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 A b s t r a c t
Aethina tumida (Coleoptera: Nitidulidae - Small Hive Beetle - SHB), is a parasite of honey 
bee colonies that causes the notifiable disease called aethinosis. In 2014, SHB was de-
tected in Southern Italy, where it is still present (Calabria region). As part of surveillance 
activities, official diagnosis of the disease is performed by veterinary services via visual 
inspection of single hives in the apiaries. New outbreaks can be eradicated and the spread 
of SHBs limited by early detection of new introductions. We report an alternative protocol 
for the diagnosis of SHB through swabs and hive debris analysis by PCR. This was tested 
in three apiaries through the evaluation of different SHB infestation levels with a hive 
inspection method. This approach for sampling, followed by biomolecular methods, was 
fast and useful in unfavorable conditions (bad weather, aggressiveness, robbing), could 
be integrated in the official diagnosis procedures and may act as pre-clinic indicator.
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INTRODUCTION

Aethina tumida (Coleoptera: Nitidulidae - Small 
Hive Beetle - SHB) is an invasive honey bee pest 
native to Sub-Saharan Africa that has spread 
to all continents except for Antarctica in the 
last twenty-five years (Neumann et al., 2016). 
In southern Italy’s Calabria region, SHBs have 
been found in 136 apiaries since September 
2014 until December 2016 (Rivera-Gomis et al., 
2017) and surveillance activities are still being 
performed by veterinary services via inspection 
of single hives in the apiaries.
Between 2016 and 2017, during inspection 
visits during three outbreaks in the same region, 

colonies of three different apiaries were visually 
inspected (Neumann et al., 2013) to verify SHB 
presence. After quantification, samples of debris 
from screened hive bottom boards (Cepero et 
al., 2014) or swabs from hive bottom and frames 
were collected to test alternative protocols for 
early diagnosis.
In order to gather swab samples from hive 
bottom boards, first the hive was opened, 
and next three lateral frames were removed. 
A sterile swab was moistened in 3 mL of PBS 
medium for few seconds and then rubbed with 
slight pressure and rotation, along all the lateral 
angle (Fig. 1 (1)) and the first 3 cm of the rear 
angle (Fig. 1 (2)), across the surface of the 
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lateral part of the bottom of the hive (Fig. 1 (3)) 
and the lower half of the lateral wall (Fig. 1 (4)) 
and its angles with the front and back walls (Fig. 
1 (5) and (6)). A total surface of 895.5 cm2 was 
sampled.
The swab sampling procedure for the frames 
was performed through the choosing of the 
outer frame on the right of the hive, humidify-
ing a sterile swab in 1 mL of PBS medium for 
three seconds and rubbing and rotating it on the 
full top bar (Fig. 1 (7)). A total surface of 2.5x47 
cm2 was sampled. 
Swab sampling was performed in corners 
and inner side of the walls of the hive, behind 
dividers and peripheral areas of the hive where 
SHB would more likely be found (Rivera-Gomis 
et al., 2017). All swabs were transported at a 
refrigerated temperature on ice and preserved 
at -20°C until processing.
In order to collect hive debris, a metal inspection 
panel was inserted into screened bottom 
boards one week before sampling. 5 g of debris 
were sampled with the use of a sterilized spoon 
moved in an asterisk-shaped pattern (Fig. 1 (8)). 
Samples were transported on ice at refrigerat-
ed temperature and conserved at -20°C until 
processing. 
In the laboratory, samples were diluted in 10 mL 

of PBS 1X and incubated for two hours at 37°C 
with agitation. 2 mL of hive debris were used for 
the DNA extraction with the NucleoSpin Tissue 
(Macherey-Nagel, Düren, Germany) following 
manufacturer instructions. One ml from each 
swab was vortexed and 200 µl of solution was 
used for DNA extraction as above.
Molecular analysis was performed as described 
by Ward et al. (2007) and the LOD was estab-
lished in vitro for both debris (from 1.81x122 
to 5 copy/1 g) and swabs (from 1.81x122 to 5 
copy/200 µl). A 109 bp fragment of COI gene 
from SHBs was amplified through real time 
PCR with the use of the TaqMan universal PCR 
Master Mix kit (Applied Biosystems, Foster City, 
CA, USA). Primers and probe concentrations 
were 600 nM and 300 nM respectively per 25 
µl reaction. Plates were cycled at the following 
conditions: 50°C for 2 min, 95°C for 10 min and 
50 cycles of 95°C for 15 sec, 52°C for 15 sec and 
55°C for 30 sec. 
Positive samples were further confirmed 
through Sanger sequencing of a 800 bp 
region coding for the COI gene as described 
by Evans et al. (2000). Moreover, a second 
pair of oligonucleotides were designed in-
house and used for further confirmation. 
Briefly, fifteen COI sequences from a public 

Fig. 1. Selected area for debris and swab samplings: lateral angle (1), first 3 cm of the rear angle (2), the 
surface of the lateral part of the bottom of the hive (3), lower half of the lateral wall (4), angles of the 
lateral wall with the front and back walls (5 and 6).
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database were subjected to multiple alignment 
with the Geneious 9.1.3 software and the 
oligonucleotides were designed (F-AETHI 
5’-TGCGACCCTCAGGCATAACCT-3’ and R-AETHI: 
5’-TGGGAATCATTGAACAATCCGGCT-3’). 
To ensure the absence of an inhibited 
amplification reaction, protocol accuracy was 
determined from DNA extracted directly from 
negative field samples made positive with the 
real time PCR target for the SHB COI gene. A 
Mann-Whitney test was used to compare the 
infestation levels of apiaries. The number of 
hives positive to visual inspection were 1.9% 
(1/51) in apiary 1, 75.0% (6/8) in apiary 2 and 
100% (7/7) in apiary 3. The mean number of 
adult SHBs found in apiaries was statistically 
different (Mann-Whitney test: p<0.0001) in the 
three apiaries: 0.04±0.20 in apiary 1; 6.13±5.57 
in apiary 2 and 13.57±7.48 in apiary 3 (Fig. 2).
The number of samples collected in each apiary 
were related to the number of hives available in 
apiaries and the presence of screened bottom 
boards. Fifty-one debris samples, fifty-one 
swab samples from frames and fifty-one swab 
samples from hive bottom boards were collected 
from apiary 1. Hives in apiaries 2 and 3 had solid 
bottom boards; in apiary 2 four swab samples 
were collected from frames and three swab 
samples from hive bottoms, while in apiary 3 six 
swab samples were collected from hive bottom 

boards.
In apiary 1, with a very low infestation level 
at the inspection visit, three samples of debris 
were positive via PCR analysis (5.8%) while 
none of the swab samples were in apiary 2 with 
a medium infestation level, 50% of swabs from 
frames and 37.5% of swabs from hive bottoms 
were positive via PCR. In apiary 3, with a very 
high infestation level, 85.7% of swab samples 
from hive bottom were positive to PCR.
The sequenced samples showed a sequence 
identity and a query cover of 99% to AfricCam3 
sequences, belonging to clade B, cluster B1 
(HM056044.1). The sampling and biomolecu-
lar methods presented here are fast, easy to 
apply and could be integrated to contingency 
plans or used in combination with the standard 
inspection of the colonies reducing costs and 
resources.
Moreover, debris samples can be taken even in 
unfavorable conditions that limit hive inspection 
including bad weather, aggressiveness and 
robbing. This method could detect conditions in 
which SHB is not present during the visit of the 
colony but nevertheless present in the apiary. 
Finally, because the PCR detection sensitivity 
and specificity for the SHBs present in Italy 
are high (specificity = 100%, sensibility >99%) 
(Granato et al., 2017; Mutinelli et al., 2015), 
debris samples analysis can be useful for routine 

Fig. 2. SHB adults in the three apiaries found at the inspection visit. Minimums and maximums as points, 
means as crosses, first and third quartiles as boxes, medians as lines.
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surveillance in high-risk areas at early stages of 
infestation, acting as a pre-clinic indicator when 
SHB adults presence is not massive.
So far, there has been no specific literature 
regarding SHB nucleic acid extraction from 
swabs. This method should be further studied 
through the comparison of its detection efficacy 
on other parts of the hive.
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