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Objectives:

Part 1.
Essential Oils as a Viral and Nosema Control in Honey Bees

The focus of this study is to establish whether the essential oils in the LeFore patty are
effective as a virus management tool in honey bees. For this project we will be evaluating the
individual oils used in the patties as well as the total combination of essential oils to determine
if any one specific oil are more effective at controlling the viruses or whether the synergy of the
oils together is more effective in controlling the viral load. Under a confidential disclosure, Jeff
LeFore has agreed to tell us the combination of essential oils used in his commercial patties.

The treatment colonies will be compared to the control colonies and to each other in an
evaluation of the efficacy of these essential oils.

Part 2.
Viral Load Relationship to Pests, Parasites, Diseases and Stress of Managed Honey Bees

To test each of the colonies in the Weslaco Project for quantitative and qualitative virus loads.
The viral relationships to the factors being investigated will bring a new perspective to
investigative and experimental research data analysis.
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Interpretive Summary:

The value and joy of research is proving a theory, making recommendations of a proven
process that has been tested and evaluated, and best of all, discovery. Discovery is where
new applications of old known properties are looked at in a new light. Some of the processes
we have done are confirmed by others and ourselves such as shipping samples. For our
purposes we have simplified the shipping to just placing the live bees in a baggie and shipping
via USPS flat rate boxes. This is less expensive and cumbersome to the beekeeper and the
samples get to me in great shape.

Sample collection and preservation has been proven by us and by work done this year by the
USDA-ARS (3), making the whole process to use a laboratory easier for the beekeeper.

Time of day collections was one of the questions we needed to answer in our preparation, the
risk of losing data or of having misrepresenting data from using different aged bees in data
analysis was answered. The problem is that the younger bees do not carry a mature viral load
that can be seen in older bees. We addressed this with consistency in the location and found
that there is no significant difference in the viral loads carried depending on the time of day the
bees are collected.

Essential Oils

In our project to provide a scientific method for this investigation has proven to be difficult. The
first set of tests and controls all died without any essential oils being applied and with no
samples being sent to BVS for analysis. The second set of tests and controls were set up and
organized with a different beekeeper that backed out of the experiment causing a four month
delay in the start of the experiment. However we were able to process 10 colonies over a
period of several months with a control set for a total sample set of 80 for this portion of the
project. This data is shown in this report. However the colonies used were already at high
intensity for virus and at high levels for Nosema. The results seem inconclusive and indicate
that essential oils are not a cure for Nosema and unknown as a preventative for Nosema. The
data does indicate that essential oils may reduce viral loads even starting at high intensity
levels. The project is continuing with additional funding from the California State Beekeepers
Association and funding from Project Apis m. This will provide the needed controls and low
viral loads as well as low Nosema levels for our start. The statistical analysis will be done by
ECBC and the Nosema confirmations will be done by Montana State University. The project is
projected to conclude by March 2012.

Virus Relationship to Stress

By using the interrelationships of bee health, stress factors, bee immune response and the
presence of latent and active viral loads in the honeybee we have discovered a relationship
between virus intensity and honeybee stress quantification.

Using the Integrated Virus Detection System (IVDS) to detect viruses, and to count the viruses
(13) we have discovered that the viral diversity and intensity changes with increasing or
decreasing stress to the honeybee
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The quantification of the viral load and the tracking of the viral load over time and the
relationship of the viral load to stress placed on the honeybee. Stress to honeybee is
indicated in various works (3, 11) that details investigation that includes viral loads, as a
contributing factor to declining health. The quantification of stress relates to all phases of
beekeeping from migratory practices, nutrition, pesticide exposure, chemical treatments,
weather, monocrop pollination, (9, 10, 11). Stress management is needed in the scope of
commercial beekeeping; measuring stress is difficult to quantify, to put a number on it. The
data and we have recorded and presented provide a direct relationship of viral load monitoring
to stress exposure. Some bees carry a higher viral load than others, due to hygentic behavior
or to other genetic qualities (9, 10).

Our major discovery and recommendation to growers and beekeepers is for monitoring bee
viral loads on regular intervals provides a measurement to bee stress. What we have tied
together is the monitoring of viral load as a means to monitor and quantify stress from many
sources such as shipping including migratory practices, pests, fungal, viral, nutrition, water,
overpopulation, and weather to name some. This is the joy of discovery in research.

Materials, Methods, Results and Discussion:

Sample preservation and shipping

As a part of this project we addressed some of the pre-collecting and processing of samples to
insure data integrity. The quality of samples at various stages of processing, collections,
storage and filtration has been a concern in regards to viral intensity and diversity in sample to
the degradation of virus integrity in the sample. In cooperation with the University of Montana
with BVS, Inc., virus samples were studied for integrity from storage at various temperatures
and media. While this is not the focus of this project, sample integrity is important for
consistent data comparisons over time. The summary of these projects have shown that there
is some titer loss from various filters, the virons are attaching to some of the materials used in
the filters or attaching to the debris capture by the filter. We singled out the best filter for our
application and have only minimal loss of titer at less than 10% and no diversity loss by using a
20 micron paper filter and syringe holder. The temperature storage and media applications for
sample preservation showed no vial titer loss or diversity loss from frozen to fresh samples
over time. The largest loss of apparent viron detections as seen on the IVDS detector were
from samples stored partially processed in refrigeration but not frozen, the loss was greater
than 20% after 72 hrs. but by processing sooner (within 24hrs) there was no apparent loss.
The processed and ready for IVDS sample storage time is one week at 35F with no apparent
loss. The processed sample ready for IVDS and frozen at -30C does not seem to have any
degradation after one year. This is comparable to the work done by Dainat, B et al. published
in May of 2011. (3)

The methods used for sample shipping, processing and storage demonstrate integrity to the
intact viruses processed by IVDS and increases the project reliability for tracking viral titers
and diversity over time using IVDS.

Field Collections and Continuity

A time of day sample collection for variables in viral load changes was conducted with
statistical analysis by Brian Steele, Department of Mathematical Sciences, the University of
Montana, Missoula MT, 59812, USA; Time of Day Sampling Design was by Bee Alert
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Technologies, Inc., Missoula, Montana; the Sampling Coordination was done by Dr. V
Sivaram, the University of Montana.

Outline of investigation
e The data originated from 9 hives.
e Collected at three times of day (morning, afternoon, and evening).
e Total of 27 samples on numbers of particles belonging to a particular size class.
e The investigation was to determine if there are patterns in the counts associated with
time of day.

Summary
e There is convincing evidence of the presence of the sacbrood virus in every hive.
e There is unconvincing evidence of differences in number of virus particles among
different times of day.

Results

Counts for each hive plotted against size, and for each time of day (Figure 2).
The peak associated with the sacbrood virus is apparent in each panel.

Clear differences among time of day with respect to counts are not visible.
Morning counts are not greater than the afternoon and evening counts.

There is a fairly consistent difference in the particle counts over the course of a day;
Morning counts are less than afternoon and evening counts. Differences between afternoon
and evening counts are not consistent.
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Figure 3: Boxplots showing the distnbution of counts by time of dagy.

Counts are greater in the afternoon compared to the morning (Figure 3). If viruses besides
sacbrood are absent from the hives, than the pattern of greater counts in the afternoon
compared to morning may be attributable to particles besides the sacbrood virus.

In conclusion, there is no clear evidence of differences in numbers of sacbrood viral particles
by time of day.

The sample taking location for this study was from the front of the hive, collecting foragers.

Sample Collections

Bees were collected and delivered to BVS for processing.

For the nutrition viral load study the Initial processing for BVS was done at the USDA Weslaco
ARS laboratory that provided a 50ml solution of 100 bees ground and mixed with 50ml of
deionized water. Samples were then frozen and shipped to BVS for processing.

The samples for Nosema / Essential Oil Study were shipped via USPS flat rate service in zip-
lock baggies or equivalent, sample weight used was 6 grams or nearly 60 bees. These bees
were then liquefied in 300 ml of deionized water. The samples for viral load monitoring and
stress level associations was shipped and prepared in the same manner.
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Each sample was then processed at BVS with each sample filtered though standard
cheesecloth to remove non soluble bee parts.
30ml of the sample is centrifuged for 60 minutes at 20,000 X g.

The supernatant is recovered and utra filtered through a 500,000 Dalton hollow fiber filtration
system and a 250ml reverse osmosis (RO) wash which is then reduced to ~ 2ml. This
produces a concentration of the viruses in the sample.

The solution is prepped for IVDS by a 1:10 dilution using with Ammonium Acetate (AA) as the
salt for controlled conductivity in IVDS. Each sample is filtered through a w-41 20um paper or
a .45um PTFE filter, for removal of fatty and pollen residues that tend to float in the solution
after centrifugation.

IVDS uses a 5 scan average and is then saved in the IVDS database. Charts and tables are
created from the exported data from IVDS.

IVDS Sample Processing

Virus Detection by IVDS is based on nano-particle movement through a charged atmosphere,
the particles have a mass/charge ratio that is easily converted to size. This movement allows
for the sorting of the particles in the sample to be sorted by size and then with the use of a
condensation particle counter, simply counted for each size the instrument is calibrated. The
virus “window” we create is based on removing all other material in the sample, the “window” is
based on a density gradient process that has been verified in multiple scientific applications
and it is documented in 1977 by L. Bailey and R. D. Woods (8) in a process for isolating
several bee virus: black queen cell virus(BQCV), Kashmir bee virus (KBV), acute bee paralysis
virus (ABPV) and sacbrood virus (SBV). The detection process developed by the Army (7) in
peer reviewed publications as well as independent investigators such as the National
Instrument Standards Testing (NIST), (6) and the National Laboratory at Hanford, WA. (12)

Obijective 1: Essential Oils as a Viral and Nosema Control in Honey Bees

BVS has processed over 3500 bee samples to date from beekeepers around the nation. The
volume of data and the correlation of viral loads to seasonal changes, transportation
overwintering, feeding and the use of essential oils reveals the areas that need conclusive
evidence for any practical application of methods, management or treatments used. BVS has
observational data that suggests essential oils are effective in the reduction of viral loads. The
data shows that bee colonies with increasing viral loads respond favorably when treated with
some combination of essential oils. The viral load drops and stays low for approximately sixty
days. The weakness of this data is the lack of experimental methods and controls that provide
reliable proof and details of application of that can then be repeated by the beekeeper with
confidence in the outcome of treatments.

In our project to provide a scientific method for this investigation has proven to be difficult. The
first set of tests and controls all died without any essential oils being applied and with no
samples being sent to BVS for analysis. The second set of tests and controls were set up and
organized with a different beekeeper that backed out of the experiment causing a four month
delay in the start of the experiment. However we were able to process 10 colonies over a

Almond Board of California -7 - 2010.2011 Annual Research Report


http://vir.sgmjournals.org/search?author1=L.+Bailey&sortspec=date&submit=Submit�
http://vir.sgmjournals.org/search?author1=R.+D.+Woods&sortspec=date&submit=Submit�

period of several months with a control set for a total sample set of 80 for this portion of the
project. This data is shown in this report (Figures 4-V12). However the colonies used were
already at high intensity for virus and at high levels for Nosema. The results seem
inconclusive and indicate that essential oils are not a cure for Nosema and unknown as a
preventative for Nosema. The data does indicate that essential oils may reduce viral loads
even starting at high intensity levels. The project is continuing with additional funding from the
California State Beekeepers Association and funding from Project Apis m. This will provide the
needed controls and low viral loads as well as low Nosema levels for our start. The statistical
analysis will be done by ECBC and the Nosema confirmations will be done by Montana State
University. The project is projected to conclud by March 2012.
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Figure 4. Virus load by sample date essential oil treated samples
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Figure 5. Virus load by sample date untreated samples

An error in sample processing occurred with 2010054251 in the filtration process that
influenced viral counts. The treated samples show a general higher starting viral load count
with a general drop in counts over time with the August samples showing a significant increase
in both the treated and untreated samples and the September samples having a general lower
count. All of these samples maintained a high Nosema count with no significant change. All
samples were in the same apiary and drift is an influence that is not accounted for. All
samples were being treated with essential oils prior to starting our treatment and we have not
accounted to the residual affect for the prior schedule treatments. These factors are integrated
into a redesign of the essential oil test.

The following essential oil charts bring out the diversity between samples with a group and
between the treated and non-treated groups as we track them over time. The tracking of
individual colonies within a set may be the most significant analysis of the data, this also
shows the diversity between colonies within a group and the trend within a group vs. the
comparable set of data in the other group.
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Figure 6. Virus load by colony for essential oil treated colonies

Three of the five sets of treated colonies started with low and increase in the next sampling
with a general decrease in viral intensity over the rest of the data set. The data in colony 3 has
a large spike in viral intensity in September data, this is unaccounted for and does not match
the rest of the treated colony data.
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The non-treated viral load with one exception (colony 8) each start with a higher viral load
which then drops in intensity with an increase in subsequent samples with the exception of
colony 10 that has a general decrease in subsequent samples.
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In Figure 12, the treated samples show an overall higher mean count for DWV, KBV, IAPV
with and near equal count for SBV and the non-treated set showing a higher count for ABPV
and CPV. As stated previously, all samples were in the same apiary and drift is an influence
that is not accounted for. All samples were being treated with essential oils prior to starting our
treatment and we have not accounted to the residual affect for the prior schedule treatments.
These factors are integrated into a redesign of the essential oil test. The following essential oil
charts bring out the diversity between samples with a group and between the treated and non-
treated groups as we track them over time. The tracking of individual colonies within a set may
be the most significant analysis of the data, this also shows the diversity between colonies
within a group and the trend within a group vs. the comparable set of data in the other group.

Objective 2: Viral Load Relationship to Pests, Parasites, Diseases and Stress of Managed
Honey Bees:

Our objective in this portion of the project was to test each of the colonies in the Weslaco
Project for quantitative and qualitative virus loads. The viral relationships to the factors being
investigated will bring a new perspective to investigative and experimental research data
analysis.

Honeybee viral loads have been documented (2, 8) to be present and widely dispersed in bee
populations. This year new viruses have been discovered and documented to be in bee
populations (1, 11). Bees are subjected to stress from many sources, shipping, pests, fungal,
viral, nutrition, water, overpopulation, and weather to name some. This stress is detrimental to
the health of honeybee (9, 10).
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By using the interrelationships of bee health, stress factors, bee immune response and the
presence of latent and active viral loads in the honeybee we have discovered a relationship
between virus intensity and honeybee stress quantification.

Using the Integrated Virus Detection System (IVDS) to detect viruses (6,7,13,14,15,16), and to
count the viruses we have discovered that the viral diversity and intensity changes with
increasing or decreasing stress to the honeybee.

In a project funded by the Almond Board of California (ABC) to name the peaks or viral
detections in IVDS, BVS, Inc. has identified seven viruses and has shown to be able to track
the changes in the intensity of each virus over time by taking sequential sampling from the
same colonies and further expanded this to yard or representative sampling providing data and
reports to beekeepers that show and report a measurement of bee reaction to stress exposure
or to stress mitigation.

The report and suspicion that Colony Collapse Disorder (CCD) is the result of stress imposed
on bees thereby compromising the bee immune system. The immune-suppressing stress may
come from poor nutrition due to shortages of flowers that provide nectar and pollen to bees,
poisoning from pesticides, parasitic mites and new and emerging diseases that infect bees.
Other contributing factors may be the use of monoculture pollination, that needs to be
compensated with more bees being transported across the U.S. with the resulting increase of
bee stress and vulnerability of bees to disease. (9,10)

We have found that by tracking viral loads over time we see younger bees enter into the field
force and the viral intensity decreases. This is similar to what we find in CCD colonies, as the
older bees die, younger and younger bees are pressed into field service. The younger bees
with lower viral intensities may be related to hygienic behavior that has been described by M
Spivak (9,10)

We have taken the process of quantifying the viral loads in honeybees and applying this to
measuring treatments and nutrition additives to bee colonies. We have processed over 1000
samples sent to us from the USDA Weslaco laboratory to measure the viral load from the
Weslaco project. Weslaco has stated that these colonies have associations to transportation,
monoculture, population density, nutrition, fungal infestation, and treatments. We were to
provide the viral diversity, intensity and frequency to Weslaco for addition of this data to their
project. BVS has not processed all the data sent to us from Weslaco, the funds received from
this project only covered part of the expenses. However the data we have collected did
provide insight to diversity, intensity and frequency that was applied to samples that have
continuity and time sequential data that we have been able to relate and analyze to stress
influences on bee colonies from migratory, monoculture, high population density yards with a
comparison to viral loads within the colonies when stress is relieved.
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Figures 13, 14 and 15 are the Weslaco data sets with comparisons to brood, and older bees
that includes a shift in viral load frequencies over time and the similarities between them.
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Figure set 13. The Weslaco brood samples are showing a generally same frequency as we see in all
samples.
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Data set for frequency comparisons to the overall data at BVS.
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Figure set 14. Weslaco data from the October bees we see a higher incidence of IAPV and lower for
CPV.
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Data set for frequency comparisons to the overall data at BVS.
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Figure set 15. This is the January Weslaco data showing the lower incidence of IAPV and higher for
CPV, similar to the brood nest samples.
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Data set for frequency comparisons to the overall data at BVS.
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| have not been given the corresponding data from Weslaco for pest, nutrition, treatments or
weather influences on the bee samples. As data is received this project will be updated.

The following data (Figure 16) is from our tracking of commercial beekeepers over time and
has applied knowledge from sample processing and tracking from the Weslaco project.
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Figure 16. A single commercial beekeeper sending monthly samples showing the high intensity and
diversity of several colonies during migratory season in early spring and the subsequent movement of
the colonies into the summer holding yards and then to the yards positioned for honey production. The
viral diversity and intensity is dramatically reduced with the reduction in the stressful conditions.

Reduction of stress — reduction in bee viruses — younger bee

These colonies were subject to being transported from pollination to summer honey
production. These bees were healthy and strong from beginning to end showing a high
tolerance to the viral load even with the recorded increases in viral intensity. What we see is
the increase in the viral load during pollination and transportation to decreased viral load in
smaller yards with increased nutrition diversity.

e No apparent viral infection (symptoms) - higher viral load — bee immune system is
managing to keep viruses in check.
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Figure 17. Hive Health Status compared to Viral Diversity and Intensity.

In Figure 17, bee colonies were graded and evaluated for robustness, strength, growth, added honey
production. The colonies were sampled for the oldest bees with the viral load recorded for each colony.
Bees graded as poor have the highest viral load both in diversity and intensity, graded moderate have a

lower viral load with a similar diversity while the colonies graded best had the lowest intensity and
diversity of the resident viral population.
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Figure 18. Single beekeeper moving bees from a high population density holding yard to placing
colonies in a smaller yard. The diversity and the intensity of the viral load can be seen shifting and
adjusting to lower levels as the bees adjust and recover from the high stress conditions.
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Figure 19. Virus tracking in bees from high stress to low stress yards. These counts are high in the
holding yard with some low viral count and diversity seen. The contrast is the movement to the stable
yards with a low population density of colonies in the same area where competition for resources and
drift are minimized. The exception seen in the one yard is an example of a stressed colony not
recovering and had symptoms of reduced colony strength and robustness.
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Figure 20. A single beekeeper moving bees frequently from low nutrition crops to stable non-migratory
yards that have diverse nutritional sources.
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Conclusions:

Honeybees are subject to demands of agriculture and the inherent stress that comes with high
production and the increased need to meet the needs of the larger single crop producer.
Being able to bring high quality bees to service this industry has brought to the beekeeper a
comparable set of management decisions to keep up with demand. How to we keep the
honeybees in the best condition to bring the best service and the highest return for the effort.
Or even how to | keep my bees alive?

Most of what we are showing with this data set is of no surprise to beekeepers. What is useful
is the quantification of the viral load and the tracking of the viral load over time and the
relationship of the viral load to stress placed on the honeybee. Stress to honeybee is
indicated in various works (4,11) that details investigation, that includes viral loads, as a
contributing factor to declining health. The quantification of stress relates to all phases of
beekeeping from migratory practices, nutrition, pesticide exposure, chemical treatments,
weather, monocrop pollination, (9,10,11). Stress management is needed in the scope of
commercial beekeeping, measuring stress is difficult to quantify, to put a number on it. The
data we have recorded and presented provide a direct relationship of viral load monitoring to
stress exposure. Some bees carry a higher viral load than others, due to hygenic behavior or
to other genetic qualities (9,10).

General nutrition improves the bees ability to tolerate elevated viral loads. We were to provide
a detailed analysis on this , but it was not accomplished, what we have seen is the movement
of bees into yards that have better nutrition, lower population density, and feeding resulting in a
lower viral load and recorded improved bee production and strength. Monitoring bee viral
loads on regular intervals provides a measurement to bee stress.
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