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Figure 7: Bacterial Growth Based on Dilution Factor

Due to time constraints, we did not get to complete the rest of this sensitivity procedure as
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planned, but we still had developed the overall procedure of how we would complete the rest of

this experiment.

Proposed Experiment

After it had been determined where the color change was occurring within the CERVIS media

tube, we would then take the 1:10" and 1:10° fusobacteria dilutions which were initially pipetted

onto those swabs outside of the hood, and perform DNA miniprep according to Qiagen DNeasy

Miniprep kit (cat. nos. 27104). At that point, we would then perform a qPCR reaction by adding

the normal gPCR components (SYBR Green Master Mix, qPCR grade water) with the forward

and reverse fusobacteria primers (see Appendix B, Section 1 for gPCR experiment methods)
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Therefore, the qPCR machine would amplify the fusobacteria in those dilutions. By plotting the
Ct values generated from the gPCR machine onto the fusobacteria standard curve generated
earlier, it could then be determined how much initial fusobacteria was present in the CERVIS
media where the color change occurred. This would serve as one of the critical numbers that
would be needed in order to generate a percentage to compare to 17% (the percentage of

fusobacteria present on a vaginal swab of a woman with cervical cancer).

4.5.2 Determining Total Bacteria Present on a Vaginal Swab
The second critical number that needed to be obtained was the total amount of bacteria present in

a vaginal swab. To do this, we first needed to collect a vaginal swab.

Obtaining a vaginal swab

Three women from Santa Clara University took gloves and a sterile swab placed in a bag to the
restroom. The swab was removed from the bag using sterilized forceps and the swab was
inserted 1-2 inches into the vagina. After rotating the swab three times inside the vagina, it was
quickly inserted into a dilution blank and the lid was closed. The dilution blank was further taken
to the lab for DNA miniprep.

DNA Miniprep with Tissue Sample

The samples were vortexed for 30 seconds and then prepared according to the protocol for
“cultured cells” in the Qiagen DNeasy Miniprep kit (cat. nos. 27104). The DNA was stored in
the 20 °C freezer until ready for use in quantitative PCR (qPCR).

Proposed gPCR experiment with vaginal swab
While we did have the opportunity to obtain vaginal DNA, we did not get the opportunity to
perform a qPCR experiment with this DNA to determine how much total bacteria was present in

a vaginal swab. However, below is the overall procedure for how we would have done so:
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After the vaginal DNA was obtained, it would be added to SYBR Green Master Mix, and the
forward and reverse universal primers. This would amplify all of the DNA found in the vaginal
DNA. After a normal qPCR test was run (see Appendix B, Section 1 for qPCR procedure), the Ct
values given to us from the amplification plot from the gPCR machine would be plotted on the
universal standard curve. This would further tell us how many total bacteria is on a vaginal swab,

which is the second critical number.

4.5.3 Conclusion of Sensitivity Testing

After determining both the amount of initial fusobacteria necessary for a significant color change
to occur in the CERVIS media and the total amount of bacteria in a vaginal swab, a percentage
could then be generated (dividing the fusobacteria by the total bacteria). This number could then
be compared to 17% of fusobacteria that we would expect to find in the vaginal swab of a
woman with cervical cancer. If the percentage was approximately 17%, we could conclude that
the CERVIS media is sensitive enough and therefore, last year’s prototype has feasible

sensitivity.

Unfortunately, because the amounts of fusobacteria and total bacteria were not able to be
determined, we could not generate a percentage. However, we believe that this procedure would

lead us to draw a conclusion of whether the CERVIS media has feasible sensitivity.
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CHAPTER 5: IMPLEMENTATION MODALITIES

5.1 qPCR as Modality

The original purpose of qPCR experiments was to test the feasibility of the CERVIS media
sensitivity. However, we realized that the gPCR procedure could also be used as a clinical
modality to screen women for cervical cancer if a qPCR machine was accessible. Using the
patient’s vaginal swab, the amount of fusobacteria, and the total amount of bacteria could be
determined and plotted on the standard curves to assess the patient for cervical cancer pathology.
This would allow us to generate a percentage, which we could compare to the 17% to assess
whether the woman likely had cervical cancer or not. Therefore, qPCR in itself could be

considered another minimally-invasive implementation modality along with the CERVIS media.

5.2 Comparison of Modalities
We identified two implementation modalities: the CERVIS Media and qPCR experiments. While
both are potentially applicable in a clinical setting, there are several key differences between the

two. The main points are summarized in a table (Table 3) after the following explanations.

First, the CERVIS media is colorimetric and therefore qualitative, while qPCR 1is a purely
quantitative test. Since the qQPCR modality requires specialized equipment, it would be better
suited for communities with pre-existing access to the technology, while the CERVIS media is
ideal for communities without access. There is also a substantial difference between the wait
time for the results of each modality. The CERVIS media relies on the growth of bacteria and
thus requires three to four days for incubation, while the qPCR will determine results much more
rapidly in only a few hours. Both modalities are potentially low enough cost for LMICs if the

qPCR technology is already available.

While the CERVIS media may be more easily implemented in LMICs, preliminary parameter
results suggest the requirement of incubation technology and extended incubation times. These
characteristics may pose significant barriers to clinical implementation in Uganda. A limitation

of the qPCR modality is the requirement of specialized machinery and its accessories, which
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could contribute to an initial high cost. The qPCR cost decreases as more tests are run, which

could vary individual testing costs.

Additionally, both modalities rely on increased concentrations of fusobacteria in the vaginal
microbiome. Fusobacterium colonization of the vagina has also been associated with preterm
birth and a few other uterine infections, so women with these conditions may not be able to
utilize either procedure. Additionally, there remain some cultural limitations of deployment, such
as lack of education surrounding sexual health and the necessity of a community-wide effort to
empower women to care for their own health. Fortunately, we had two public health partners on
our team that worked this year to bridge this gap of education and women’s health empowerment
through the creation of educational brochures. Despite these constraints, we believe that CERVIS

has promising future directions.

Table 2: Summary of the Comparison of Modalities

CERVIS Media Both qPCR
e Qualitative test e Could be low enough e Quantitative test
. cost for LMICs . .

e Ideal for communities e Requires highly
without access to specific lab
qPCR technology technology

e Results in days e Results in hours
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CHAPTER 6: SPECIFICITY TESTING

In order for the CERVIS media to be considered functional, it needs to be specific to cervical
cancer. This specificity testing is important because the test can be utilized for detecting a
particular disease, rather than generally detecting a bacteria. A goal for CERVIS this year was to
determine an additional bacterial biomarker that is associated with cervical cancer so that the
procedure is more specific. Unfortunately, an extensive literature review has not yet revealed a
promising candidate to increase specificity, so in this section, we will speculate on what criteria

would make an optimal candidate.

This year, CERVIS focused experiments on the sensitivity of the media to detect fusobacteria.
Sensitivity indicates the true positive of a test, or the ability to correctly identify individuals with
the disease. Another indicator of how accurate a test relies on specificity, the ability to correctly
identify individuals without the disease. Highly sensitive and specific tests are the most accurate,

so both must be considered.

6.1 Selection Criteria for Bacteria

One method of increasing specificity would be to identify a second bacteria to be analyzed
alongside fusobacteria. Currently, there exists no conclusive data on other microbiota implicated
in cervical cancer, but we have developed criteria that this such bacteria would fulfill. In order to
be considered for further analysis, the bacteria must be present or capable of being detected in
cancerous vaginal microbiomes. This is in order to enable the vaginal swab to be effective, i.e.
able to pick up this bacteria when the test is administered. The second criterion is that it be
absent or in significantly low quantities in a non-cancerous vaginal microbiome. This is to
enhance the sensitivity of both qPCR and CERVIS media screening procedures, ensuring that
only cancerous vaginal states are detected. Preliminary parameter testing suggests that incubation
at the typical 37°C for over 72 hours is a requirement for fusobacteria, thus any bacteria that
grow at that temperature or below and for that time or shorter is acceptable. Furthermore,

preliminary tests for aerobic tests indicate the possibility of up to 120 seconds of aerobic
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exposure before no growth is seen in a swab, so the bacteria selected would also need to be able

to withstand aerobic exposure for a reasonable amount of time.

In qPCR, specificity can be increased by focusing on exclusivity and inclusivity. Exclusivity
refers to distinguishing the target strain from similar but genetically distinct non-target strains
through highly specific primers for implementation. As mentioned in Chapter 4, primers for the
exact species, Fusobacterium nucleatum, were used to narrow the scope of detected bacteria. The
second method for increasing PCR specificity is inclusivity, or the range of the qPCR used to
detect a wide range of targets with defined relations such as taxonomic, immunological, and
genetic compositions (Kralik and Ricchi, 2017). Probe-based qPCR assays may also confer an
additional level of specificity, because of its ability to multiplex multiple targets, meaning that
two targets are amplified at once. If a secondary or alternative bacteria were to be identified and
associated with cervical cancer, probe-based qPCR can be used to amplify multiple targets in a

single reaction (Thermofisher, 2020).

An additional qPCR application would be to screen for HPV strains 16 and 18 strains 16 and 18
directly due to their strong correlation to cervical cancer. HPV may be present years prior to
cervical cancer development, while fusobacteria is more strongly correlated with later stages of
cervical cancer. Targeting both in qPCR could be a more accurate indicator of significant and

later stages of cancer development.
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CHAPTER 7: CONCLUSION & FUTURE DIRECTIONS

7.1 CERVIS Media Parameters

For the three parameters—time, temperature, and aerobic exposure—we have only preliminary
data, due to our interrupted time in the lab. However, we were able to determine suggested
parameters for our procedure based on our results. Based on these results we found certain
limitations and future directions. One limitation common to all of our parameter tests was limited
lab time. Time allowing, we would have repeated all parameter experiments and would have run

all of our tests in triplicate.

7.2 Preliminary Results for Incubation Time

We concluded that the optimal time range for incubation at 37 °C is between 72 and 98 hours.
While standard incubation times for fusobacteria range from 24-48 hours, when grown in the

CERVIS media, a significant darkening of the media was only observed within the indicated

time range.

7.2.1 Limitations

One of the major limitations of our procedure itself is the extended period of incubation required
to produce a true positive result. Results are not immediately available, which poses an ethical
dilemma because it could potentially cause heightened anxiety while patients wait for results of
the test. This may also require a waiting period for the woman to receive treatment if needed.
This is a shorter duration than a Pap smear, which can take up to 3 weeks to see results, but a
longer wait time than VIA, which can give results almost immediately. Same-day results are
ideal for LMICs, as many women may not have access to a clinic in rural areas and may need to

travel to a city to receive treatment.

In order to continue to improve the procedure, it would be necessary to explore avenues to
decrease fusobacteria growth time. If possible, there would need to be adjustments to the media

in order to promote the growth of bacteria.
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7.3 Preliminary Results for Incubation Temperature

Based on preliminary data testing for incubation at room temperature, 25 °C, standard incubation
temperature (body temperature), 37 °C, and the temperature of an available incubator, 30 °C, we
determined that 37 °C is the preferable incubation temperature. However, we acknowledge that
there would need to be additional trials at temperatures between 30 °C and 37 °C as well as
extended incubation times at lower temperatures such as room temperature to confirm this result.
We also would have conducted testing on the effect of varying temperatures on fusobacteria

growth.

7.3.1 Limitations

A major limitation of the observed incubation temperature preliminary findings is that if there is
limited access to an incubator at 37 °C, then the procedure may not be able to produce a true
positive result. Average temperatures in Uganda are often lower than 37 °C, which would make

incubation at room temperature unlikely according to our current findings.

7.4 Preliminary Results for Aerobic Exposure

Based on preliminary data, we concluded that fusobacteria-containing swabs can be exposed to
air for at least two minutes and still produce a true positive result. This is a reasonable collection
time for a vaginal swab, which indicates that this test could be viable once ready for deployment.
Further exploration into the time period between 120 and 300 seconds is required to establish a

true threshold for when fusobacteria is no longer viable.

7.4.1 Limitations

Another limitation of our experimental design was inconsistency in results between duplicate
tests. Due to the variability of the bacterial suspension, there was no way to tell how much
bacteria was contained in the 20 puL of solution that was pipetted onto the swab. In order for
consistent results to be obtained, the tests must be repeated to ensure that each swab has

fusobacteria on it when placed into the media.



