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ABSTRACT

According to CDC influenza estimates, the flu infects ~40 million people and causes 24,000 to 60,000 deaths in the
United States annually. Vaccination can be highly effective but is often a neglected tool for preventing infection. In
this project, three methods were developed to compare an individual’s reported self-history of influenza infection to
the types and amounts of nasal bacteria collected by nasal swab to assess if certain bacteria may correlate with less
history of influenza infection. These three methods quantified species from four genera of bacteria - Staphylococcus,
Micrococcus, Streptococcus and Haemophilus - and compared the amounts of each type of bacteria with participant
survey answers regarding their history of influenza infection. In Method 1, a disk diffusion test with bacitracin distin-
guished isolates of Staphylococcus from Micrococcus. Higher ratios of Staphylococcus to Micrococcus were found in
individuals less susceptible to influenza (p = 0.003). In Method 2, S. pyogenes and S. pneumoniae were distinguished
based on their hemolytic patterns. A higher proportion S. pneumoniae significantly correlated with more history of
influenza (p = 0.002). In Method 3, total numbers of Staphylococcus spp. and H. influenzae were compared. More
frequent H. influenzae significantly correlated with higher influenza frequency (p = 0.006). While all three methods
indicate correlations between specific nasal bacteria and influenza susceptibility, Method 2 was the simplest and least
expensive to perform. Commercialization of one or more of these methods could result in a simple and inexpensive
test to identify at-risk individuals for influenza.

Introduction

The global burden of respiratory infections is very large, with more than 1.5 million deaths each year. Within the
population of the United States alone, there are approximately S00 million respiratory illnesses each year, which costs
the healthcare system $40 billion USD annually. Influenza is one such viral respiratory infection that affects 1 billion
people worldwide every year and causes 300,000-500,000 deaths annually (Reich et al., 2019). Influenza infections
affect most populations but are especially deadly for the very young, elderly, and those with lung disease (Rynda-
Apple et al., 2015). Influenza begins in the upper respiratory tract and then further spreads throughout the body (Chen
etal., 2016). The virus has many strains and sub-strains that mutate and appear each year with the most popular strains
being influenza A and influenza B. Influenza A is zoonotic with the ability to infect both animals and humans. These
characteristics allow it, when passed from animal to human hosts, to mutate quickly and be highly infectious, leading
to large influenza epidemics like avian or swine flu. Meanwhile, influenza B is not able to infect animals and only
survives in human hosts. Due to this characteristic, it is not responsible for larger epidemics (Liu et al., 2015).
Healthy humans have a diverse microflora that generally has a symbiotic and asymptomatic relationship with
their hosts. Perhaps the most well-known of these symbiotic microflora is the gastrointestinal microbiome, a diverse,
thriving community of bacteria that can be strengthened and balanced by the use of probiotics. The popularity of
probiotics is rising each year with one in five Americans taking probiotics and a booming global market worth $15
billion USD annually (Day et al., 2019; Wilkins & Sequoia, 2017). The most common types of over-the-counter
probiotics are dietary supplements contain Lactobacillus, Bifidobacterium, and Saccharomyces species (Wilkins &
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Sequoia, 2017). Within the medical community, there has also been a rise in the popularity of fecal microbiota trans-
plantations as treatment for chronic digestive disorders such as inflammatory bowel disease, irritable bowel syndrome,
and even as treatment for some foodborne allergies. Fecal microbiota transplantations directly introduce a healthy
microbiome to the patient and allows for a rapid and near complete restoration of their digestive microbiome (Zeng et
al., 2019). In addition to the gastrointestinal microbiome, there are known mutualistic symbionts in many compart-
ments of the human body. The most common nasal bacteria of this type include commensal Staphylococcus, Hae-
mophilus influenzae, Micrococcus spp., Streptococcus pneumoniae, and Streptococcus pyogenes. The carriage for
these bacteria is much higher in children and youth when compared to adults because of the close contact environments
—such as daycares, schools, and college dorms— that these age groups experience (Pan et al., 2016). There is evi-
dence that probiotics can be used as preventative therapy for upper respiratory infections due to their ability to aggre-
gate and compete with pathogens for nutrients and space (Popova et al., 2012).

Because of the compromised immune system that occurs during an influenza infection, the risk of secondary
bacterial infections increases, leading to superinfections. Superinfections decrease the efficiency of the macrophages
and neutrophils (white blood cells that help fight infection via a process called phagocytosis) which greatly increases
the severity of the disease. Bacterial superinfection contributed to higher morbidity and mortality during the 2009
influenza pandemic (Rynda-Apple et al., 2015). The combination of influenza and Staphylococcus (most commonly
S. epidermidis or S. aureus) is one example of bacterial superinfection. According to the National Institutes of Health,
staphylococci account for most of the biofilm-based human infections (Paharik & Horswill, 2016). The Staphylococ-
cus genus is a large part of the human microflora, and it usually exists in a peaceful relationship with its host. In most
cases, Staphylococcus is not virulent and does not cause harmful infections (Otto, 2009). One of the most common
staphylococci species, found in 96% of healthy people, is S. epidermidis (Chen et al., 2016). S. epidermidis is a gram-
positive bacterium found typically on the skin and nose and is a part of the coagulase-negative staphylococci. It is a
non-motile and non-spore-forming bacterium that rarely causes infection (Namvar et al., 2014). Another common
member of this genus, Staphylococcus aureus is a gram-positive round-shaped bacterium found in the human respir-
atory tract, nasal cavity, and on the surface of the skin (Otto, 2009). 20% - 30% of the world’s population carry S.
aureus in their noses, where the bacteria colonize in the anterior part of the nose and can cause infections in some
hosts while remaining non-pathogenic in others (Warnke et al., 2014). Colonies of S. epidermidis have also been linked
to significantly reduced amounts of S. aureus colonization which helps to reduce harmful infections in the body by S.
aureus (Chen et al., 2016).

One possible mechanism of microbiome-mediated protection of a host from influenza involves the Staphy-
lococcus Embp biofilm protein. Staphylococcus species easily attach to surfaces and form strong multicellular com-
munities known as biofilms. The formation of a biofilm occurs in three distinct stages: attachment, accumulation
(maturation), and detachment (dispersion) (Biittner et al., 2015; Otto, 2009; Rabin et al., 2015). To properly form a
biofilm, Staphylococcus requires specific proteins and molecules. One example is Embp (extracellular matrix binding
protein), a fibrinogen-binding protein found in 90% of all S. epidermidis strains that is integral for biofilm formation
and function (Linnes et al., 2013). Due to the strong attachments formed in biofilm structures, bacteria can become
resistant to the host’s immune clearing system, meaning that these structures are long lasting formations (Rabin et al.,
2015). Staphylococcus, with the function of Embp, significantly suppresses the infectivity of the influenza virus in
chicken embryos and enhanced survival when the embryos were infected with influenza (Chen et al., 2016). Embp
from Staphylococcus biofilm matrices can filter influenza viruses in human noses and even bind to influenza directly,
indicating the likelihood for a key role in fighting influenza infections (Chen et al., 2016; Linnes et al., 2013).

Staphylococcus species are not the only nasal commensal bacteria to consider when searching for a link
between certain microbiota and a lowered risk of influenza infection. Within the nasal cavity of healthy individuals,
there are also large quantities of Micrococcus (Becker et al., 2015; Cole et al., 1999). Micrococcus is a gram- and
catalase-positive cocci bacteria. They are small non-motile, spherical cells that arrange themselves into clusters or
bunches (Becker et al., 2015). In the case of distinguishing between Staphylococcus and Micrococcus in a culture-
based assay, a disk diffusion test with bacitracin can accurately differentiate between the two genera when grown on
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mannitol salt agar (MSA) (Johnson et al., 1945). Staphylococcus has gained high resistance to bacitracin, while Mi-
crococcus remains highly susceptible. This difference in bacitracin resistance allows a bacitracin disk assay to serve
as an accurate test for distinguishing the genera of these bacteria when collected via nasal swab and grown in culture
(Baker et al., 1986; Falk & Guering, 1983).

Streptococcus is also a common genus found in the human respiratory tract. Asymptomatic colonization
occurs in approximately 5% to 20% of healthy individuals (Patterson, 1996). Streptococci are Gram-positive, non-
motile, non-spore-forming, catalase-negative cocci that can be divided into three types based on hemolysis patterns
on blood agar. In this study, we observed two distinct hemolytic types of streptococci, a-hemolytic (incomplete, green
hemolysis) and B-hemolytic (clear, complete lysis of red cells). S. pneumoniae is the most common a-hemolytic strep-
tococcus found in the respiratory tract flora (Patterson, 1996). This type of bacteria commonly colonizes the naso-
pharynx in biofilms (Marks et al., 2014). On the other hand, S. pyogenes is the most common $-hemolytic streptococ-
cus in the nasopharynx of humans, but is even more commonly found on human skin. Both of these Streptococcus
species are capable of causing severe infections, but can also persist asymptomatically as part of the typical human
nasal microbiome (Marks et al., 2014). Selective Strep agar can be used to select for and differentiate S. pyogenes and
S. pneumoniae species from nasal swabs.

Haemophilus influenzae is another bacterium commonly found in the human nasal cavity and respiratory
tract (Haemophilus influenzae, CDC.gov, 2018). H. influenzae is a non-motile, anaerobic, Gram-negative coccobacil-
lus, and is only prevalent in humans (Agrawal & Murphy, 2011). Many types of H. influenzae appear to be predomi-
nantly asymptomatic and non-threatening while they reside in the human throat and nasal cavity. This bacterium,
although generally commensal, can also cause respiratory illnesses like pneumonia (Haemophilus influenzae,
CDC.gov, 2018). H. influenzae can sometimes form dangerous superinfections with S. aureus and S. pneumoniae.
Such bacterial combinations have the ability to cause bacterial meningitis, which can be lethal (Rynda-Apple et al.,
2015). Chocolate agar with bacitracin can be used to selectively culture H. influenzae while inhibiting the growth of
other bacteria.

A study of these common nasal bacteria from nasal swabs of individuals with and without a previous history
of influenza infection could create more effective methods for predicting an individual’s susceptibility to influenza,
allowing better identification of individuals at higher risk of contracting influenza, especially from otherwise healthy
populations. The connections this project observed between influenza and nasal bacteria like Staphylococcus species,
Micrococcus species, H. influenzae, S. pyogenes, and S. pneumoniae could potentially save lives across the globe by
identifying people at higher risk for contracting influenza based on their unique nasal microbiome composition. To
evaluate these relationships, this study developed and validated three methods of quantifying specific types of nasal
bacteria and their correlation to previous influenza infection history in a study population of healthy high school
students. Method 1 uses zones of inhibition found via a disk diffusion test with bacitracin on mannitol salt agar to
distinguish Staphylococcus species from Micrococcus species to determine if a correlation exists between susceptibil-
ity and the frequency of these two genera collected from nasal swabs. Method 2 uses a type of blood agar called
Selective Strep agar to determine if a correlation exists between influenza susceptibility and the frequency of S. py-
ogenes and S. pneumoniae, identified by their hemolytic patterns, collected from nasal swabs. Method 3 uses Selective
Strep agar and Chocolate agar to determine if a correlation exists between susceptibility and the frequency of total
Streptococcus species to H. influenzae. Each method was also assessed for cost, as well as effectiveness. Influenza
vaccination history was also collected from participants to compare vaccination rates in this group with influenza
outcomes.

Methods

Study Setting:
This study was conducted in a BSL-2 laboratory at the Arkansas School for Mathematics, Sciences and the Arts
(ASMSA) from March 2019 through January 2020. It was a survey and laboratory-based study that involved
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commercial samples of Staphylococcus epidermidis and Micrococcus luteus, as well as multiple sample isolates of
these genera along with Haemophilus influenzae, Streptococcus pyogenes, and Streptococcus pneumoniae obtained
via selective and differential agar from participant nasal cavities.

Inclusion/Exclusion Criteria:

The inclusion factors in this study were sex (to create an equal and representative sample with males and females) and
previous history of influenza infection (to have a sample population with roughly equal frequencies of past influenza
infection and no history of past influenza infection). Age was an exclusion factor, with only students between the ages
of 15 and 18 from ASMSA allowed to participate.

Participants:

The participants in this study were all students from the ASMSA school population whose ages ranged from 15 and
18 years old, were of diverse races/ethnicities, and of both sexes. An email was sent to the entire ASMSA student
population to recruit participants. The email included a summary of the study and what would be required if they
wished to participate. Students then responded to the email if they wished to participate. Those who responded were
contacted and required to read and sign an informed consent form that explained their role and rights in the project.
Parental consent was also required for any student under the age of 18. The students were allowed to withdraw from
the study at any time. The faculty mentor of this study collected the consent forms and stored them in a secure location.
A unique identification number generated by the faculty mentor was given to each individual once the informed con-
sent form was signed. Participants then completed a Google survey that included questions about race/ethnicity, sex,
age, the frequency of influenza infection, and how many times in the past each participant had received the influenza
vaccine. The student researchers did not know which ID number was assigned to each participant, so surveys were
anonymized. The participants were placed into two groups (identified only by their anonymous ID numbers) based on
survey responses: previous influenza infection history and no previous influenza infection history. Once they had
received their anonymous identification number, students in both groups were instructed to visit a licensed medical
professional (the school nurse) to have their noses swabbed. The participants came to the nurse’s office at a time of
their choosing for 15 minutes on one day to complete the nasal swab procedure.

Nasal Swabbing Process:

Each participant reported anonymously to the nurse’s office for a nasopharynx swabbing. The nurse used a sterile, dry
swab purchased from Flinn Scientific (https://www.flinnsci.com) to circulate each nasal cavity with light pressure.
These swabs were placed in the original sterile packaging, sealed, and labeled with the individual's corresponding
unique identification number, which was unknown to the student researchers to give participants anonymity. These
sealed anonymous swab packages were placed into a collection box and collected at the end of the day by the student
researchers.

Agar Preparation and Storage:
The agar types used within this study consisted of Mannitol Salt Agar (MSA), Selective Strep agar, and Chocolate

agar with bacitracin. The MSA was ordered online from Carolina Biological Supply (https://www.carolina.com) and
the Selective Strep agar and Chocolate agar with bacitracin were ordered online from Hardy Diagnostics
(https://hardydiagnostics.com). Multiple 125mL bottles of ready-to-use MSA were purchased, heated via boiling wa-
ter, and poured into small (diameter = 47 mm) petri dishes, purchased from Fisher Scientific
(https://www fishersci.com), with approximately 12 mL of Mannitol Salt Agar per poured plate. Each plate was cov-

ered to prevent contamination and left at room temperature to solidify after pouring. There were approximately 230
MSA plates used in this study to test isolates individually to distinguish them as a species of Staphylococcus or Mi-
crococcus. There were 40 Chocolate agar with bacitracin and 40 Selective Strep agar plates used in this study, one of
each type per 38 study participants, plus two of each type for negative controls, since all recovered isolates from one

ISSN: 2167-1907 www.JSR.org 4


https://www.flinnsci.com/
https://www.carolina.com/
https://hardydiagnostics.com/
https://www.fishersci.com/

HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 10 Issue 2 (2021)

study participant could be identified on one plate. The Selective Strep agar plates and Chocolate agar with bacitracin
plates were ordered as pre-poured, ready to use media plates (diameter = 100 mm) and required no preparation before
use. All plates were stored in the refrigerator at 4 °C to prevent their dehydration prior to use.

Precursor Procedures:

Student researchers wore sterile nitrile gloves during all procedures with bacteria. The lab bench work surface was
sanitized with 70% ethanol prior to work. Sterile (aseptic) technique, taught to the student researchers by their advisor,
was used throughout the procedures. One of each plate (MSA, Selective Strep agar, and Chocolate agar with bacitra-
cin) was removed from the refrigerator and labeled with the date and the identification number corresponding to the
nasal swab to be tested. In addition to these plates, two autoclaved and sterilized microcentrifuge tubes were labeled
with the identification number. One microcentrifuge tube was filled with 1,000 ul of sterile water, and the other mi-
crocentrifuge tube was filled with 1,242 pl of sterile water using calibrated micropipettes and sterile pipette tips. The
nasal swab was placed into the microcentrifuge tube containing 1,000 pl of sterile water and the swab stem was cut,
via sterilized scissors, to fit into the container with a closed lid. The tube was gently vortexed on low speed for 30
seconds to resuspend the nasal bacteria within the sterile water. Then, 138 ul of the resuspended solution containing
nasal bacteria was pipetted into the second microcentrifuge tube containing 1,242 pl of sterile water, resulting in 1,380
total ul at a 1:10 dilution from the original, to facilitate easier counting of eventual CFU on plates, which could have
grown in lawns if plated without first diluting. This 1:10 dilution tube was gently vortexed on low speed for 30 seconds
to thoroughly mix the solution of bacteria. From this second tube containing the 1:10 dilution nasal bacteria suspen-
sion, 250 pl of the solution was plated onto a labeled MSA plate, 550 pl was plated onto a labeled Selective Strep agar
plate, and 550 pl was plated onto a labeled Chocolate agar with bacitracin plate. The amount of nasal bacteria suspen-
sion plated on the MSA and other two agar varieties was different due to the size difference between these two plate
types (diameters of 47 mm for MSA and 100 mm for the other two media types). Using different amounts of solution
per differently-sized plates allowed approximately the same amount of the nasal bacteria suspension to be pipetted per
square millimeter of agar. Once the nasal bacteria suspension was pipetted onto a plate, it was swirled in a circular
motion and a sterile loop purchased from Carolina Biological Supply (https://www.carolina.com) was used to evenly

distribute the prepared bacterial solution to completely cover the agar surface. The plates were incubated at 37°C for
24-48 hours. Following each nasal swab’s use, it was placed into a beaker of bleach for 20 minutes and then transferred
into a trash can.

Method 1 — Assessing Micrococcus and Staphylococcus:

After the incubation described above in the precursor procedures, the bacterial growth on each MSA plate was rec-
orded by counting the number of colonies grown and recording the result as colony forming units (CFU). From this
initial MSA plate, 3-5 random colonies were chosen per study participant and, using a sterile loop, inoculated onto
their own individually labeled MSA plates. In the center of each inoculated plate, a 10-unit bacitracin antibiotic disk
was placed using sterile forceps. These plates were incubated at 37°C for another 24-48 hours. After the incubation
period, the zone of inhibition on each plate was measured in millimeters with a ruler and recorded. Zones of inhibition
allowed for distinction of each isolate as Staphylococcus or Micrococcus. Micrococcus is denoted by a zone of inhi-
bition >25mm and Staphylococcus is denoted by a zone of inhibition of < 25mm. After photographing each plate, all
plates were autoclaved at 121 °C for 30 minutes before disposal. Autoclaving was conducted by the adult research
mentor.

Method 2 — Assessing S. pneumoniae and S. pyogenes:

After the incubation described above in the precursor procedures, the bacterial growth on each Selective Strep agar
plate was recorded by counting the total number of CFU present. Colonies from the Selective Strep agar were identi-
fied as a-hemolytic S. pneumoniae if there was no hemolytic zone (no halo), or f-hemolytic S. pyogenes if there was
a large hemolytic zone (halo). Unlike Method 1, no isolates were taken from the Selective Strep agar to be cultured
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separately for further study because this agar is selective and possesses the ability to distinguish between different
bacteria types grown on the same plate. After photographing each plate, all plates were autoclaved at 121 °C for 30
minutes before disposal. Autoclaving was conducted by the adult research mentor.

Method 3 — Assessing Streptococcus spp. and H. influenzae:

After the incubation described above in the precursor procedures, the bacterial growth of each Chocolate agar with
bacitracin plate was recorded by counting the number CFU present to give the number of H. influenzae cultured from
each swab. Unlike Method 1, no isolates were taken from the Chocolate agar with bacitracin to be cultured separately
for further study because this agar is selective and possesses the ability to select for only the desired bacteria. After
photographing each plate, all plates were autoclaved at 121 °C for 30 minutes before disposal. Autoclaving was con-
ducted by the adult research mentor. Method 3 combined these CFU numbers for H. influenzae and the total number
of CFU recorded per participant in Method 2, without distinguishing between species of Streptococcus based on he-
molytic zones.

Controls:

The positive controls for the MSA agar were live bacterial samples of Staphylococcus epidermidis and Micrococcus
luteus purchased from Carolina Biological Supply (https://www.carolina.com). These live cultures were each swabbed
onto separate MSA plates via a sterile loop and sealed, labeled, and incubated at 37°C for 24 - 48 hours. They were

then used to confirm the expected zone of inhibition sizes previously reported in the literature to confirm that the
bacitracin assay on MSA was a sound way to distinguish between these two genera.

The Selective Strep agar and Chocolate agar with bacitracin plates were created to be both selective and
differential in growing the target bacteria. The company guaranteed the agars’ ability to select and differentiate based
on their behavior in multiple control experiments. In addition to that, the colonies that grew on these plates in this
study matched the phenotypic descriptions expected for the bacteria these plates were designed to select.

The negative controls in all culture experiments were separate Petri dishes filled with the three respective
agars with no bacteria plated. Each plate was inoculated with sterile water without bacteria, sealed, labeled, and incu-
bated at 37°C for 24 - 48 hours alongside the experimental plates prepared at the same time. The purpose of these
negative control plates was to ensure no CFU grew and that the water and tools used (loops, pipette tips, etc.) were
indeed sterile.

Statistical Analysis:

In Method 1, a 2 x 2 Chi-Square Analysis (https://www.socscistatistics.com/tests/chisquare2/default2.aspx) compared
the amounts of Staphylococcus and Micrococcus isolates observed in the two groups (previous history of influenza
infection and no previous history of influenza infection). In this method, the null hypothesis was that the CFU would
not differ significantly between the two groups. In this analysis, a p-value of p < 0.05 indicated a statistically signifi-
cant difference between the groups.

In Method 2, a 2 x 2 Chi-Square Analysis compared the CFU of both S. pyogenes and S. pneumoniae in the
previous influenza illness and no previous influenza categories, with the null hypothesis being that the CFU would
not differ significantly between the two groups. In this analysis, a p-value of p < 0.05 indicated a statistically signifi-
cant difference between the CFU of the two bacteria species.

In Method 3, a Chi-Square Analysis compared the total CFU of Staphylococcus spp. and H. influenzae in the
previous influenza illness and no previous influenza categories, with the null hypothesis being that the amounts would
not differ significantly between the two groups. In this analysis, a p-value of p < 0.05 indicated a statistically signifi-
cant difference between the CFU of the two bacteria species.

To examine the most complete picture of the nasal microbiome composition possible in this study, a separate
4 x 2 Chi-Square Analysis was conducted comparing the CFU of all Staphylococcus/Micrococcus CFU (including the
hundreds that could not be tested with bacitracin to distinguish their specific genus due to cost limitations), S.
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pyogenes, S. pneumoniae, and H. influenzae from each of the previous influenza history groups in a single analysis.
The null hypothesis was that the CFU observed would not differ significantly between the two groups. In this analysis,
a p-value of p < 0.05 indicated a statistically significant difference between the groups.

Results

Comparison of Different Types of Nasal Bacteria Using Selective Media

Three types of selective and differential agar-based media were used in this study: mannitol salt agar (MSA), Choco-
late agar with bacitracin, and Selective Strep agar (Figure 1). Each of these media are uniquely selective and differ-
ential when compared to one another; MSA selects for Staphylococcus and Micrococcus (Figure 1a, 1b), which can
be further distinguished from each other by the introduction of a bacitracin disk (Figure 2), Chocolate agar with
bacitracin selects for H. influenzae (Figure 1c, 1d), and Selective Strep agar selects for S. pyogenes and S. pneumonia
(Figure 1e, 1f), which can be further distinguished from each other by hemolytic patterns (Figure 3).

Chocolate Selective Strep

-]
=
@)
=
o
==

Low CFU

Figure 1. Representative images of bacterial growth on respective media types, measured in CFU, with example
images of CFU numbers either in the top 10% (a, ¢, e) or bottom 10% (b, d, f) of samples to demonstrate the variable
amounts of growth between nasal samples from different individuals. Three different types of selective and differential
agar were used in this study: mannitol salt agar (MSA) (a, b), chocolate agar with bacitracin (c, d), and selective Strep
agar (e, f).

On MSA agar, 10-unit bacitracin disks were used to distinguish between Staphylococcus and Micrococcus based on
their differing susceptibilities to this antibiotic (Figure 2). Micrococcus colonies demonstrate a zone of inhibition >
25 mm while Staphylococcus colonies demonstrate a zone of inhibition < 25 mm. These published values (Baker et
al., 1986; Falk & Guering, 1983) were directly confirmed in this study by using commercially-available isolates of
Micrococcus luteus and Staphylococcus epidermidis. Therefore, all isolates in this study with a zone of inhibition >
25 mm were classified as Micrococcus and all isolates < 25 mm were classified as Staphylococcus.
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Figure 2. Example images of Staphylococcus and Micrococcus differences in bacitracin susceptibility. (a) Zones of
inhibition >25 mm were classified as Micrococcus. (b) Zones of inhibition <25 mm were classified as Staphylococcus.

Selective Strep agar isolates for two unique species of Streptococcus: S. pneumoniae and S. pyogenes. This differen-
tiation between these bacteria is determined through investigation of alpha (c) and beta () hemolytic patterns when
grown on Selective Strep agar (Figure 3).

[ S. pyogenes J

‘ S. pneumoniae ’

Figure 3. Representative images of hemolysis on Selective Strep agar. (A) S. pneumoniae colonies present without a
halo, indicating a-hemolysis. (B) S. pyogenes colonies present with large halos, indicating f-hemolysis.

Using these three types of agar (Figure 1), the total CFU for Staphylococcus and Micrococcus species, S. pyogenes,
S. pneumoniae, and H. influenzae collected from the test population were counted (Table 1). The frequencies and
ratios of these bacteria were compared in the differing influenza history categories of Previous Influenza and No
Previous Influenza by Chi-Square Analysis (p < 0.00001), which demonstrated that the overall nasal flora correlates
with influenza susceptibility. In terms of raw CFU counts, individuals who had self-reported zero previous influenza
diagnoses had less CFU in the Staphylococcus and Micrococcus category, the S. pneumoniae category, and the H.
influenzae category, and more CFU in the S. pyogenes category. The overall ratios also appear different, with bacteria
in the Staphylococcus and Micrococcus category being overwhelmingly more dominant (70%) in those with a history
of influenza infection than those participants with no previous influenza diagnosis, who had more Streptococcus com-
bined (52%) than Micrococcus and Staphylococcus (37%) (Figure 4).

Table 1. Nasal microbiota identified in groups with differing influenza infection histories

Bacteria Type Previous Influenza (n=21) No Previous Influenza (n=17)
Staphylococcus/Micrococcus 536 82
S. pyogenes 48 54
S. pneumoniae 115 60
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H. influenzae 71 24
Chi-Square statistic: 99.60 p < 0.00001

Table 1. The average CFU of these bacteria, rounded to the nearest whole number, per participant in the “previous
influenza” group and the “no previous influenza” group, as self-reported by participants. This indicates that levels of
these types of bacteria in a nasal microbiome correlate with frequency of influenza illness. These CFU were plated
from a 1:10 dilution, so the original number of bacteria recovered from the nasal swabs is estimated to be 10x higher.
Zero CFU grew on negative control plates (not shown), indicating success in following sterile procedure.

Microbiota In Previous Flu History Group Microbiota In No Previous Flu History Group

=] Stqphylacoccus/ O Staphylococcus/
Micrococcus (70%) Microcoecus (37%)
OS. pyogenes (6%) mS. pyogenes (25%)

0S. pneumoniae (15%) 0. preumoniae (27%)

O H. influenzae (9%)

4a 4b

OH. influenzae (11%)

Figure 4. The ratios of the total microbiota, measured as CFU, found in the nasal cavities of those with (a) previous
history of influenza and (b) with no previous diagnosis of influenza determined through selective differential agar.

Test to Predict Susceptibility to Influenza Infection: Method 1

Method 1 analyzed the ratios of Staphylococcus and Micrococcus found in the human nasal cavity. The isolates, based
on their bacitracin susceptibility, were categorized as Staphylococcus or Micrococcus for each of the influenza history
categories. Once these values were determined and categorized, a Chi-Square Analysis was performed (Table 2).
When the frequencies for each genus were compared, individuals without any history of influenza had more Staphy-
lococcus and less Micrococcus than individuals with a previous flu history (Figure 5), supporting the previous asser-
tion in the literature that Staphylococcus may protect against influenza (Chen et al., 2016).

Table 2. Micrococcus and Staphylococcus levels correlate with influenza susceptibility

Bacteria Type Previous Influenza (n=21) No Previous Influenza (n=17)
Staphylococcus 51 53
Micrococcus 39 14
Chi-Square statistic: 8.64 p =0.003

Table 2. A Chi-Square Analysis was conducted on the values above, resulting in a significant p-value (p = 0.003)
when comparing number of Staphylococcus and Micrococcus CFU from the previous history of influenza and no
previous history of influenza categories, respectively, indicating a correlation of these bacterial types with frequency
of influenza illness. There were 90 isolates tested in the previous history of influenza group (out of >11,000 CFU
counted) and 67 isolates tested in the no previous history of influenza group (out of >1,000 CFU counted). These were
plated from a 1:10 dilution, so the original number of bacteria recovered from the swabs is estimated to be 10x higher.
Zero CFU grew on negative control plates (not shown), indicating success in following sterile procedure.
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Nasal Staphylococcus vs. Micrococcus in Nasal Staphylococcus vs. Micrococcus
Previous Flu History Group in No Flu History Group
m Staphylococcus Micrococcus m Staphylococcus Micrococcus

Sa 5b

Figure 5. The ratios Micrococcus and Staphylococcus were determined by the disk diffusion test with bacitracin.
These ratios were compared for those (a) with previous history of influenza and (b) with no previous diagnosis of

influenza.

Test to Predict Susceptibility to Influenza Infection: Method 2

Method 2 analyzed the ratios of S. pyogenes and S. pneumoniae found in the human nasal cavity. Based upon the
presence or absence of a hemolytic halo, the isolates were determined to be either S. pyogenes or S. pneumoniae for
each of the influenza history categories, and a Chi-Square Analysis indicated a significant difference in their numbers
between influenza history groups (Table 3). In terms of ratios, there was markedly less S. pyogenes than S. pneumoniae
found in individuals with a previous influenza diagnosis, while the ratio was more even in individuals with no previous
history of influenza (Figure 6).

Table 3. S. pyogenes and S. pneumoniae levels correlate with influenza susceptibility

Bacteria Type Previous Influenza (n=21) No Previous Influenza (n=17)
S. pyogenes 48 54
S. pneumoniae 115 60
Chi-square statistic: 9.26 p =0.002

Table 3. A Chi-Square Analysis was conducted on the values above, resulting in a significant p-value (p = 0.002)
when comparing the average number of S. pyogenes and S. pneumoniae CFU per participant from the previous influ-
enza and no previous influenza categories, respectively. This indicates that levels of these types of bacteria in a nasal
microbiome correlate with frequency of influenza illness. These CFU were plated from a 1:10 dilution, so the original
number of bacteria recovered from the nasal swabs is estimated to be 10x higher. Zero CFU grew on negative control
plates (not shown), indicating success in following sterile procedure.

Streptococcus pyogenes vs. pneumoniae in Streptococcus pyogenes vs. pneumoniae in
Previous Flu History Group No Flu History Group
S. pyogenes W S. pneumoniae S. pyogenes W S. pneumoniae

6a 6b
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Figure 6. Ratios of S. pyogenes and S. pneumonia were determined by observations of hemolysis on Selective Strep
media. These ratios were compared for those (a) with previous diagnosis of influenza and (b) with no previous diag-
nosis of influenza.

Test to Predict Susceptibility to Influenza Infection: Method 3

Method 3 analyzed the ratios of Streptococcus spp. and H. influenzae found in the human nasal cavity based on CFU
counted on Selective Strep agar and Chocolate agar with bacitracin. A Chi-Square Analysis indicated a significant
difference in their numbers between influenza history groups (Table 4). When the frequencies for each type of bacteria
were compared, individuals who did not have any history of influenza diagnosis had more Strepfococcus spp. and less
H. influenzae than individuals with a previous history of influenza diagnosis (Figure 7).

Table 4. Streptococcus and H. influenzae levels correlate with influenza susceptibility

Bacteria Type Previous Influenza (n=21) No Previous Influenza (n=17)
Streptococcus spp. 163 114
H. influenzae 71 24
Chi-Square statistic: 7.66 p = 0.006

Table 4. A Chi-Square Analysis was conducted on the values above that yielded a statistically significant p-value (p
=0.006) when comparing number of average CFU per participant from the Selective Strep agar plates (which isolates
Streptococcus species) and Chocolate agar plates (which isolates H. influenzae) in the previous influenza and no pre-
vious influenza categories, respectively. This indicates that levels of these types of bacteria in a nasal microbiome
correlate with frequency of influenza illness. These CFU were plated from a 1:10 dilution, so the original number of
bacteria recovered from the nasal swabs is estimated to be 10x higher. Zero CFU grew on negative control plates (not
shown), indicating success in following sterile procedure.

Streptococcus spp. & H. influenzae CFU in Streptococcus spp. & H. influenzae CFU in No

Previous Flu History Group Flu History Group
u Streptococcus spp. H. influenzae m Strepfococcus spp. H. influenzae

Ta 7b

Figure 7. Ratios of Streptococcus spp. and H. influenzae were determined by counting total CFU on the Selective

Strep agar and Chocolate agar plates and were compared in groups (a) with previous history of influenza and (b) with
no previous diagnosis of influenza.

Comparing Vaccination Participation to History of Influenza Infection

The survey sent out to participants in this study also inquired about influenza vaccination history as well as previous
history of influenza infection. Participants were divided into four groups based on their survey answers: (1) high
vaccination and previous influenza, (2) high vaccination and no previous influenza, (3) low vaccination and previous
influenza, and (4) low vaccination and no previous influenza. The members of this study were then placed into their
respective groups and a Chi-Square Analysis was conducted (Table 5). The p-value for this analysis was not signifi-
cant (p = 0.415), indicating that students receiving 8 or more flu shots in their lives did not have lower influenza
infection rates than those receiving 7 or fewer flu shots. Similar Chi-Square Analyses using different cut-offs for “high
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vaccine” and “low vaccine” (for example, considering “high vaccine” 10+ and “low vaccine” 9 or less; or alternatively,
considering any flu vaccination “high vaccine” and limiting “low vaccine” to only those participants who had never
been vaccinated) had similar results, all with p > 0.05 (analyses not shown).

Table 5. Vaccination status is not predictive of influenza susceptibility

Vaccine History Previous Influenza (n=21) No Previous Influenza (n=17)
High Vaccine (8+) 15 10
Low Vaccine (0-7) 6 7
Chi-Square statistic: 0.66 p=0.415

Table 5. In the study population, rate of influenza vaccination did not correlate with history of influenza contraction
according to a Chi-Square Analysis (p = 0.415).

In looking at more differentiated rates of vaccine participation, the number of participants with and without previous
influenza history was generally comparable amongst those who had received 0 to 3 flu shots, 4 to 7 flu shots, 8 to 9
flu shots, or 10 or more flu shots in their lifetimes, with perhaps even a higher number of flu shots in those with a
previous flu history (Figure 8). When compared to the previous comparisons showing significant differences in nasal
microbiome composition between influenza history groups (Tables 1, 2, and 4), this would appear to indicate that
one’s nasal microbiome may have a greater effect on his or her influenza susceptibility than even vaccination history,
at least in this limited study population, an interesting outcome given the wealth of evidence supporting vaccination
for influenza control.

Vaccine Frequency and Influenza History

_
o © b

S5 T N

Oto3 4to7 8to9 10+

Number of Participants

=

®m Previous Flu No Previous Flu

Figure 8. This representation of the data shows further distinction in rates of vaccine participation, with past influenza
history similar amongst those who reported O to 3,4 to 7, 8 to 9, or 210 (10+) influenza vaccinations in their life time.

Discussion and Implications

The goal of this study was to determine if differences in nasal microbiome exist between individuals with different
histories of influenza infection, specifically between those participants who had been diagnosed with influenza by a
medical professional at some point in their lives and those who had not. The particular targets of interest among the
nasal microbiota, including species of Micrococcus, Staphylococcus, Streptococcus, and Haemophilus, differed in
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their respective numbers and ratios between the two groups of participants (p < 0.00001) (Table 1, Figure 4), with
bacteria in the Micrococcus and Staphylococcus category present in lower proportions and the two species of Strep-
tococcus present in higher proportions from nasal swabs of those participants who had never been diagnosed with
influenza.

This study developed and assessed three separate methods as potential tools to identify an individual’s sus-
ceptibility to influenza based on their nasal microbiome composition. Each method involved using basic laboratory
skills and supplies, but all are efficient and simple to complete with similar time requirements, except Method 1, which
has an added step and an extra incubation period. In Method 1, ratios of Staphylococcus and Micrococcus were com-
pared, in the two influenza history categories, and a significant correlation between these bacterial ratios and a partic-
ipant’s history of influenza infection was found (p = 0.003) (Table 2). Specifically, a higher ratio of Staphylococcus
to Micrococcus was found in those without previous influenza history (Figure 5) supporting the hypothesis that
stronger colonization of Staphylococcus (at least relative to Micrococcus) may be beneficial in lowering influenza
susceptibility, as suggested by others (Chen et al., 2016). Method 1 was a test comprised of multiple plates of one agar
type (MSA), bacitracin antibiotic disks, and the supplied nasal swab. These supplies, in addition to basic laboratory
supplies like ethanol, gloves, etc., cost $5.76 per nasal swab. This cost would increase further if more than the 3 to 5
isolates per person used in this study were tested with bacitracin disks.

Method 2 compared the total CFU for two species of Streptococcus, specifically S. pyogenes and S. pneumo-
nia, in both the previous and no previous influenza groups and found that there is a significant difference (p = 0.002)
(Table 3). Specifically, S. pneumoniae was observed more than twice as often as S. pyogenes in the participants
reporting previous influenza diagnoses, while the ratio was more even between the two streptococcal species in those
with no previous history of influenza infection (Figure 6), suggesting that an imbalance in these particular species
could impact influenza susceptibility. Method 2 involved one Selective Strep agar plate, basic laboratory supplies, and
the provided nasal swab. These combined costs come to $1.89 per nasal swab. This is the least expensive method,
because it uses the least supplies, requiring only one agar plate, one loop, etc.

Method 3 counted total CFU on chocolate agar with bacitracin plates, which select for H. influenzae, and the
total CFU, including the combined numbers of Streptococcus pyogenes and Streptococcus pneumoniae, grown on
Selective Strep agar. The ratios of these bacterial species were compared in the two different influenza history cate-
gories and differed significantly (p = 0.006) (Table 4) with more Streptococcus spp. and less H. influenzae in indi-
viduals with no history of influenza diagnosis (Figure 7). This echoed the analysis of the overall nasal microbiome
composition where total Streptococcus ratios increased (Figure 4) and total numbers of H. influenzae decreased (Table
1). Method 3 involved one Selective Strep agar plate, one Chocolate agar with bacitracin plate, the nasal swab provided
and basic laboratory supplies. This test cost $4.04 per nasal swab.

In summary, each of these three methods could be useful in assessing an individual’s nasal microbiome and
predicting their relative susceptibility to contracting influenza. If one wanted to choose one particular method, Method
2 has the lowest cost and is also the simplest to conduct. However, there is still need for further study before any one
of these methods could be pursued for commercialization and widespread use. These methods should be applied to
larger sample sizes than the 38 individuals who participated in this study. It should also be determined whether the
trends observed in this group apply to other demographics, including those outside of the 15-18 year age range and
those with other health conditions, like immunocompromised patients, people with demonstrated allergies to the in-
fluenza vaccine, and more. It should also be assessed whether males and females or people from different racial and
ethnic backgrounds have different outcomes with these nasal bacteria during an influenza infection. Ideally, a pro-
spective study could be designed that would assess the nasal microbiomes of participants with all three methods de-
scribed in this study, and then follow them for several years, testing them each year for nasal microbiome composition
and for influenza during respiratory illnesses each year, to determine which method most accurately identifies those
at greater risk for contracting influenza. Such a study could also assess other species of nasal bacteria through PCR or
sequencing methods to determine which species or strains are best associated with low influenza rates.
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Through analysis of participant vaccine participation history (Table 5, Figure 8) and their respective influenza history
categories, it appeared that influenza vaccines did not have a significant effect on one’s susceptibility to influenza in
this study population (p = 0.415). This counterintuitive result may be explained by a number of factors, such as the
fact that participants could have contracted influenza only during years they did not get the vaccine, or when they got
the vaccine late in the season only after contracting influenza. It is also well known that the strains of influenza in-
cluded in the vaccine are not always well matched with the strains circulating in a given region and also have narrow
scope, with only 2-3 strains included in each year’s annual vaccine. It is also possible that a student, after experiencing
the undesirable symptoms of influenza one year, may be more likely to get the vaccination in future years. In short,
this data should not be taken to mean that influenza vaccination is unimportant. Rather, we hope it will convince the
reader that an individual’s nasal microbiome could play an even more critical role in defending the body against
influenza, particularly in those who don’t vaccinate every year.

We also feel it prudent to consider our results as a potential case of “Which came first? The chicken or the
egg” — In other words, when assessing influenza rates and nasal microbiome composition, further study is needed to
determine the effects these two factors have on each other. Given the published literature suggesting that Staphylo-
coccus may be protective against influenza (Chen et al., 2016), it was interesting to see bacteria in the Micrococcus
and Staphylococcus category present in lower proportions in those without a history of influenza diagnosis (Table 1,
Figure 4). Further assessment to categorize these bacteria as Micrococcus OR Staphylococcus did indicate that Staph-
ylococcus was more prominent than Micrococcus, despite the overall numbers of these two genera being almost an
order of magnitude less in the participant group without previous flu history (Table 1). Overall, our findings suggest
that the contribution of Staphylococcus to protection from influenza may be more nuanced than raw numbers and may
also require consideration of the overall ratios and balance of different microbiome contributors or of individual Staph-
ylococcus species. In this work, we have mainly considered the effects of certain nasal bacteria in reducing one’s
susceptibility to influenza. It should also be determined by additional research whether infection with influenza can
alter the nasal microbiome composition. For example, perhaps the greater numbers of bacteria in the Staphylococcus
and Micrococcus group in participants with a previous influenza diagnosis were higher as a result of that influenza
history. In other words, it is conceivable that infection with influenza could have the result of selecting for protective
nasal bacteria that increased in number while fighting the influenza virus, and were maintained after the infection was
cleared as a protection against future influenza infections. If such alterations in nasal microbiome composition occur
with respiratory illness, it would be essential to identify the specific impacts of such infections on various members
of the nasal microbiome, as well as whether changes are temporary or permanent in nature, and whether routine vac-
cination with the live attenuated influenza vaccine available as a nasal spray would have a similar effect on nasal
microbiome composition.

Finally, this work suggests that certain species of nasal bacteria may act as a defense against influenza, if
they are present in large enough numbers or in proper ratios with other members of the nasal microbiota. This conclu-
sion further suggests that these species, or others identified to be beneficial in this way, could be added to the noses
of susceptible individuals to increase the probability that they can offer significant defense to that person. This kind
of bioaugmentation procedure in individuals deemed to be at high risk for contracting influenza is not unlike probiotic
supplementation or fecal microbiota transfer to enrich for desired gut bacteria species associated with desirable gas-
trointestinal outcomes. Bioaugmentation of nasal bacteria would entail inoculating the beneficial bacteria into the
noses of individuals who show low quantities of these bacteria when tested with the methods described in this paper.
This nasal inoculation would encourage the growth of protective bacteria in the nasal microbiome and increase the
probability of a shift to the preferred nasal microbiome composition to reduce the likelihood of influenza transmission
to these individuals. Such a procedure would likely have a low risk of causing serious complications or side effects
because it involves the transfer of or enrichment for commensal bacterium that already regularly inhabit the human
nasal surfaces. Strains of desirable species that do not cause disease could also be selected for this reason. Of course,
such a procedure would still require clinical trials for safety and efficacy and should not be attempted outside of the
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care of a physician. It should also not be assumed that this would replace the need for routine influenza vaccination,
which has a long history of proven success.

Conclusion

Significant differences in the nasal microbiota were identified in participants with and without previous influenza
infection history. Three methods were developed to compare nasal microbiome composition to influenza infection
history. Overall, Method 2, comparing two different species of Streptococcus, was the simplest to perform and the
most cost effective. Further research should assess whether these findings scale to other populations with more diverse
demographics and health histories. In the future, a nasal bioaugmentation therapy could be developed, similar to how
certain gastrointestinal conditions are already treated with oral probiotic supplementation, with the goal of increasing
the presence of beneficial symbionts in the nasal passages of hosts deemed to have an undesirable nasal microbiome
composition prior to such a procedure. In total, this study combined with research already present in the published
literature suggests that an individual’s nasal microbiome plays an important role in protecting against influenza. Fur-
ther research to identify the most protective nasal symbionts is needed, along with specifics on the mechanisms
through which these bacteria protect their hosts, to support anti-influenza control measures and better protect individ-
uals and global health systems from this burdensome disease.

Limitations

One limitation was the use of a high school student population with varied self-reported influenza histories, without
having information about how recently the last vaccine was received or what type of vaccine was received (such as
the live attenuated nasal spray vaccine or the inactivated intramuscular injection vaccine). If this research is expanded,
we would ideally have access to a large and diverse sample population with recent and verified influenza infections
or verified lack of infection. This study also relied on self-reporting, rather than direct access to medical records, so
we cannot be 100% certain of the accuracy of the participant’s memory. It is also possible that infections with influenza
that went undiagnosed were not reported in our data set.

Cost was also a factor in certain situations. For example, initial analysis with MSA agar resulted in over
13,000 CFU counted that were either Staphylococcus or Micrococcus. However, due to cost of MSA agar and baci-
tracin disks, only 157 of these were tested with bacitracin to determine their specific genus, limiting the amount of
data available for analysis in Method 1. We also limited our study to 38 participants because of cost limitations in
ordering more chocolate agar with bacitracin and selective strep agar plates. Finally, only using bacterial morphology
and selective agar types to identify bacteria was a limitation. An alternative would have been isolating multiple bac-
terial specimens from each sample and sequencing their DNA. Though this method is the most effective at identifying
bacteria at the species level, it is also very costly, particularly as this study characterized almost one thousand CFU to
genus or species level.
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