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ANTIBIOTIC RESISTANCE 
IS A

 PUBLIC HEALTH CRISIS



Photos taken from Wikimedia Commons

agriculture is one of the largest consumers of antibiotics
Lipstitch et al. 2002; Cheng et al. 2014





ANTIBIOTICS IN APICULTURE
• Honeybees are managed livestock!

• Beekeepers use antibiotics to prevent or 
treat colony diseases

• FDA recommended dosage for 
oxytetracycline = 200mg per colony

• Commonly administered by

• Direct dusting

• Dietary supplement in pollen patties

Food and Drug Administration
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ANTIBIOTICS bad for bees?
• Antibiotics negatively affects 

honeybee health (Raymann et al. 2017; 2018; Deng et al. 

2022) 

• Antibiotics negatively affects 

honeybee behavior (Ortiz-Alvarado 2020;2022) , 

notably, thermoregulatory behavior 

(Nguyen & Cook, accepted)

• Antibiotic resistance genes detected in 

gut microbial community (Evans 2003)

• Misuse led to FDA’s Veterinary Feed 

Directive in 2017
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Research informing legislation 
were all done in the lab and 

not in field realistic conditions
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Research informing legislation 
were all done in the lab and 

not in field realistic conditions

Have we possibly over-corrected 
with an all-or-nothing response? (Casewell et al. 2003)



How does prophylactic, 
colony-wide antibiotic 
treatment affect colonies 
in a field-realistic setting?



How does prophylactic, colony-wide 
antibiotic treatment affect colonies?

?

Hypothesis

Prophylactic colony-wide antibiotic 
treatment disrupts colony dynamics

Predictions

Antibiotic treated colonies will…
1) Weigh less
2) Have less resources 
collected
3) Have less offspring reared
4) Have disrupted colony 
thermoregulation
 -Less fanners

Zheng et al. 2017; Raymann et al. 2017; 

Nguyen and Cook, accepted) 



Methodology



Beekeeping terms 101

Deeps

Lid

Supers

Colony Entrance 

+ 

Porch



Methodology – set up & Location

• Oconomowoc, Wisconsin 

• 24 total colonies from Concord 

Farms

• Installed Broodminder temperature 

sensors in 20 colonies
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Methodology - Treatment 
• Colonies given treatment regimen in June 

& September, following FDA instructions

• Antibiotic: 200mg oxytetracycline + 

powdered sugar

• Sugar: Powdered sugar

• Treatment sprinkled at edges of top deep

• Treatment regimen = 3 dosages with 5 

days in-between

Photo by Trevor Bawden



Methodology – Fanning Observations
• Measured ambient temperature & surface 

temperatures (ºC) of different areas of 

porch

• Measured ambient light (lux)

• Observed number of fanners at entrance of 

colony in set areas of porch

• Repeated 3 times per week



Methodology – Hive inspections
• Weighed colonies & 

supers

• Proportion of resources 

on all frames

• Bee coverage

• Offspring

• Pollen

• Honey

• Repeated 2 times per 

month
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How much 
weight did the 
colonies gain?

How much honey 
did the colonies 
produce?

How many fanners 
did the colony have 
during hot days?

Colony weight Super weight Number of fanners

all The data we collected!

How well did 
colonies 
thermoregulate 
their internal 
temperatures?

How much 
resources did 
the colony 
collect/produce?

How did the gut 
microbiome change? 
What about antibiotic 
resistance genes?

Colony temp Hive inspections Whole bee samples



Preliminary Results
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Friedman Test, X2 = 8.17 , p-value = 0.00427
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Antibiotic treated colonies produced more honey

Wilcoxon rank sum test, W = 1245.5, p-value = 0.007828
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Antibiotic treatment colonies had more bees & resources
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Wilcoxon rank sum tests, 

p-value = 0.943



treatment had little effect on fanner output

ns

ns

Wilcoxon rank sum tests, 

p-value = 0.943



Main takeaways

Prophylactic antibiotic 
treatment may protect 

colony health

Prophylactic antibiotic 
treatment may increase 

colony productivity



Future directions

gut microbiome analysis &
 Qpcr for antibiotic resistance genes

Continue to analyze data 
(there’s so much)
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Average Internal colony temperature by treatment
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