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The table displayed above is a rough guide to the most commonly-occurring species of bacteria based on their visual characteristics and basic background / typical 
environment. Variability of School Environment Compared to Target Setting:

Project was tested in a school laboratory environment rather than a rural, low-resource 
community

Both figures  created by Bailey Frank using ZymoBIOMICS

Figure created by Bailey Frank using Canva

My project has the potential to be expanded or changed in many different ways due to 
its adaptability and global scalability:

Figure created by Bailey Frank using Canva

Figure created by Bailey Frank using Canva

  

 Design of eDNA Collection Samplers & Sample Collection

I designed the physical filter 
holders (thin rectangular, 
3D-printed discs) on Shapr3D, 
a CAD platform

Figure created by Bailey Frank using Microsoft ExcelFigure created by Bailey Frank using Microsoft Excel

Average number of indoor colonies ~ 6
*Staphylococcus aureus: Pathogenic, skin or bloodstream infections, pneumonia, etc.
*Staphylococcus epidermidis: Opportunistic pathogen (potential source of infection)

Average number of outdoor colonies ~ 3
*Staphylococcus aureus: Pathogenic, skin or bloodstream infections, pneumonia, etc.
*Staphylococcus epidermidis: Opportunistic pathogen (potential source of infection)

Bailey Quinn Frank

Figure created by Bailey Frank using Microsoft Excel

● Average concentration of 
the outdoor is 1.8 & 3.325 
for the indoor

● 260/230 ratio  is (on 
average) low for  all samples 
( organic compounds)

● 260/280 shows minimal  
protein contamination for 
majority of samples
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Figures below created by ZymoBIOMICS

Figures below created by ZymoBIOMICS

Infrastructure Dependence:
Sequencing was performed externally due to lack of sufficient medical equipment and resources 
in school; mirrors real world deployment model in which rural communities would send samples 
out

Samplers proved efficient and functional at physically collecting 
airborne eDNA from both test environments

Controls:
● All samplers ran for 3 hours
● Brand and size of base fan
● Estimated amount of time 

between collection of data 
and DNA purification

Health surveillance plays a critical role in public health through 
detection and analysis of health-related data, working to identify 
and prevent the spread of disease. The goal and purpose of health 
surveillance is to reduce human mortality and morbidity rates. 

“Limited disease surveillance in remote rural areas is a 
crucial gap in global health security” (Worsley-Tonks, et al., 2022)

Collection: Data: Frequency: Sources: Analysis: Limitations
:

Mostly 
passive, 
routine 
reporting

Diseases, 
tests, 
deaths, 
vaccinations

Weekly, 
monthly, or 
annually

Clinics, labs, 
hospitals, 
community

Identifies 
disease 
trends and 
outbreaks

Underreport
ing, limited 
access, 
delays, 
incomplete

● Low resource communities are at a natural disadvantage due 
to environmental factors:

Figure created by Bailey Frank using Canva

Geography Population Infrastructure

Urban 
prioritized 
over 
resource-
constrained
communities

1.

2. Airborne eDNA collected could be successfully extracted and 
sequenced for bacterial and pathogen identification

3. Environmental conditions influenced eDNA collection, with indoor 
environments yielding higher concentration, purity, diversity, and 
human-associated pathogens

92.94% - 97.4% decrease compared to second surveillance system

I hypothesize that the eDNA sampler will successfully collect environmental DNA 
during a three-hour sampling period and that variables such as filter paper size 
and fan speed will influence DNA concentration, with larger filters and higher fan 
speeds producing higher yields. I also predict that outdoor samples will have 
lower eDNA concentrations than indoor samples due to environmental dispersion. 
Lastly, I expect that my 16S rRNA sequencing results will generally align with the 
bacterial culture findings at the genus, and potentially species, level.

● Current methods & drawbacks of rural health surveillance:

Figure created by Bailey Frank using Canva Images taken by Bailey Frank

● Potential solution: Use of eDNA as a substitute for case 
surveillance data to decrease cost, time, and resources

Figures below created by ZymoBIOMICSFigures below created by ZymoBIOMICS

Cut up the filter 
paper into 
quarters, cut up 
one quarter into 
tiny paper 
fragments

Placed paper 
pieces into tube 
with lysis 
solution and 
bashing beads, 
provided by kit

Put testing tubes 
containing 
samples & beads 
into Vortex Genie 
with Vortex 
Adaptor

Continued 
adding more 
solutions & 
chemicals, 
centrifuging 
after each step 
when needed

Pipetted 
solutions into 
test-tubes, 
transferred 
liquid from one 
tube to 
another, mixed 
samples

NanoDrop 
Spectrophotomet
er : added 1 µ liter 
of each sample at 
a time to test DNA 
Concentration

Mailed off 
samples for 
external 16S rRNA 
Sequencing at 
ZymoBIOMICS

Methodology Nanodrop Concentration Results

16S rRNA Sequencing Results

Figure 1: Alpha diversity 
More variety of species of bacteria within indoor

Figure 2: Taxonomic  Heatmap
More human-associated microbial taxa in 
indoor, & more environmental for outdoor 
samples

Figure 3: Species-Level Composition Barplot Comparing Indoor Samples to the Outdoor 
Sample
Demonstrates differences between the indoor samples  and outdoor sample regarding dominant taxa and  relative abundances

Figure 4: Species Identification
Displays species that account for > 1% of total bar

Figure created by Bailey Frank using Canva

Can an eDNA sampler created from simple and inexpensive parts 
collect sufficient DNA to determine if pathogenic bacteria are 
present?

1. Use of eDNA for Health 
Surveillance in Rural Areas 
(My Experiment):

2. Typhoid Environmental 
Surveillance (Hagedorn, et 
al., 2023)

3. Community Biological 
Sampling in Rural Vietnam 
(Ding, et al., 2015)

Cost: $15.18**$9.64 without 
one-time purchases

$215-$584 $8.63

What Cost DOES NOT 
Account For:

Labor N/A DNA/Molecular Processing, 
Equipment/facilities 

4.

Figure created by Bailey Frank using Canva

● Using the species 
level composition 
barplot, I eliminated 
any species that 
occupied less than 1% 
of their respective bar

● In the context of 
pathogens, I 
identified any 
bacterial species 
highlighted in white 
as “none,” yellow as 
“opportunistic,” and 
red as “highest 
disease relevance”

● Legionella anisa (red): 
linked to Pontiac 
Fever and, in rare 
cases, severe 
pneumonia

● Viral sequencing: Laboratory process of detecting viruses, detects mutations to 
track new strains/ variants of concern, monitors how fast a virus spreads, and 
useful for design of vaccines

● Areas of real-world implementation: Agricultural hubs & farms, remote 
settlements, wastewater and sanitation outflows & drainage channels, etc.

Figure created by Bailey Frank using BioRender & Canva
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