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ABSTRACT

American foulbrood caused by Paenibacillus larvae is one of the most serious bacterial diseases of honey-
bee brood. Few data are currently available on the prevalence of this disease in Algeria. This study pro-
vides an overview of the prevalence of this disease in the Mid-North. Samples of adult bees were collected
from 65 apiaries. Detection of spore samples was performed using methods bacteriological, microscopic
and biochemical. Spores of Paenibacillus larvae were detected in 23.5 % of the apiaries examined in 2010
and 30 % in 2011. The prevalence of the wreck is different from one region to another. Many factors can

possibly explain this difference in the prevalence of the disease.
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INTRODUCTION

American foulbrood is a common bacterial disease
of honey bee (Apis mellifera L.) (Heyndrickx et al.,
1996). It is found on all continents where beekeep-
ing is common (Ellis and Munn 2005). This is the
most contagious disease of the brood of the honey-
bee. It is among the diseases that could destroy an
entire colony (Allipi et al., 2004). It causes signifi-
cant economic losses as well as for the beekeeper
to the farmer who needs pollinators (Hansen &
Brodsgaards, 1999; Haddad et al., 2007)

The causative organism is a Gram positive bacte-
rium called Paenibacillus larvae (Ashiralieva &
Genersch, 2006). Adult bees are not attacked by
the causative agent when they ingest spores (Wil-
son, 1971), but their digestive system is contami-
nated for several months (Brodsgaard & Hansen,

1999) and these bees will transmit the pathogen to
young larvae (Wilson, 1971).

Paenibacillus larvae can produce over one billion
spores per infected larvae (Heyndrickx et al 1996)
Spores represent the infectious stage. If the brood
absorbs spores while feeding, the spores germinate
in the midgut of the larva and rods, vegetative form
highly mobile, cross the intestinal wall and into the
abdominal cavity. There they multiply rapidly and
cause the death of the larvae (Gregorc & Bowen,
1998).

The disease can be controlled by the destruction of
the brood with clinical signs and disinfection flame
contaminated material (Hansen & Brodsggard
2003). The fight is also based on the use of antibi-
otics (oxytetracycline). But several years, strains of
Paenibacillus larvae resistant to oxytetracycline
appeared in many of the world (Miyagi et al 1999;
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Alippi, 2000; Mussen 2000; Evans 2003; Lodesani
& Costa 2005).

In Algeria, American foulbrood is legally classified
as a disease contagious. There is very little about
this disease. Few studies in Algeria to determine
the prevalence of this disease in bee colonies. This
apparent gap justifies this manuscript. The objec-
tive of this study is to determine the prevalence of
this disease in the Mid-North of Algeria including
agricultural areas of Algiers, Blida, Boumerdes, Tizi
Ouzou and Tipaza where beekeeping is practiced
intensively.

MATERIALS AND METHODS
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Figure 1: Study area (mid-northern region of Algeria)
Protocol Analysis

In the laboratory the spores of Paenibacillus larvae
are detected separately for each sample by the
microbiological method of Lindstrom & Fries (2005):

-Remove the intestines and thoroughly crush bee
-Place the sample in a test tube after filtration.
-Add 20 ml of physiological saline

-Centrifuge the liquid collected in a centrifuge tube
of 50 ml for 10 minutes

99
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Sampling

The sampling was conducted in 5 regions with high
potential beekeeping: Tizi-Ouzou, Blida,
Boumerdes, Algiers and Tipaza (Figure 1). Sam-
ples are taken in 2010 and 2011, early in the spring
period (April and May). The samples, consisting of
over 100 adult bees were taken from the brood
frames were placed in plastic boxes containing 90%
ethanol and immediately frozen. 101 and 98 sam-
ples were taken respectively on all study areas
during 2010 and 2011. 65 apiaries were visited at
which these samples to detect typical symptoms of
AFB.

The Sampling
area

LIS 1o}

-Replace the recovered pellet was suspended in
12ml of sterile NaCl (13 g/ 1 liter)

-Incubate at 85 ° C in a water bath for 10 minutes

-Inoculate 10 il of the cell suspension in agar-plates
MYPGP

-The plates are incubated in 5% CO2 (to stimulate
the growth of the bacteria sought) at 36°C for 7
days
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-And finally the identification of the causative agent
Paenibacillus larvae MYPGP agar, colonies of the
bacterium Paenibacillus larvae are small, regular,
usually rough, flat or raised, white or beige

Biochemical tests and microscopic confirmation
were performed on positive samples: Catalase test
(Haynes 1972), the test of the hydrolysis of casein
(Neundorf et al.,2004), and Gram staining (Murray
& Aronstein 2008 )

Statistics
Datas obtained from experiment were evaluated by
using procedure of ANOVA of statistic package

100

programme called SAS (1999) and difference be-
tween the groups were determined by the Newman-
Keuls test (P=0.05)

RESULTS AND DISCUSSION

The other study areas are characterized by a fre-
quency of less than 25%. ANOVA results registered
significant difference between final prevalence in
the two region of Boumerdes and Tizi ouzou, com-
paring with a frequency of Blida, Alger and Tipaza
(p<0.05).
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Figure 3: Prevalence of American Foulbrood in mid-northern region of Algeria in 2010
Different letters (a, b) indicate significant differences at P < 0.05 after ANOVA followed by a post hoc Newman-Keuls

test.
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Figure 3: Prevalence of American Foulbrood in mid-northern region of Algeria in 2011. Different letters (a, b, c) indicate
significant differences at P < 0.05 after ANOVA followed by a post hoc Newman-Keuls test.
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In real conditions, the detection of AFB is based on
the appearance of diseased brood whose larvae
have a consistency typical (larva shooting). When
the dead larva dries, hardened scales are formed
and firmly adhere to the cell wall. For all infected
hives, only 8% on average are characterized by the
presence of symptoms of the disease in 2010 and
11 % in 2011 (Figure 3). The presence of
Paenibacillus larvae in a hive was not systematical-
ly accompanied clinical symptoms (De Graaf et al
2001). The results of Lindstrom et al (2008) show
that a colony can have large amounts of spores per
adult bee without showing clinical signs of AFB.
When clinical symptoms of the disease appear in
infected colonies, in the absence of treatment, they
will most likely succumb to this disease (Genersch
et al 2005). In colonies not exhibiting clinical symp-
toms of disease, spores of the pathogen can be
detected in samples of adult bees (Hornitzky 1988,
Nordstrom et al 2005), or honey (Antunez et al
2004; Pohorecka & Boner 2008). Graff and et al.
(2001) who found a significant relationship between
the positive honey samples and the cases of AFB in
Belgium, supporting the value of honey analysis for
sanitary control of bee colonies.

According to a study by Fries and Lindstrom (2005),
35% of infected colonies are characterized by the

presence of symptoms of AFB, and 68% of the
samples are characterized by the presence of
spores. The clinical signs of AFB are varied and
depend on the level of virulence of the strain of the
bacterium (Ritter 2003), the concentration of spores
in the colonies and the strength of the hive and its
potential resistance to American foulbrood (Hansen
& Brodsgaard 1997), and the contributions of nectar
and pollen (Hansen & Brodsgaards 1999). Young
larvae can be killed quickly if they are huddled in
cells not capped. The workers will remove these
larvae died and only one cell will remain empty
(Brodsgaard et al 2000).

The distribution pattern of P. I. larvae spores in the
different samples is shown in table (1). The regions
were classified in 3 categories according to the
mean of CFU/g of samples of honeybee. In the first
category we find the Region of Tizi Ouzou showing
a mean of more than 200 CFU/g. Blida, Boumerdes
and Tipaza are included in a second category with
a mean of CFU/g that goes from 50 to 200 UFC/g.
In the third category we included Alger, with a mean
below 50 UFC/g. Statistical analysis indicated that
there were highly significant differences of this 3
categories (p<0.001).
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Figure 4: Frequency of symptoms of AFB in colonies infested with Paenibacillus larvea

Table 1: Results for the detection of Paenibacillus larvae
spores in samples of honey bee in Algeria. Different
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letters (a, b, c) indicate significant differences at P < 0.05
after ANOVA followed by a post hoc Newman-Keuls test.
S.E.: standard error

Source Samples | Mean * S.E
(CFU/g)
Alger 38 49+41.85d
Blida 43 101 £69.55 ¢
Boumerdes | 37 185+ 35.85b
Tipaza 39 112+ 81.52 ¢
Tizi ouzou 42 274 +£78.12 a

Globally, more research has focused on the distri-
bution of foulbrood in honey bee colonies. In Swe-
den, a study showed a prevalence of 70% of bees
infected by foulbrood (Lindstrém & Fries 2005). In
the Czech Republic Ryba et al (2009) report a rate
of 12%. 5.1% of the colonies are contaminated with
Iran (Yusefkhani & Lotfi 2010). A study based on
the bacteriological analysis of honey samples from
1328 harvest of summer 1999 in Belgium has de-
tected 146 samples contaminated with spores of
Paenibacillus larvae (De Graaf et al 1999). In Po-
land 23% of honey samples are contaminated with
the bacteria (Bohorecka & Bober 2008), and 50% in
Argentina (Basuado et al 2008).

Weather conditions can have a major effect on the
frequency and distribution of pathology. According
Haubruge et al (2006), climatic conditions are dis-
cussed as a potential cause of the wreck. Sporula-
tion of Paenibacillus larvae is triggered by the high
humidity in winter (Hansen & Brodsgaard 1999).
Bacteria grow in the period of brood production
causing clinical symptoms. In general, the AFB is
detected in the spring and summer. Sampling in the
case of our study was conducted in early spring,
which explains the detection of the disease in al-
most all regions.

Shiminuki & Knox (2000) consider that the spread
of the disease is closely related to the activity of
beekeepers. Beekeeping practices are themselves
favorable to the change in the appearance and
spread of foulbrood. The exchange of brood
frames containing the remains of diseased larvae is
the diffusion path of the most common disease. In
addition, food or raiding honey laden spores, bee
bread, packets of bee wax contaminated with
spores of Paenibacillus larvae used for the creation
of new hive frames also can also disseminate dis-
ease (Faucon 2002). The frequent replacement of
rays should be encouraged in the management of
the colonies to fight against the disease by simple

removal of contaminated rays (Graff et al 2001).
Marketing of queens may be an element of dissem-
ination. Indeed, viable spores have been isolated
from queens from infected colonies. They can then
spread the disease in healthy colonies (Wilson
1972). The sale of queens between beekeepers
Algerian is a very common practice, and it is done
without any sanitary control, which increases the
risk of spreading the disease (Adjlane et al 2012).

Research work suggests that Varroa destructor can
play a role in the spread of the disease (De Rycke
et al 2002). Knowing that the apiaries in Algeria are
heavily infested with varroa (Adjlane 2011). There-
fore, constitutes another potential route of dissemi-
nation of the bacterium.

According Saegerman et al (2009) two phenomena
may facilitate the spread of American foulbrood.
The first is that the spores of Paenibacillus larvae
have the ability to remain viable during a period of
up to 35 years. The second is that the arrange-
ments put in place to control American foulbrood
are not always adapted to a beekeeping. The re-
sults of Lindstrom et al (2008) demonstrate a direct
effect of the distance between the colonies clinically
ill on the probability of getting a high amount of
spores as well as that of developing visible symp-
toms of the disease. The high density of bee colo-
nies is a factor in the spread of disease. This strong
presence of the disease in bee colonies is also
related to the high density of colonies in the study
areas.

Looting is an important means of transmission of
spores of P. larvae between bee colonies over
short distances; Il is evidence that contamination is
particularly important at a distance of about 1 km or
less (Lindstrom et al 2008).

The behavior of the bee is a factor that can deter-
mine the impact of the wreck: Fries and Raina
(2003) reported in a study conducted on American
foulbrood of Africanized bee colonies that hygienic
behavior of this bee is responsible for weak pres-
ence of the bacteria in the colonies in Africa. In
Algeria, no study has been conducted until now on
the importance of this criterion on the development
of the wreck in two local races of bees Apis
mellifera intermissa and Apis mellifera sahariensis.

Other routes of spread of the disease are added
such as the sale of the swarms that can carry
spores, the movement of bee colonies (Pankiw &
Corner 1966). In Algeria, beekeepers move their
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hives several times a year in various locations in
search of nectar resources. These movements can
contribute to the spread of the disease. Contami-
nated hives can introduce the disease into a nhew
place.

CONCLUSION

Paenibacillus larvae is present in the five areas
studied. But bee populations are infested at differ-
ent levels. Several factors can possibly explain this
great variation in the distribution of the disease
such as climatic factor, and especially the role of
the beekeeper in the spread of the disease. The
highly pathogenic nature of this disease and the
inability of early detection are partly responsible for
its wide dissemination. Beekeepers do not detect
the disease early enough thus promoting the for-
mation of several outbreaks of pathogens in the
study areas. The presence of spores in the study
areas in colonies showing no symptoms questions
the apparent low frequency of AFB in Algeria.
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GENISLETILMIS OZET

Giris: Amerika Yavru Curdklugl Paenibacillus
larvae tarafindan sebep olan balarisi yavrularinin
en 6nemli bakteri hastaligidir. TUm Ulkelerde goéri-
len en bulasici hastaliktir. Gram pozitif bakteri tara-
findan neden olan bu hastalik yetigkin arilari etki-
lememekte ancak sindirim sistemlerinde uzun sure
kalmakta ve daha sonra genc larvalara bu patojeni
bulastirmaktadir. Bu bakteri bir milyondan fazla
spor uretmekte, yavrular sporu aldiginda spor lar-
vanin midesinde gelisimine baslamaktadir. Daha
sonra ¢ogalmakta ve larvanin 6limine neden ol-
maktadir. Hastaligin kontrolu farkli sekillerde yapi-
labilmektedir; yavrularin yok edilmesi, yakilmasi,
antibiyotik tedavisi gibi. Ancak uzun yillar bu bakteri
oksitetrasikline karsi direng gelistirmistir. Cezayir'de
bu hastalik salgin hastalik olarak kabul edilmekte-
dir. Bu konuda ¢ok az c¢alisma bulunmaktadir. Bu
¢alisma bu agigi kapatmak icin yapilmis ve hastali-
gin Orta-Kuzey Cezayirde hastaligin yayginhgini
tespit etmek igin yapilmistir.

Materyal ve Metot:

Ornekleme: Ornekleme ariciliyin en fazla oldugu 5
bélgede yapilmistir. 2010-2011 yillarinda erken
ilkbaharda (Nisan-Mayis) yavru gergeveleri tzerin-
den 100 yetigkin ari %90 alkole alinmis ve hemen
dondurulmustur. 2010-2011 yillarindan sirasi ile
101 ve 98 6rnek toplanmistir. Bu hastaligi gosteren
65 arilik ziyaret edilmistir.

105

Analiz  Protokoll: Laboratuvarda Paenibacillus
larvae sporlari her érnek icin ayri ayri Lindstrom ve
Fries (2005) metoduna gore vyapimistir. Pozitif
drnekler Uzerinde ise biyokimyasal ve mikroskopik
teyitler gerseklestirilmistir; bunlar Katalaz testi
(Haynes 1972), Kasein hidroliz testi (Neundorf ve
ark., 2004) ve gram boyama (Murray ve Aronstein,
2008) testleridir.

istatistik: Deneyler sonucunda elde edilen veriler
SAS (1999) adi verilen paket program kullanilarak
varyans analizi (ANOVA) yapilmis ve gruplar arasi
farklilik Newman-Keuls testi (P=0.05) ile belirlen-
migtir.

Bulgular ve Tartigsma: 2010 ve 2011 yillarinda 5
farkli bdlgeden toplanan d&rneklerdeki hastaklik
etmeni ¢alisilmis ve bulgular tablo ve sekiller ile
makale igerisinde gdsterilmistir.

Paenibacillus larvae sporlari 2010 yilinda kolonile-
rin %23.5’inde 2011 yilinda ise %30’'unda belirlen-
migtir. Farkli bdlgelerde farkli yayginlik belirenmis
ve bunlar arasindaki anlamlilik istatistiksel olarak
gosterilmistir. Hastaligin yayginhdi bélgeden bdlge-
ye farklihk gostermektedir. Hastaligin yayginligin-
daki farklihgr agiklamada bir ¢ok olasi faktér bulun-
maktadir. Bunlar arasinda iklim kosullari, aricilik
uygulamalari, Varroa destructor tartisilmis ve diger
calismalar ile karsilastirilmigtir. Bunlar arasindaki
bakterinin ¢ok patojenik olmasi ve hastaligin erken
teshisinin arici tarafindan yapilamamasi son derece
onemlidir. Calisma alanindaki kolonilerdeki spor
varligi ve herhangi bir semptom gértilmemesi Ce-
zayir'de dustk Amerikan Yavru Clrikliguni sorgu-
lamaldir.

Anahtar kelimeler: Apis mellifera intermissa, Ce-
zayir, Paenibacillus larvae, yayginlik, Amerika Yav-
ru Curukluga.
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