Honey Bee Diagnostics
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KEY POINTS
 American foulbrood is tentatively diagnosed based on clinical signs and field tests, but
because of the consequences of a positive result, should be confirmed through a diagnostic laboratory.
 European foulbrood has various nonspecific clinical signs and often field diagnosis by
ELISA is sufficient.
 Varroa mites are devastating to a colony and should be objectively quantified using a
sugar shake or alcohol wash technique on a regular basis.
 Necropsy of a colony is an important diagnostic tool and should be completed systematically to best determine the cause of a dead hive.

Video content accompanies this article at http://www.vetfood.theclinics.com.
INTRODUCTION

Before entering the apiary, light your smoker. Set the smoker aside and gather any
tools and instruments for sample collection that you will use working in the hives.
This should also include putting on your personal protection equipment. Once this
is done check and make sure that the smoker that had been lit and set aside for
several minutes is, in fact, still lit and working. This may seem elementary, but it should
become appreciated as essential.
SIGHT, SOUND, SMELL, TASTE, AND TOUCH

How to use ours and the honey bee’s primary senses needs to be understood. Veterinarians are trained to use all their sensory inputs when working with their patients.
This is consistent in working with honey bees. The honey bee’s primary sensory inputs
seem to be sight, and smell in the form of communication pheromones. Honey bees
are not particularly influenced by airborne sounds but do respond to vibrations
a
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through a substrate, particularly in the nest structure. The handler should try to avoid
unnecessary knocking and jarring of the nest. How taste and touch are used by the
bees is fascinating to learn but is not as relevant to the manipulation of a colony as
sight and smell (pheromone communication). The beekeeper, or a veterinarian performing a clinical examination, does need to have an awareness of how the honey
bees respond to what they see. Sudden movements and certain colors are associated
with colony threats. This is also true with odors that may stimulate an alarm response
by the honey bees. Wearing lighter colors rather than darker colors is less threatening
to the honey bees and therefore better for the beekeeper. One can use the honey
bees’ olfactory sense by properly using the smoker. It is an effective and safe way
to direct much of the honey bees’ behavior. Conversely the honey bees can use our
sense of touch to effectively direct our behavior.
Before opening any of the hives check around the apiary to see if there are any
external indicators of a problem. Look for crawling or twitching honey bees, dead immatures, dead adults, or marks and/or scratches on hives. Make note of any unusual
odors.
When inspecting a colony, you need to get to the brood nest first. Generally, in a
Langstroth hive the brood is toward the bottom of the hive. However, there are several
circumstances that would cause the brood nest to be in the upper chamber. Such circumstances include, but are not limited to, the bees moving up through the food reserves, such as when overwintering or the colony has an extremely robust brood
nest that expands above the normal lower hive cavity. A situation that is of concern
regarding disease diagnosis is when cells are not appropriate for a queen to lay in
causing her to move up into the area of comb that has not previously had any brood.
This situation could be caused by debris or dead larvae (scale) remaining in the cell.
This should indicate a greater rationale to investigate the abandoned brood area
below.
In the brood nest, examine enough frames to evaluate all stages of a full brood cycle. You should see eggs; developing larva; and capped brood, which contains the pupal stage of the bees. In all castes, the eggs exist for about 3 days. In the case of
workers and drones the feeding or larval stage exists for around 6 days. The capped
stage in workers is 12 days and for drones it is 3 days longer. In the development of
queens, the larval and pupal stages are accelerated; the feeding stage lasts only about
5 days and the capped stage lasts about 8 days.
AMERICAN FOULBROOD (PAENIBACILLUS LARVAE)

American foulbrood (AFB) is a bacterial disease that infects larvae at a very young
point in its development. The effects of the disease are expressed at a specific age,
just after encapsulation where the prepupa dies in the cell. The appearance of the capped brood is the most relevant in the case of AFB. Healthy brood should appear even
and solid and any deviation from this needs to be investigated. If the cappings are
perforated, that is a strong indicator that the pupae are not healthy. In addition, if
the caps are sunken or greasy looking, these may be indicators of AFB (Fig. 1).
Associated with AFB there is often a peculiar odor. It has been compared with
thrush hoof smell or animal hide gluepot odor. This odor is often noted before or immediately on opening the hive. Once in the brood nest find a brood frame that looks suspicious and investigate individual cells (Fig. 2). With a toothpick or matchstick, probe a
cell, stir contents, and slowly draw it out (Fig. 3). If the content is viscous, it will string
out the distance equal to five or more cells and then snap back, an indication of AFB.
This is the vegetative stage of AFB as it sporulates in the remains of the prepupa.
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Fig. 1. Perforated cell cappings indicating possible brood disease.

Paenibacillus larvae is a spore-forming bacteria. As the material desiccates, the remnants in the cell of the comb adhere tightly to the cell wall and form what is called a
scale. The scales sit just below the surface of the comb (Fig. 4). The comb is angled
so that looking at the comb straight on, the scale is not visible. Therefore, it is important to slightly angle the frame so that the top of the comb is closer to the viewer than
the bottom (Fig. 5). Looking down the top face of the comb the scales are apparent on
the lower walls of each cell. A simple examination of the comb is done with a UV light

Fig. 2. Probing discolored larva to test for AFB.
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Fig. 3. Demonstrating rope test of infected larva distinctive with AFB.

under which the scale fluoresce (Figs. 6 and 7). Each scale contains approximately 2.5
billion spores.
Field and Laboratory Diagnostics

In addition to the matchstick test, an enzyme-linked immunosorbent assay (ELISA)
test is available for AFB and also one for European foulbrood (EFB) that is used to
corroborate what is observed. Swabs are taken from apparently infected cells; the
swab is placed in the solution that comes with the package. Drops are then placed

Fig. 4. Scales sitting just below surface of the comb.
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Fig. 5. How to hold a brood frame to best view AFB scale.

onto the strip. There are two letters on the stick: T indicates test and C indicates control. If it tests positive, two distinct lines appear. If only one appears at the letter C, that
is considered a negative. If neither line appears the test is invalid (Fig. 8). This kit may
be used as a tool to support the corroborating evidence in determining a diagnosis; it
should not supplant the knowledge and skills of the diagnostician.
Sampling and Shipping

When needing to collect a sample to send to a diagnostic laboratory, the best sampling method is to cut a small section of comb containing several of the infected cells.
Wrap the section of comb in newspaper, paper towel, or other permeable material. Do

Fig. 6. AFB scale in comb under normal light.
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Fig. 7. AFB scale in comb under UV light (same scale as Fig. 6).

not wrap in plastic. A section of comb is preferable because it yields more information,
but a swab of infected larvae is used as an alternative technique. If testing for AFB, a
swab could be used directly for preparing a slide to test for Brownian motion or could
be cultured. In the case of EFB (discussed later), a swab may not prove as useful. The
swab should also be wrapped in paper before shipping. Check with the laboratory
before collecting the sample to verify their sampling protocol and criteria for shipping.
Depending on what is being tested, time may be a critical factor. When a brood sample
is received, either a smear or preferably a section of infected comb, it is checked for
the presence of P larvae using the hanging drop method as described by the US
Department of Agriculture ARS Handbook Diagnosis of Honey Bee Diseases.1 A
smear is placed on a cover glass and heat fixed under a heat lamp. It is then stained

Fig. 8. ELISA test strip indicating a positive test.
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with carbol fuchsin. After the stain has been allowed to fully penetrate the sample, the
excess is rinsed with water. While still wet, the cover glass is inverted onto a microscope slide that has been smeared with a layer of immersion oil. The slide is gently
blotted with bibulous paper and then observed under the microscope. The P larvae
spores exhibit Brownian motion in the water suspended on the oil (Fig. 9, Video 1).
If further verification is needed AFB may also be cultured on a medium of brainheart infusion.1
EUROPEAN FOULBROOD (MELISSOCOCCUS PLUTONIUS)

EFB, like AFB, is a bacterial disease. However, EFB is not as serious to the colony as
AFB because it is not a spore-forming bacteria, which means it is not as contagious
and can be cleared up. The causative organism is Melissococcus plutonius, which
generally affects the larval stage. Unlike AFB, which consistently affects the larvae
at a specific development stage, EFB is much less consistent. The effect of the organism on the larva is generally apparent before it reaches the capped stage. The result is
a larva that appears different from the normal pearly white. Infected larva appear yellow to brown in color. At this stage, the tracheal system may appear as a series of
white lines on the darkened larva (Fig. 10). The larva may possibly be misshapen,
and not necessarily in any set position in the cell (Fig. 11).
Probing a diseased larva helps determine what the cause might be. With EFB, when
probing an infected cell, the larva are somewhat viscous, but do not have the same
stringiness that is typical with AFB. The infected larva do not string out much more
than the width of a cell, whereas with AFB it strings out about one inch (w2.5 cm).
If the disease is far enough along to where the larva has desiccated and a scale has
formed on the bottom of the cell walls, it is easily removed, unlike AFB where the
scales adhere to the cell wall and are difficult to dislodge.
Generally, there is a pronounced, sharp, sour odor associated with this brood disease, but the odor can vary from case to case. Paenibacillus alvei is a secondary bacterium that is often associated with M plutonius.2 When P alvei is cultured it produces a

Fig. 9. Video demonstrating Brownian motion of Paenibacillus larvae spores.
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Fig. 10. Infected larva with visible tracheal tubes.

strong unpleasant odor. The presence of secondary bacteria may account for the variation of odors observed. Often, the odor is detected as soon as the hive is opened by
the beekeeper.
Field and Laboratory Diagnostics

An ELISA test is also available for EFB and the same steps are followed as were
described in the section on AFB. For EFB, this kit is a much more useful tool for a quick
diagnosis because this disease is easy to confuse in the field with other maladies, such
as parasitic mite syndrome (PMS), AFB, sacbrood, starvation, and several others. This
test should easily differentiate EFB from the others.

Fig. 11. EFB-infected brood showing discolored and misshapen larvae.
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M plutonius is cultured in the laboratory using Bailey medium in anaerobic environment.1 Although it may be done, it is difficult to isolate from other bacteria that are
associated with EFB and culturing takes at least 96 hours to obtain results. The ELISA
test may be a more reasonable option of detection to determine what course of action
should be implemented.
The preferred method of sampling and shipping for EFB is a small section of comb.
See the section on AFB for further explanation.
SACBROOD

Sacbrood is a viral brood disease affecting honey bee larvae and could be mistaken
for AFB or EFB. Symptoms of sacbrood involve a less than solid brood pattern that
in severe cases may appear spotty. In an area of capped brood there will be cells
that are prematurely uncapped by the adults. Inside the individual cell is an infected
larva that appears brown in color and generally is extended the length of the cell. It
is commonly described as appearing canoe shaped, because the head tends to lift
off from the base of the cell (Fig. 12). When probing the cell, the entire larvae can
be pulled out and looks like a hanging sac of liquid (Fig. 13). The cuticle is toughened
and that is why the liquid remains in the sac.
Because it is a virus, and there is more awareness of the ability of mites to vector the
viruses, controlling for varroa mites may help in preventing its spread. Because of the
initial appearance in the comb, the greatest concern about sacbrood is to be sure it is
not one of the more serious brood diseases. Once determined to be sacbrood, using
the aforementioned observations closely monitor the situation, but not much action is
necessary except in extreme cases. If the symptoms persist after a brood cycle, action
may be necessary, such as requeening. Of the dozens of viruses found in honey bee
colonies, this is one of several that are screened for using polymerase chain reaction,
but it is often not necessary because the symptoms typically clear up on their own.
CHALKBROOD (ASCOSPHAERA APIS)

Chalkbrood is a common brood disease caused by a fungus, Ascosphaera apis. It affects the larvae just after it stretches out and is ready to encapsulate. This is probably

Fig. 12. Classic canoe-shaped larvae indicating sac brood.
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Fig. 13. Larva in the saclike state pulled from a cell.

the simplest to detect and the simplest to differentiate from the other brood diseases.
The larvae gets a white chalky appearance or sometimes they may turn gray or black
depending on whether there are fruiting bodies present.3 These affected larvae are
called “mummies.” They have the texture and consistency of a piece of chalk, thus
the name chalkbrood (Fig. 14). A heavily infected frame when shaken releases the
hardened larvae. An observant beekeeper, inspector, or veterinarian might notice
some of these mummies in front of the hive or possibly on the bottom board because
the honey bees try to clean out the affected larvae. This is perhaps the easiest disease
to identify in the field because the mummified larvae are pathognomonic. Some honey

Fig. 14. Chalkbrood mummies on bottom board.
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bees are more hygienic than others and do a better job of cleaning out the dead
(Fig. 15).
Although not considered a serious disease, chalkbrood can weaken a colony to the
point of making it nonproductive. It usually occurs in the spring when there are cool
and damp conditions. Like EFB, chalkbrood is considered a stress-related disease
where external factors compete with the bees’ attention. By adjusting environmental
conditions, the honey bees may have a chance to catch up.
VARROA MITES (VARROA DESTRUCTOR)

The greatest concern facing beekeepers today is the varroa mite, Varroa destructor.
PMS is a common problem associated with high levels of mites leading to the decline
of the adult honey bee population within a colony. Varroa mites may be found at every
developmental stage of the bee except the egg. Although large, mites obscure themselves, hiding in cells and among adult bees, making them difficult to detect during a
routine inspection.
Aside from finding the actual mites, an apparent symptom of a mite problem is a
spotty brood pattern on a capped brood frame. This is similar to that found with
EFB, sacbrood, and even AFB to some extent. Cappings may be perforated or
partially open but do not appear sunken. By probing these cells, healthy, pearly white,
pupae are found beneath the cappings, unlike with foulbrood where the larva are
brown or yellow in color. Also lacking is the distinctive odor usually found with AFB
and EFB. Often a spotty brood pattern is attributed to an inferior queen; however,
further inspection to find an egg frame may reveal a healthy queen with a good egg
laying pattern. At this point it is obvious the queen is laying consistently, but the larvae
and pupae are not developing at the same rate, thus leading to population decline.
Bald-headed brood, open cells with partially developed pupae, is a condition also
associated with PMS. In the presence of high mite levels, adult workers open some
of the capped cells and investigate the pupae (Fig. 16). Occasionally the pupae are
partially removed, with remnants of pupae remaining in the cell. The remains are

Fig. 15. Brood frame showing evidence of chalkbrood mummies in cells.
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usually white as opposed to yellow or brown like the other brood diseases. There are
other causes for bald-headed brood, such as wax moths that burrow in the comb and
cause damage.
There are a few other signs to look for to help confirm the diagnosis of mite problems. Workers appearing smaller than normal with deformed wings is a strong indication of high levels of mites (Fig. 17). These bees will never be able to fly so crawling
bees may be seen in front of the hive. At the entrance of the hive there might be visible
signs of the white immature bees being carried out the front.
Knowing the history of colony management is helpful. The next step is to perform a
sugar shake or alcohol wash to determine the mite infestation level. Depending on
findings, action may be warranted.
Alcohol Wash

One method for determining mite infestation is the alcohol wash. The purpose of an
alcohol wash is to determine the number of mites relative to the number of bees in
a hive. Mites are primarily found in the capped brood or pupal stage of bees, and
secondarily (in their phoretic stage) traveling on the adult bees. It is not easy to sample
the brood. Instead, sampling the attendant adult bees can give a reasonable estimate
of the mite population in the colony. The adults with the highest portion of mites will be
the nurse bees or recently emerged bees and this is the area that should be sampled.
A suitable frame for sampling is one that has a mix of maturing larvae and capped pupae with attendant adult bees. Bees sampled from a honey frame give a false read.
After selecting the frame, look for the queen so she is not included in the sample.
Next, collect approximately 300 bees from the frame. Adult bees are collected by
shaking the bees off the frame into a collection pan. Some of the bees may fly off,

Fig. 16. Bald-headed brood.
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Fig. 17. Worker bee with deformed wing virus vectored by the varroa mite.

but that is not a problem. Knock remaining bees into one corner of the pan and then
scoop enough bees to fill a half a cup measure. A half cup of bees is about 300 bees.
That half cup of bees is placed into a sample jar containing 70% alcohol.
The bees are shaken vigorously in the jar with alcohol then poured through an eightmesh sieve (Fig. 18) with a finer filter below to collect the mites. The bees remain
above the sieve and mites fall through. These bees can then be rewashed and rinsed
several times through the eight-mesh sieve until no further mites are collected
(Fig. 19). The mites are then counted, and the bees are also counted, which gives a

Fig. 18. Sample poured over eight-mesh screen with finer sieve below to collect mites.
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precise mite to bee ratio. The critical aspect of this procedure is to collect a sample
from a suitable frame.
Sugar Shake

The sugar shake is an alternative method of checking for mites. One advantage with
this method is the sugar-coated bees are returned to their colony alive. The advantage
of the alcohol wash over the sugar shake is that it is more precise because the actual
number of bees is counted instead of estimated. The steps used to collect bees for an
alcohol wash are also used here. It is important to choose a frame from the brood nest
with maturing larvae and some recently capped brood. After checking that the queen
is not present, the adult bees are knocked off into a collecting tub and a half-cup
scoop of bees then removed and placed into the shaking container. It is nothing
more than a wide-mouth jar with an eight-mesh screen for a lid. After the screen is
placed on top, trapping the bees in the jar, add two heaping tablespoons of dry
powdered sugar to the top and sift through the screen onto the bees. Gently shake
to ensure bees are coated. Set aside and allow about 5 minutes for the bees to
become completely coated with the sugar. The sugar acts as a slight irritant to the
honey bees causing them to groom more vigorously and also interferes with the mite’s
ability to adhere to its host. If shaken prematurely, many of the mites may not have had
time to dislodge. If too much time passes, the sugar does not maintain its powdery
consistency, which may give a false read. At this point the bees are shaken over
any light-colored surface (Fig. 20). The mites fall through the screen while the bees
remain in the jar. A white bucket lid with a shallow amount of water is helpful. The water
dissolves the sugar and allows the mites to float on the surface tension of the water.
The mites are easy to see and count (Fig. 21). After several good strong shakes the
number of mites can be counted. Because there are approximately 300 honey bees
in a half-cup sample, the number of mites collected divided by three gives a rough percentage of mites to bees. This information helps determine if there is a mite problem in
this colony. Knowing the mite to bee ratio is critical in determining the health of the
colony.

Fig. 19. Varroa mites collected on the finer sieve ready to be counted.
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Fig. 20. Testing a hive for varroa mites using the sugar-shake method.

Fig. 21. Varroa mites shaken from a sugar shake jar into a bucket lid with water.
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It is important to remember when using this technique, it is necessary to collect bees
of the right age and to use dry powdered sugar. The bees must be young nurse bees
collected from the brood nest. If foragers are sampled the results will not be a true mite
count.
Other Monitoring Methods

Crude indication of mite levels is established by the use of a sticky board on the bottom board or checking a small sample of burr comb, which frequently contains drone
brood. A sticky board is not quantitative like the alcohol or sugar shake methods. The
sticky board is a thin, stiff board, approximately the same size as a bottom board with
a thin layer of petroleum jelly applied or other sticky/jelly-like substance, such as
cooking spray. Sticky boards are placed under an eight-mesh screened bottom board
and used to monitor the natural mite drop over a 24-hour period. After this time, the
boards are removed, and the mites may be counted. This determines if mites are present in the colony, but it does not consider the size of the colony, so it is difficult to
determine an accurate percentage of mite infestation. Another quick test is to look
at a section of drone brood or piece of burr comb and inspect for mites in the cells.
These methods are screening tools; should mites be detected with either of these
screening tests, it is good practice to evaluate further using either the alcohol or sugar
shake method.
TRACHEAL MITES (ACARAPIS WOODI)

The tracheal mite is an internal parasite that infests the tracheal tubes of the adult honey bee. Bees that are crawling outside the hive, particularly after a cold spell, may be
infested with tracheal mites. This syndrome is most likely to be expressed in late winter
or early spring. Dissection is necessary for confirmation.
Unlike with Varroa, older worker bees are more likely to be infested. There is a
greater likelihood that these organisms will have had time to move into and reproduce
in the trachea of the bee. Collecting those bees that are crawling outside the hive has a
greater probability of revealing the infestation. This sample could be supplemented
with bees from the outer perimeter of the colony, such as those on the inner cover.
A minimum of 50 bees should be collected in 70% alcohol. The standard number to
dissect is 25, but it is a good idea to have extra to ensure there are at least 25 good
samples to examine under the microscope.
Laboratory Diagnostics

At the laboratory the bees are sectioned by removing the head and first pair of
legs; this is a natural breakpoint. With a sharp scalpel or razor blade cut a 2mm cross-section from the anterior end of the thorax (Fig. 22). These thoracic
disks contain a significant amount of muscle tissue and the first pair or primary
pair of tracheal tubes. Tracheal mites tend to gravitate to this area of the bee.
These are put into a 5% to 10% solution of KOH for approximately 24 hours,
which dissolves the muscle tissue leaving only the trachea.1 During microscopic
examination at 100 power, any dark blotches in the tracheal tubes may be evidence of either scarring or the actual mites living in the tracheal lumen (Fig. 23).
The trachea appears as transparent spiral tubules when no mites are present
(Fig. 24).
Another method is the use of 85% lactic acid instead of KOH. The lactic acid softens
the muscle tissue rapidly and the tissue is removed from the chitinous exoskeleton so
the trachea is teased out.1
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Fig. 22. Prepared thoracic disks to test for tracheal mites.

NOSEMA (NOSEMA SP)

Nosema is a microsporidian that infects the midgut of the adult honey bee and is often
associated with honey bee dysentery. Two commonly noted symptoms are spotting
on the hive (Fig. 25) and bees crawling at the entrance of the hive. If either is noticed
further sampling may be performed. Nosema is one of the easier conditions to sample
and view under a microscope. A minimum of 50 adult bees should be collected. Only
30 bees are tested in the laboratory, but it is a good idea to collect extra. Samples
should be taken from older bees and preserved in 70% alcohol until processed in

Fig. 23. Scarring of tracheal tubes indicating presence of tracheal mites (100 power).
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Fig. 24. Thoracic disk demonstrating tracheal tubes of a healthy honey bee.

Fig. 25. Hive of honey bees with yellow spotting on the hive, which may indicate nosema.
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the laboratory. Methods of collecting samples include live honey bees, bees on dry
ice, or bees saturated in alcohol and drained. It is important to check with the receiving
laboratory before sampling to confirm proper collecting and shipping protocols.
Laboratory Diagnostics

Remove the abdomen of 30 older honey bees and macerate in 30 mL of water using a
mortar and pestle. An alternative is to put the abdomens in a plastic sandwich bag with
the water and use a rolling pin to crush the contents.1 Place one drop of the solution
onto a microscope slide and view at 400 power (Fig. 26).
This method determines the presence of nosema spores using a subjective score
based on low, moderate, or high counts. A more precise method incorporates the
use of a hemocytometer to determine the number of spores per bee.1 These methods
do not differentiate between the species of Nosema apis or the more prevalent
Nosema ceranae.
With N apis, knowing the exact spore count is useful in determining the treatment
protocol. The threshold for treatment is a million spores per bee. However, now that
N ceranae seems to be displacing N apis, exact counts are not as important, because
the treatment thresholds for N ceranae are indeterminate. There is an antimicrobial
effective for treating N apis, but there is debate as to its efficacy in treating N ceranae.
SMALL HIVE BEETLE (AETHINA TUMIDA)

The small hive beetle is a common pest of honey bees in warm, humid climates. The
beetles are easily noticed and often spotted when first opening a hive. They may be
seen in a top feeder, just beneath the inner cover, or in between boxes during a routine
inspection. They appear as quick moving black beetles about the size of a lady beetle
(ladybug; Family: Coccinellidae) but flatter in appearance. The two distinguishing characteristics are the shield-shaped thorax and the club-shaped antennae (Fig. 27).
The beetles tend to congregate in the outer perimeter of the colony nest. Depending
on the size of the nest and the environmental conditions, this may be on the uppermost

Fig. 26. Nosema spores under microscope (400 power).
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Fig. 27. Small hive beetle easily recognized by the club-shaped antennae and shield-shaped
thorax.

part of the hive or the bottom portion of the hive. Quantifying their impact on a colony is
difficult, particularly if only adult beetles are present. The beetle larvae, however, can
severely impact a colony.
It is important to detect problems and find solutions early when dealing with small
hive beetles. One sign to be aware of is an odor like rotting or fermenting fruit. This
is a sign beetle larvae are doing physical damage to the colony. Further inspection
of each frame is necessary to locate the specific area of outbreak. At early stages,
larvae are small, feed inside individual cells, and may not be obvious. As the larvae
grow, they are more easily seen because they leave the cells (Fig. 28). A second

Fig. 28. Larvae of small hive beetle crawling on surface of brood comb.
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indication may be noticed in the area where the pollen is stored. Under normal conditions, the bees pack the pollen, so the surface of each cell is smooth. In the presence
of beetle larvae, the pollen is no longer smooth, but percolates out from the cells, and
appears powdery. Often this powder may be noticed on the bottom board or at the
entrance of the hive. If these conditions are caught early, it is possible to remove
the affected frames and save the remaining part of the colony. If damage is too great,
the bees will not be able to overcome the infestation and will eventually abscond.
NECROPSY

When a colony of dead bees is discovered in an apiary, it is difficult to determine the
exact cause for its ultimate demise; however, information is gleaned by any evidence
that is left in the hive, particularly if the beekeeper has not cleaned the equipment.
Therefore, it is useful to examine the remains, once again using all senses. A conversation with the beekeeper about the history and management is also useful.
Before opening the hive, make some initial observations.
Is there any noticeable odor?
 A general dead bee smell indicates the bees died in the hive.
 A more specific odor, such as that described for AFB or EFB, could indicate a
bacterial brood disease.
 A chemical smell might indicate a pesticide issue.
 A rotting or fermenting fruit smell (rotten oranges) could indicate a small hive beetle problem.
Visual clues may be observed outside the hive before inspecting.
 Signs of yellow streaking on the outside of the hive is a sign of dysentery, possibly
Nosema.
 Recent scratches or chewed wood on the corners, or clumps of chewed bee
bodies suggest small mammal predation, such as raccoon, possum, or skunk.
Major damage could be a bear.
Check the immediate area in front of the hive for dead or dying bees, which could be
an indication of pesticide, starvation, mite depredation, or robbing.
 Are there piles of bees at the entrance? This could indicate pesticide, robbing
from another colony, or starvation.
 Are there any surviving bees crawling or twitching around the hive? This may be
caused by tracheal mites, pesticides, starvation, or a virus.
 What age are the dead? Adults, pupae, larvae? If adults, it is more likely to be
pesticide (possibly viral). If there are pupae and larvae, it is more likely to be
another organism, such as varroa mites or small hive beetle, or starvation.
At this point, if nothing is obvious, begin to disassemble the hive taking time for observations along the way. As boxes are removed, notice if the boxes are heavy or light.
Also look for dead bees where the cluster should have been and any sign of pests.
While disassembling the hive:
 If it is heavy, it is obvious it did not die directly from starvation and needs further
investigation.
 If it is light, or no food, it is possible it died of starvation or the honey was robbed
by other bees.
 Is there a ball of dead bees? Are they head first, tails out in the cells of the honey
frames? This is an indication that the colony died of starvation.
 Working toward the center of where the brood nest should be, look for any sign of
brood disease, such as perforated cappings or presence of scale. This could be
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Fig. 29. Excrements deposited on upper cell walls from previous mite infestation.

AFB or EFB. See the section on these diseases for further description. If AFB is
suspected, isolate the hive from the yard until confirmed. If determined positive,
it may be necessary to destroy the equipment according to state regulations.
 Check capped brood for varroa mites by probing cells and examining pupae and
check for mite excrement in these cells (tiny white crystals on top walls of the cell)
(Fig. 29).
 While looking at the darker brood comb, look for wax moth tunnels, and for beetle
grubs. This is common to find in abandoned hives, but these are usually a result of
other events, often not the cause of its demise.
 Look for evidence of queen events. Evidence may be indicated by presence of
used queen cells, multiple eggs in cells, or all drone brood (Fig. 30). An

Fig. 30. Emerged, capped, and open queen cells showing evidence of recent queen event.
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unsuccessful queen event could be the cause of the colony dwindling to a point
where it could no longer survive.
When all frames have been inspected, remove the bottom box to examine the
bottom board. What may appear as useless debris on the bottom board may
have useful clues. Before scraping off debris, examine closely.
A pile of dead bees inside the hive most likely indicates starvation. Other possibilities include pesticides, robbing, or suffocation on rare occasions.
A thick layer of wax cappings on the bottom board indicates the hive was robbed.
If the colony had high numbers of varroa mites, they will be found on the bottom
board under all other debris. If many mites are found, PMS could have been the
primary problem.
Look for beetle grubs and any other organisms in the debris on the bottom board.
If there is a layer of wax cappings, the beetles will be hiding underneath.

As this is being done, the beekeeper is likely to recall a more detailed history of the
hive management.
SUMMARY

Many diseases and pests have been discussed in this article, and it is important for the
beekeeper and the veterinarian to be able to distinguish the different symptoms for
each. This may be a valuable tool because not all the diseases are equally alarming.
There are three main ones that beekeepers and veterinarians need to be aware of.
AFB and varroa mites are the greatest concern for beekeepers; varroa because of their
prevalence and potential damage, and AFB because of its devastating impact to a colony and contagion in an apiary. Both are fairly easy to identify and sample for, to verify
their presence (or absence). EFB is the other brood disease that may be a problem and
is the hardest to differentiate. A veterinarian should be able to segregate EFB from the
other maladies before use of antibiotics. It is helpful to be able to identify all the other
diseases described if only to rule them out during diagnosis, but generally, these do
not decimate an apiary. It is important to be observant and take care of problem hives
early before opportunistic pests, such as the small hive beetle and the wax moth,
cause a much larger problem. Colonies need to be healthy to survive and prosper.
CLINICS CARE POINTS

 Proper use of a smoker can aid the veterinarian performing clinical examinations on honey
bee colonies.
 Veterinarians are most often called on to diagnose the bacterial diseases, AFB and EFB, but
should be knowledgeable on the other honey bee diseases to arrive at the correct diagnosis.
 EFB is particularly challenging to diagnose, but the field ELISA test kit can help to quickly rule
in or out the diagnosis.
 EFB is treated with antibiotics and the colony may recover, but because AFB is extremely
contagious it should be eliminated from an apiary.
 Problems caused by varroa mites is the most common problem in honey bee colonies, but
may also be the easiest to diagnose when mite levels are high.
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SUPPLEMENTARY DATA

Supplementary data related to this article can be found online at https://doi.org/10.
1016/j.cvfa.2021.06.005.
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