VAGINAL SELF-SWAB DEVICE TO LIMIT CONTACT CONTAMINATION
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Abstract

Sexually transmitted infections (STIs) are estimated to
afflict 1 1n 5 people 1n the U.S., with 70% of those
affected being women [1]. Vaginal self-swab tests can
encourage routine testing and prevent proliferation of
STIs by providing privacy in STI screening and
increasing ease of testing [2]. Current testing methods
can contaminate the testing environment, with one
study finding that 4 out of 6 patients that tested positive
for Chlamydia had actually received false-positive
results due to environmental contamination [3]. As a
result, the goal of this project was to design a vaginal
self-swab to limit contamination and promote testing.

Motivation & Background

Motivation:
e C(Current self-swab designs have 1ssues with

contamination.
o The patient has to transport the swab to a test tube
while ensuring no contact with the environment. |

e Our team’s goal 1s to design a self-swab for STI testing
that minimizes potential environment contamination

within a clinical setting.

Fig. 1:
Background: Aptima
e STIs are under-tested especially in young women Multitest

Swab

o Some barriers include cost, transportation, stigma [4]
o Many STIs are asymptomatic (Chlamydia)

e Long term complications if untreated [2]
o Infertility and pelvic floor disease

e C(Current tests use Nucleic Acid Amplification (PCR)
testing [2]

e Current designs pose a greater risk of false positives [3]

Design Criteria

e Deployment, retraction,
sealing mechanisms (slider non-toxic materials
or plunger), similar to o Non-cotton fiber
tampon or IUD 1nsertion (Dacron) [6]
device

e Head of swab must insert 5
cm into the vagina [5]

e Transport media [2] device (i.e.

o User-fnendl.y polypropylene)

e Overall device length e Budget: $500
under ~17 cm

e Able to manufacture with
3D-printing

e Biocompatible and

o Universal transport
media
o Autoclavable body of

Main design criteria: limiting contamination, ease of use and fabrication,
patient comfort, safety
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Fig. 3:. Final prototype
3D-printed out of pink
PLA

Fig. 2:. Dimensioned drawing of
Final Design

Leak Testing - Liquid added to the device to assess
potential leaking.

e [iquid did not leak through the cap, but all came out at

the bottom of the device.

Clinical Use Testing - A tube was used to model a vagina

and a swab was taken to assess feasibility of clinical use

e Swab picked up dye that was on the interior of the test

tube, indicating a successful swab was achieved.
Ease of Using Testing - A survey was sent to potential
female users to assess 1f the device 1s intuitive to use
(n=12).
e 74 of respondents described device as visually
appealing
e All respondents felt able to perform a self-swab after
reading instructions or after a demonstration
e Over 80% felt the new device would prevent
contamination
e Fecedback included modifying the threading design
Mechanical Strength Testing - Compressive (10, 100,

1000 N) and tensile (25, 50, 75 N) tests conducted on the

body and plunger of the device using SolidWorks.

e Withstood compressive loads greater than 1000 N and

tensile loads greater than 75 N.
e Both experienced significant deformation.
e (reatest Stresses
o Body
m Compressive average of 6.6 MPa
m Tensile average 0.56 MPa
o Plunger
m Compressive average of 72.4 MPa
m Tensile average of 4.85 MPa
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Fig. 9: Stress distribution of plunger at (A) 10 N compressive load (B) 100 N compressive
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Fig. 10: (A) Stress distribution of plunger at (A) 25 N tensile load (B) 50 N tensile load
(C) 75 N tensile load.

e Plunger

o Contains swab holder

o Allows for 6.2 cm of motion
e Body

o Contains threading for cap attachment

o Prevents removal of plunger from device
o (Cap

o Can contain up to 7.7 ml of media

o Has a rim for thin film attachment site

Final Material: Polylactic Acid (PLA)
Cost: ~ $4.50

Weight: 44.84 ¢
Note: PLA was used due to lack of availability of PP at the MakerSpace
and for aesthetic purposes.

y

Fig. 4: Leaking from end of Fig. 5: Clinical use testing and swab after test was
device during leak testing completed.

On a scale of 1-5, how comfortable would you being using this device?
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Fig. 6: Pie chart demonstrating the portions of survey respondents rating their comfortability
using the team’s device.
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Fig. 7: Stress distribution of body at (A) 10 N compressive load (B) 100 N compressive
load (C) 1000 N compressive load.
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Fig. 8: (A) Stress distribution of body at (A) 25 N tensile load (B) 50 N tensile load
(C) 75 N tensile load.

Mechanical Considerations Testing
e Polypropylene (PP) e [ caking indicates a need for an
o Young’s Modulus: 1.3 GPa [7] improved sealing mechanism
o Tensile Strength: 30 MPa [7] o O-ring
o Compressive Strength: ~40 o Twist lock
MPa [8] e Incorporate feedback from survey
e Polylactic Acid (PLA) in future prototype
o Young’s Modulus: 3.5 GPa[9] e Device does not impede the ability
o Tensile Strength: 59 MPa [9] to collect specimens (Fig 5)
o Compressive Strength: ~98 e Device limits contamination as dye
MPa [10] was not picked up by the body
e Both plastics are biocompatible. PP itself (Fig 5)
1s autoclavable while PLA 1s not e Mechanical testing indicates need
[11] for redesign of one-time snap
e Both materials can withstand loads mechanism of the plunger as it is

greater than anticipated and PP will most likely to fail
ultimately be used due to its more
favorable thermal properties

Future Work

e A thin, puncturable film included inside the cap to contain
the transport media

e A more aesthetically pleasing design
o Slimmer body
o Threading on the inside of the body

e A scaling mechanism will be incorporated into the design
o O-ring on the plunger to prevent leaking of transport

media

o Twist-lock mechanism between plunger and body

e A prototype 3D printed out of polypropylene

e Research into mass-production methods to encourage
universal STT testing
o Injection moulding
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