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Pathogens and Parasites
Michael Simone-Finstrom

Introduction
Understanding the complexities of social 
insect immunity, that is, how insects 
combat pathogens, parasites and pests, is 
a fundamental question that not only has 
broad applications for understanding dis-
ease dynamics in social groups (Fefferman 
& Traniello, 2008) (e.g., human societies) 
but also practical benefits for improving 
honey bee stocks for increased health and 
productivity. When we first consider the 
concept of immunity in any organism, 
the tendency is to think at the level of the 
individual organism and focus on physical 
barriers (e.g., the honey bee cuticle) and 
individual physiological defenses that are 
largely induced in response to patho-
gens that get past the initial defenses 
(e.g., antimicrobial peptides in the bee 
hemolymph). For honey bees (specifically 
Apis mellifera in this discussion) and other 
social insects, however, the colony is often 
the unit of evolutionary selection (Seeley, 
1997). Combined efforts of individual 
honey bees promote colony productiv-
ity and survival; thus individuals in that 
colony survive to successfully spread their 
genetics through subsequent generations 
via the production of drones, swarms, and 
queens.

In many ways, immunity in social 
insects exemplifies the superorganism 
concept, whereby there is an immune 
system in individual bees, but there is 
also a colony-level immune system. Both 
function to promote survival not only of 
an individual bee but also of the colony. 
Given the reduction in immune genes 
that has now been noted for honey bees 
and Hymenoptera in general (Barribeau 
et al., 2015; Evans et al., 2006; Gadau et 
al., 2012; Simola et al., 2013), it seems 
as though the evolution of numerous colo-
ny-level, largely behavioral mechanisms 
has occurred either to compensate for 

the reduced investment in physiological 
immunity or as a result of the reliance on 
colony-level defenses relaxing the selec-
tion pressure for a stronger individual 
immune defense (Harpur & Zayed, 2013).

Traits that reduce pathogen and parasite 
infection intensity and transmission at 
the colony level are referred to as “social 
immunity” (Cremer, Armitage, & Schmid-
Hempel, 2007). Recent iterations have 
been proposed to expand the definition 
of social immunity to apply to not just 
eusocial organisms (i.e., ants, honey bees) 
but to include parental care and group-liv-
ing species in general (Cotter & Kilner, 
2010). Meunier (2015) further clarified 
this expansion to define social immu-
nity as any defense against parasites and 
pathogens that evolved and is maintained 
due to the benefits derived by group 
members. In this way social immunity is 
limited to traits that ultimately express at 
least some level of benefit to the colony or 
superorganism.

Analogies can be made between mecha-
nisms of individual and social immune 
defense, which also sheds light on the 
superorganism concept (Cremer & Sixt, 
2009). One clear example would be 
the analogy of cellular encapsulation, 
which involves hemocytes in the bee’s 
hemolymph surrounding a microbe that 
has penetrated into a bee’s system. These 
cells surround the microbe and produce 
cytotoxic compounds to destroy it, thus 
preventing it from further infecting the 
individual bee. This is analogous to what 
happens in Apis ceranae japonica colonies 
that are attacked by the Japanese hornet 
(Vespula mandarinia japonica). These 
hornets invade the honey bee colony 
and individual bees (e.g., the cellular 
hemocytes of the superorganism) tightly 
surround and “ball” the hornet, killing 
it by generating heat and carbon dioxide 

to suffocate the hornet and preventing 
colony infestation (Sugahara & Sakamoto, 
2009).

Due to the connections between indi-
vidual, physiological immunity and 
colony-level social immune mechanisms, 
common terminology for how these 
traits are expressed is also being adopted 
(Cremer & Sixt, 2009). These mechanisms 
function across a gradient of constitutive 
immune defenses to those that are highly 
inducible (Figure 1). Constitutive defenses 
are those that are constantly present and 
therefore remain relatively static in the 
background and do not change when 
individuals or colonies are exposed to 
pathogens. Inducible defenses are those 
that are activated upon the presence 
of pathogens or parasites. All immune 
defenses lie somewhere along this gradi-
ent, and each can play a crucial role in the 
overall colony or social immune system.

This article aims to describe mechanisms 
of social immunity that honey bees use 
to reduce the spread of pathogens and 
parasites at the colony level. The initial 
description and recent reviews of social 
immunity tended to structure discussions 
of the different defenses around parasite 
exposure (starting with limiting parasite 
uptake at the individual level and ending 
with reducing spread of pathogens within 
and across colonies) (Cremer et al., 2007; 
Meunier, 2015). In their foundational 
work, Cremer and colleagues (2007) then 
separated discussion within the defenses 
as “prophylactic measures and activated 
responses;” here the term constitutive 
replaces prophylactic and inducible 
replaces activated to merge the terminol-
ogies associated with physiological immu-
nity and better facilitate connections with 
descriptions of social immunity. Moving 
forward in the discussion of the evolution 
of social immune defenses, investigations 
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into how colonies invest in constitutive 
versus inducible defenses should be at the 
forefront. As there are costs and benefits 
associated with reliance on different types 
of defenses, this aspect needs to be more 
fully considered with respect to social 
immunity as it has for individual, physi-
ological immunity (Adamo, Davies, Easy, 
Kovalko, & Turnbull, 2016; Hamilton, 
Siva-Jothy, & Boots, 2008; Westra et al., 
2015). With this in mind, the review pre-
sented here uses the gradient of constitu-
tive effects to induced effects (Figure 1) as 
the framework for discussion.

Polyandry and the Case 
for Genetic Diversity
Honey bees colonies are headed by one 
queen that mates early in her life with 
numerous different males (Ruttner, 1956), 
and is responsible for producing all of 
the workers that comprise the colony. 
Multiple mating of the queen is referred 
to as polyandry (i.e. many fathers). The 
number of males that the queen mates 
with determines the number of patrilines 
or subfamilies within a colony, which 
in turn determines the level of genetic 
diversity. The more mates a queen has the 
more genetically diverse her offspring are. 
Queens typically mate with 5 to 35 males 
(average ~14) (Tarpy, Nielsen, & Nielsen, 
2004; Tarpy, vanEngelsdorp, & Pettis, 
2013), which results in some colonies 
having relatively low genetic diversity and 
some having extremely high levels.

Because the queen cannot choose to mate 
after her initial mating flights, the genetic 
diversity is essentially set for a colony 

unless the colony replaces that queen. 
Given this, genetic diversity plays a back-
ground role in colony health and produc-
tivity, albeit a significant one. Colonies 
with increased levels of genetic diversity 
have been shown to have increased forag-
ing efficiency (Eckholm, Anderson, Weiss, 
& DeGrandi-Hoffman, 2011), healthier 
gut microbial communities (Mattila, Rios, 
Walker-Sperling, Roeselers, & Newton, 
2012), overall increased fitness and 
productivity (Mattila & Seeley, 2007), and 
better survival in commercial beekeeping 
operations (Tarpy et al., 2013). From a 
disease perspective, colonies with higher 
levels of genetic diversity are more resist-
ant to disease and have infections of less 
intensity (Bailey, 1999; Tarpy, 2003; Tarpy 
& Seeley, 2006). This at least in part could 
be due to larval immunity (Invernizzi, 
Penagaricano, & Tomasco, 2009; Palmer 
& Oldroyd, 2003; Simone-Finstrom, Walz, 
& Tarpy, 2016) or even general immuno-
competence (López-Uribe, Appler, Dunn, 
Frank, & Tarpy, 2017), but also likely has 
broader effects on multiple traits of resist-
ance. Further, colonies with increased 
levels of genetic diversity are likely better 
able to combat exposure to multiple path-
ogens and parasites and different strains 
of a single pathogen (Bailey, 1999; Evison 
et al., 2013; Lee, McGee, & Oldroyd, 2013; 
Vojvodic, Jensen, Markussen, Eilenberg, 
& Boomsma, 2011). There does seem 
to be a point at which higher levels of 
genetic diversity do not confer a greater 
advantage (Simone-Finstrom, Foo, Tarpy, 
& Starks, 2014; Simone-Finstrom et 
al., 2016; Wilson-Rich, Tarpy, & Starks, 
2012), which has raised the question as 
to why queens frequently mate with such 

a large number of males (i.e., more than 
5–7) (Palmer & Oldroyd, 2000). Rearing 
queens from the youngest larvae available 
results in larger queens that, on average, 
mate with more males (Tarpy, Hatch, 
& Fletcher, 2000; Tarpy, Keller, Caren, 
& Delaney, 2011) and thus have more 
productive colonies (Rangel, Keller, & 
Tarpy, 2013). This is one way to promote 
increased genetic diversity in managed 
colonies. In addition, ensuring adequate 
drone sources in mating yards is key for a 
queen to have access to large numbers of 
males during her mating flights.

Task Allocation
In addition to promoting task efficiency, 
the division of labor among workers has 
a constitutive effect against the spread of 
pathogens and parasites within colonies. 
Honey bee task is largely guided by bee 
age, which is known as temporal polye-
thism. Typically young adult worker bees 
first clean cells, then move to queen and 
brood care followed by transitioning to 
nest maintenance and nectar handling 
followed lastly by foraging (Johnson, 
2010). The youngest bees perform the 
“inside” tasks and are thus shielded from 
disease and parasites outside of the colony. 
As bees switch to foraging-related tasks 
and are more at risk for exposure, they 
interact less and less with the younger 
bees. An exception would be “undertak-
ers,” bees that remove dead bees from 
the hive. Though these bees tend to be 
middle-aged, pre-foragers, they generally 
stay at the nest periphery and become 
foragers upon completion of this task and 
are therefore compartmentalized from 

  Figure 1. Overview of social immunity in honey bees. Traits are depicted on the continuum from highly constitutive (prophylactic) to highly 
inducible (activated by pathogen exposure).
All photos were taken by M. Simone-Finstrom.
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the rest of the colony (Trumbo, Huang, & 
Robinson, 1997). More thorough research 
on this subject has been done with ants, 
particularly leafcutting species that have 
designated waste piles and strong divi-
sion of labor among individuals guarding 
and maintaining the trash heaps (Adam 
& Francis, 2001; Bot, Currie, Hart, & 
Boomsma, 2001). It is important to note 
that transitions between tasks are flexible 
in honey bees. If one age class dies (e.g., 
foragers being killed from a predatory 
event or pesticides), task and age can be 
uncoupled until the normal age struc-
ture is reset (Rueppell, Linford, Gardner, 
Coleman, & Fine, 2008). Several studies 
have modeled the role that interactions 
between individuals and division of labor 
can play in the reduction of pathogen 
transmission (Baracchi & Cini, 2014; 
Naug, 2008; Naug & Camazine, 2002). 
The combined effects of buffering the 
queen from the more high-risk exposure 
individuals and compartmentalization of 
different tasks plays a factor in limiting 
disease transmission throughout a colony.

Use of Antimicrobial 
Compounds
Honey Bee Use of Self-produced 
Compounds
Insects produce various antimicrobial 
compounds to protect themselves from 
invading microbes. In social insects 
many of these compounds have multiple 
functions and in some cases they evolved 
as individual defenses that were then 
co-opted for a defense against pathogens 
and parasites at the colony level (Otti, 
Tragust, & Feldhaar, 2014; Stow et al., 
2007). Research is quickly developing in 
this area. For example, recent studies have 
found venom peptides on the honey bee’s 
cuticle (Baracchi, Francese, & Turillazzi, 
2011). Venom has antimicrobial 

properties (Moreau, 2013), which suggests 
that spreading it on the bee cuticle may 
have direct effect against pathogens as has 
been shown in some ant species (Tragust 
et al., 2013). In addition, these com-
pounds have also been found deposited 
in the comb, suggestive of a broader 
social immunity trait (Baracchi, Mazza, & 
Turillazzi, 2012; Baracchi et al., 2011).

Another instance of compounds that 
are typically considered as an individual 
defense are the presence of antimicro-
bial peptides, like Defensin-1 (Klaudiny, 
Albert, Bachanová, Kopernický, & Šimúth, 
2005), and other compounds like glu-
cose oxidase in the larval diet and honey 
(Ohashi, Natori, & Kubo, 1999). While 
there is a lack of research on whether 
these specific compounds directly impact 
disease, there is evidence that some col-
onies invest in production of larval food 
that has a higher level of antimicrobial 
compounds, reducing colony infection 
levels, and that this is a heritable trait 
(Rose & Briggs, 1969). Production of these 
compounds does seem to be constitutive, 
whereby it doesn’t change in response 
to a pathogen challenge, and is simply 
differentially expressed at the colony level 
(López-Uribe & Simone-Finstrom, 2017; 
Rose & Briggs, 1969).

These antimicrobial secretions can also 
boost pathogen resistance if they are 
transferred via trophallaxis (bee to bee 
oral transfer) as has been seen in some 
ants and termites (Hamilton, Lejeune, & 
Rosengaus, 2011; Mirabito & Rosengaus, 
2016). Similarly exchange of microbi-
ota through trophallaxis or through 
consumption of hive products (Koch & 
Schmid-Hempel, 2011; Powell, Martinson, 
Urban-Mead, & Moran, 2014) may 
influence disease susceptibility and could 
also be a factor in colony-level resistance 
to pathogens. Future research should be 

conducted to determine the role that these 
behaviours play in social immunity.

Collection and Use of Plant-based 
Defensive Compounds
Production of antimicrobial compounds 
can be energetically costly and the ability 
to produce certain compounds is evo-
lutionarily constrained based on the 
organism’s biology. To overcome this, 
many species harvest and utilize defensive 
compounds produced by other organ-
isms, mainly plant-based defenses. The 
collection and use of plant-produced 
resins within a honey bee nest is a prime 
example. Various trees and woody shrubs 
produce chemically complex resins to 
protect leaf buds and seal wounds against 
their pathogens and pests (Langenheim, 
2003). Honey bees forage for these resins, 
mix them with varying amounts of wax 
and incorporate them into their nest 
architecture, at which point the mixture is 
referred to as propolis (Ghisalberti, 1979; 
Seeley & Morse, 1976; Simone-Finstrom 
& Spivak, 2010). Much of the work on 
propolis has focused on the plant sources 
and chemical properties of propolis and 
its potential for use in development of 
new drugs for human use (Bankova, de 
Castro, & Marcucci, 2000; Bankova & 
Marcucci, 2000; Sforcin & Bankova, 2011; 
Silva-Carvalho, Baltazar, & Almeida-
Aguiar, 2015; Wilson, Spivak, Hegeman, 
Rendahl, & Cohen, 2013); though in 
recent years there has been increasing 
interest in the effects that propolis has on 
honey bee health and productivity.

In feral colonies nesting in tree cavities, 
bees line the entire nest interior with 
a thin layer of propolis, while bees in 
managed, smooth boxes tend to patchily 
distribute the resin. In both cases, more 
resin does appear to be deposited at the 
nest entrance, which may function as an 
initial barrier but also physically reduces 

  Figure 2. Propolis at nest entrances. Honey bees tend to deposit appreciable resin at the nest entrance in both feral (left) and managed 
colonies (middle, right). This can serve multiple purposes, including providing an initial barrier against pathogens and parasites or simply by 
physically reducing entrance size.
All photos were taken by M. Simone-Finstrom.



Page 24 • VOL 94 • March 2017 • Bee World 

REVIEW ARTICLE

the entrance (Figure 2). Resin-enriched 
colonies have a lower overall microbial 
load resulting in bees that can relax 
their immune system (Simone, Evans, & 
Spivak, 2009). Since high expression of 
the immune system can reduce colony 
productivity (Evans & Pettis, 2005), this 
reduction in investment of the individual 
immune system can have benefits at the 
colony level (Borba, Klyczek, Mogen, & 
Spivak, 2015). Additionally propolis in 
the hive can exhibit direct effects against 
brood pathogens, namely the American 
foulbrood bacterium and the chalkbrood 
fungus (Antúnez et al., 2008; Borba, 2015; 
Lindenfelser, 1968; Simone-Finstrom 
& Spivak, 2012), likely from the vola-
tile chemical components. Additional 
evidence suggests that colonies in one 
region exhibiting natural resistance 
to the parasitic mite Varroa destructor 
collect resins rich in particular bioactive 
compounds and that this could be one 
mechanism of mite resistance in this 
population (Popova, Reyes, Le Conte, & 
Bankova, 2014). Research on Africanized 
honey bees in Brazil has shown that 
colonies bred for increased resin collec-
tion (Nicodemo, Malheiros, De Jong, & 
Couto, 2014) have an increased brood 
production and bees with longer lifespans. 
The consistency of this effect needs to be 
tested more thoroughly, particularly with 
bees in the US where propolis produc-
tion has been historically selected against 
(Fearnley, 2001). Much of this selec-
tion against propolis has been because 
beekeepers have been unaware of the 
health benefits of propolis and so breeder 
colonies without frames coated in sticky 
propolis have been preferred.

While effects of a propolis-rich environ-
ment occur more in the background, 
influencing colony microbial levels and 
perhaps modulating immune function, 
there is evidence that honey bees do 
induce resin collection in response to 
chalkbrood, but not American foulbrood 
(Borba, 2015; Simone-Finstrom & Spivak, 
2012). In this way, the collection of 
resin is a unique type of self-medication 
operating at the colony or superorganism 
level. Adult honey bees, which cannot be 
infected by chalkbrood, increase collec-
tion of antimicrobial resins to protect 
other colony members (i.e., larvae) 
from infection. Additional research 
suggests that honey bee colonies may 
also “self-medicate” against the parasitic 
Varroa mite and Deformed wing virus 
(Drescher, Klein, Neumann, Yañez, & 
Leonhardt, 2017), and so this behavior 
could be influenced at multiple levels of 

infection and infestation. Mechanisms 
influencing resin collection and its depo-
sition need to be more fully investigated 
to understand how bees invest in this as a 
form of defense, both constitutively and 
after exposure to pathogens.

The use of propolis by honey bees against 
the pest small hive beetle needs to be 
described more broadly as well. Colonies 
of A. mellifera capensis in South Africa 
have been noted to encapsulate small hive 
beetles in “propolis prisons” where they 
remain confined (Neumann et al., 2001). 
The effectiveness of this behavior for 

controlling small hive bees in European 
honey bee colonies appears to be less clear 
(Ellis, Hepburn, Ellis, & Elzen, 2003). As 
propolis deposition is a heritable trait, 
breeding efforts to increase resin collec-
tion would help to further explore the 
role that it has as a social immune defense 
against honey bee pests.

Antimicrobial compounds found in nec-
tar, namely secondary plant metabolites 
like alkaloids, are also collected during 
foraging. Honeys made from different 
nectar sources have different antimicro-
bial profiles. As incoming nectar is stored 

 Figure 3. Varroa is susceptible to grooming damage. Grooming often results in chewed 
legs or other damage to the mite cuticle (top: undamaged mite; bottom: mite with several 
legs removed).
USDA photos.
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and converted into honey, it is mixed from 
various sources. The resulting diversity 
in antimicrobial activities of the stored 
honey is hypothesized to have an effect 
on colony-level disease expression (Erler, 
Denner, Bobiş, Forsgren, & Moritz, 2014). 
There is also some evidence that honey 
bees infected with the microsporidian 
gut parasite Nosema have a preference for 
honey with higher antimicrobial prop-
erties (Gherman et al., 2014). While it 
is currently unclear what effect this may 
have at the colony-level, these findings 
raise important questions about the 
universality of “self-medication” in insects 
(Erler & Moritz, 2016).

Grooming
Grooming is generally a first line of 
defense against invading microorganisms 
(Zhukovskaya, Yanagawa, & Forschler, 
2013). Honey bees both auto-groom (self-
groom) and participate in allo-groom-
ing (grooming of nestmates). From the 
perspective of social immunity, grooming 
can have two major effects. The first 
is on ectoparasites, particularly mites 
such as tracheal mites Acarapis woodi 
and V. destructor that infest honey bee 
colonies. For tracheal mites it appears 
that auto-grooming is the major defense 
preventing individual infection (Danka 
& Villa, 1998; Pettis & Pankiw, 1998) and 
grooming of these mites at the individual 
level can effectively eliminate the mites 
at the colony level. For Varroa, there is 
evidence that response and subsequent 
damage to the mites during grooming (see 
Figure 3) can be an aspect of colony-level 
mite resistance that has undergone both 
natural selection and artificial selection 
through breeding (Arechavaleta-Velasco, 
Alcala-Escamilla, Robles-Rios, Tsuruda, 
& Hunt, 2012; Boecking & Spivak, 1999; 
Invernizzi, Zefferino, Santos, Sánchez, & 
Mendoza, 2015).

The other influence that grooming can 
have on colony health and disease resist-
ance is through social immunization. 
Exposure to and grooming of sick individ-
uals in some cases can lead to increased 
survival upon subsequent pathogen 
challenge (Konrad et al., 2012; Traniello, 
Rosengaus, & Savoie, 2002). Because 
social insects do not have antibodies, as 
is seen in vertebrates, the mechanism 
appears to be that low-level exposures can 
either prime the immune system to better 
fight off subsequent exposures (Konrad 
et al., 2012) or allow the exchange of 
antimicrobials (Hamilton et al., 2011). 
Furthermore studies in leaf-cutting ants 
suggest that allogrooming is an inducible 

response that increases based on nestmate 
exposure to parasites (Walker & Hughes, 
2009). An additional mechanism that has 
just recently been explored is the concept 
of “trans-generational immune prim-
ing,” whereby exposures of the queen to 
non-pathogenic or heat-killed bacteria 
can lead to increased immune response 
and subsequent survival of her off-
spring when they are challenged (Lopez, 
Schuehly, Crailsheim, & Riessberger-
Galle, 2014; Salmela, Amdam, & Freitak, 
2015).

While the social immunization hypothesis 
has yet to be explicitly tested in honey 
bee workers there is some evidence from 
experiments that examined the responses 
of healthy bees to immune-challenged 
bees, where bees that were injected with 
a bacteria received more allo-grooming 
than non-injected bees (Richard, Holt, 
& Grozinger, 2012). This suggests that 
bees can detect individuals that have an 
activated immune system. The fact that 
immune-challenged bees received more 
grooming interactions warrants further 
study of the impacts that this may have 
on disease transmission and resistance. 

Additionally the potential costs of this 
behaviour need to be explored more fully 
as models incorporating self-grooming, 
allo-grooming and various pathogens 
indicate grooming can both reduce and 
increase disease risk depending on the 
pathogenicity of the study organisms 
(Novak & Cremer, 2015; Theis, Ugelvig, 
Marr, & Cremer, 2015).

Hygienic Behavior
Hygienic behavior—the detection and 
removal of infected brood—is the quintes-
sential example of a mechanism of social 
immunity (Evans & Spivak, 2010; Spivak 
& Gilliam, 1998a,1998b). In colonies that 
exhibit rapid hygienic behavior, adult bees 
detect diseased or parasitized larvae and 
pupae before they reach the infectious 
stage. The larva or pupa is removed from 
the colony along with the pathogen or 
parasite, which reduces the spread of that 
infection through the colony. This typifies 
social immunity because that individual 
larva or pupa is not saved from infection, 
but it is removed before full symptom 
development to prevent the transmission 
of that disease throughout the colony. 

  Figure 4. Hygienic behaviour assay. Cells within the circles were frozen to kill pupae. After 
24 h, some colonies completely remove the freeze-killed brood and are deemed rapidly 
hygienic (left), while other poorly hygienic colonies remove some dead pupae, uncap and 
partially remove others, but leave more capped (right).
Photos by M. Simone-Finstrom.
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Thus hygienic behavior is not directly 
protecting sick individuals but rather is 
having effects at the colony level.

Hygienic behavior is easily assessed using 
the freeze-killed brood assay, where a 
section of brood is frozen using liquid 
nitrogen and the removal of these dead 
pupae after 24 h is determined (Figure 
4) (Spivak & Reuter, 1998; Wilson-Rich, 
Spivak, Fefferman, & Starks, 2009). There 
are three major stages of this behavior: (1) 
detection, (2) uncapping and (3) removal 
(Arathi, Burns, & Spivak, 2000). Some 
colonies express only one or two of these 
components of the behavioral process (for 
example, in poorly-hygienic colonies bees 
often recap cells with diseased pupae), so 
the suite of behaviors is required for full 
effect. While the uncapping and removal is 
highly induced by the presence of parasites 
and pathogens, inspection behavior con-
stantly occurs (Arathi, Ho, & Spivak, 2006). 
Colonies express a continuum of this trait 
with some colonies performing almost no 
hygienic behavior and others detecting and 
removing all of the dead pupae in less than 
24 h (Spivak & Downey, 1998). Hygienic 
behavior appears to exist in all races of A. 
mellifera and so would seem to offer high 
potential for improvement by selection 
across different beekeeping operations 
(Spivak & Gilliam, 1998a). Rate of removal 
of freeze-killed brood is correlated with col-
ony-level resistance to the bacterial disease 
American foulbrood and the fungal disease 
chalkbrood (Spivak & Gilliam, 1998a; 
Spivak & Reuter, 2001a). However selection 
based on this assay alone only confers partial 
resistance to the parasitic mite V. destructor 
(Ibrahim, Reuter, & Spivak, 2007; Ibrahim 
& Spivak, 2006; Spivak & Reuter, 2001b), 
though this level of resistance can reduce 
effects of the mite-vectored Deformed wing 
virus (Toufailia, Amiri, Scandian, Kryger, & 
Ratnieks, 2014).

Varroa Sensitive Hygiene (VSH) is a trait 
that has been under selection as part 
of a breeding program since the mid-
1990s (Danka, Harris, & Dodds, 2016; 
Harbo & Harris, 2005). One focus of this 
selection program has been specifically 
determining the proportion of mite-
infested pupae that are removed. This is a 
much more time-intensive assay than the 
freeze-kill brood method, but colonies 
with a high expression of VSH exhibit 
low mite population growth over a season 
(Harbo & Harris, 2001; Ward, Danka, 
& Ward, 2008). Colonies bred through 
the VSH selection process remove 
freeze-killed brood at a comparable rate 
to colonies from lines bred based on 
the freeze-killed brood assay (Danka, 

Harris, Villa, & Dodds, 2013). While 
it has not yet been tested whether or 
not VSH bees are similarly resistant to 
American foulbrood and chalkbrood, one 
current hypothesis is that VSH-selected 
colonies simply have a lower threshold of 
detection for parasitized brood potentially 
in addition to other mechanisms that 
confer resistance (Ibrahim & Spivak, 
2006). Like the more general hygienic 
behavior assayed with the freeze-kill 
test, VSH behavior can be found globally 
across different races and stocks of A. 
mellifera (Büchler, Berg, & Le Conte, 
2010; Le Conte et al., 2011; Mondet et al., 
2016), and has been noted as one of the 
mechanisms explaining Varroa resistance 
in Russian honey bees (Kirrane et al., 
2015).

One other potential aspect of hygienic 
behavior is the removal of sick or par-
asitized adult honey bees. Both current 
methods to assess hygienic behavior 
involve analyzing brood removal. Perhaps 
removal of sick adults is modulated by 
a similar process. Sick individuals are 
known to remove themselves from the 
colony, or rather fail to return to the 
colony (Rueppell, Hayworth, & Ross, 
2010), but symptomatic adult bees are 
also actively removed (Baracchi, Fadda, 
& Turillazzi, 2012). One potential is that 
bees performing hygienic behavior are 
able to detect cuticular hydrocarbon 
changes (Richard, Aubert, & Grozinger, 
2008; Salvy et al., 2001) or other chemical 
signals produced by parasitized individ-
uals (Mondet et al., 2016; Schoning et al., 
2012; Swanson et al., 2009) that stimulates 
removal. This mechanism could poten-
tially explain effects for larval, pupal and 
adult removal.

Highly Induced Colony 
Responses: Social Fever 
and Absconding
Honey bee colonies have been shown 
to increase the brood nest temperature 
slightly to inhibit the development of 
chalkbrood symptoms in infected larvae 
(Starks, Blackie, & Seeley, 2000). This 
“social fever” response appears to only be 
induced by the presence of chalkbrood 
fungal spores, which can be sensitive to 
temperature changes. The fever response 
however is complex and likely influ-
enced by other environmental conditions 
(Simone-Finstrom et al., 2014; Starks et al., 
2000). The consistency and heritability of 
this behaviour and its potential response 
to other pathogens and parasites should be 
investigated further, particularly as there 

is interest in a colony’s ability to properly 
and consistently thermoregulate the nest 
(Jones, Myerscough, Graham, & Oldroyd, 
2004; Simone-Finstrom et al., 2014).

While colony-level infection can cause 
honey bees to initiate behaviors to remove 
the disease from the nest (e.g., fever, 
hygienic behavior, resin collection), the 
other strategy is to leave the nest behind 
and restart in a new, disease-free hive. 
Absconding occurs when an entire colony 
leaves the nest and any brood or food 
stores behind to find a new nest cavity. 
Absconding is a more common trait in 
Africanized and some Asian honey bees, 
it does occur in the European honey bee 
as well and can be induced with high 
levels of pathogens, parasites or pests 
(Ellis, Hepburn, Delaplane, & Elzen, 2003; 
Winston, Taylor, & Otis, 1983). There is 
evidence that this can have effects on the 
spread of disease, at least within a colony, 
and some management practices to deal 
with certain diseases (e.g., American 
foulbrood) basically mimic the abscond-
ing behavior (Fries & Raina, 2003). 
However, while there is likely a genetic 
predisposition to abscond, this is not a 
trait that would be beneficial for selection 
under current beekeeping management 
practices.

Conclusions
Honey bees are truly impressive creatures 
both when considered at the individual bee 
level and also how they operate as a super-
organism when the colony is considered as 
the “individual.” Despite all of the stressors 
that bees face from pathogens, parasites, 
pesticides and management, honey bees 
are resilient and have numerous traits to 
combat these near constant threats. As 
researchers, bee breeders and bee wranglers, 
our goal should be to support these natural 
defenses to make bees stronger on their 
own. Breeding efforts that focus not just on 
one resistance trait but involve multi-trait 
selection for productivity and resistance 
traits (e.g., hygienic behavior, grooming, 
propolis collection) should be at the fore-
front. Developing methods to quickly and 
effectively evaluate colonies for these various 
traits is an important step to advance the 
field.
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