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SAMMANFATTNING 

Det senaste året har problemen med honungsbiets överlevnad debatterats i massmedia. Kollapsade 

kolonier har orsakat problem med pollinering i framförallt USA och forskning görs för att ta reda på 

orsaken till detta. Deformed wing virus, DWV är ett virus som angriper honungsbiet och skadar deras 

mage, vingar och totala rörlighet. Tillsammans med kvalstret Varroa Destructor är detta virus det 

mest dödliga för honungsbiet. Detta examensarbete har fokuserats på den orala nedärvningen av 

DWV till honungsbilarver och uppsatsen har syftat till att visa om denna form av smittspridning är 

möjlig eller ej. För att uppnå detta gjordes en metodstudie där syftet var att optimera en PCR duplex 

assay, i vilken både en sekvens av viruset och en kontroll sekvens amplifierades. Detta för att 

möjliggöra jämförelse mellan de båda sekvenserna vilket resulterar i en noggrannare bestämning av 

virushalt. 

Metodutvecklingen resulterade i en fungerande duplex, dock med en låg känslighetsgrad varför 

denna i slutänden inte användes för analysen av den orala nedärvningen. Istället gjordes denna 

analys genom att jämföra andelen virus mot en extern kontrollgen. Det visades att oral nedärvning 

var en möjlig smittoväg även om virushalterna var låga vilket tyder på att detta inte är någon 

avgörande smittoväg för viruset. Tiden för larvernas vistelse utanför sin naturliga miljö tycks vara 

relaterad till andelen infekterade larver vilket kan bero på nedsatt individuellt och gemensamt 

immunförsvar.  
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1. BACKGROUND 

During late 2006 and the summer of 2007 extra attention has been turned to honey bees and the 

research in this area due to the massive colony-collapse disorder, CCD in the United States. The 

colony-collapses which have affected a quarter of the American bee communities cannot yet be 

explained by researchers. Although CCD can have many possible explanations, not all caused by 

pathogens, the debate has turned medial focus to honey bees and their environment. (Walsh 2007). 

The Varroa mite and the Varroa transmitted viruses are known to cause colony collapse in honey bee 

hives. Deformed wing virus, DWV was an insignificant virus until the Varroa mite started to function 

as a vector for transmission of the virus in the honey bee hive. In order to understand how this 

interaction evolved, we need to know how DWV is transmitted normally. Horizontal and vertical 

transmission is one way, and oral transmission may be another way. This way, the larvae will be pre-

infected with DWV before they reach pupal stage, where the mite can acquire and transmit in 

epidemic fashion. (Chen and Siede 2007; Chen and Evans 2006). 

1.1. Deformed wing virus 
The domesticated honey bee (Apis mellifera) is exposed to a range of pathogens, including viruses 

(Bailey and Ball, 1991; Ellis & Munn, 2005). DWV is a virus affecting the wings, abdomen, and the 

overall mobility of the bees (Lanzi et al. 2006). The transmission routes are venereal-vertical, 

horizontal, or the most damaging one, through the vector V. destructor, a honey bee parasitic mite 

(Chen and Siede 2007; Chen and Evans 2006). DWV is in association with the mite, V. destructor the 

most damaging virus of honey bees today. Because of the relatively low virulence of DWV the Varroa 

mite is a perfect vector. Since the virus doesn’t kill the pupae the mite has enough time to complete 

its replication as the pupae completes its development. The newly formed adult bee will emerge 

from its cell, releasing the mites which can then infect other pupae. This is in contrast to higher 

virulent viruses that will kill the pupae which results in the death of the mother mite and all her 

offspring. Selection has because of this made DWV a major virus. Previous to the arrival of Varroa as 

a vector DWV was relatively insignificant, this highlights the importance of the vector in transmission, 

and natural selection, of viruses. (Lanzi et al. 2006; Martin 2001 and Sumpter and Martin 2004).  

The virus can also replicate within the mite (Ongus et al. 2004; Yue et al. 2005). Transmission of the 

virus takes place when the mite feeds on the haemolymph of the pupae or adult bee. The mite 

acquires its food by chewing a wound on the host through which it can acquire bee viruses, and at 

the same time transmit viruses to its host through secretions from the salivary glands of the mite or 
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by virus particles attached to other mouth parts of the mite, from previously feeding on infected 

bees. (Bowen-Walker et al. 1999; Nordström 2000 p. 12-13; Nordström 2003; Chen and Evans 2007). 

Although symptoms of DWV are mainly associated with the presence of V.destructor, the virus is 

known to persist also in the absence of mites (Ball & Evans 1988). DWW is a positive single-stranded 

RNA virus with characteristics common to many insect viruses. The genomic sequence of DWV is 

10.140 nucleotides long and contains only one open reading frame which codes for a single 

polyprotein. This polyprotein is then processed into functional protein units by host and virus-

encoded proteases (Lanzi et al. 2006). The structural protein units, VP1, VP2 and VP3, are located in 

the N-terminal part of the polyprotein, while the enzymatic proteins are grouped in the C-terminal 

part of the polyprotein. The virus can be detected in all life stages of the bee. (Nordstrom 2000; 

Tentcheva et al. 2004; Ongus et al. 2004; Chen et al., 2005; Yue and Genersch 2005). DWV was first 

discovered in Japan in the 1980’s when RNA was isolated from symptomatic bees. Today the virus 

can be found all over the world wherever there are Varroa mites. (Bailey & Ball, 1991, p 21, Allen & 

Ball 1996). 

Experiments have shown vertical transmission of DWV via infected sperm (Fievet et al. 2006; Yue et 

al. 2007; de Miranda and Fries 2008), and horizontal transmission via varroa mites (Bowen-Walker et 

al. 1999; Yue and Genersch 2005). There is indirect evidence for oral transmission between adults 

and larvae (Nordstrom 2000) and among adult bees (deMiranda J. R. pers. comm.). The detection of 

DWV in the hypopharyngeal glands (Fujiyuki et al. 2004), adult bee oral secretions and larval food 

(Yue and Genersch 2005; Chen 2005) also indicates the existence of an oral transmission route. 

However, it is not known if DWV administered orally to larvae or adults, can establish an infection, or 

is merely transferred passively. Nor is it know which of the larval stages, if any, is susceptible to viral 

infection following oral acquisition. Similar studies with acute bee paralysis virus (ABPV) indicate that 

very large virus concentrations are required to establish an active infection via oral transmission (Ball 

et al. 1988). In this study experiments were designed to establish whether DWV can similarly cause 

infection in bee larvae after oral transmission. 

1.2. Real-time Polymerase Chain Reaction 
Polymerase chain reaction, PCR has become the standard tool for detection and quantification of 

nucleic acids (Mackay et al. 2002) and has been used for the quantification of DWV genome in 

several studies (Chen et al. 2004 and Chen et al. 2005). The PCR reaction is generally comprised of 

three steps, first separation of the double stranded DNA at a temperature above 90°C, then 

annealing of the primers to the target sequence at approximately 50-60°C. The last step is extension 

of the primers at a temperature of 70-78°C. Real-time PCR gives an opportunity to both run and 
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detect the amplification at the same time. Fluorescent labels or double-stranded DNA binding dyes 

and sensitive light-based detection are used to monitor the PCR reaction as it progresses (Bustin 

2000; 2002; Bustin and Nolan 2004). Data is collected from the linear phase where the conditions for 

the amplicon are optimal, compared to traditional PCR where data is collected from the plateau 

which means the amplicon may have been affected by non optimal conditions. This in turn makes the 

dynamic range of the template large. There are, however, a few disadvantages with the technique. 

Firstly, the fluorophores or dyes might affect the reagents and thus the outcome of the reaction. The 

difficulties and complicated approach to multiplex reactions are another disadvantage (Mackay 2002; 

2004). There are five main ways that fluorophores are used in real-time PCR: 5’ Nuclease digestion of 

oligoprobes (TaqMan®), hairpin oligoprobes, adjacent oligoprobes, sunrise primers and Scorpion 

primers (Mackay 2002). In this study the fluorophores used were SYBR®Green, FAM and HEX. 

SYBR®Green is an unspecific DNA binding dye attaching to all double stranded DNA (Mackay 2007, 

p12-13). The FAM and HEX used for this study belongs to the group 5’ nuclease oligoprobes. For this 

class of probes, fluorophore is attached to the 5’ end of a target-specific oligonucleotide probe, and 

in close proximity to a quencher fluorophore, such that any light emitted by the reporter upon 

excitation by laser at its optimum wavelength is quenched by the transfer of the photon energy to 

the quencher. When the DNA polymerase progresses in the 5’�3’ direction during PCR, its 5’ 

exonuclease activity hydrolyses the 5’ end of the bound oligoprobe, separating the reporter 

fluorophore from its quencher, such that the excitation energy is released from the reporter as light, 

which then can be detected by the real-time PCR machine (Mackay 2007, p16-18). 

There are two philosophies to quantifying template in a sample, namely relative quantification or 

absolute quantification (Mackay 2003; Bustin 2000, 2002; Bustin and Nolan 2004). Relative 

quantification compares the amount of target sequence to a housekeeping control gene, which is 

used as a marker for the amount and quality of total RNA. Absolute quantification determines the 

number of target sequences present in a sample, independent of the quality or quantity of RNA. 

Relative quantification gives in this way a better and more reliable result of quantification by real-

time PCR. To calculate the number of targeted sequences the best and most reliable way is to run a 

duplex reaction, where multiple primers are used to allow amplification of different templates within 

one single reaction. This is however hard to do because of the limited numbers of fluorophores 

available and only a few multiplex reactions have been described in the literature so far. The second 

best approach is to use two separate uniplex reactions, one for the target gene and one for the 

housekeeping gene. In both cases a series of dilution standards for both target and housekeeping 

control are included in the same setup. These dilution standards are used to normalize the data 
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between different runs, to estimate the efficiencies of the PCR reactions, and to convert the raw 

quantification data into estimated copies of each sequence. 

2. PROBLEM STATEMENT AND EXERIMENTAL PLANNING 

During the summer of 2006 a feeding experiment was carried out. Healthy larvae from Honey bees 

were artificially reared in vitro, and supplied with DWV contaminated food for a period of 24 hours. A 

similar group of control larvae were fed non-contaminated (regular) food during this time. After the 

feeding period, the experimental larvae were transferred back to regular food for a post-feeding 

incubation period. The feeding experiment was divided into three parts.  The first experiment aimed 

to compare how the starting age of the larvae and the length of post feeding incubation affected the 

viral load of the larvae. Pooled larval samples were used for each RNA sample, rather than individual 

samples. The second and the third experiments were meant to investigate whether the age of the 

larvae affects its susceptibility to oral DWV infection. Here a constant 48 hour post-feeding 

incubation period were used, and all larvae samples were processed individually.  

The 24 hour exposure of artificially reared larvae to contaminated food is an experimental design 

ideal for in vitro detection of differences in susceptibility to oral transmission of the different larval 

stages. Furthermore, the label-and-chase setup of the experiment made it possible to determine 

whether the amount of virus observed in the larvae was due to only acquisition of contaminated 

food or indicating actual viral infection in the larval tissue. If an active infection was established, the 

amount of virus should continue to rise after the feeding period.  

Samples of larvae were taken immediately after the DWV-feeding period and again after the post 

feeding incubation period. Samples were also taken from contaminated and non-contaminated food. 

All larval and food samples were weighed individually,the RNA was extracted from collected samples 

and the concentration was determined. These RNA samples were to be assayed by quantitative real-

time RT-PCR for the amounts of DWV RNA, and for mRNA levels of RP49, a commonly used honey 

bee ‘housekeeping’ gene, (Grozinger et al. 2003) to be used as a molecular marker for the quantity 

and quality of the RNA samples. This was made into a master’s degree project and approached by the 

author during the summer of 2007.  

To approach this problem, a pilot methodology study was carried out. The purpose of developing this 

methodology was to find the most suitable PCR primer sets and to compare a uniplex RT-PCR to a 

duplex RT-PCR in order to construct a robust and reliable method when analyzing samples from the 

feeding experiment.  
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3. AIM 

1. To develop a real-time PCR duplex assay with optimal temperature, duration and volume in 

order to collect reliable results using real-time PCR. 

2. To determine the possibility of oral DWV transmission to larvae from a quantitative 

perspective both in terms of efficiency of transmission and extent of viral replication. 

4. THEORY 

4.1. Optimization of method 
The first goal of this study was to develop a duplex assay with a known DWV sequence and a newly 

designed set of primers and probe for RP49 mRNA, a honey bee house keeping gene in the larvae 

(Grozinger et al. 2003). This duplex assay had never been done before and can therefore be seen as a 

pilot study. The hypothesis was that since both target sequences are fairly similar in length, and the 

primers and probes have similar constructions, it should be possible to optimize PCR conditions 

suitable for both primer pairs. If so; a duplex real-time PCR should be possible to carry out and 

optimize. Difficulties with duplex PCR reactions could be to find the right conditions for each set of 

primers and probe, the best conditions for the mutual setup, and also consider internal affects 

between the different primers and probes. 

4.2. Larval feeding assay 
There is considerable indirect evidence for oral transmission of several bee viruses, including DWV.  

DWV has been detected in the hypopharyngeal glands of adult bees (Fujiyuki et al. 2004) whose 

secretions make up the royal jelly fed to young larvae. These secretions, and DWV, are also found in 

the food of later stage larvae forming the basis for the speculation that oral transmission should be 

possible (Chen et al. 2005; Yue and Genersch 2005; Chen and Evans 2006). Other evidence 

supporting oral DWV transmission came from hive experiments, where larvae exposed to heavily 

DWV infected adult bees for a defined period of time had increased DWV titres over control larvae 

not exposed to those bees (Nordstrom 2000). Since nurse bees feed the larvae continually during 

their larval stages, this could be a major rout of infection in a bee colony if the theory proves to be 

right. However, none of the above mentioned experiments determined whether the presence of 

DWV in these larvae was due to passive acquisition of contaminated food, or due to active DWV 

infections. The strong possibility that these larvae could also have been infected through vertical 

transmission, through the eggs (Yue et al. 2007; de Miranda and Fries 2008) is also a confounding 

factor. The experiments presented here were designed to answer some of these questions.  
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5. MATERIALS AND METHODS 

5.1. Development of controls 
Two different controls here referred to as the house keeping gene and the viral gene were needed 

for the following experiments. An old stock of bacterial cells with plasmids containing the gene, were 

the only ones remaining for the housekeeping gene and the first step were therefore to find out 

whether any of those were alive. Since the bacterial were dead, plasmid DNA extracted from the 

dead colonies had to be transformed into fresh E. coli. A purification was made according to 

instructions “Plasmid or Cosmid DNA Purification” using Qiagen® Plasmid Mini Kit. Transformation of 

the vector was made according to the Promega® “Protocol for Transformations Using the pGEM-T® 

and pGEM-T® Easy Vector Ligation Reactions” were followed. 2 µl of the sample from the purification 

step was used and added to 45 µl of cells. The mixture was left on ice for 20 minutes and then heat 

shocked at 42°C for 50 seconds. The sample was cooled and an LB-medium was used to dilute the 

sample to 1 ml. To optimize the growth of the cells and give them access to enough oxygen, 

incubation of the samples in 37°C with continuous shaking was carried out during 45 minutes. The 

transformed bacteria were plated onto LB-agar plates containing 50mg/ml Ampicillin and grown 

overnight at 37°C. 

5.1.1. From bacterial vector to RNA sequence 

An LB-medium was prepared in order to set up agar plates for bacterial growth. Plates were streaked 

with newly grown E. coli bacteria harboring a plasmid containing the RP49 house keeping gene, or 

with old samples of bacteria harboring a plasmid containing the DWV gene and left to grow in 37°C 

over night. A Qiagen® Plasmid Mini Kit was used to purify the plasmid DNA of both constructs, 

following the manufacturers’ instructions (Protocol: Plasmid or Cosmid DNA Purification Using 

Qiagen® Plasmid Mini Kit). The plasmids were linearised with the restriction enzyme NgoM-IV in the 

following reaction conditions: 4 µl 10xMulticorebuffer, 4 µl BSA (1mg/ µl), 0, 5 µl NgoM4 (Enzyme), 8 

µl DNA (400ng/ µl), and 23, 5 µl H2O (milli-Q). NgoM-IV was chosen because of its convenient 

location in relation to the orientation of the two inserts; RP49 and DWV. The plasmids were treated 

with 4 µl proteinase K (10mg/ml), 100 µl SDS (10%) and 56 µl milli-Q water for 40 µl plasmid. The 

samples were left to incubate for two hours in a 50°C water bath. The incubation was followed by a 

phenol/chloroform extraction. One volume of phenol/chloroform pH 8.0 was added and the samples 

were homogenized using a vortex for 15 seconds followed by a 5 minutes centrifugation at 13000 

rpm. The aqueous phase was recovered and placed in a new tube. The addition of phenol/chloroform 

was repeated one more time and followed by addition of one volume phenol/chloroform pH 8.0 

which was carefully mixed with the sample by inversion of the tube. The sample was centrifuged 5 
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minutes at 13000 rpm, the aqueous phase recovered and transferred to a new tube. 95% ethanol 2.5 

times the volume of the sample and 0.1 volumes of 3M Na-acetate pH 5.2 were added. Samples were 

left at -20°C over night. The following day, samples were centrifuged for 30 minutes at 13000 rpm in 

+4°C and the aqueous phase discarded by pouring. One ml of cold 70% ethanol was added, followed 

by a 5 minute long centrifugation at 13000 rpm. The aqueous phase was discharged and the pellet 

left to dry. The DNA was then resuspended in 10 µl mQ-water. The DNA was transcribed to RNA using 

the Ambion MEGAscript® SP6 High Yields Transcription Kit, following the manufacturers’ instructions, 

with the volumes adjusted to half the amount since the starting volume was half the recommended 

volume. After completion of the reaction, a DNase treatment was carried out in order to remove the 

template DNA. This was done in accordance to the instructions of the Ambion kit MEGAscript® SP6. 

The development of the recombinant RNA standard was then ended with a final phenol/chloroform 

extraction in accordance to Ambion MEGAscript® SP6. 

5.2. Optimization of method 
To determine the relative amount of virus in the larval samples two primer pairs were used. One set 

to amplify a virus target sequence present in the larval sample and one to target the genome of the 

larvae itself. The primers used were; for the detection of virus forward primer, M8484 (5´-

TTCATTAAAGCCACCTGGAACATC-3´) and reverse primer MB8757 (5´-TTTCCTCATTAACTGTGTCGTTGA-

3´) and for detection of mRNA of the housekeeping gene RP49 within the bee genome, forward 

primer RP49-qF (5´-AAGTTCATTCGTCACCAGAG-3´) and reversed primer RP49-qB (5´-

CTTCCAGTTCCTTGACATTATG-3´). The probes used were DWV-TM8647as (5´ [6-FAM] 

TCAAGTTCGGGACGCATTCCACGC [BHQ1a~6FAM] 3´) and RP49-Tas (5´ [5-HEX] 

CCTTTAGGTTTACGCCAGTTTCTCTT [BHQ1a~5hex] 3´) for virus and housekeeping gene detection 

respectively. Both probes were manufactured by Operon in Cologne, Germany in June 2007 and were 

designed with as 5’ nuclease oligoprobes. The reproducibility of real-time PCR varies due to, for 

example, human factors and reagents. Hence the most reliable results would be gained if both the 

sequences were amplified in the same plate and ideally also in the same tube which would result in 

exactly the same conditions for both sequences. To achieve this, optimization experiments were 

performed in order to look at the possibilities to get good reliable results from a duplex real-time 

PCR. The optimization and evaluation of both primer pairs was first done with uniplex real-time PCR.  

5.2.1. Uniplex 

5.2.1.1. The viral gene 

A previously produced synthetic (see 5.1.) recRNA sample containing 2*10
8
 copies of the DWV 

sequence was used as positive control and a standard for the first tests done with the 
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M8484/MB8757 primer pair. The control was diluted to give a broader range of sensitivity to the 

experiment, and concentrations from 2*10
7
 viral copies/µl to 2*10

5
 copies/µl were used. A BioRad® 

iScript
TM

 One-Step RT-PCR Kit for Probes was used according to manufacturers’ instructions, although 

the total volumes of the reactions were reduced from 25 µl to 20 µl and the reagents adjusted 

accordingly. 3 µl of sample was added to each reaction. From prior experiments (Forsgren et. al. 

2008) and theoretical predictions the initial temperatures of 50°C for the 10 minute transcription, 

95°C for the 5 minute reverse transcriptase inactivation and Taq polymerase activation, was followed 

by 40 cycles of 15 seconds denaturation at 95°C, and 30 seconds extension at 60°C were chosen, 

followed by a 5 second reading of the plate. The software was programmed to read at 518 nm which 

corresponds to the emission wavelength of the dye FAM used for this reaction. The program used 

was optical monitor MJ Opticon Monitor analysis software BioRad® version 3.1. Only in one run did 

the chosen temperatures give valid, sensitive and reliable results with the dilution standard curves. 

The samples were analysed by gel electrophoresis to confirm the size of the fragments. The 

properties of the reactions were in agreement with prior research at the Department of Entomology.  

5.2.1.2. The house keeping gene 

For the primer pair RP49-qF/RP49-qB no previous information about optimal temperatures was 

available. The fragment length and the GC content of the RP49 sequence at hand which was fairly 

similar to the length and sequence composition of the DWV. Therefore, the initial temperatures 

chosen for the real-time PCR were the same as the optimal values for the virus primers since the 

optimal temperatures were estimated to be fairly close to one another. Due to the failure to produce 

a reliable recRNA standard from the RP49 plasmid clone, recDNA standards were used, making the 

reverse transcription step obsolete for these optimization experiments. Despite this, the step was 

included for some of the experiments anyway. The software used was MJ Opticon Monitor analysis 

software BioRad® version 3.1 which was set to read at 556 nm, the wavelength correlating to the 

emission wavelength of HEX. The RP49-Tas probe was constructed with the dye HEX, thus specific for 

the RP49 in the following setups. In these experiments, a dilution series of the synthetic cDNA control 

with concentrations ranging from 1,68*10
11

 copies/µl to 1,68*10
3
 copies/µl was used. In total, seven 

real-time PCR reactions were performed. Table 1 illustrates all uniplex experiments carried out for 

the RP49 sequence. The table shows the transcription and annealing step for each reaction which 

were where the cycling profiles varied from one another. For all experiments containing a 

transcription step this was followed by a 5 minutes inactivation of the transcription/activation of Taq 

polymerase at 95°C and for those not containing the transcription the 5 minutes long incubation in 

95°C served as an initial Taq activation step. This was then followed by a 15 second long denaturation 
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Table 1: The table shows transcription and annealing temperature for all reaction made with the uniplex house 

keeping gene controls.  

step at 95°C for all reactions before the annealing step was initiated. All results were confirmed by a 

gel electrophoresis, inspecting the size of the amplified template. 

experimental 

number 
T transcription t (min) T (annealing) t (s) Kit 

Prob

e 
Primers 

1 50 10min 60 30s BioRad® probe RP49 
RP49-QF/ 

RP49-QB 

2  -   -  60 30s BioRad® probe RP49 
RP49-QF/ 

RP49-QB 

3  -   -  58 60s 
BioRad® 

SYBR®Green® 
RP49 

RP49-QF/ 

RP49-QB 

4 50 10min 58 30s BioRad® probe RP49 
RP49-QF/ 

RP49-QB 

5 50 10min 58 30s BioRad® probe RP49 
RP49-QF/ 

RP49-QB 

6 50 10min 58 30s BioRad® probe RP49 
RP49-QF/ 

RP49-QB 

7 50 10min 58 30s BioRad® probe RP49 
RP49-QF/ 

RP49-QB 

 

 

The first two setups were made with BioRad® iScript
TM

 One-Step RT-PCR Kit for Probes, with a 

reduced total volume to 20 µl and with the initial temperature of 95°C for 5 minutes followed by 40 

cycles of a denaturation temperature of 95°C for 15 seconds, an annealing temperature of 60°C for 

30 seconds and a plate read. The third experiment was a real-time PCR with BioRad® iScript
TM

 One-

Step RT-PCR Kit with SYBR®Green and with a slightly lower annealing-extention temperature at 58°C. 

The same real-time PCR protocol was used, except for the changed annealing-extention temperature 

and a post amplification melting curve analysis, ranging from 45°C-95°C with 0,5
 
°C increments. In 

this run of the real-time PCR a melting curve analysis was made in order to determine whether the 

absorbance by SYBR®Green was due to true amplification product or due to PCR artifacts, such as 

primer-dimers affecting the amplification process of the house-keeping gene. The next real-time PCR 

was again conducted with BioRad® iScript
TM

 One-Step RT-PCR Kit for Probe. The same protocol as for 

earlier reactions was followed with the annealing temperature adjusted from 60°C to 58°C. The 

controls used ranged from 1,68*10
9
 to 1,68*10

6
copies per µl. To find out if the probe self-degraded 

or degraded in presence of buffer or enzymes, two reactions with only probe, water, buffer and 

enzyme were carried out. Two negative controls were used for each of the setups; the first one 

containing water, buffer and enzyme and the second one containing water, buffer and probe. As a 

positive control the former negative control consisting of probe, water, primers, buffer and enzymes 

were used. To get a workable concentration of the probe, a dilution series of the probe was made. 

The dilutions were (final concentration in 20µl reaction); 0.2 µM, 0.15 µM and 0.1 µM. To investigate 

whether the probe itself was involved in amplification of or dimerisation with one of the primers, the 
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Table 2: The table shows transcription and annealing temperature for all three reactions made with 

the duplex setup for DWV and RP49. 

same experiments were made with mixtures containing a single primer at a time. This was done 

according to previous experiments with the final concentration of 0.2 µM for the probe. 

5.2.2. Tests with duplex reactions 

Since the ultimate temperatures for the two primer sets were fairly close, the only difference being 

an annealing temperature of 58°C and 60°C for RP49 and the viral sequence respectively, the 

possibilities of a duplex setup were excellent. The RP49 probe had shown more sensitivity, hence the 

annealing temperature was adjusted according to the conditions of the house-keeping gene and the 

annealing temperature for the duplex trails were set to 58°C. Two real-time RT-PCR kits were 

compared, namely the Qiagen® Multiplex PCR Kit for multiplex reactions and the BioRad® iScript
TM

 

One-Step RT-PCR Kit for Probes. Uniplex reactions were run on the same plate for all controls used in 

the duplex and with both kits, which made it possible to look at differences between the uniplex and 

the duplex reaction, e.g. potential inhibition. The manufactures´ instructions for the Qiagen® 

Multiplex PCR Kit was followed except for adjustments of the volume to 20 µl.  

experimental 

number 
T transcription t (min) T (annealing) t (s) Kit Probe Primers 

1 - - 58 60s 
BioRad®/ 

Qiagen® 

DWV & 

RP49 

M8484/MB8757 & 

RP49-QF/RP49-QB 

2 - - 60 30s BioRad® 
DWV & 

RP49 

M8484/MB8757 & 

RP49-QF/RP49-QB 

3 50 10min 60 30s BioRad® 
DWV & 

RP49 

M8484/MB8757 & 

RP49-QF/RP49-QB 

 

In the second set-up with duplex, only the BioRad® iScript
TM

 One-Step RT-PCR Kit for Probes were 

used and comparisons were made with controls from two different batches of recRNA for the viral 

genome. This experiment was done with and without Reversed Transcriptase to see if there was any 

residual plasmid DNA in the recRNA samples, which could bias the real-time quantification. The 

protocol from earlier experiments was followed only changing the annealing time and temperature 

from 1 min of 58°C to 30 seconds at 60°C. A final duplex reaction was set up with newly made 

synthetic recRNA (see 5.1.) with the same protocol as before.  

Agarose gels (2%) were run for all real-time PCR reactions to confirm the sizes of the amplification 

products. The gels were run with a voltage at approximately 100V between 60-90 minutes.  
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Table 3: This table is a sketch showing the setup of the real-time PCR plates during all 

reactions of the larval feeing assay. Sample A-Sample P represents arbitrary samples 

of the assay.  

5.3. Larval feeding assay 
The DWV titres of the larvae were analyzed with a relative quantification approach meaning that the 

amount virus RNA was calculated relative to the amount of the housekeeping gene in the same 

sample. Ideally, this is done in single well, in a duplex reaction for DWV and RP49, to minimize any 

bias between wells and due to pipetting errors. However, since it was not possible to optimize the 

duplex assay for RP49 and DWV in time, we instead estimated the RP49 mRNA and DWV RNA in 

separate uniplex reactions, on the same plate, using SYBR®Green as the reporter dye, and including a 

melting curve analysis to confirm that the signal was not due to PCR artifacts. The experiment 

contained a total of 160 samples, including food samples, DWV-fed larvae and control larvae. They 

were divided into three feeding experiments each containing samples from one day, two day and 

three day old larvae. The Opticon real-time PCR thermocycler had a capacity of 48 wells per run, with 

16 wells dedicated for the dilution series of the standards both for RP49 and DWV, and negative 

controls. Three concentrations of each control were run in two tubes each. Therefore, 32 wells were 

left for samples in each run. Since each sample was assayed separately for DWV and RP49 (see table 

3 for set-up), this meant that 16 samples could be analyzed per run. The total number of real-time  

 PCR runs carried out was 17. All 

amplification reactionswere 

followed by a post-PCR step 

consisting of an electrophoresis to 

confirm the specificity and size of 

the products obtained. The 

program used was BioRad® MJ 

Opticon Monitor Analysis 

Software version 3.1. The machine 

was set to read at the 

wavelengths 513 nm which 

correspond to the emission light 

of the dye SYBR®Green. The 

program started with a 10 

minutes initial step for 

transcription at 50°C, followed by 

a 5 minute step at 95°C in order 

to end the transcription and activate the Taq polymerase. This was followed by 40 cycles of 

denaturation for 10 seconds at 95°C, annealing-extension for 60 seconds at 60°C and a plate read. 

Sample A Sample B Sample C Sample D 
DWV 

control 

DWV 

control 

Sample E Sample F Sample G Sample H 
DWV 

control 

DWV 

control 

Sample I Sample J Sample K Sample L 
DWV 

control 

DWV 

control 

Sample M Sample N Sample O Sample P 
Water 

control 

Water 

control 

Sample A Sample B Sample C Sample D 
RP49 

control 

RP49 

control 

Sample E Sample F Sample G Sample H 
RP49 

control 

RP49 

control 

Sample I Sample J Sample K Sample L 
RP49 

control 

RP49 

control 

Sample M Sample N Sample O Sample P 
Water 

control 

Water 

control 
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Figure 2: This figure shows the C(t) values for all controls 

of DWV run plotted against the logarithmic quantity of 

copies. The values are combined with a trend line for 

which the equation is displayed. This equation was used 

to calculate relative copies of DWV for the samples 

Figure 1: This figure shows the C(t) values of the dilution 

series of RP49 standards from the last two runs of the 

experimental setup plotted against the logarithmic 

quantity of copies. The values are combined with a 

trend line for which the equation is displayed. This 

equation was used to calculate relative copies of RP49 

for the samples 

The melting curve analysis followed immediately and started with 1 minute, 95°C incubation period 

followed by a drop in the temperature to 45°C for 1 minute. The melting curve was measured every 

0. 5°C from 45°C to 95°C after which the program ended by leaving the samples at a 4°C incubation. 

5.3.1.  Calculations 

The estimation of the number of copies of target and housekeeping gene in each sample were made 

for one plate and one primer pair at a time. The C(t) values and the known amount of copies/µl from 

the dilution series of the controls were used to create a standard equation for calculations of the 

amount of copies for the primer pair of interest for each sample. The C(t) value of the samples from 

the same plate and with the same primers where then used to calculate the number of copies/µl for 

each sample of the virus or the RP49 sequence. To be able to compare figures/concentrations 

between runs, the relative concentrations of DWV in the RNA samples were calculated by comparing 

the copy number of viral sequence to the copy number of the house keeping gene. The calculated 

amount of RP49 in the samples was far outside the range covered by the dilution series why a 

general standard curve was set up for all the experiments. The C(t) values for the RP49 standard 

dilution series from the last two runs containing dilution series of RP49 ranging from 7,94*10
10

 to 

7,94*10
4
 copies per µl were plotted against the logarithmic value of contained copies per µl to form 

a general standard curve for RP49. For the construction of the general DWV standard curve, C(t) 

values for the standard dilution series of all the 17 runs were plotted together against logarithmic 

quantity  
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of the copies per reaction. Since there was great consistency between the different runs in the C(t) 

values of the standard dilution series (Fig. 1 and 2), pooling this data would give a more accurate 

standard curves for all samples. The trend line for both the RP49 and the DWV controls gave a 

standard equation used for calculating the number of copies of each for the samples (Fig. 1 and 2). 

Calculation example: Using sample C15, a three day old larva from the third feeding assay as an 

example, following relative quantification calculations can be made. The measured C(t) values for C15 

was for RP49, 13,37 and for DWV, 30,29. 

The equations derived from the trend line of RP49 values was: 

y=-3,649x + 43,82 (1) 

where y represents the C(t) value and x the logarithmic amount of copies RP49/µl. The C(t) value of 

RP49 for the sample C15, was inserted into the equation (1) a logarithmic copy number of 8,34 was 

received. The inversed logarithm for this is 2,21*10
8
 which represented the relative copy number of 

RP49 for C15. The same calculations were done for the DWV equation: 

y=-3,528x +37,63 (2) 

with C15 C(t) value of 30,29 inserted. The returned copy number of DWV was 1,2*10
2
. The received 

viral copies were then divided by the numbers of copies of the house keeping gene which gave the 

quota: 

copies DWV/copies RP49= 5,45*10
-07

 

Same calculations were made for all C(t) values, and comparisons between them were made in the 

analysis. To make graphs and plots, the mean values of the results for the different characteristics 

were calculated, taken into account the standard errors. 

6. ANALYSIS AND RESULTS 

6.1. Optimization of method 

6.1.1. Uniplexes 

The optimal temperatures and properties suggested by literature and previous experiments showed 

to be reliable for the replication of the virus sequence.  
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Figure 4. The figure shows the melting curve of the SYBR
®
Green run with the real-time PCR for the RP49 sequence. 

The lowest line in light blue represents the negative control and the purpal line represents a 10*10
3
 concentration 

of the control. They both show primer-dimers but also a specific product although week. The other lines in the 

bundle represent higher concentrations of the controls. The figure is taken from the Optical Monitor MJ Opticon 

Monitor analysis software Biorad version 3.1., developed by the author and used with permission from the 

Department of Ecology at the Swedish Agricultural University 

Figure 3: The figure shows the primary exponential slope of 

each sample from one of the first RP49 uniplex assays. The 

exponential phase of the run is not as steep as expected. 

However, to find the optimal properties for the 

house keeping gene sequence a few additional test 

were needed. After the first two real-time PCRs, 

using a 5’ nuclease probe as fluorescent reporter, 

were carried out it could be concluded that the 

slope of the exponential phase of each sample was 

not as steep as expected (Fig. 3). Additionally the 

negative controls gave a weak but yet positive 

result (see dark green curve in figure 3). To 

investigate the specificity of the product a 

SYBR®Green real-time PCR was conducted. The 

melting curve analysis (fig. 4) showed no sign of primer-dimers, except for in the negative control and 

the lowest concentration of the standard dilution series positive controls. The results indicated that 

concentrations of 10
3 

copies per µl were out of the assay’s sensitivity range. Still the mystery of why 

both the low concentration and the water controls showed a peak at the melting temperature of the 

template remained, even if this peak were considerably lower than for the other controls, thus 

resulting in a false positive. The standard curve of the run showed almost optimal results for the 

dilution series. The low sloping exponential curves from previous runs using the 5’ nuclease 

oligoprobes were gone, suggesting that these amplification slopes are related to the oligo probe, and 
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not the PCR primers. An additional test with the starting properties and BioRad® reagents was made 

to determine the cause of these low sloping amplifications. This still came out with a far less steep 

slope than expected, and the water still gave a minor signal. Since the signal was comparably low in 

comparison to the results of the viral sequence, they should possibly all be considered as negative. 

To investigate if the probe degraded in association with other reaction components, thereby causing 

a weak positive signal in the negative (water) control, one plate setup was made excluding primers. 

This was tested for several concentrations of the probe. The probe showed no signs of degradation in 

association with enzyme or buffer. To further check if there were any unwanted amplifications 

involving the probe and one of the primers, reactions were carried out containing only one primer at 

a time, plus the probe. The results showed a slow amplification why it was safe to assume that no 

primer amplification or dimerisation had taken place. 

6.1.2. Duplexes 

The fluorescent signal of the duplexes were much weaker than the one from the uniplexes indicating 

that less amplification took place for both the RP49 sequence and the DWV sequence when amplified 

in a duplex reaction compared to a uniplex reaction. This decrease in amplification when using 

duplex reactions applied to both primer pairs and both kits. The C(t) values were considerably lower 

and the amplification was far better with the BioRad® iScript
TM

 One-Step RT-PCR Kit for Probes kit 

then with the Qiagen® kit, which is why the first was used for subsequent assays. In the second try 

with duplex reactions, the annealing temperature was changed from 58°C to 60°C and the time span 

of this step reduced to 30 seconds. This gave a small but noticeable change in clarity for the resulting 

curves. In the last duplex setup new controls were used for more exact results. The results still 

showed a lot lower amplification rate for both the house keeping gene and the viral sequence in the 

duplex assay compared to the uniplex assay. For the house keeping gene, there were hardly any 

positive results at all in the duplex run. Due to time limitations no further attempts were made to 

optimize the duplex, instead the decision to use uniplex reactions for the larvae feeding assay were 

made. 

6.2. Larval feeding assay 

6.2.1. First feeding experiment 

The aim of this experiment was to give an overview of whether the starting age of the larvae affected 

the DWV load or not. Secondly, to investigate if an increased incubation period resulted in an 

increased infection, which would be the case in an active infection.  

According to the results presented in figure 5, the age of the larvae seem insignificant for developing 

an infection within 48 hours from the time of infection. The one day larvae had the highest relative 
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Figure 7: This figure shows the relative DWV titres per larvae for two 

day larvae with a post feeding incubation time of 48 and 96 hours 

respectively. 

Figure 6: This figure shows the relative DWV titres per larvae for one 

day larvae with a post feeding incubation time of 48 and 120 hours 

respectively. 

Figure 5: This figure illustrates larvae feed at the age of one, two and three days. All 

extracted from the comb at the initiation of their respective feeding period. The 

measurements of virus have been made 48 hours after the finish of the feeding 

period.  

DWV titre, followed by the three day larvae whereas the two day larvae had the lowest relative 

amount of DWV. (Fig. 5). 

 

 

 

 

 

 

 

 

To compare the post feeding incubation periods for the one day larvae (Fig. 6), samples were taken 

after a post feeding incubation time of 48 and 120 hours respectively. For the two day larvae samples 

from 48 and 96 hours of post feeding incubation were examined (Fig.7). Results show that a longer 

incubation period does not seem to give a higher relative titre of DWV in the one day larvae, which 

indicate that no infection is established. For the two day larvae on the other hand (Fig 7), the sample 

from the experiment with a longer post feeding incubation time shows a higher relative amount of 

virus per larvae which suggests an ongoing infection may have started. However, since the results for  
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Figure 8: This figure illustrate the difference in viral load between 

larvae feed with contaminated food during the age of 24-48 hours 

and larvae feed with contaminated food during the 48-72 hours of 

life. For both examples the larvae was harvested at 168 hours of age 

which equals 7 days.  

Figure 9: This figure shows that larvae feed with DWV contaminated 

food have a higher weight than larvae feed with non contaminated 

food for one, two and three day old samples. The plot shows weight 

plotted against age for both non infected and infected larvae.  

the control larvae also increase by a similar amount between 48 and 96 hours post-feeding 

incubation, we cannot be sure that the increase in the experimental larvae is real.  

A comparison between the viral load from larvae fed at one and two days of age and harvested at 

the same age (168 hours) was made. This resulted in a post incubation time of 120 hours for the one 

day old larvae, and 96 hours for the two day old larvae. As figure 8 shows, a higher amount of virus 

seems to be present in the two day larvae. This higher rate of viral load might be due to the larger 

amount of food ingested by a older larvae, but could also indicate that the larvae are more 

susceptible for viral infection between the ages of two to three days than at the age between one 

and two days. 

 

 

 

 

 

 

 

 

 

Results presented in figure 9 illustrates if the weight of the larvae was affected by feeding DWV 

contaminated food. The results show that larvae of all three ages fed with contaminated food, have a 

higher weight than those feed with non contaminated food. 

Control samples taken from the food showed that the non-contaminated food (royal jelly and sugar 

solution) fed to the control larvae, did not contain any DWV. The DWV contaminated food on the 

other hand showed a high amount of viral load just as expected. 

6.2.2. Second feeding experiment 

The experiments called feeding period two and three, aimed to show if larvae were infected orally or 

not. Directly after the feeding period, the larvae will have ingested DWV particles, this, however, 

does not mean that an infection is established. If the amount of viral RNA increases after 48 hours of 
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Figure 10: This figure shows larvae at different ages from feeding experiment two. For each age, 

one day, two days and three days, non infected larvae harvested 48 hours after feeding, infected 

larvae harvested directly after feeding and infected larvae harvested 48 hours after the finished 

feeding period are plotted. The graph shows an active infection in the three day larvae. 

post feeding incubation, an ongoing infection is likely. There is no other explanation for an increase 

of viral load during this period of time. 

The first analysis made for the second feeding experiment aimed to show if an infection had started 

in the larvae or not. Figure 10 gives an overview of the results. Although the relative DWV titre for 

three-day larvae after the post-feeding period is higher than directly after feeding, the large error 

associated with this figure means that this increase is not statistically significant. For the one and two 

day old larvae, no clear results were received from the real-time runs of samples collected directly 

after the feeding period. No conclusions can be made whether or not larvae was infected. The viral 

load is however higher in larvae fed with contaminated food than in negative controls. 

 

 

 

 

 

 

 

 

The overall higher amount of virus detected in the three day old larvae, can be explained with the 

feeding behavior of larvae. Older larvae ingest larger amounts of food resulting in a larger uptake of 

virus, and therefore a higher risk for infection. All larvae plotted in the graph were collected from the 

comb at the age of 24 hours. Feeding two also contained larvae fed at the age of three days, but 

sampled from the comb at different ages, 24 hours and 48 hours respectively. To investigate whether 

the time for grafting affected the larval intake of virus, values were compared in a graph (Fig. 11). 

The larvae grafted at 24 hours and incubated in vitro until the start of the feeding period, developed 

infection, whereas those grafted from the comb at 48 hours (incubated in vitro for 24 hours before 

feeding), did not seem to have developed active infection of DWV. This could mean that larvae kept 

out of their natural environment for a longer period of time, are more susceptible to viral infection. 
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Figure 11: At feeding experiment two larvae which started the feeding period at the age of three 

days were removed from the comb at two different occasions, at 24 hours and 48 hours of age. 

The Figure illustrates the differences in infection for those two groups. Larvae removed at 24 

hours of age seem more prone to get an active infection of DWV than those removed later. 

 

 

 

 

 

  

 

 

 

Several food samples were analyzed in the second feeding experiment. Non contaminated food was 

divided in two batches, one fed to one and two day old larvae and another fed to three day old 

larvae. These regular food samples were tested for DWV loads at 0 hours of incubation. The food 

contaminated with DWV was divided into three batches; one fed to one and two day old larvae, one 

fed to three day old larvae, and the last containing samples taken after the feeding period. The 

amount of DWV in the food was compared both to the concentration of RNA and to the weight of 

the food sample. The negative controls (non contaminated food) were all free from DWV, whereas 

the infected food samples all produced DWV amplicons as expected. The food tested after the 

feeding period had lower concentration of DWV, probably due to the degradation of virus. 

6.2.3. Third feeding experiment 

 In this feeding experiment, all larvae were grafted directly from the comb at the start of their 

feeding period, one day, two days and three days respectively. The larval were sampled at the end of 

the feeding period and again after a 48 hour post-feeding incubation period on non-contaminated 

food, to compare differences in susceptibility. The red stacks in figure 12 represents larval samples 

collected directly after the feeding period. The green stacks show the amount of virus from larvae 

collected 48 hours after the end of the feeding period. The results from feeding experiment three 

indicate that no active infection was initiated, since the amount of virus was higher directly after the 

feeding period than 48 hours later. The high amount of DWV in the larvae without post feeding 

incubation can be explained as non active virus ingested by the larvae. This amount of virus has, 
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Figure 12: From feeding experiment three the amount of virus has been measured in larvae 

feed with regular food and larvae feed with DWV contaminated food. The larvae ingesting 

contaminated food have been harvested at two different times, directly after the feeding 

period and 48 hour after the same. This has been done for larvae feed at age one, two and 

three days. Here the amount of DWV copies per larvae is compared to the age of larvae 

when initiating the feeding period. 

Figure 13: Examination of food for feeding experiment three. DWV contaminated 

food is divided into three groups, one for each age of larvae. The samples are 

taken from the food after the incubation with larvae. Additionally the viral load 

of, one negative control (Non contaminated Royal Jello) and one positive control 

(Royal Jello + DWV) who are not incubated with the larvae are measured. The 

graph shows that the three day old larvae seems to have ingested a higher 

amount of DWV than the younger ones. 

 

 

 

 

 

 

 

 

 

after 48 hours been processed and digested by the larvae and can no longer be detected. This is 

contradictory to the results from feeding experiment two, where larvae of all the different ages 

appeared to be infected.  

In feeding experiment three, samples were taken from the food after each feeding period, resulting 

in three different batches of contaminated food; one feed to one day larvae, one to the two day 

larvae and one to the three day larvae. As control samples, non contaminated food and 

contaminated food sample (not incubated with the larvae) were used. Figure 13 shows that food  
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from the one and two day old larvae taken after the feeding period, contained approximately equal 

amounts of viral copies, whereas food sampled from larvae fed at the age of three days contained 

less virus per ng RNA. This could be explained by the greater proportion of larvae excrement from 

the three day old larvae which might have degraded the DWV faster than similar food from the 

smaller larvae. 

Calculated values of copies DWV/copies RP49 were relatively low for all samples ranging from 1*10
-10

 

to 1*10
-3

 for the infected larvae. This indicates a low level of infection in the larvae. 

7. CONCLUSIONS AND IMPLEMENTATIONS 

7.1. Optimization of method 
The overall conclusion from the uniplex protocols using the 5’ nuclease oligoprobes was that the 

probe and the primers for RP49 seemed to work fine. Negative control samples gave a positive signal, 

but all at a very high C(t) value. The conclusion made was that late positives were not reliable in those 

reactions. Samples which came out positive later than cycle 25 would be regarded as negatives. The 

explanation for this phenomenon is not yet known and should be investigated further in future 

research. 

The study of the duplex real-time PCR setup did not lead to a functional experimental setup. Results 

shown indicate a working, but slow amplification, with very low amplification slopes, which makes it 

difficult to be confident about the C(t) value. This is, however a pilot study, and the results and 

progresses made so far could be the base of further experiments into the field of duplex setup for 

honey bee research. The fact that the duplex actually did result in amplification for both sequences, 

and that the probes and primers did not inhibit each other or the reagents, is a first step towards 

finding the ultimate conditions for a usable duplex assay. All negative samples produced curves late 

in the reaction. What is this unspecific fragment and why is it created? Where should the threshold 

line between specific and non specific amplification be drawn? Modifications of the primers and 

probe for the RP49 sequence could also make differences in the results why this would be an 

interesting view for future research. 

7.2. Larval feeding assay 
The second aim of the study, to look at various aspects of oral DWV transmission to larvae from a 

quantitative perspective, both in terms of efficiency of transmission and extent of viral replication. 

Conclusions have been reached using a relative quantification approach to the analysis of the data. 

This approach takes into account the differences in efficiency of RNA extraction and degradation of 
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RNA in different samples by comparing the amount of viral RNA to the proportion of RNA molecules. 

Nevertheless it should be taken into account that if the viral amount increases at the same rate as 

the total amount of RNA in the larvae the relative amount will still be the same and the infection will 

remain unnoticed. Viral infections however often replicate at a higher speed than the total RNA of a 

larvae.  

7.2.1. Feeding experiment one 

Results from feeding experiment one showed that the age of the larvae did not seem to affect the 

uptake of DWV. One could argue that the youngest larvae should be more susceptible to infection 

since they have a less developed immune system. However, when looking at this variable, it should 

be taken into account that the older larvae are larger and therefore ingests more food. It is important 

to consider that the results only indicate the viral load 48 hours after terminated feeding period, 

which is why nothing can be concluded considering the start of an active infection. To look at 

differences in how susceptible larvae of different ages are to ingested viral particles, further studies 

have to be made. The conclusions drawn from the differences in post feeding incubation time for one 

and two day old larvae, is that two day larvae developed active infection of DWV, whereas one day 

old larvae did not. This could indicate that older larvae easier develop an active infection of DWV, but 

further investigations have to be made in order to have sufficient proof.  

The positive correlation between weight and DWV infection indicate that the virus infection does not 

affect the feeding behavior of the larvae negatively, which might have been expected. The relative 

analysis also shows that for larvae harvested at seven days of age, fed at different times, the ones fed 

later seems more susceptible to viral infection. It can be speculated that larvae are more susceptible 

to oral infection between the age of two and three days, than between the age of one and two days. 

7.2.2. Feeding experiment two 

Result from feeding experiment two clearly indicates that a viral infection is in fact initiated in larvae 

of all represented ages. This proves that an oral infection route for DWV to honey bee larvae is 

possible. The relative quantification also shows that earlier grafting from the comb and a longer pre-

feeding incubation time in vitro makes larvae more susceptible to infection. Honey bee larvae kept 

outside of its natural environment are more susceptible for infection. Feeding experiments in vivo 

would possibly lead to more reliable results. 

7.2.3. Feeding experiment three 

In feeding experiment three, according to the relative analysis, no infection was detected in any of 

the larvae irrespective of age. This was contradictory to results from feeding experiment two, where 

larvae were grafted earlier, and incubated in vitro before the start of the feeding period. It can be 
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concluded that, although subjected to and ingesting DWV, the larvae does not always develop an 

active infection. It is thus possible for the larvae to resist infection at all of the three ages used for 

this experiment. However, when comparing feeding two and three, results show that the pre-feeding 

incubation period seems to affect and increase the susceptibility to DWV infection. The results 

correlate with the results from the comparison of time for grafting in feeding two. A possible 

explanation for this phenomenon might be due to two factors affecting the larvae. Firstly: individual 

stress could lead to lower function and activity of the individual larval immune systems and secondly, 

the larva is removed from the social immunity found in the honey bee colony. 

The rates of viral infection however, seem to be low throughout the whole experiment. The oral 

transmission of DWV might not be a very effective way for the virus to enter the larval body. 

Transmission of the virus via the vector, V. destructor seem to be a much more effective route, since 

overt infections (i.e. symptoms like deformed wings on newly hatched bees) only occurs in heavy 

mite infested colonies. The low values of DWV/RP49 might however also be due to an incorrect 

measurement of the RP49 sequence. Comparing the concentrations of RNA to the estimated copy 

numbers of RP49 shows that the proportion of RP49 in an RNA sample is not as constant as it should 

be for a ‘housekeeping’ gene, casting doubt about its usefulness as a molecular marker for RNA 

quantity. Repeating the feeding experiment with higher concentration of the infected food and with 

a higher range of the RP49 controls might give clearer and better results.  
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