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Abstract

Aim: Paenibacillus larvae subsp. larvae is the etiological agent of American foulbrood (AFB), the most virulent bacterial
disease of honey bee brood worldwide. In many countries, AFB is a notifiable disease since it is highly contagious, in most
cases incurable, and able to kill affected colonies. The aim of this study was to determine the prevalence of P. larvae subsp.
larvae in Kurdistan province apiaries by polymerase chain reaction (PCR) technique.

Materials and Methods: A total of 100 samples were randomly purchased from apiaries in Kurdistan, Iran. Apiaries were
randomly sampled in accordance with the instructions of the veterinary organization from different provinces and were
tested using PCR method and an exclusive primer of 16S rRNA for the presence of P. larvae subsp. larvae.

Results: The results of this study indicated a low level of contamination with P. larvae subsp. larvae in the Kurdistan
province. The number of positive samples obtained by PCR was 2%.

Conclusion: Therefore, monitoring programs for this honeybee disease in Kurdistan should be developed and implemented
to ensure that it is detected early and managed.

Keywords: American foulbrood, honeybee, Kurdistan province, Paenibacillus larvae subsp. larvae, polymerase chain

reaction.
Introduction

Honey bees and larvae are subjected to a wide
range of microorganisms. Considering the economic
importance of the beekeeping in Iran and the role of
honey bee products in various uses, it is essential to be
aware of bee diseases and timely diagnosis. American
foulbrood (AFB) is one of the most dangerous and
important diseases of brood honey bees which affect
larvae of Apis mellifera honey bee [1].

This disease is caused by the Gram-positive
bacteria with spores called Paenibacillus larvae
under the /arvae species. Spores can survive in the
environment 35-50 years [2]. Spores are resistant
to drought, high temperatures (100°C for more than
5 min), and ultraviolet (UV) light. Furthermore, in
contact with conventional disinfectants, such as form-
aldehyde solution, they can survive 10% more than
5 h [3]. This makes the control of the disease diffi-
cult because human activity can spread the disease
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over long distances and previously dormant strains
may cause an outbreak several years after the orig-
inal outbreak [4]. The presence of P. larvae subsp.
larvae spore in the hive indicates that the hive is con-
taminated, and as soon as the condition is to be avail-
able for growth, the spores germinate and cause dis-
ease [2]. Spores attack honey bees in the larval stage
(usually during the first 24-36 h of life) [S]. Larvae
with more than 2 days are more resistant to infection,
but in very young larvae, 10 spores or less effectively
cause the disease [6]. Spores germination occurs at 6.6
pH and 36-37°C temperatures under the conditions of
5-10% microaerophilic CO,. Spores develop in the
middle intestine, almost 1 day after swallowing by
the larva. Tube cells are not able to proliferate in the
larvae intestine, and thus, by the help of the flagella,
they penetrate from the epithelium into the body cav-
ity and proliferate in the hemolymph. Larvae die due
to a systemic bacterial infection [7]. After death, the
larvae, which are usually white, change the color to
the brown mass and then disintegrate and place on the
cell floor. After degradation of the body, with increas-
ing viscosity of the body, the larvae gradually stick to
the bottom and wall of the cell as a scale after a short
period of time [5]. The host-specific structure in dis-
ease transmission is important because the high den-
sity of colonies and beekeeping in one area promotes
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and spreads the disease factor [8]. The ultimate diag-
nosis of the disease is based on laboratory methods,
cultivation, and isolation of the bacteria causing the
disease. The cause of this disease is late and hard
growing, and its detection requires up to 2 weeks
using cultivation methods and biochemical diagnos-
tic kits. However, using accurate molecular detection
methods such as polymerase chain reaction (PCR),
infections can be detected much less frequently in
the colony before the observing clinical signs, and
the disease can be controlled by continuous analysis
of the infection reservoir (worker bees) [9]. To con-
firm a disease suspicion or to monitor the prevalence
of P. larvae subsp. larvae, various products from the
honeybee hive (e.g., honey, bees, wax, pollen, and
debris) can be sampled for laboratory analysis [10]. In
several recent studies in different parts of the world,
molecular detection methods have been used to detect
P, larvae subsp. larvae [11-15]. Primers derived from
the 16S rDNA region can be used to perform PCR.
This marker is widely used to examine the occurrence
and spread of bacteria in various samples [16].

The aim of this study was to determine the prev-
alence rate of P. larvae subsp. larvae in the apiary of
Kurdistan province and its confirmation by molecular
and standardized PCR diagnostic method using adult
bee samples.

Materials and Methods

Ethical approval

This research was approved by the Science and
Research Committee of Razi Vaccine and Serum
Research Institute, Karaj, Iran. The collection of clin-
ical samples only required the owner’s approval as
mentioned in Materials and Methods.

Sampling
The simple random method was used to select
the samples. In this method, using the formula

2
n:Z(fz)'q and the correction coefficient SPC, 100

apiaries of Kurdistan province were selected ran-
domly, and according to the instructions of the veteri-
nary organization [17], the required sample was taken
from 5% of the colonies in each apiary and transferred
to the Honey Bee, Silk Worm and Wildlife Research
Diseases Department of Razi Vaccine and Serum
Research Institute as soon as possible.

Preparation method of honey bee sample to extract
spores

A total of 20 bees were crushed in 10 ml steril-
ized distilled water, and a homogeneous solution was
prepared and purified using gauze and subsequently
centrifuged at 1800g for 5 min. Then, the centrifuge
solution recentrifuged at 6000g for 30 min and the
resulting precipitate which probably contained spores
was suspended for separating DNA of 1 ml of sterile
distilled water [18].

The method of DNA extraction from spore-containing
samples

The suspensions prepared in 6000g were centri-
fuged for 30 min, and then, the spore walls of the sam-
ples were destroyed by enzymatic method and their
DNA was used for PCR testing [18].

PCR

To do PCR testing, primers that were designed
by De Graaf et al. [19] based on the sequence of the
16S rDNA gene of the bacterium were used. Primer
sequences were determined based on regions that con-
tain one base difference between P. larvae subsp. lar-
vae and P. larvae subsp. pulvifaciens (AY 030080) at
the 3’ ends of the sequences. The expected amplifica-
tion fragment size was about 700 bp.

F: (5>-TCAGTTATAGGCCAGAAAGC-3),

R: (5’-CGAGCGGACCTTGTGTTTCC-3").

The PCR reaction was performed with a final vol-
ume of 25 pl, 2.5 pl, 10xPCR buffer, 0.5 pl of 10 mM
dNTP mix solution, 1 pl of a concentration of 10 pm
of each primer, Taq (1U), 2 ul of 25 mM MgCl, solu-
tion, and 1pl of extracted DNA and distilled water was
used. PCR was performed in an Eppendorf gradient
thermocycler with the condition of initial denaturation
at 95°C for 1 min and the next 30 cycles as denatur-
ation at 95°C for 1 min, annealing at 55°C for 30s,
extending with a temperature of 72°C for 1 min, and
a final extending cycle at a temperature of 72°C for
5 min [20]. 10ul of PCR product was mixed with 2ul
of buffer loading solution and added to 0.8% agarose
gel wells containing ethidium bromide. For this, 1 kb
of DNA marker was used. After the electrophoresis
time was completed, the gel was put on the UV-trans
illuminator device to study and take pictures [21].

Results

PCR test was performed on 100 samples that
collected randomly from the Kurdistan province and
the results showed that two samples were positive
(Figure-1), and to confirm the results, suspension
of the two prototypes of two positive samples was
cultivated on two plates containing MYPGP agar
medium, each of which was 200 pl. Plates were incu-
bated under microaerophilic conditions (5-10% CO,).
A total of 3-5 bacterial colonies from each plate were
used for confirmatory tests and repeated PCR, and the
results obtained at this stage confirmed the prelimi-
nary results.

Discussion

In the past, the diagnosis of AFB disease was
largely based on the cultivation and isolation of the
disease factor, and the discriminatory diagnosis of
the disease from other bacteria was very time-con-
suming and based on morphology and biochemical
patterns. This subject attracted the attention of many
scholars to develop more rapid methods to diagnose
the disease. In this regard, molecular techniques pro-
vide the possibility of detection within a very short
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Figure-1: Agarose gel electrophoresis of polymerase chain
reaction products using specific primers and DNA from
different Paenibacillus larvae subsp. larvae isolate as a
template. M: 1 kb marker, 1: Positive control, 2: Negative
control, 3-4: Positive samples, 5-7: Negative samples.

time. In 1999, for the first time using PCR, grown
colonies of P. larvae subsp. larvae were detected in a
semi-specific culture medium [12]. In 2001, a study
was conducted on P. larvae subsp. larvae isolate
related to the honey and larvae, and it was reported
that the sensitivity of PCR was very specific using
the primer P. larvae subsp. larvae and created no
cross-reaction with other similar bacteria [15]. In
several other studies, the PCR method has been used
to replicate the 16S rRNA gene for detecting P. lar-
vae subsp. larvae [11,20]. In this study, using PCR
method, bee samples of Kurdistan Province apiaries
were screened in terms of the prevalence of P. /ar-
vae subsp. larvae bacterial spore. In this research, a
PCR diagnostic technique was used for rapid detec-
tion of P. larvae subsp. larvae spores isolated from
nurse bees. Molecular method has been shown to be
a useful tool for the diagnosis of AFB as it offers the
advantages of fast, sensitive and reliable diagnosis.
The results of this study showed that of 100 speci-
mens collected from the province, two specimens
were positive in the PCR test (2%), which indicates
a relatively low rate of AFB disease in the apiaries
of the province. To detect spores of AFB disease,
many colony-like parts and products such as larvae,
adult bees, pollen, honey, royal jelly, and wax are
required to be sampled [1]. Lindstrém and Fries [22]
have shown that sampling of adult bees in screen-
ing studies of AFB disease in one region is the most
appropriate type of sample. Disease diagnosis using
samples of honey and adult bees has a higher prog-
nostic value compared to the detection of the bacteria
in wax, pollen, and debris samples [23,24]. Regular
disease monitoring is important because if AFB is
not detected and treated, it will lead to the loss of the

infected hive and serve as a major source for infec-
tions to neighboring colonies [25]. Ritter [26] found
that timely diagnosis of the prevalence of AFB dis-
ease through testing honey and wax in honey which
is available in the hive is one of the ways that are cur-
rently being applied globally. Due to the nature of the
disease and the difficulty of treating with honey and
wax test, the disease becomes evident, and he added
that in testing 700 specimens of honey produced out-
side Europe, about 98% are contaminated with P,
larvae subsp. larvae and the report further states that
of the European honey production, 62% are contami-
nated with spores, and by testing 420 specimens, 70%
of honey bees are contaminated with spores so that
in 1 g of wax, 1000 spores have been observed. The
research conducted in the Hatay and Adana Provinces
of Turkey has shown that the prevalence of AFB dis-
ease was 29% [27]. The prevalence of AFB disease
of honeybee in north-west Pakistan was 37.30% [28].
Haddad et al. [29] reported that the total of 57 (honey
brood and brood nest honey) from different regions
of Jordan was inspected to carry P. larvae spores with
35%. In another study, specimens of honey produced
in Tehran Province were screened by PCR to deter-
mine the contamination rate of P. larvae subsp. lar-
vae spores, and it was found that 25.6% of the tested
specimens were contaminated with P. [arvae subsp.
larvae spores indicating a relatively high prevalence
of this disease in the apiaries of Tehran Province [30].
Yusefkhani and Lotfi [31] reported that the rate of
contamination of hives in East Azerbaijan Province
with AFB disease was 5.8%. During 2010-2011, in
testing 100 apiaries of West Azerbaijan Province,
it was revealed that 97 apiaries had no contamina-
tion with P. larvae subsp. larvae and the bacterium
causing AFB disease was isolated from larvae, wax,
and honey sample, as well as two samples of worker
bees [32]. The research carried out in Lorestan
Province on the honey bee larvae by PCR method
showed that the contamination rate of the tested hives
was 13% [33]. The PCR method is considered as a
new strategy for screening the factor of an import-
ant and harmful AFB disease in Iran. By the help of
this strategy, it is easy to evaluate a large number of
specimens at a shorter time and also lower cost and
to judge correctly about the condition of disease or
contamination and possible epidemics in the region
and the country.

Conclusion

The distribution of P. larvae subsp. larvae spores
in few samples of the Kurdistan Province showed a
clear pattern and may provide useful data for the strat-
egy of control and non-spreading of AFB.

Authors’ Contributions

MK designed the study. MK, BR, and HK col-
lected and processed the samples for isolation and
identification of bacteria. MK, MM, HM, and MT

Veterinary World, EISSN: 2231-0916

283



Available at www.veterinaryworld.org/Vol.11/March-2018/4.pdf

were done PCR and electrophoresis. MK and MT
interpreted the results and analyzed the data. MK pre-
pared the manuscript. All authors read and approved
the final manuscript.

Acknowledgments

This study was supported by (Grant no: 4-53-18-

93133) Razi Vaccine and Serum Research Institute,
Karaj, Iran.

Competing Interests

The authors also declare that there are no con-

flicts of interests.

References

1.

2.

10.

12.

OIE. (2014) American foulbrood. Manual of Standards for
Diagnostic Tests and vaccines. Vol. 1. OIE, Paris.
Garcia-Gonzalez, E., Poppinga, L., Fiinfhaus, A.,
Hertlein, G., Hedtke, K., Jakubowska, A. and Genersch, E.
(2014) Paenibacillus larvae chitin-degrading protein
PICBP49 is a key virulence factor in American foulbrood of
honey bees. PLoS Pathog., 10: ¢1004284.

Heyndrickx, M., Vandemeulebroecke, K., Hoste, B.,
Janssen, P., Kersters K., De Vos, P., Logan, N., Ali, N. and
Berkeley, R. (1996) Reclassification of Paenibacillus (for-
merly Bacillus) pulvifaciens (Nakamura 1984) Ash et al.
1994, a later subjective synonym of Paenibacillus (formerly
Bacillus) larvae (White 1906) Ash ef al. 1994, as a subspe-
cies of P. larvae, with emended descriptions of P. larvae as
P. larvae subsp. larvae and P. larvae subsp. pulvifaciens.
Int. J. Syst. Evol. Microbiol., 46: 270-279.

Morrissey, B.J., Helgason, T., Poppinga, L., Fiinthaus, A.,
Genersch, E. and Budge G.E. (2015) Biogeography of
Paenibacillus larvae, the causative agent of American foul-
brood, using a new multilocus sequence typing scheme.
Environ. Microbiol., 17: 1414-1424.

Jurat-Fuentes, J.L. and Jackson, T.A. (2012) Bacterial
Entomopathogens. Chapter 8. Vega, Fernando E. and Kaya,
H.K. (ed), Insect Pathology. 2" ed. Academic Press, San
Diego, p 265-349.

Bailey, L. and Lee, D. (1962) Bacillus larvae: Its cultivation
in vitro and its growth in vivo. Microbiol., 29(4): 711-717.
Davidson, E.W. (1973) Ultrastructure of american foul-
brood disease pathogenesis in larvae of the worker honey
bee, Apis mellifera. J. Invertebr. Pathol., 21: 53-61.

Belloy, L., Imdorf, A., Fries, 1., Forsgren, E., Berthoud, H.,
Kuhn, R. and Charriere, J. (2007) Spatial distribution of
Melissococcus plutonius in adult honey bees collected
from apiaries and colonies with and without symptoms of
European foulbrood. Apidologie, 38: 136-140.

Erban, T., Ledvinka, O., Kamler, M., Nesvorna, M.,
Hortova, B., Tyl, J., Titera, D., Markovic, M. and Hubert, J.
(2017) Honeybee (Apis mellifera)-associated bacterial
community affected by American foulbrood: Detection of
Paenibacillus larvae via microbiome analysis. Sci. Rep.,
7:5084.

De Graaf, D., Alippi, A., Brown, M., Evans, J.,
Feldlaufer, M., Gregorc, A., Hornitzky, M., Pernal, S.,
Schuch, D. and Titéra, D. (2006) Diagnosis of American
foulbrood in honey bees: A synthesis and proposed analyti-
cal protocols. Lett. Appl. Microbiol., 43: 583-590.

Alippi, A.M., Loépez, A.C. and Aguilar, O.M. (2002)
Differentiation of Paenibacillus larvae subsp. larvae, the
cause of American foulbrood of honeybees, by using PCR
and restriction fragment analysis of genes encoding 16S
rRNA. Appl. Environ. Microbiol., 68: 3655-3660.

Govan, V., Allsopp, M. and Davison, S. (1999) A PCR
detection method for rapid identification of Paenibacillus

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

larvae. Appl. Environ. Microbiol., 65: 2243-2245.

Kilic, A., Simsek, H. and Kalender, H. (2010) Detection of
American foulbrood disease (Paenibacillus larvae) by the
PCR and culture. Kafkas Univ. Vet. Fak. Derg., 16: 841-845.
Ryba, S., Titera, D., Haklova, M. and Stopka, P. (2009)
A PCR method of detecting American foulbrood
(Paenibacillus larvae) in winter beehive wax debris. Vet.
Microbiol., 139: 193-196.

Piccini, C. and Zunino, P. (2001) American foulbrood in uru-
guay: Isolation of Paenibacillus larvae larvae from larvae
with clinical symptoms and adult honeybees and suscepti-
bility to oxytetracycline. J. Invertebr. Pathol., 78: 176-177.
Alippi, A.M., Reynaldi, F.J., Lopez, A.C., De Giusti, M.R.
and Aguilar, O.M. (2004) Molecular epidemiology of
Paenibacillus larvae larvae and incidence of American
foulbrood in Argentinean honeys from buenos aires prov-
ince. J. Api. Sci., 43: 135-143.

Bokaie, S., Mehrabadi, M. and Sharifi, L. (2010)
Epidemiological Study of Varroosis in Honey Bee in
Golestan Province, Iran, Abstract 9" Annual Congress
of Society for Veterinary Epidemiology and Preventive
Medicine, Southern African.

Piccini, C., D’alessandro, B., Antunez, K. and Zunino, P.
(2002) Detection of Paenibacillus larvae subspecies larvae
spores in naturally infected bee larvae and artificially con-
taminated honey by PCR. World J. Microbiol. Biotechnol.,
18: 761-765.

De Graaf, D.C., Alippi, A.M., Antinez, K., Aronstein, K.A.,
Budge, G., De Koker, D., De Smet, L., Dingman, D.W.,
Evans, J.D. and Foster, L.J. (2013) Standard methods for
American foulbrood research. J. Api. Sci., 52: 1-28.
Dobbelaere, W., De Graaf, D. and Peeters, J. (2001)
Development of a fast and reliable diagnostic method for
American foulbrood disease (Paenibacillus larvae subsp.
larvae) using a 16S rRNA gene based PCR. Apidologie,
32:363-370.

Sambrook, J. and Russell, D.W. (2001) Molecular Cloning:
A Laboratory Manual. 3" ed. Cold pring Harbor Laboratory
Press, New York.

Lindstrom, A. and Fries, 1. (2005) Sampling of adult bees
for detection of American foulbrood (Paenibacillus larvae
subsp. larvae) spores in honey bee (Apis mellifera) colo-
nies. J. Api. Sci., 44: 82-86.

Adjlane, N., Haddad, N. and Kechih, S. (2014) Comparative
study between techniques for the diagnosis of American
foulbrood (Paenibacillus larvae) in honeybee colony.
J. Anim. Vet. Adv., 13: 970-973.

Forsgren, E. and Laugen, A.T. (2014) Prognostic value
of using bee and hive debris samples for the detection
of American foulbrood disease in honey bee colonies.
Apidologie, 45: 10-20.

Forsgren, E., Locke, B., Sircoulomb, F. and Schifer, M.O.
(2018) Bacterial diseases in honeybees. Curr: Clin.
Microbiol. Rep., 2018: 1-8.

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

Yalcinkaya, A., Keskin, N. and Ozkirim, A. (2009) After
Colony Losses in Hatay and Adana Region of Turkey the
Investigation of Honey Bee Diseases, Abstract API mondia,
Montpellier, France.

Anjum, S.I., Shah, A.H., Azim, M.K., Yousuf, M.J.,,
Khan, S. and Khan, S.N. (2015) Prevalence of American
foul brood disease of honeybee in north-west Pakistan.
Biotechnol. Biotechnol. Equip., 29: 659-665.

Haddad, N., Al-tellawi, A., Adjlane, N., Khoury, F. and
Quddoumi, S. (2015) Diagnosis of Paenibacillus larvae
from honeybees in Jordan according to microbiological and
chemicals techniques. Asian J. Anim. Sci., 9: 318-329.
Moharrami, M. and Modirrosta, H. (2015) Survey of con-
tamination rate of Paenibacillus larvae larvae spores (the
causative agent of American foulbrood) in the produced

Veterinary World, EISSN: 2231-0916

284



Available at www.veterinaryworld.org/Vol.11/March-2018/4.pdf

honeys in apiaries of Tehran province by culture and PCR. mellifera) colonies in East Azerbaijan Province of Iran. /ran

J. Sci. Technol., 10: 1-10.

J. Vet. Med., 9: 87-91.

31. Yusefkhani, M. and Lotfi, A. (2010) Incidence of 33.  Chegeni, A.A., Ahmadi, M., Saei, H.D. and Rahman, B.

American foulbrood in honey bee colonies of Eastern (2013) A Comparison between the Bacterial Culture and
Azerbaijan province, North West of Iran. Acad. J. PCR in the Identification of American Foulbrood (AFB)
Entomol., 3: 37-38. and European Foulbrood (EFB), abstr The 14™ International
32. Nofouzi, K. and Razmaraii, N. (2015) Investigation of Iranian Congress of Microbiology Shahid Beheshti
Paenibacillus larvae subspecies larva of honey bee (A4pis University Auditorium Tehran, Iran.
seoskeoskoskoskokskok

Veterinary World, EISSN: 2231-0916

285



