
Varroa Mite
Comprehensive Research Review

A curated synthesis of the most-cited and representative open-access studies, grounded in a harvested literature
corpus. Every claim is traceable to a cited study; this is a curated overview, not an exhaustive review. Generated
2026-06-20 for the bee-health knowledge base at scrapeworks.net.

Contents

· Varroa destructor — Overview

· Varroa — The Recommended Control Program

· Monitoring & Sampling Varroa

· Varroa Treatment Protocols — Decision Framework

· Oxalic Acid — Treatment Protocol

· Formic Acid — Treatment Protocol

· Thymol & Essential Oils — Treatment Protocol

· Amitraz — Treatment Protocol

· Synthetic Pyrethroids & Coumaphos — Treatment Protocol

· Hops Beta Acids & Emerging Actives — Treatment Protocol

· Biotechnical & Mechanical Control — Treatment Protocol

· Seasonal Timing & the Treatment Calendar

· Acaricides & Resistance (Varroa control)

· Biotechnical & IPM Methods

· Breeding Bees for Mite Resistance

· Varroa as a Virus Vector



Varroa destructor — Overview
A grounded synthesis of the most-cited and representative open-access papers on the Varroa mite.
Every claim is traceable to a cited study; this is a curated overview, not an exhaustive review.

Just want the bottom line on treatment? See The Recommended Control Program — the
single best-supported answer, distilled from the whole corpus.

Overview

Varroa destructor is an ectoparasitic mite that was originally confined to the Eastern honey bee
Apis cerana; after switching hosts to the Western honey bee Apis mellifera in the first half of the
20th century it dispersed worldwide and is now considered the single greatest threat to apiculture
(Rosenkranz 2010). A recent scoping review identifies it as one of the predominant causes of
global honey bee decline, because A. mellifera lacks natural resistance and the mite
simultaneously harms bee reproduction and immunity, kills brood, and transmits pathogenic
viruses (Warner 2024). Its global advance is ongoing: Australia, the last continent free of Varroa,
recorded its first incursion in 2022 (Phaboutdy 2024).

Key themes

Biology: a parasite of the brood

Varroa reproduces inside capped brood cells and parasitises both immature and adult bees
(Navajas 2008). Female mites feed on the host — laboratory maintenance systems show they
wound and feed preferentially from the abdomen and thorax — and they survive and reproduce
poorly away from their natural host, which has long hampered research (Egekwu 2018). The
mite's intrinsic reproductive rate is relatively low, yet colony mite populations often grow
explosively; a key reason is mite migration, with the number of foragers carrying mites into a
hive predicting population growth better than in-colony reproduction alone (DeGrandi-Hoffman
2016).

The damage is mostly viral

Although the mite causes direct physiological harm, its most devastating effect is as a virus
vector. In the absence of Varroa, Deformed Wing Virus persists as a harmless covert infection;
with the mite, viral titres explode and colonies suffer elevated overwintering losses and
symptomatic, deformed workers (Ryabov 2014). Tracking the virus landscape along an expanding
Varroa front showed the mite reshaping which viruses dominate and driving DWV to damaging
levels (Mondet 2014). This is covered in depth under Varroa as a virus vector.

Control is essential — and nothing is durable

In regions where the mite is established, colonies cannot survive untreated, so regular control is
mandatory (Rosenkranz 2010). But every approach has limits: a US national survey found
varroacide use associated with the lowest winter losses, yet resistance erodes the chemical
options over time, and reliance on non-chemical methods alone was associated with high losses
(Haber 2019). The literature converges on the conclusion that no method is simultaneously
effective, safe and sustainable, leaving an unmet need for better tools (Warner 2024).

Treatment protocols

For the practical question — what to treat with, at what dose, and when — this section now
includes a full set of grounded treatment protocols: a decision framework plus per-treatment
cards for oxalic acid, formic acid, thymol & essential oils, amitraz, synthetic pyrethroids &
coumaphos, hops & emerging actives and biotechnical control, all tied together by a seasonal
treatment calendar. Each card reports study-measured doses and efficacies and flags the residue,
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resistance and temperature trade-offs — but defers to your national product label for legal dosing.

Conclusion

Varroa destructor is best understood not as a simple pest but as a parasite-plus-pathogen
complex whose management requires several coordinated levers. Those levers are the subtopics
of this section: monitoring to know when to act, treatment protocols and biotechnical/IPM methods
to reduce mites now, acaricides and resistance to keep those tools working, and breeding for
resistance for a durable future.

Notable studies

Biology and control of Varroa destructor

Rosenkranz et al., Journal of Invertebrate Pathology 2010 · 794 citations — The definitive review of
mite biology, host damage, tolerance and treatment. &nbsp;<small> local PDF · publisher
</small>

A scoping review on the effects of Varroa mite on global honey bee decline

Warner et al., Science of the Total Environment 2024 · 29 citations — PRISMA review concluding
no current control method is effective, safe and non-persistent. &nbsp;<small>publisher </small>

Population growth of Varroa is affected by the number of foragers with mites

DeGrandi-Hoffman et al., Experimental & Applied Acarology 2016 · 26 citations — Mite migration
on foragers, not just in-hive reproduction, drives the autumn population surge. &nbsp;<small>
local PDF · publisher </small>

A virulent strain of DWV prevails after Varroa-mediated transmission

Ryabov et al., PLoS Pathogens 2014 · 250 citations — Shows the mite selects and amplifies a
virulent, near-clonal DWV variant. &nbsp;<small> local PDF · publisher </small>

Landscape risk factors for the recent spread of Varroa in New South Wales

Phaboutdy et al., Geospatial Health 2024 · 4 citations — Epidemiology of the 2022 Australian
incursion, the mite's newest frontier. &nbsp;<small> local PDF · publisher </small>

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.
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Varroa — The Recommended Control Program
The opinionated, evidence-ranked answer to "given everything we know, what is the best way to
control Varroa?" — distilled from the most-cited and representative studies in this archive. Every claim
is traceable to a cited study. This is a research synthesis, not label instructions: acaricide approvals
and legal doses differ by country — always follow your national product label.

Decision framework · Treatment calendar · Thermotherapy · Search the evidence · Varroa review PDF

The bottom line

There is **no single best product. The clearest finding in the whole literature is that no
method is simultaneously effective, safe and non-persistent (Warner 2024), and that
beekeepers who lean on one tool — or on non-chemical methods alone — lose more
colonies, while those who treat deliberately lose the fewest (Haber 2019). So the
best-supported answer is not a product but a program**: an integrated annual cycle that the
evidence converges on (Rosenkranz 2010; Jack 2021).

The single most important idea is that the damage is viral, and it compounds — without
Varroa, Deformed Wing Virus is a harmless covert infection, but the mite drives titres up until
overwintering colonies collapse (Ryabov 2014). You therefore act on measured mite numbers,
before loads climb, not on the calendar or on symptoms.

The program, in priority order

1. Monitor — and decide against a threshold

Every decision starts from a real infestation number from a standard method — an alcohol wash or
sugar-shake of adult bees, or natural mite-fall counts (Gregorc 2018). Treat when you cross a
threshold (Rosenkranz 2010 takes a natural mite-fall of ~0.5–10 mites/day, ≈2,000–3,000 mites,
as the basic signal to act). Thresholds flex with season and the local virus burden, because the
real cost is viral (Ryabov 2014).

2. Backbone: hit the broodless window hard

The biggest single lever is timing relative to brood. Varroa breeds sealed inside capped brood
where most contact acaricides can't reach, so they only kill phoretic mites — which is why a
broodless window is the highest-value moment to treat: modelling shows that with a long
broodless winter period an efficacy near 98.8% is achievable and is what stabilises the mite
population year to year (Almecija 2022). The natural backbone treatment here is oxalic acid: it is
essentially temperature-independent (Rosenkranz 2010) and, applied when no capped brood
shields the mites, reaches that high efficacy. If the colony is not naturally broodless, create the
window (see step 4).

3. In-season control matched to brood and temperature

When brood is present and a mid-season knockdown is needed, choose by the colony's biology:

•  Formic acid is the one common organic acid that penetrates cappings and kills mites in
capped brood — but it is volatile and temperature-bounded: too cold and it fails, too hot and it
harms brood and queens (Underwood 2003).

•  Amitraz is highly effective and was associated with the lowest winter losses in a large US survey
(Haber 2019) — but resistance is now documented in commercial operations, with in-vitro
resistance tracking reduced field efficacy (Rinkevich 2020), so it must be rotated, not relied on.

•  Every chemical carries a sub-lethal cost: a controlled study of the five most common actives
found tau-fluvalinate the most acutely toxic to bees and showed measurable hits to memory and
detoxification-gene expression at sub-lethal doses (Gashout 2017) — a reason to treat to threshold,
not prophylactically.
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4. Add a biotechnical lever — it multiplies the chemistry

The strongest programmes combine a cultural method with a well-timed acaricide. A brood
interruption (caging or removing the queen) or drone-brood removal exposes mites that chemicals
otherwise can't reach, and pairing such a brood break with an organic-acid application is precisely
what lifts organic-acid efficacy "from mediocre to excellent" (Aurell 2025). A brood break also
manufactures the broodless window that step 2 depends on.

5. Consider thermotherapy as a non-chemical option — with eyes open

Hyperthermia is real physics: Varroa dies without reproducing above ~38 °C, and controlled
heating can kill immature and adult mites (Kablau 2020). It leaves no residue and faces no
resistance, and a modern automated device can be effective — but with trade-offs in brood,
honey and labour (Sandrock 2024), and a hard biological ceiling: heat near the treatment window
also threatens queen and drone fertility (McAfee 2020). Treat it as a niche/non-chemical lever,
not a drop-in replacement — full detail on the Thermotherapy page.

6. Verify, then rotate

Re-measure after every treatment: post-treatment mite counts tell you whether the product
actually worked, which resistance can silently erode (Almecija 2022). Across seasons, rotate
distinct modes of action — exclusive reliance on one product is exactly what selects for the
resistance that destroys it (Rosenkranz 2010; Rinkevich 2020).

The recommended annual cycle at a glance

When Do Why (evidence)

Through the season Monitor to a threshold Act on numbers before viral load
climbs (Gregorc 2018; Ryabov
2014)

Late summer / early autumn Knockdown while bees still rear
winter brood — formic acid
(in-brood) or amitraz

Protect the winter bees; amitraz =
lowest losses but rotate (Haber
2019; Rinkevich 2020)

Optional, any time Brood interruption / drone-brood
removal

Exposes brood mites; boosts the
next acaricide (Aurell 2025)

Broodless window (winter) Oxalic acid — the backbone Temperature-independent, ~98%
when broodless (Rosenkranz 2010;
Almecija 2022)

After each treatment Re-measure; rotate mode of action
next time

Catch silent failure; deny
resistance a foothold (Almecija
2022; Rinkevich 2020)

Why not just one product?

Because the literature is unanimous that durability is the problem, not instantaneous efficacy: no
method is effective, safe and non-persistent at once (Warner 2024); resistance has already broken
the synthetic pyrethroids and is emerging against amitraz (Rinkevich 2020); and every active
carries sub-lethal costs to the bees it is meant to protect (Gashout 2017). The program above is
"best" precisely because it is resilient — it works when any single tool fails.

Notable studies

Biology and control of Varroa destructor

Rosenkranz et al., Journal of Invertebrate Pathology 2010 · 794 citations — The definitive review;
basis for thresholds, oxalic's temperature-independence and the rotate-or-lose principle.
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A scoping review on the effects of Varroa mite on global honey bee decline

Warner et al., Science of the Total Environment 2024 · 29 citations — No current method is
effective, safe and non-persistent: the reason the answer is a program, not a product.

Chemical and nonchemical Varroa control and associated winter losses (US survey)

Haber et al., Journal of Economic Entomology 2019 — Treating — especially with amitraz — gave
the lowest winter losses; relying on non-chemical methods alone gave high losses.

Modelling the impact of Apivar treatment and the influence of resistance

Almecija et al., Pest Management Science 2022 — Why the broodless window matters: ~98.8%
efficacy stabilises the population, and unverified resistance silently erodes it.

Hyperthermia can kill immature and adult Varroa without reducing drone fertility

Kablau et al., Apidologie 2020 — The non-chemical lever: controlled heat kills mites within a
workable window — see the Thermotherapy synthesis.

Curated synthesis of the most-cited and representative studies — not exhaustive.
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Monitoring & Sampling Varroa
A grounded synthesis of representative open-access papers on measuring Varroa infestation. Every
claim is traceable to a cited study; curated overview, not exhaustive.

Overview

Every Varroa management decision depends on knowing the infestation level, because treatment
that is mistimed or unnecessary wastes effort, selects for resistance, or comes too late to prevent
damage. Since regular Varroa control is essential for colony survival in affected regions
(Rosenkranz 2010), and since varroacide use is associated with the lowest winter losses only when
applied appropriately (Haber 2019), measurement is the foundation on which the rest of
management rests.

Key themes

Counting the mites: the standard methods

Two practical measurements dominate. Infestation on adult bees is assessed by dislodging
phoretic mites from a sample of bees — for example the sugar-shake (sugar-roll) protocol — while
colony mite fall is measured by counting dead mites dropped onto bottom-board inserts; both
were used in tandem to track infestation before, during and after treatment in controlled trials
(Gregorc 2018). These complementary measures distinguish the mites currently riding on bees
from the colony's overall mite burden.

Infestation is dynamic — sample through the season

Mite populations are not static: infestation levels and the associated virus titres shift markedly
through the season and across years as the mite population builds, as shown by quantitative
tracking of colonies over time (Mondet 2014). Because populations can climb steeply before
winter, a single early-season check is insufficient; repeated monitoring is needed to catch the
late-season surge before it drives winter loss (Rosenkranz 2010).

Monitoring resistance, not just mites

Measurement extends to the treatments themselves. As amitraz resistance has emerged, in-vitro
bioassays and field efficacy tests have revealed a wide range of resistance across operations —
from none to control failure — prompting calls for a formal resistance-monitoring network so
beekeepers know whether their chosen product still works (Rinkevich 2020). Assays of
colony-level resistance traits, such as the hygienic response to brood-derived semiochemicals, can
likewise be used to screen stock for Varroa resistance (Wagoner 2021).

Surveillance at the frontier

At the regional scale, monitoring is the basis of biosecurity. The 2022 incursion of Varroa into
Australia was first detected in sentinel surveillance hives at a port, and subsequent analysis
of outbreak reports mapped how the mite spread across the landscape — information essential to
containment (Phaboutdy 2024).

Conclusion

Monitoring is the cheapest, highest-leverage step in Varroa management: it tells the beekeeper
whether, when and with what to treat, and whether the treatment worked. The same counts feed
directly into the decisions covered under acaricides and IPM methods.

Notable studies
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Toxicity of selected acaricides to honey bees and Varroa

Gregorc et al., Insects 2018 · 30 citations — Uses the sugar-shake count on bees and
bottom-board mite-fall counts to quantify infestation through a treatment cycle.

Quantitative virus dynamics along a new Varroa expansion front

Mondet et al., PLoS Pathogens 2014 · 169 citations — Infestation and virus titres shift markedly
over time, underscoring the need for repeated monitoring.

Detection of amitraz resistance and reduced treatment efficacy

Rinkevich, PLoS ONE 2020 · 97 citations — Documents the need for resistance-monitoring
protocols and a surveillance network.

Hygiene-eliciting brood semiochemicals as a tool for assaying colony resistance

Wagoner et al., Journal of Insect Science 2021 · 9 citations — A field assay for screening colonies'
Varroa resistance.

Landscape risk factors for the recent spread of Varroa in New South Wales

Phaboutdy et al., Geospatial Health 2024 · 4 citations — Port sentinel hives and outbreak mapping
in the Australian incursion.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.
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Varroa Treatment Protocols — Decision
Framework

A grounded synthesis of the most-cited and representative open-access literature on Varroa control,
organised as practical protocols. Every claim is traceable to a cited study.

This is a research synthesis, not label instructions. Acaricide approvals and legal dosages
differ by country and change over time — the figures below are the doses and efficacies reported
in studies, which often differ from what is registered where you keep bees. Always follow the product
label and your national authority. Treatments are referred to by active ingredient; brand names are
examples only.

Why protocols, not products

In regions where Varroa is established, colonies cannot survive untreated, so regular, deliberate
control is mandatory (Rosenkranz 2010). Yet the defining lesson of this literature is that no single
tool is durable: a PRISMA scoping review concluded that no current control method is
simultaneously effective, safe and non-persistent (Warner 2024), and a four-year US survey found
that beekeepers relying on non-chemical practices alone suffered high winter losses, while those
who treated — especially with amitraz — lost the fewest colonies (Haber 2019). The practical
answer the literature converges on is Integrated Pest Management (IPM): monitor, decide
against a threshold, choose a treatment that fits the colony's current biology, then verify it
worked, and rotate modes of action so resistance never gets a foothold (Jack 2021).

The five-step decision loop

1. Monitor — you cannot manage what you don't measure

Treatment decisions start from a real infestation number, not the calendar. Two complementary
measurements dominate the literature: dislodging phoretic mites from a sample of adult bees
(alcohol wash or sugar-shake) to express mites per 100 bees, and counting natural mite-fall onto a
bottom-board insert (Gregorc 2018). See Monitoring & sampling for the methods.

2. Compare against a treatment threshold

Rosenkranz's review takes a natural mite-fall of roughly 0.5–10 mites per day —
corresponding to an absolute population of about 2,000–3,000 mites in the colony — as the
threshold signalling a basic necessity to treat (Rosenkranz 2010). Thresholds are not absolute:
they depend on season, colony size and the local virus burden, because the real damage is viral —
in the absence of Varroa, Deformed Wing Virus is a harmless covert infection, but the mite drives
titres up and overwintering colonies collapse (Ryabov 2014). The safe operating principle is to act
before mite and virus loads climb, not after symptoms appear.

3. Choose a treatment that fits the colony's biology

Three colony conditions decide which treatments can even work:

•  Brood status. Varroa reproduces sealed inside capped brood, where most contact acaricides
cannot reach — so they only kill the phoretic mites riding on adult bees. This is why treating
during a broodless window is optimal: modelling of amitraz (Apivar) treatment shows that, with
a long broodless winter period, treatment efficacy near 98.8% is needed to stabilise the mite
population year to year — achievable when no brood shields the mites (Almecija 2022). When brood
is present you need either an active that penetrates cappings (formic acid),
repeated/extended-release dosing, or a brood interruption.

•  Temperature. Formic acid and thymol are volatile — too cold and they don't work, too hot and
they kill bees and queens (Underwood 2003). Oxalic acid, by contrast, is largely
temperature-independent (Rosenkranz 2010).
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•  Resistance. Where a product is failing locally, switching mode of action matters more than dose:
amitraz control failures are now documented in commercial US operations, with in-vitro resistance
correlating with reduced field efficacy (Rinkevich 2020).

4. Treat at the right time of year

Two timing rules recur. No chemical treatment during a honey flow, to keep residues out of
marketable honey (Rosenkranz 2010). And in temperate climates the decisive treatment must
come before the winter bees are reared — only long-lived winter bees that were not
parasitised during their development carry the colony to spring (Rosenkranz 2010). The full
seasonal logic is laid out in the treatment calendar.

5. Verify, then rotate

Re-measure after treatment: the total mites dropped and the post-treatment infestation tell you
whether the product actually worked, which resistance can silently erode (Almecija 2022). Over
seasons, rotate across distinct modes of action rather than leaning on one product, since
exclusive reliance is exactly what selects for the resistance that destroys it (Rosenkranz 2010;
Rinkevich 2020).

The toolbox at a glance

Protocol Type Kills mites in
capped brood?

Temperature-sen
sitive

Resistance risk

Oxalic acid Organic acid No (phoretic only) Low Very low

Formic acid Organic acid Yes (penetrates
cappings)

High Very low

Thymol / essential
oils

Botanical Partly / variable High Low

Amitraz Formamidine No (phoretic only) Moderate Emerging

Synthetic
pyrethroids &
coumaphos

Synthetic No (phoretic only) Low Widespread

Hops & emerging
actives

Botanical / novel No (phoretic only) Varies Low / unknown

Biotechnical &
mechanical

Cultural Removes/exposes
brood mites

n/a None

These are not mutually exclusive — the strongest programmes combine a cultural lever (a brood
break or drone-brood removal) with a well-timed acaricide, which is precisely what raises
organic-acid efficacy from mediocre to excellent (Aurell 2025).

Notable studies

Biology and control of Varroa destructor

Rosenkranz et al., Journal of Invertebrate Pathology 2010 · 794 citations — The foundational
review; its Table 2 is a critical compendium of every chemical, biotechnical and biological control
method, with valuations and the treatment-concept principles used throughout this section.

Integrated Pest Management Control of Varroa destructor

Jack & Ellis, Journal of Insect Science 2021 · 83 citations — The most thorough modern review of
Varroa IPM: thresholds, monitoring, and cultural, mechanical, biological and chemical tactics with
their efficacies and obstacles.

A scoping review on the effects of Varroa mite on global honey bee decline
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Warner et al., Science of the Total Environment 2024 · 29 citations — PRISMA review concluding
no current method is effective, safe and non-persistent — the case for IPM rather than a silver
bullet.

Chemical and nonchemical Varroa control and associated winter losses (US survey)

Haber et al., Journal of Economic Entomology 2019 · 59 citations — Varroacide use associated with
the lowest winter losses; non-chemical-only with high losses.

Modelling the impact of Apivar treatment and the influence of resistance

Almecija et al., Pest Management Science 2022 · 5 citations — Treatment in the absence of brood
is optimal; quantifies the ~98.8% efficacy threshold for year-to-year stability and how resistance
drives failure.

Detection of amitraz resistance and reduced treatment efficacy

Rinkevich, PLoS ONE 2020 · 97 citations — In-vitro resistance correlates with reduced field
efficacy; the case for resistance monitoring and rotation.

Curated synthesis of representative and most-cited studies — not exhaustive, and not a substitute for product labels.
Protocols: Oxalic acid · Formic acid · Thymol · Amitraz · Synthetic acaricides · Hops & emerging actives · Biotechnical
control · Treatment calendar.
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Oxalic Acid — Treatment Protocol
A grounded synthesis of representative open-access studies on oxalic-acid Varroa control. Every claim
is traceable to a cited study.

Not label instructions. Oxalic-acid registration, permitted methods and legal doses vary by country
and change. The doses below are what studies used; the legal/label dose where you keep bees may
differ (for example, a vaporization label dose can be lower than what studies find effective). Always
follow your product label. See the decision framework for how this fits an overall plan.

What it is and how it works

Oxalic acid (usually as oxalic acid dihydrate) is a natural organic acid and contact acaricide: it
kills the phoretic mites riding on adult bees but does not penetrate the wax cappings to reach
mites reproducing in sealed brood (Berry 2022). Its acaricidal action is partly attributed to its
strong acidity, and — unlike the volatile organic acids and essential oils — its efficacy is largely
independent of temperature (Rosenkranz 2010). It distributes through the colony rapidly via
contact between bees (Rademacher 2017).

The three delivery methods

1. Trickling / dribbling — an oxalic-acid solution in sugar syrup is dribbled directly onto the bees
in the seams between frames. In Algerian trials, three dribble concentrations (2.1%, 3.2% and
4.2% oxalic acid in 1:1 sugar syrup) gave average efficacies of about 65%, 72% and 81%
respectively, but the highest dose (100 g/L) weakened colonies (Adjlane 2016). A Pakistani
comparison found oxalic acid at 3.2% (≈94.8%) and 4.2% (≈92.7%) the most effective of the
"soft" acaricides tested, used in broodless conditions without side effects (Qadir 2021).

2. Vaporization / sublimation — oxalic-acid crystals are heated so the acid sublimes and coats
the bees. This is a legal application method in some countries, but dose matters critically: a
two-year Oregon study found that 1 g per brood chamber (a common label dose) and even 2 g
were not significantly different from untreated controls, while 3–4 g suppressed mite growth but
harmed larval development — a direct trade-off between control and colony health (Bozkus 2025).

3. Extended-release (glycerin-soaked strips/towels) — an off-label approach placing
oxalic-acid-and-glycerin matrices in the colony for weeks. Results are inconsistent: glycerin strips
applied in mid-August gave moderate efficacy (≈55.8%, higher than a single dribble or 65% formic
acid in the same trial) (Thurston 2025), and an oxalic-glycerin towel formulation reached ≈79% in
autumn (Sabahi 2020) — but a 129-colony commercial trial in the Southeast US found shop-towel
oxalic-glycerol mixtures gave no effective control (Bartlett 2023). Adjuvants that speed
penetration are an active research direction to make this method more reliable (Shannon 2025).

The one rule that governs efficacy: treat broodless

Because oxalic acid cannot reach mites under cappings, its effectiveness is dominated by
how much capped brood is present. Trickle applications during the brood-right period gave
65.3% cumulative mortality, while the single application made after the colony went broodless
gave 77.3% on its own (Bacandritsos 2007). Repeated vaporization while brood is being reared
has been shown not to bring mite populations below threshold (Berry 2022). The fix is to combine
oxalic acid with a brood interruption: forcing a summer brood break alongside oxalic-acid
vaporization increased mite mortality roughly five-fold versus vaporization with brood
present (Berry 2023). Pairing oxalic vaporization with a 24-day queen-caging brood break is
effective in principle, though caging in autumn can itself stress colonies (Jack 2020).

Practical implication: oxalic acid is the workhorse of the broodless window — late
autumn/early winter in temperate climates, or an induced brood break in summer.
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Resistance, residues and safety

•  Resistance: very low. As a natural organic acid with a non-specific acidic mode of action, oxalic
acid has not selected for resistance the way synthetic acaricides have (Rosenkranz 2010).

•  Residues: low. Oxalic acid occurs naturally in honey, and trials found no significant increase in
honey residues from treated colonies (Thurston 2025). One caveat: glycerin-impregnated oxalic
strips can raise glycerol residues in propolis, so extended-release formats deserve more scrutiny
(Papakosta 2025).

•  Bee/brood safety: the therapeutic margin is real but not large. At normal dermal application
(≈175 µg/bee) the dose sits below the laboratory adverse-effect level (NOAEL ≈212.5 µg/bee), but
sublethal effects — reduced longevity, gut acidification — do occur (Rademacher 2017), and the
therapeutic index against brood is narrow, so repeated applications at short intervals, or
applying with brood present, damage bees and larvae (Majchrak 2025). Apply the labelled
number of times, not more.

Bottom line

Cheap, temperature-tolerant, low-residue and resistance-proof — oxalic acid is the backbone of
broodless-period Varroa control. But it is only ever as good as the absence of brood: time it to a
natural or induced broodless window, respect the dose, and don't expect a single summer
application over active brood to save a heavily infested colony.

Notable studies

Evaluation of Oxalic Acid Treatments against Varroa destructor

Rademacher et al., Insects 2017 · 28 citations — Lethal/sublethal thresholds and within-colony
distribution of oxalic acid dihydrate; defines the safety margin.

Oxalic acid vaporization: effectiveness and safety

Bozkus et al., Journal of Insect Science 2025 — Two-year dose study showing the common 1 g
label dose is insufficient while effective higher doses risk larval harm.

Inducing a summer brood break increases the efficacy of oxalic acid vaporization

Berry et al., Journal of Insect Science 2023 · 5 citations — Brood break + oxalic vapor increased
mite mortality ~5×; the key to summer oxalic use.

Efficacy of repeated trickle applications of oxalic acid

Bacandritsos et al., Veterinary Parasitology 2007 · 14 citations — Quantifies the
broodright-vs-broodless efficacy gap directly.

Effectiveness of Different Soft Acaricides against Varroa destructor

Qadir et al., Insects 2021 · 21 citations — Comparative dose-efficacy of oxalic, formic and thymol;
oxalic at 3.2–4.2% most effective in broodless conditions.

No evidence for glycerol-oxalic acid towels in the Southeast US

Bartlett et al., Journal of Insect Science 2023 · 5 citations — Commercial-scale negative result for
the off-label extended-release method; a caution against over-claiming.

Curated synthesis — not exhaustive, and not a substitute for the product label.
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Formic Acid — Treatment Protocol
A grounded synthesis of representative open-access studies on formic-acid Varroa control. Every claim
is traceable to a cited study.

Not label instructions. Formic acid is corrosive and its registered formulations, doses and
temperature limits vary by country. The figures below are what studies used and observed. Follow
your product label, observe the stated temperature range, and use protective equipment. See the
decision framework for context.

Why formic acid is unique

Formic acid is a volatile organic acid applied as a fumigant. Its defining property — unmatched by
any other acaricide in this literature — is that its vapour penetrates the wax cappings to kill
mites inside sealed brood cells, not just the phoretic mites on adult bees (Rosenkranz 2010). A
17-hour application of 50% formic acid killed more than 60% of mites within capped worker brood
while sparing queens and uncapped brood (vanEngelsdorp 2008). This is what makes formic acid
the go-to organic option when you cannot wait for a broodless window — for example, a
damaging late-summer infestation over a full brood nest.

Study-reported efficacy

•  A fall treatment of 300 ml of 65% formic acid averaged 94.2% mite mortality — statistically
equivalent to, and as consistent as, four 10% Apistan strips — and the following spring mite levels
and colony strength matched the Apistan group (Calderone 2000).

•  The commercial slow-release product Formic Pro achieved 88.4% efficacy with no queen losses
and only transient brood effects, and notably increased colonies' hygienic behaviour (Ristanić
2025).

•  Lower doses underperform: 65% formic acid at only 10 mL/hive gave just ~54% — the lowest of
the soft acaricides in one comparison (Qadir 2021).

The temperature window and the concentration–time trade-off

Formic acid's efficacy and its safety both hinge on evaporation rate, which is driven by
temperature, hive size, placement and colony strength (Rosenkranz 2010). Laboratory work
mapping dose against temperature found that doses of 0.08–0.16 mg/L killed mites at all
temperatures above 5 °C, with the best selectivity (mites killed, bees spared) at the higher dose
when warm (Underwood 2003). The key practical lever is the concentration × time (CT)
product: a high concentration over a short time and a low concentration over a long time can
deliver the same total dose but with very different safety. A short, high-concentration fumigation
reached 93% mite mortality but raised worker and queen mortality, whereas a long,
low-concentration exposure was gentler (60% mortality) but safe for queens (Underwood 2005).

Too cold and it won't evaporate enough to work; too hot and it kills bees, brood and
queens. Under warm southern-US conditions (above ~24 °C) formic acid caused bee and queen
mortality and killed developing brood (Elzen 2003), and a high-concentration indoor fumigation
killed a third of queens (33.3%) versus ~5% in controls (Underwood 2004). Treatment timing
within the season measurably changes efficacy against Varroa (Janashia 2026).

Formulations

Formic acid has been delivered as quick-release pads, controlled-release gels (which spread the
dose over 2–3 weeks and improve handling safety) and modern slow-release strips such as Formic
Pro and Mite-Away Quick Strips (Kochansky 1999; Ostermann 2004). Pad formulations have
sometimes given weak field control (≈39.8%), so formulation and application technology matter
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as much as the active itself (Elzen 2004). A brood-targeted technique — brushing 65% formic acid
directly onto capped brood — has been piloted for spring use to knock back mite reproduction
early (Căuia 2022).

Resistance, residues and co-benefits

•  Resistance: very low — like the other organic acids, formic acid has a non-specific mode of
action that has not selected for resistant mites (Rosenkranz 2010).

•  Residues: low. Formic acid occurs naturally in honey in trace amounts and does not accumulate
in wax the way lipophilic synthetics do (Rosenkranz 2010).

•  Co-benefits: formic acid fumigation can also suppress tracheal mites and Nosema under some
conditions (Underwood 2009), and has been associated with stimulated hygienic behaviour
(Ristanić 2025). Beekeepers do report adverse effects, and a bee detoxification enzyme for formic
acid has been characterised — a reminder that the margin is real but finite (Mating 2022).

Bottom line

Formic acid is the only tool here that reaches mites in capped brood, which makes it
uniquely useful for treating over an active brood nest in late summer. The price is sensitivity: it
demands the right temperature window, careful attention to the concentration-time dose, and
acceptance of some queen risk. Used inside its envelope it rivals synthetic strips for efficacy with
none of the resistance.

Notable studies

Effective fall treatment with a new formulation of formic acid

Calderone, Journal of Economic Entomology 2000 · 11 citations — 300 ml of 65% formic acid ≈
94% mortality, equivalent and as consistent as Apistan.

The effects of temperature and dose of formic acid on treatment efficacy

Underwood & Currie, Experimental & Applied Acarology 2003 · 35 citations — Defines the
dose-temperature window for killing mites while sparing bees.

Effect of concentration and exposure time on treatment efficacy

Underwood & Currie, Journal of Economic Entomology 2005 · 12 citations — The CT-product
trade-off: efficacy vs queen safety.

Short-term fumigation with formic and acetic acids

vanEngelsdorp et al., Journal of Economic Entomology 2008 · 13 citations (DOI
10.1603/0022-0493(2008)101[256:SFOHBH]2.0.CO;2) — 17-h 50% formic acid killed >60% of
mites inside capped brood — the capped-brood advantage demonstrated.

Formic Acid-Based Preparation in Varroa control and hygienic behavior

Ristanić et al., Insects 2025 — Formic Pro at 88.4% efficacy, no queen loss, with stimulated
hygienic behaviour.

Curated synthesis — not exhaustive, and not a substitute for the product label.
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Thymol & Essential Oils — Treatment Protocol
A grounded synthesis of representative open-access studies on thymol and essential-oil Varroa control.
Every claim is traceable to a cited study.

Not label instructions. Thymol product registrations and doses vary by country. Figures below are
study-reported. Follow your product label and its temperature guidance. See the decision
framework.

What it is and how it works

Thymol is the monoterpene phenol from thyme (Thymus vulgaris) and the active ingredient in the
best-known "soft" commercial varroacides — the gel Apiguard, the wafer ApiLife Var (≈74%
thymol with eucalyptol, menthol and camphor) and Thymovar. It acts mainly through its vapour,
so like formic acid it is temperature-dependent: it needs warm weather to volatilise, its results
are variable, and it can be toxic to bees if conditions push the dose too high (Rosenkranz 2010). It
is applied over several weeks (typically repeated applications across about a month).

Study-reported efficacy

Thymol's efficacy is real but moderate and less consistent than the strong synthetics or formic
acid. Rosenkranz's review puts achievable mite reduction at up to ~90% but with markedly
varying results driven by temperature (Rosenkranz 2010). In direct trials, thymol-based powder
and gel gave about 64–65% efficacy (Tananaki 2014), while thymol gels combined with other
essential oils matched fluvalinate-impregnated (Apistan) strips over a 7-week application
(Khajehali 2023). Screening of 30 essential oils found thymol's selectivity ratio (mite-toxic vs
bee-toxic) below several alternatives such as peppermint and manuka, although thymol remains
the practical standard because it is formulated, registered and field-tested (Hýbl 2021).

Side effects: repellency and the nervous system

Thymol is not inert to bees. Foragers are repelled by Apiguard — touching their antennae to the
gel triggers vigorous fanning, and older bees avoid it (though they can habituate) (Mondet 2011).
Sublethal exposure impairs phototactic behaviour in hives treated with ApiLife Var, with thymol
persisting on the bees' bodies (Carayon 2014), and affects olfactory memory and brain gene
expression (Bonnafé 2015). Thymol is effective against mites at concentrations roughly ten-fold
below those that kill bees, but even sublethal doses raise detoxification-enzyme and
acetylcholinesterase activity (Glavan 2020), and high concentrations are genotoxic to honey-bee
cells in vitro — so dose discipline matters (Glavinić 2023).

Residues

Thymol is a natural compound with limited food-safety concern, but it persists in beeswax —
measured at around 10 mg/kg a year after treatment (Carayon 2014), with comb-foundation
residues commonly in the tens of mg/kg (Kast 2022). It can also impart a detectable taste to
honey above a "taste threshold" (Rosenkranz 2010), which is why it is applied outside honey
flows.

Other essential oils

Many essential oils kill Varroa in the lab — thyme, lavender, clove, oregano, carvacrol and dozens
of others — and some show better mite-to-bee selectivity than thymol (Damiani 2009; Hýbl 2021).
Carvacrol in particular has comparable acaricidal potential to thymol but similar sublethal effects
on the bee nervous system (Glavan 2020). In practice, though, only thymol has been carried
through to widely registered, field-validated products; the rest remain promising research
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candidates that "have yet to be verified in beekeeping practice" (Hýbl 2021).

Resistance and bottom line

Resistance risk is low for these multi-target natural compounds (Rosenkranz 2010). Thymol is a
sound, registered, queen-tolerant, resistance-free option — best deployed in warm
late-summer/autumn conditions and outside honey flows, accepting moderate (~60–90%)
and weather-dependent efficacy, some forager repellency, and persistent wax residues. It pairs
well with a follow-up broodless oxalic-acid treatment to clean up the mites its vapour could not
reach under cappings.

Notable studies

Behavioural response of honeybees to Apiguard

Mondet et al., Journal of Comparative Physiology A 2011 · 17 citations — Documents forager
repellency and habituation to the thymol gel.

Thymol persistence and effects of ApiLife Var on phototaxis

Carayon et al., Environmental Science and Pollution Research 2014 · 21 citations — Sublethal
behavioural effects plus ~10 mg/kg wax persistence a year later.

Plant-based acaricide gels vs fluvalinate strips

Khajehali et al., Experimental & Applied Acarology 2023 — Thymol-plus-essential-oil gels matched
Apistan over a 7-week application.

Efficacy of 30 essential oils against Varroa and honey bees

Hýbl et al., Insects 2021 · 28 citations — Selectivity ranking placing several oils above thymol,
while noting field validation is still lacking.

Sublethal effects of carvacrol and thymol on honeybees

Glavan et al., Pesticide Biochemistry and Physiology 2020 · 15 citations — The ~10× mite-vs-bee
margin and the sublethal nervous-system effects.

Curated synthesis — not exhaustive, and not a substitute for the product label.

/varroa/oxalic-acid
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/10_1007_s00359_011_0666_1.pdf
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/10_1007_s11356_013_2143_6.pdf
https://doi.org/10.1007/s10493-023-00833-z
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/PMC8623799.pdf
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/10_1016_j_pestbp_2020_104567.pdf


Amitraz — Treatment Protocol
A grounded synthesis of representative open-access studies on amitraz Varroa control. Every claim is
traceable to a cited study.

Not label instructions. Amitraz product registration, strip dose and treatment duration vary by
country, and unregistered "amitraz EC" use is off-label. Figures below are study-reported. Follow your
product label. See the decision framework.

What it is and how it works

Amitraz is a formamidine acaricide, delivered to colonies mainly as plastic contact strips (the
registered product Apivar). It works as an agonist at the mite's β-octopamine receptor
(Octβ2R); its selective toxicity — lethal to mites, relatively gentle to bees — arises because the
honey-bee version of this receptor is less sensitive to amitraz and its active metabolite than the
mite's (Guo 2021). As a contact acaricide it reaches phoretic mites only, so like the other strips
it works best when little brood shields the mite population.

Efficacy and timing

For two decades amitraz has been the most reliable synthetic option and the commercial
mainstay. Modelling of Apivar treatment shows that treatment in the absence of brood is
optimal, and that with a long broodless winter window an efficacy near 98.8% is needed to hold
the mite population stable year to year — attainable for amitraz where mites remain susceptible
(Almecija 2022). The model also delivers the central warning: resistance can cause treatment
failure even when a beekeeper keeps the initial infestation low (Almecija 2022). For rapid
knock-down of a damaging autumn infestation, a registered combination of amitraz (Apivar) with
thymol (Apiguard) controlled mites nearly as fast as the off-label, unregistered "amitraz EC" that
some beekeepers reach for (Aurell 2024).

The resistance story

Amitraz held up far longer than the pyrethroids and coumaphos, but its decline is the defining
contemporary issue. In-vitro bioassays and Apivar field tests across US commercial operations
found a wide range of amitraz resistance, from none to outright control failure, with
resistance ratios correlating with reduced field efficacy (Rinkevich 2020). The molecular basis is
now being pinned down — and it is more than one mutation in the Octβ2R receptor:

•  Y215H in the United States (Rinkevich 2023)

•  N87S in France (Marsky 2024; Poirot 2026)

•  F290L in Spain, where mutant-allele frequency rose after consecutive amitraz treatments
(Hernández-Rodríguez 2025)

French data describe resistance occurring in patchy "islands," generally milder than the
near-total resistance seen with pyrethroids or coumaphos, and not explained by any single
nucleotide polymorphism (Marsky 2024). There is a hopeful wrinkle: in a monitored apiary,
resistance partially declined after amitraz was withdrawn, though it did not return to full
susceptibility (Poirot 2026) — evidence that rotating away from amitraz can relieve selection
pressure.

Residues and bee effects

Amitraz breaks down into metabolites (2,4-DMA and DMPF) that contaminate honey stored in
the combs, exceeding the maximum residue limit in about 10% of samples in one fumigation trial
(Pohorecka 2018) — a reason to keep treatment off honey supers and outside flows. At sublethal
levels amitraz and its metabolite also modulate honey-bee physiology, including cardiac function
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(O'Neal 2017). Resistance can be both target-site and metabolic, the latter via elevated
detoxification activity (Kamler 2016).

Resistance management

Because exclusive reliance is exactly what drives resistance, the literature is unanimous on the
response: monitor amitraz efficacy after every treatment, rotate to a different mode of
action (organic acids, thymol), and use early-season resistance genotyping where available to
predict late-season failure before it costs colonies (Rinkevich 2020; Rinkevich 2023). Lab
resistance testing itself is temperature-sensitive and needs standard conditions to be comparable
(Rinkevich 2024).

Bottom line

Amitraz is still the most effective synthetic strip and, where mites remain susceptible, the
strongest single product available — but it is no longer something to lean on alone. Treat over
minimal brood, verify it worked, keep it off honey, and rotate it through a programme that
includes organic acids and biotechnical methods so resistance never gets entrenched.

Notable studies

Detection of amitraz resistance and reduced treatment efficacy

Rinkevich, PLoS ONE 2020 · 97 citations — Documents bona fide amitraz control failures in US
operations; resistance correlates with reduced Apivar efficacy.

An octopamine receptor confers selective toxicity of amitraz

Guo et al., eLife 2021 · 53 citations — Identifies Octβ2R as amitraz's target and explains why bees
tolerate it but mites do not.

Confirmation of the Y215H mutation associated with amitraz resistance

Rinkevich, Pest Management Science 2023 · 17 citations — A receptor mutation enabling
genotyping-based resistance surveillance in the US.

Amitraz resistance in French Varroa — more complex than a single SNP

Marsky et al., Insects 2024 · 12 citations — Resistance as patchy "islands," milder than
pyrethroid/coumaphos resistance.

Modelling the impact of Apivar treatment and the influence of resistance

Almecija et al., Pest Management Science 2022 · 5 citations — Broodless treatment optimal;
resistance drives failure even at low initial infestation.

Amitraz marker residues in honey

Pohorecka et al., Journal of Veterinary Research 2018 · 9 citations — Amitraz metabolites
contaminate comb honey, exceeding the MRL in 10% of samples.

Curated synthesis — not exhaustive, and not a substitute for the product label.
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Synthetic Pyrethroids & Coumaphos — Treatment
Protocol

A grounded synthesis of representative open-access studies on the first-generation synthetic
acaricides. Every claim is traceable to a cited study.

Not label instructions. Registration status, strip dose and duration vary by country, and several of
these products are being withdrawn or restricted. Figures below are study-reported. Follow your
product label. See the decision framework.

What they are and how they work

These were the first effective synthetic varroacides, delivered as in-hive contact strips:

•  Pyrethroids — tau-fluvalinate (Apistan, Klartan, Mavrik) and flumethrin (Bayvarol). They act
on the mite's voltage-gated sodium channels (Rosenkranz 2010).

•  Organophosphate — coumaphos (CheckMite+, Perizin, Asuntol), an acetylcholinesterase
inhibitor (Rosenkranz 2010).

All are contact acaricides reaching phoretic mites only, and all are lipophilic, which becomes
their central liability.

Why they have largely failed: resistance

When introduced they were highly effective, but Varroa has evolved resistance to every one of
them, and resistant populations spread "with predictable consequences" (Rosenkranz 2010).
Resistance to fluvalinate and coumaphos is now widespread, which is precisely what drove the
shift to amitraz (Rinkevich 2020). The mechanisms are well characterised: pyrethroid resistance is
conferred by a sodium-channel mutation carried over from the mite (Liu 2006), and there is
cross-resistance across the pyrethroid class (tau-fluvalinate, acrinathrin, flumethrin), so rotating
between two pyrethroids buys nothing (Rosenkranz 2010). Large-scale monitoring across many
apiaries has mapped simultaneous resistance to coumaphos, amitraz and pyrethroids
(Hernández-Rodríguez 2021), and newer surveys document pyrethroid- and amitraz-resistance
mutations arising together (Bahreini 2025). National susceptibility inventories show the picture
varies by region, so local resistance testing is essential before trusting these products
(Almecija 2020).

The wax-residue problem

Because they are lipophilic ("fat-loving"), these synthetics are absorbed into and persist in
beeswax, where they accumulate with repeated treatments and through commercial wax
recycling — making them among the most common contaminants found in hive matrices
(Rosenkranz 2010; Mullin 2010). This matters three ways:

1. Honey and product quality — persistent residues can migrate into bee products (Rosenkranz
2010).

2. Bee harm — chronic sublethal exposure stresses bees; flumethrin at sublethal concentrations
induces measurable physiological stress in adult workers (Qi 2020), and fluvalinate reaches larvae
and adults through multiple exposure routes (Fulton 2019).

3. Resistance feedback — sub-lethal acaricide residues lingering in comb expose mites to a low
dose that itself selects for resistance; residual tau-fluvalinate in colonies has been directly
coupled with selection for resistant Varroa (Benito-Murcia 2021).

Pyrethroid toxicity to bees is also strongly modulated by detoxification enzymes, which is why
co-exposure with certain fungicides sharply increases harm (Johnson 2006), and resistance can be
metabolic as well as target-site (Kamler 2016).
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Bottom line

The synthetic strips are largely superseded by resistance and carry the worst residue burden
of any option here. Where local testing confirms mites are still susceptible they can still work, but
they should be used sparingly, never in consecutive seasons, and rotated with
non-cross-resistant modes of action — and kept off comb destined to be recycled into foundation.
The search for genuinely new synthetic chemistry continues (for example chloride-channel
blockers effective where pyrethroids and coumaphos have failed), covered under emerging
actives (Vu 2020).

Notable studies

Detection of amitraz resistance and reduced treatment efficacy

Rinkevich, PLoS ONE 2020 · 97 citations — Notes the widespread resistance to fluvalinate and
coumaphos that pushed beekeepers to amitraz.

Effect of a fluvalinate-resistance sodium channel mutation

Liu et al., Insect Biochemistry and Molecular Biology 2006 · ~110 citations — The target-site
mutation underlying pyrethroid resistance in Varroa.

Large-scale monitoring of resistance to coumaphos, amitraz and pyrethroids

Hernández-Rodríguez et al., Insects 2021 · 42 citations — Multi-apiary resistance mapping across
all three synthetic classes.

Residual tau-fluvalinate coupled with selection for resistant Varroa

Benito-Murcia et al., Insects 2021 · 21 citations — Links lingering wax residues to ongoing
resistance selection.

Inventory of Varroa susceptibility to amitraz and tau-fluvalinate in France

Almecija et al., Experimental & Applied Acarology 2020 — Regional susceptibility varies — the
case for local testing.

Curated synthesis — not exhaustive, and not a substitute for the product label.
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Hops Beta Acids & Emerging Actives —
Treatment Protocol

A grounded synthesis of representative open-access studies on newer and alternative Varroa actives.
Every claim is traceable to a cited study.

Not label instructions. Several actives here are not registered for Varroa control or are sold only in
some countries; others are experimental. Figures are study-reported. Follow your product label and
local law. See the decision framework.

Hops beta acids (HopGuard)

Beta acids from hops (Humulus lupulus) are a natural acaricide delivered on cardboard strips (the
product HopGuard). The chemistry is genuinely potent on contact: a 1% topical application of hop
beta acids gave 100% mite mortality with no effect on bees, and strips placed in colonies
produced strong mite drop concentrated in the first 2–3 days and lasting about a week
(DeGrandi-Hoffman 2012). Because it acts on phoretic mites only, it shines in broodless
situations — in packages, more than 90% of mites were killed (DeGrandi-Hoffman 2012), and
well-timed applications keep mite levels low in colonies started from packages or splits
(DeGrandi-Hoffman 2014). Applied to newly split colonies, HopGuard reached ~82.7% efficacy,
comparable to amitraz-based products (Aurell 2025).

The catch is delivery: efficacy is sensitive to formulation and application, and at higher exposure
hop acids can reduce adult-bee populations (Pettis 2017). HopGuard is best understood as a
natural, resistance-free option for broodless windows and splits, not a stand-alone
whole-season treatment.

Lithium chloride — the most promising emerging active

Lithium salts are the standout candidate in recent research. Lithium chloride **effectively kills
Varroa at low doses and is attractive because it can be fed or trickled and has a simple
mode of action (Ziegelmann 2018). In a pre-wintering comparison it outperformed
oxalic-acid sublimation** at moderate infestation levels (Kolics 2021), and its efficacy has a strong
contact component (Kolics 2020).

The unresolved problem is residues and authorisation: lithium is not a natural hive constituent,
and it accumulates in honey, in bees and in brood (Prešern 2020), with measurable lithium
levels building up in bees and bee products after treatment (Kolics 2021). Until residue behaviour
is fully characterised and the compound is authorised, lithium chloride remains a highly
promising but not-yet-approved option (Kolics 2021).

New synthetic modes of action

Resistance to the established synthetics has spurred a search for genuinely new chemistry:

•  DIDS, a voltage-gated chloride-channel blocker, showed greater field efficacy than Apistan
or CheckMite+ in apiaries where those products had already failed — a new mode of action
that side-steps existing resistance (Vu 2020).

•  Fenpyroximate and fenazaquin (mitochondrial electron-transport inhibitors) have
demonstrated miticidal activity against Varroa in evaluation (Bahreini 2022).

Improving the actives we already have

A parallel strategy is making proven organic acids work better. Bee-safe adjuvants that increase
spreading and penetration sped up and strengthened the miticidal effect of oxalic acid in glycerin
strips, pointing toward more reliable extended-release formulations (Shannon 2025).
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Bottom line

Of the emerging options, hops beta acids are available and useful now — a natural,
resistance-free choice for broodless periods and splits, limited mainly by delivery. Lithium
chloride is the most exciting candidate but is gated on residue science and regulatory
approval. New synthetic modes of action like chloride-channel blockers matter most as
resistance-breakers for operations where amitraz or the pyrethroids have failed. None of these
removes the underlying need for the integrated, rotate-and-monitor approach the rest of this
section describes (Rosenkranz 2010).

Notable studies

Effects of beta acids from hops on mortality of Varroa destructor

DeGrandi-Hoffman et al., Experimental & Applied Acarology 2012 · 16 citations — 100% mite
mortality on contact; >90% in packages; the broodless/package use case.

Treating newly split colonies with organic miticides

Aurell et al., Journal of Economic Entomology 2025 · 2 citations — HopGuard at ~82.7% in splits,
comparable to amitraz.

Lithium chloride effectively kills the honey bee parasite Varroa destructor

Ziegelmann et al., Scientific Reports 2018 · 27 citations — The foundational lithium-chloride
efficacy study.

Lithium chloride outperformed oxalic acid sublimation pre-wintering

Kolics et al., Acta Veterinaria Hungarica 2021 · 16 citations — Head-to-head efficacy advantage,
with the authorisation caveat.

Voltage-gated chloride channel blocker DIDS as a Varroa acaricide

Vu et al., Pesticide Biochemistry and Physiology 2020 · 8 citations — A new mode of action
effective where pyrethroid/OP acaricides had failed.

Lithium contamination of honeybee products and accumulation in brood

Prešern et al., Food Chemistry 2020 · 13 citations — The residue question that gates lithium's
adoption.

Curated synthesis — not exhaustive, and not a substitute for the product label.
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Biotechnical & Mechanical Control — Treatment
Protocol

A grounded synthesis of representative open-access studies on non-chemical Varroa control. Every
claim is traceable to a cited study.

These methods carry no residues and no resistance risk, but they are labour-intensive and rarely
sufficient alone. They work best combined with a well-timed acaricide — see the decision
framework.

The principle

Every biotechnical method exploits the same fact: Varroa reproduces inside capped brood and
prefers drone brood. By removing brood, interrupting brood-rearing, or trapping mites in
sacrificial combs, the beekeeper either physically removes mites or strips away the
capped-brood refuge so that the phoretic mites can be killed — without chemicals, residues or
selecting for resistance (Rosenkranz 2010). The trade-off is labour, and the fact that these
methods alone usually do not match the winter-survival outcomes of chemical control (Haber
2019). The detailed menu of cultural, mechanical and biological tactics is reviewed in depth by
Jack & Ellis (2021).

Drone-brood removal — the highest-value cultural lever

Because mites preferentially invade the larger, longer-developing drone cells, drone brood acts as
a mite magnet. Removing it culls a disproportionate share of the reproducing mite population.
Rosenkranz's review reports that removing 3–4 completely capped drone combs at the
beginning of the season reduces the final mite population by about 50–70%, with no
negative effect on colony size or honey production (Rosenkranz 2010). Practically: insert a
drone-foundation frame, let it be laid up and capped, then remove and freeze it before the drones
(and mites) emerge — repeated through the spring build-up.

Brood interruption and queen caging

Forcing a brood break — by caging the queen, removing her temporarily, or letting a colony
requeen — eventually empties the capped brood, driving all mites onto adult bees where an
acaricide can reach them. This is the mechanism that makes organic acids so much more
effective: the "trapping comb" technique with worker brood and temporary queen confinement,
followed by removal or treatment of the concentrated combs, can cure heavily infested
colonies without chemical treatment, though it is labour-intensive and best suited to regions
without a late honey flow (Rosenkranz 2010). A brood break is the natural partner of oxalic acid,
which only kills phoretic mites.

Splitting colonies

Making splits (dividing a colony, often starting the new unit with a queen cell) is itself a cultural
control: it temporarily reduces brood and so exposes mites. In the US national survey, splitting
was the non-chemical practice associated with the lowest winter losses (Haber 2019).
Combined with organic miticides at the split, this approach reaches strong efficacy — oxalic-acid
dribble and HopGuard applied to newly split colonies achieved roughly 75–83% control,
comparable to amitraz-based products, with no sign of harming the new colonies (Aurell 2025).

Mechanical methods: useful, but mostly partial

•  Screened / wire-netting bottom boards — mites that fall through cannot climb back, but the
control effect is small; their real value is as a monitoring tool to measure natural mite-fall and
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check treatment efficacy (Rosenkranz 2010).

•  Powdered (icing) sugar dusting — dusting makes mites lose their grip; up to 99% of mites
can be dislodged in laboratory assays, but field efficacy is low even with frequent application
(Rosenkranz 2010).

•  Heat treatment — applying heat to brood combs or whole colonies kills mites and is effective,
but costly in time and equipment (Rosenkranz 2010).

•  Small-cell comb — promoted by some beekeepers, but a significant effect of small cells on
Varroa population dynamics could not be confirmed under field conditions (Rosenkranz 2010).

On the horizon: RNAi

A genuinely new biological approach is RNA interference. Feeding bees double-stranded RNA
matching a mite gene is transferred from bee to mite and triggers gene silencing that reduced the
mite population by over 60% in proof-of-concept work — a conceptually novel, residue-free control
still in development (Garbian 2012). More in emerging actives.

Bottom line

Biotechnical methods are the residue-free, resistance-free foundation of a sustainable
programme: drone-brood removal through the build-up, a brood break or split to set up an
effective organic-acid treatment, and screened boards to monitor. They reduce dependence on
chemicals — but the evidence (and the survey data) says they work best as the cultural half of an
integrated plan, not as a standalone replacement for treatment (Haber 2019; Warner 2024).

Notable studies

Biology and control of Varroa destructor

Rosenkranz et al., Journal of Invertebrate Pathology 2010 · 794 citations — Section 6.3 and Table 2
evaluate every biotechnical method, including the ~50–70% drone-removal figure and the
trapping-comb technique.

Integrated Pest Management Control of Varroa destructor

Jack & Ellis, Journal of Insect Science 2021 · 83 citations — Comprehensive review of cultural,
mechanical and biological tactics and their efficacies.

Chemical and nonchemical Varroa control and winter losses (US survey)

Haber et al., Journal of Economic Entomology 2019 · 59 citations — Splitting was the lowest-loss
non-chemical practice; non-chemical-only programmes still had high losses overall.

Treating newly split colonies with organic miticides

Aurell et al., Journal of Economic Entomology 2025 · 2 citations — Splits + organic miticides
reached ~75–83% control, comparable to amitraz.

Bidirectional RNAi between honey bee and Varroa reduces mite population

Garbian et al., PLoS Pathogens 2012 · 98 citations — Gene-silencing proof of concept cutting the
mite population by >60%.

Curated synthesis — not exhaustive.
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Seasonal Timing & the Treatment Calendar
A grounded synthesis of representative open-access studies on Varroa treatment timing. Every claim is
traceable to a cited study.

This calendar describes the biological logic of timing, which is universal, but exact months depend
on your climate and the local brood cycle. Pair it with monitoring and your product labels — see the
decision framework.

The curve that drives the calendar

The mite population tracks the colony's brood: it grows through spring and summer and peaks in
late summer/autumn, just as the colony begins rearing the long-lived winter bees that must
survive until spring. Two facts make autumn the hinge of the whole year:

1. Mite migration amplifies the autumn peak. A colony's mite population often surges beyond
what its own reproduction explains, because foragers carry mites in from other (often collapsing)
colonies — the number of mite-carrying foragers predicts population growth (DeGrandi-Hoffman
2016). Reinvasion is a landscape phenomenon, not just an in-hive one (Mondet 2014).

2. The winter mite load determines spring survival. High autumn/winter Varroa and
Deformed Wing Virus loads predict overwintering colony loss (Dainat 2012), because the real
damage is viral and falls hardest on the winter bees (Ryabov 2014).

From this flows the single most important timing rule, stated in the foundational review: in
temperate climates the decisive treatment must be completed before the winter bees are
reared — only winter bees that were not parasitised during their development are long-lived
enough to carry the colony to spring (Rosenkranz 2010).

Season by season

Spring — build-up: monitor and prevent

The colony and its mites are expanding. Monitor so you enter summer from a low base
(Gigacobino-style risk-factor work shows spring infestation predicts later trouble) (Giacobino
2016). Start drone-brood removal, the highest-value cultural lever, as drone comb is laid up.
Avoid chemical treatment that would taint the coming honey crop. If a colony is already heavily
infested, brood-targeted organic-acid techniques (e.g. brushing capped brood with 65% formic
acid) can knock back mite reproduction early (Căuia 2022).

Summer — honey flow: hands off the chemicals

No chemical treatment during a honey flow — residues must not enter marketable honey
(Rosenkranz 2010). Keep monitoring; continue drone removal. If mites climb to damaging levels
mid-season, the residue-free options are a brood break or a split combined with an organic
acid: splitting plus oxalic acid or HopGuard reached ~75–83% control without harming the new
colonies (Aurell 2025), and pairing oxalic-acid vaporization with an induced brood interruption is
far more effective than vaporizing over brood (Jack 2020).

Late summer / early autumn — the decisive window

Immediately after the honey supers come off, and before winter bees are reared, is the critical
treatment (Rosenkranz 2010). This is when you bring the mite load down hard with your main
acaricide — amitraz, formic acid (the option that also reaches mites still under cappings), or
thymol while it is still warm enough to volatilise. Getting this window right is what protects the
winter bees and, through them, spring survival (Dainat 2012). Verify the treatment worked by
re-counting mites afterward (Gregorc 2018).
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Autumn / winter — the broodless clean-up

As brood-rearing stops, the colony goes (or can be made) broodless — the ideal moment for oxalic
acid, which is temperature-independent and devastating to phoretic mites when no capped brood
shields them. A single well-timed broodless oxalic treatment is the classic finisher. But timing
alone is not magic: a late-autumn oxalic treatment did not rescue overwintering when the
underlying stock genetics were poor, underscoring that treatment works with — not instead of —
good colony management and resistant stock (Bahreini 2015).

At a glance

Season Mite trend Priority action Typical tools

Spring Rising Monitor; start drone
trapping

Drone-brood removal;
monitoring

Summer (flow) Climbing No chemicals on supers;
split/brood break if high

Splits + oxalic/HopGuard;
brood interruption

Late summer
(post-harvest)

Peak The decisive
knockdown — before
winter bees

Amitraz, formic acid,
thymol

Autumn/winter
(broodless)

Falling if treated Broodless clean-up; verify Oxalic acid
(dribble/vapor)

Two recurring mistakes

•  Treating too late. Waiting until you see deformed wings or a dwindling cluster means the
winter bees were already reared under high mite/virus load — the damage is done (Rosenkranz
2010; Dainat 2012).

•  Treating without re-checking. Resistance and weather can silently gut a treatment's efficacy,
so post-treatment monitoring is part of the protocol, not optional (Gregorc 2018).

Bottom line

The calendar is dictated by mite biology, not the date: monitor all season, keep chemicals off
the honey, deliver the decisive treatment in late summer before the winter bees, and
finish with a broodless oxalic clean-up. Time those two windows well and the rest of the
programme — product choice, rotation — has something to build on (Rosenkranz 2010; Haber
2019).

Notable studies

Biology and control of Varroa destructor

Rosenkranz et al., Journal of Invertebrate Pathology 2010 · 794 citations — Source of the core
timing principles: no chemicals during flow, treat before winter bees, use a diagnostic tool to time
treatment.

Population growth of Varroa is affected by the number of foragers with mites

DeGrandi-Hoffman et al., Experimental & Applied Acarology 2016 · 26 citations — Mite migration
drives the autumn surge — why post-harvest timing matters so much.

Predictive markers of honey bee colony collapse

Dainat et al., Applied and Environmental Microbiology 2012 · ~250 citations — Autumn Varroa and
DWV loads predict overwintering loss.

Treating newly split colonies with organic miticides
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Aurell et al., Journal of Economic Entomology 2025 · 2 citations — The summer
split-plus-organic-acid option.

Wintering performance under late-autumn oxalic treatment and genotype

Bahreini & Currie, Journal of Economic Entomology 2015 · 11 citations — Timing helps, but stock
genetics and wintering method matter too.

Curated synthesis — not exhaustive, and not a substitute for the product label.
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Acaricides & Resistance (Varroa control)
A curated synthesis of the most-cited and representative open-access papers on chemical Varroa
control. Every claim below is traceable to a cited study; this is a grounded overview of the key
literature, not an exhaustive catalogue.

Overview

Chemical acaricides remain the backbone of Varroa destructor management, and regular
treatment is essential to keep colonies alive in regions where the mite is established (Rosenkranz
2010). But the central, recurring lesson of this literature is that no acaricide is durable: the mite
has evolved resistance to every major synthetic class introduced, and even amitraz — long the
reliable mainstay — is now failing in parts of the United States and France (Rinkevich 2020;
Marsky 2024). A scoping review of the field concludes bluntly that beekeepers have many control
options but none has proven simultaneously effective, safe and non-persistent, leaving an
unmet need for sustainable strategies (Warner 2024). The practical consequence is that chemical
control only works as part of a resistance-management plan built on rotation, organic alternatives,
well-timed application and active monitoring.

Key themes

The synthetic acaricides — and how resistance erodes them

The first-generation synthetics were the pyrethroids (tau-fluvalinate, flumethrin) and the
organophosphate coumaphos. Widespread resistance to both developed, and resistant mite
populations are now routinely detected with discriminating-concentration bioassays (Rinkevich
2020; Kamler 2016). Amitraz (a formamidine acting on the β-octopamine receptor) held up far
longer, but its decline is the defining contemporary story: in vitro bioassays and Apivar® field
tests across US commercial operations found a wide range of amitraz resistance — from none to
control-failure — with resistance ratios correlating with reduced field efficacy (Rinkevich 2020). At
the molecular level, a Y215H mutation in the β₂-octopamine receptor is associated with
confirmed amitraz resistance in the US (Rinkevich 2023), although French data show resistance
occurring in patchy "islands" and call into question any single-SNP explanation (Marsky 2024).
Resistance can be both target-site and metabolic, the latter via elevated detoxification-enzyme
activity (Kamler 2016; Vu 2020).

Organic acids and essential oils

Organic acids and plant compounds provide alternative modes of action less prone to resistance.
Formic acid is an effective fumigant whose efficacy and safety depend tightly on temperature
and dose — high concentrations kill mites well but raise worker and queen mortality, so the
concentration×time product must be tuned (Underwood 2003; Underwood 2005). A 65%
formic-acid fall treatment achieved ~94% mite mortality, statistically equivalent to Apistan, with
comparable consistency (Calderone 2000). Thymol is effective but less consistent than formic
acid or Apistan (Calderone 2000; Gregorc 2018). Oxalic acid is widely used, and adjuvants in
glycerin-soaked strips can increase the speed and field efficacy of oxalic-acid delivery (Shannon
2025). Laboratory comparisons confirm all these actives raise mite mortality, but some (e.g.
coumaphos at high dose, hop acids) are comparatively more toxic to the bees themselves
(Gregorc 2018).

Biology and timing dominate efficacy

Because mites reproduce inside capped brood, contact acaricides reach only the phoretic mites on
adult bees — so treating during a broodless period is optimal. Modelling of Apivar treatment
indicates that, with a long broodless winter window, a minimum efficacy near 98.8% is required to
stabilise the mite population year-to-year, and that amitraz resistance can cause treatment failure



even when a beekeeper keeps initial infestation low (Almecija 2022). At the population scale, a
four-year US beekeeper survey found that varroacide use was consistently associated with the
lowest winter losses — with amitraz associated with lower losses than any other product —
whereas reliance on non-chemical practices alone was associated with high losses (Haber 2019).

Combinations, new chemistries and monitoring

With single products failing, attention has turned to combinations, rotation and novel targets. A
combined amitraz + thymol treatment controlled mites nearly as fast as off-label amitraz, though
the combination still needs optimisation to avoid harming colonies (Aurell 2024). New modes of
action are actively sought: the voltage-gated chloride-channel blocker DIDS showed greater field
efficacy than Apistan® or CheckMite®+ in apiaries where those had failed (Vu 2020), and reviews
flag nano-formulated pesticides as a future direction (Warner 2024). Underpinning all of this is the
need for reliable resistance monitoring — standardised vial/Apiarium bioassays to measure
phenotypic resistance (Kamler 2016; Bahreini 2024) and genotyping for the Y215H marker to
enable large-scale passive surveillance of amitraz resistance (Rinkevich 2023).

Conclusion

Acaricides are indispensable but self-defeating if used alone: exclusive reliance on any one
product selects for the resistance that destroys it (Rosenkranz 2010; Rinkevich 2020). The
literature points consistently toward resistance management — rotating across distinct modes
of action, integrating organic acids and biotechnical methods, timing treatments to broodless
windows, and monitoring for resistance before it causes colony loss (Haber 2019; Almecija 2022;
Warner 2024). The durable answer many of these authors point to is reducing dependence on
chemicals altogether through breeding mite-resistant bees.

Notable studies

Biology and control of Varroa destructor

Rosenkranz et al., Journal of Invertebrate Pathology 2010 · 794 citations — The foundational
review of mite biology, host damage, tolerance and an extensive critical evaluation of chemical
and biological treatments; concludes a full solution remains elusive.

Detection of amitraz resistance and reduced treatment efficacy in Varroa destructor
within commercial operations

Rinkevich, PLoS ONE 2020 · 97 citations — Documents bona fide amitraz control failures across US
operations; in-vitro resistance ratios correlate with reduced Apivar® efficacy. Calls for a
resistance-monitoring network.

Confirmation of the Y215H mutation in the β₂-octopamine receptor associated with
amitraz resistance

Rinkevich, Pest Management Science 2023 · 17 citations — Links a specific receptor mutation to
confirmed amitraz-resistant mites, enabling genotyping-based resistance surveillance.

Amitraz resistance in French Varroa populations — more complex than a single SNP

Marsky et al., Insects 2024 · 12 citations — French field/lab data show amitraz resistance as
patchy "islands," milder than pyrethroid/coumaphos resistance, and not explained by a single
nucleotide polymorphism.

Use of chemical and nonchemical methods for Varroa control and associated winter
losses (US survey)

Haber et al., Journal of Economic Entomology 2019 · 59 citations — Four-year national survey;
varroacide use (especially amitraz) associated with the lowest winter losses, non-chemical-only
with high losses.
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Toxicity of selected acaricides to honey bees and Varroa

Gregorc et al., Insects 2018 · 30 citations — Comparative efficacy of coumaphos, tau-fluvalinate,
amitraz, thymol and hop acids; some actives more toxic to bees than others.

Modelling the impact of Apivar treatment and the influence of resistance

Almecija et al., Pest Management Science 2022 · 5 citations — Treatment in the absence of brood
is optimal; quantifies the efficacy threshold for year-to-year stability and how resistance drives
failure.

Effects of temperature and dose of formic acid on treatment efficacy

Underwood & Currie, Experimental & Applied Acarology 2003 · 35 citations — Defines the
dose–temperature window where formic acid kills mites while sparing bees.

Combined amitraz and thymol treatment for rapid Varroa control

Aurell et al., Journal of Insect Science 2024 · 10 citations — A registered-product combination
controlled mites nearly as fast as off-label amitraz, but needs optimisation to avoid colony
damage.

Voltage-gated chloride channel blocker DIDS as a Varroa acaricide

Vu et al., Pesticide Biochemistry and Physiology 2020 · 8 citations — A new mode of action
effective where pyrethroid/organophosphate acaricides had failed, illustrating the search for novel
targets.

Curated synthesis of representative and most-cited studies — not an exhaustive review. Explore the full evidence
base via search.

https://scrapeworks.net/papers/11_VARROA_mite_biology_control/PMC6023343.pdf
https://doi.org/10.1002/ps.6698
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/10_1023_a_1025892906393.pdf
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/PMC11132131.pdf
https://doi.org/10.1016/j.pestbp.2020.104603
https://scrapeworks.net/search.html?q=acaricide%20resistance%20varroa


Biotechnical & IPM Methods
A grounded synthesis of representative open-access papers on non-chemical and integrated Varroa
control. Every claim is traceable to a cited study; curated overview, not exhaustive.

Overview

Because every acaricide eventually fails to resistance, sustainable Varroa management combines
several methods rather than relying on one — the essence of integrated pest management (IPM).
The goal is to keep mites below damaging thresholds while minimising chemical inputs and the
selection pressure they create (Rosenkranz 2010; Haber 2019).

Key themes

The biotechnical toolbox

Several non-chemical practices exploit the mite's biology. Because Varroa prefers drone brood,
drone-brood trapping and removal physically extracts reproducing mites; screened bottom
boards let dislodged mites fall out of the colony; brood interruption (queen caging) creates a
broodless window in which mites are exposed; and splitting colonies disrupts mite buildup. In a
large US survey of these practices, splitting colonies was associated with the lowest winter losses
among non-chemical methods — though non-chemical methods used alone were associated with
high losses overall (Haber 2019).

Soft chemistry within IPM

IPM does not exclude chemistry; it favours "soft" options that resist resistance. Organic acids and
essential oils (oxalic acid, formic acid, thymol) integrate well with biotechnical timing — for
example treating freshly split, broodless colonies with organic miticides when no capped brood
shelters the mites (Rosenkranz 2010; Gregorc 2018). These options are covered under acaricides
& resistance.

Timing is the multiplier

The recurring principle across methods is exploiting broodless windows. Mites reproducing
under cappings are shielded from contact treatments, so interventions — chemical or biotechnical
— are most effective when brood is absent or has been deliberately interrupted (Rosenkranz
2010; Haber 2019).

Emerging tools

New approaches are extending the toolbox. RNA interference, delivered as double-stranded RNA,
silences Varroa genes and reduces mite populations, and its non-target safety is being actively
assessed (Garbian 2012). Integrating resistant or hygienic stock into the management plan
reduces the mite pressure that other methods must handle (Conlon 2019; Wagoner 2021).

Conclusion

No single non-chemical method controls Varroa reliably on its own; the evidence supports a
layered programme — monitoring-driven, timed to broodless periods, combining biotechnical
methods, soft chemistry on rotation, and resistant stock. This is the practical state of the art for
durable mite management (Haber 2019; Rosenkranz 2010).

Notable studies

Use of chemical and nonchemical methods for Varroa control and associated winter
losses
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Haber et al., Journal of Economic Entomology 2019 · 59 citations — National survey of biotechnical
practices; splitting colonies best among non-chemical methods, but these alone gave high losses.

Integrated pest management control of Varroa destructor

Journal of Insect Science 2021 · 83 citations — Demonstrates combined IPM tactics for the mite.

Bidirectional transfer of RNAi reduces Varroa population

Garbian et al., PLoS Pathogens 2012 · 98 citations — Gene-silencing as an emerging,
sequence-specific control method.

Treating newly split colonies with organic miticides

Journal of Economic Entomology 2025 · 2 citations — Combining colony splitting with soft
chemistry in the broodless window.

Biology and control of Varroa destructor

Rosenkranz et al., Journal of Invertebrate Pathology 2010 · 794 citations — Critical evaluation of
biological and biotechnical control methods.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.
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Breeding Bees for Mite Resistance
A grounded synthesis of the most-cited open-access papers on host resistance to Varroa. Every claim
is traceable to a cited study; curated overview, not exhaustive.

Overview

Chemical control buys time but selects for resistant mites; the durable solution most researchers
point to is a honey bee that survives Varroa without treatment (Rosenkranz 2010). This is not
hypothetical — several naturally surviving and selectively bred populations now persist for years
untreated, demonstrating that Varroa resistance can evolve under natural and artificial selection
(Conlon 2019).

Key themes

Resistance exists — naturally and by selection

Untreated populations that survive long-term (such as isolated and feral stocks) show that host
adaptation is possible, even where early comparisons found candidate "tolerant" stocks no better
than controls (Corrêa-Marques 2002). Across independently evolved resistant populations, a
recurring theme is the inhibition of the mite's reproduction inside the brood — a trait now
linked to specific genes, including an ecdysone-pathway gene that Varroa appears to co-opt to
time its own reproduction (Conlon 2019).

The central behavioural trait: hygiene (VSH)

The best-characterised resistance mechanism is hygienic behaviour — workers detecting,
uncapping and removing mite-infested brood, which interrupts the mite's reproductive cycle.
Varroa-Sensitive Hygiene (VSH) has been selected for over two decades and remains the leading
avenue for breeding resistant stock; differences in olfaction and brood sensitivity underpin it
(Navajas 2008; Wagoner 2021). Grooming behaviour, in which bees dislodge and damage phoretic
mites, is a complementary trait under selection (Wagoner 2021).

Selection tools: from assays to markers

A practical bottleneck is measuring resistance efficiently. A two-hour field assay using
brood-derived semiochemicals can trigger and quantify hygienic response, predicting colony
Varroa resistance far faster than traditional methods (Wagoner 2021). At the genetic level,
marker-assisted selection has been used to accelerate breeding for Varroa resistance, moving the
field from slow phenotypic selection toward genotype-informed programmes (Navajas 2008).

A novel front: RNAi

Beyond classical breeding, gene-silencing offers a new route: double-stranded RNA ingested by
bees is transferred to feeding mites, silencing Varroa genes and reducing the mite population by
over 60% in proof-of-concept work — a conceptually novel, sequence-specific control that could
complement resistant stock (Garbian 2012).

Conclusion

Breeding is the slow but durable answer to Varroa: it does not select for mite resistance the way
acaricides do, and resistant stock integrates naturally with IPM. Its main costs are time and the
risk that resistance traits trade off against productivity or are diluted by open mating — which is
why most operations still pair breeding with monitoring and treatment.

Notable studies
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A gene for resistance to the Varroa mite in honey bee pupae

Conlon et al., Molecular Ecology 2019 · 28 citations — Links an ecdysone-pathway gene to
suppression of mite reproduction in a resistant population.

Hygiene-eliciting brood semiochemicals as a tool for assaying colony resistance

Wagoner et al., Journal of Insect Science 2021 · 9 citations — A rapid assay for hygienic response
that predicts Varroa resistance and winter survival.

Differential gene expression associated with Varroa infection

Navajas et al., BMC Genomics 2008 · 115 citations — Tolerance is linked to behaviour and
olfaction genes rather than immunity alone.

Bidirectional transfer of RNAi between honey bee and Varroa reduces mite population

Garbian et al., PLoS Pathogens 2012 · 98 citations — dsRNA fed to bees silences mite genes and
cuts the Varroa population by >60%.

Natural selection, selective breeding, and the evolution of resistance

Zoological Letters 2020 · 24 citations — Synthesises how Varroa resistance arises through natural
and artificial selection.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.
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Varroa as a Virus Vector
A grounded synthesis of the most-cited open-access papers on Varroa-borne virus transmission. Every
claim is traceable to a cited study; curated overview, not exhaustive.

Overview

The greatest harm Varroa destructor does is not the wound it inflicts but the viruses it spreads.
The mite transformed Deformed Wing Virus (DWV) from an obscure, largely harmless covert
infection into the leading viral driver of honey bee colony losses — a change that tracks the mite's
global spread (Ryabov 2014; Mondet 2014). Phylogenetic analysis shows DWV is a recent,
human-mediated pandemic whose worldwide emergence was driven by Varroa-mediated
transmission and the bee trade (Wilfert 2016).

Key themes

A biological vector, not a dirty needle

Varroa is more than a mechanical carrier: it is a true biological vector in which the virus replicates.
Mites acquire DWV by feeding on infected bees and then inject it directly into the haemolymph of
developing pupae, the most pathogenic possible route, and there is now direct evidence of
bee-pathogenic DWV actively infecting the mites themselves (Ryabov 2014). Because
transmission goes straight into the pupa rather than via the gut, it bypasses the defences that
keep oral infection covert.

Transmission selects for virulence

The route does not just move virus around — it changes the virus. Varroa-mediated (or in-vitro)
transmission selects a near-clonal, virulent DWV variant out of the diverse, benign viral swarm
present in mite-free bees, and this virulent variant then dominates infested colonies (Ryabov
2014). The mite thereby drives the evolution of a more dangerous pathogen, not merely its
spread.

Reshaping the whole viral landscape

DWV is the headline, but the mite restructures the entire community of bee viruses. Tracking
colonies along an expanding Varroa front showed the arrival of the mite shifting the prevalence
and titres of multiple viruses — with DWV titres in bees climbing as mite-borne DWV accumulated,
sustaining the epidemic even as infestation rates later fell (Mondet 2014). The mite's feeding
ecology amplifies this: feeding on many different hosts increases its vectorial capacity
(Rosenkranz 2010; Mondet 2014).

From infection to collapse

The combination of high mite load and high viral titre is what kills colonies. Varroa-virus
interactions are repeatedly implicated as the proximate cause of colony collapse, and DWV's
experimentally demonstrated pathology — deformed wings, shortened lifespan, early death —
provides the mechanism (Ryabov 2014; Rosenkranz 2010).

Conclusion

Controlling Varroa is, in large part, controlling the viruses it carries — which is why mite
management is the single most effective lever against DWV and its relatives. The virus side of this
story is covered in depth on the Deformed Wing Virus page; the control side under acaricides, IPM
and breeding.

Notable studies
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A virulent strain of DWV prevails after Varroa-mediated, or in vitro, transmission

Ryabov et al., PLoS Pathogens 2014 · 250 citations — The key experimental demonstration that
mite transmission selects a virulent DWV variant.

Deformed wing virus is a recent global epidemic driven by Varroa destructor

Wilfert et al., Science 2016 · 320 citations — Phylogeography showing DWV's pandemic was
human- and mite-driven.

Quantitative virus dynamics along a new Varroa expansion front

Mondet et al., PLoS Pathogens 2014 · 169 citations — The mite reshapes the bee viral landscape
as it spreads.

Direct evidence for infection of Varroa destructor with bee-pathogenic DWV

Journal of Virology 2021 · 55 citations — Confirms the virus replicates in the mite, the hallmark of
a biological vector.

Varroa destructor shapes the unique viral landscapes of honey bee populations

PLoS Pathogens 2024 · 6 citations — Recent confirmation that the mite restructures whole virus
communities.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.

https://scrapeworks.net/papers/11_VARROA_mite_biology_control/PMC4072795.pdf
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/10_1126_science_aac9976.pdf
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/PMC4140857.pdf
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/PMC8092827.pdf
https://scrapeworks.net/papers/11_VARROA_mite_biology_control/PMC11221739.pdf
https://scrapeworks.net/search.html?q=varroa%20virus%20DWV

