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ABSTRACT 

 

In this study, the Israeli acute paralysis virus (IAPV), a single-stranded 

RNA virus, was investigated in honey bee colonies, which had a history 

of mortality, population decline, and parasitic diseases. Samples (adult 

honey bees) were collected from 328 apiaries from three provinces 

(Tehran, Alborz, and Mazandaran) of Iran to detect IAPV. After sample 

preparation, RNA was extracted and cDNA was synthesized to perform 

the reverse transcription polymerase chain reaction (RT-PCR) method 

using a PCR primer pair, and a 185 bp fragment was amplified. The 

results showed that out of 328 samples, 103 (31.4%) samples were 

positive, which were from Mazandaran (14.33%), Tehran (8.84%), and 

Alborz (8.23%) provinces. Subsequently, some of the positive samples 

were sequenced and a phylogenetic tree was drawn. The phylogenetic 

tree showed that the virus isolates were divided into two distinct groups, 

including one group that had a high similarity to the European acute bee 

paralysis virus (ABPV) and one group that had a high similarity to the 

Kashmir bee virus. In addition, the sequences of the samples in three 

regions were separated in a node from the strains of ABPV from Eastern 

Europe. Since the length of the branch between the Iranian sequences 

and the different strains of ABPV from Eastern Europe was short, it can 

be assumed that the sequences from Iran have a common ancestor with 

the mentioned strains of ABPV from Eastern Europe. 
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1. Introduction 

Honey bees are the most valuable pollinators of 

agricultural products and are considered one of the 

most important components in agricultural 

ecosystems [1]. They play a key role in pollination 

and production of about 15-30% of food worldwide. 

They also increase the quality and yield of 

agricultural products [2].  

RNA viruses are the most diverse and widespread 

pathogens [3, 4]. They play an important role in the 

current high losses of pollinators. Many studies have 

focused on the epidemiology of honey bee viruses (Apis 

mellifera) at the colony level. To date, more than 18 

different honey bee viruses have been described, most 

of which cause non-obvious infections in bees [5]. The 

infections are caused by mites, bacteria, viruses, or 

environmental pollution [6]. 

A virus associated with severe losses in honey bees 

was detected in Israel, causing major damage to the 

honey industry. The bees showed similar symptoms 

to the acute bee paralysis virus (ABPV), which was 

named Israeli acute paralysis virus (IAPV) [7]. After 

the deformed wing virus and black queen cell virus, 

IAPV is the third most common virus causing 

infections in honey bees [8]. Preliminary studies on 

healthy colonies and colony collapse disorder 

(CCD) colonies in the United States showed a 

significant association between CCD and IAPV [7, 

9]. Varroa destructor, as a vector of IAPV, plays a 

key role in the horizontal transmission of this virus 

[8]. IAPV infection causes more changes in gene 

expression in adult bees than in larvae. These 

changes are four times more in adult honey bees 

than in larvae. Genes involved in host immunity are 

significantly expressed in infected adult honey bees. 

This suggests that IAPV infection leads to an active 

immune response in adult honey bees [8]. In Israel, 

IAPV was isolated from dead honey bees, and the 

characterization of the virus showed that there was a 

high similarity between this virus and the Kashmir 

bee virus and ABPV [7]. There are also several 

reports characterizing IAPV in other countries [10-

13]. Moreover, the results of studies show that IAPV 

causes a permanent infection at all growth stages 

and in different honey bee species.  It also causes 

systemic infection via two horizontal and vertical 

vectors [8].  

The direct diagnosis of viral infections in honey 

bees using the reverse transcription polymerase 

chain reaction (RT-PCR) method can solve the 

diagnostic problems of viral infections in honey 

bees. This is because this method does not rely on 

antisera. Moreover, the final diagnosis can be 

supported by genetic identification [14]. This study 

aimed to detect and differentiate IAPV in honey bee 

hives in different regions of Iran using the RT-PCR 

method.  

2. Materials and Methods  

2.1. Data collection and sample preparation 

A random procedure was conducted to select 328 

apiaries from Tehran (n=121), Alborz (n=80), and 

Mazandaran (n=127) provinces in Iran during 2017-

2019. From each apiary, 50 adult honey bees were 

collected as one sample and all samples were stored 

at -20°C until further use. 

2.2. RNA extraction and cDNA synthesize  

After preparing samples as described by Berenyi et 

al. (2006) [15], RNA extraction was performed 

using an RNA extraction kit (Jena Bioscience, 

Germany) according to the manufacturer’s 

instructions. Subsequently, cDNA was synthesized 

using the cDNA synthesis kit (Bioneer, Germany). 

For this purpose, a mixture of 1 μg total RNA and 1 

μL oligo (dT) primer (100 μM) was incubated at 

65°C for 5 min. Afterward, in a final volume of 20 

μL, including 1 μL RNase inhibitor (20 U/mL), 4 μL 

5X reaction buffer, 2 μL dNTP (10 mM), and 1 μL 

M-MuLV RT enzyme (200 U/μL), and 10 μL pure 

nuclease-free water, the reaction was stopped. The 

reaction was performed at 42°C for 60 min, 

followed by a 5-min incubation period at 65°C using 
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an iCycler thermal cycler (Bio-Rad Laboratories; 

Hercules, CA, USA).  

2.3. Polymerase chain reaction 

For PCR, a primer pair (forward: 5'- 

AGGTGCCCTATTTAGGGTGAGGA-3' and 

reverse: 5'- CGAAGCGAGTTCCGTATTGTGTAC-

3') was used according to Francisco et al. (2011) to 

amplify a 185 bp fragment of IAPV. PCR was 

performed using AccuPower® PCR Premix Kit 

(Bioneer, South Korea) as follows: 13 µL RNase-

free water, 5 µL cDNA, and 1 µL of each primer (10 

µM) in the final 20 µL volume of the reaction. PCR 

conditions consisted of initial denaturation at 95°C 

for 5 min, followed by 40 cycles at 95°C for 30 s, 

annealing at 53°C for 30 s, and extension at 72°C 

for 25 s. The final extension was at 72°C for 5 min, 

and PCR products were detected by 1% agarose gel 

electrophoresis. 

2.4. Sequencing and phylogenetic tree 

PCR products were purified using the High Pure 

PCR Product Purification Kit (Roche, Germany) 

according to the manufacturer’s instructions. For each 

region, 5 replicates of each purified PCR product were 

sequenced by Bioneer (South Korea). Using the 

neighbor-joining method, a phylogenetic tree was 

constructed from 185 bp fragments of the IAPV 

sequences using the program MEGAX 4.0, and 

bootstrap support was estimated from 1,000 replicates. 

3. Results 

The PCR products of the 185 bp fragment of the 

standard IAPV as the positive control, the negative 

control, and the collected unknown samples from 

three provinces were viewed on a 1% agarose gel 

(Fig. 1). The results showed that out of 328 samples, 

103 (31.4%) samples were positive, which were 

from Mazandaran (14.33%), Tehran (8.84%), and 

Alborz (8.23%) provinces.  

The sequencing results of the IAPV samples 

showed that an amino acid deletion was present. In 

addition, three amino acid deletion regions were 

detected in 15 sequences from this study, which 

were classified in the same group as five APV 

sequences in NCBI. Another 5 sequences from this 

study, included in a separate group, had two amino 

acid deletion regions. In addition, there were other 

amino acid differences between this study and other 

groups (Fig. 2), suggesting that they were distinct 

from other similar pathogenic honey bee viruses. 

The phylogenetic trees for the sample sequences are 

shown in Fig. 3. 

 
 

Figure. 1. The PCR products of 185 bp fragment of standard IAPV as positive control, negative control and collected unknown samples 

from 3 provinces on 1% agarose gel. Samples 3,7,8 and 10 were positive 
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Figure. 2. The amino acid differences of the research and other similar honey bee pathogenic viruses 

 

Figure. 3. Phylogenetic tree and evolutionary relationships of nucleotide sequences of 185 bp fragment of IAPV 

 

4. Discussion  

Chen et al. (2014) reported that there is a positive 
relationship between the virus and the Varroa population in 
honey bee hives, and the only way to prevent virus infections 

is to reduce the Varroa 
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population in the hive [8]. In 2006, CCD was observed in 
hives in the United States, resulting in a sudden and unusual 
decline in the number of worker honey bees, with no 
evidence of disease, starvation, or reproductive failure [16]. 
CCD is caused by a combination of several factors, including 
pathogens, parasites, pesticides, malnutrition, environmental 
stress, low genetic diversity, and beekeeper migration 
patterns. There is evidence that interactions between 
pathogens and neurotoxic pesticides have a synergistic effect 
on honey bee mortality, resulting in colony decline [17, 18]. 
Damage to the honey bee trachea due to IAPV infection has 
been reported to cause paralysis, indicating a direct causal 
relationship between paralysis and tissue tropism. This 
finding has provided new insights into understanding the 
underlying mechanism of paralysis symptoms in honey bees 
following viral infection and has implications for viral 
disease prevention and specific therapeutics in practice [19, 
20]. 

The use of the RT-PCR method as a sensitive, rapid, and 
specific method for diagnosing IAPV infection showed that 
the spread of the virus in different regions can be influenced 
by geographical conditions as well as by the density of bee 
colonies. The population density of bee colonies in different 
areas provides a great opportunity for colonies to come into 
close contact with each other or even intermingle, which is 
considered one of the important factors for the spread or not 
spread of infectious agents. IAPV virus is associated with the 
loss of bee colonies. The findings of studies have 
demonstrated that honey bees become infected with IAPV 
after exposure to the Varroa mite which carries the virus. 
This issue suggests that the Varroa mite is a mediator in the 
horizontal transmission of the virus [8]. Blanchard et al. 
(2008) [10] examined 35 hives suffering from population 
decline and mortality and identified IAPV in 5 (15.2%) hives 
using the RT-PCR method. The phylogenetic tree showed 
that the strains were divided into two groups, and the strains 
isolated from France were in group A with some strains from 
America and Australia [10]. Truong et al. (2019) [21] 
developed a new detection method based on multiple 
detection sites within the IAPV genome and ultrafast real-
time quantitative PCR. The results confirmed that it was a 
useful tool for rapid identification of IAPV in hives [21]. 

To the best of our knowledge, no study has been dedicated 
to investigating the presence of the IAPV virus in honey bee 
colonies in Iran so far. Therefore, this study was the first 
molecular investigation for the identification of IAPV in 
Iranian hives in 2017-2019. It has been reported that 
paralysis symptoms or trembling was actually to mitigate 
tachypnea induced by IAPV infection due to the impairment 
of honey bee tracheae, revealing a direct causal relationship 
between paralysis symptoms and tissue tropism [22]. These 
results provide new insights into understanding the 
underlying mechanism of honey bee paralysis symptoms 
following viral infection and have implications for viral 
disease prevention and specific therapeutics in the field. 

The homology between the sequenced samples and the 
reported IAPV sequences in NCBI ranged from 83% to 

97%. The results showed that there are many amino acid 
differences between this research and other groups, 
suggesting that they are distinct from other similar 
pathogenic viruses of honey bees. The phylogenetic tree 
showed that the different samples from different regions 
were divided into two different groups. One group showed a 
high similarity to the APVs of the European honey bee and 
the second group showed a high similarity to the viruses of 
the Kashmir honey bee. In other words, the results of this 
study indicated that the sequences of some samples from the 
studied regions were separated from the other samples of the 
studied regions, which could be due to mutation in this 
sequence and divergence from other samples. It is 
noteworthy that no significant homology was detected 
between the studied cases and IAPV.   

The phylogenetic tree shows that the sequences of the 
samples were separated into three regions in one node from 
the ABPV strains from Eastern Europe (Poland and 
Hungary). Therefore, based on the short length of the branch 
between the Iranian sequences and some ABPV strains from 
Eastern Europe, it can be concluded that these sequences 
from Iran have a common ancestor with the mentioned 
ABPV strains from Eastern Europe and can be derived from 
the same species.  

In conclusion, the phylogenetic tree shows that the 
sequences from Iran share a common ancestor with the BPV 
strains from Eastern Europe mentioned above. However, 
with regard to amino acid differences, the complete sequence 
of the samples is required to propose a new species or 
subspecies for these sequences. In addition, our results 
suggest that to maintain honey bee colonies (migratory or 
fixed colonies) honey bee viruses should be regularly 
controlled and monitored. In this way, any diseases caused 
by these viruses, as well as emerging disorders, such as 
CCD, could be predicted and their spread in honey bee 
colonies prevented.  
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