DNA
from Tissue kit (Macherey-Nagel) according to the manufacturer’s
protocols.

In order to gain better insight into the general occurrence of
pathogens in these apiaries, honeybee cDNA/DNA from all apiaries
(22 pl per apiary) was pooled into one Eppendorf tube and the

same was done for Varroa mite cDNA. If a positive result was ob-
tained, additional PCR analysis per apiary was done to determine
the specific apiary/apiaries infected.

Primers for BQCV, VDV-1 (1), VDV-1 (2) IAPV, ABPV, CBPV,
VAMLYV, SBV, N. apis, N. ceranae, EFB and AFB were obtained from
the literature (Supplementary material — Table 1). Seven primers
(DWV 1-7) were used to screen for DWV in the winter 2010 sam-
ples. Primers for DWV (3-5) were designed using Primer Express®
software (Applied Biosystems) and primers for DWV (1, 2, 6 and 7)
were obtained from the literature (Supplementary material - Ta-
ble 1). Since none of these primers gave positive results, only
DWV (1), DWV (2) and DWV (7) were used to screen the samples
from the remaining seasons. Also, it was not possible to screen the
winter 2010 pooled Varroa mite sample with DWV (2), DWV (7)
and VDV-1 (2).

2.2.3. PCR analyses

Qualitative PCR was done to screen for DWV, BQCV, VDV-1,
IAPV, ABPV, CBPV, VAMLYV, SBV, N. apis and N. ceranae across all
seasons. In addition, honeybee samples collected from spring
2010-winter 2011 were screened for AFB and EFB using qualitative
PCR. For PCR the following master mix was added: 5 pl of cDNA/
DNA, 4 ul dNTPs (2.5 mM), 5 pl of 10x reaction buffer, 1 pl each
of the forward and reverse primers (10 puM), 1.5ul MgCl,
(25 mM), 32.3 pl water and 0.2 pl Platinum Taq polymerase (Invit-
rogen). The final volume of each sample was 50 pl. Positive (previ-
ously identified infected samples) and negative (water) controls
were also included in all the PCR reactions. The PCR cycling condi-
tions were set at 94 °C for 2 min, 35 cycles (94 °C for 30 s, 48-56 °C
for 20-30's, 72 °C for 1 min) and finally at 72 °C for 7 min (see Sup-
plementary material — Table 1 for primer specific annealing tem-
peratures of all screened pathogens). Each sample was loaded
onto a 1.5% agarose gel stained with Goldview® and PCR products
were visualised under UV light.

For AFB and EFB diagnosis, quantitative PCR was done for the
winter 2010 samples only in a Rotor Gene following the program
described in Roetschi et al. (2008). Samples were run for 2 min at
50°C, 10 min at 95 °C, 40 cycles of 15s at 95 °C and finally for
1 min at 60 °C.

2.2.4. Sequencing of amplified PCR products
To confirm the accuracy of the diagnosis, a selected number of
amplified PCR products of each pathogen were sequenced. PCR
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products were purified with a high pure PCR template preparation
kit (Roche) according to the manufacturer’s protocols. Obtained se-
quences were compared to entries in the NCBI database using the
nucleotide BLAST program (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.3. Visual inspection for parasites and Chalkbrood

Parasite and fungal pathogen presence were diagnosed by vi-
sual inspection of the adult honeybee and worker brood samples
of each colony and included: V. destructor, bee lice (Braula coeca),
A. m. capensis worker social parasites, small hive beetles (SHBs)
(Aethina tumida), wax moth (Galleria mellonella) and Chalkbrood
(Ascosphaera apis). In this study, bee lice are grouped as parasites
for convenience and comparison. Varroa mites and bee lice were
separated simultaneously from adult honeybees using warm water
(Allsopp, 2006). The presence of A. m. capensis social parasites was
diagnosed based on the presence of multiple eggs in open brood
cells, noticeably black honeybees and confirmation from beekeep-
ers of capensis presence. SHB adults were identified in the adult
honeybee samples whereas SHB larvae and eggs were identified
in the sealed brood cells. The presence of wax moths was identified
based on the occurrence of larvae and their excreta in sealed brood
cells and on developing larvae/pupae/about to emerge honeybees.
Chalkbrood was diagnosed using the presence of either white or
black mummies in sealed and open worker brood cells.

2.4. Statistical analysis

A Chi-square test was performed to compare pathogen and par-
asite prevalence in migratory and sedentary honeybee colonies.
Statistical analysis was performed with STATISTICA Version 10.

3. Results

The prevalence (%) of pathogens and parasites from both migra-
tory and sedentary apiaries per season were pooled because of the
absence of significant differences between the apiaries (df=1,
0.01 < x%<3.61, P>0.05). A general overview of the presence of
pathogens and parasites per season and per apiary is presented
in Table 2.

Bee lice were detected in 12 apiaries (92%) and were highly pre-
valent in all seasons. Capensis social parasites were found in seven
apiaries (54%) across all seasons with low to intermediate preva-
lence. SHBs were detected in nine apiaries (69%) across all seasons.
The prevalence of SHB was considerably higher in winter 2011
compared to winter 2010. Wax moths were very common in all
seasons except winter 2011. Their presence was recorded in nine
apiaries (69%). White and black Chalkbrood mummies were found
in six apiaries (46%) across all seasons except winter 2011. Varroa
mites were present in all 13 apiaries (100%).

AFB, EFB and N. ceranae were not detected in the honeybee sam-
ples. N. apis was detected in winter 2010, spring 2010 and winter
2011 honeybee samples and its occurrence was limited to five api-
aries (38%). ABPV, CBPV, DWV, VAMLYV and SBV were not detected
in either honeybees or Varroa mites. Three apiaries (23%) were
virus free with the remaining eight apiaries having one or two
viruses. BQCV was the most prevalent virus detected in honeybees.
It was found in eight apiaries (62%) and occurred across all seasons.
It was highly prevalent in spring 2010, autumn 2011 and winter
2011 and less prevalent in summer 2010-2011. BQCV prevalence
was noticeably lower in winter 2010 compared to winter 2011.
BQCV was absent from all Varroa mite samples. IAPV was found
in honeybees from two apiaries (15%) only during spring 2010.
IAPV was also detected in Varroa mites from one of these apiaries.
VDV-1 presence was confirmed in honeybees from four apiaries

(31%) only during summer 2010-2011. Varroa mites from one of
these apiaries also tested positive for VDV-1.

The co-occurrence of more than one pathogen and parasite per
apiary was relatively common across all seasons (Table 2). During
spring 2010, BQCV and IAPV were detected in two apiaries. Two
more viruses (BQCV and VDV-1) were detected simultaneously in
one apiary during summer 2010-2011. The simultaneous detec-
tion of BQCV and N. apis in honeybees was found in two apiaries.
Overall, very few colony losses were reported. Beekeepers
attributed most of the colony losses observed in this study to A.
m. capensis social parasite infestation (n=12). Damage by honey
badgers (n=1) and overall weakness of colonies due to unknown
reasons (n = 1) were also recorded.

4. Discussion

A total of 10 pathogens and parasites were found in 13 honey-
bee apiaries in the Gauteng region of South Africa over a period of
14 months. No significant seasonal pattern relating to pathogen
and parasite prevalence was observed (i.e. prevalence of many of
the organisms was different in winter 2010 and 2011). We found
a low prevalence of pathogens with no noticeable disease symp-
toms. The only exception was colonies infested with capensis social
parasites which appeared weak and began to dwindle. Other
honeybee parasites, including wax moth, bee lice and Varroa mites
were found regularly across all seasons. Varroa mites were the
most common parasites, but no negative effects, as reported in
European honeybees (Rosenkranz et al., 2010) were observed.
We also found IAPV, VDV-1, and BQCV, the latter being the most
prevalent virus that occurred across all seasons.

By screening for various pathogens and parasites, we were able
to assess the effect of two beekeeping management types on
colony health. It has been suggested that the transportation of
colonies for pollination or to follow nectar flow can negatively
affect the health of honeybee colonies (Kryger et al., 2003; Ostiguy,
2010; Swart, 2001). Migratory colonies are also more likely to
come into contact with other colonies, which increases the risk
of pathogen transmission (Welch et al., 2009). In South Africa, A.
m. capensis social parasites were more frequently encountered in
migratory apiaries (Dietemann et al., 2006; Swart et al., 2001),
most likely being transmitted through the close proximity of po-
tential new hosts during migration (Kryger et al., 2003). In this
study, however, honeybee pathogens and parasites were equally
prevalent in both management types, with no significant differ-
ences found. This suggests that pathogens and parasites were pres-
ent in both management types irrespective of whether the colonies
were moved for pollination purposes or remained stationary on a
permanent basis. Indeed, even in the USA recent surveys done in
relation to winter colony losses found that losses experienced by
beekeepers were also similar for both management types thereby
indicating that the movement of colonies did not necessarily lead
to higher colony losses (vanEngelsdorp et al., 2008, 2010).

In South Africa, wax moth and SHB are believed to affect only
weak honeybee colonies (Lundie, 1940; Swart et al., 2001) and
bee lice are regarded as a commensal rather than a threat to hon-
eybees (Hepburn, 1978). However, information on the risk bee lice
pose to colonies is contradictory (Crane, 1990; Gidey et al., 2012;
Zaitoun and Al-Ghzawi, 2008) and requires further investigation.
Bee lice have previously been reported in many countries around
the world (Ellis and Munn, 2005), but have recently become less
common in countries where chemicals are used to treat Varroa
mites. Therefore, the African continent might serve as a refuge
for this species, because chemical treatments are generally not
used to control Varroa mites in African honeybee colonies.
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l]’-?:sl:nie of pathogens and parasites per apiary during winter 2010, spring 2010, summer 2010-2011, autumn 2011 and winter 2011.
Season Apiary code Viruses Fungi Parasites
BQCV VDV-1 IAPV Nosema apis Chalk-brood Varroa A.m.c Braula Wax moth SHB

Winter 2010 1 - - — — — + _ + + _
2 — - — + + + — + + —
3 + — — + + + — + + +
4 — - - - — + — + + _
5 — — — — — + + + — —
6 - - — — + + + + + _

Spring 2010 1 — — - — — + _ + + _
2 + — +[+ — + + - + _ _
3 + - - - + + - + - -
4 + — + — — + - + + —
7 + — — — — + — + + +

Summer 2010-2011 2 + — — + — + + + _ _
3 + — — — + + — + + —
4 + — — — + + — — + —
7 + — — - — + + + + —
8 + — — — — + — + — +
9 - — - - + + — + + +
10 + +[+ — — — + — — — —
11 — + — + — + — + + +
12 — + — — + + — + — —
13 — + — + — + + + + +

Autumn 2011 1 + — — — _ + + + + +
2 + — — — — + + + + —
3 + — — — — + — + + +
4 + - - - + + — + + —
11 + — — — — + — + + —

Winter 2010 1 + — — _ _ + _ + _ _
2 — - - — — + + + - +
3 + — — — — + — + — +
4 + — — + — + + + + +
11 + — — — — + — + — +

BQCV: black queen cell virus, VDV-1: Varroa destructor virus 1, IAPV: Israeli acute paralysis virus, A. m. c.: Apis mellifera capensis social parasite, and SHB: small hive beetle.
+ Indicates presence in honeybees, +/+ indicates presence in honeybees and Varroa mites. — Indicates absence from sample.

However, capensis social parasites are more detrimental in A. m.
scutellata colonies, since they have the ability to successfully
infiltrate colonies and have been responsible for the death of thou-
sands of A. m. scutellata colonies in South Africa (Allsopp and
Crewe, 1993; Moritz et al., 2008; Neumann and Moritz, 2002).
Our results showed no significant difference in the infestation rates
of A. m. capensis social parasites between migratory and sedentary
apiaries. This is unexpected given that it was recently demon-
strated that migratory apiaries were more vulnerable to A. m.

capensis social parasite infestation (Dietemann et al., 2006). Swart
et al. (2001) also reported that A. m. capensis social parasite infes-
tation rates were generally higher in migratory A. m. scutellata api-
aries compared to sedentary apiaries. Since horizontal
transmission can occur over a substantial distance (Moritz et al.,
2008; Neumann et al., 2001), the lack of significant differences
could be due to the transmission of this parasite between migra-
tory (from surrounding beekeepers not part of the study) and
sedentary apiaries through close contact (Dietemann et al., 2006).
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N. apis is considered to be a widespread pathogen of adult hon-
eybees in South Africa (Buys, 1976). Swart (2003) conducted three
surveys over a period of 18 months and detected N. apis infestation
in eight regions of the country, with migratory colonies having
slightly higher N. apis infestation rates than sedentary colonies.
This trend was not confirmed by our results. In this study, N. cer-
anae was not detected in any of the adult honeybee samples
collected and thus far Algeria remains the only country in Africa
that has reported this pathogen (Higes et al., 2009). Further inves-
tigation of the prevalence of N. ceranae on the African continent is
required since its occurrence would be expected based on biologi-
cal and climatic grounds. European bee-eaters (Merops apiaster)
that migrate from Europe to Africa and particularly South Africa
(Swart et al., 2001) might function as a vector for the spread of
N. ceranae spores via regurgitated food pellets (Higes et al., 2008;
Valera et al., 2011). In addition, N. ceranae appears to be more pre-
valent in areas with higher temperatures compared to N. apis
(Fries, 2010) and could therefore establish itself in African honey-
bee populations occurring under warm climates.

The most recent assessment on EFB prevalence in eight regions
of South Africa showed that 87% of the screened apiaries tested
positive for EFB (Davison et al., 1999). In this study one honeybee
sample tested positive for EFB, but this could not be confirmed
with sequencing and consequently was not included as a positive
result. AFB, which was only recently found in the Western Cape
region of South Africa (Baxter, 2009; Human et al., 2011; OIE Re-
port, 2009),was not detected in the apiaries sampled in this study.
The non-detection of AFB in the samples does confirm, at least for
the apiaries screened in this study, that this bacterial disease is still
absent from some areas in the Gauteng region.

During the initial spread of Varroa mites in South African hon-
eybee colonies, the prevalence of Chalkbrood was found to be
unusually higher than normal (Allsopp, 2004, 2006; Swart et al.,
2001). Liu (1996) detected an increased occurrence of Chalkbrood
in Varroa mite infested colonies compared to colonies that were
free of the parasite and Medina and Mejia (1999) found that colo-
nies in Mexico collapsed with a much lower number of Varroa
mites when Chalkbrood was also present. In this study, Chalkbrood
was detected in almost half of the apiaries screened. It is difficult to
suggest a possible association between increased Chalkbrood pres-
ence and Varroa mites in this case because only a small piece of
worker brood was used to identify Chalkbrood and a whole colony
assessment for Chalkbrood was not done. Varroa mites were extre-
mely prevalent in all 13 apiaries and across all seasons. Our results
together with data from Allsopp (2006) confirm that Varroa mites
are extremely common in South African honeybee colonies. On
average for all apiaries per season, Varroa infestation rates were
relatively low (despite the absence of chemical treatment) and
never exceeded 4.0 mites per 100 adult honeybees (data not
shown).

A total of eight viruses were screened in honeybees and Varroa
mites. ABPV, CBPV, DWV, VAMLV and SBV were not detected in the
honeybee or Varroa mite samples. With the exception of VAMLYV, a
recently discovered virus (Gauthier et al., 2011), all these viruses
have previously been detected in South Africa (Allen and Ball,
1996; Davison et al., 1999). The non-detection of five of the eight
viruses may indicate, that these viruses are either present at very
low levels in the form of covert infections (Sumpter and Martin,
2004), or that they are simply not present in these apiaries. This
corresponds to recent findings where honeybee (A. m. scutellata)
samples from South Africa tested negative for three viruses (ABPV,
IAPV and Kashmir bee virus) (Francis and Kryger, 2012), thereby
confirming the low prevalence of viruses in A. m. scutellata.

Unexpectedly, only three viruses were detected, of which BQCV,
IAPV and VDV-1 were found in honeybees during different periods
of the year (Table 2). BQCV was present throughout the year and

was the most prevalent virus detected. BQCV has previously been
reported in South Africa (Allen and Ball, 1996; Davison et al.,
1999; Leat et al.,, 2000) and more recently in Uganda (Kajobe
et al., 2010). BQCV was also detected throughout the year in French
apiaries (Tentcheva et al., 2004). BQCV is closely associated with N.
apis and the co-occurrence of these two pathogens can reduce the
lifespan of infected adult honeybees (Allen and Ball, 1996; Bailey
et al., 1983). In this study, a total of eight apiaries tested positive
for BQCV of which two of these apiaries also tested positive for
N. apis (25% co-occurrence), thus only partly supporting an associ-
ation between these pathogens. BQCV presence in honeybees only
and not in Varroa mites is similar to results obtained in France
(Tentcheva et al., 2004) and Hungary (Forgach et al., 2008). Evi-
dence from our and previous studies suggest that Varroa mites
might not play a major role in transmitting this virus (Ball and Al-
len 1988; Carreck et al., 2002; Forgach et al., 2008; Locke et al.,
2012; Ribiére et al., 2008; Tentcheva et al., 2004). However, BQCV
was detected in Varroa mites from an apiary in Thailand (Chant-
awannakul et al,, 2006) and it was found that Varroa mites can
be vectors of BQCV (Ball, 1989; Johns, 2003). Consequently, more
studies are required to clarify the relationship between V. destruc-
tor and BQCV (Chen and Siede, 2007).

IAPV was detected in honeybees and Varroa mites in our study.
This virus was first diagnosed in Israel, where it reportedly caused
large scale honeybee mortality and symptoms included trembling
wings and paralysis (Maori et al., 2007; Palacios et al., 2008). The
detection of IAPV in Varroa mites sampled during this study is
therefore of concern, especially since it was recently confirmed
that Varroa mites are capable of transmitting IAPV to honeybees
(Di Prisco et al., 2011). However, IAPV was only recorded during
spring 2010 in two apiaries, showing a low prevalence (Table 2).

We also detected VDV-1 in honeybees and mites. Its presence in
mites is consistent with the fact that they function as host for the
virus (Ongus, 2006). Zioni et al. (2011) suggested that this virus can
cause deformed wings in honeybees, which we rarely observed in
our study (pers. obs.). VDV-1 was only found in four apiaries during
summer 2010-2011, once again illustrating a low prevalence in
South Africa, whereas it appears to be quite prevalent in parts of
Europe (Ongus, 2006) and was also found to be widespread in
queens collected in France (Gauthier et al., 2011).

The absence of DWV from the honeybee and Varroa mite sam-
ples collected during this study was unexpected given its high
prevalence in apiaries around the world (Allen and Ball, 1996; Ba-
ker and Schroeder, 2008; Berényi et al., 2006; Chen and Siede,
2007; Ellis and Munn, 2005; Martin et al., 1998; Tentcheva et al.,
2004) and the close association of DWV with Varroa mites (Bailey
and Ball, 1991; Bowen-Walker et al., 1999; Dainat et al., 2012a;
Gisder et al., 2009; Martin et al., 2012; Yang and Cox-Foster,
2005; Yue and Genersch, 2005). Recently, DWV was also found to
be absent from wild A. m. scutellata drones collected in a South
African Nature Reserve (Yafiez et al., 2012) and honeybee samples
from Uganda (Kajobe et al., 2010). The only record of DWV pres-
ence in South African honeybees was in 1993, prior to the arrival
of Varroa mites (Allen and Ball, 1996). The rarity of DWV in South
African or African honeybees, could explain the apparent health of
these honeybee populations. Indeed, without the negative effect of
this virus on their immune systems (Nazzi et al., 2012; Yang and
Cox-Foster, 2005), African honeybees might be in a better position
to withstand the negative effects of other pathogens and parasites.
However, Africanized honeybees, that are genetically very similar
to their African ancestors, (Kraus et al., 2007; Moritz et al., 2005;
Schneider et al., 2004) are infected with DWV (Calderén et al.,
2003; Ellis and Munn, 2005; Teixeira et al., 2008), but have not
experienced large colony losses (Neumann and Carreck, 2010). This
suggests that there might also be a genetic component that
provides African and Africanized honeybees with a greater level
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of tolerance to pathogens and parasites, e.g. higher absconding
rates, faster colony development rates, smaller colonies (Fletcher
1978; Hepburn and Radloff, 1998; Jaffé et al., 2009; Schneider
et al., 2004).

Although our study covered only a small region of the country,
our results are consistent with previously reported occurrences of
pathogens and parasites. In addition, we report the first detection
of IAPV and VDV-1 in South African honeybees as well as in Varroa
mites infesting A. m. scutellata colonies. The most frequent cause of
colony loss observed in this study was infestation by the capensis
social parasite. The spread of this parasite is facilitated by beekeep-
ers (Dietemann et al.,, 2006), but does not seem to affect wild
populations (Hartel et al., 2006). The wild population therefore
functions as a reservoir from which beekeepers refill their stocks
and is therefore indirectly affected by this parasite (Dietemann
et al., 2009). No colony losses in this study were directly attributed
to Varroa mite presence or their associated pathogens. These
results are in contrast to other studies around the world where
Varroa mites played a significant or central role in colony losses
(Bailey and Ball, 1991; Brodschneider et al., 2010; Dainat et al.,
2012b; Dietemann et al., 2012; Guzman-Novoa et al., 2010; Ritter,
1981; Rosenkranz et al., 2010; Schdfer et al., 2010; Shimanuki
et al., 1994). Also, the close association between Varroa mites
and viruses (especially DWV, ABPV) and the subsequent colony
losses they usually cause (Berthoud et al., 2010; Dainat et al.,
2012a; Martin et al., 2012) were not observed in this study. Even
though some apiaries in this study were occasionally infested with
multiple pathogens and parasites, no obvious signs of disease were
observed; thereby suggesting that the savannah honeybee popula-
tion studied is resistant to these assaults.
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