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Sustaining apiculture worldwide has been threatened by bee diseases and unexplained
colony losses. African honeybee populations seem healthier and no major losses have been
reported despite the presence of all the major pests and diseases. The scattered colonies in
the large wild population of the continent might ensure slow pathogen spread and thus
protect the unmanaged colonies in comparison with the concentration of colonies in
managed apiaries. Beekeeping and trade in bee products is responsible for spreading many
diseases throughout the world. The recent outbreak of the bacterial disease American
foulbrood (AFB) in South Africa is a matter of great concern. Despite a growing number of
apiaries testing positive for AFB, no major colony losses have been reported yet. This could
be based on higher disease resistance of African honeybees, but such a trait might not persist
if pathogens accumulate in the hives. In the first part of this article we review what is known
on the history, biology and epidemiology of AFB as well as the control methods available. We
then argue that given the particular context of honeybees in Africa, protection policies need
to be put in place to ensure that African honeybees remain healthy.
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INTRODUCTION

A healthy honeybee population is essential for
the agricultural sector as well as for wild flora. The
pollination services of honeybees are crucial in
food production and the disappearance or decline
of honeybee populations could result in not only a
depleted and very uniform diet for mankind
(Klein et al. 2007) but also in a reduction in agricul-
tural production and hence a threat to world food
security (van Engelsdorp & Meixner 2010). At
present, the development of the bee industry
worldwide is constrained by bee diseases and con-
sequent colony and economic losses (Neumann &
Carreck 2010; Genersch 2010). African honeybees
seem healthier and no large-scale deleterious
effects have been reported in spite of the fact that
all the major diseases (local or introduced) and
honeybee pests and parasites are present with the
exception of the Tropilaelaps mites (Dietemann et al.
2009). However, the South African beekeeping
industry and honeybee-dependent agriculture
has been at risk from the early 1990s as a result of
the emergence of invasive social parasitism by
workers of Apis mellifera capensis (Dietemann
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et al. 2006), unique to the country, and from
spread of the varroa mite since 1997. The industry
may now be in jeopardy following a recent
outbreak of American foulbrood (AFB) (Baxter
2009; Department of Agriculture March 2009;
http://www.oie.int/wahis/public.php). These
events highlight the vulnerability of the bee popu-
lation in Africa. The situation on the continentand
in South Africa in particular might therefore not
be as idyllic as believed and the recent AFB
outbreak supports the idea that precautions
should be adopted to prevent large-scale col-
ony losses as experienced in other parts of the
world (Dietemann et al. 2009). The ability of
beekeepers to identify pathogens, understand
their life histories, and have the knowledge of the
most appropriate control measures is essential to
keep honeybees healthy and to make beekeeping
successful.

AFB is one of the most severe bee diseases
(Riessberger-Galle et al. 2001; Bredsgaard et al.
1998). It is classified as a List B disease by the
OIE (Office International des Epizooties / World
Organization for Animal Health) and is consid-
ered a transmissible disease of socio-economic
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importance (De Graaf et al. 2006). It is a notifiable
disease in all 178 OIE-member countries. Many of
these countries by law require the destruction
of affected colonies (Matheson & Reid 1992; Rat-
nieks 1992; Fries & Raina 2003; Waite ef al. 2003).

HISTORY OF THE IDENTIFICATION OF AFB
AS A HONEYBEE DISEASE

Aristotle (384-322 BC) described in his Historia
animalium a honeybee disease that ‘is indicated in
alassitude on the part of the bees and in malodor-
ousness of the hive’ (cited in Genersch 2008). AFB
cannot be identified with certainty from this
description but it suggests that it was observed in
ancient times. In 1769, Schirach, a Saxon naturalist,
gave the name ‘foulbrood” to a disease among
honeybees that was characterized by a foul smell
of the colony (Schirach 1769; Genersch 2008). In
1882, a distinction was made between a ‘mild
and curable’ (possibly European foulbrood) and a
‘malignant and incurable’ foulbrood (possibly
American foulbrood) by Dzierzon (1882).

At first it was thought that the causative agent of
these foulbrood diseases was the bacteria Bacillus
alvei but it became evident at the start of the 20th
century that there were in fact two foulbrood
diseases: European foulbrood caused by Melisso-
coccus plutonius with a frequent secondary invader
Bacillus alvei and American foulbrood caused by
Bacillus larvae as described by White (1906). Several
taxonomical revisions followed with the final
status resulting in 2006 in the species Paenibacillus
larvae (Genersch et al. 2006). Since then a wide
range of strains of P. larvae that all cause the typical
AFB symptoms have been described. Recently
Genersch et al. (2006) identified four genotypes
(ERICIto ERICIV) of these bacteria with different
levels of virulence (Genersch et al. 2005, 2006).

BIOLOGY/PATHOGENESIS/EPIDEMIOLOGY

Paenibacillus larvae that causes AFB is a rod-
shaped, Gram-positive bacterium that forms
endospores which germinate when conditions are
favourable (Chantawannakul & Dancer 2001).
Adult honeybee workers are not affected by
AFB spores but are carriers. They infect the larvae
while feeding them food contaminated with the
infectious spores. The younger the larvae, the more
susceptible they are to infection (Riessberger-
Galle et al. 2001; Brodsgaard et al. 1998). The spores
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germinate in the larval midgut, approximately one
day after ingestion. The bacterial rods then multi-
ply in the midgut before breaking through the gut
wall into the haemolymph, killing the larvae (Yue
etal. 2008). The larval remains degrade to a brown-
ish, sticky substance that eventually dries down to
a dark, hard scale adhering tightly to the cell wall
containing millions of infective spores (reviewed
in Genersch 2008).

AFB spores are very stable. They were found to
remain in the tract of infected adult bees for more
than two months. These spores remained viable,
resulting in the infection and death of the larvae
consuming them (Wilson 1971). Spores in bee
faeces remained viable 600 h after being egested;
indicating that faeces excreted in the immediate
vicinity of the hive can function as a reservoir of
the pathogen for future infection (Wilson 1972).
Spores are also very resistant to adverse condi-
tions such as temperature extremes, the effect of
chemicals and desiccation. They can remain viable
for 30 to 50 years in hive products, e.g. honey, hive
equipment and in scales (dried out larvae)
(Haseman1961; Bakhiet & Stahly 1985; Shimanuki
& Knox 1994).

AFB bacterial spores can be present in a colony
without triggering the disease. Moreover, the
number of spores causing clinical symptoms is
highly dependent on susceptibility of the individ-
ual colony. The appearance of clinical symptoms
of AFB is influenced by factors such as the age and
resistance of larvae, the hygienic behaviour of
adult bees that remove infected larvae as well as
environmental factors such as temperature, quality
and quantity of pollen and nectar (Sutter et al.
1968; Rinderer & Rothenbuhler 1969; Rinderer &
Rothenbuhler 1974; Brodsgaard et al. 2000). AFB
not only kills the infected individuals but can be
lethal to the colonies if present in large quantities
(Ratnieks 1992; Genersch 2008). Hives with light
infections may recover but with 100 or more
infected larvae the colony is unlikely to survive
(Ratnieks 1992).

TRANSMISSION OF AFB

Beekeeping (including exchange of hive material
such as honey, brood combs and bees between
colonies) is a major cause of AFB transmission
within and between apiaries (Matheson & Reid
1992; Goodwin et al. 1994; Pfeiffer & Crailsheim
1998). Apicultural practices also endanger



Human et al.: The honeybee disease American foulbrood — An African perspective

unmanaged colonies in the vicinity of the apiaries
(Fries & Raina 2003). Contaminated honey
may serve as a reservoir of AFB spores that are
dispersed when bees consume these stores
(Hornitzky 1998; Fries & Camazine 2001;
Lindstrom 2008; Lindstrom et al. 2008).

Transmission of this disease can be either
horizontal or vertical (Fries & Camazine 2001).
Horizontal transmission within a colony occurs
through the remains of dead larvae. Eight to 19 %
of larvae reared in cells that previously contained
infected larvae will also be infected. In addition,
bees that were responsible for cleaning the cells
that contained infected larvae can transmit the
bacteria when they become nurse bees (Ratnieks
1992; Fries & Camazine 2001). Horizontal trans-
mission between colonies can occur when bees rob
the reserves stored in contaminated nests or when
contaminated foragers drift into foreign hives.
Vertical transmission is the transmission of
AFB spores from parent to offspring. In honeybees
this occurs at the colony level during reproductive
swarming (Fries & Camazine 2001; Fries et al.
2006). There is no trans-ovarial transmission from
the queen to her offspring, i.e. at the individual
level, given that the bacteria are confined to the
gut of larvae.

The wax moth, Galleria mellonella, can contrib-
ute to the spread of AFB spores (Ritter 1996) as
can the small hive beetle, Aethina tumida (Schéfer
et al. 2010). However, since the moth and beetle
destroy large amounts of comb in the deserted
nests of infected colonies that absconded, they
may also cause a decrease in general infection
pressure.

PREVENTION AND CONTROL

Efficient AFB control depends on the timely
detection of infected and/or diseased colonies and
the elimination of infected material since the disease
is highly contagious. This can be achieved through
regular inspection of apiaries with sufficient
knowledge and skills to correctly diagnose the
problem in the first place. The only reliable control
measure is the killing of bees and burning of con-
taminated hive material. Waite et al. (2003) have
shown that destruction of colonies by burning is
very effective in lowering the levels of disease.
However, colony and material destruction and
the associated costs are unacceptable to many bee-
keepers.
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Beside this efficient but destructive method,
there are a variety of methods, of varying efficacy,
used for the treatment of infected colonies
(discussed in detail by Matheson & Reid 1992).
Although the use of antibiotics has been banned in
several countries they are still widely used. Their
efficiency is questionable since only clinical symp-
toms are suppressed whereas the infectious spores
are not removed or killed. In addition, residues of
antibiotics have been found in honey from treated
colonies (Ratnieks 1992; Ghose & Hawkins 2006)
and the development of resistant strains of P. larvae
to these products has already been reported from
South America, U.S.A., Canada, U.K. and Poland
(Evans 2003; Miyagi et al. 2000). Antibiotics not
only promote the development of resistant bacte-
rial strains but also reduce the life expectancy of
honeybees and disrupt the normal microflora and
fauna of the beehive (Charbonneau et al. 1992).

Alippi et al. (1996) reported the effectiveness of
natural products such as lemon grass, Cymbopogon
citratus, and thyme, Thymus vulgaris, against
P. larvae and cinnamon oil is said to completely
inhibit its growth (Chantawannakul & Dancer
2001). However, Albo et al. (2003) showed that
neither the pure essential oils nor the blends were
effective in the elimination of clinical AFB symp-
toms. Further research on the effectiveness of
natural products as colony treatment is needed.

Given the lack of satisfying control measures,
prevention is of central importance. Gamma irra-
diation is used in Australia and South Africa to
inactivate spores of P. larvae in infected hives,
pollen and honey (to be used for feeding bees) and
limit the spread of the bacteria (Hornitzky & Wills
1983). Other economically viable and readily avail-
able control measures are sterilization of hives and
equipment through scorching with a blowtorch
and immersion in paraffin wax heated to 150°C
(Matheson 1992) or a boiling lye solution (Morse &
Shimanuki 1990). New Zealand has been using the
immersion in paraffin wax for 50 years even
though only 80 % of the spores are destroyed.
Such a decrease in bacteria number might be
enough to reduce the outbreak of AFB. Fumiga-
tion with ethylene oxide (EtO) is another method
of sterilization that is said to kill P. arvae spores but
it leaves toxic residues and has thus been banned
in several countries (Charbonneau et al. 1992).
Residual infectivity with a high recurrence of AFB
was also observed in new bee colonies established
on combs treated with this method (Matheson
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1992; Gochnauer et al. 1979; Knoxet al. 1976). EtO is
a time-consuming, costly process not guaranteed
to be efficient (Ratnieks 1992).

According to Bredsgaard & Hansen (2003)
European honeybees colonies are able to survive
AFB infection when treated with the ‘shook
swarm method’; adult honeybees are transferred
without their combs into a clean, disease free hive.
Removal of brood effectively minimizes the
number of spores in a diseased colony (Lindstrom
& Fries 2005; Fries et al. 2006). This method is similar
in effect to absconding (Fries & Raina 2003). Several
versions of the method have been developed, but
all variants are labour-intensive, and economically
only marginally attractive. However, they allow
for the saving of infected colonies without the use
of chemicals and the potential risk of bacteria
becoming resistant (Matheson & Reid 1992).

The ideal control method is one that requires
neither chemical nor labour investment. This can
be achieved if honeybees are resistant to a particular
disease. Most honeybees are susceptible to AFB,
but some populations are resistant. This resistance
is influenced by food, e.g. a queen larva that
receives the least amount of pollen is more suscep-
tible to infection compared to drone larvae that
receive mostly pollen (Rinderer & Rothenbuhler
1969). One of the mechanisms limiting the spread
of P. larvae is filtering of AFB spores by the
ventriculus in the bee honey crop so that they are
not transmitted to nestmates through exchange of
food. This filtering is more efficient in resistant bee
strains (Genersch 2008). Hygienic behaviour of
beesis another important resistance mechanism at
colony level against AFB when bees rapidly detect,
uncap and remove infected and dead brood (see
review in Spivak & Gilliam 1998a,b; Spivak &
Reuter 2001). This removal of infected larvae is
very important and contributes to healthier
colonies (Bredsgaard & Hansen 2003). Hygienic
behaviour is a trait at the colony level (Spivak &
Reuter 2001) and breeding of hygienic lines has
resulted in bees with increased resistance to
AFB infections but thus far no fully AFB-resistant
lines have been bred (Hansen & Brodsgaard 1999).

DISTRIBUTION OF AFB IN SUB-SAHARAN
AFRICA

Even though the geographical origin of AFB is
unknown, AFB is, with the exception of sub-Saharan
Africa (excluding Eritrea, the Gambia, Guinea-
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Bissau, Senegal and until recently South Africa)
and tropical countries, reported worldwide
(Matheson 1996; Ellis & Munn 2005; de Graaf et al.
2006). The rarity of AFB outbreaks in Africa can be
explained by the biology of wild honeybees.
Although there are no data on AFB transmission in
wild/unmanaged populations in Africa, dispersed
distribution of colonies and accordingly low prob-
abilities for horizontal transmission could ensure
colony isolation from pathogens (Fries & Camazine
2001). Swarms from wild colonies can become
infected near managed populations infected
with AFB, while those from regions without
apiculture rarely contain AFB spores (Fries et al.
2006). The absence of clinical AFB cases in sub-
Saharan Africa could be the result of the tradition-
ally small-scale character of beekeeping (Fries &
Raina 2003). Swarms and thus vertical transmission
may be responsible for transmission of P. larvae
under natural conditions. In addition, the fact that
African honeybees, A. m. scutellata, more frequently
abscond from their hives when disturbed com-
pared to other species (reviewed in Dietemann
et al. 2009) may act as ‘self-cleansing’ after
AFB infection. This behavioural trait together with
effective hygienic behaviour (Fries & Raina 2003)
may result in low infection pressure and extremely
rare development of clinical symptoms (Bredsgaard
& Hansen 2003). It is also possible that African
strains of AFB have a low virulence and rarely
generate outbreaks.

The effects of beekeeping and international
trade in bee products in spreading pathogens, can
change the favourable situation experienced in
South Africa. Itis perplexing that outbreaks of AFB
have not been reported in South Africa prior
to 2009 since honey and honeybees have been
repeatedly imported from the U.S.A. and Europe,
where AFB is prevalent (Fries & Raina 2003).
Imported honey, in particular, is likely to be a
continuous source of P. larvae spores and it is there-
fore possible for some honeybees to come into
contact with enough spores to result in infection.

With the exception of two surveys in the 1990s,
there have been no efforts to find AFB in sub-
Saharan Africa through microbiological techniques.
Hansen et al. (2003) confirmed the presence of
P. larvae in honey produced in South Africa and
Guinea Bissau while the survey by Fries & Raina
(2003) found neither spores nor any clinical signs
in the colonies or in any honey produced south of
the Sahara. Paenibacillus larvae may thus remain
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undetected in large parts of Africa or may be
mistaken for the widely distributed EFB (Fries &
Raina 2003). According to a survey by Hansen &
Brodsgaard (2005) honey samples from Burundi
and Gambia were free of P. larvae. Since honey
imported into South Africa is irradiated before
marketing it should be impossible to find viable
spores. Therefore, although clinical AFB symp-
toms may be absent from colonies, spores can be
present in honey (latent infection), supporting
various other studies that showed that there is no
correlation between the number of spores in
honey and the first clinical signs of AFB in the
brood cells (Hansen et al. 2003).

Occurrence of AFB was suspected in South
Africa after the Zimbabwean authorities were
notified in a report in July 1996 that a colony
imported from Johannesburg tested positive
for AFB (Beeline 1996). However, following this
report, honey samples collected from 57 apiaries
were examined and no P. larvae spores were found
in the honey. It was therefore concluded that
South Africa was AFB free (Davison et al. 1999).
This was the case until 2009 when the inspection of
honeybee colonies and retail honey by the South
African Department of Agriculture (DoA) confirmed
the presence of AFB in the Western Cape (Depart-
ment of Agriculture, March 2009; http://web.oie.
int/wahis/public.php). Currently, the extent and
distribution of the disease is unknown, and
although no monitoring surveys are conducted,
inspections are continuing within the A. m.
scutellata region (Ramsodi 2011). Unfortunately,
no precautionary measures are in place to prevent
this disease from spreading. Eradication is un-
likely and beekeepers and authorities are still
considering how to limit the spread of the disease.
As a first step, many initiatives to inform the
beekeepers about AFB are being put in place.

Losses of honeybee colonies as observed with
this outbreak may indicate that the resistance of
African honeybees to most diseases might not be
the rule if pathogens accumulate in the hives:
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