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Introduction

 Colony Collapse disorder = internationally recognized 
syndrome afflicting honeybees, Apis mellifera across the 
world

 Pollination contributes $15 billion annually to U.S. economy 
 Symptoms  involve rapid and unexplainable loss of adult 

worker honeybees
 Single cause difficult to pinpoint because of widespread 

nature of the disease
 Study focuses on the transmission of Deformed Wing Virus 

by Varroa mites, concentrating on honey bee attractiveness 
to mites and transmission of DWV to most attractive bees



Review of Literature 

 19 different viruses have been identified globally that 
negatively impact the wellbeing of the honeybee 
(Evans, 2009)

 Vertical and Horizontal Transmission (Chen and Evans, 
2006)

 Tissues of queen bees and offspring examined for 
viruses, confirming the potential for vertical transmission 
in honeybee hives (Chen, 2006)

 Horizontal transmission -- indirect transmission of viruses 
by the parasitic mite Varroa destructor (Shen, M., et al. 
(2005)



Review of Literature 

Several viruses can exist at once in 
individual mites leading to multiple 
infections for bee colonies 
(Chantawannakul, 2006)

Single honeybee can serve as the host of 
up to four viruses at once (Chen, 2004)



Review of Literature 

 Deformed Wing Viruses (DWV) closely associated 
with colony collapse

 Wing deformities, bloating of the abdominal 
region, body paralysis, quickened death of adult 
bees (Lanzi, 2006)

 Fievant et al identified DWV in high concentrations 
in queen reproductive organs suggesting DWV 
negatively affects ability of queens to produce 
offspring, and can enter into eggs before laying

 Frequently transmitted by the Varroa destructor
 DWV can be detected using a one-step real time 

RT-PCR (Kukiejka, 2008)



Research Questions

 Are some bees more attractive than others to mites?
 Is there any correlation between honey bee age 

and their attractiveness to Varroa mites? 
 Do mites serve as vectors for Deformed Wing 

Virus, DWV? Do honey bees with higher levels of 
mites have higher level of virus exposures than 
honey bees with lower levels of mites?



Hypotheses 

 H1. Emerging honey bees are more attractive to Varroa 
mites than non-emerging honey bees are

 H2. Varroa Mites carry Deformed Wing Virus and serve as 
vectors for DWV. Exposure to honey bees by Varroa mites 
on adult honeybees leads to higher virus exposure. If 
hypothesis 1 is proven true, and emerging honey bees are 
more attractive to mites, they will have higher levels of 
DWV than non-emerging bees. 

 Null-Hypothesis: Non-emerging honey bees will be less 
exposed to Varroa mites and will have a lower level of 
Deformed Wing Virus. 



Methods
Bee Setup/ Selection
RNA Isolation and Extraction from 

Bees and Mites 
Statistical Analysis 



Methods: Bee Set Up 

 Emerging honeybees and old honeybees were 
collected from two different colonies, colony 308 
(c308) and colony 316 (c316)

 Cup cages were set up [4 cups with 32 bees each: 
8 from c316 emerging, 8 from c308 emerging, 8 
from c316 old and 8 from c308 old]

 14 mites were introduced to three out of the four 
cages



Methods

 After 1 week, Number of mites on each bee were 
recorded  to test whether or not emerging bees 
were more attractive to mites than non-emerging 
bees

 From each of the set ups 6 bees were chosen (bees 
of different colors with and without mites were 
selected  from each) – these were the bees and 
mites from which RNA was extracted 



Methods: RNA Isolation and Extraction 

 Mites were  removed from bees and stored in original tubes for RNA 
extraction 

 RNA was extracted from whole bees and mites using TRIzol 
(Invitrogen) with 1 ml of TRIzol added to each bee in individual 
micro centrifuge tubes

 DNA was removed from all extracts, then first-strand cDNA was 
synthesized

 Viral and control-gene transcript abundances for cDNA assayed by 
quantitative real-time PCR with an Icycler real-time PCR machine 
(Bio-Rad)

 Primer pairs designed to amplify sections of the honey bee ‘actin’  
and two honey bee viruses, DWV and KBV

 assays were run with a fixed thermal protocol consisting of 5 min at 
95oC, then 40 cycles of a four-step protocol consisting of 94oC 20 s, 
60oC 30 s, 72oC 1 min, and 78oC 20s was used



Methods: RNA Amplification and Analysis 

 Amplification was followed by a melt-curve 
dissociation program in order to confirm expected 
product size

 Relative viral loads were calculated using the ‘dCT’ 
method, by subtracting the fluorescence threshold 
value for the viral assays from that for the internal 
control gene (actin)



Methods: Statistical Analysis 

 Viral loads compared across treatments, source 
bees, and mite presence using the statistical 
program SAS JMP 7 to invoke analyses of variance 
(ANOVA) and non-parametric tests (Wilcoxon rank-
sum) 



-There were more mites on bees in cups with added mites -
-This gives a baseline mite level for ‘control’ bees

Chart 1: One-way analysis of mites by treatment
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-Bees from colony 308 tended to be more attractive to mites than 
bees from colony 316.
-Correlation between colony source and mite attractiveness to bees 
fails to explain why one colony is more attractive. 

Chart 2: One-way analysis of mite by source colony



Chart 3: One-way analysis of mite by age 
(emerging vs. non-emerging)

0

0.5

1

1.5

2

2.5

3

M
ite

e o
Age

-Emerging bees more attractive to mites than  non  emerging bees 
-Correlation between honey bee age and attraction to mites



 Bees that were younger when placed into the cups 
significantly higher levels of DWV
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Chart 4: One-way analysis of Deformed Wing Virus by Age



Chart 5: Bi-variate fit of Deformed Wing Virus by mites

 Trend toward more DWV in bees with more mites on 
their bodies -- transfer of DWV by mites on adult 
bees
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Discussion 

 Negative impact of Varroa mites on honey bees 
 Correlation between mite levels and subsequent 

levels of DWV
 Emerging bees were more attractive to mites than 

non-emerging bees
 Younger bees also had higher levels of DWV
 Suggests that adult exposure to mites can increase 

the risk of viral infection



Discussion

 Bees derived from one colony showed higher mite 
levels than bees from a second colony

 Mites find particular bees more attractive than 
others

 Particular bees might be better able to clean their 
bodies of mites (hygienic behavior, Evans and 
Spivak, 2009) 

 Offer explanation why one colony may have been 
more vulnerable to Varroa mite infestation than 
another



Research Limitations/ Future Research

 Indicates effect of Varroa mites on adult bees that might 
relate to the roles of these mites in Colony Collapse 
Disorder and bee declines generally

 Limitations included time constraints and sample pool
 Future data could include samples of honey bees from 

more than two different hives, with more bees and mites in 
each bee cup cage for a larger sampling

 Ongoing experiments will aim at the transfer of other 
viruses, such as Kashmir Bee virus or Israeli Acute Paralysis 
virus, by mites to adult bees, and the effects of these 
mites and their viruses on bee survival.
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Conclusion

 Demonstrates possible implications of virus 
transmission within honeybee hives and relationship 
to Colony Collapse Disorder 

 Major Finding: correlation between honey bee age, 
vulnerability to mites, and subsequent susceptibility 
to viruses

 Implications: Finding whether certain bees are more 
attractive to mites than other bees -- step towards 
determining how to protect bees from these health-
threatening challenges


