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Abstract:

BACKGROUND: The American foulbrood disease (AFB),
caused by Paenibacillus larvae subsp. larvae, is one of the
main plagues affecting honey bee (Apis mellifera L.) colonies,
and it has a high negative impact on beekeepers worldwide.
OBJECTIVES: The aim of this research was to describe the ev-
idence of Paenibacillus larvae larvae contamination of honey
bee colonies, in the East Azerbaijan Province. METHODS: In
this study, samples from honey bee colonies of North West Iran
were studied for their respective ability to detect the presence
of bacterial contamination, using microbiological methods. For
this purpose, 10 ml of the suspension from live bees, larva,
honey, pollen and wax were incubated in modified MYPGP
agar (Muller-Hinton broth-yeast extract-glucose-sodium pyru-
vate and PO4HK?2) plates. Bacterial colonies were identified by
colony, bacteria morphology and biochemical tests for Paeni-
bacillus larvae larvae. RESULTS: The results of this study indi-
cated a low level of contamination with Paenibacillus larvae
larvae in the East Azerbaijan Province. CONCLUSIONS: In con-
clusion, the distribution of P.llarvae spores in all samples of
the East Azerbaijan Province, showed a clear pattern and may
provide useful data for the control and prevention of American
foulbrood.

Introduction

American foulbrood (AFB) in honey bees
(Apis melifera) is caused by the spore form-
ing bacterium, Paenibacillus larvae larvae
(Nordstrm et al., 2002). AFB is one of the few
bee diseases capable of killing a colony, and
is difficult to prevent and control because the
spores can remain viable for long periods of
time (Alippi and Reynaldi, 2006). In many
countries, AFB is a notifiable disease and
most authorities consider burning infected or
diseased colonies, the only workable control
measure against AFB (Yue et al., 2008). In
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countries where disease incidence is high, the
use of antibiotics appears as an alternative to
the burning of infected bee hives (Alippi and
Reynaldi, 2006, Alippi et al., 2002). AFB is a
serious problem in apiculture and causes con-
siderable economic loss to bee keepers all over
the world (Genersch, 2010). Spreading of the
disease within an apiary and between apiaries
or even countries is facilitated by beekeeping
practice like exchanging materials between
colonies, managing numerous hives in a con-
fined area and global trading of bees and hon-
ey (Ashiralleva and Genersch, 2006).
American foulbrood can be diagnosed in the
field by visual inspection; however, field — di-
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agnosis must be microbiologically confirmed.
Microscopic identification can be comple-
mented by the modified hang-drop technique,
the Holst milk test or fluorescent — antibody
techniques developed for detection of P. larvae
antigens (Abd Al-Fattah et al., 2010). Besides,
the most frequently applied identification
method is the isolation of P.larvae followed by
biochemical characterization tests (Steinkraus
and Morse, 1996). For biochemical diagnosis
of suspected P.larvae colonies, catalase and
nitrate reduction tests are recommended (Abd
Al-Fattah et al., 2010).

Recently, field observations on Iranian api-
aries showed foulbrood symptoms tentatively
related to AFB. Very few reports have record-
ed limited AFB infections in Iran (Yusefkhani
and Lotfi, 2010). This research investigated
the occurrence of AFB in honeybee colonies
in East Azerbaijan Province. Diagnosis of the
disease symptoms was preliminarily carried
out by relying on visual inspection and field
tests verified by isolation and phenotypic iden-
tification of the pathogen.

Materials and Methods

Sample collection: Inspectors from the
North West of Iran (Azerbaijan) were asked to
collect samples of honey, wax, adult bee, larva
and pollen. For this purpose, 10 ml of each sus-
pension (wax, adult bee, larva and pollen) was
incubated in each of the six modified MYPGP
agar plates. One hundred colonies, without any
detectable symptoms but from apiaries with
diseased colonies, were sampled during the
years 2010-2011 for the detection of AFB in
the apiary.

Sample analysis (Samples of adult bees):
Each adult bee sample, consisting of 50 work-
er bees, was placed in a polythene bag (10x
15 cm) with an inner nylon mesh (1.2 x 1.2
mm) and 20 ml of sterile NaCl (9 mg/ml) was
added. The bag was sealed using a heat seal-
er and bees in the sealed bag were carefully
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crushed by hand. The fluid was collected into a
50 ml centrifuge tube and centrifuged at 27000
g (Ependorff) for 10 min. The resulting pellets
were resuspended in sterile NaCl to a total vol-
ume of 2 ml and incubated at 85°C for 10 min
in a water bath (Nordstrm et al., 2002).

Samples of honey: Five grams of each hon-
ey sample was diluted with 5 ml of sterile NaCl
(9 mg/ml). The honey samples were incubated
at 88°C for 10 min (Nordstrm et al., 2002, Per-
nal and Melathopoulos, 2006).

Samples of wax: One gram of wax was
added to the test tube with airtight seal. Larger
pieces of wax were cut by sterile instruments
into very small pieces. The dry material pre-
pared in this way was stirred thoroughly and
diluted with 8.5 ml of sterile distilled water.
The resulting suspension was then supple-
mented with 0.5 ml of Tween 80. Careful ho-
mogenization resulted in the development of
a homogenous, grayish brown pulpy material
which hardened on cooling. Afterwards, the
tubes were removed from the water bath and
allowed to cool down to room temperature at
which they were stored for 2-4 h, until a suf-
ficient amount of liquid was separated at the
bottom of the tubes. Then, 2-5 ml of this lig-
uid was withdrawn with a disposable balloon
pipette and mixed with the same volume of
distilled water in another sterile sealable tube.
Again, the resulting mixture was shaken thor-
oughly in the longitudinal direction for at least
5 min and put into a hot water bath. After 10
min, the tubes with the stand were removed
from the bath, allowed to cool down to room
temperature and shaken again (Bzdil, 2007).

Samples of pollen: In total, 0.75 g of pol-
len samples were suspended in 2.5 ml of ster-
ile 0.9% NaCl and homogenized by hand in a
glass tissue grinder (Gilliam et al., 1989).

Samples of larvae: Larvae were taken out
of their cells, washed twice in distilled water
and touch- dried lightly on filter paper. Eppen-
dorf vials were filled with 8 larvae each. After
the addition of 60 pl of sterile distilled water,
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Table 1. Biochemical characteristics of American foulbrood bacteria isolated from East Azerbaijan province. VP: Voges-Proskauer.

Identifi- Gram’s Spores Hydrolysis Production Reduction VP Oxidase Catalase
cation test forming of gelatin of indole of nitrate reaction
14 + + + - + -
10 + + - + _
+ + + - + -
4 + + + - + - +
12 + + + - + -

the contents were homogenized by ultrasonic
treatment (Crailsheim and Riessberger-Galle,
2001).

Enumerating samples: Ten microliters (10
ul) of the suspension was incubated in each
of the six modified MYPGP agar plates. The
plates were incubated at 36°C in 5% CO2 for 7
days, after which the number of bacterial col-
onies were counted. Bacterial colonies were
identified by colony and bacteria morphology
and a negative catalase test for Paenibacillus
larvae larvae. Production of Indole, nitrate
reductase (Abd Al-Fattah et al., 2010), gelati-
nase, oxidase and acetyl methyl carbenol (Vo-
gas- Proskauer test) were also examined. More
than 100 colonies in each plate were counted.
Contamination with bacteria other than Paeni-
bacillus larvae larvae were noted for each
plate and sample (Nordstrm et al., 2002).

Results

During the years 2010-2011, 97 out of 100
beekeepers had no colony of P. larvae.

The analysis of honey, larva and wax sam-
ples shows that just one sample is positive for
P. larvae. The analysis of bee samples showed
that two samples were infected with P. larvae
and there was no infection with P. larvae in
pollen samples.

Samples collected from the same area of the
hive showed that honey, wax, larva and bee
could be representative of the colony at the
time of sampling, when no symptoms were
found. Consequently, measures can be taken to
prevent the establishment and further dissem-
ination of the disease (de Graaf et al., 2006).
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A total of five Gram-positive spore-forming
bacteria were isolated from the samples col-
lected from all the infected locations. Isolates
were purified and their cultural, morphological
as well as biochemical traits were examined
(Table 1).

Discussion

Sampling of honey bees has been previously
documented to be a very sensitive technique,
for the detection of AFB, especially for indi-
vidual colonies (Nordstrm et al., 2002; Ritter,
2003; Lindstrom, 2008). The honey samples
have a limitation when applied at the apiary
level, these limitations are not greater than
those of other methods used for monitoring the
transmission or prevalence of Paenibacillus
larvae larvae spores. On the contrary, because
the spore load of adult bees reflects the actual
status of the colonies at the time of sampling,
rather than the status at the time of nectar col-
lection, it gives a more accurate picture of the
conditions in the apiary and greater possibil-
ities to correlate clinical disease to the spore
load. Wax is also a good sample. As spores
of Paenibacillus larvae larvae remain infec-
tious even for decades, the danger of infection
persists also from abandoned apiaries free of
bees. It can only be excluded by examining
wax samples (Ritter, 2003).

Different P. larvae identification rates have
been reported from the suspected colonies.
Yusetkhani and Lotfi (2010) reported that 5.8%
of honey bees in the Northwest of Iran were
detected as positive for P. larvae infection.
This percentage is similar to the one found in

89



Investigation of Paenibacillus larvae...

this work. Of the 36 honey samples tested for
AFB in Moharrami’s research (2011), a high
level of infection was present in 13.9%.

Findings regarding the occurrence of P. lar-
vae infections in foreign apiaries are highly
varied. Among the total samples found in Kil-
ic’s research (2008), a high level of infection
was found in 100 samples (7%). In Uruguay
(Antunez et al., 2004), the first clinical case
of AFB was found in 2000 samples. In 2001
and 2002, during tests of 101 honey samples
from 19 provinces, P. larvae was found in 52
samples (51.5%). In Africa, Fries and Raina
(2003) tested 64 samples of imported honey
and 35 samples of African honey. They detect-
ed P. larvae in six samples of imported honey.
In Poland, following tests of 6510 samples of
honey, the research showed the presence of P,
larvae in 35.6% of the honeys (Pohorecka et
al., 2012).

The results suggest that, at least under Azer-
baijan conditions, contaminated adult bee may
act as reservoir of P. larvae spores. If bees can-
not defecate outside the hive and rely solely on
the honey stores for food, there is a buildup of
fecal matter mixed with P. larvae spores in the
rectum of adult bees and such spores remain
viable. If bees defecate inside the hive, spores
are released into the hive environment. This
probably increases the risk of larval infection
due to a more spore-contaminated environ-
ment (Lindstrom et al., 2008). The distribution
of Pllarvae spores in all samples of the East
Azerbaijan Province showed a clear pattern
and may provide useful data for the strategy of
control and prevention of American foulbrood.

Acknowledgements

The authors are grateful to the research af-
fairs of Razi Vaccine and Serum Research In-
stitute, Marand, Iran for financially supporting
this study.

90

Nofouzi, K.

References
Abd Al-Fattah, M.A., El-Awady, M., Ibrahim,

G. M., Barakat, O.S. (2010) Microbiological
and molecular diagnosis of American foul-
brood in honeybee (Apis mellifera L.) colonies.
Arab J Biotechnol. 13: 1-12.

Alippi, A. M., Reynaldi, EJ. (2006) Inhibition
of the growth of Paenibacillus larvae, the caus-
al agent of American foulbrood of honeybees,
by selected strains of aerobic spore-forming
bacteria isolated from apiarian sources. J In-
verteb Pathol. 91: 141-146.

Alippi, A.M., Lopez, A.C., Aguilar, O.M.
(2002) Difterentiation of Paenibacillus larvae
subsp. Larvae, the cause of American foul-
brood of honeybees, by using PCR and re-
striction fragment analysis of genes encoding
16S rRNA. Appl Environ Microbiol. 68: 3655-
3660.

Antunez, K., D’Alessandro, B., Piccini, C., Cor-
bella, E., Zunino, P. (2004) Paenibacillus larvae
larvae spores in honey samples from Uruguay:
a nationwide survey. ] Invertebr Pathol. 86: 56-
58.

Ashiralleva, A., Genersch, E. (2006) Reclassi-
fication, genotypes and virulence of Paeniba-
cillus larvae, the etiological agent of American
foulbrood in honeybees-a review. Apidologie.
37: 411-420.

Bzdil, J. (2007) Detection of Paenibacillus lar-
vae spores in the debris and wax of honey bee
by the Tween 80 method. Acta Vet Brno. 76:
643-648.

Crailsheim, K., Riessberger-Galle, U. (2001)
Honey bee age dependent resistance against
American foulbrood. Apidologie. 32: 91-103.
de Graaf, D.C., Alippi, A.M., Brown, M., Ev-
ans, J.D., Feldlaufer, M., Gregorc, A., Horni-
tzky, M., Pernal, S.F, Schuch, D.M.T., Titera,
D., Tomkies, V., Ritter, W. (2006) Diagnosis
of American foulbrood in honey bees. A syn-
thesis and proposed analytical protocols. Lett
Appl Microbiol. 43: 583-590.

Fries, 1., Raina, S. (2003) - American foul-
brood and African honey bees (Hymenopter-

LIVM (2015), 9(2): 87-91



Nofouzi, K.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

a:Apidae). ] Econ Entomol. 96: 1641-1646.
Genersch, E. (2010) American foulbrood in
honeybees and its causative agent, Paenibacil-
lus larvae. ] Invertebr Pathol. 103: 510-519.
Gilliam, M., Preset, D.B., Lorenz, B.J. (1989)
Microbiology of pollen and bee bread: taxono-
my and enzymology of molds. Apidologie. 20:
53-68.

Kilic, A., Simsek, H., Kalender, H. (2010) De-
tection of American foulbrood disease (Paeni-
bacillus larvae) by the PCR and culture. Kaf-
kas Univ Vet Fak Derg. 16: 841-845.
Lindstrom, A., Korpela, S., Fries, I. (2008) The
distribution of Paenibacillus larvae spores in
adult bees and honey and larval mortality, fol-
lowing the addition of American foulbrood
diseased brood or spore-contaminated honey
in honey bee (Apis mellifera) colonies. ] Inver-
tebr Pathol. 99: 82-86.

Moharrami, M., Modirrousta, H., Moeinfar,
N. (2011) Detection of Paenibacillus larvae
larvae spores in honey and diseased larvae
samples by culture and PCR. Arch Razi Inst.
66: 101-107.

Nordstrm, S., Forsgren, E., Fries, 1. (2002)
Comparative diagnosis of American foul-
brood using samples of adult honey bees and
honey. ] Apic Res. 46: 5-11.

Pernal, S.E, Melathopoulos, A.P. (2006) Mon-
itoring for American foulbrood spores from
honey and bee samples in Canada. APIACTA.
41: 99-109.

Pohorecka, K., Skubida, M., Bober, A., Zdans-
ka, D. (2012) Screening of Paenibacillus larvae
spores in apiaries from eastern Poland. Na-
tionwide survey. Part 1. Bull Vet Inst Pulawy.
56: 539-545.

Ritter, W. (2003) Early detection of American
foulbrood by honey and wax analysis. APIAC-
TA. 38: 125-130.

Steinkraus, K.H., Morse, R.A. (1996) Media
for the detection of Bacillus larvae spores in
honey. Acta Biotechnol. 16: 57-64.

Yue, D., Nordhoff, M., Wieler, L.H., Ge-
nersch, E. (2008) Fluorescence in situ hybrid-

LIVM (2015), 9(2): 87-91

21.

Iranian Journal of Veterinary Medicine

ization (FISH) analysis of the interactions
between honeybee larvae and Paenibacillus
larvae, the causative agent of American foul-
brood of honeybees (Apis mellifera). Environ
Microbiol. 10: 1612-1620.

Yusefkhani, M., Lotfi, A. (2010) Incidence of
American foulbrood in honey bee colonies of
Eastern Azarbaijan province, NorthWest of
Iran. Acad Entomol. 3: 37-38.

91



Abstracts in Persian Language

AV=23 Y o)las A 050 MYAF ¢l sols o dles

(B0 L3 il (gl i 5035 (539 (0 o 5
Vot \ggd (pghewly (B9 8L L

Tl @5y 4ol ' g9 92l
Oy €23 <32 305 DI (S 50l 05515 ¢ 5590 amaT 09,5 (9
Oltl g0 48315 (G5l oy g (omnSTy i dunnnige « Jslo (GGelom 29,5 (¥

(\\“ﬂ\” olo «$> \s @L@e L)“’)"J‘ AYAY olo e YY .allio wb)b)

Jolge oy yianee jI (S g 0 S| Paenibacillus larvae Iarvae lowg 45 o155 50l Sol (6)lows 1aniliae diuw;
s 5955 QB g9 4 (ol Sl Jroo eacl 9038 1531 s y9055 (slagaiS a5 4l o S 3]
5o oplad Sl Jue 5955 (g 3S1ye o cilisee sladiged duslis cadlllas pl jl B 18 295 oo (ol o )3
ol o )8 gy il o By ool bl (gl i g5 > Paenibacillus larvae larva ¢ zSb 4 (S4)l
S iyl 55k 75U S 5 ] Ol o Sl oaa] a1 g 995 s b ey 905 slaiges s
Sl bame g9y ppgaly 03,5 «Juus 93 59555 | Jols (gmailigs SN+ UL jolato (i 42285 1,8 dulio 90 0950
390 (otloondgn (Sl (92 (ke 3 9 (6 ySL JSb 9 45y JSB oLl L (oL S (glaaiS ;2505 <t MYPGP
Paenibacillus larvae s ySb 4 (5391 () je (somcimes Ban ,S1a8 ol i anlllas oyl ol il aixd S )5 Slulus
oal Cands 2ol ool 23 a8 S et il go mly slomn 1 53 (55 ol )3 il e y955 (slanguis’ s larvae
o a2 (S9Ml o e omolio Jmo Juu 15235 g0 3510 o (sladigas | oS sy o lai 4y calllas (]
el o ol 43 (8 (ol 3T il (el 9055 (gl 52 22305 ST ST

53Y Aigad < Juus digai (19135 Aigal ¢S yol So) 50418 slaoly

Email: nasserrazmaraii@gmail.com  +an(fy) FIraatya sl FaAACEY) FIFadA a1 s s 5 (%



