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ABSTRACT
Problem: There are very few recent studies on the etiology of ARTIs done in the US.
Care seeking behavior of college-aged students has not been researched. Our primary goal is to
identify bacterial and/or viral organisms that are pathogenic and ones that could be commensal.
Our secondary goal is to identify symptoms and illness severity that influences students’
likelihood for seeking care or antibiotic treatment. Methods: We performed a meta-analysis to
identify etiologies associated with symptomatic illness and etiologies that could be commensal.
We conducted a case-control study composed of cases with symptomatic ARTIs and controls to
determine identify etiology of ARTIs. A survey was administered to University of Georgia
students as a cross-sectional study to identify symptoms and illness severity associated with
seeking care or seeking antibiotic treatment. Results: The meta-analysis identified 15 studies
that reported etiology for ARTIs. We found that the etiology of symptomatic ARTIs was most
often viral. Bacteria such as Streptococcus pneumoniae and Haemophilus influenzae were
detected more often in asymptomatic persons. A total of 1,215 individuals met the inclusion
criteria for our case-control study. Viral etiology was more often association with being

symptomatic. Bacteria had the potential to be commensal as they were detected more frequently



in healthy individuals. A total of 2,000 students completed our vignette survey. Recent antibiotic
use was a predictor for seeking care and/or seeking antibiotic treatment for all conditions (aOR
1.5-3.8,95% CI [1.0, 5.4]). Being an undergraduate in school was an independent predictor for
seeking an antibiotic for all conditions (aOR 1.5 — 3.8, 95% CI [1.0, 5.4]). Conclusion: Etiology
of symptomatic ARTIs were determined to most often be viral. Certain bacterial organisms,
when present, have the potential of being commensal as they are identified more often in healthy
individuals than patients with symptoms. Students are more likely to seek care and antibiotics
with more severe illness when compared to mild or moderate. Students were also more likely to
seek antibiotic treatment if they had recently been prescribed an antibiotic. Other common

predictors for seeking care included non-white race and younger age in school.
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CHAPTER 1
INTRODUCTION
1.1 Pathophysiology of Acute Respiratory Tract Infections
Acute respiratory infections (ARIs) are the most common reasons for encounter in the
outpatient setting!. They are also the most common diagnoses for which a patient receives any
prescription (i.e. antibiotics, antitussives, and inhalers)?. ARIs can occur as upper respiratory
tract infections (URTIs) or lower respiratory tract infections (LRTIs). The World Health
Organization (WHO) and Centers for Disease Control (CDC) define acute respiratory tract
infections based on the location of the infection and the symptoms associated (Table 1.1).

Table 1.1 Duration of acute illness for the most common acute respiratory tract infections

Acute Respiratory Infections Common Symptoms Duration of

Symptoms

Upper Respiratory Tract

Sore throat, cough, runny nose, 2 to 5 days
Pharyngitis fever, swollen tonsils and/or

lymph nodes

Runny/congested nose, facial 3 days to 10 days
Rhinosinusitis pain, headache, mucus in throat,

sore throat, cough




Ear pain, fever, irritability,

2 to 3 days

throat, watery eyes, fever

Otitis Media difficulty sleeping, discharge
from ear
Sneezing, runny/congested nose, 10 to 14 days
Rhinitis sore throat, coughing, mucus in

Lower Respiratory Tract

Community-Acquired

Pneumonia

Shortness of breath, cough,
sputum, fever/chills, chest pain
with cough, nausea, vomiting or

diarrhea

2 weeks to 1 month

Acute Bronchitis

Cough, chest pain with cough,
fatigue, headache, body aches,

sore throat

1 to 3 weeks

URTI diagnoses include pharyngitis, rhinosinusitis, otitis media, and rhinitis (Figure 1.1).

Acute upper respiratory tract infections are caused by a virus and/or bacterium which produces

acute inflammation of nasal and pharyngeal mucosa®. Symptoms of acute URTIs typically

include mild cough, fever, fatigue, nasal congestion, sore throat, and swollen lymph nodes.




Figure 1.1 Taxonomy of acute respiratory tract infections
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LRTI diagnoses include community-acquired pneumonia (CAP) and non-pneumonia lower
respiratory tract infections or acute bronchitis, as it is also known. Acute lower respiratory tract
infections affect the lungs and typically cause cough and at least one of the following symptoms:
sputum production, dyspnea, wheezing, or chest pain/discomfort. The median duration of lower
respiratory symptoms is approximately 18 days®.

1.2 Microbiology of Acute Respiratory Tract Infections

Acute upper and lower respiratory tract infections can be caused by both bacterial and viral
pathogens. Bacterial URTI diagnoses include streptococcal pharyngitis, pharyngitis caused by
Fusobacterium necrophorum?, bacterial rhinosinusitis, and bacterial otitis media. Bacteria

commonly associated with both URTIs and LRTIs include Streptococcus pneumoniae



(pneumococcus), Haemophilus influenzae, and Moraxella catarrhalis. Staphylococcus aureus is
a bacterium that is associated solely with LRTIs®.

However, it is thought that some of these bacterial pathogens could be commensal and not
pathogenic. Commensal bacteria are those that colonize the respiratory tract but are not
associated with illness’. Bacteria that are suspected to be commensals in the respiratory tract,
with the potential to become pathogenic, include S. pneumoniae, H. influenzae, and M.
catarrhalis®.

Viral URTI diagnoses include viral pharyngitis, viral rhinosinusitis, viral otitis media, and
viral rhinitis. Viruses associated with URTIs and LRTIs include human rhinovirus, human
metapneumovirus (hMPV), respiratory syncytial virus (RSV), influenza A and B viruses,
parainfluenza virus, adenovirus, and coronavirus®. Bacterial LRTIs can include pneumonia and
acute bronchitis. Viral LRTIs are viral pneumonia and viral acute bronchitis.

1.3 Testing for Acute Respiratory Tract Infections

Respiratory illnesses can be caused by bacterial and/or viral pathogens making diagnostic
practices vital for guiding proper treatment. Clinicians can utilize conventional culture, rapid
antigen testing, and polymerase-chain reaction (PCR) testing to identify the presence of
viral/bacterial pathogens in patients with acute respiratory tract infections’. Conventional culture
is the “gold standard” but is rarely used in outpatient practice due to how labor intensive and
time consuming the process is. PCR testing has a sensitivity approaching 100% for many
pathogens but is often not used because it is costly and may not be available in many settings.
Due to its high sensitivity, PCR can detect chronic colonization or low viral loads from previous
infections. This can make interpreting results challenging. Rapid antigen testing availability is

available for influenza, RSV, hMPV, adenovirus, parainfluenza, and now SARS-CoV-2!°, While



the rapid test for SARS-CoV-2 has good specificity, the sensitivity of these tests is lower (68.9%,
CI: 61.8 — 75.1) than PCR!!:12, Also, the sensitivity of these test has been shown to significantly
decrease after 7 days of disease onset especially in cases where COVID-19 was suspected!!.
1.4 Transmission and Prevention of Acute Respiratory Tract Infections

All acute respiratory illnesses are spread from person-to-person primarily via droplets
produced from coughing, sneezing, and talking. Often, pathogens causing respiratory infections
are contained in large droplets that are spread over short distances. However, aerosols are small
particles that can remain suspended in the air and follow airflow. SARS-CoV-2 is a highly
transmissible aerosol because it can be spread over a short or long distance through airborne
routes!3. Respiratory infections are prevented through infection control measures such as proper
hand hygiene, wearing of facemasks, disinfecting frequently touched surfaces, socially
distancing from persons who are symptomatic, and respiratory hygiene and cough etiquette'.
Some respiratory illnesses, both viral and bacterial, can be prevented with vaccinations. Vaccine
preventable infections include influenza, COVID-19, RSV, pertussis, Haemophilus influenzae
type B, and pneumococcal pneumonia.
1.5 Prognosis and Treatment of Acute Respiratory Tract Infections

Infections in the respiratory tract are often self-limited with symptoms resolving in

between one week and one month. Prognosis of upper respiratory illness is typically thought to
be good among healthy patients without underlying conditions. However, lower respiratory tract
infections can cause severe illness, especially in patients who have other health conditions, are
immunocompromised, are older (especially over 65 years of age), and/or are under 5 years of
age'®. Even though most RTTIs are viral, antibiotics are often prescribed as a form of treatment.

These prescriptions comply with current recommendations in only 25% of cases'¢. This could, in



part, be due to patient expectations. Non-antibiotic treatments include over-the-counter
medications and supportive therapies for the management of symptoms such as cough
suppressants, oral and nasal decongestants, anti-inflammatory drugs, inhalers, systemic
corticosteroids, and nasal saline. Alternative treatments like zinc and Umcka (South African
Geranium) have also been shown to decrease the duration and severity of acute respiratory tract
infections!”-13,
1.6 Statement of Problem

In previous studies, viruses have been identified as the causative agent in respiratory tract
infections approximately 90% of the time!®. However, antibiotic prescriptions are often still
provided in the absence of testing that can confirm a viral cause. This has led to overprescribing
of antibiotics in cases when the illness would have been self-limiting?. Inappropriate
prescribing of antibiotics is the leading cause of antimicrobial resistant pathogens, which are a
threat to global health?!. Also, the diagnostic and treatment strategies for acute respiratory tract
infections are often variable due to overlap of symptoms of infections involving different
anatomical sites?2.,

Additionally, care seeking trends and behaviors for acute RTIs have not been studied
thoroughly in college-aged individuals. College students are in the unique position of making
their own health decisions for the first time. Also, respiratory infections are easily spread on
college campuses due to congregate living conditions and lifestyle factors. It is important to
investigate this demographic group because the information obtained could influence RTI
treatments prescribed, diagnostic practices, and long-term medical behaviors. This research will

also help to identify gaps in the health education of college-aged students as it relates to RTIs.



1.7 Aims of this Dissertation

Our overall goal for these three aims is to better understand the diagnosis, treatment, and

natural history of respiratory tract infections in the outpatient setting. We also plan to identify

trends in student care seeking behaviors/ understanding of respiratory illnesses to mitigate

overprescribing and over diagnosis at early ages. Each aim has its own set of objectives and

methods, which are described in detail in chapter 3. Below is a brief description of each aim,

presented in Table 1.2.

Table 1.2 Brief description of objectives, data sources, and methods of dissertation aims

Stewardship in Primary Care
(EAST-PC) dataset as cases, collect
swabs from asymptomatic patients
and compare the pathogens detected
with those from symptomatic
patients

- Use this information to estimate
the likelihood that a pathogen is
commensal, and compare those
findings with those in the systematic
review

- Recruitment
documents

Aim Objectives Data Sources Methods
1 - Identify the most common - PubMed, EMBASE, | - Systematic review
pathogens associated with outpatient | Web of Science, - Meta-analysis
RTI based on published literature Google Scholar
- Compare respiratory pathogens
seen in symptomatic and
asymptomatic outpatients, and to use
that information to estimate
likelihood that each pathogen is
commensal versus pathogenic
2 - Using the Enhancing Antibiotic - RedCap (East-PC) | - Case-control study

- EAST-PC
recruitment of
symptomatic
individuals

- Convenience
sampling of
asymptomatic people
(campus, UHC,
farmers market)

- X2




3 - Investigate college-aged students
RTI-related care seeking behaviors
through assessing their responses to
a series of clinical vignettes

- Survey data —
administered via
UGAMail and
Qualtrics

- Review responses to
the UHC
“Respiratory Illness
Questionnaire”

- RedCap (EAST-PC)
care seeking
responses

- Logistic regression
- Qualitative analysis

Aim 1 is focused on determining what pathogens are commonly associated with

respiratory tract infections among outpatients. We will conduct a systematic review of the

literature to identify outpatient studies that compare the detection of respiratory pathogens

present among asymptomatic, healthy individuals and cases with symptomatic acute RTI. This

information will be used first, to identify the most common pathogens associated with acute

upper and lower respiratory tract infections in the outpatient setting and second, to determine

which bacteria and/or viruses are likely commensal. We hypothesize that the majority of

symptomatic respiratory infections are caused by viruses and as such, do not require antibiotic

treatment, and that several commonly identified viruses and bacteria are always or usually

commensal.

Aim 2 focuses on determining if the data summarized in Aim 1 are consistent with the

findings of our own case-control study of the same topic. Symptomatic patients will be recruited

in one of six primary care sites in the US based on their presence of cough for less than 14 days

and are 18 years to 75 years of age. Demographic data, signs, symptoms, c-reactive protein

(CRP), and a PCR panel for both viral and bacterial pathogens will be gathered (Table 1.3).

Asymptomatic patients will be recruited on campus (faculty and staff), in outpatient clinic
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settings affiliated with UGA, Georgetown and the University of Wisconsin, and at other
community settings. We hypothesize that the findings of our case-control study are similar to
those identified in the systematic review.

Table 1.3 Pathogens (n=43) included in PCR panel for symptomatic and asymptomatic patients

PCR Panel Pathogens

Bacterial Pathogens

P. aeruginosa C. trachomatis B. pseudomallei
S. pneumoniae K. pneumoniae H. influenzae (all types)
Group A and B Streptococcus S. aureus C. pneumoniae
M. pneumoniae A. baumannii M. catarrhalis
C. diptheriae C. ulcerans/pseudotb Bordetella spp. (IS481)
Bordetella spp. (pIS1001) M. tuberculosis P. jirovecii (PCP)
DT (toxin) PT (toxin)

Viral Pathogens

Varicella zoster virus MERS coronavirus Coronavirus HKU1
Measles virus MERS-CoV upE Coronavirus 229E
Parainfluenza virus 1, 2, 3, 4 Coronavirus NL63 Coronavirus OC43
Influenza A and B Cytomegalovirus RSV
Enterovirus Adenovirus Rhinovirus
Rubella virus Human metapneumovirus

Aim 3 addresses the behavior of university students seeking care for RTI. It is important

to study this demographic as it is the first time that medical decision-making falls solely on the



individual student. Vignettes will be created based on common RTI encounters that
systematically varies key signs and symptoms such as fever, sputum color, dyspnea, and
severity. Students will be asked to indicate on a Likert scale their likelihood of seeking outpatient
care, over-the-counter (OTC) treatments, their perception of if they need an antibiotic, and other
care-seeking behaviors. We hypothesize that for scenarios with less severe symptoms, students
will opt not to go to an outpatient setting but will try treating symptoms with OTC options first.
In addition to these vignettes, we will utilize the UHC patient portal respiratory illness
questionnaire to identify their reason for scheduling a respiratory related illness appointment.
Lastly, we will quantify responses to care seeking questions for the symptomatic young adults,
aged 18 — 30 years, recruited in the EAST-PC study. This information will help identify common
reasons for scheduling appointments as they pertain to their illness and symptoms and also
identify any outside factors (i.e. guardian advice, insurance coverage, upcoming event) that may
have influenced their decision. These qualitative data could also inform health education in an
effort to reduce antibiotic requests. This information will complement that obtained from the
clinical vignettes.
1.8 Dissertation Outline

Chapter 1 of this dissertation has provided a brief introduction to respiratory tract
infections. Chapter 2 will thoroughly describe the literature surrounding RTIs, their treatment
and testing, and student behavior with regards to RTIs. Chapter 3 will describe the methods used
in each aim of this dissertation. Chapter 4 is a brief introduction to the results for each aim.
Chapters 5, 6, 7, will be manuscripts prepared for publication representing each of the three

aims. Chapter 8 will be a summarization of the findings of each aim and conclusions.
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CHAPTER 2
LITERATURE REVIEW
2.1 Overview of Acute Respiratory Tract Infections
Acute respiratory tract infections remain a common cause of outpatient visits globally?>.
The World Health Organization indicated in 2004 that LRTIs ranked first in the burden of
infectious disease measured by years lost through death or disability'>. In 2013, respiratory
infections were responsible for 120 million disability-adjusted life years (DALYs) worldwide?*.
Acute respiratory tract infections can be caused by bacterial and/or viral pathogens. Coinfection
competition that ultimately results in infection is not completely understood?. Similarly, there is
significant overlap of symptoms associated with different acute respiratory tract infections,
making diagnosis difficult. The most commonly used point-of-care tests (POCT) for acute
respiratory tract infections in the outpatient setting are those for streptococcus pharyngitis (strep

throat), influenza, and in recent years COVID-1926-7

. However, rapid tests to differentiate
between most bacterial and viral infections are lacking?®. This has led to widespread
overprescribing of antibiotics despite the fact that most cases are caused by viral pathogens. It
was estimated in 2003 that in the United States (US), 500 million non-influenza, viral acute RTIs
occur annually with approximately $40 billion spent in associated costs?.
2.2 Etiology of Acute Respiratory Tract Infections

As previously mentioned, the etiology of acute upper and lower respiratory tract infections

can be bacterial and/ or viral. However, viral pathogens are more frequently associated with

acute respiratory illness than bacteria®’. Creer and colleagues conducted a study in the United
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Kingdom (UK) in 2004 assessing the etiology in adults with lower respiratory tract infections.
Out of the 80 patients recruited with acute LRTI the identification rate for pathogens present was
63% for viruses and 26% for bacteria®!. Among the LRTI cases, rhinovirus (33%) and influenza
(24%) were among the most commonly detected viruses. Bacterial pathogens most frequently
detected in this study population were S. pneumoniae (19%) and H. influenzae (6%). Multiple
organisms were found in 18 of the 80 acute LRTI patients (22.5%).

A 2019 study conducted in three primary care centers in Sweden also confirmed these
findings in a study population of cases with acute upper or lower respiratory tract infections.
Sundell and colleagues enrolled 103 patients with respiratory tract infections in their study (46
with URTI and 57 with LRTI)*2. They found that 51 (50%) of the patients with respiratory tract
infection were positive for at least one respiratory pathogen. In 37 (36%) of these cases, a virus
was detected. Rhinovirus was the most commonly detected virus (22%) followed by coronavirus
(5.8%).

Most recently, a study was conducted in six inpatient settings in low to middle income
countries. Researchers found that among the 2,388 patients enrolled with acute upper and lower
respiratory tract infections, 77% of cases had one or more pathogens detected when
nasopharyngeal (NP) and oropharyngeal (OP) swabs were tested®*. Unlike the previously
mentioned studies, bacterial pathogens were the most commonly identified pathogens overall.
The most commonly identified bacteria being S. pneumoniae, H. influenzae (all types), and M.
catarrhalis. Rhinovirus, influenza A and B, and RSV were the most common viruses.

2.2.1 Commensal Pathogens
As shown in the studies conducted by Creer and Milucky, there are instances when

multiple pathogens can be detected in an individual simultaneously. This brings into question
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which pathogen detected is likely causing symptoms of acute respiratory tract infection. The
respiratory tract is colonized with bacteria and/or viruses, much like our skin. The commensal
microbiome is housed primarily in the upper respiratory tract which includes the nasal cavity,
nasal pharynx, and larynx’. The normal bacteria that colonize the respiratory tract are thought to
be commensal or “healthy” and unlikely to cause harm?*. In contrast, it is thought that the
presence of these commensal organisms can assist the body with fighting new, opportunistic
bacterial or viral pathogens that may cause invasive diseases®*>. Disruption of the respiratory
tract commensal bacteria can lead to imbalances in the microbiota that can result in new bacterial
or viral infection, multiple bacterial infections, or viral co-infections®3®,
2.2.2 Bacterial Colonization

Unfortunately, many pathogens that reside in the upper respiratory have the ability to
colonize and cause disease. Such bacterial pathogens that lead to imbalances in the upper
respiratory tract microbiota are S. pneumoniae, H. influenzae, M. catarrhalis, and S. aureus,
which have been identified as the most frequently detected bacterial pathogens in previous
studies’*’. Over-colonization of commensal bacteria causing respiratory tract infections can
result from the airway becoming inflamed which causes a decrease in mucus production leading
to less clearance of the bacteria®’. Competition amongst bacterial pathogens is not the only driver
of infection. Upper and lower respiratory tract infections can also arise from bacterial and viral
co-infections.
2.2.3 Viral-bacterial Co-infections

It is no surprise that the viruses most commonly detected in outpatient and inpatient
settings are also the same viruses associated with co-infections. These viruses include influenza

A, influenza B, respiratory syncytial virus, and rhinovirus’-*. Individuals often become co-
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infected with bacterial infections when a viral respiratory tract infection has preceded it,
weakening the immune system and allowing the bacteria in*®. For example, secondary bacterial
pneumonia caused by S. pneumonia can be a complication of influenza virus infection®®3%°, In
this scenario, bacteria and influenza virus act synergistically resulting in increased colonization
of bacteria, increased viral replication, and altered inflammatory response*°.
2.2.4 Biofilm and Otitis Media

Acute otitis media (AOM) is a common upper respiratory tract infection among children®.
It is estimated that 80% of children less than three years of age will experience at least one acute
otitis media infection***!, The estimated global incidence rate of AOM in 2012 was 709 million
cases per year with approximately 50% occurring in children under five years*’. It has been
hypothesized that biofilms may play a significant role in both initial acute infections and
recurrent infections causing otitis media. A biofilm is an accumulation of microbial cells that
form a highly-structured matrix that are associated with certain surfaces of the body*%*2. One
surface that biofilms can be found in is the middle ear. Pathogens associated with AOM are
Streptococcus pneumoniae and Haemophilus influenzae which are thought to colonize the
biofilm structures. Acute otitis media infections arise when bacteria escape from the biofilm and
enter surrounding areas such as the adenoids and Eustachian tube that leads to the middle ear*!:*.
2.3 Epidemiology of Acute Respiratory Tract Infections

All age groups are susceptible to contracting upper and lower respiratory tract infections.
In 2018, sinusitis accounted for 2.7 million physician visits in the US*. 11.6% of these sinusitis
diagnoses occurred in adults 18 and older®. Children and the elderly are at the highest risk for
severe complications from upper and lower respiratory tract illnesses. In the UK and Europe,

community acquired lower respiratory tract infections including CAP are major causes of
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morbidity and mortality among those > 65 years of age*¢. In 2017, lower respiratory tract
infections caused an estimated 808,920 deaths among children less than 5 years of age in lower —
and lower-middle income countries*’. In 2021, LRTIs were documented as a leading cause of
morbidity and mortality, contributing to 4.4% of deaths across all age groups worldwide*®.
Vaccinations for H. influenzae type B (Hib), pertussis (DTaP or Tdap), and pneumococcal
pneumonia (PCV) have aided in reducing mortality for these illnesses*’. Most recently, in
December of 2020, the COVID-19 vaccine became available for individuals 16 years and older
under the Federal Drug Administration’s (FDA) Emergency Use Authorization (EUA). In May
of 2021, the authorization was updated to include individuals 12 to 15 years®°. According to the
US Department of Health and Human Services (HHS), they estimate that the uptake of the
COVID vaccination is associated with the reduction of approximately 25 million cases, 1.3
million hospitalizations, and 213,000 deaths’!. In 2018, 89.9% of infants in Georgia received =1
dose of the Hib vaccine by 3 months of age (1.3% higher than the national average)®2. Only
75.1% of Georgian children had received the Hib-full dose series by age 24 months compared to
81.4% of US infants>2. Rates for >4 doses of DTap coverage were much lower among children
in Georgia aged 19 months compared to the rest of the United States (58.4% vs. 72.8%)>2.
Subsequent Tdap vaccinations among those aged 18 and older across the US were 43.6% in 2019
based on Behavioral Risk Factor Surveillance System (BRFSS) estimates™. Rates for >4 doses
of PCV was 71.0% in Georgia in 2018 among those aged 19 months. This was 9.2% less than the
percent vaccination coverage for this age group overall in the US>2, Lastly, in 2020,
pneumococcal vaccination coverage among adults 65 years and older in Georgia was 71.7 %

which higher than the overall coverage in the US for this age group (70.3%)°.
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2.3.1 Seasonal Trends in Respiratory Tract Infection

Seasonal changes often coincide with the rise and fall in incidence of upper and lower
respiratory tract infections. In temperate regions of the northernmost and southernmost parts of
each hemisphere, respiratory illness peaks during the winter months3#-3¢. In the 19% century it
was hypothesized that this increase in incidence was a result of the decrease in temperature. In
other words, that exposure to the cold was the cause of the “common cold*°. However, better
understanding of acute respiratory tract infections has determined that additional environmental
influences, human behavior, and viral factors play a role in increased transmission during colder
seasons™.
2.3.1.1 Environmental Influences on Respiratory Tract Infection Seasonality

Environmental factors such as outdoor absolute humidity and indoor relative humidity are
believed to play an important role in acute respiratory tract infection transmission. As previously
mentioned, the majority of acute respiratory tract infections are spread via droplets or aerosols
through direct or indirect contact™-". In studies conducted in guinea pigs and ferrets, it was
concluded that during the winter season, the outdoor absolute humidity (AH) is low and indoor
relative humidity (RH) ranges from 10-40%>’. This creates a suitable environment for airborne
transmission where respiratory virus stability, proportion of droplet nuclei, and virus viability are
high®7>8, In spring and fall seasons, the outdoor AH was moderate and indoor RH of 40-60%,
which yields itself suitable for all forms of transmission in guinea pigs and ferrets (i.e. long-
range airborne, short-range droplet, direct or indirect contact, fomites)>’-%, Lastly, tropical
climates, having a high outdoor AH and indoor RH ranging from 60-100% was found to be

57,58

optimal for fomite and direct transmission’’~°. Influenza, human coronavirus, and RSV are

typically classified as winter viruses with peak transmission typically occurring between
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November and April®®. Adenovirus, rhinovirus and human metapneumovirus can be detected at
all times of the year, but typically peak in the spring and fall>*°, Incidence peaks for enterovirus
in the summer months®’.

2.3.1.2 Influences of Human Behavior on Respiratory Tract Infection Seasonality

Weather is not the only factor that influences the seasonality of acute respiratory tract
infections. Human behavioral changes can also play a role in increased incidence of respiratory
illnesses during certain times of the year. These behavioral factors include spending more time
indoors during winter months, varying travel patterns by season, and school calendar breaks
throughout the year®!. During winter months, individuals often spend less time outside as a result
of colder temperatures and shorter day-light hours. Fewer sunlight hours can lead to a decrease in
vitamin D levels which is associated with weakened immune response®' %4, Colder temperatures
are also associated with an increase of indoor gatherings, especially during holiday periods,
which creates ideal settings for increased respiratory pathogen droplet and/or aerosol
transmission®2. Air travel has also been researched as a possible cause for surges in seasonal
respiratory infections®%3, A 2006 study found that domestic air travel during November was a
significant predictor for the spread of influenza across the US%. These findings coincide with
previous findings of increased spread during holiday months due to an increase of travel and
indoor gatherings.

Lastly, schools (including colleges and universities) have also been considered an
influential factor in the seasonality of respiratory tract infections. A French study using
transmission modeling methods found that holiday school closures were associated with a 20-
29% reduction in the rate of flu transmitted among children®. In recent years, school closures as

a mitigation strategy for reducing SARS-CoV-2 transmission have been a frequently debated
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topic. In March of 2020, schools, childcare centers, and virtually all colleges and universities in
the United States experienced closures. This affected approximately 21 million children in
childcare, 57 million K-12 students, and 20 million college and university students®’. In 2020, a
population based observational study was conducted in the US to assess the association between
school closures and COVID-19 incidence and mortality®®. This was done by using time-series
analysis of the “cumulative incidence of COVID-19 grouped in quartiles by date of school
closure” and “daily COVID-19 incidence and mortality”. Data used was publicly available
through Johns Hopkins School of Public Health and the CDC. Based on their analyses, the
researchers found that school closures were associated with a -62% (95% CI: -71%, -49%)
relative change in COVID-19 incidence per week®®,
2.4 Clinical Management of Respiratory Tract Infections

While some persons experience severe complications from respiratory tract infections,
most experience only mild to moderate symptoms. However, these can still impair quality of life
and productivity®. Acute respiratory tract infection symptoms differ based on anatomical
location. Symptoms of acute upper respiratory infections typically include sore throat, runny
nose, nasal congestion, ear pain, low-grade fever, facial pressure, sneezing, and less commonly
cough, malaise, and myalgia. Depending on the pathogen symptom onset usually begins one to
three days after exposure and can continue for up to three weeks’’. Symptoms of acute lower
respiratory tract infection can include cough, sputum or phlegm production, shortness of breath,
wheezing, chest pain or discomfort with cough, dyspnea, fever, myalgias, and malaise. These can

also last up to 3 weeks*’!72,
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2.4.1 Diagnosis
2.4.1.1 Clinical Impression and Clinical Scores

Diagnosis of acute respiratory tract infections combines assessing the patient for signs and
symptoms and if appropriate diagnostic testing typically by PCR or a rapid antigen test. While
clinical impression alone often cannot be used to reliably distinguish the presence of bacteria or
viruses, it is sometimes all clinicians in primary care have to guide them in diagnostic decision
making’>’4, Likewise, clinical impression does not simply rely on a single sign or symptom for
diagnosis, but instead a culmination of signs and symptoms and other factors (i.e. age, risk
factors, lifestyle factors). A qualitative study conducted by Howell et al. used clinician interview
data from 80 clinicians across 9 European cities to determine what influence clinical impression
had on antibiotic prescribing for LRTIs’*. Clinical factors most frequently identified for guiding
antibiotic prescribing were auscultation findings, fever, discolored sputum, and shortness of
breath. Many clinicians also considered clinical factors such as patient age and existing
comorbidities. Lastly, “consideration of illness course, clinician intuition, and the clinicians’
familiarity with the patient” also influenced decision making.

In 2019, a systematic review and meta-analysis was conducted to assess the accuracy of
overall impression for GABHS pharyngitis, acute rhinosinusitis, and CAP. The study found that
clinical impression helped clinicians to differentiate Strep. pharyngitis from non-Strep.
pharyngitis 73% of the time”>. The same study also assessed diagnosis based on clinical
impression for acute rhinosinusitis and found that clinical impression led to accurate diagnosis
77% of the time. Additionally, logistic regression led to the development of well-defined clinical
decision rules that aid in diagnosing community- acquired pneumonia’>’®. Cough, fever,

shortness of breath, tachycardia, absence of rhinorrhea, sputum production, and abnormal lung
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exam were identified as the best independent predictors of CAP’6-7%, Similar to the pharyngitis
scoring rubrics, based on the presence or absence of these signs or symptoms, a clinician may opt
do the following: 1. Rule out CAP; 2. Evaluate further with a chest radiograph; 3. Treat with
antibiotic’’. Clinical impression guiding diagnosis of CAP was found to be 80% accurate in
adults and children’.

Researchers have developed scoring systems that use individual signs and symptoms to aid
in diagnosing Group A beta- haemolytic streptococcal pharyngitis (GABHS) and rhinosinusitis.
The pharyngitis scoring systems most commonly used are the “Modified Centor Criteria (or the
Mclsaac Criteria)” and the “FeverPAIN Score””-8!. The Modified Centor Criteria includes signs
and symptoms such as fever (subjective or measured), cervical lymphadenopathy, tonsillar
exudate, absence of cough, and patient age’®-%°. The FeverPAIN Score evaluates patients for
fever (within 24 hours of visit), purulent tonsils, symptom onset (< 3 days), inflamed tonsils, and
absence of cough or coryza’-3!. For both clinical decision scores, a point is given for each item
and is used to determine which of the following clinical courses will be taken for treatment: 1)
antibiotic therapy, 2) rapid test or delayed prescription, or 3) symptomatic therapy’®-8!. Table 2.1
Shows the Modified Centor Criteria and Table 2.2 provides a key for how to interpret it%83,

Table 2.1 Modified Centor Criteria (Mclsaac Score)- For each Centor Criteria score 1 point for a
possible maximum score of 5 (depending on age)

Modified Centor Criteria (Mclsaac) Score
Fever > 38°C 1
Tonsillar exudate 1
Absent cough 1
Cervical lymphadenopathy 1
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3 — 14 years 1
15 — 44 years 0
> 45 years -1

Table 2.2 Modified Centor score interpretation

Modified Centor Score

Interpretation

<1

Low likelihood of Strep. pharyngitis; no rapid

test, culture or antibiotic required

Moderate likelihood of Strep. pharyngitis;
rapid strep test is recommended with culture;
antibiotic prescription given based on

test/culture results

High likelihood of Strep. pharyngitis; rapid
strep test is recommended with culture; give

antibiotic therapy empirically

2.4.1.2 Diagnostic Testing

The most reliable method for determining presence of bacterial or viral pathogens is

through diagnostic testing. PCR testing is generally the most sensitive test for identifying viral

and bacterial pathogens. However, interpretation can be difficult as a positive result may simply

indicate prolonged viral shedding after a symptomatic infection or an asymptomatic infection’2.

PCR is not generally used in practice for this reason and because it is also not efficient with

turnaround times ranging from a few hours to multiple days depending on the number of tests




being performed and the pathogen?’-34. PCR tests are generally conducted in a reference
laboratory with specialized equipment and specific specimen handling requirements?’#>-86, These
factors also make PCR more costly.

Rapid diagnostics or point-of-care testing are another way to differentiate between
bacterial and viral infection in the outpatient setting?®. Point of care testing options, are much
more efficient with results typically being available within 5 to 20 minutes®>*’. Additionally,
POCT can be conducted virtually anywhere, including at home. Rapid antigen testing for strep
throat, influenza, RSV, hMPV, adenovirus, parainfluenza, and now COVID-19 have been widely
used in the US?%8588 However, uptake of POCTs in other countries is much lower. A systematic
review was conducted that assessed primary clinicians’ attitudes towards these tests®®. The study
determined that while some clinicians believe that POCTs can be used as an effective tool for
targeting treatment, there were also concerns about the accuracy of the tests. Some clinicians
believed that POCTs could negatively affect clinical practice by undermining their knowledge.
They were also concerned that implementation of POCTs in primary practice could lead to over-
testing.

Lastly, many European countries have adopted the use of C-reactive protein (CRP) blood
tests to aid in determining diagnosis and appropriate treatment for acute respiratory tract
infections. CRP is an inflammatory biomarker that can be elevated when the body is
experiencing a bacterial infection. Normal CRP levels can range from 2 to 20 mg/L*°. CRP
levels are considered to be high when they are greater than or equal to 100 mg/L°!. The United
Kingdom’s (UK) National Institute for Health and Care Excellence (NICE) guidelines state that
antibiotics should not be prescribed for acute RTI if the CRP levels are below 100 mg/L*2. In

2021 a prospective pilot study was conducted in Australia to investigate CRP use in pharmacy
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settings. Clinical outcomes, rate of service, and feasibility of pharmacists to use CRP
measurements for RTI management were considered®®. Participants were recruited if they
presented to one of the pilot pharmacy locations inquiring about an RTI-related product,
experiencing symptoms of RTI, or seeking advice for antibiotic use or needing a primary care
visit. Upon being recruited, CRP tests were administered, and pharmacists’ provided
management advice based on their findings and clinical impression. Of patients that presented
with symptoms, the most common complaints were sore throat (73.3%), cough (69.5%), and
congested nose (67.2%). CRP was statistically significantly associated with the presence of
cough, fever, and runny nose when headache was absent. OTC medications for symptom
management was recommended for 100% of the participants. During follow-up, 38% of
participants reported a full recovery by day 3 and 65% reported recovery by day 5. 34.2% of
participants had seen a primary care clinician by day 5 which resulted in an antibiotic
prescription for 55% of patients.

A large clinical trial conducted in Spain concluded that having access to CRP point of care
testing reduced the number of antibiotics prescribed to patients with acute upper respiratory
symptoms that specifically asked for them®*. A previous study conducted in the Netherlands also
had a similar result with reduced antibiotic prescribing in patients with acute LRTI and the use of
CRP tests®™. However, no point of care CRP test has been formally approved for use in the US
to determine viral or bacterial pathogen presence in acute respiratory tract infections?®.

2.4.2 Treatment
2.4.2.1 Over-the-Counter Regimens, Antivirals, and Corticosteroids
As most acute respiratory infections are caused by viral pathogens, they are generally self-

limiting meaning that they are expected to resolve without specific antiviral treatment. Patients
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can often take over-the-counter (OTC) medications to minimize or resolve symptoms and help
them to feel better faster. OTC treatments include nasal saline spray, acetaminophen, non-
steroidal anti-inflammatory drugs, antihistamines, oral or nasal decongestants, oral or nasal
corticosteroids, and cough suppressants. However, not all viral ARTIs are self-limiting.
Exceptions may occur in at risk populations such as infants and elderly adults. In 2015, RSV in
children under 5 years was associated with 118, 200 deaths worldwide*®. The CDC reported in
2014 that 34% of viral pneumonia and influenza deaths occurred in persons 65 year of age or
older®.

For some pathogens, if viral respiratory infections are identified within 24-48 hours of
symptom onset, anti-viral treatments can be successful in decreasing the duration of illness.

9798 while

Baloxavir, zanamivir and oseltamivir are used for the treatment of influenza
molnupiravir and ritonavir-boosted nirmatrelvir are effective for SARS-CoV-2 infection in
outpatients. It is also common in outpatient settings for clinicians to prescribe corticosteroids for
short term use when upper and/ or lower respiratory tract infection is likely®. However, there is
no good quality evidence supporting that the use of corticosteroids for these indications (acute
bronchitis, pharyngitis, and sinusitis) leads to greater improvement of symptoms!%,
2.4.2.2 Antibiotic Prescribing

Despite most acute RTIs being viral in nature, approximately 49.7% of patients receive an
inappropriate prescription for antibiotics in inpatient settings!®!. A study conducted using
regional health data from the southeastern US found that among acute respiratory tract infection
visits, 49.4% of antibiotic prescriptions were filled!?. In this study antibiotics were most

commonly prescribed for acute bronchitis. Prescribing rates for suspected viral RTIs was

between 42.2% and 51.4%. The majority of antibiotic prescriptions for respiratory illnesses are
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written in outpatient settings?’. In 2016, it was estimated that approximately 41% of outpatient
antibiotic prescriptions are written by family physicians and 23% were written by physician
assistants and nurse practitioners!'®®. In 2018 it was estimated that 75% of antibiotic prescribing
took place in a primary care setting!®. This overuse of antibiotics contributes to the growing
concern regarding antibiotic resistance. While overall antibiotic prescribing in the US is

decreasing, broad spectrum antibiotic use is increasing!®

. A clinician’s decision to prescribe
antibiotics in acute respiratory illness cases is multifactorial. Some of these factors include lack
of time for education of appropriate antibiotic use, patient expectation or request of antibiotics,
race of patient, and geographic location?-94102:105.106
2.5 Acute Respiratory Tract Infections in Colleges and Universities

Upper respiratory illnesses are common among college students and are a substantial cause
of morbidity'?”. One study conducted at the University of Minnesota — Twin Cities campus in
2006 found that 83% of its study population self-reported experiencing at least one “cold” and
36.7% experienced an influenza like illness (ILI) between the months of November and April'%8,
With these illnesses, students stated they not only felt the negative effects from the symptoms
associated with their illnesses, but they were unable to perform regular activities, missed class

and work, and missed extracurricular activities'%®

. A small study conducted in a university
setting determined that 46.5% of participants diagnosed with an acute respiratory infection (ARI)
tested positive for a viral pathogen!?. Social contacts of these symptomatic participants were
also invited to participate in the study. These contacts were “presumed to be ‘healthy’” however,
some reported experiencing ARI symptoms at the time of specimen collection. Social contacts

tested positive for at least one viral pathogen in 28.3% of symptomatic individuals and 13.3% of

asymptomatic individuals. The viruses detected most often in the entire study population were
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human coronaviruses (22.0%), rhinovirus (7.6%), and influenza A (6.4%)'%. Based on the study
population, they did find a statistically significant difference in the number of Influenza A cases
among confirmed ARI participants compared to symptomatic social contacts. However, these
estimates were likely biased due to the inclusion of symptomatic social contacts in the sample.

College students, especially undergraduates, live in environments where transmission of
acute upper and lower respiratory tract infections may be more likely. Student living typically
consist of congregate settings such a dormitories or apartment buildings in which they share a
space with one or more roommates. Living in close contact with others in small spaces in
addition to stressful workloads, lack of sleep, lack of adherence to preventative measures, and
attending social activities in large group settings could put students at increased risk for acute
respiratory tract infections. However, this has not been determined from previous studies.

In 1968, a study was conducted to compare the rates and clinical classification of common
acute illnesses among university students (18-24 years old), military air force trainees (18-21
years old), and industrial workers (25-40 years old)!!?. These participants were chosen as the
populations of interest because they are normally considered to be healthy individuals but have
differing living and working conditions. The most commonly detected pathogens among
university students over a 4-year period were influenza A, parainfluenza 1, rhinovirus,
adenovirus, group A streptococci, and M. pneumoniae. Similar findings were found in air force
trainees and industrial personnel. The only exception was the rate and clinical presentation of
influenza among the airmen, because of strict vaccination requirement imposed by the US
military.

University students must make their own medical decisions (typically for the first time)

when they are away at school. The decisions they make in regards to seeking medical care for
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acute RTIs may be based on their perceptions of the severity of their symptoms, the length of
their symptoms, and their perceived need for a prescription. Other factors may include missing a
social event due to illness or effects on the ability to do schoolwork. One study conducted in
college students in 2000 showed that students would use antibiotics for symptoms of “common
cold” especially in the presence of symptoms like low-grade fever and purulent nasal
discharge!%.

2.6 Gaps in Literature

While respiratory tract infection research has been conducted for many years, there are few
studies that systematically review the etiology of acute upper and lower respiratory tract
infections among symptomatic with acute respiratory infection compared to healthy individuals.
Likewise, research that has been conducted in these populations have primarily been conducted
in inpatients settings, with very few in outpatient settings. Also, very few studies have been
conducted to assess the likelihood of isolated bacteria and/or viruses being pathogenic or
commensal. This limits our understanding of the true cause of these illnesses and best practices
for diagnosing and treating them, as the misuse of antibiotics is common. Since the annual
burden of respiratory tract infections in outpatient settings is so great, it is important to determine
which type of organism is likely leading to specific clinical presentations.

Finally, a study was conducted 20 years ago assessing antibiotic perceptions and care
seeking behaviors of college students. Little has been studied on the subject since that time. It is
important that university students be studied to assess trends in antibiotic beliefs and identify
gaps in health and antibiotic-use education. It also helps to guide clinical practice with the

understanding of patient expectations.
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We will address these gaps in the literature through the three aims of this dissertation.
First, we will conduct a systematic review of the published literature that compares the bacteria
and viruses detected in outpatients with respiratory tract infections and in healthy, asymptomatic
controls. We will also identify signs and symptoms most commonly associated with each
pathogen. We will then investigate if the etiology identified in the systematic review is similar to
that of our own study population. We will recruit symptomatic respiratory tract infection patients
and asymptomatic persons and compare organisms identified in the PCR results of their NP and
OP swabs. We will then determine the likelihood of certain bacteria/viruses identified as being
pathogenic versus commensal. Lastly, we will assess the care seeking behaviors of college-aged
students by providing them with vignettes that detail common clinical presentations for both
acute URTI and LRTIs. It is our hope that we can also extend our research from college students

and compare their perceptions to that of general adult population.
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CHAPTER 3
METHODS

3.1 Introduction
3.1.1 Aim 1: Importance of Systematic Review and Meta-Analysis

Many research studies spanning multiple years have often addressed the same topic. To
read through all available literature on a specific topic can be exhaustive and time consuming.
Additionally, studies addressing the same question with similar study designs sometimes have
conflicting results making interpretation of best practices difficult!!!. These differences could be
due to changes in population health, differences in dose or exposure, subtle differences in design,
differences in duration of follow-up, improvements in medical care over time, and many other
reasons. Limitations of simply reviewing single articles are that their results could be influenced
by bias, data errors, and inappropriate research methods. Systematic reviews and meta-analyses
help to inform readers of findings from previously conducted research on specific topics in a
concise manner while also highlighting the limitations of the included studies!!'?. Systematic
reviews and meta-analyses achieve this by identifying, critiquing, and if appropriate synthesizing
the results of studies and offering an overall impression as it relates to the research question of
interest!!!-!12, Systematic reviews do this by presenting the qualitative data from the identified
studies, while a meta-analysis provides a quantitative synthesis of the results. These two review
types assist readers in being able to interpret the results of all available literature on a specific
topic. Systematic reviews can also aid in identifying gaps in literature, lack of evidence, and

areas where new primary research is needed!!®. Also, because systematic reviews can include
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studies with contrasting methods and measures, they can justify drawing broader conclusions,
typically outside of the scope of one single study. The ability of systematic reviews to draw
broad conclusions plays a crucial role in guiding evidence-based practice in healthcare and
impact health policy!!“.
3.1.2 Aim 1: Conducting a Good Systematic Review and Meta-analysis

A systematic review is “an article that identifies, evaluates, and synthesizes empirical
evidence that meets pre-determined inclusion criteria to answer a specific research question!!?,
The Cochrane organization was one of the first to create and publish such systematic reviews.
They have since helped to change the systematic review process by setting rigorous methods that
are still followed by researchers!!6. The steps highlighted below can be found in the Cochrane
Handbook and will be used to address Aim 1.

Many systematic reviews and meta-analysis are done in order to effect change in health
policy or provide up-to-date guidance for healthcare practices. Therefore, when starting a
systematic review, it is vital that the study question and inclusion/exclusion criteria be
prespecified and methods for reviewing and abstracting data should follow a strict systematic
approach. This will ensure that the work is reliable, transparent, and replicable, and reduces the
likelihood of bias. First, the research question should follow the FINER criteria meaning that it
should be Feasible, Interesting, Novel, Ethical, and Relevant in order to warrant doing a
systematic review!!”. The inclusion and exclusion criteria for studies in a systematic review
ultimately define the scope of the review and include the population, interventions, comparators
and outcomes (PICO) of interest for the review question'!®!!8, The question and scope set the

tone for the entire review and dictate the types of studies that will be included.
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While systematic reviews can be written to address any topic, Cochrane reviews
specifically address questions that impact healthcare treatment decisions and some diagnostic
practices!'®!!8 Ag such, these reviews rely on data that typically comes from randomized trials
when possible. Randomized trials are considered to be the “gold standard” experimental study
design because they uphold the counterfactual theory that participants in the intervention group
and participants in the comparator group are no different to each other except for their random
allocation to their different interventions. However, there are instances when randomized trials
are not ethical, so non-randomized study designs must be included in the review instead. Non-
randomized studies have a greater susceptibility to bias which must be assessed and addressed
when summarizing conclusions!!®. Assessing risk of bias will be discussed in the following
section.

After the review question has been defined and the types of studies to be included in the
review have been set, a detailed search strategy must be formulated. Systematic reviews require a
search strategy that is thorough, objective, and reproducible to identify as many eligible studies
as possible!!'®120, Creating a search strategy is one of the most complex steps of completing a
systematic review and, like all the methods, relies heavily on the review question and scope of
the review (i.e. the types of primary research included) being determined a priori. The structure
of the search strategy should be specific and represent the important concepts of the review.
However, the strategy should also be broad as it may miss important studies that should be
included if the search terms are too stringent!!6:120:121 Multiple databases should be searched for
studies to be included in the systematic review. Optimal databases to search include Embase,
MEDLINE, Web of Science and Google Scholar!??. To ensure that the search is reproducible by

other investigators, the search strategy should be clearly documented.
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Once a search has been completed and a comprehensive list of all studies has been
compiled, the articles must be reviewed for inclusion or exclusion. Included studies should meet
the predetermined criteria in terms of study design, population, intervention, comparator, and
outcome of interest. This is done by first examining titles and abstracts in an effort to remove any
studies that are obviously irrelevant. Next, studies not excluded during title and abstract review,
should be read in full for final decisions for inclusion or exclusion. An important feature of this
step of the review is that it should be done in parallel by at least two reviewers to ensure
irrelevant studies are excluded, relevant studies are not overlooked, and to ensure that studies are
not included more than once!!6:120:123,

After identifying studies for inclusion, the next steps are extracting and combining or
manipulating data available reported by each study. As with many other steps in the systematic
review and meta-analysis process, determining the type of data that you will need and how it will
be synthesized and analyzed should be chosen before beginning the review. Generally, the types
of data that will be gathered and effect measures that will be calculated are based on the review
question and scope of the review. Every systematic review should have a table that presents the
baseline characteristics of each study included in the review. Information in this table should
include, but is not limited to, the author and year of publication, participants studied, setting,
interventions used (if applicable), and outcomes being measured!!%124,

Based on the data available, one can choose to combine the numerical data that is
presented in order to give an overall effect measure. This is referred to as a meta-analysis and
usually accompanies a systematic review. The basic steps for conducting a meta-analysis are first
calculating a summary statistic for each study included and second calculating a weighted

average of the summary statistics for each study. These data are typically presented in the form
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of a forest plot!'!®125-126 Heterogeneity is an important factor to consider when data from multiple
different studies are being brought together. Heterogeneity could arise from random variation
and also variability in clinical factors such as the study population, setting, duration of follow-up,
interventions used, and outcomes being measured. Differing study design methods, outcome
measurements, and biases within the studies can also lead to heterogeneity!!%!%, Heterogeneity
can be assessed by quantifying it with the I statistic. The I? value is the proportion of variance
that is due to between study variance versus within study variance'?’.
3.1.3 Aim 1: Assessing Risk of Bias in Systematic Reviews and Meta-analysis

Bias is defined as a systematic deviation from the truth!!%12812% [ ike heterogeneity, bias
within studies included in a systematic review is inevitable. An important feature of systematic
reviews is that primary research included in the review are assessed for risk of bias based on
many factors of their methodology. Risk of bias is commonly defined by a grade of low,
moderate, or high based on the number of biases or threats to validity identified by a formal
quality assessment tool. There are various tools to assess risk of bias and they are differentiated
by study design!3°. Additionally, in the meta-analysis stage, sensitivity analysis can be used to
assess how low or high risk of bias affects overall estimates of effect in the review.
3.1.4 Aim 2: Differentiating Pathogen versus Commensal Bacteria and Viruses

As previously discussed, the cause of acute respiratory tract infections can be bacterial
and/or viral. Also, it has been mentioned that the microbiome of the human body can be
colonized with the pathogens that are also commonly associated with infection. Aim 1 and Aim 2
will attempt to determine which organisms identified in the respiratory tract of a person with
acute respiratory tract infection are likely commensal and not pathogenic. Aim 1 will do this

through systematic review and meta-analysis as outlined below. Aim 2 will conduct an etiology
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study comparing patients with symptomatic respiratory infection and asymptomatic, healthy
individuals. Identifying bacteria and viruses found in the respiratory tract among symptomatic
and asymptomatic patients has been done in other studies but identifying possible commensalism
is less common due to multiple individual factors influence the development of disease. These
factors include but are not limited to age, antibiotic usage, vaccination status, and smoking
status!31:132,

A 2000 prospective study conducted in Sweden aimed to “investigate whether a
nasopharyngeal sample could yield information concerning the etiology of long-standing coughs
in patients with a respiratory tract infection”!33134, Cases consisted of patients that presented to
an outpatient setting or school clinic with the chief complaint of cough lasting more than 9 days.
Controls were identified as adults and children who were not experiencing respiratory tract
infections symptoms at the time of their visit to a primary care clinic or school clinic setting.
Healthy individuals were also required to not have received antibiotics 4 weeks prior to their
visit. Participants were recruited from January to February and July to September of 1991 as part
of a previously completed study to investigate potential pathogenic bacteria identified in healthy
controls. A nasopharyngeal swab was collected for all participants at the time of recruitment and
sent to a laboratory for testing using culture methods. The four bacterial pathogens being tested
for were Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, and Beta-
haemolytic streptococci (BHS). Pearson’s chi- squared test with Yates correction was used to
determine whether there was a statistically significant difference between the expected bacterial
frequencies and observed bacterial frequencies for symptomatic cases and asymptomatic
controls. Yates correction is typically applied to Pearson’s chi-squared to prevent overestimation

of statistical significance!3>!13, When numbers were very small, Fisher’s exact test was used to

34



determine if the proportion of bacterial pathogens among cases differed from the proportion of
bacterial pathogens among controls. The most common symptom combinations among cases
were cough and sneezing and cough and throat pain. At least on potentially pathogenic bacterium
was identified in 83% of NP samples taken from participants aged 0 to 6 years. In children (0 — 6
years) and adults (> 16 years), S. pneumoniae, H. influenzae, and M. catarrhalis were found
significantly more often in symptomatic cases than in asymptomatic controls of the same age.
Growth of more than one bacterium was most common in children 0 to 6 years of age. The
combinations identified most often in symptomatic children were M. cattarhalis + S.
pneumoniae, M. cattarhalis + H. influenzae, and H. influenzae + S. pneumoniae.

A similar study was conducted in 2018 in 3 inpatient and 3 outpatient centers in the
UK?2. The study aimed to “determine the prevalence of respiratory pathogens in the upper
airways of asymptomatic adults compared with patients with respiratory tract infections (RTI)
and to investigate risk factors associated with the detection of respiratory pathogens™*2.
Symptomatic individuals consisted of patients who presented to an inpatient or outpatient setting
with symptoms of RTI lasting 10 or more days. Healthy, asymptomatic individuals consisted of
individuals presenting to inpatient or outpatient setting with no RTI symptoms at least 2 weeks
prior to and during the time of recruitment. Both symptomatic and asymptomatic participants
were required to be 18 years of age or older. NP swabs were taken from all participants at the
time of enrollment into the study. PCR was used to test samples for 16 viral pathogens and 4
bacterial pathogens. Like Gunnarsson et al, Sundell et al. utilized Pearson’s chi-squared and
Fisher’s exact test to compare the differences in bacterial and viral pathogens identified in the
asymptomatic and symptomatic groups. Differences in cycle threshold (Cr) values and clinical

factors among both groups were compared using simple linear regression and Pearson correlation
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coefficient. Cycle threshold was defined as the number of PCR cycles required to identify a
pathogen. A respiratory pathogen was detected in 11% of asymptomatic persons and 50% of
symptomatic persons. The most common virus detect among asymptomatic participants was
Rhinovirus. S. pneumoniae and H. influenzae were the most common bacteria found in
asymptomatic individuals. H. influenzae was significantly more frequent among symptomatic
individuals compared to asymptomatic. When comparing Cr values, low pathogen load was
associated with asymptomatic cases while higher pathogen load was associated with
symptomatic cases. However, the differences were not statistically significant.

In 2020, Gunnarsson and Manchal. conducted a systematic review and meta-analysis to
determine “the pathogenicity of beta-hemolytic Streptococcus group C (GCS) in patients with
uncomplicated acute sore throat”!??. Studies included in the systematic review were prospective
and retrospective case-control studies comparing the prevalence of GCS in patients with sore
throat to health controls. Researchers assumed that patients with symptomatic sore throat and
healthy controls could potentially carry GCS. Based on this assumption, GCS was considered to
be “clinically irrelevant” if the prevalence of GCS was the same among both groups. However,
GCS was considered to be “potentially clinically relevant” if ill patients tested positive for GCS
more often than healthy controls. The positive etiologic predictive value (P-EPV) was calculated
for all included studies and an overall summary P-EPV was calculated for studies when stratified
by age. The P-EPV was defined as the post-test probability of an association between sore throat
and identifying GCS in the throat, while also understanding that other pathogens might be
influencing pathogenicity. The P-EPV ranges from 0 to 100% and requires the assumed
sensitivity of the etiologic test used to detect the pathogen. In this case, the etiologic test used by

all included studies was culture which had an assumed 90% sensitivity. From the studies
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included in the meta-analysis, 11% of ill adult patients tested positive for GCS while 5.6% of
healthy controls had GCS identified in their samples. The summary P-EPV for adult studies was
53%, indicating the GCS may play a role in sore throat diagnoses in adults. Among studies
included that were conducted in children (younger than 15 — 19 years) with sore throat, 3.15% of
ill patients tested positive for GCS and GCS was identified in 2.87% of healthy controls. The
summary P-EPV for studies conducted in children was 9.3% indicating that GCS was unlikely to
play a role in sore throat in that age group. The analytic approaches used by Gunnarsson et al.
and Sundell et al. described above, will be used to address Aim 2.
3.1.5 Aim 3: Patient Care Seeking Behaviors

Acute upper and lower respiratory tract infections (ARIs) are among the most common
illnesses for which patients seek care. However, there are instances when a visit may not be
necessary. Office visits can be inconvenient, require time off from work and/or school, and cost
money. Additionally, office visits can sometimes result in an inappropriate antibiotic
prescription. For this reason, a 2016 retrospective study was conducted in Massachusetts to
“measure the proportion of primary care ARI visits that may not require an office visit”!*%. The
study utilized electronic health record to identify ARI visits that took place between May 2011
and May 2012 in 14 primary care practices. Researchers randomly selected 500 ARI visit
records. Records were excluded (N=61) if they did not have ARI symptom information, were
follow-up visits for ARI, or if the ARI symptom duration was > 30 days. Data on symptom
duration, presence, and absence of ARI symptoms (cough, phlegm production, colored sputum,
chest congestion, sore throat, fever, chills, ear pain, red eyes, headache, fatigue, myalgias, nasal
symptoms, sinus symptoms, wheezing, and shortness of breath). Based on this information along

with patient age and co-morbidities, researchers determined their diagnosis and whether their
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visit was necessary or unnecessary for further management. If a patient’s symptoms at the time
of their visit led to a researcher diagnosis of acute bronchitis and pneumonia, the visit was
labeled necessary to rule out pneumonia. However, if the researcher diagnosis was a non-severe
upper respiratory tract infection (NS URI), the visit was labeled as unnecessary for further
management. The researcher diagnoses were termed “HPI diagnosis” and cross-referenced with
clinician diagnoses for final determination of necessity of visit. If the HPI diagnosis was
“unnecessary for further management” and clinicians’ diagnosis matched exactly, the visit was
ultimately determined to be unnecessary. Similarly, if there was a discrepancy between the HPI
diagnosis and clinicians’ diagnosis but there was no change in antibiotic management as a result
of the visit, the visit was determined to be unnecessary. A visit was determined to necessary if
the HPI diagnosis indicated it was necessary regardless of the clinicians’ diagnosis. “Antibiotic-
appropriate diagnoses” were pneumonia, sinusitis (with prolonged, worsening symptoms),
streptococcal pharyngitis, and otitis media. “Non-antibiotic appropriate diagnoses” were NS
URI, acute bronchitis, sinusitis (without prolonged, worsening symptoms), viral pharyngitis, and
influenza. Necessity of visit was determined by two independent reviewers. Disagreements were
resolved by consensus.

The most common symptoms recorded were cough (64%), sore throat (55%), and nasal
symptoms (47%). Clinicians ordered rapid testing for strep pharyngitis in 80 visits and chest X-
rays in 24. Antibiotics were prescribed in 213 visits (49%) and non-antibiotic prescriptions were
provided in 123 visits (28%). The most common diagnoses were non-specific upper respiratory
tract infection (39%), sinusitis (24%) and acute bronchitis (22%). Researchers concluded that
276 of the visits (63%) included in the study were unnecessary and could have been managed

without an office visit.

38



A similar study was conducted in 2018 in rural China to “investigate the occurrence of
reported respiratory tract infection (RTI) symptoms and their effects on the use of self and
professional care among patients in the community”!'*°. Researchers assessed this research
question using a cross-sectional retrospective household survey. A stratified-clustered
randomized sampling approach was used to recruit villages and residents. The study survey
consisted of questions addressing the 4 following categories: 1) social demographics, 2) last
episode of symptomatic RTI, including symptoms experienced, 3) action taken to treat RTI, and
4) whether antibiotics were obtained for illness. Dry cough (58.9%), rhinorrhea (51.7%), and
sore throat were the most common symptoms associated with previous RTIs. Professional care
was sought by 55.7% of participants, 13.4 % bought over-the-counter treatments, and 23.1%
used leftover medicine from previous illness and 20.8% did nothing. Logistic regression was
used to model the association between care seeking behaviors and demographics. Educational
level was negatively associated with seeking help from clinics (OR = 0.79) and positively related
to buying over the counter medication (OR = 1.23) and using leftover medication (OR = 1.28).
Women were more likely than men to use leftover medication (OR = 2.02). Age was found to
have no effect on care-seeking behavior. Controlling for demographic factors, having a cough
was positively associated with purchasing over the counter medication (OR = 1.49). Also,
controlling for demographics, seeking care was positively associated with having a sore throat
(OR = 1.35), cough (OR = 1.49), shortness of breath (OR 1.70), and fever (OR = 2.14).

While there are retrospective studies that assess care seeking behaviors, there very few
studies that assess patient decisions to seek care in real-time. In Aim 3, our goal is to determine
patient perceptions regarding the need to seek clinical care for an ARI using clinical vignettes.

The information regarding the most common symptoms leading to seeking care as identified in

39



previous research will aid in the development of our vignettes. We will also determine patients’
reasoning for seeking care among college students upon making an appointment, by reviewing
appointment questionnaires.

3.2 Aim 1: Identify pathogens commonly associated with symptomatic respiratory tract

infections and classify pathogens that could likely be commensal.

3.2.1 Objective

We will perform a systematic review of previously published studies that identify
respiratory viruses and bacteria found among outpatients with a respiratory tract infection,
including the subset that compare those viruses and bacteria with those found in healthy,
asymptomatic controls. We will also identify studies reporting signs and symptoms associated
with specific pathogens. This information will inform us of which bacterial and/ or viral
pathogens are most associated with developing symptoms of acute RTI. In addition, we will use
the data from these studies to identify possible commensal pathogens by comparing the
frequency of pathogens found in symptomatic cases to pathogens found in asymptomatic
controls.
3.2.2 Methods
3.2.2.1 Data Sources

We will use PubMed, EMBASE, Web of Science, and Google Scholar to identify all
previously published studies reporting the etiology of acute respiratory tract infections in
outpatient settings. This will include studies only reporting on symptomatic outpatients with RTI,
as well as studies reporting only on asymptomatic controls, and studies reporting on both
populations. In addition, we will review the reference lists of included studies for additional

articles that were not initially identified in our search.
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3.2.2.2 Inclusion Exclusion Criteria

We will include only prospective studies of patients of all ages presenting with any
symptomatic acute respiratory tract infection (lower or upper) in the outpatient setting. We will
also include studies of asymptomatic patients that are tested for NP and OP pathogens in
outpatient or non-clinical settings. Studies that report both symptomatic and asymptomatic
etiology will also be included. Testing for viral and/or bacterial pathogens had to use PCR or
culture. Adequate count data for assessing how often bacteria and/ or viruses were detected is
required for inclusion. Pathogen data could be obtained as a result of prospective data collection
or retrospective health record review, depending on the study design. We will exclude studies
that were performed in a specialized population (i.e. immunocompromised) or in an inpatient
facility.
3.2.2.3 Search Strategy

We systematically reviewed studies in PubMed, EMBASE, Web of Science, and Google
Scholar using the following search strategy:

(“respiratory tract infection”[TIAB] OR “respiratory tract infection”[MH] OR “acute

bronchitis”’[MH] OR “pneumonia”’[MH] OR “viral rhinitis”[MH] OR

“rhinosinusitis”’[MH] OR “sinusitis”[tiab] OR “otitis media”’[MH] OR

“pharyngitis”[MH] OR “respiratory virus”[MH]) AND

(“bacteria”’[MH] OR “S. pneumoniae”’[MH] OR “Streptococcus”’[MH] OR “H.

influenzae”[MH] OR “M. catarrhalis”[MH] “virus”[MH] OR “viral” OR “influenza

virus”’[MH] OR “enterovirus”’[MH] OR “adenovirus”’[MH] OR “coronavirus”’[MH] OR

“respiratory syncytial virus”[MH] OR “rhinovirus”’[MH] OR “parainfluenza”’[MH] OR

“metapneumovirus”’[MH] OR “microbiome”’[MH]) AND
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(“etiology”’[TIAB] OR “aetiology”’[ TIAB] OR “etiological role” [TTAB] OR
“prevalence”[MH] OR “prevalence”[TIAB] OR “commensal”’[MH] OR
“commensal”’[TIAB] OR “pathogenic”’[ TIAB] OR “pathogenic”’[MH]) NOT
(“nosocomial”’[TIAB] OR “nosocomial” [MH] OR “ventilator-acquired
pneumonia”[ TIAB] OR “ventilator-acquired” [MH])
The search strategy will be developed based on key words and MESH terms of previously
identified etiologic studies. We will also review studies included in previous systematic reviews
or meta-analysis, as well as the reference list of all included studies. The search will not be
restricted by language or date of publication. A secondary systematic review will be conducted
using PubMed to include studies that assessed symptoms of specific etiologies of ARTIs or
specific ARTI diagnoses. The following search strategy will be used:
(“Influenza”[ TIAB] OR “rhinovirus”[TIAB] OR “rhinovirus”[MH] OR “common cold
virus”[MH] OR “catarrhalis”’[TIAB] OR “M. catarrhalis’[MH] OR “S.
pneumoniae”’[ TIAB] OR “strep pneumoniae”’[ TIAB] OR “streptococcal
pneumonia”[TIAB] OR “S. pneumoniae”[MH] OR “H. influenzae”[TIAB] OR “H.
influenzae”[MH] OR “Haemophilus influenzae”’[ TIAB]) AND (“signs and
symptoms”’[TIAB] OR “signs or symptoms”[TIAB} or “history and physical’[TIAB] OR
“physical examination”’[ TIAB]) NOT (“Nosocomial”’[TIAB] OR “Nosocomial’[MH] OR
“children” [TIAB] OR “pediatric”’[TIAB] OR “childhood” [TTAB]).
Filters for human only research, with abstract, and in adults were applied.
3.2.2.4 Data Abstraction
Abstracts will be reviewed by 2 investigators for possible inclusion. Abstracts identified

for full text review by either reviewer will then be reviewed in detail for possible inclusion in the
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study, again in parallel. Study characteristics, study quality, and etiology data will be abstracted
in parallel by 2 investigators. The same data abstraction template will be used by both
investigators. Any discrepancies in data abstraction will be resolved by consensus after
discussion, involving a third investigator if necessary.
3.2.2.5 Quality Assessment

Despite the importance of prevalence studies for guiding clinical practice, a tool has not
been adopted as the standard for assessing risk of bias in these types of studies. One systematic
review of quality assessments for prevalence studies concluded that the Joanna Briggs Institute
(JBI) Prevalence Critical Appraisal Tool is the most comprehensive!“’, Therefore, we will assess
prevalence study quality using the JBI criteria (Appendix A). Studies in this systematic review
will consist of prospective observational designs (i.e. cohort and case-control). Two different
versions of the JBI criteria will be used to assess risk of bias based on the study design.
Investigators will review the studies in tandem and resolved any discrepancies by consensus
discussion.
3.2.3 Analysis

In this Aim, the prevalence of bacteria and/or viruses in symptomatic patients with ARTI
and in asymptomatic controls will be obtained from studies included in our systematic review.
The pooled prevalence estimates and 95% confidence intervals for pathogens in each group will
be calculated with a random effects model of raw proportions. The inverse variance method will
be used to calculate the overall proportion of a specific pathogen identified the among
symptomatic or asymptomatic groups. This information will be presented graphically using
forest plots. A random effects model will be used because we assume that there will be some

degree of heterogeneity across the included studies. We suspect there will be heterogeneity
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because we are including research conducted in children and adults, and our research is not
limited to as specific type of acute respiratory tract infection. As there will likely be varying ages
included in our study, we could address resulting heterogeneity by stratifying the data by age
group. Similarly, because our meta-analysis will include data for all acute respiratory tract
infections, we will stratify them by upper and lower respiratory tract infection or by specific
diagnosis, if possible.

Heterogeneity will be quantified using the I estimate. The following scale will be used to
determine the degree of heterogeneity: I? estimates less than 40% indicate little to no
heterogeneity; 40 — 60% indicates moderate heterogeneity; 60 — 90% indicates substantial
heterogeneity; 75 — 100% indicates considerable heterogeneity. The first analysis presented will
be the prevalence of bacteria and/or viral pathogens detected in outpatients with acute respiratory
tract infections who are symptomatic. The second will be the prevalence of bacteria and/or viral
pathogens detected in outpatients without acute respiratory tract infections who are
asymptomatic. The third analysis presented will compare the prevalence of bacteria and/or
viruses found in symptomatic patients with acute respiratory tract infections to asymptomatic,
healthy patients. We will assess the clinical relevance of any statistical differences between the
bacterial and/or viral pathogens being carried by symptomatic and asymptomatic persons by
calculating the positive etiologic predictive value (P-EPV) and 95% confidence interval. The P-
EPV is the probability of finding an association between symptomatic lower respiratory tract

infections and bacterial and/or viral pathogens'3’

. Based on our study design, we will assume that
the sensitivity of the PCR test used is 100%. P-EPV will range from 0 — 100%. If a bacterial and/

or viral organism is found equally often in symptomatic and asymptomatic individuals, the

estimated P-EPV will be 0% and as such we will assume that it is likely to be commensal. If the
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difference in the prevalence of pathogens identified between both groups increases, the P-EPV
will approach 100%. The equation used to calculate P-EPV is provided below!*!. All analyses

will be conducted in R.

Sen _
P(T*|S*D~)

Sen _
P(D+|S+T+):1_ P(T*|ST) l
1

D = Disease
S = Symptoms
T=Test

Sen = Sensitivity
P(TYISTD™)=P(T*|S7)x 0

6 = ratio between symptomatic and
asymptomatic carriers

Lastly, we will broadly assess signs and symptoms commonly associated with specific
pathogens for each diagnosis if this data is available. It is our hope to identify the prevalence of
certain signs and symptoms among symptomatic patients. Likewise, we would also like to assess
if signs and symptoms of acute respiratory tract infections coincide with a specific pathogen or
group of pathogens. Table 3.1 and 3.2 contain the details that we will aim to provide. All
analysis will be completed in R.

Table 3.1 Proportion of symptomatic patients with specific acute respiratory tract
signs/symptoms (SAMPLE DATASET)

Signs/Symptoms # Studies # Symptomatic Total # Symptomatic
Reporting Data Patients with that Patients
for Symptom Symptom
Cough 5 250 500
Fever
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Sore Throat

Table 3.2 Proportion of symptomatic patients with a sign/symptom of acute respiratory tract
infection given that at least one pathogen was identified (SAMPLE DATASET)

Signs/ Symptoms S. pneumoniae H. influenzae Influenza A Rhinovirus
Cough 100 200 50 75
Fever

Sore throat

Sputum

3.2.3.4 Publication Bias

Publication bias is often a problem in systematic reviews and meta-analyses and must be
addressed!#*!43, Publication bias arises when the chance of a study being published is positively
associated with the statistical significance of its findings and, as a result, being included in the

142 Publication bias could lead to incorrect conclusions of

systematic review and meta-analysis
the systematic review. In this aim, publication bias will be assessed using a funnel plot of
prevalence estimates plotted against their standard errors. If the funnel plot is asymmetrical or
skewed, we will conclude that publication bias is likely in our meta-analysis. In addition to
assessing for publication visually, we will assess for publication bias statistically using Begg’s
rank test and Egger’s regression test. Begg’s test assesses if there is a correlation between the
ranks of effect estimates and their variances. Egger’s test assesses the relationship between the
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effect estimates and their standard errors'**. If the test produces a p-value less than 0.05, we will

conclude that there is evidence of publication bias.
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3.3. Aim 2: Conduct an acute respiratory tract infection etiology study comparing symptomatic

and asymptomatic individuals from diverse US populations

3.3.1 Objective

The objective of this aim is to conduct our own observational study comparing pathogens
found in persons with acute lower respiratory tract infection symptoms to bacterial and/or viral
organisms found in healthy individuals. We will use this data to determine the likelihood that
bacteria and/ or viruses are pathogenic or commensal or both.
3.3.2 Methods
3.3.2.1 Settings

Outpatient clinic settings associated with the University of Georgia, Georgetown
University, and University of Wisconsin were used as recruiting sites for symptomatic patients,
suspected of having a lower respiratory tract infection. One urgent care center and one university
health center are located in Athens, Georgia. Two outpatient clinics are located in Madison,
Wisconsin, while 17 clinics and/ or urgent care centers are located in the District of Columbia
and surrounding Virginia cities. Farmers markets, university campuses and other community
settings, associated with the previously mentioned universities and in the same geographical
areas, will be used as recruitment sites for asymptomatic, healthy participants.
3.3.2.2 Participants and Procedures

In this study, the outcome of interest is symptomatic lower acute respiratory tract
infection. The exposures being studied are pathogenic organisms associated with symptomatic
upper and lower acute respiratory tract infection. Symptomatic patients were recruited

prospectively to participate in the Enhancing Antibiotic Stewardship in Primary Care study

47



(EAST-PC) between June 2018 and April 2023. Symptomatic participants are 18 to 75 years of
age that presented to one of the aforementioned settings with cough lasting less than 14 days. In
addition, they needed to have at least one of the following symptoms for inclusion: shortness of
breath, sputum and phlegm production, body or muscle aches, chest discomfort with cough,
chest congestion, fever (subjective or measured), and chills or sweats. One of these of symptoms
was required for inclusion because it was the goal of the EAST-PC study to recruit only or
majority of patients with lower respiratory tract infections. Signs and symptoms of illness, pre-
existing conditions, and demographic information were also obtained from these patients.

Asymptomatic, healthy individuals aged 18 to 75 years will be recruited prospectively
between September 2022 and February 2023. Participants will be identified in medical clinics,
university campuses, and various community settings. Age, sex, and recruitment location will be
recorded for these individuals.

Nasopharyngeal and oropharyngeal swabs were taken at the time of recruitment for both
symptomatic and asymptomatic individuals participating in the study. Swabs were stored in viral
transport media (VTM) in sub-zero freezers until time for testing. Testing was conducted using
PCR at the Centers for Disease Control and Preventions. Bacteria and viruses tested for can be
found in Table 1.3.
3.3.2.3 IRB Approval and Funding

IRB approval was received for the recruitment of symptomatic patients for all recruitment
sites prior to the initiation of the EAST-PC study. IRB approval will be obtained for the
recruitment of asymptomatic patients. The EAST-PC study is funded by a research grant from
the Agency for Healthcare Research and Quality (AHRQ) through the Department of Health and

Human Services (HHS). All symptomatic patients received $40 for agreeing to participate in the
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study, provide swabs, and complete additional study materials. All asymptomatic patients
received $10 for providing nasal and pharyngeal samples and basic demographic information.
3.3.3 Analysis

Bivariate analysis will be conducted using Pearson’s chi-squared (X?) to determine if
there is a significant difference in the prevalence of certain pathogens between symptomatic and
asymptomatic patients. As we expect that some pathogens may not be identified as frequently in
the asymptomatic or symptomatic groups, we will utilize Yates correction factor in the chi-
squared test to reduce overestimation of statistical significance that could be a result of a small
cell counts in the 2 x 2 table. The X? equation used is shown below. Fisher’s exact test will also
be used to compare the differences in prevalence of bacterial and viral pathogens identified in the
asymptomatic and symptomatic groups. However, it will only be used when sample size for the
pathogen identified is small (cell count less than 5 in one or more cells in the 2 x 2 table).
Differences in PCR cycle threshold (Cr) values among both groups will be compared using
simple linear regression and Pearson correlation coefficient (r). Cycle threshold was defined as

the number of PCR cycles required to identify a pathogen.

¥2 = z (10; — E;| — 0.5)*
E;

O = Observed value

E = Expected value
Logistic regression will be used to determine whether a viral or bacterial pathogen is
independently associated with symptomatic infection. We will assess the clinical relevance of
any statistical differences between the bacterial and/or viral pathogens being carried by

symptomatic and asymptomatic persons by calculating the positive etiologic predictive value (P-
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EPV) and 95% confidence interval. The P-EPV is the probability of finding an association
between symptomatic lower respiratory tract infections and bacterial and/or viral pathogens!*’.
Based on our study design, we will assume that the sensitivity of the PCR test used is 100%. P-
EPV will range from 0 — 100%. If a bacterial and/ or viral organism is found equally often in
symptomatic and asymptomatic individuals, the estimated P-EPV will be 0% and as such we will
assume that it is likely to be commensal. If the difference in the prevalence of pathogens
identified between both groups increases, the P-EPV will approach 100%. The equation used to

calculate P-EPV is provided below!*!. All analyses will be conducted in R.

Sen _
P(T*|S*D~)

Sen -1
P(DY|STT)=1-— (—”(T 15%) 1 )
D = Disease
S = Symptoms
T=Test

Sen = Sensitivity
P(TYISTD™)=P(T*|S7)x 0
6 = ratio between symptomatic and

asymptomatic carriers

3.4 Aim 3: Assess care seeking behaviors of university students for respiratory tract infections

3.4.1 Objective

The objective of our third and final aim is to identify independent predictors of care
seeking behaviors for university students with acute respiratory symptoms. We will do this by
conducting a mixed methods study that includes an email survey, a review of questionnaire
responses of students with ARTT in the University Health Center’s electronic medical records
and data obtained from participants in the Enhancing Antibiotic Stewardship in Primary Care

Study (EAST-PC). This study will inform clinicians in the university health setting and more
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broadly clinicians caring for young adults regarding why they choose to seek care for respiratory
symptoms. This population is important to study because these students are often acting for the
first-time as decision makers in regards to their health. We will also identify areas where more
health education is needed as it applies to acute respiratory tract infections and their treatments.
3.4.2 Methods

3.4.2.1 Setting and Population

Data collection will be conducted at the University of Georgia and UGA’s University
Health Center (UHC) located in Athens, Georgia. According to the 2021 University of Georgia
Diversity Report, there are approximately 38,920 students currently enrolled at the university, of
whom 28,175 are undergraduate students, and 7,005 are graduate students. Among full-time
(enrolled in at least 12 credit hours) undergraduate students, 58% are female and 42% are male.
Among full-time (enrolled in at least 9 credit hours) graduate students, 59% are female and 41%
are male. Approximately 62% of students are considered to be “traditional college aged” or
between the ages of 18 and 21 years. Approximately 14,681 students (37.7%) are 22 years and
older.

All students at the University of Georgia have access to the campus’s University Health
Center. The health center provides a variety of healthcare services including primary care, a
gynecology clinic, sports medicine, mental health care, vision care, and dental care. The health
center has its own on-site pharmacy, laboratory, and radiology capabilities. Upon enrolling at
UGA, each student is assigned a primary care clinic for them to access by appointment
throughout their tenure at the university. UHC has three primary care clinics tasked with

addressing student health concerns needs such as suspected respiratory tract infections.

51



Symptomatic patients were recruited prospectively to participate in the Enhancing
Antibiotic Stewardship in Primary Care Study (EAST-PC) between June 2018 and April 2023.
Symptomatic participants were 18 to 75 years of age that presented to an outpatient setting with a
cough lasting less than 14 days. In addition, they needed to have at least one of the following
symptoms for inclusion: shortness of breath, sputum and phlegm production, body or muscle
aches, chest discomfort with cough, chest congestion, fever (subjective or measured), and chills
or sweats.
3.4.2.2 Sample Size

We will be utilizing multivariate analysis to identify symptoms of ARTI that are
predictors for seeking care and antibiotic treatment for three categories of respiratory illnesses:
1) upper respiratory tract infections, 2) sore throat, and 3) lower respiratory tract infections.
Therefore, the number of predictors will be used identify the ideal sample size for survey
respondents. It is a general rule that there should be at least 10 observations per independent
variable, but the number of desired observations can be greater based on preference. In a 2018
study, Bujang et al. presented a sample size calculation with the formula N = 100 + xi, where “x”

L
1

represents the desired of number of observations per variable and “i” represents the number of
independent variables in the study!#4’. The 9 independent predictors that will be systematically
varied in the vignettes in our survey are provided below (Table 3.3). To increase the precision of
our findings and provide our study with more power to draw conclusions from our findings, we

will set our x value as 20. Based on the formula, our sample size of survey respondents should be

at least 280 (N =100 + (20 * 9).
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Table 3.3 Independent predictors that will systematically varied in 12 vignettes. Vignettes will
consist of scenarios that fit into the 3 categories listed: 1) Upper Respiratory Tract Infection, 2)

Sore Throat, and 3) Lower Respiratory Tract Infection

Variables Code for Variable
Outcome (Continuous)

Seeking Care 1-10

Seeking Antibiotics 1-10

Predictors (Categorical)

Symptoms of Upper Respiratory Tract Infections

Nasal Discharge (and color)

None 0

Clear 1

Yellow/Green 2
Face Pain/ Pressure

Absent 0

Present 1

Symptoms of Sore Throat

Sore Throat

Absent 0

Present 1
Swollen Glands

Absent 0

Present 1

Symptoms of Lower Respiratory Tract Infections
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Cough
Absent 0

Present 1

Sputum Color

None 0

Clear or Yellow 1

Green 2

Bloody 3
Chest pain with Cough

Absent 0

Present 1

Symptoms Associated with all Categories

Fever
Absent 0

Present 1

Symptom Duration

<3 days 0
3 —7 days 1
8 — 14 days 2
> 14 days 3
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3.4.2.3 Data Collection
3.4.2.3.1 Survey

To address Aim 3, the first part of the study will consist of sending an electronic survey
to the UGA student population via the Outlook /istserv feature. Outlook listserv will be used to
ensure that survey vignettes will be disseminated to the entire UGA student body in an effort to
reach our desired sample size for survey responses. Qualtrics will be used to create the vignette
survey and track survey responses. This platform was chosen because the University of Georgia
has a license that is available free for student use. Students will be asked to provide the following
demographic information: age, sex, and grade level (to determine the difference in care seeking
behaviors between undergraduate and graduate level students). The survey will consist of 12
vignettes. Each vignette will provide a summary of common clinical presentations for specific
acute respiratory tract infections with varying severity and onset of symptoms. A table indicating
signs and symptoms to be included or excluded in each vignette is provided below (Table 3.4).
Patients will be asked to read each vignette and rate, on a linear numeric response scale, their
likelihood of seeking clinical care and their perception of the likelihood that prescription
antibiotics are needed to treat the signs and symptoms described in each scenario. The numeric
scale will range from 1 to 5. A score of 1 will indicate “extremely unlikely” whereas a score of 5
will indicate “extremely likely”. A sample scale is shown below (Figure 3.1). Completion of this
survey will be entirely voluntary. IRB approval will be obtained to conduct this data collection.

Data collection will be conducted between August 2022 and December 2022.
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Table 3.4 Indicators for which signs/symptoms will be included in each vignette

Vignette Fever Cough Sputum Chest Sore Swollen Nasal Face Pain | Symptom
Number Color Pain with Throat Glands | Discharge Duration
Cough (and
color)
Upper Respiratory Tract Infection
1 0 0 1 0 0 0
2 0 1 0 2 1 1
3 0 0 1 2 1 2
4 0 0 0 1 0 0
Sore Throat
5 0 1 0 1 0 1
6 0 1 1 0 0 0
7 0 1 1 0 0 2
8 0 1 1 1 0 1
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Lower Respiratory Tract Infection

10

11

12

1 1 0
1 0 0
1 1 0
1 0 0
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Figure 3.1 Scale that will be used to rate likelihood for seeking care and antibiotic treatment in
vignette survey

Neither
Extremely  Somewhat likely nor Somewhat Extremely
unlikely unlikely unlikely likely likely
O O O O @)

3.4.2.3.2 University Health Center Point and Click (UHC PNC) Questionnaire

As previously mentioned, UGA students have access to the UHC for their health
concerns by appointment. Appointments can be made over the phone or online. Prior to each
appointment students are asked to complete pre-visit questionnaires that are specific to their
chief complaint for their visit. Respiratory illness is one such complaint with an associated
questionnaire (Appendix B). In the questionnaire, students are asked to provide information in
regards to their illness. Patients are asked to rank the severity of their cough, body or muscles
aches, and overall weakness as either “none”, “mild, “moderate” or “severe”. Patients are also
asked to check “yes” or “no” to having specific acute upper and lower respiratory tract infection
symptoms, and approximate the number of days they have been experiencing symptoms prior to
making the appointment. This questionnaire also includes the following open-ended questions:
“how has your illness evolved” and “what measures have you tried to get or feel better”. We will
use UHC PNC to download de-identifiable data from patient questionnaire responses.
Questionnaires completed between August 2022 and January 2023 will be obtained. This
information will be used for qualitative data analysis to inform common treatments used prior to
seeking care and reasoning for seeking care. IRB approval will be obtained to access patient

records.
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3.4.2.3.3 Enhancing Antibiotic Stewardship in Primary Care Study

Upon enrollment in our study, symptomatic patients were asked to describe their
expectation for how long their cough would last and to indicate from a prespecified list why they
sought care for their illness. IRB approval was received for the recruitment of symptomatic
patients for all recruitment sites prior to the initiation of the EAST-PC study. The EAST-PC
study is funded by a research grant from the Agency for Healthcare Research and Quality
(AHRQ) through the Department of Health and Human Services (HHS). All symptomatic
patients received $40 for agreeing to participate in the study, provide swabs, and complete
additional study materials.
3.4.3 Analysis
3.4.3.1 Vignette Survey Analysis

Exploratory data analysis will be done first to identify any necessary data cleaning. Then
an item analysis will be done for each variable to assess for missing data. As vignettes will differ
systematically on the severity of the scenario and symptoms included, it is our goal to identify
independent predictors of seeking care versus not seeking care. Based on the survey responses,
we will achieve this by using multivariate analysis that will be conducted on the 3 predetermined
categories of acute respiratory tract infection. Participants will rank their perception of the need
for clinical intervention and antibiotic treatment on a numerical scale for all 12 vignettes.
Responses on the numeric scale for seeking care and antibiotics will be analyzed as categorical
variables ranging from 1 (extremely unlikely) to 5 (extremely likely). Agreeing to seek care or
antibiotic will be defined by a response of somewhat likely or extremely likely. Disagreeing to
seek care or antibiotic will be defined by a response of neutrality, somewhat unlikely, or

extremely unlikely. Symptoms included or excluded from vignettes will be defined as categorical
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variables. The presence of a specific symptom in a vignette will be defined by a 1, 2, or 3. If the
symptom is absent from the vignette, the symptom will be defined by a 0. An example dataset is

provided below (Table 3.5).
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Table 3.5 Sample dataset of vignette survey responses

Participant | Vignette | Seek | Seek Fever | Cough | Sputum | Chest Sore Swollen | Nasal Face Symptom
1D Number | Care | Antibiotics Color Pain Throat | Glands Discharge | Pain Duration
(1-5) | (-5 with (with
Cough color)
1 1 5 3 1 0 0 1 0 1 0 0 0
1 2 4 4 0 1 1 0 1 0 2 1 1
2 1 3 2 1 0 0 1 0 1 0 0 0
2 2 5 4 0 1 1 0 1 0 2 1 1
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A logistic regression model will be created in STATA. P-values that are included in the
summary statistics of the regression model will be reviewed to determine if the independent
predictors included in the model, significantly contribute to seeking care or antibiotic treatment.
Symptoms that have p-values greater than 0.05 will be concluded as not being a predictor for a
college student seeking care for a respiratory tract infection.
3.4.3.2 University Health Center Questionnaire Qualitative Analysis

Deidentified respiratory illness questionnaire data retrieved from UHCs electronic health
records will be assessed in order to present the clinical characteristics of patients being seen in
the university health setting for suspected upper and lower respiratory tract infections. We will
determine the most common symptoms patients present to the clinic with by quantifying the yes
or no responses (Table 3.6). We will also calculate the mean and median number of days the
patients have been experiencing these symptoms prior to scheduling an appointment at the health
center. Responses for the severity of cough, body aches, and weakness will be combined to
determine the student’s perception of the severity of their illness (Table 3.7). Lastly, we aim to
conduct conventional content analysis to identify common reasons for respiratory visits.
Conventional content analysis is generally used to describe a topic of interest, when existing
theories or research about the topic are limited!#¢. Our aim will be addressed by reviewing
student responses on how their illness evolved and whether or not any measures were used to get
or feel better prior to making the appointment. We will consider the content of this open—ended
question and attempt to categorize them based on themes identified. We expect that there will be
certain over-the-counter medications and regimens that have been used prior to making the
appointments, therefore we would like to identify the most common measures tried. We also

suspect that no measures are tried, which would also be important to note. In terms of symptom
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and illness evolution, we hope to identify common reasons for scheduling the appointment such
as “symptoms were not going away”’, “encouraged to seek care by parent or guardian”,
“symptoms are very bad and do not want to miss event or class”, or “roommate was diagnosed
with illness; therefore, I suspect I have it”, etc. Using the themes that we identify through our
content analysis, we hope to develop a theoretical model to better understand individual factors

that commonly lead to students making appointments for respiratory tract infections'#’.

Table 3.6 Proportion of patients by signs/symptoms who completed the University Health Center
Respiratory Tract Infection Questionnaire (SAMPLE DATASET)

N =500 Respiratory Illness Questionnaire

Present Not Present
Cough 200/500 300/500
Fever
Sneezing
Fatigue
Avg # Days 10 days (1 — 30 days)

Table 3.7 Proportion of patients who reported severity of cough, body aches, and/or weakness on
the University Health Center Respiratory Illness Questionnaire (SAMPLE DATASET)

N =500 Severity

Symptoms None Mild Moderate Severe
Cough 200/500 150/500 50/500 100/500
Body aches

Weakness
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3.4.3.3 Enhancing Antibiotic Stewardship in Primary Care Descriptive Analysis
Supplementary descriptive analysis will be done using data obtained from individuals
enrolled in the Enhancing Antibiotic Stewardship in Primary Care study. For our analysis we
will utilize a subset of the data that contained only responses from young adults aged 18 — 30
years. From this data we will calculate the mean and median number of days that patients
expected their cough to last with or without an antibiotic. Responses to a prespecified list of

options for seeking care will be quantified. Analysis of this data was done using STATA.
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CHAPTER 4
RESULTS

Introduction
The results of each aim of this dissertation are presented individually as manuscripts in chapters
5, 6, and 7. This corresponds to aims 1, 2, and 3 respectively. Each manuscript contains a title
page, abstract, introduction, results, discussion, and applicable tables or figures. A single
references list is included at the end of this dissertation. There may be some repetition between
information presented in chapters 1 — 3. After presenting the results of each aim in the form of a
manuscript, chapter 8 summarizes and discusses the future directions for research for all three

aims.
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CHAPTER 5
Etiology of Acute Respiratory Tract Infections in Outpatients: A Systematic Review and Meta-
Analysis to Identify Likelihood of Commensalism
INTRODUCTION
Acute respiratory tract infections remain a common cause of outpatient visits globally?2.
They are also the most common diagnoses for which a patient receives any prescription (i.e.
antibiotics, antitussives, and inhalers)?. Upper respiratory tract infection (URTI) diagnoses
include pharyngitis, rhinosinusitis, otitis media, and rhinitis. Lower respiratory tract infection
(LRTTI) diagnoses include community-acquired pneumonia (CAP) and non-pneumonia lower
respiratory tract infections or acute bronchitis, as it is also known.

The etiology of acute upper and lower respiratory tract infections can be bacterial and/ or
viral. Bacterial URTI diagnoses include streptococcal pharyngitis, pharyngitis caused by
Fusobacterium necrophorum’, bacterial rhinosinusitis, and bacterial otitis media. Bacteria
commonly associated with both URTIs and LRTIs include Streptococcus pneumoniae
(pneumococcus), Haemophilus influenzae, and Moraxella catarrhalis. Staphylococcus aureus is
a bacterium that is associated solely with LRTIs®. However, viral pathogens are more frequently
associated with acute respiratory illness than bacteria?®. Viral URTI diagnoses include viral
pharyngitis, viral rhinosinusitis, viral otitis media, and viral rhinitis. Viruses associated with
URTIs and LRTIs include human rhinovirus, human metapneumovirus (hMPV), respiratory

syncytial virus (RSV), influenza A and B viruses, parainfluenza virus, adenovirus, and
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coronavirus®. Bacterial LRTIs can include pneumonia and acute bronchitis. Viral LRTIs are viral
pneumonia and viral acute bronchitis.

The respiratory tract is colonized with bacteria and/or viruses, much like our skin. The
commensal microbiome is housed primarily in the upper respiratory tract which includes the
nasal cavity, nasal pharynx, and larynx’. The normal bacteria that colonize the respiratory tract
are thought to be commensal or “healthy” and unlikely to cause harm?*. In contrast, it is thought
that the presence of commensal genera such as Staphylococcus, Streptococcus,
Corynebacterium, Prevotella, Veillonella, Propionibacterium, and Fusobacterium can assist the
body with fighting new, opportunistic bacterial or viral pathogens that may cause invasive
diseases in adults”- 14151

Our systematic review will identify outpatient studies that determine the etiology of acute
upper and lower respiratory tract infections. This information will be used first, to identify the
most common pathogens associated with acute upper and lower respiratory tract infections in the
outpatient setting and second, to determine the likelihood that specific bacteria and/or viruses are
commensal versus pathogenic.

METHODS
Inclusion and Exclusion Criteria

To be considered for inclusion in the meta-analysis, studies had to recruit outpatients
presenting with any symptomatic acute respiratory tract infection (ARTI) (lower or upper).
Studies were also considered for inclusion if their research population included asymptomatic
patients that were tested for nasopharyngeal (NP) and oropharyngeal (OP) pathogens in
outpatient or non-clinical settings. Studies that reported both symptomatic and asymptomatic

ARTI etiology were also included. Testing for viral and/or bacterial pathogens had to use
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polymerase chain reaction (PCR) or culture methods. Adequate count data for assessing how
often bacteria and/ or viruses were detected was required for inclusion. Pathogen data could be
obtained via prospective data collection or retrospective health record review, depending on the
study design.

Studies were excluded from the meta-analysis if their population consisted of primarily
children. We also excluded studies that were performed in specialized populations such as
individuals with cancer, HIV, immunosuppressed, chronic lung disease, or pregnant women.
Lastly, studies were excluded if they were conducted in an inpatient facility.

Search Strategy

A search of PubMed, EMBASE, Web of Science, and Google Scholar were done to
identify etiological studies of outpatients with acute respiratory tract infections. The search
strategy was developed based on key words and MESH terms of previously identified etiologic
studies. The search strategy for each database is included in Appendix A, Table Al. We also
reviewed studies included in previous systematic reviews or meta-analyses, as well as the
reference lists of all included studies. The search was not restricted by language or publication
date. A secondary systematic review was conducted to include studies that assessed symptoms of
specific etiologies of ARTIs or specific ARTI diagnoses. This search yielded an additional five
studies to be included in the descriptive analysis. The study characteristics and data obtained
from these studies is detailed in Appendix A, Table AS. The search strategy of our secondary
systematic review can be found in Appendix A, Table A4.

Data Abstraction
All abstracts were reviewed in parallel by two investigators. For any abstract of interest,

the full article was obtained and reviewed by two investigators. Full articles were screened for
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the following data: inclusion criteria, type of care setting, age of patients, study design,
diagnostic testing, country, years of data collection, pathogens identified in study, and viral
and/or bacterial etiology count data for acute respiratory tract infections. A final list of included
studies was developed, and all data were abstracted in parallel by two investigators. The same
data abstraction template was used by both investigators. Any discrepancies in data abstraction
were discussed and resolved by consensus.
Quality Assessment

Study quality was assessed using the Joanna Briggs Institute (JBI) Prevalence Critical
Appraisal Tool (Appendix A, Figures Al and A2). Studies in this systematic review consisted of
prospective and retrospective observational designs (i.e., cohort and case-control). Two different
versions of the JBI criteria were used to assess risk of bias based on the study design.
Investigators reviewed the studies in tandem and resolved any discrepancies by consensus
discussion. Overall risk of bias was determined for all included studies. Studies that addressed all
categories of the JBI criteria were considered low risk of bias. Those that did not address one or
two categories were considered moderate risk of bias. If more than two categories were not
addressed from the criteria studies were considered high risk of bias.
Analytic Strategy

R version 4.1.2 and the meta package was used to perform a random effect meta-analysis
of data gathered from included studies. The prevalence of bacteria and/or viruses in symptomatic
patients with ARTI and in asymptomatic controls were obtained from studies included in our
systematic review. Data were stratified into two groups, acute respiratory tract infection (ARTI)
and lower respiratory tract infection (LRTI), based on the condition type being studied. The

ARTI group included upper respiratory tract infections (URTIs) and studies that did not specify
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whether the condition of interest was upper or lower respiratory tract infection. The LRTI group
included studies researching non-specific LRTIs, acute bronchitis, and community acquired
pneumonia (CAP). The pooled prevalence estimates and 95% confidence intervals for pathogens
in each group were calculated with a random effects model of Freeman-Tukey transformed
prevalence proportions. The inverse variance method was used to calculate the overall proportion
of a specific pathogen identified among symptomatic or asymptomatic groups. This information
is presented graphically using forest plots. Each plot reports an I statistic to quantify the
proportion of the observed variance that would remain if we could eliminate sampling error. The
following scale will be used to determine the degree of heterogeneity between studies: I
estimates less than 40% indicate little to no heterogeneity; 40 — 60% indicates moderate
heterogeneity; 60 — 90% indicates substantial heterogeneity; 75 — 100% indicates considerable
heterogeneity. For forest plots with less than ten studies included, it is noted that the /Z estimate
can underestimate between study variability!2.

The P-EPV is the probability that a bacterial and/or viral pathogen detected in a
symptomatic person’s respiratory tract is causing those symptoms!*’. Based on previous research
findings, we will assume that the sensitivity of the PCR test used is 99%!3%!154, P-EPV will range
from 0 — 100%. If a bacterial and/ or viral organism is found equally often in symptomatic and
asymptomatic individuals, the estimated P-EPV will be near 0% and as such we will assume that
it is likely to be commensal. For pathogens primarily detected in symptomatic persons and rarely
seen in asymptomatic persons, the P-EPV will approach 100%. The P-EPV equation is provided
in Appendix A, Figure 3'%. The online EPV Calculator version 2.21 tool was used to calculate

P-EPV and their corresponding 95% confidence intervals!>>.
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Lastly, we will descriptively analyze the signs and symptoms commonly associated with
specific pathogens for each diagnosis if this data is available. It is our hope to identify the
prevalence of certain signs and symptoms among symptomatic patients. Likewise, we would also
like to assess if signs and symptoms of acute respiratory tract infections coincide with a specific
pathogen or group of pathogens. STATA version 18/ SE will be used to conduct Pearson’s Chi-
square test to determine the likelihood of having acute respiratory infection symptoms based on
etiology.

Assessment of Publication Bias

The “funnel’ function in the R meta package will be used to generate funnel plots to
visually assess publication bias. A plot for each etiology with five or more studies will be
generated for symptomatic and asymptomatic groups'*S. Plots will then be analyzed for visual
symmetry. Publication bias will be statistically assessed using Egger’s test for etiologies with ten
or more studies included in the analysis. This cut-off will be used because if there are too few
studies included in the meta-analysis, the power of Egger’s test can be too low. A statistically
significant association will indicate that the relationship between the pooled prevalence effect
measure and the study size is more than chance. We will report statistically significant results
from this test as potential publication bias.

RESULTS
Search Results

Figure 5.1 includes a summary of our search process for relevant studies. A total of 3,
670 studies were identified from our search and 135 were reviewed in full for inclusion. There
were 19 studies remaining for inclusion in the meta-analysis. Of these studies, 4 were excluded

because their etiology data presented pediatric data only or combined data for pediatric and adult
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populations. Therefore, complete analysis was conducted on 15 studies, all of which presented
etiology in adult populations.

Characteristics of the included studies are shown in Table 5.1. Studies were performed
worldwide including 6 in European countries, 5 in Asian countries, and 3 in the United States.
Data were collected between 1992 to and 2019. Etiology in only symptomatic persons was
reported in 6 studies. The remaining 9 studies reported etiology in both symptomatic and
asymptomatic adults. The mean or median age ranged from 31 to 69 years. In general, all studies
had similar recruitment of males and females.

Study Quality

The quality of all included studies was evaluated using the Joanna Briggs Institute (JBI)
Prevalence Critical Appraisal Tool. Tables 5.2 and 5.3 include these results for case-control and
cohort designs, respectively. Overall, 11 studies had a low risk of bias, in either a cohort or case-
control design, across all JBI categories. We classified three studies as having an overall
moderate risk of bias for not addressing one to three JBI categories. This classification was given
due to studies not highlighting potential confounders or mentioning how confounding was
addressed in analyses. A moderate risk of bias was also given to three studies based on their
recruitment strategies for their study populations. High risk of bias was present in one study due
to the article not addressing three of the categories in the appraisal tool. The three categories that
were not addressed were adequate matching strategies for a case-control studies, confounding
factors, and appropriate statistical analysis for confounding.

Etiologic Prevalence
Summary estimates of etiologic prevalence and their corresponding 95% confidence

intervals for symptomatic and asymptomatic groups are shown in Table 5.3. All forest plots for
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symptomatic and asymptomatic etiology pooled prevalence estimates and their I values are
included in Appendix A, Figures A4 and AS. Overall, viruses that were identified most often in
symptomatic individuals included influenza A or B, rhinovirus (RV), bocavirus, and enterovirus.
Amongst individuals recruited with acute respiratory tract infection symptoms (ARTI) influenza
A or B, bocavirus, rhinovirus, and enterovirus were the most identified. In patients with lower
respiratory tract infection symptoms (LRTI), influenza A or B, rhinovirus, human coronavirus,
and respiratory syncytial virus (RSV) were most common. Bacteria that were most common
overall among patients included Haemophilus influenzae, Moraxella catarrhalis, and
Streptococcus pneumoniae. Overall heterogeneity between studies was high amongst
symptomatic study populations and the respective etiologies by illness type. Heterogeneity
ranged from 0% to 99%, with the majority being greater than 85%. Parainfluenza virus 3 and
Enterovirus were the only etiologies to have low heterogeneity between studies with an I value
equal or close to 0%.

The isolation of bacteria and viruses in asymptomatic study populations (individuals with
no signs or symptoms of acute respiratory tract infections) was lower compared to symptomatic
populations. Viruses such as human metapneumovirus and parainfluenza virus (all types) were
nearly non-existent in these groups. The most identified viruses among asymptomatic groups
were rhinovirus, influenza, respiratory syncytial virus (RSV), and enterovirus. Bacterial etiology
was found to have a higher prevalence in asymptomatic persons. Streptococcus pneumoniae and
Haemophilus influenzae were both found most often in those who were asymptomatic for
respiratory tract symptoms. There was a range of heterogeneity 0 — 97% amongst this group with

the majority being greater than 75%. RV had a moderate I value of 60%, and hCoV and
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bocavirus had low I° values below 10% indicating low heterogeneity between studies for these
viruses.
Determining Commensalism

The positive etiologic predictive values (P-EPV) for viruses and bacteria that were
present in both the symptomatic and asymptomatic groups is included in Table 5.4. Etiologies
that were determined to likely be pathogenic, as they were present amongst symptomatic groups
more frequently than asymptomatic groups, were influenza A or B, human metapneumovirus,
respiratory syncytial virus, and parainfluenza virus. These viral etiologies all had P-EPVs that
were greater than 90%. However, all viral etiologies, except for adenovirus, had P-EPVs greater
than 70%. There were three bacterial etiologies, Moraxella catarrhalis, Streptococcus
pneumoniae, Haemophilus influenzae that had the potential to be commensal with P-EPV values
less than 0%. This occurred because these pathogens were present more often in healthy
participants than patients with symptomatic ARTIs. However, negative values for the P-EPV are
not interpretable according to its developer (personal communication, R. Gunnarsson).
Chlamydia pneumoniae was the only bacteria identified to be pathogenic with a P-EPV greater
than 70%.
Etiology Associated with Symptoms

There were nine studies that provided data on etiology specific symptoms, in adults, from
our original search. Overall, cough, headache, fever, sore throat, and abdominal symptoms were
the most frequently reported in studies of acute respiratory tract etiology. Sneezing was only
reported in one study. Most symptoms were reported for viral etiologies (N = 24850). These viral
etiologies included adenovirus, SARS-CoV2, human metapneumovirus, and influenza virus A or

B. Individuals diagnosed with these viruses most often had complaints of cough (85.8%),
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headache (77.7%), and fever (77.7%) while complaints of sputum production (0.1%), sneezing
(0.1%), and chills/sweats (5.0%) were less common. Two studies, with an interest in diagnosing
community-acquired pneumonia etiology, reported symptoms that were specific to the bacterial
etiology Mycoplasma pneumoniae (N = 63) and Chlamydia pneumoniae (N = 21). The isolation
of M. pneumoniae coincided with increased complaints of cough (91.7%) and sputum production
(40.5%). Abdominal symptoms (10.7%), chest pain (10.7%) and dyspnea (7.1%) were reported
less often for these bacterial pathogens.

Count data for adenovirus symptoms was reported the most in our subset of studies.
Therefore, we conducted a X? tests to determine the likelihood of specific ARTI symptoms in
patients with adenovirus compared to those diagnosed with other viral pathogens. Based on the
reported data, patients with complaints of cough, headache, abdominal symptoms, dyspnea,
fever, myalgia, sore throat, and nasal congestion were all significantly associated with an
adenovirus diagnosis. Notably, sore throat (OR 11.85; 95% CI 10.98, 12.78) and nasal
congestion (OR 8.02; 95% CI 7.57, 8.50) were more frequent in the group of patients with
adenovirus compared to those without.

Publication Bias

Funnel plots for viral and bacterial etiologies for symptomatic and asymptomatic groups
that were reported in three or more studies can be found in Appendix A, Figures A6 and A7.
Upon visual assessment, none of the funnel plots appear to be symmetrical. Therefore, we do not
see any evidence of bias in publication due to sample size. As there were no etiologies that were

reported in at least 10 studies, Egger’s test was not conducted.
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DISCUSSION

The objective of this meta-analysis was to identify viral and/or bacterial etiologies that
were associated with symptomatic acute respiratory tract infections (ARTI). We also wanted to
look at organisms detected in asymptomatic persons that could possibly be associated with
disease but that can also be commensal. We were able to identify viruses and bacteria that were
significantly associated with symptomatic ARTI diagnoses and being asymptomatic. From the
studies included in out meta-analysis, we were able to determine that bocavirus, influenza virus
A or B, rhinovirus, and M. catarrhalis are the most common causes of acute respiratory tract
infections. Influenza virus A or B, rhinovirus, S. pneumoniae, and H. influenzae were the most
common causes of lower respiratory tract infection. Overall, when detected influenza A or B,
human metapneumovirus, and respiratory syncytial virus are highly likely to be pathogenic, as
they were much more prevalent in symptomatic individuals compared to asymptomatic
individuals. Haemophilus influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis are
often commensal, but could become invasive and cause disease.

While we did find these associations, there are several limitations to consider with the
studies included in this meta-analysis. First, this meta-analysis included a small number of
studies. Many etiologies in the symptomatic subgroups and the asymptomatic group only had
data from single studies. Heterogeneity was moderate to high for all groups. This is likely a
result of inconsistent recruitment methods and ascertainment of infection and pathogen data
across studies. Definitions of signs and symptoms used for recruitment varied slightly across
studies. Similarly, many studies combined upper and lower respiratory tract data. Lastly, there
were relatively few studies that compared symptomatic and asymptomatic groups therefore

providing little evidence to make conclusions on commensalism and pathogenicity. The studies
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that did compare symptomatic and asymptomatic persons often included patients that were from
different communities across different time periods.

Further research on this topic is needed to address these limitations. Studies should strive
to prospectively recruit symptomatic and asymptomatic participants from the same source
populations and using the same testing procedures in both groups. Inclusion criteria should
provide clear definitions for the conditions that they will be researching as it is important to
separate upper respiratory and lower respiratory etiology because they are associated with
different pathogens, symptoms, and severity of disease. Participants should also be tested for
bacterial and or viral organisms using the same methods, ideally PCR or culture.

Conclusion

In conclusion, this systematic review highlights the importance of research in the field of
respiratory tract infection etiology. We found that viruses such as influenza A or B, human
metapneumovirus, and respiratory syncytial virus are most often pathogenic and bacteria such as
Haemophilus influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis could be
commensal when they are not invasive. However, due to the lack of studies available for
inclusion in the meta-analysis, there is little evidence to make causal claims about these
associations. There is a clear need for both large and small studies that include symptomatic and
asymptomatic groups to determine the etiologies of upper and lower acute respiratory tract
infections. This information is crucial for guiding prescribing practices for these conditions as

they are the most frequent reason for seeking care in clinical settings.
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Table 5.1 Study characteristics of articles included in the etiology systematic review and meta-analysis.

Author, Year

Countr Settin Year Data | Mean Age in | Detection | Diagnosis Type of Sex
y g Collected | Years (Range) | Method | of Interest Patients
Studies Reporting Data on any Acute Respiratory Tract Infection (ARTI)
Sg(l)hl 56}52711’ Taiwan Clinic 220 01 12 3_ (132_';2) PCR ARTIs iz;nnll) ;(:(I)nni:gé 46.1% Male
Symptomatic:
Median 66 Symptomatic:
Sundell et al, . 2015 - (57 - 76); Symptomatic/ 45% Male;
201932 Sweden Clinic 2016 Asymptomatic PCR ARTIs Asymptomatic | Asymptomati
: Median 69 c: 37% Male
(54 -77)
Zimmerman et United .. (6 mos — 82 )
al, 201415 States Clinic 2012 yrs) PCR ARTI Symptomatic | Not Reported
Studies Reporting Data on any Upper Respiratory Tract Infection (URTI)
Bacterial
. United Community 1999 - 37 Otitis Symptomatic/
159
Chi et al, 2003 States (university) 2000 (20-62) Culture Media and | Asymptomatic Not Reported
Sinusitis
. Acute Viral .
Hzaz)nl ?tl 6%1’ [SJ?;::S Community 220 é) (f 6- Not Reported Culture | Rhinosinus iz;nnli ;?2:2:;2 Not Reported
itis

Laz?ni;\gélg? ct France Clinic 119 99927- Not Reported PCR URTI Symptomatic | Not Reported
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. - 2009 - Median 31 Acute :
162 0
Luetal, 2013 China Clinic 2010 (14 - 88) PCR URTIS Symptomatic 51% Male
Studies Reporting Data on any Lower Respiratory Tract Infection (LRTI)
Symptomatic:
Creer et al, United . 2000 - 499 (18 —=90) | Culture/ Symptomatic/ o
2006%! Kingdom Clinic 2001 Asymptomatic PCR LRTIs Asymptomatic 37% Male
:49.7 (22 -83)
Grafgeéglgalr;ft al, Netherlands Clinic 129 09 08 1- 50 Culture CAP Symptomatic 47% Male
Holm et al, .. 2002 - Median 50 CAP and . o
2007164 Denmark Clinic 2003 (18 - 94) PCR LRTI Symptomatic 49% Male
Ieven et al, 11 European Clinic 2007 - 49.8 Culture/ I(;FTiIﬂ\fg ﬂtl Symptomatic/ 40% Male
2018166 Countries 2010 (18 - 92) PCR VCV AP U1 Asymptomatic °
Liu et al, 2013'¢7 China Clinic 220 01 10 1- Not Reported Cglct:lﬁe/ CAP Symptomatic | Not Reported
Studies Reporting Data for SARS-CoV-2
Karamese et al, Clinic/ Lab SARS- Symptomatic/ 0
20211 Turkey Database 2020 38.1 PCR CoV-2 Asymptomatic 39.1% Male
Setiadi et al, . Clinic/ Lab 2020 - SARS- Symptomatic/ o
2022170 Indonesia Database 2021 Not Reported PCR CoV-2 Asymptomatic 38.4% Male
Viera-Segura et . Clinic/Lab SARS- Symptomatic/ 0
al, 2021 Mexico Database 2020 374 PCR CoV-2 Asymptomatic 46.4% Male

PCR = Polymerase chain reaction, ARTI = acute respiratory tract infection, ILI = influenza like illness, URTI = upper respiratory tract

infection, LRTI = lower respiratory tract infection, CAP = community acquired pneumonia
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Table 5.2 Summary of pathogen detection by study. The numbers shown are the number and percentage of patients in each category

for each study.

Author, Year Pathogens Reported Any virus Any bacteria > 1 pathogen No pathogens
N (%) N (%) N (%) detected
N (%)
Chi et al, 2003'> M. catarrhalis, s. 0 (0.0%) 106 (54.3%) 47 (24.1%) 42 (21.5%)

pneumoniae, H.
influenzae

Creer et al, 20063!

S. pneumoniae, H.
influenzae, M.
catarrhalis, M.

pneumoniae, C.
pneumoniae, L.
pneumophila
RV, IV, HCoV, PIV,
RSV, EV

55 (36.9%)

24 (16.1%)

20 (13.4%)

50 (33.6%)

Graffelman et al,
2008163

S. pneumoniae, H.
influenzae, M.
pneumoniae

IV (A, B)

43 (33.3%)

33 (25.6%)

8 (6.2%)

45 (34.9%)

Han et al, 2011'%°

M. catarrhalis, s.
pneumoniae, H.
influenzae

0 (0.0%)

72 (51.8%)

48 (34.5%)

19 (13.7%)

Holm et al, 2007'64

S. pneumoniae, H.
influenzae, M.
pneumoniae, M.
catarrhalis, C.
pneumoniae, L.
pneumophilia, S. aureus
RV, 1V (A,B), RSV,
HMPV, PIV, ADV

89 (23.1%)

69 (17.9%)

22(5.7%)

206 (53.4%)




Karamese et al, SARS- CoV-2 373 (4.8%) 0 (0.0%) Not Reported 7480 (95.3%)
2021160
Layani-Milon et al, M. pneumoniae, IV (A, 1385 (32.4%) 283 (6.6%) 375 (8.8%) 2229 (52.2%)
199916t B), RSV, HCoV, RV,

ADV, PIV

Liu et al, 20137 M. pneumoniae 122 (24.4%) 82 (16.2%) 67 (13.4%) 229 (45.8%)
Lu et al, 20136 IV (A,B,C), HBoV, RV, 203 (35.2%) 0 (0.0%) 8 (1.4%) 365 (63.4%)
EV, RSV, PIV, HMPV,
ADV, HCoV
Setiadi et al, 2022!7° SARS- CoV-2 10130 (15.7%) 0 (0.0%) Not Reported 54234 (84.3%)
Shih et al, 201557 IV A, RV, EV, HMPV, 126 (31.2%) 0 (0.0%) 137 (33.9%) 141 (34.9%)
HCoV, AV, RSV, PIV,
EBV
Sundell et al, 201932 S. pneumoniae, H. 56 (10.2%) 48 (8.7%) 0 (0.0%) 447 (81.1%)
influenzae, M.
pneumoniae,
IV (A,B,C), HboV, RV,
EV, RSV, PIV, HMPV,
ADV, HCoV
Viera-Segura et al, SARS- CoV-2 6918 (29.8%) 0 (0.0%) Not Reported 16293 (70.0%)
202171
Zimmerman et al, AV, HCoV, IV, HMPV, 349 (52.7%) 0 (0.0%) 46 (6.9%) 267 (40.3%)

2014158

RV, PIV, RSV

* IVAB = Influenza A or B, RSV = Respiratory syncytial virus, RV = Rhinovirus, hMPV = Human metapneumovirus, hCoV =
Human Coronavirus, BV = Bocavirus, EV = Enterovirus, PIV = Parainfluenza virus, AV = Adenovirus
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Table 5.3 Prevalence estimates of acute respiratory tract infection etiology

Etiology Studies Patients Prevalence (95% CI) | Prevalence Range I?
Symptomatic
Viral Etiology
Influenza A or B 8 7903 0.102 (0.049, 0.172) 0.007 — 0.279 98.0 %
ARTI 4 2114 0.076 (0.003, 0.227) 0.007 - 0.210 99.0 %
LRTI 4 5789 0.132 (0.062, 0.222) 0.059—0.279 95.0 %
Rhinovirus 7 7774 0.084 (0.054, 0.121) 0.042 — 0.202 94.0 %
ARTI 4 2114 0.053 (0.041, 0.067) 0.042 - 0.081 46.0 %
LRI 3 5660 0.129 (0.095, 0.168) 0.102 - 0.202 75.0 %
Influenza A 4 1816 0.070 (0.011, 0.172) 0.004 —0.210 98.0 %
ARTI 3 1452 0.073 (0.002, 0.224) 0.004 - 0.210 99.0 %
LRI 1 364 0.063 (0.040, 0.093)
Influenza B 3 1507 0.041 (0.000, 0.142) 0.004 - 0.126 98.0 %
ARTI 2 1143 0.045 (0.000, 0.234) 0.004 —0.126 99.0 %
LRTI 1 364 0.033 (0.017, 0.057)
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Bocavirus

6171 0.030 (0.000, 0.153) 0.003 — 0.082 99.0 %

ARTI 596 0.082 (0.061, 0.107)

LRI 5167 0.003 (0.002, 0.006)
Enterovirus 1034 0.030 (0.020, 0.042) 0.016 —0.037 0.0 %
ARTI 905 0.033 (0.022, 0.046) 0.026 — 0.037 0.0 %

LRTI 129 0.016 (0.002, 0.055)
Human Coronavirus* 7410 0.025 (0.011, 0.043) 0.007 — 0.045 91.0 %
ARTI 2114 0.018 (0.007, 0.034) 0.007 — 0.042 81.0 %
LRI 5296 0.043 (0.038, 0.049) 0.039 — 0.045 0.0 %
5‘:}1’3&” Syncytial 7774 0.019 (0.011, 0.029) 0.004 — 0.041 79.0 %
ARTI 2114 0.014 (0.006, 0.026) 0.004 — 0.025 73.0 %
LRI 5660 0.028 (0.020, 0.037) 0.016 — 0.041 25.0 %
Human Metapneumovirus 7645 0.015 (0.006, 0.026) 0.002 - 0.032 86.0 %
ARTI 2114 0.011 (0.003, 0.024) 0.002 — 0.032 80.0 %
LRI 5531 0.025 (0.018, 0.032) 0.016 — 0.027 22.0 %
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Parainfluenza Virus 1

309 0.010 (0.002, 0.028)
Parainfluenza Virus 7112 0.009 (0.004, 0.016) 0.002 — 0.023 67.0 %
ARTI 1452 0.006 (0.001, 0.015) 0.002—0.013 54.0 %
LRTI 5660 0.013 (0.006, 0.032) 0.005 — 0.023 42.0 %
Adenovirus 6072 0.009 (0.005, 0.015) 0.008 —0.019 45.0 %
ARTI 905 0.012 (0.004, 0.026) 0.008 —0.019 49.0 %
LRTI 5167 0.008 (0.006, 0.011)
Parainfluenza Virus 3 673 0.004 (0.000, 0.011) 0.003 - 0.005 0.0 %
ARTI 309 0.003 (0.000, 0.018)
LRTI 364 0.005 (0.001, 0.020)
SARS-CoV-2 95428 0.153 (0.059, 0.281) 0.047 — 0.298 100.0 %
Bacterial Etiology
Haemophilus influenzae* 6575 0.069 (0.037, 0.110) 0.018 —0.198 93.0 %
ARTI 786 0.113 (0.008, 0.304) 0.018—0.198 97.0 %
LRTI 5789 0.044 (0.026, 0.066) 0.032 - 0.093 70.0%
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Moraxella catarrhalis

732 0.069 (0.004, 0.192) 0.008 — 0.187 96.0 %

ARTI 239 0.175 (0.129, 0.227) 0.169 —0.187 0.0 %

LRI 493 0.010 (0.002, 0.021) 0.008 — 0.011 0.0 %

Streptococeus pneumoniae 6575 0.049 (0.029, 0.074) 0.013-0.116 86.0 %

ARTI 786 0.041 (0.005, 0.105) 0.013-0.110 88.0 %

LRI 5789 0.058 (0.029, 0.095) 0.033-0.116 86.0 %

Mycoplasma pneumoniae 10733 0.031 (0.017, 0.050) 0.002 —0.101 94.0 %

ARTI 4944 0.029 (0.002, 0.082) 0.002 — 0.098 97.0 %

LRI 5789 0.034 (0.015, 0.059) 0.008 — 0.101 80.0 %
Bordetella pertussis 5167 0.018 (0.015, 0.022)

Chlamydia pneumoniae 5531 0.017 (0.001, 0.051) 0.005 — 0.032 92.0 %
Staphylococcus aureus 364 0.005 (0.001, 0.020)
Legionella pneumophilia 5167 0.001 (0.000, 0.003)
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Asymptomatic

Viral Etiology
Rhinovirus 3 6152 0.013 (0.006, 0.022) 0.002 — 0.026 60.0 %
Influenza A or B 2 5296 0.007 (0.000, 0.044) 0.001 —0.023 88.0 %
5?:&“““ Syncytial 2 5296 0.005 (0.000, 0.027) 0.002 - 0.016 77.0 %
. 2 676 0.005 (0.000, 0.026) 0.002 - 0.016 68.0%
Enterovirus
. 3 5843 0.004 (0.002, 0.007) 0.004 - 0.016 9.0 %
Human Coronavirus*
Adenovirus 1 5167 0.004 (0.003, 0.007)
: 2 5714 0.003 (0.001, 0.004) 0.002 — 0.003 0.0 %
Bocavirus
Human Metapneumovirus 2 5714 0.001 (0.000, 0.002) 0.001 — 0.002 23.0 %
Parainfluenza virus 1 5167 0.001 (0.001, 0.003)
SARS-CoV-2 1 23211 0.023 (0.021, 0.025)
Bacterial Etiology
Moraxella catarrhalis 2 239 0.150 (0.064, 0.263) 0.099 —0.203 78.0 %
Streptococcus pneumoniae 3 786 0.116 (0.019, 0.276) 0.046 — 0.257 96.0 %
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Haemophilus influenzae

786

0.090 (0.001, 0.279)

0.011-0.209

97.0 %

Chlamydia pneumoniae

129

0.008 (0.000, 0.042)

*Human coronavirus detected does not include SARS-CoV-2. H. influenzae detected was not typable in all studies.
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Table 5.4 Positive Etiologic Predictive Value (P-EPV) calculations with 95% confidence intervals (CI) of pathogens that were

included in the meta-analysis for symptomatic and asymptomatic patients.

Pathogen T+S+ T+S- T-S+ T-S- P-EPV (95% CI)
Influenza A or B 592 10 7311 5286 97.7 (95.6, 99.4) %
Human metapneumovirus 169 4 7476 5710 96.9 (92.0, 100.0) %
Respiratory syncytial 193 12 7581 5284 91.1 (82.4,97.3) %
virus

Parainfluenza virus 96 7 7016 5160 90.1 (76.2, 98.8) %
SARS-CoV-2 17421 536 78007 22675 89.7 (88.4, 90.8) %
Rhinovirus 798 88 6979 6064 87.2 (82.6,91.0) %
Enterovirus 32 3 1002 673 86.1 (46.7, 100.0) %
Human coronavirus* 275 33 7135 5810 85.3(76.2,92.1) %
Bocavirus 67 17 5696 5697 74.6 (46.0, 90.9) %
Adenovirus 52 23 6020 5144 48.2 (0.00, 79.0) %
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Chlamydia pneumoniae 167 1 5364 128 74.9 (0.0, 100.0) %
Haemophilus influenzae 254 47 6321 739 -58.3(0.00, 7.4) %
Streptococcus pneumoniae 238 71 633 715 -164.6 (0.00, 100.00) %
Moraxella catarrhalis 47 39 685 200 -184.6 (0.0, 100.0) %

T = diagnostic test, S = symptoms
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Table 5.5 Pearson’s chi-square test for symptoms associated with adenovirus etiology compared to other viral etiology.

Clinical Symptoms Z?\;iezn;) ;,;;g O?;Iei Yﬁ;sse)s* OR (95% CI) P value

Cough
Yes 12559 (91.5 %) 8766 (78.8 %) 2.90 (2.69, 3.13) <0.0001
No 1166 (8.5 %) 2359 (21.2 %)

Headache
Yes 11571 (84.3 %) 7743 (69.6 %) 2.35(2.21,2.50) <0.0001
No 2154 (15.7 %) 3382 (30.4 %)

Vomiting/ Diarrhea
Yes 7135 (52.0 %) 3224 (29.0 %) 2.65(2.52,2.80) <0.0001
No 6590 (48.0 %) 7901 (71.0 %)

Dyspnea
Yes 5010 (36.5 %) 2221 (20.0 %) 2.30(2.17,2.44) <0.0001
No 8715 (63.5 %) 8904 (80.0 %)

Fever (subjective or measured)
Yes 11945 (87.0 %) 7359 (66.1 %) 3.43 (3.22, 3.66) <0.0001
No 1780 (13.0 %) 3766 (33.9 %)

Muscle pain/ Weakness
Yes 9804 (71.4 %) 6056 (54.4 %) 2.09 (1.99,2.21) <0.0001
No 3921 (28.6 %) 5069 (45.6 %)

Sore throat
Yes 12771 (93.0 %) 5902 (53.1 %) 11.85(10.98, 12.78) <0.0001
No 954 (6.95 %) 5223 (46.9 %)

Nasal congestion
Yes 11223 (81.8 %) 3991 (35.9 %) 8.02 (7.57, 8.50) <0.0001
No 2502 (18.2 %) 7134 (64.1 %)

* Other viruses included influenza virus A or B (n = 3785), human metapneumovirus (n = 49), and SARS-CoV-2 (n=7291)
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CHAPTER 6
Determining Etiology of Acute Respiratory Tract Infections and Potential Commensalism in
Outpatients: A Case-Control Study

INTRODUCTION

Acute respiratory infections (ARIs) are the most common reasons for visiting an outpatient
setting!. ARIs can occur as upper respiratory tract infections (URTISs) or lower respiratory tract
infections (LRTIs). The World Health Organization (WHO) and Centers for Disease Control
(CDC) define acute respiratory tract infections based on the location of the infection and the
symptoms associated. URTI diagnoses include pharyngitis, rhinosinusitis, otitis media, and
rhinitis. Acute upper respiratory tract infections are caused by a virus and/or bacteria which
produces acute inflammation of nasal and pharyngeal mucosa®. Symptoms of acute URTIs
typically include mild cough, fever, fatigue, nasal congestion, sore throat, and swollen lymph
nodes. LRTI diagnoses include community-acquired pneumonia (CAP) and non-pneumonia
lower respiratory tract infections or acute bronchitis, as it is also known. Acute lower respiratory
tract infections affect the lungs and typically cause cough and at least one of the following
symptoms: sputum production, dyspnea, wheezing, or chest pain/discomfort. The median
duration of lower respiratory symptoms is approximately 18 days®.

Acute upper and lower respiratory tract infections can be caused by both bacterial and viral
pathogens. Bacterial URTI diagnoses include streptococcal pharyngitis, pharyngitis caused by
Fusobacterium necrophorum?, bacterial rhinosinusitis, and bacterial otitis media. Bacteria

commonly associated with both URTIs and LRTIs include Streptococcus pneumoniae
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(pneumococcus), Haemophilus influenzae, and Moraxella catarrhalis. Staphylococcus aureus is
a bacterium that is associated solely with LRTIs®.

However, it is thought that some of these bacterial pathogens could be commensal and not
pathogenic. Commensal bacteria are those that colonize the respiratory tract but are not
associated with illness’. Bacteria that are suspected to be commensals in the respiratory tract,
with the potential to become pathogenic, include S. pneumoniae, H. influenzae, and M.
catarrhalis®.

Viral URTI diagnoses include viral pharyngitis, viral rhinosinusitis, viral otitis media, and
viral rhinitis. Viruses associated with URTIs and LRTIs include human rhinovirus, human
metapneumovirus (hMPV), respiratory syncytial virus (RSV), influenza A and B viruses,
parainfluenza virus, adenovirus, and coronavirus®. Bacterial LRTIs can include pneumonia and
acute bronchitis. Viral LRTIs are viral pneumonia and viral acute bronchitis.

Multiple pathogens can be detected in an individual simultaneously. This brings into
question which pathogen detected is likely causing symptoms of acute respiratory tract infection.
The respiratory tract is colonized with bacteria and/or viruses, much like our skin. The
commensal microbiome is housed primarily in the upper respiratory tract which includes the
nasal cavity, nasal pharynx, and larynx’. The normal bacteria that colonize the respiratory tract
are thought to be commensal or “healthy” and unlikely to cause harm?*. In contrast, it is thought
that the presence of these commensal organisms can assist the body with fighting new,
opportunistic bacterial or viral pathogens that may cause invasive diseases®>*. Disruption of the
respiratory tract commensal bacteria can lead to imbalances in the microbiota that can result in

new bacterial or viral infection, multiple bacterial infections, or viral co-infections®>°.
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The aim of our case-control study is to identify pathogens that are likely causing ARI
symptoms and identify organisms in the respiratory tract that are likely not causing disease.
METHODS
Settings

Data collection was conducted at outpatient clinic settings associated with the University
of Georgia, Georgetown University, and University of Wisconsin were used as recruiting sites
for symptomatic patients, suspected of having a lower respiratory tract infection. Farmers
markets, university campuses and other community settings, associated with the previously
mentioned universities and in the same geographical areas, were used as recruitment sites for
asymptomatic, healthy participants.

Study Design

We conducted a prospective case-control study to identify etiology of acute respiratory
tract infections among symptomatic persons compared with bacterial/viral nasopharyngeal
findings among asymptomatic, healthy individuals. Symptomatic patients were recruited
prospectively to participate in the Enhancing Antibiotic Stewardship in Primary Care Study
(EAST-PC) between June 2018 and April 2023. Symptomatic participants were 18 to 75 years of
age that presented to one of the settings with a cough lasting less than 14 days. In addition, they
needed to have at least one of the following symptoms for inclusion: shortness of breath, sputum
and phlegm production, body or muscle aches, chest discomfort with cough, chest congestion,
fever (subjective or measured), and chills or sweats. Signs and symptoms of illness, pre-existing
conditions, and demographic information were also obtained from these patients.

Asymptomatic, healthy individuals aged 18 to 75 years were recruited prospectively

between September 2022 and April 2023. Participants were identified in medical clinics,
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university campuses, and various community settings. Age, sex, and recruitment location were
recorded for these individuals.

Nasopharyngeal and oropharyngeal swabs were taken at the time of recruitment for both
symptomatic and asymptomatic individuals participating in the study. Swabs were stored in viral
transport media (VTM) in sub-zero freezers until time for testing. Testing was conducted using
polymerase chain reaction (PCR) at the Centers for Disease Control and Preventions. A list of
the organisms that were included in the PCR panel can be found in Appendix B, Table B1. This
study was approved by the University of Georgia Internal Review Board (IRB) and Western
Internal Review Board (WIRB). The EAST-PC study is funded by a research grant from the
Agency for Healthcare Research and Quality (AHRQ) through the Department of Health and
Human Services (HHS).

Analysis

Bivariate analysis was conducted using Pearson’s chi squared (X?) to determine if there is
a significant difference in the prevalence of certain pathogens between symptomatic and
asymptomatic patients. The mean PCR cycle threshold (Cr) was recorded for all samples. Cycle
thresholds were categorized into categories based on their likelihood of pathogenicity. Ct values
greater than 34 were defined as low pathogenicity. Ct values greater than 28 or less than or equal
to 34 were defined as moderate pathogenicity. Cr values less than or equal to 28 were defined as
high pathogenicity.

We assessed the clinical relevance of any statistical differences between the bacterial
and/or viral pathogens being carried by symptomatic and asymptomatic persons by calculating
the positive etiologic predictive value (P-EPV) and 95% confidence interval. The P-EPV is the

probability of finding an association between symptomatic lower respiratory tract infections and
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bacterial and/or viral pathogens'?’. Based on our study design, we assumed that the sensitivity of
the PCR test used was 99%!%%154, P-EPV will range from 0 — 100%. If a bacterial and/ or viral
organism was found equally often in symptomatic and asymptomatic individuals, the estimated
P-EPV was 0% and as such we assumed that it was likely to be commensal. If the difference in
the prevalence of pathogens identified between both groups increased, the P-EPV approached
100%. A value of 100% for P-EPV meant the pathogen was only identified in symptomatic
persons. A continuity correction of 1 was used in instances where there was a zero value for a
positive test with no symptoms. The equation used to calculate P-EPV is provided in Appendix
B!44, All analyses were conducted in STATA 18/SE.
RESULTS
Participant Characteristics

Demographic characteristics of symptomatic and asymptomatic participants can be found
in Table 6.1 and Appendix B, Tables B2 and B3. The average age of symptomatic patients was
39.4 years (18 — 74) and asymptomatic individuals was 36.8 years (18 — 74). Female sex
accounted for 66.5 percent of our study population. These statistics were consistent across both
groups. White race was the most common among symptomatic (76.4 %) and asymptomatic
persons (74.9 %). Only 11.4 percent of symptomatic patients and 8.2 % of healthy individuals
were Hispanic. Most symptomatic patients (60.5%) were recruited in the Washington D.C. area
and 45.3% of asymptomatic participants were recruited in Athens, Georgia. Over half of
asymptomatic individuals (63.9%) responded that their most recent antibiotic use was more than

one year from when they were recruited.
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Etiologic Prevalence in Study Population

Summary estimates of etiologic prevalence for symptomatic and asymptomatic groups
are shown in Table 6.2 and Appendix B, Table B4. Overall, viruses were identified most often
(28.3%) in symptomatic patients when compared to other infection types. The most common
viruses in the symptomatic group included rhinovirus, influenza A and B, and SARS-CoV-2.
Bacterial pathogens were detected in 28.0 percent of symptomatic individuals, most commonly
Haemophilus influenzae, Moraxella catarrhalis, and Staphylococcus aureus.

Asymptomatic individuals were carriers of bacterial pathogens (30.6%) more often than
viral pathogens (11.5%). The most identified bacteria in this group were Staphylococcus aureus,
Haemophilus influenzae, and Streptococcus pneumoniae. Viral organisms detected among
asymptomatic participants included rhinovirus and seasonal human coronavirus (all types but not
including SARS-CoV-2). No etiology was detected in 15.4% of symptomatic and 53.1% of
asymptomatic nasal and oropharyngeal swabs collected in our study population.

Determining Commensalism (P-EPYV)

The overall positive etiologic predictive values (P-EPV) for viruses and bacteria that
were present in the symptomatic and asymptomatic groups are included in Tables 6.3 and 6.4.
Among viruses, influenza A and B virus, parainfluenza virus, SARS-CoV-2, human
metapneumovirus, and respiratory syncytial virus were detected in symptomatic patients only
and as such were determined to always be pathogenic with a P-EPV value near 100.0%. Other
viral etiologies that were determined to usually be pathogenic, as they were present in
symptomatic participants more frequently than asymptomatic participants were adenovirus,
rhinovirus, and enterovirus. These etiologies had P-EPVs that were greater than 40%. There were

only two viral etiologies that had the potential to be commensal as they were present more often
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in healthy participants than patients with symptomatic acute lower respiratory tract infections.
These viruses included cytomegalovirus and human coronavirus (all types) with a P-EPV less
than or equal to 0%.

Among bacteria, Group A streptococcus, Moraxella catarrhalis, and Mycoplasma
pneumoniae bacteria were detected in symptomatic patients only and as such were determined to
be pathogenic with a P-EPV value greater than 50%. Pseudomonas aeruginosa, Chlamydia
pneumoniae, Hemophilus influenzae, and Bordetella (all types) are also usually pathogenic with
P-EPVs greater than 20%. There were eight bacterial etiologies that had the potential to be
commensal with P-EPVs approaching or less than 0%. These bacteria were Group B
streptococcus, Streptococcus pneumoniae, Ureaplasma urealyticum, Pneumocysitis jirovecii,
Klebsiella pneumoniae, Acinetobacter baumanii, Staphylococcus aureus, and Ureaplasma
parvum. However, it is important to note that negative values for the P-EPV are not interpretable
according to its developer (personal communication, R. Gunnarsson).

The mean polymerase chain reaction (PCR) cycle threshold (Ct) was recorded for all
samples collected. The etiologic predictive values (P-EPV) for viruses and bacteria that were
present in symptomatic and asymptomatic groups with a Crless than 34 are included in Table
6.4. A cycle threshold less than 34 was determined to be indicative of a higher likelihood of
pathogenicity!’>!73, Similar trends for pathogenicity were seen for the subset of individuals with
Cr values less than 34 except for human coronavirus (all types). With a P-EPV of -1.3 (0.0, 85.8)
%, this viral etiology could potentially be commensal.

DISCUSSION
The objective of our prospective case-control study was to identify viral and/ or bacterial

organisms that were associated with symptomatic acute respiratory infections (ARTIs) in
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outpatients. Furthermore, we wanted to determine organisms detected in asymptomatic
individuals that could possibly be associated with disease but could also be commensal. We were
able to identify trends in pathogenicity when comparing organisms identified in symptomatic
patients to those detected in asymptomatic individuals. Overall, we found that viral pathogens
were more prevalent in symptomatic patients than asymptomatic patients. In our study
population, rhinovirus, influenza virus, and SARS-CoV-2 were the most common viral
organisms detected. These organisms are highly likely to be pathogenic because they are more
much common in symptomatic individuals compared to asymptomatic individuals. Hemophilus
influenzae, Moraxella catarrhalis, and Staphylococcus aureus were the most common bacterial
pathogens detected in symptomatic and asymptomatic groups. Group B streptococcus,
Streptococcus pneumoniae, Ureaplasma urealyticum, Pneumocysitis jirovecii, Klebsiella
pneumoniae, Acinetobacter baumanii, Staphylococcus aureus, and Ureaplasma parvum were

determined to potentially be commensal but could become invasive and cause disease.

Comparison to current literature
There are some similarities and differences in our study findings when compared to

results of similar studies. Based on our study population, seasonal human coronavirus (all types)
was detected almost as often in symptomatic patients as in asymptomatic individuals when the
data was limited to those with low or moderate cycle times (Cr < 34). This result differs greatly
from previous findings that human coronavirus is highly associated with being a common cause
of symptomatic acute respiratory tract infections!’#!7>, Human coronavirus types one and three
were most likely to be pathogenic with P-EPVs of 62.3%. However, based on P-EPV estimates,
human coronaviruses type two (-52.4%) and four (-286.7%) were more likely to be commensal.

It has been estimated that up to 30% of cold-like illnesses for which symptomatic patients seek
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care are due to human coronavirus infections!’®!”’. The differences found in our study could be a
result of the natural recombination of genomic sequences overtime coupled with changes in the
host immune system, specifically when looking at our findings for human coronaviruses type
two and four!’617%:17 This idea is supported by a 2020 cohort study that found infection rates for
seasonal coronaviruses are higher amongst children under 5 years, who are less likely to have
developed any protective immunity against these viruses'®®!8!, Studies on seasonality of
respiratory viruses suggest that human coronaviruses one and three follow a seasonal pattern
with high circulation in winter and spring. Likewise, these coronavirus types are more prevalent
compared to type two and four!®2.

Similarly, Klebsiella pneumoniae were found almost as often in symptomatic and
asymptomatic individuals. This is consistent with our current knowledge of Klebsiella
organisms'®3-18¢ Klebsiella pneumoniae and all Klebsiella species are primarily opportunistic
pathogens that affect individuals with weakened immune systems and as such have been

187-190 K. pneumoniae is best known in the

identified as a leading cause of nosocomial infections
outpatient setting as a cause of bacterial community - acquired pneumonia!8%18%:191.192 While K.
pneumoniae is highly virulent it can also be a commensal organism. An Indonesian study found
that in healthy adults, K. pneumoniae carriage was roughly 15 percent. This study focused on
socioeconomic factors associated with carriage and determined that age and poor food and water

193

hygiene were determinants of nasopharyngeal colonization'””. Research done in mice also found

that colonization and pathogenesis of K. pneumoniae could depend on the host microbiota
present!®?,

Streptococcus pneumoniae was also found almost as often in symptomatic and

asymptomatic individuals in our study population, meaning it is a commensal organism despite
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its association with diseases such as otitis media, pneumonia, sepsis, and meningitis'*>~1°7. S

pneumoniae has been detected as a commensal colonizer of the human upper respiratory tract but
the prevalence is generally low (<10%) in adult populations!®®!*?. Like human coronavirus, S.
pneumoniae can remodel its genome to become resistant to antibiotics allowing it to colonize and
become pathogenic. However, there has been some decline in high S. pneumoniae carriage and
transmission due to the development of the pneumococcal conjugate vaccine (PCVs)?%. S.
pneumoniae pathogenesis can also be influenced by an individual’s microbiota much like K.
pneumoniae. For instance, a study done in mice found that S. pneumonia viral co-infections
could result in a higher density of the bacteria in the nasal cavity?°!-2%,
Strengths and limitations

Our study did have some limitations. First, symptomatic patients were recruited over a
longer period and more consistently in comparison to the asymptomatic group. Certain
organisms, like influenza, have detection that can be variable based on the time of year. The data
in this study might underestimate viral and bacterial carriage in the asymptomatic group.
Additionally, the varying timeframes likely introduced selection bias. While the symptomatic
group were recruited prospectively over time in a clinic setting, asymptomatic persons were
recruited by convenience sampling in community settings that had similar groups of people (i.e.
college students and college faculty/ staff members). Therefore, the data in this study may not be
truly representative of the population. Future research should consider initiating case and control
recruitment at the same time and continue for the same length of time. Cases and controls should
also be recruited from the same settings, if possible.

Despite these limitations, our study did have some strengths. We used a prospective

design which allows us to draw conclusions more accurately about causality between pathogens
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and acute respiratory tract infections. Symptomatic and asymptomatic groups were recruited
from similar source populations reducing selection bias. Additionally, symptomatic patients and
healthy controls were recruited using the same inclusion criteria and the groups only differed by
the presence of the outcome of interest. This made the groups demographically comparable and
reducing confounding in our interpretation. Nasopharyngeal swabs were all sampled and tested
using identical lab procedures. This reduces sampling and confirmation bias which strengthens
the interpretation of results across our study groups.
Conclusion

From our research we were able to identify viral and bacterial organisms that were
associated with symptomatic acute respiratory infections (ARTIs). When found in the respiratory
tract, viruses such as influenza viruses, parainfluenza, SARS-CoV-2, human metapneumovirus,
RSV, adenovirus, rhinovirus, and enterovirus are most often or usually pathogenic. Bacteria such
as Group B streptococcus, Streptococcus pneumoniae, Ureaplasma urealyticum, Pneumocysitis
Jirovecii, Klebsiella pneumoniae, Acinetobacter baumanii, Staphylococcus aureus, and
Ureaplasma parvum could be commensal when they do not colonize at a high density. However,
due to some of our limitations, there is little evidence to make causal claims about these
associations. There is a clear need for more studies that aim to include symptomatic and
asymptomatic groups to determine the etiologies of upper and lower acute respiratory tract
infections. This information is important to better understand the human pathogenesis of certain
organisms like K. pneumoniae and S. pneumoniae. Furthermore, this research can be used to
guide prescribing practices for ARTIs. As our findings suggest that symptomatic ARTIs are most
often viral, there is no indication for antibiotic prescribing. In cases where clinicians believe a

bacterial etiology might be present, antibiotics can be prescribed with a delayed start if
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symptoms persist. Lastly, our research findings can also guide the interpretation of multi-
pathogen PCR results in outpatients. In PCR results that detect viral pathogens they are likely the
cause of disease even if accompanied by bacterial organisms. Bacterial organisms identified by

PCR of individuals who are otherwise healthy are likely part of the normal human microbiota.
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TABLES AND FIGURES

Table 6.1 Demographics of study participants with valid nasopharyngeal samples

Symptomatic Asymptomatic Total
(N =618) (N =497) (N =1115)
Age 39.2 (18 - 74) 36.8 (18 — 74) 38.0 (18 — 74)
Mean (Range)
Sex
Male 205 (33.3%) 153 (31.4.2%) 358 (32.1%)
Female 408 (66.2%) 333 (68.2%) 741 (66.5%)
Other 3 (0.5%) 2 (0.4%) 5(0.4%)
Race
White 472 (76.4%) 367 (74.9%) 839 (75.2%)
Asian/Pacific Islander 63 (10.2%) 32 (6.5%) 95 (8.5%)
Black 43 (7.0%) 57 (11.6%) 100 (8.9%)
American Indian/Alaska 4 (0.7%) 4 (0.8%) 8 (0.7%)
Native
No Race 25 (4.0%) 17 (3.5%) 42 (3.8%)
Other 12 (1.9 %) 13 (2.6%) 25 (2.2%)
Ethnicity
Non-Hispanic 529 (86.2%) 437 (89.6%) 966 (86.6%)
Hispanic 70 (11.4 %) 40 (8.2%) 110 (9.9%)
Prefer not to answer 15 (2.4%) 11 (2.3%) 26 (2.3%)
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Table 6.2 Etiology data of study participants and bivariate analysis

Organism Symptomatic Asymptomatic X2 P - value
N =618 N =497
Viral Etiology
Rhinovirus 107 17 51.02 <0.001
(17.3%) (3.4%)
Influenza ANY 79 0 68.4 <0.001
(12.8%) (0.0%)
Influenza A 54 0 44.75 <0.001
(7.5%) (0.0%)
Influenza B 25 0 20.57 <0.001
(3.5%) (0.0%)
SARS-CoV-2 68 7 40.42 <0.001
(9.5%) (0.0%)
Human coronavirus ANY 50 10 15.34 <0.001
(8.1%) (2.0%)
Human coronavirus 1 7 2 1.31 0.253
(1.1%) (0.4%)
Human coronavirus 2 12 2 4.15 0.042
(1.9%) (0.4%)
Human coronavirus 3 23 0 16.23 <0.001
(3.7%) (0.0%)
Human coronavirus 4 8 6 0.02 0.881
(1.3%) (1.2%)
Parainfluenza virus ANY 21 0 17.21 <0.001
(3.4%) (0.0%)
Parainfluenza virus type 2 3 0 242 0.120
(0.5%) (0.0%)
Parainfluenza virus type 3 14 0 11.40 0.001
(2.3%) (0.0%)
Parainfluenza virus type 4 4 0 3.23 0.072
(0.7%) (0.0%)
Human Metapneumovirus 18 0 14.71 <0.001
(2.9%) (0.0%)
Respiratory syncytial virus 18 0 14.71 <0.001
(2.9%) (0.0%)
Enterovirus 4 0 3.23 0.072
(0.7%) (0.0%)
Adenovirus 7 0 5.67 0.017
(1.1%) (0.0%)
Cytomegalovirus 0 1 1.24 0.265
(0.0%) (0.2%)
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Bacterial Etiology

Haemophilus influenzae 173 53 51.2 <0.001
(All types) (28.0%) (10.7%)
Moraxella catarrhalis 100 19 44.13 <0.001

(16.2%) (3.8%)

Staphylococcus aureus 96 109 7.51 0.006
(15.5%) (21.9%)

Streptococcus pneumoniae 63 41 1.23 0.267
(10.2%) (8.2%)

Klebsiella pneumoniae 17 15 0.07 0.790
(2.8%) (3.0%)

Group B Strep 14 6 2.22 0.136
(2.4%) (1.2%)

Group A Strep 12 2 5.26 0.022
(Streptococcus pyogenes) (2.1%) (0.4%)

Acinetobacter baumanii 9 8 0.04 0.835
(1.5%) (1.6%)

Mycoplasma pneumoniae 5 0 4.04 0.044
(0.8%) (0.0%)

Pseudomonas aeruginosa 5 2 0.73 0.393
(0.8%) (0.4%)

Chlamydia pneumoniae 4 0 3.23 0.072
(0.7%) (0.0%)

Bordetella ANY 3 1 0.62 0.430
(0.5%) (0.2%)

Bordetella (IS481) 1 1 0.02 0.877
(0.2%) (0.2%)

Bordetella pertussis toxin 1 0 0.80 0.370
(0.2%) (0.0%)

Bordetella (IS1001) 1 0 0.80 0.370
(0.2%) (0.0%)

Pneumocysitis jirovecii 2 3 0.48 0.487
(0.3%) (0.6%)

Ureaplasma urealyticum 2 2 0.05 0.827
(0.3%) (0.4%)

Ureaplasma parvum 1 4 2.55 0.110
(0.2%) (0.8%)




Table 6.3 Positive Etiologic Predictive Value (P-EPV) calculations with 95% confidence intervals (CI) of pathogens identified in

symptomatic and asymptomatic patients.
Organism T+S+ T-S+ T+S- T-S- P-EPV (95% CI)
Viral Etiology
Influenza virus (All types) 79 539 0 497 98.6 (94.0, 100.0) * %
Influenza A 54 564 0 497 97.9 (90.1, 100.0) * %
Influenza B 25 593 0 497 95.2 (71.8, 100.0) * %
Parainfluenza virus (All 21 597 0 497 943 (63.5, 100.0) * %
types)
Parainfluenza virus type 2 3 615 0 497 58.7 (0.0, 100.0) * %
Parainfluenza virus type 3 14 604 0 497 91.3 (29.7, 100.0) * %
Parainfluenza virus type 4 4 614 0 497 69.1 (0.0, 100.0) * %
Human Metapneumovirus 18 600 0 497 93.3(53.7,100.0) * %
Respiratory syncytial virus 18 600 0 497 93.3(53.7, 100.0) * %
SARS-CoV-2 68 550 7 490 88.5 (70.2, 98.6) %
Rhinovirus 107 511 17 480 83.8 (65.8, 93.8) %
Adenovirus 7 611 0 497 82.4 (0.0, 100.0) * %
g‘;?;)‘n coronavirus (All 50 568 10 487 76.7.12 (40.7, 94.9) %
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Human coronavirus 1

7 611 2 495 64.7 (0.0, 100.0) %
Human coronavirus 2 12 606 2 495 79.6 (0.0, 100.0) %
Human coronavirus 3 23 595 0 497 94.8 (68.1, 100.0) * %
Human coronavirus 4 8 610 6 491 6.82 (0.0, 95.4) %
Enterovirus 4 614 0 497 69.1 (0.0, 100.0) * %
Cytomegalovirus 0 618 1 496 0.0 (0.0, 0.0) %
Bacterial Etiology
Group A Streptococcus 12 605 2 495 79.6 (0.0, 100.0) * %
(Streptococcus pyogenes)
Moraxella catarrhalis 100 518 19 478 79.5 (58.7,92.0) %
Mycoplasma pneumoniae 5 613 0 497 75.3 (0.0, 100.0) * %
Chlamydia pneumoniae 4 614 0 497 69.1 (0.0, 100.0) * %
Haemophilus influenzae 173 545 53 444 62.5 (38.2.5,78.7) %
(All types)
Bordetella (All types) 3 615 1 496 58.7 (0.0, 100.0) %
Bordetella pertussis toxin | 617 0 497 24.4(0.0, 100.0) * %
Bordetella (IS1001) 1 617 0 497 -24.4 (0.0, 100.0) * %




Bordetella (IS481)

1 617 1 496 -24.4 (0.0, 100.0) %
Pseudomonas aeruginosa 5 613 2 495 50.5 (0.0, 100.0) %
Group B Streptococcus 14 604 6 491 47.3 (0.0, 97.1) %
Streptococcus pneumoniae 63 555 41 456 20.8 (0.0, 60.9) %
Klebsiella pneumoniae 17 601 15 482 -10.0 (0.0, 70.2) %
Acinetobacter baumanii 9 609 8 489 -10.7 (0.0, 86.7) %
Ureaplasma urealyticum 2 616 2 495 -24.5 (0.0, 100.0) %
Staphylococcus aureus 96 522 109 388 -52.9 (0.0, 6.6) %
Pneumocysitis jirovecii 2 616 3 494 -87.1 (0.0, 100.0) %
Ureaplasma parvum 1 617 4 493 -400.6 (0.0, 100.0) %

T = diagnostic test, S = symptoms

*Continuity correction of 1 was used for instances where T+S- = 0 to avoid dividing by 0.
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Table 6.4 Positive Etiologic Predictive Value (P-EPV) calculations with 95% confidence intervals (CI) of pathogens with low and
moderate cycle times (Ct < 34) among symptomatic and asymptomatic participants.

Organism T+S+ T-S+ T+S- T-S- P-EPYV (95% CI)
Viral Etiology
Influenza virus (All types) 77 390 0 205 97.5 (88.9, 100.0) * %
Influenza virus A 52 415 0 205 96.1 (81.3,100.0) * %
Influenza virus B 25 442 0 205 91.3 (48.5,100.0) * %
Parainfluenza virus (All types) 20 447 0 205 89.1(28.2, 100.0) * %
Parainfluenza virus 2 2 465 0 205 -14.0 (0.0, 100.0) * %
Parainfluenza virus 3 14 453 0 205 84.1 (0.0, 100.0) * %
Parainfluenza virus 4 4 463 0 205 43.3 (0.0, 100.0) * %
SARS-CoV-2 66 401 4 201 87.9 (63.5,100.0) %
Human Metapneumovirus 14 453 0 205 84.1 (0.0, 100.0) * %
Respiratory syncytial virus 14 453 0 205 84.1 (0.0, 100.0) * %
Adenovirus 7 460 0 205 67.8 (0.0, 100.0) * %
Rhinovirus 97 370 17 188 66.2 (27.8, 88.0) %
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Enterovirus 4 463 0 205 43.3 (0.0, 100.0) * %

Cytomegalovirus 0 467 1 204 0.0 (0.0, 0.0) %

Human coronavirus (All types) 18 449 8 197 -1.30 (0.0, 85.8) %
Human coronavirus 1 6 461 1 204 62.3 (0.0, 100.0) %
Human coronavirus 2 3 464 2 203 -52.4 (0.0, 100.0) %
Human coronavirus 3 6 461 0 205 62.3 (0.0, 100.0) * %
Human coronavirus 4 3 464 5 200 -286.7 (0.0, 98.3) %

Bacterial Etiology

Group A Streptococcus 12 457 2 203 62.5 (0.0, 100.0) %

(Streptococcus pyogenes)

Moraxella catarrhalis 97 370 19 186 61.7 (19.7, 85.6) %

Mycoplasma pneumoniae 5 462 0 205 54.7 (0.0, 100.0) * %

Pseudomonas aeruginosa 4 463 1 204 46.6 (0.0, 100.0) %

Chlamydia pneumoniae 4 463 0 205 43.3 (0.0, 100.0) * %

Hemophilus influenzae 164 303 51 154 40.3 (0.0, 68.6) %

(All types)

Bordetella (All types) 3 464 1 204 24.2 (0.0, 100.0) %
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Bordetella pertussis toxin 1 466 1 204 -128.50 (0.0, 100.0) %
Bordetella (IS1001) 1 466 0 205 -128.50 (0.0, 100.0) * %
Bordetella (IS481) 1 466 0 205 -128.50 (0.0, 100.0) * %
Group B Streptococcus 12 455 5 200 5.2(0.0,99.4) %
Streptococcus pneumoniae 58 409 25 180 2.1 (0.0, 60.1) %
Ureaplasma urealyticum 2 465 1 204 -14.0 (0.0, 100.0) %
Pneumocysitis jirovecii 2 465 2 203 -129.2 (0.0, 100.0) %
Klebsiella pneumoniae 14 453 14 191 -138.3 (0.0, 40.8) %
Acinetobacter baumanii 5 462 6 199 -179.2 (0.0, 86.7) %
Staphylococcus aureus 90 377 105 100 -384.7 (0.0, 100.0) %
Ureaplasma parvum 1 466 3 202 -593.1 (0.0, 100.0) %

T = diagnostic test, S = symptoms
*Continuity correction of 1 was used for instances where T+S- = 0 to avoid dividing by 0.
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CHAPTER 7
Identifying Predictors of Care-Seeking Behavior for Acute Respiratory Tract Infection in
College Students

INTRODUCTION

Upper respiratory illnesses are common among college students and are a substantial cause
of morbidity despite them being a generally healthy demographic!®’. Research conducted in 2006
found that 83% of its study population, composed of college students, self-reported experiencing
at least one “cold” and 36.7% experienced an influenza like illness (ILI) between the months of
November and April'®. With these illnesses, students stated they not only felt the negative
effects from the symptoms associated with their illnesses, but they were unable to perform
regular activities, missed class and work, and missed extracurricular activities!®®. Another study
found that the most detected pathogens amongst this group were influenza A, parainfluenza 1,
rhinovirus, adenovirus, group A streptococci, and M. pneumoniae. College students, especially
undergraduates, live in environments where transmission of acute upper and lower respiratory
tract infections may be more likely. Student living typically consists of congregate settings such
as dormitories or apartment buildings in which they share a space with one or more roommates.
Living in close contact with others in small spaces in addition to stressful workloads, lack of
sleep, lack of adherence to preventive measures, and attending social activities in large group
settings could put students at increased risk for acute respiratory tract infections.

Research on the care seeking behaviors of college students for acute respiratory tract

infections (ARTIs) is limited. While this age group is not thought to be at increased risk of
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adverse outcomes from ARTIs, university students must make their own medical decisions
(typically for the first time) when they are away at school. The decisions they make regarding
seeking medical care for ARTIs may be based on their perceptions of the severity of their
symptoms, the length of their symptoms, and their perceived need for a prescription. Further
research is needed to understand why college students seek care and/or treatment for ARTISs, to
be able to tailor interventions to reduce inappropriate antibiotic use and improve the
appropriateness of healthcare visits. This is important because college is the first environment
where young adults are given the opportunity to make healthcare decisions on their own and is
the foundation for life-long care seeking habits. Our goal is to identify signs and symptoms of
ARTIs that influence students to seek care at the University of Georgia (UGA).
METHODS

To address our goal of identifying signs and symptoms of acute respiratory tract
infections (ARTIs) among young adults that influence them to seeking care and to describe
trends in their care seeking behavior, we utilized three data sources. These data sources include,
a vignette survey distributed to UGA students, UGA health center electronic records, and a
subset of young adult data obtained from the Enhancing Antibiotic Stewardship in Primary Care
study.
Setting and Population

Data collection was conducted at the University of Georgia and UGA’s University Health
Center (UHC) located in Athens, Georgia. According to the 2023 University of Georgia
Admissions Statistics, there are 40,118 students currently enrolled at the university, of whom
30,166 are undergraduate students, and 9,952 are graduate students®**. All students at the

University of Georgia have access to the campus’s University Health Center. The health center
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provides a variety of healthcare services including primary care. The health center has its own
on-site pharmacy, laboratory, and radiology capabilities. This population is ideal for our study as
it captures a large young adult population that can be easily contacted via email. Additionally,
this population has access to expansive healthcare services for ARTIs which utilizes an
electronic health record (EHR) that stores information for each student encounter and can be
used to generate reports.
Study Design

We conducted a cross-sectional study and retrospective cohort study in students at UGA.
This study was approved by the University of Georgia Internal Review Board (IRB). The
outcomes of interest were seeking care and seeking antibiotic treatment. Seeking care and
antibiotic treatment were defined by a rank scale based on students' perceptions of theoretical
ARTI cases. Seeking care was investigated further using student electronic health record
responses. To be included in the study, participants had to be at least 18 years of age and be
enrolled at UGA for both Fall 2022 and Spring 2023.
Data Collection — Vignette Survey

To capture information on predictors for students’ care seeking behavior for upper and
lower respiratory tract illnesses, and sore throat, we created a survey using Qualtrics. The
Qualtrics survey consisted of 12 vignettes that differed systematically on the severity of the
scenario and the symptoms included. Students were asked to respond to only 4 randomly
assigned vignettes. Protocols, consent forms, and the survey were approved by UGA’s IRB
before data collection started. The consent letter and survey that were provided to participants

can be found in Appendix C.
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We contacted students by obtaining a list of email addresses for all students enrolled at
UGA for the Fall 2022 semester. Our email included a description of our study, the inclusion
criteria, consent information, and a link to the survey. To complete the survey, students had to
answer questions to confirm that they met our inclusion criteria and that they agree to participate
in the study. Students that did not meet the inclusion criteria or did not wish to participate were
excluded from the analysis. The student participation email was sent on September 19, 2022, and
remained open for one month.

Data Collection - Electronic Health Record Questionnaire

To investigate reasons that UGA students sought care at the University Health Center
(UHC), we obtained de-identified data from the UHC electronic health record (EHR)
questionnaire. This questionnaire is a required form for any student that makes an appointment at
UHC for a respiratory illness. The protocol for this study was approved by the UGA IRB. This
project was defined as a non-human subjects research as we requested no identifying data and as
such, did not require informed consent. The snapshots of the EHR questionnaire are included in
Appendix C.

With the assistance of UHC personnel, we obtained batch data in a Microsoft Excel
report that contained a list of all student responses to the respiratory illness questionnaire from
November 2, 2022, to January 31, 2022. To be included in the report, students had to be enrolled
at UGA for both Fall 2022 and Spring 2023 semesters. To complete the questionnaire, students
had to make an appointment at UHC and choose that respiratory illness was their chief

complaint.
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Data Collection — Enhancing Antibiotic Stewardship in Primary Care Study

Symptomatic patients were recruited prospectively to participate in the Enhancing
Antibiotic Stewardship in Primary Care Study (EAST-PC) between June 2018 and April 2023.
Symptomatic participants were 18 to 75 years of age that presented to one of the settings with a
cough lasting less than 14 days. In addition, they needed to have at least one of the following
symptoms for inclusion: shortness of breath, sputum and phlegm production, body or muscle
aches, chest discomfort with cough, chest congestion, fever (subjective or measured), and chills
or sweats. Upon enrollment in our study, symptomatic patients were asked to describe their
expectation for how long their cough would last and to indicate from a prespecified list why they
sought care for their illness.
Analysis
Vignette Survey Analysis

All survey analysis was done using STATA version 18/SE statistical software.
Exploratory data analysis was done first to identify any necessary data cleaning. Then an item
analysis was done for each variable to assess for missing data. Responses on the numeric scale
for seeking care and antibiotics were analyzed as categorical variables ranging from 1 (extremely
unlikely) to 5 (extremely likely). Agreeing to seek care or antibiotic was defined by a response of
somewhat likely or extremely likely. Disagreeing to seek care or antibiotic was defined by a
response of neutrality, somewhat unlikely, or extremely unlikely. Symptoms included or
excluded from vignettes were defined as categorical variables. We began our analysis by
assessing trends of student responses based on vignette severity. This was achieved by

conducting bivariate analysis of student binary responses (agree vs disagree) to seeking care or
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seeking antibiotic treatment based on vignette severity by condition described (URTI, sore
throat, and LRTI). We also determined the frequency these responses.

Pairwise correlation analysis was conducted using the pwcorr command in STATA to
identify variables that were highly correlated and likely to result in collinearity. Bivariate
analysis was conducted using the tabulate command to determine the association between
independent and dependent variables. Variables with a p-value less than 0.2 in bivariate analysis
were included in multivariate model. Multivariate analysis was conducted using stepwise
backwards selection logistic regression for each condition (URTI, sore throat, and LRTTI) for the
outcomes of seeking care or seeking an antibiotic. P-values that were included in the summary
statistics of the regression model were reviewed to determine if the independent predictors
included in the model significantly contribute to seeking care or antibiotic treatment.
Independent predictors that could be included in the model were fever, cough, sputum
production, chest pain with cough, sore throat, swollen glands, nasal discharge, face pain,
duration of symptoms, sex, race, ethnicity, year in school, and recent antibiotic usage. For this
analysis, our dependent variables were agreeing or disagreeing to seek care and seek antibiotic
treatment. Variables with p-values less than 0.05 were deemed statistically significant for being
an independent predictor of college students seeking care or seeking antibiotic treatment for a
respiratory tract infection.

University Health Center Questionnaire Qualitative Analysis

We determined the most common symptoms with which patients present to the clinic by
quantifying the yes or no responses from the University Health Center (UHC) respiratory illness
questionnaire. We also calculated the mean and median number of days the patients have been

experiencing these symptoms prior to scheduling an appointment at the health center. Responses
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for the severity of cough, body aches, and weakness were also quantified to determine the
student’s perception of the severity of their illness. All descriptive analysis was conducted using
STATA 18/SE. NVivo qualitative analysis software was used to identify themes in the health
center’s open-ended question regarding the evolution of a students’ respiratory illness. We used
the content of these questionnaires to better understand individual factors that commonly lead to
students making appointments for respiratory tract infections'4’.
Enhancing Antibiotic Stewardship in Primary Care Descriptive Analysis

Supplementary descriptive analysis was done using data obtained from individuals
enrolled in the Enhancing Antibiotic Stewardship in Primary Care study. For our analysis we
utilized a subset of the data that contained only responses from young adults aged 18 — 30 years.
From this data we calculated the mean and median number of days that patients expected their
cough to last with or without an antibiotic. Responses to a prespecified list of options for seeking
care were also quantified. Analysis of this data was done using STATA 18/SE.
RESULTS
Study population for survey

A flow diagram of student participation is included in Figure 7.1. Emailed invitations
were sent to 40,454 students. Overall, 2,664 students began the survey and 2070 consented to
participation. Among those who consented to participation, 6 were not at least 18 years of age,
and therefore they did not meet our inclusion criteria and were excluded. There were 64 students
who consented to participation, but then chose not to complete the survey. In total, 2,000 UGA

students completed the survey.
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Survey participant characteristics

Characteristics of participating students including demographics, year in school, and
history of recent antibiotic usage are included in Table 7.1. The average age of the study
population was about 21 years old. This was comparable to the student population, as of the Fall
2021 semester, with an average age of 22 years. About 75 percent of participants were female,
74.7 percent were of white race, and approximately 7 percent of participants were Hispanic.
Overall, the UGA student body is about 60 percent female, 66 percent white race, and 7.5
percent Hispanic. Graduate students consisted of 27.9% of survey responses which closely
approximates the UGA population of graduate students (25%). However, only 14 percent of our
population were undergraduate year 4 and 5 students. This is less than the UGA population of 26
percent for that group. Less than half (41.3%) of participants responded that their most recent
antibiotic use was more than one year from the time that they completed the survey??.
Vignette Symptoms and Care Seeking Decisions

Upon consenting to participation, participants were randomly assigned to read and
complete questions for three vignettes. The frequency data of these responses can be found in
Appendix C, Tables C1 and C2. Vignettes were designed to represent possible symptom
scenarios for upper respiratory tract infections, lower respiratory tract infections, and sore throat.
These scenarios ranged in severity from mild to very severe based on the symptoms that were
included. Table 7.2 shows that the likelihood of wanting an antibiotic was only slightly lower
than the likelihood of wanting to see a doctor for the scenarios. Similarly, the likelihood for
seeking care or antibiotic treatment significantly increased by scenario severity. Students
indicated that they were significantly more likely to seek care or an antibiotic for lower

respiratory tract infections than sore throat and upper respiratory tract infections.
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Multivariate Analysis of Vignette Responses

The results of our multivariate analysis can be found in table 7.3 (a-c). Independent
predictors of seeking care in upper respiratory tract infection scenarios were the presence of
fever (aOR 12.47, 95% CI1[9.20, 16.90]), sore throat (aOR 6.12, 95% CI [4.61, 8.12]), nasal
discharge (aOR 2.92, 95% CI [2.52, 3.38]), Black/ African American race (aOR 1.78, 95% CI
[1.15, 2.77]), and recent antibiotic use (aOR 1.5 - 2.5, 95% CI [1.0, 3.6]). Independent predictors
of seeking antibiotic treatment in URTI scenarios were the presence of sore throat (aOR 3.54,
95% CI [2.80, 4.49]), non-White race, and recent antibiotic use (aOR 1.7 - 3.8, 95% CI [1.1,
5.4).

Independent predictors of seeking care in sore throat scenarios were the presence of
swollen glands (aOR 2.73, 95% CI [2.10, 3.55]), symptom duration of 8-14 days (aOR 3.55,
95% CI [2.69, 4.69]), and recent antibiotic use (aOR 1.5 - 2.7, 95% CI [1.1, 3.8]). Independent
predictors of seeking antibiotic treatment in sore throat scenarios were the presence of swollen
glands (aOR 2.95, 95% CI [2.24, 3.88]), longer symptom duration of 8-14 days (aOR 1.97, 95%
CI[1.52,2.70]), Asian race (aOR 1.55, 95% CI [1.16, 2.05]) and recent antibiotic use (aOR 1.7 -
2.9,95% CI[1.2, 4.0]).

Independent predictors of seeking antibiotics in lower respiratory tract infection scenarios
were the presence of sputum and Black/ African American race (aOR 2.10, 95% CI [1.18, 3.74]).
Independent predictors of seeking care in LRTI scenarios were the presence of sputum and
recent antibiotic use (aOR 1.5 - 2.2 95% CI [1.0, 3.2].

University Health Center Respiratory lllness Questionnaire
Students seeking care at for a respiratory illness at UGA’s University Health Center are

required to complete a questionnaire prior to their appointment. From November 2022 to January
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2023, 2,678 students completed the respiratory illness questionnaire. The data from these
questionnaires are provided in Table 7.5. The median duration of symptoms at the time of
completion of the form was three days (Range = 0 - 750.0). The duration of symptoms was
highly skewed (Appendix C, Figure C2), showing that students were more likely to seek care if
they had been experiencing ARTI symptoms for less than a week. When asked to rank on a scale
from zero to ten the impact of their illness on their daily activity, the mean impact that their
illness had on their activity was 5.72 (SD = 2.7). Students scheduled an appointment most often
when they were experiencing sore throat (79.1%), nasal congestion (71.6%), fatigue (70.7%),
and cough (70.3%). Students with cough described its intensity as being moderate or worse
40.1% of the time. Students experiencing fatigue and muscle pain with respiratory illness ranked
its intensity as mild 34.8% and 28.8% of the time respectively. When scheduling an appointment
for respiratory illness, students rarely complained of vision changes (1.5%), loss of smell (4.7%),
hearing loss (4.9%), or eye pain (9.5%).

Of the 2,678 respiratory questionnaires that were completed, 1,215 (45.4%) had
responses to the open-ended question regarding illness evolution. Themes that were identified in
these responses using NVivo included sore throat (32.5%), cough (13.6%), congestion (9.3%),
nose (8.8%), and aches (8.6%) (Figure 7.2). NVivo was also used to identify sentiments of the
open-ended responses. Sentiments were identified as being either positive (5.4%) or negative
(53.8%) based on words included in the student’s response. Figure 7.3 shows the intersecting
relationship between the themes and sentiments. While sore throat was the most common theme
identified in the open-ended responses, it was often not accompanied with descriptive language.
Cough was most often described with negative phrases such as “severe cough”, “horrible

cough”, “bad cough”, or “worsening cough”.

122



Care seeking behaviors in young adults presenting with acute cough to an outpatient clinic

Lastly, additional data regarding care seeking behavior was obtained from the Enhancing
Antibiotic Stewardship in Primary Care (EAST-PC) study. This data can be found in Table 7.6.
Patients aged 18 to 30 with a cough for less than 14 days expected that their cough would last, on
average, 7 additional days if they did not receive an antibiotic compared to only 4 more days if
they received an antibiotic. When asked to choose an option for why they came to the doctor,
most patients stated either they were “not getting any better” (50.4%) or their “symptoms were
severe” (45.2%). Only 23.2 % indicated that they sought care for an antibiotic.
DISCUSSION

The objective of our cross-sectional and retrospective studies was to identify signs and
symptoms of ARTTIs that influence students to seek care and seek antibiotic treatment at the
University of Georgia (UGA). We were able to identify symptoms and student characteristics
that were associated with seeking care and antibiotic treatment across three acute respiratory
tract infection condition types: upper respiratory tract infection (URTI), sore throat, and lower
respiratory tract infection (LRTI) with varying severities. Overall, we found that the likelihood
of wanting an antibiotic was only slightly lower than the likelihood of wanting to see a doctor
based on the scenarios described in the vignettes. This suggests that when students seek care for
acute respiratory tract infections, they are likely also expecting to receive a prescription as their
rankings for each action (seeking care and seeking antibiotic) were often the same.

For each condition, we identified independent predictors that were associated with being

more likely to seek care or antibiotic treatment. These findings were presented in six separate
logistic regression models. Overall, recent antibiotic use was the most consistent predictor for

seeking antibiotic treatment across all illness types. It was also identified as a predictor for
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seeking care for sore throat and upper respiratory tract infections. Additionally, being non-white
and/or an undergraduate were also predictors for seeking antibiotic treatment. Change is sputum
color was a predictor for seeking care and seeking antibiotic treatment for lower respiratory tract
infections. Swollen glands without a fever were predictors for seeking care and antibiotic
treatment for sore throat illnesses.

Comparison to current literature

There are some similarities and differences in our final models when compared to results
of similar literature that are important to highlight. Recent antibiotic use was a predictor for
increased likelihood of seeking care and seeking antibiotic treatment among college aged
students across all condition types. Previous randomized control trials found that active or recent
antibiotic prescriptions for sore throat increased the likelihood of reattendance in general practice
when compared to no or delayed prescribing of antibiotics. It was found that immediate
prescribing “medicalized” otherwise self-limiting conditions to meet patient expectations for the
care that they receive during their visit. This was thought to prompt patients to seek care more
frequently for similar symptoms2%©-2%, Our findings highlight that this trend in reattendance
following recent antibiotic use remains true across all acute respiratory tract illnesses (ARTI).
Based on these findings, clinicians should consider no prescription or delayed prescription for
uncomplicated ARTIs to reduce antibiotic use?”.

Students indicated that they were more likely to seek care and antibiotic treatment when
their cough was accompanied by green or bloody sputum production. Other studies have also
noted that a change in sputum color is considered, by both patients and clinicians, to be
indicative of bacterial infection?'°2!2, A common symptom of bacterial (classically

pneumococcal) pneumonia is brown or blood-stained sputum. The rust-colored sputum is usually
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produced from the lungs when a patient has been coughing for long periods because of a
bacterial chest infection. However, a 2009 study concluded that green sputum was only a weak
diagnostic marker for differentiating between viral and bacterial infection as the cause for acute
cough?!®, On the other hand, a similar study found that green, yellow-green, and rust-colored
sputum had a higher bacterial-yield in sputum samples than clear samples®!3. This highlights an
educational gap regarding seeking care, which could potentially result in inappropriate
prescribing of antibiotics if physical examinations are not paired with proper diagnostic tests.
Swollen glands combined with sore throat for 8 — 14 days was a predictor for increased
likelihood of seeking care and seeking antibiotic treatment. While sore throat could be indicative
of a bacterial infection, it could also be a result of allergies, tonsillitis, acid reflux, overuse of
irritants (yelling, spicy food, smoking, etc.) or mouth breathing?!. Since no single feature from a
patient’s physical examination can confirm or exclude the presence of bacterial infection, clinical
decision rules like the Centor score and FeverPAIN risk score have been created to help identify
indications for antibiotic treatment®??!3. Based on these scores, sore throat should be
accompanied by swollen glands and recent onset of fever to rule in strep throat. Yet, in our study
population, fever was associated with a decreased likelihood for seeking care or antibiotic
treatment in sore throat illnesses. Students also appeared to associate increased symptom
duration with strep throat. However, previous studies have determined that streptococcal
pharyngitis has an incubation period of two to five days and can resolve in approximately a week
with or without antibiotic treatment®!*216217 This suggests that the illness that they are more
likely to seek care and/ or antibiotic treatment for is infectious mononucleosis which exhibits
similar symptoms with a symptom duration of four weeks or longer?'®. Another survey study

conducted in 2020 suggests that while much of their study population sought care for a sore
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throat, the desire was to “limit the worsening of symptoms” due to its impact to their daily life. A
much lower proportion of the population reported “wanting an antibiotic” as their reasoning for
visiting their general practitioner?!”.

Being an undergraduate student and identifying as a non-white race were predictors for
seeking care and antibiotic treatment. From 2009 - 2016 a national study was conducted in the
United States to identify disparities in antibiotic prescribing. Overall, patients who were less than
18 had the highest rate of antibiotic prescriptions??°. While this could be due to a high incidence
of acute respiratory tract infections among this age group, it could also be influenced by the
medicalization of self-limiting illness?%6-221-222, Additionally, this age group is likely to have a
lack of experience making their own healthcare decisions. Inappropriate prescribing rates were
high across all ages. The study also found that overall prescribing rates and inappropriate
prescribing rates were highest among African Americans and Hispanics. This could be a result of
socioeconomic, societal, or cultural factors such as educational level, living conditions,
expectation of care, and social pressure?2%-223,

Strengths and limitations

Our study did have some limitations. First, all data included for these analyses were self-
reported. Responses of all students that chose to complete the survey may not be representative
of all college-aged students’ sentiments on seeking care or seeking antibiotic treatment for
ARTIs. Likewise, responses were based on vignette scenarios that were created a priori with
specific conditions and severities in mind. This places constraints on the complexity of
information that we were able to obtain from respondents. Future research should consider
assessing reasoning for seeking care or antibiotic treatment using responses that are

prospectively collected in open-ended questions or more comprehensive multiple-choice
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questions. Lastly, our study population only consisted of University of Georgia (UGA) students
who were living in similar conditions and similar access to care. It is likely that these results are
representative of other college-aged students but may not be generalized to larger populations.
Conclusion

Overall, students indicated that they were significantly more likely to seek care or an
antibiotic for lower respiratory tract infections than sore throat and upper respiratory tract
infections. We found that students were more likely to seek antibiotics for URTIs if they were
experiencing a sore throat. These findings matched the responses from student EHR
questionnaires as most students that sought care at the university health center indicated they
were experiencing sore throat. The presence of swollen glands for 8 -14 days accompanied by
recent antibiotic use, identifying as non-white race, and/ or being an undergraduate increased the
likelihood of a student seeking care and seeking antibiotic for illnesses with sore throat. The
likelihood of seeking care or antibiotic treatment for a LRTI increased if the presence of cough
was accompanied by bloody or green sputum. These predictors help to identify gaps in health
education and clinical research. Educational efforts should be focused on highlighting specific
symptoms, illness severity, and symptom duration that are important and not important when
considering seeking care. Future research should consider addressing misconceptions about
symptom development such as sputum color or length of sore throat, with the need for an
antibiotic. Another major takeaway of our study is that for all conditions, having an antibiotic
more recently increased a student’s desire for an antibiotic. This highlights the importance of
antibiotic stewardship and minimizing unnecessary antibiotic prescribing. Larger prospective
studies should be done in that age group to determine more in-depth reasoning for seeking care

and the perceived need for an antibiotic among college-aged students to guide long-term care
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seeking behaviors. Additionally, public health agencies should consider implementing
campaigns that are inclusive with regards to racial and ethnic groups regarding expectations

about the need for antibiotics.
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TABLES AND FIGURES

Enrolled UGA students sent
participation email
(N = 40,454)

Students started survey
(N = 2664)

Consented to participate . D'.d not megt .
_ inclusion age criteria
(N = 2070) (N = 6)

Completed survey
(N = 2000)

Figure 7.1 Flow diagram of student participation
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Table 7.1 Demographics of study participants

Total
(N =2000)

Age (years)

Median [Min, Max]

21.0[18.0, 68.0]

Gender
Male 445 (22.3%)
Female 1503 (75.2%)
Non-binary/ third gender/ other 45 (2.3%)
Prefer not to answer 7 (0.4%)
Race
White 1,494 (74.7%)
Black/ African American 107 (5.4%)
Asian/ Pacific Islander 255 (12.8%)
Alaska Native/ American Indian/ 2 (0.1%)

Native Hawaiian

Other 116 (5.8%)
Prefer not to answer 26 (1.3%)
Ethnicity
Hispanic 142 (7.2%)
Non-Hispanic 1,800 (90.8%)
Prefer not to answer 40 (2.0%)

Year in School

Undergraduate Year 1

385 (19.3%)

Undergraduate Year 2 319 (16.0%)
Undergraduate Year 3 306 (15.3%)
Undergraduate Year 4 248 (12.4%)
Undergraduate Year 5 59 (2.6%)
Graduate 558 (27.9%)
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Professional 120 (6.0%)
Other 5(0.3%)
Last Antibiotic Usage
Less than 1 month 207 (10.4%)
1 — 2 month(s) ago 130 (6.5%)

3 — 5 month(s) ago

213 (10.7%)

6 — 12 month(s) ago

474 (23.7%)

More than 1 year

826 (41.3%)

Unsure

150 (7.5%)

131




Table 7.2 Description of vignettes and bivariate analysis of student responses (agree vs disagree) to seeking care or seeking antibiotic
treatment based on vignette severity by illness condition (URTI, sore throat, and LRTI)

Vignette #, Symptoms present

Severity

Seek Care
OR (95% CI)

P value

Seek Antibiotic
OR (95% CI)

P value

Upper Respiratory Tract Infection

Vignette 4
Cough with clear sputum

Yellow/ green nasal discharge
2 days symptom duration

Mild

REF

Vignette 1
Dry cough
Fever
Swollen glands in throat
1 day symptom duration

Moderate

5.43 (4.13,7.14)

<0.001

3.12 (2.39, 4.07)

<0.001

Vignette 2
Cough with yellow sputum

Sore throat
Yellow nasal discharge
Facial pain/ pressure
7 days symptom duration

Severe

1.38 (1.03, 1.85)

0.0.030

1.05 (0.79, 1.40)

0.755

Vignette 3
Fever for 2 days

Swollen glands in throat
Yellow/ green nasal discharge
Facial pain/ pressure
10 days symptom duration

Very Severe

10.23 (7.63, 13.72)

<0.001

4.45 (3.39, 5.84)

<0.001

Sore Throat

Vignette 1
Sore throat

Runny nose

Mild

REF

REF
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Clear/ nasal discharge
5 days symptom duration

Vignette 4
Sore throat

Swollen glands in throat
Runny nose
Yellow/green nasal discharge
7 days symptom duration

Moderate

2.69 (2.08, 3.48)

<0.001

2.82(2.17,3.67)

<0.001

Vignette 2
Fever

Sore throat
Swollen glands in throat
1 day symptom duration

Severe

2.08 (1.61,2.68)

<0.001

1.91 (1.46, 2.48)

<0.001

Vignette 3
Fever for 2 days

Sore throat
Swollen glands in throat
14 days symptom duration

Very Severe

6.55 (4.96, 8.63)

<0.001

3.42(2.63,4.45)

<0.001

Lower Respiratory Tract Infection

Vignette 4
Dry cough
2 days duration

Mild

REF

REF

REF

Vignette 1
Chest pain with cough

Yellow sputum
Sore throat
10 days symptom duration

Moderate

5.69 (4.36, 7.44)

<0.001

5.19 (3.96, 6.80)

<0.001

Vignette 3
Fever for 1 day

Chest pain with cough
Green sputum

Severe

21.05 (14.57, 30.41)

<0.001

8.91 (6.70, 11.86)

<0.001
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Sore throat
12 days symptom duration

Vignette 2
Fever for 2 days

Chest pain with cough
Bloody sputum
14 days symptom duration

Very Severe

23.78 (16.11, 35.10)

<0.001

13.37 (9.85, 18.13)

<0.001
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Table 7.3 (a — ¢) Multivariate analysis of survey responses of seeking care and seeking an
antibiotic by upper respiratory tract infection, sore throat, and lower respiratory tract infection.

a. Final models of survey responses to upper respiratory tract infection vignettes.

Upper Respiratory Tract Infection

Independent variables Adjusted Odds Ratio ® coefficient P-value
(95% CI)
Dependent = “Seeking Care”*
Fever 12.5(9.2,16.9) 2.52 <0.001
Sore throat 6.1 (4.6, 8.1) 1.81 <0.001
Nasal discharge 2.9(12.5,3.4) 1.07 <0.001
Black/ African American 1.8 (1.2, 2.8) 0.58 0.010
Recent antibiotic use
12 — 6 months 1.5(1.2,2.0) 0.43 0.001
5 — 3 months 2.0(1.4,2.8) 0.69 <0.001
2 — 1 month(s) 1.9 (1.2,2.9) 0.63 0.003
<1 month 2.5(1.8,3.6) 0.93 <0.001
Unsure 1.5(1.0,2.2) 0.41 0.043
Dependent = “Seek Antibiotic”+
Cough 0.2 (0.1,0.2) -1.71 <0.001
Sore throat 3.5(2.8,4.5) 1.26 <0.001
Race
Black/ African American 2.4 (1.6,3.7) 0.88 <0.001
Asian/ Pacific Islander 1.6 (1.2,2.1) 0.46 0.002
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Non-Hispanic 0.5(0.3,0.7) -0.80 <0.001

Undergraduate year 5/ Graduate/ 0.6 (0.5, 0.8) -0.49 <0.001
Professional/ Other

Recent antibiotic use

12 — 6 months 2.0(1.6,2.6) 0.70 <0.001
5 — 3 months 2.7(2.0,3.8) 1.00 <0.001
2 — 1 month(s) 2.5(1.6,3.7) 0.90 <0.001
<1 month 3.8(2.7,5.4) 1.35 <0.001
Unsure 1.7 (1.1,2.4) 0.50 0.011

*Variables included in model of seeking care for URTI that were not statistically significant (p >
0.05) were swollen glands, cough, face pain, symptom duration, sex, non-African American race,
grades prior to undergraduate year 5.

+Variables included in model of seeking antibiotic treatment for URTI that were not statistically

significant (p > 0.05) were nasal discharge and age.

136



b. Final models of survey responses to sore throat vignettes.

Sore Throat
Independent variables Adjusted Odds Ratio ® coefficient P-value
(95% CI)
Dependent = “Seeking Care”*
Fever 0.8 (0.6, 1.0) -0.26 0.048
Swollen glands 2.7(2.1,3.6) 1.00 <0.001
8 — 14 days of symptoms 3.6(2.7,4.7) 1.27 <0.001
Recent antibiotic use
12 — 6 months 1.7(1.4,2.2) 0.54 <0.001
5 — 3 months 1.5 (1.1, 2.1) 0.41 0.012
< 1 month 2.7(1.9,3.8) 1.00 <0.001
Dependent = “Seek Antibiotic”+
Fever 0.7 (0.5, 0.9) -0.40 0.003
Swollen glands 3.0(2.2,3.9) 1.08 <0.001
8 — 14 days of symptoms 2.0(1.5,2.7) 0.68 <0.001
Non-binary/Third Gender/Other 0.3 (0.2,0.6) -1.17 0.002
Asian/ Pacific Islander 1.6 (1.2,2.1) 0.44 0.003
Ethnicity
Non-Hispanic 0.6 (0.4, 0.9) -0.49 0.010
Prefer not to answer 0.2 (0.1, 0.6) -1.47 0.001
Grade
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Undergraduate year 3 & 4 0.7 (0.6, 0.9) -0.32 0.008
Undergraduate year 5/ Graduate/ 0.6 (0.5,0.7) -0.58 <0.001
Professional/ Other
Recent antibiotic use
12 — 6 months 2.3(1.8,2.9) 0.82 <0.001
5 — 3 months 1.8(1.3,2.4) 0.56 0.001
2 — 1 month(s) 2.1(1.4,3.1) 0.75 <0.001
< 1 month 29(2.1,4.0) 1.06 <0.001
Unsure 1.7 (1.2,2.5) 0.54 0.005

*Variables included in the model for seeking care for sore throat that were not statistically
significant (p > 0.05) was nasal discharge, symptom duration less than 8-14 days, sex, race, and

recent antibiotic use from 2-1 months.

+Variables included in the model for seeking antibiotic treatment for sore throat that were not
statistically significant (p > 0.05) was nasal discharge, symptom duration less than 8-14 days,

female sex, and non-Asian races.

138




c. Final models of survey responses to lower respiratory tract infection vignettes.

Lower Respiratory Tract Infection

Independent variables Adjusted Odds Ratio ® coefficient P-value
(95% CI)

Dependent = “Seeking Care”*

Sputum
Clear or yellow 6.6 (5.0, 8.7) 1.89 <0.001
Green 24.4 (16.6, 35.9) 3.20 <0.001
Bloody 25.6 (17.5, 37.5) 3.24 <0.001
Race
Black/ African American 2.1(1.2,3.7) 0.74 0.011
Other 0.6 (0.4,0.9) -0.56 0.020

Dependent = “Seek Antibiotic”+

Sputum
Clear or yellow 6.5 (4.9, 8.6) 1.87 <0.001
Green 16.2 (11.8, 22.3) 2.79 <0.001
Bloody 10.8 (8.0, 14.6) 2.38 <0.001
Sex
Female 0.8 (0.6, 1.0) -0.29 0.029
Non-Binary/Third Gender/Other 0.3 (0.1,0.5) -1.35 <0.001
Prefer not to answer 0.1 (0.0, 0.9) -2.30 0.041
Ethnicity
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Non-Hispanic 0.6 (0.4, 0.9) -0.48 0.024

Prefer not to answer 0.4 (0.2,0.9) -0.92 0.029

Undergraduate year 5/ Graduate/ 0.6 (0.5, 0.8) -0.45 <0.001

Professional/ Other

Recent antibiotic use

12 — 6 months 1.9 (1.5,2.5) 0.65 <0.001

5 — 3 months 2.0(1.4,2.9) 0.70 <0.001

2 — 1 month(s) 1.8(1.2,2.9) 0.60 0.008

< 1 month 22(1.5,3.2) 0.78 <0.001

Unsure 1.5 (1.0, 2.3) 0.43 0.043

*Variables included in the model for seeking care for sore throat that were not statistically

significant (p > 0.05) were fever, chest pain, sore throat, symptom duration, and recent antibiotic

use.

+Variables included in the model for seeking antibiotic treatment for sore throat that were not

statistically significant (p > 0.05) were fever, chest pain, sore throat, symptom duration, age, and

grades prior to undergraduate year 5.
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Table 7.4 Summary of predictors that were identified by multivariate analysis to be significantly
associated with seeking care or seeking antibiotic treatment by illness type

Outcome

URTI

Sore throat

LRTI

Seeking care

Recent antibiotic use

Recent antibiotic use

Bloody sputum

Fever Fever absent Green sputum
Black/ African 8 — 14 days of Black/African
American symptoms American

Nasal discharge Swollen glands

Sore throat

Seeking antibiotics

Recent antibiotic use

Recent antibiotic use

Recent antibiotic use

Undergraduate year

Undergraduate year 1

Undergraduate year

1,23,and 4 and 2 1,2 3,and 4
Asian/ Pacific Asian/ Pacific Islander Male
Islander
Black/African Hispanic Hispanic
American
Hispanic Male and Female Bloody sputum
Cough absent 8 — 14 days of Green sputum
symptoms

Sore throat

Swollen glands

Fever absent
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Table 7.5 Descriptive analysis of student response to University Health Center respiratory illness

questionnaire
Total Responses
(N =2678)
Symptoms
Symptom Duration (days)
Mean (SD) 7.72 (23.74)
Median [Min, Max] 3.0 0.0, 750.0]
Activity Impact
Mean (SD) 5.72 (2.68)
Median [Min, Max] 6.0 0.0, 10.0]
Symptoms with severity Number (%)
Cough 1927 (72.0%)
Mild 832 (31.1%)
Moderate 895 (33.4%)
Severe 200 (7.5%)
Asthenia 1770 (66.1%)
Mild 933 (34.8%)
Moderate 692 (25.8%)
Severe 145 (5.4%)
Myalgia 1582 (59.1%)
Mild 770 (28.8%)
Moderate 661 (24.7%)
Severe 151 (5.6%)

Symptoms without severity

Number (%)

Pharyngitis

2118 (79.1%)

Nasal congestion

1917 (71.6%)

Fatigue 1892 (70.7%)
Headache 1696 (63.3%)
Rhinorrhea 1565 (58.4%)
Sneezing 1565 (58.4%)
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Chills/ sweats 1242 (46.4%)
Adenopathy 1189 (44.4%)
Insomnia 1109 (41.4%)

Chest congestion

1043 (39.0%)

Fever 832 (31.1%)
Shortness of breath 668 (24.9%)
Otalgia 654 (24.4%)
Nausea 556 (20.8%)
Wheezing 511 (19.1%)
Facial pain/ pressure 486 (18.2%)

Chest pain 453 (16.9%)
Itchy eyes 416 (15.5%)
Eye pain 255 (9.5%)
Diarrhea 255 (9.5%)

Abdominal pain

216 (8.1%)

Vomiting 172 (6.4%)
Hearing loss 131 (4.9%)
Anosmia 125 (4.7%)
Vision changes 41 (1.5%)
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Figure 7.2 Composite hierarchy chart of symptom themes identified by NVivo in open-ended student responses regarding illness

evolution.
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Figure 7.3 Composite hierarchy chart of themes by sentiment classification (positive or negative) identified by NVivo in open-ended
student responses regarding illness evolution.
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Table 7.6 Care seeking behaviors of symptomatic patients aged 18 — 30 years in the EAST-PC
study (N = 250)

Age (years)
Mean (SD) 23.3(3.7)
Median [Min — Max] 23 [18 —30]

Expected cough duration with antibiotic

(days) 4.1 (3.1)
Mean (SD) 310-30]

Median [Min — Max]
Expected cough duration without antibiotic
(days) 7.6 (7.7)
Mean (SD) 710 -90]
Median [Min — Max]

Reason for Seeking Care

Not getting better 126 (50.4%)

Severe symptoms 113 (45.2%)

Thought the illness was serious 81 (32.4%)

Antibiotic 58 (23.2%)

Encouraged by family member 55 (22.0%)
No reason 0 (0.0%)
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CHAPTER 8
CONCLUSIONS

This concluding chapter serves as a summary of the problems addressed by this dissertation, the
results of three aims, a comparison of their results, and discusses future directions for research.
The Problem

In previous studies, viruses have been identified as the causative agent in respiratory tract
infections approximately 90% of the time!®. However, antibiotic prescriptions are often still
provided in the absence of testing that is able to confirm a viral cause. This has led to
overprescribing of antibiotics in cases when the illness would have been self-limiting?’.
Inappropriate prescribing of antibiotics is the leading cause of antimicrobial resistant pathogens,
which are a threat to global health?!. Also, the diagnostic and treatment strategies for acute
respiratory tract infections are often variable due to overlap of symptoms of infections involving
different anatomical sites?.

Additionally, care seeking trends and behaviors for acute RTIs have not been studied
thoroughly in college-aged individuals. College students are in the unique position of making
their own health decisions for the first time. Also, respiratory infections are easily spread on
college campuses due to congregate living conditions and lifestyle factors. It is important to
investigate this demographic group because the information obtained could influence RTI
treatments prescribed, diagnostic practices, antibiotic stewardship interventions, and long-term
medical behaviors. This research will also help to identify gaps in the health education of

college-aged students as it relates to RTIs.
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Aim 1: Etiology of Acute Respiratory Tract Infections in Outpatients: A Systematic Review
and Meta-Analysis to Identify Likelihood of Commensalism

In our first aim, we analyzed current literature describing the etiology of acute respiratory
tract infections (ARTIs). Our search yielded 15 studies that were included in our meta-analysis.
Data for these studies were collected from 1992 to 2019 with the age of participants in the
studies ranging from 31 to 69 years old.

Our meta-analysis identified significant associations of bacteria and viruses with
symptomatic acute respiratory tract infection diagnoses and being asymptomatic. Overall, viruses
that were identified most often in symptomatic individuals included influenza A or B, rhinovirus
(RV), bocavirus, enterovirus, human coronavirus (hCoV), and respiratory syncytial virus (RSV)
(hCoV did not include SARS-CoV-2). Bocavirus, influenza virus, rhinovirus, and M. catarrhalis
are the most common causes of any acute respiratory tract infection. In patients with lower
respiratory tract infection symptoms (LRTI), influenza, rhinovirus, human coronavirus, and RSV
were most common. Bacteria that were most common overall among patients included
Haemophilus influenzae and Moraxella catarrhalis. These were also the bacteria that were most
common among ARTI patients. Bacteria that were identified most frequently in patients with
LRTI were Streptococcus pneumoniae and Haemophilus influenzae.

The isolation of bacteria and viruses in asymptomatic study populations (individuals with
no signs or symptoms of acute respiratory tract infections) was lower compared to symptomatic
populations. The most identified viruses among asymptomatic groups were rhinovirus, influenza,
respiratory syncytial virus (RSV), and enterovirus. Moraxella catarrhalis and Streptococcus
pneumoniae were both found most often in those who were asymptomatic for respiratory tract

symptoms.
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Aim 2: Determining Etiology of Acute Respiratory Tract Infections and Potential
Commensalism in Outpatients: A Case-Control Study

The second aim of this dissertation used a case-control design to investigate the etiology
of lower respiratory tract infections (LRTIs) amongst adults 18 to 75 years old. Patients with
ARTI symptoms and asymptomatic individuals were recruited from areas in or surrounding
Athens, Georgia, Madison, Wisconsin, and Washington D.C. A total of 1,215 participants met
the inclusion for our study: 718 symptomatic patients and 497 asymptomatic persons.

Overall, viruses were identified most often (35.8%) in symptomatic patients when
compared to other infection types. The most common viruses in the symptomatic group included
rhinovirus, influenza A and B, and SARS-CoV-2. Influenza, parainfluenza, and SARS-CoV-2
were determined to be pathogenic with positive etiologic predictive values (P-EPVs) greater than
85%133141 Bacterial pathogens were detected in 12.4 percent of symptomatic individuals and
mostly included Haemophilus influenzae, Moraxella catarrhalis, and Staphylococcus aureus.
Group A streptococcus, Moraxella catarrhalis, Mycoplasma pneumoniae, Pseudomonas
aeruginosa, Chlamydia pneumoniae, and Haemophilus influenzae are also likely pathogenic with
P-EPVs greater than 40%. Mixed samples accounted for 21.9% of symptomatic samples and
4.8% of asymptomatic samples. There were 29.9% of symptomatic samples and 53.1% of
asymptomatic samples with no growth.

Asymptomatic individuals were carriers of bacterial pathogens (30.6%) more often than
viral pathogens (11.5%). The most identified bacteria in this group were Staphylococcus aureus,
Haemophilus influenzae, and Streptococcus pneumoniae. Group B streptococcus, Streptococcus
pneumoniae, Ureaplasma urealyticum, Pneumocysitis jirovecii, Klebsiella pneumoniae,

Acinetobacter baumanii, Staphylococcus aureus, and Ureaplasma parvum had the potential to
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be commensal with P-EPVs approaching or less than 0%. Viral organisms detected among
asymptomatic participants included rhinovirus and seasonal human coronavirus (all types but not
including SARS-CoV-2). Cytomegalovirus and human coronaviruses had the potential to be
commensal with P-EPVs less than or equal to 0%.
Aim 3: Identifying Predictors of Care-Seeking Behavior for Acute Respiratory Tract
Infections in College Students

The third aim of this dissertation used a cross — sectional study design to identify care
seeking and antibiotic seeking behaviors among college students, age 18 or older, at the
University of Georgia. An email survey was sent to all enrolled students as of Fall 2022 semester
(n =40,454) and 2,000 students met the inclusion criteria and fully completed the survey. Upon
consenting to participation, participants read and completed questions for three vignettes
randomly selected from a total of 12 vignettes. Vignettes were designed to represent possible
symptom scenarios for upper respiratory tract infections, lower respiratory tract infections, and
sore throat. These scenarios ranged in severity from mild to very severe based on the symptoms
that were included.

We were able to identify symptoms and student characteristics that were associated with
seeking care and antibiotic treatment across three acute respiratory tract infection condition
types: upper respiratory tract infection (URTI), sore throat, and lower respiratory tract infection
(LRTTI) with varying severities. Overall, we found that the likelihood of wanting an antibiotic
was only slightly lower than the likelihood of wanting to see a doctor based on the scenarios
described in the vignettes. This suggests that when students seek care for acute respiratory tract
infections, they are likely also expecting to receive a prescription as their rankings for each

action (seeking care and seeking antibiotic) were often the same.
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For each condition, we identified independent predictors that were associated with being
more likely to seek care or antibiotic treatment. These findings were presented in six separate
logistic regression models. Overall, recent antibiotic use was the most consistent predictor for
seeking antibiotic treatment across all illness types. It was also identified as a predictor for
seeking care for sore throat and upper respiratory tract infections. Additionally, being non-white
and/or an undergraduate were also predictors for seeking antibiotic treatment. Change is sputum
color was a predictor for seeking care and seeking antibiotic treatment for lower respiratory tract
infections. Swollen glands without a fever were predictors for seeking care and antibiotic
treatment for sore throat illnesses.

Comparison of Results

Together, aims one and two of this dissertation were able to identify etiologies that are
associated with symptomatic acute respiratory tract infections and etiologies that could be
commensal in adult populations. This information can be used to guide antibiotic prescribing
practices and care seeking behaviors. These aims determined that viruses such as influenza and
rhinovirus remain highly associated with symptomatic disease as supported by previous research.
As such, symptomatic treatments should be encouraged and an antibiotic prescription would be
inappropriate. Bacterial organisms are often present in symptomatic individuals but sometimes
equally as present in healthy participants which leads us to believe that these organisms could be
commensal when they are not invasive. Bacterial pathogens such as Haemophilus influenzae and
Moraxella catarrhalis were detected in symptomatic patients more often than asymptomatic.
They are typically associated with the diagnosis of acute bacterial rhinosinusitis (ABRS) which
is a secondary infection caused by a blockage of the sinus cavity?**. ABRS differentiates from

viral rhinosinusitis with severe symptoms that persist more than 10 days without any
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improvement??#?2>, Management for ABRS could include the use of antibiotics such as
amoxicillin-clavulanate, doxycycline, or fluoroquinolone. However, the Infectious Diseases
Society of America (IDSA) has found that there is no evidence to support that these treatments
are superior to supportive care in most cases??>*22°, Lastly, our research found that bacteria such
as Klebsiella pneumoniae and Streptococcus pneumoniae could be commensal as they were
detected more often in healthy individuals. This is consistent with our current knowledge of
these organisms and as such, it is not suggested that these be treated with antibiotics unless
pneumonia is suspected!83:1%,

The understanding of ARTI etiology is vital as we consider care seeking behaviors and
antibiotic stewardship efforts for young adult populations in college settings when they are often
making their own health decisions for the first time. In aim three we identified symptom and
illness severities that influenced care and antibiotic seeking behaviors of college students. We
determined that being an undergraduate student and identifying as non-white race were
predictors for seeking care and antibiotic treatment. While this could be result of a higher
incidence of ARTIs amongst this age group, it could also be influenced by their lack of
experience making their own health decisions. A higher likelihood of seeking care among non-
white races could be a result of socioeconomic, societal, or cultural factors such as educational
level, living conditions, expectation of care, and social pressure??%-?23, Students also indicated
they were more likely to seek care and seek antibiotic treatment for scenarios that were
categorized as severe or very severe based on the symptom descriptions and symptom duration.
However, for some of these scenarios, we identified potential gaps in education as there was no
previous evidence to support seeking antibiotic treatments out of fear of bacterial infection.

These scenarios include sore throat and swollen glands for 8 — 14 months and cough with green
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or bloody sputum production. While sore throat could be indicative of a streptococcal
pharyngitis, it could also be a result of allergies, tonsillitis, acid reflux, overuse of irritants
(yelling, spicy food, smoking, etc.) or mouth breathing?!. Additionally, sore throat accompanied
by swollen glands with an extended symptom duration is more often associated with

216217 ' A common

mononucleosis when compared to the illness progression of strep throa
symptom of bacterial (classically pneumococcal) pneumonia is brown or blood-stained sputum
and as such aligns with a greater likelihood for seeking care. However, there is little diagnostic
evidence to support that green sputum is indicative of a bacterial infection more often than viral

infections?!0-213

. Recent antibiotic use was identified as a predictor for increased likelihood of
seeking care and seeking antibiotic treatment among college aged students across all ARTI
condition types. Our findings highlight that there is a trend in reattendance following recent
antibiotic use and this could likely be due to clinicians' perceived expectations of patients?%%-207,
These findings suggest that there is likely a lack of understanding of the etiology of
ARTIs and its influence on care seeking behaviors that should be addressed with future research
and health education measures. As our research found that the majority of ARTIs had a viral
etiology, there is little to no indication for antibiotic prescribing for acute symptomatic
respiratory illness in outpatient settings. Cases when symptoms have persisted and/ or when
pneumonia is suspected should be tested for bacterial etiology. In these instances, antibiotics can
be prescribed. However, when possible, clinicians should delay prescribing if possible and
educate patients on proper antibiotic use. Other educational efforts should be focused on specific

symptoms, illness severity, and symptom duration that are important and not important when

considering seeking care
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Future Directions

Further research should include large prospective studies that recruit both symptomatic
and asymptomatic participants. These larger studies will allow for direct measurement of
symptoms that patients are experiencing during infection as well as how those symptoms
progress and evolve overtime. Larger prospective studies will also allow for the measurement of
common vital signs and laboratory tests for both groups. In particular, both groups should be
recruited and undergo nasopharyngeal swabs that are tested via polymerase chain reaction (PCR)
to determine the presence of bacterial and/or viral organisms during the same times so that they
are presentative of seasonal changes that could influence etiology. Symptomatic groups should
be asked to describe their symptoms in detail in an effort to identify trends in seeking care.
Additionally, symptomatic participants should be asked to explain why they sought care to
determine if gaps in understanding of antibiotic prescribing exist. Lastly, it is also important to
consider outside factors such as finances, insurance and access to quality care, that could also

influence individuals to seek care and antibiotic treatment.
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APPENDIX A

Table A1 Search strategies for the three databases included in our systematic review.

Database

Search Terms

Link to Database and
Notes

PubMed

(“respiratory tract infection”[ TTAB] OR
“respiratory tract infection”’[ MH] OR “acute
bronchitis’[MH] OR “pneumonia”’[MH] OR
“viral rhinitis”[MH] OR “rhinosinusitis”’[ MH]
OR “sinusitis”[ TIAB] OR “otitis media”[MH]
OR “pharyngitis’[MH] OR “respiratory
virus”[MH]) AND (“bacteria”’[MH] OR “S.
pneumoniae”’[MH] OR “Streptococcus”’[MH] OR
“H. influenzae”’[MH] OR “M. catarrhalis”[MH]
“virus”[MH] OR “viral” OR “influenza
virus”[MH] OR “enterovirus”[MH] OR
“adenovirus”’[MH] OR “coronavirus”’[MH] OR
“respiratory syncytial virus”[MH] OR
“rhinovirus”[MH] OR “parainfluenza”’[MH] OR
“metapneumovirus”’[MH] OR
“microbiome”’[MH]) AND (“etiology”[TIAB]
OR “aetiology”[TIAB] OR “etiological role”
[TIAB] OR “prevalence”’[MH] OR
“prevalence”[TIAB] OR “commensal”’[MH] OR
“commensal”’[TIAB] OR “pathogenic”[ TIAB]
OR “pathogenic”’[MH]) NOT
“nosocomial’[TIAB] OR “nosocomial” [MH]
OR “ventilator-acquired pneumonia”’[ TIAB] OR
“ventilator-acquired” [MH))

https://pubmed.ncbi.nlm.ni
h.gov/searches/6599945/?
mode=full&sort=date

Web of
Science

“etiology of acute respiratory tract infections in
outpatients”

https://www.webofscience.
com

Google
Scholar

“etiology of acute respiratory tract infections”

https://scholar.google.com
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Figure A1 Joanna Bridges Institute (JBI) Appraisal Tool used to assess risk of bias in case-

control studies.

JBI CRITICAL APPRAISAL CHECKLIST FOR
CASE CONTROL STUDIES

Reviewer Date
Author Year Record Number
Yes No Unclear Not .
applicable

1. Were the groups comparable other than the
presence of disease in cases or the absence of
disease in controls?

2. Were cases and controls matched
appropriately?

3. Were the same criteria used for identification
of cases and controls?

4. Was exposure measured in a standard, valid
and reliable way?

5. Was exposure measured in the same way for
cases and controls?

6. Were confounding factors identified?

7. Were strategies to deal with confounding
factors stated?

8. Were outcomes assessed in a standard, valid
and reliable way for cases and controls?

9. Was the exposure period of interest long
enough to be meaningful?

OO0 000000 0
OO0 0000 000 0
OO0 0000 000 0
OO0 0000 000 0

O

10. Was appropriate statistical analysis used?

Overall appraisal:  Include D Exclude D Seek further info D

Comments (Including reason for exclusion)
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Figure A2 Joanna Bridges Institute (JBI) Appraisal Tool used to assess risk of bias in cohort

studies.

JBI CRITICAL APPRAISAL CHECKLIST FOR COHORT STUDIES

Reviewer Date

Author Year Record Number

Yes No Unclear Not
applicable

1. Were the two groups similar and recruited from the
same population?

O

2. Were the exposures measured similarly to assign
people to both exposed and unexposed groups?

3. Was the exposure measured in a valid and reliable
way?

4. Were confounding factors identified?
5. Were strategies to deal with confounding factors

stated?

6. Were the groups/participants free of the outcome
at the start of the study (or at the moment of
exposure)?

7. Were the outcomes measured in a valid and reliable
way?

8. Was the follow up time reported and sufficient to
be long enough for outcomes to occur?

9. Was follow up complete, and if not, were the
reasons to loss to follow up described and explored?

10. Were strategies to address incomplete follow up
utilized?

o o o o o o o o o 4o 0O
o o o o o o o o o 4o 0O
o o o o o o o o o o 0O

o o o o o o o o o d

11. Was appropriate statistical analysis used?

Overall appraisal:  Include D Exclude D Seek further info D

Comments (Including reason for exclusion)
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Figure A3 P-EPV Equation

Sen .
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+
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D = Disease
S = Symptoms
T'=Test
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6 = ratio between symptomatic and
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Table A2 Joanna Bridges Institute quality assessment of case-control studies included in our systematic review.
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Table A3 Joanna Bridges Institute quality assessment of cohort studies included in our systematic review.
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al, 1999
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2013
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Setiadiet | Y Y Y N Y
al, 2022

NA

NA

NA

Shihet |Y Y Y Y Y
al, 2015

Viera- |Y Y Y Y Y
Segura et
al, 2021

NA

NA

NA

Zimmer | Y Y Y Y Y
man et
al, 2014

NA

NA

NA

*Y =yes, N=no, U = unclear, NA = not applicable in this study
+ L = low bias, M = moderate bias, H = high bias
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Table A4 Raw etiology data used to create forest plots and calculate P-EPV

Study

Total
Participants

Total with etiology

Total with other
etiology

Sympt

omatic

Influenza Virus A or B

Creer et al, 2006 129 19 (14.7%) 110 (85.3%)
Holm et al, 2007 364 35 (9.6%) 329 (90.4%)
Graffelman et al, 2008 129 36 (27.9%) 93 (72.1%)

Ieven et al, 2018 5167 307 (5.9 %) 4860 (94.1%)
Lu et al, 2002 596 121 (20.3%) 475 (79.7%)
Shih et al, 2015 309 65 (21.0%) 244 (79.0%)
Sundell et al, 2019 547 4 (0.7%) 543 (99.3%)
Zimmerman et al, 2014 662 5(0.76%) 657 (99.2%)

Influenza Virus A

Holm et al, 2007 364 23 (6.3%) 341 (93.7%)
Lu et al, 2002 596 46 (7.7%) 550 (92.3%)
Shih et al, 2015 309 65 (21.0%) 244 (79.0%)
Sundell et al, 2019 547 2(0.27%) 545 (99.6%)

Influenza Virus B

Holm et al, 2007 364 12 (3.3%) 352 (96.7%)
Lu et al, 2002 596 75 (7.6%) 521 (87.4%)
Sundell et al, 2019 547 2 (0.4%) 545 (99.6%)

Respiratory Syncytial Virus

Creer et al, 2006 129 2 (1.6%) 127 (98.4%)
Holm et al, 2007 364 15 (4.1%) 349 (95.9%)
Ieven et al, 2018 5167 144 (2.8%) 5023 (97.2%)
Lu et al, 2002 596 15 (2.5%) 581 (97.5%)
Shih et al, 2015 309 6 (1.9%) 303 (98.1%)
Sundell et al, 2019 547 2 (0.4%) 545 (99.6%)
Zimmerman et al, 2014 662 9 (1.4%) 653 (98.6%)
Rhinovirus
Creer et al, 2006 129 26 (20.2%) 103 (79.8%)
Holm et al, 2007 364 37 (10.2%) 327 (89.8%)
Ieven et al, 2018 5167 623 (12.1%) 4544 (87.9%)
Lu et al, 2002 596 30 (5.0%) 566 (95.0%)
Shih et al, 2015 309 25 (8.1%) 284 (91.9%)
Sundell et al, 2019 547 23 (4.2%) 524 (95.8%)
Zimmerman et al, 2014 662 34 (5.1%) 628 (94.9%)

Human Metapneumovirus

Holm et al, 2007 364 6 (1.6%) 358 (98.4%)
Ieven et al, 2018 5167 138 (2.7%) 5029 (97.3%)
Lu et al, 2002 596 5(0.8%) 591 (99.2%)
Shih et al, 2015 309 10 (3.2%) 299 (96.8%)
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Sundell et al, 2019 547 1 (0.2%) 546 (99.8%)

Zimmerman et al, 2014 662 9 (1.4%) 653 (98.6%)
Adenovirus

Ieven et al, 2018 5167 41 (0.8%) 5126 (99.2%)

Lu et al, 2002 596 5 (0.8%) 591 (99.2%)

Shih et al, 2015 309 6 (1.9%) 303 (98.1%)

Human Coronavirus

Creer et al, 2006 129 5 (3.9%) 124 (96.1%)
Ieven et al, 2018 5167 231 (4.5%) 4936 (95.5%)
Lu et al, 2002 596 4 (0.67%) 592 (99.3%)
Shih et al, 2015 309 13 (4.2%) 296 (95.8%)
Sundell et al, 2019 547 6 (1.1%) 541 (98.9%)
Zimmerman et al, 2014 662 16 (2.4%) 646 (97.6%)
SARS-CoV-2
Setiadi et al, 2022 64364 10130 (15.7%) 54234 (84.3%)
Karamese et al, 2021 7853 373 (4.7%) 7480 (95.3%)
Viera-Segura et al, 2021 23211 6918 (29.8%) 16293 (70.2%)
Enterovirus
Creer et al, 2006 129 2 (1.6%) 127 (98.4%)
Lu et al, 2002 596 22 (3.7%) 574 (96.3%)
Shih et al, 2015 309 8 (2.6%) 301 (97.4%)
Bocavirus
Ieven et al, 2018 5167 18 (0.3%) 5149 (99.7%)
Lu et al, 2002 596 49 (8.2%) 547 (91.8%)
Parainfluenza virus
Creer et al, 2006 129 3 (2.3%) 126 (97.7%)
Holm et al, 2007 364 2 (0.5%) 362 (99.5%)
Ieven et al, 2018 5167 81 (1.6%) 5086 (98.4%)
Lu et al, 2002 596 5 (0.8%) 591 (99.2%)
Shih et al, 2015 309 4 (1.3%) 305 (98.7%)
Sundell et al, 2019 547 1 (18.3%) 546 (99.8%)

Parainfluenza virus 1

Shih et al, 2015 309 \ 3 (1.0%) 306 (99.0%)
Parainfluenza virus 3

Holm et al, 2007 364 2 (0.5%) 362 (99.5%)

Shih et al, 2015 309 1 (0.3%) 308 (99.7%)
Moraxella catarrhalis

Chi et al, 2003 148 25 (16.9%) 123 (83.1%)

Creer et al, 2006 129 1 (0.8%) 128 (99.2%)

Han et al, 2011 91 17 (18.7%) 74 (81.3%)

Holm et al, 2007 364 4 (1.1%) 360 (98.9%)

Streptococcus pneumoniae

Chi et al, 2003

148

| 5 (3.4%)

143 (96.6%)
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Creer et al, 2006 129 15 (11.6%) 114 (88.4%)
Graffelman et al, 2008 129 6 (4.7%) 123 (95.3%)
Han et al, 2011 91 10 (11.0%) 81 (89.0%)
Holm et al, 2007 364 23 (6.3%) 341 (93.7%)
leven et al, 2018 5167 172 (3.3%) 4995 (96.7%)
Sundell et al, 2019 547 7 (1.3%) 540 (98.7%)
Mycoplasma pneumoniae
Creer et al, 2006 129 1 (0.8%) 128 (99.2%)
Graffelman et al, 2008 129 13 (10.1%) 116 (89.9%)
Holm et al, 2007 364 11 (3.0%) 353 (97.0%)
leven et al, 2018 5167 150 (2.9%) 5017 (97.1%)
Layani-Milon et al, 1999 3897 83 (2.1%) 3814 (97.9%)
Liu et al, 2013 500 49 (9.8%) 451 (90.2%)
Sundell et al, 2019 547 1 (0.2%) 546 (99.8%)
Haemophilus influenzae
Chi et al, 2003 148 27 (18.2%) 121 (81.8%)
Creer et al, 2006 129 5(3.9%) 124 (96.1%)
Graffelman et al, 2008 129 12 (9.3%) 117 (90.7%)
Han et al, 2011 91 18 (19.8%) 73 (80.2%)
Holm et al, 2007 364 15 (4.1%) 349 (95.9%)
leven et al, 2018 5167 167 (3.2%) 5000 (97.8%)
Sundell et al, 2019 547 10 (1.8%) 537 (98.2%)
Chlamydia pneumonia
leven et al, 2018 5167 165 (3.2%) 5002 (96.8%)
Holm et al, 2007 364 2 (0.5%) 362 (99.5%)
Staphylococcus aureus
Holm et al, 2007 364 | 2 (0.5%) 362 (99.5%)
Legionella pneumophilia
leven et al, 2018 5167 | 6 (0.1%) 5161 (99.9%)
Bordetella pertussis
leven et al, 2018 5167 | 95 (1.8%) 5072 (98.2%)
Asymptomatic
Influenza virus A or B
leven et al, 2018 5167 7 (0.1%) 5160 (99.9%)
Creer et al, 2006 129 3 (0.23%) 126 (97.7%)
Respiratory syncytial virus
leven et al, 2018 5167 10 (0.19%) 5157 (99.8%)
Creer et al, 2006 129 2 (0.16%) 127 (98.4%)
Rhinovirus
Creer et al, 2006 129 1 (0.8%) 128 (99.2%)
leven et al, 2018 5167 72 (1.4%) 5095 (98.6%)
Shih et al, 2015 309 1 (0.3%) 308 (99.7%)
Sundell et al, 2019 547 14 (2.6%) 533 (97.4%)
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Human Coronavirus

Creer et al, 2006 129 2 (1.6%) 127 (98.4%)
leven et al, 2018 5167 29 (5.6%) 5138 (99.4%)
Sundell et al, 2019 547 2 (0.4%) 545 (99.6%)
Human metapneumovirus
leven et al, 2018 5167 3(0.1%) 5164 (99.9%)
Sundell et al, 2019 547 1 (0.2%) 546 (99.8%)
Adenovirus
leven et al, 2018 \ 5167 \ 23 (0.4%) | 5144 (99.6%)
SARS-CoV-2
Viera-Segura et al, 2021 | 23211 \ 536 (2.3%) | 22675 (97.7%)
Enterovirus
Sundell et al, 2019 547 1 (0.2%) 546 (99.8%)
Creer et al, 2006 129 2 (1.6%) 127 (98.4%)
Bocavirus
leven et al, 2018 5167 16 (0.3%) 5151 (99.7%)
Sundell et al, 2019 547 1 (0.2%) 546 (99.8%)
Parainfluenza virus
leven et al, 2018 | 5167 | 7 (0.1%) | 5160 (99.9%)
Streptococcus pneumoniae
Chi et al, 2003 148 38 (2.6%) 110 (74.3%)
Han et al, 2011 91 8 (8.8%) 83 (91.2%)
Sundell et al, 2019 547 25 (4.6%) 522 (95.4%)
Haemophilus influenzae
Chi et al, 2003 148 31 (20.9%) 117 (79.1%)
Han et al, 2011 91 10 (11.0%) 81 (89.0%)
Sundell et al, 2019 547 6 (1.1%) 541 (98.9%)
M. catarrhalis
Han et al, 2011 91 9 (9.9%) 82 (90.1%)
Chi et al, 2003 148 30 (20.8%) 118 (79.7%)
C. pneumoniae
Creer et al, 2006 | 129 | 1 (0.78%) | 128 (99.2%)
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Figure A4 (a — v) Forest Plots of Symptomatic Etiology

a. Influenza virus A or B

Source Proportion (95% CI)

Creer et al, 2006 0.147 [0.091; 0.220] >
Holm et al, 2007 0.096 [0.068; 0.131] -

Graffelman et al, 2008 0.279 [0.204; 0.365]

leven et al, 2018 0.059 [0.053; 0.066]

Lu et al, 2002 0.203[0.171; 0.238]

Shih et al, 2015 0.210 [0.166; 0.260]

[
[
Sundell et al, 2019 0.007 [0.002; 0.019] —=—
Zimmerman et al, 2014 0.008 [0.002; 0.018] -=—

Total (common effect) 0.064 [0.059; 0.070]
Total (random effect) 0.102[0.049; 0.172] -

=
P
i
I

[ | I I I I |

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: x5 = 364.83 (P < .001), I* = 98%
Test for subgroup differences (common effect): Xz =0.35 (P = .56)
Test for subgroup differences (random effects): x; = 0.55 (P = .46)

b. Influenza virus A
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Source Proportion (95% CI)

Holm et al, 2007 0.063 [0.040; 0.093]
Lu et al, 2002 0.077[0.057; 0.102]
Shih et al, 2015 0.210 [0.166; 0.260]

Sundell et al, 2019 0.004 [0.000; 0.013] W

i~ OH

Total (common effect) 0.058 [0.048; 0.070]
Total (random effect) 0.070[0.011; 0.172]

I I I I [ I I

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: 53 = 139.78 (P < .001), I* = 98%
Test for subgroup differences (common effect): Xz =0.21 (P = .65)
Test for subgroup differences (random effects): x; = 0.03 (P = .87)

c. Influenza virus B

Source Proportion (95% CI) N
h
Holm et al, 2007 0.033[0.017; 0.057] —
vl
vl
Lu et al, 2002 0.126 [0.100; 0.155] o —B—
Sundell et al, 2019 0.004 [0.000; 0.013] - :
N
h
ol
Total (common effect) 0.044 [0.034; 0.055] e

Total (random effect) 0.041 [0.000; 0.142] |—|<T | | : : |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: x5 = 101.67 (P < .001), I* = 98%
Test for subgroup differences (common effect): Xi =1.41 (P =.24)
Test for subgroup differences (random effects): x| = 0.04 (P = .85)
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d. Respiratory syncytial virus

Source Proportion (95% CI) .
o
Creer et al, 2006 0.016 [0.002; 0.055] . :
Holm et al, 2007 0.041 [0.023; 0.067] :
leven et al, 2018 0.028 [0.024; 0.033] |
=
~
Hl
|
Lu et al, 2002 0.025[0.014; 0.041] —“;l—
Shih et al, 2015 0.019[0.007; 0.042] —%——

' |
Sundell et al, 2019 0.004 [0.000; 0.013] =—
Zimmerman et al, 2014 0.014 [0.006; 0.026] —=——+

Total (common effect) 0.023 [0.020; 0.027]

<>
Total (random effect) 0.019 [0.011; 0.029] =
| I | I | I | I

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

Heterogeneity: Xé =27.91 (P <.001), I>=79%
Test for subgroup differences (common effect): Xi =14.23 (P <.001)

Test for subgroup differences (random effects): x; = 4.15 (P = .04)

e. Rhinovirus
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Source Proportion (95% Cl)

|
Creer et al, 2006 0.202[0.136; 0.281] : E —
Holm et al, 2007 0.102 [0.073; 0.137] "
leven et al, 2018 0.121[0.112; 0.130] o -
<
—:O—
|
:
Lu et al, 2002 0.050 [0.034; 0.071] —— :
Shih et al, 2015 0.081 [0.053; 0.117] -
Sundell et al, 2019 0.042 [0.027; 0.062] — 5 |
Zimmerman et al, 2014 0.051 [0.036; 0.071] — !
= I
B :
|
|
Total (common effect) 0.099 [0.093; 0.106] <
Total (random effect) 0.084 [0.054; 0.121] —_

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: %2 = 106.10 (P <.001), I* = 94%
Test for subgroup differences (common effect): XZ =92.71 (P <.001)
Test for subgroup differences (random effects): x; = 18.52 (P < .001)

f.  Human metapneumovirus
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Source Proportion (95% CI)

Holm et al, 2007 0.016 [0.006; 0.036] —*+——
leven et al, 2018 0.027 [0.022; 0.031] il
e
<
|
|
Lu et al, 2002 0.008 [0.003; 0.019] —=—
Shih et al, 2015 0.032 [0.016; 0.059] .

|

col

Sundell et al, 2019 0.002 [0.000; 0.010] =—: |

Zimmerman et al, 2014 0.014 [0.006; 0.026] —=—+
<

<.>

|

|

|

|

co

Total (common effect) 0.020[0.017; 0.024] F >

Total (random effect) 0.015[0.006; 0.026] <
I I I T I I I |

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

Heterogeneity: %2 = 36.41 (P < .001), I* = 86%
Test for subgroup differences (common effect): Xi =20.16 (P <.001)
Test for subgroup differences (random effects): x; = 3.23 (P = .07)

g. Adenovirus




Source Proportion (95% CI)

leven et al, 2018 0.008 [0.006; 0.011]
Lu et al, 2002 0.008 [0.003; 0.019]
Shih et al, 2015 0.019[0.007; 0.042]

Total (common effect) 0.008 [0.006; 0.010]
Total (random effect) 0.009 [0.005; 0.015]

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: %5 = 3.62 (P = .16), I* = 45%
Test for subgroup differences (common effect): Xz =1.65 (P = .20)
Test for subgroup differences (random effects): x; = 1.14 (P = .29)

h. Human coronavirus
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Source Proportion (95% CI)

|
Creer et al, 2006 0.039[0.013; 0.088] :
leven et al, 2018 0.045[0.039; 0.051] : . 3
<
<
|
:
Lu et al, 2002 0.007 [0.002; 0.017] —=— : :
Shih et al, 2015 0.042[0.023; 0.071] —

o
Sundell et al, 2019 0.011[0.004; 0.024] -—=— |
Zimmerman et al, 2014 0.024 [0.014; 0.039] ——

Total (common effect) 0.035 [0.030; 0.039] P>

Total (random effect) 0.025[0.011; 0.043] e
l | | | | I | l

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

Heterogeneity: %2 = 54.25 (P < .001), I =91%
Test for subgroup differences (common effect): Xz =38.79 (P < .001)
Test for subgroup differences (random effects): x; = 8.19 (P = .004)

SARS-CoV-2

Source Proportion (95% CI)

Setiadi et al, 2022 0.157 [0.155; 0.160]

Karamese et al, 2021 0.047 [0.043; 0.052] -

Viera-Segura et al, 2021 0.298 [0.292; 0.304] >

Total (common effect) 0.177 [0.174; 0.179]

Total (random effect) 0.153 [0.059; 0.281]
[ | I I I I I ]
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: 3 = 3527.91 (P < .001), /* = 100%
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j. Enterovirus
Source Proportion (95% CI)

Creer et al, 2006 0.016 [0.002; 0.055] —@&—F—

Lu et al, 2002 0.037 [0.023; 0.055] —l—
Shih et al, 2015 0.026 [0.011; 0.050] —I:—
-
—
|
Total (common effect) 0.030 [0.020; 0.042] -
Total (random effect) 0.030 [0.020; 0.042] | —

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: Xg =1.69 (P = .43), 1> =0%
Test for subgroup differences (common effect): XZ =1.00 (P =.32)
Test for subgroup differences (random effects): x; = 1.00 (P = .32)

k. Bocavirus
Source Proportion (95% CI)

|
leven et al, 2018 0.003 [0.002; 0.006] HI
|
|
|

Lu et al, 2002 0.082[0.061; 0.107]
Total (common effect) 0.007 [0.005; 0.009] ¢

Total (random effect) 0.030 [0.000; 0.153] I—<I; I I I | I ]
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: %% = 115.35 (P < .001), I* = 99%
Test for subgroup differences (common effect): Xz =115.35 (P < .001)
Test for subgroup differences (random effects): x; = 115.35 (P < .001)
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1. Parainfluenza virus
Source Proportion (95% CI)

Creer et al, 2006 0.023 [0.005; 0.066]
Holm et al, 2007 0.005[0.001; 0.020] —=+—

|
|
:
leven et al, 2018 0.016 [0.012; 0.019] =
>
g
vl
Lu et al, 2002 0.008 [0.003; 0.019] —-:—
Shih et al, 2015 0.013[0.004; 0.033] —+—
Sundell et al, 2019 0.002 [0.000; 0.010] -—:
<
ol
e
vl
Total (common effect) 0.012 [0.009; 0.015] >

Total (random effect) 0.009 [0.004; 0.016] <>
I I I I | | I |

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

Heterogeneity: 2 = 14.95 (P =.01), I° = 67%
Test for subgroup differences (common effect): Xi =7.21 (P =.007)
Test for subgroup differences (random effects): y; = 1.61 (P = .20)

m. Parainfluenza virus 1

Source Proportion (95% Cl)

Shih et al, 2015 0.010[0.002; 0.028] —
— T | I I | I
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Prevalence
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n. Parainfluenza virus 3

Source Proportion (95% CI)
i
Holm et al, 2007 0.005 [0.001; 0.020] |._
i
Shih et al, 2015 0.003 [0.000; 0.018] W—

Total (common effect) 0.004 [0.000; 0.011] <>
Total (random effect) 0.004 [0.000; 0.011] <>
|

[ I I I [ I |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Prevalence
Heterogeneity: x5 = 0.13 (P = .72), 1= 0%
Test for subgroup differences (common effect): Xz =013 (P =.72)
Test for subgroup differences (random effects): 7 = 0.13 (P = .72)
0. Moraxella catarrhalis
Source Proportion (95% CI) |
|
Chi et al, 2003 0.169 [0.112; 0.239] ! S
Han et al, 2011 0.187[0.113; 0.282] | : _—
I : |
| .
I ' —————
|
I
|
Creer et al, 2006 0.008 [0.000; 0.042] —&B—
Holm et al, 2007 0.011[0.003; 0.028] -l— !
e |
e |
|
|
Total (common effect) 0.043 [0.029; 0.059] S

Total (random effect) 0.069 [0.004; 0.192] : : : : : : I :
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: x5 = 68.88 (P <.001), I* = 96%
Test for subgroup differences (common effect): X2 =68.73 (P <.001)
Test for subgroup differences (random effects): X% =68.73 (P <.001)
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p. Streptococcus pneumoniae

Source Proportion (95% CI) .

' !
Chi et al, 2003 0.034 [0.011; 0.077] :—
Han et al, 2011 0.110 [0.054; 0.193] | .
Sundell et al, 2019 0.013 [0.005; 0.026] —=— | ;

=

! :

o
Creer et al, 2006 0.116 [0.067; 0.185] : : -
Graffelman et al, 2008 0.047 [0.017; 0.098] :
Holm et al, 2007 0.063 [0.040; 0.093] ! e
leven et al, 2018 0.033 [0.029; 0.039] * :

<

| '

! :

! :
Total (common effect) 0.033 [0.028; 0.037] <
Total (random effect) 0.049 [0.029; 0.074] _

[ [ I [ [ [ [ I

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: x3 = 41.91 (P < .001), 1> = 86%
Test for subgroup differences (common effect): Xi =3.41 (P =.06)
Test for subgroup differences (random effects): x; = 0.26 (P = .61)

q. Mycoplasma pneumoniae

192




Source Proportion (95% Cl)

Creer et al, 2006 0.008 [0.000; 0.042]
Graffelman et al, 2008 0.101 [0.055; 0.166] .
Holm et al, 2007 0.030 [0.015; 0.053]

leven et al, 2018 0.029 [0.025; 0.034]

Layani-Milon et al, 1999 0.021 [0.017; 0.026]
Liu et al, 2013 0.098 [0.073; 0.127]
Sundell et al, 2019 0.002 [0.000; 0.010]

Total (common effect) 0.025 [0.022; 0.029]
Total (random effect) 0.031 [0.017; 0.050]

OOAQT-OW

I I [ I

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: 2 = 97.92 (P < .001), I” = 94%
Test for subgroup differences (common effect): xi =4.32 (P =.04)
Test for subgroup differences (random effects): x; = 0.08 (P = .78)

r.  Haemophilus influenzae

193




Source Proportion (95% CI)

|
Chi et al, 2003 0.182 [0.124; 0.254] i —_—
Han et al, 2011 0.198 [0.122; 0.294] | e
Sundell et al, 2019 0.018 [0.009; 0.033] —— ;
B ——
|
|
I
Creer et al, 2006 0.039 [0.013; 0.088] —
Graffelman et al, 2008 0.093 [0.049; 0.157] | . .
Holm et al, 2007 0.041 [0.023; 0.067] e
leven et al, 2018 0.032 [0.028; 0.038] ‘ :
<> :
—
. :
|
Total (common effect) 0.034 [0.030; 0.039] < ;
Total (random effect) 0.069 [0.037; 0.110] ?—

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: x2 = 82.02 (P < .001), I = 93%
Test for subgroup differences (common effect): xi =6.39 (P =.01)
Test for subgroup differences (random effects): ;= 1.09 (P = .30)

S.

Chlamydia pneumoniae
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Source Proportion (95% CI)

leven et al, 2018 0.032[0.027; 0.037] _
Holm et al, 2007 0.005[0.001; 0.020] -=—
Total (common effect) 0.029 [0.025; 0.034] L <>

Total (random effect) 0.017 [0.001; 0.051] —————
| l I I I | I |

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

Heterogeneity: X? =12.94 (P <.001), I*=92%

t.  Staphylococcus aureus

Source Proportion (95% CI)
Holm et al, 2007 0.005 [0.001; 0.020] |!—
|

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

u. Legionella pneumophilia
Source Proportion (95% CI)
leven et al, 2018 0.001 [0.000; 0.003]

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

v. Bordetella pertussis

Source Proportion (95% CI)
leven et al, 2018 0.018 [0.015; 0.022] _.r
I

[ | [ [ I I

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
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Figure A5 (a - n) Forest Plots of Asymptomatic Etiology

a. Influenza A or B

Source Proportion (95% Cl)
leven et al, 2018 0.001[0.001; 0.003]
Creer et al, 2006 0.023 [0.005; 0.066] , -
Total (common effect) 0.000 [0.000; 0.001]  :
Total (random effect) 0.007 [0.000; 0.044] I<I>-l— I I I I |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

Heterogeneity: 2 = 8.06 (P = .005), I* = 88%

b. Respiratory syncytial virus

Source Proportion (95% CI)
leven et al, 2018 0.002 [0.001; 0.004] H
Creer et al, 2006 0.016 [0.002; 0.055] |-
Total (common effect) 0.001 [0.000; 0.002] b
Total (random effect) 0.005 [0.000; 0.027] |<>I- | I | | | |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

Heterogeneity: x> = 4.40 (P = .04), I* = 77%
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c. Rhinovirus

Source Proportion (95% CI) '

Creer et al, 2006 0.008 [0.000; 0.042] ——+——

leven et al, 2018 0.014 [0.011; 0.018]

Shih et al, 0.003 [0.000; 0.018] *—i—

Sundell et al, 2019 0.026 [0.014; 0.043] ——

Total (common effect) 0.013 [0.010; 0.016] >

Total (random effect) 0.013 [0.006; 0.022] l <>I | ] l | I |

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

Heterogeneity: x§ =7.52 (P =.06), I* = 60%

d. Human metapneumovirus

Source Proportion (95% CI)
leven et al, 2018 0.001 [0.000; 0.002] a
Sundell etal, 2019  0.002 [0.000; 0.010] #—
Total (common effect) 0.000 [0.000; 0.001] )
Total (random effect) 0.001 [0.000; 0.002] Ib

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: x4 = 1.30 (P = .25), I* = 23%

e. Adenovirus

Source Proportion (95% CI)
leven et al, 2018 0.004 [0.003; 0.007]

I [ [ I [ [ I

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
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f. Human coronavirus

Source Proportion (95% CI)
Creer et al, 2006 0.016 [0.002; 0.055] —+—
leven et al, 2018 0.006 [0.004; 0.008] H
Sundell etal, 2019 0.004 [0.000; 0.013] #4—
Total (common effect) 0.004 [0.003; 0.006] 6
Total (random effect) 0.004 [0.002; 0.007] I<>

[ [ [ | [ [ |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Prevalence
Heterogeneity: x5 = 2.19 (P = .33), 1*= 9%
g. SARS-CoV-2
Source Proportion (95% CI)
Viera-Segura et al, 2021 0.023 [0.021; 0.025]
| | | | [ l |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence

h. Enterovirus

Source Proportion (95% CI)
Sundell et al, 2019 0.002 [0.000; 0.010] .—
Creer et al, 2006 0.016 [0.002; 0.055] :
Total (common effect) 0.003 [0.000; 0.009] <&
Total (random effect) 0.005 [0.000; 0.026] I<>I—

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: 3 = 3.16 (P = .08), I” = 68%
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1. Bocavirus

Source Proportion (95% CI)
leven et al, 2018 0.003 [0.002; 0.005] H
Sundell et al, 2019 0.002 [0.000; 0.010] #—
Total (common effect) 0.003 [0.001; 0.004] o
Total (random effect) 0.003 [0.001; 0.004] I¢

[ [ I I I I I

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: XI =0.05 (P = .83), 1?=0%

j. Parainfluenza Virus

Source Proportion (95% CI)
leven et al, 2018 0.001 [0.001; 0.003]

I [ I I I [ I
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Prevalence
k. M. catarrhalis
Source Proportion (95% CI)
Han et al, 2011 0.099 [0.046; 0.179] L >
Chi et al, 2003 0.203 [0.141; 0.277] —
Total (common effect) 0.160 [0.115; 0.209] e —

Total (random effect) 0.150 [0.064; 0.263]
[ | I [ I I [ |

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: x4 = 4.59 (P = .03), I* = 78%
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l.  Streptococcus pneumoniae

Source Proportion (95% CI)

Chi et al, 2003 0.257 [0.189; 0.335] | >
Han et al, 2011 0.088 [0.039; 0.166] —.

Sundell et al, 2019 0.046 [0.030; 0.067] ——

Total (common effect) 0.078 [0.060; 0.098] _

Total (random effect) 0.116 [0.019; 0.276]

[ [ [ [ | [ |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Prevalence
Heterogeneity: %3 = 46.79 (P < .001), I* = 96%
m. H. influenzae
Source Proportion (95% CI) .
Chi et al, 2003 0.209 [0.147; 0.284] | ; >
Han et al, 2011 0.110 [0.054; 0.193] : =
Sundell etal, 2019  0.011[0.004; 0.024] -— :
Total (common effect) 0.039 [0.026; 0.054] e

Total (random effect) 0.090 [0.001; 0.279]

| [ [ | I [ |

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
Heterogeneity: 55 = 71.48 (P < .001), 1> = 97%

n. C. pneumoniae

Source Proportion (95% CI)

Creer et al, 2006 0.008 [0.000; 0.042] k
[ | [ I I [ |

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Prevalence
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Figure A6 (a - q) Funnel Plots of Symptomatic Etiology

Influenza virus A or B

b. Influenza virus A

Freeman-Tukey Double Arcsine Transformed Proportion
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e. Rhinovirus f.  Human metapneumovirus
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1. SARS-CoV-2 J-  Enterovirus
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m. Parainfluenza virus3 n. Moraxella catarrhalis
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Haemophilus influenzae

Standard Error

=3
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-
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Figures A7 (a — d) Asymptomatic forest plots

Freeman-Tukey Double Arcsine Transformed Proportion

a. Rhinovirus b. Human coronavirus
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Table AS Secondary search strategies for symptom sitology systematic review.

Database

Search Terms

Link to Database and Notes

PubMed

(“Influenza”[ TIAB] OR “rhinovirus”’[TIAB] OR
“rhinovirus”[MH] OR “common cold virus”[MH]
OR “catarrhalis”[TIAB] OR “M. catarrhalis”[MH]
OR “S. pneumoniae”[TIAB] OR “strep
pneumoniae”’[ TIAB] OR “streptococcal
pneumonia”[TIAB] OR “S. pneumoniae”’[MH] OR
“H. influenzae”’[ TIAB] OR “H. influenzae”’[MH]
OR “Haemophilus influenzae”[ TIAB]) AND
(“signs and symptoms”’[TIAB] OR “signs or
symptoms”’[TIAB} or “history and
physical’[TIAB] OR “physical
examination”’[TIAB]) NOT (“Nosocomial”’[TIAB]
OR “Nosocomial’[MH] OR “children” [TIAB] OR
“pediatric”’[ TIAB] OR “childhood” [TIAB])

https://pubmed.ncbi.nlm.nih.

gov

Filters used:
Humans, with Abstract,
Adults
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https://pubmed.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/

Figure A8 PRISMA for secondary systematic review for additional studies reporting clinical
characteristics by etiology.

=
=
w ,
9 Studies identified )
3 through database search Duplicate records
é (H — 248) removed (n . 1)
L)
L)
—
;
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g :
£ Titles and )
@ Titles and abstracts
£ abstracts screened > excluded (n = 199)
n (n=247)
N
L]
Full text articles excluded:
y Not primary research (n = 4),
g Inpatient setting (n = 6),
= Full text articles - :
2 e RADT or Serum Diagnostics
= assessed for eligibility (n = 8), Insufficient data for
g (n = 44) analysis (n = 18), Specialized
- population (n = 1), Pediatric
population (n = 5)
Y
T
= Studies eligible for
E’ inclusion in analysis
= (n=4)
—
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Table A6 Study characteristics of all articles chosen for inclusion in the analysis of symptom specific etiology

Clinic or Age (mean
. Month/ Year . oo . Detection or median)
Author, Year Country COSn;ntillllmty Data Collected Inclusion Criteria Method Sex and Range
g (in yrs)
Patients >17 years with
. . ILI symptoms including .
Al-Mabhrezi et al., Clinic/ August - 0 Median 25
2012227 Oman Database | November 2009 fever, cough, sore PCR 54.0% Male (21 - 34)
throat, headache, nasal
symptoms, and myalgia
Suspected cases who
had typical respiratory
.. . infection symptoms
Karamese et al. Turkey Clinic/ Lab | April - May such as fever, cough, PCR 59.1% Male | Mean 38.14
2021 Database 2020
and SOB or close
contact with a COVID-
19 patient
. : Any patients attending
Klertllb;(r)zir::;lggl et Thialand Clinic Ap rllzbg;ugust an outpatient clinic PCR 38.1% Male |Not reported
b diagnosed with ILI
Patients >14 years with
i acute respiratory
Lietal., 2012 China Clinic July 22%01% Jun symptoms, acute fever, PCR 46% Male | Mean 33.9
and normal or low
leukocyte count
Patients >18 with signs
and symptoms of CAP
Liuetal., 2013 China Clinic It](gzcir;q];t);r;é) 1110 such as new cough with Cl}ilgge/ Not reported |Not reported

or without sputum,
fever, normal or low
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leukocyte, and CXR
with new infiltrate

Patients >18 years with

QU S| 1S EUIOPEA | cpine | 2015-2018 | ILIof< 72 hours from | PCR | 42.1% Male | Mean 41.8
symptoms onset
Military trainees >18
years with fever >
Padinetal, | idStates | Clinic | 2004-2009 | 38°C witheither cough | pop 1 g6 g0 Male | Mean 20.8
2014 or sore throat or
provider diagnosed
pneumonia
Adult patients with ARI
Thom et al, . .. December 1984 | symptoms more severe o
1994231 United States Clinic |~ February 1986 | than simple rhinitis, PCR 36.6% Male | Mean 40.9
with mild or no fever
All individuals who
presented to COVID
testing sites with
Viera-Segura et . Clinic/Lab April - COVID symptoms o
al., 2021 Mexico Database | December 2020 | and/or those in close PCR 46.4% Male | Mean 37.4

contact with patients
diagnosed with COVID
in the last 15 days
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Table A7 Raw count data of symptoms that were present by etiology.

Viral Pathogens

Bacterial Pathogens

Mycoplasm
Chlamydia a
# of Studies Influenza Human pneumonia | pneumonia
Clinical Symptoms | Reporting Adenovirus Virus A or B |metapneumovirus| SARS-CoV-2 e e
Present Symptom (N =13725) (N =3785) (N=49) (N=17291) (N=21) (N=163)
3543
12559 (93.6 %) 30 5193 17 60
Cough 9 (91.5%) (61.2%) (71.2%) (81.0%) (95.2%)
11571 2655 36 5052 9 17
Headache 9 (84.3%) (70.1 %) (73.5%) (69.3%) (42.9%) (27.0%)
Fever (subjective or 11945 3378 0 3981 8 10
measured) 7 (87.0%) (89.2 %) (0.0%) (54.6%) (38.1%) (15.9%)
12771 2507 33 3362 12 9
Sore throat 7 (93.0%) (66.2 %) (67.3%) (46.1%) (57.1%) (14.3%)
7135 1604 1 1619 0 9
Vomiting/ Diarrhea 7 (52.0%) (42.3 %) (2.04%) (22.2%) (0.0%) (14.3%)
5010 1323 0 898 0 6
Dyspnea 6 (36.5%) (35.0 %) (0.0%) (12.3%) (0.0%) (9.52%)
Muscle pain/ 9804 2866 24 3166 0 0
Weakness 6 (71.4%) (75.7 %) (49.0%) (43.4%) (0.0%) (0.0%)
0 1384 30 1611 0 0
Rhinorrhea 4 (0.0%) (36.6 %) (61.2%) (22.1%) (0.0%) (0.0%)
11223 1570 0 2421 0 0
Nasal congestion 3 (81.8%) (41.5 %) (0.0%) (33.2%) (0.0%) (0.0%)
Chest pain 2 0 0 0 1264 0 9
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(0.0%) (0.0%) (0.0%) (17.3%) (0.0%) (14.3%)
0 1212 37 0 0 0
Chills/ Sweats (0.0%) (32.0%) (75.5%) (0.0%) (0.0%) (0.0%)
0 1300 0 3622 0 0
Fatigue (0.0%) (34.3%) (0.0%) (49.6%) (0.0%) (0.0%)
0 0 25 0 0 34
Sputum production (0.0%) (0.0%) (51.0%) (0.0%) (0.0%) (54.0 %)
0 0 25 0 0 0
Sneezing (0.0%) (0.0%) (51.0%) (0.0%) (0.0%) (0.0%)
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APPENDIX B

UNIVERSITY OF GEORGIA CONSENT FORM
Enhancing Antibiotic Stewardship in Primary Care (EAST-PC)

Researcher’s Statement

You are being asked to take part in a research study. The information in this form will
help you decide if you want to be in the study. Please ask the researcher(s) below if
there is anything that is not clear or if you need more information.

Protocol no.:

Sponsor:

Principal Investigator:

Site(s):

Phone Number(s):

Purpose of the Study

1R01HS025584-01A1
WCG IRB Protocol #20190108

National Institutes of Health

Mark Ebell BA, MD, MS

Department of Epidemiology, College of Public Health
University of Georgia

706-247-4953 or ebell@uga.edu

University of Georgia, University Health Center
55 Carlton Street

Athens, Georgia 30602

United States

Piedmont Athens Regional Urgent Care
485 Highway 29 North

Athens, Georgia 30601

United States

Mark Ebell BA, MD, MS
706-247-4953
706-247-5953 (24 Hours)

The purpose of this study is to better understand lower respiratory tract infections.
These infections are sometimes called “acute bronchitis” or a “chest cold”. This
information will help us design tools that physicians and patients can use to decide
about antibiotics and other treatments. The assays being used in this study are
experimental and have not been approved by the FDA
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Study Procedures and Time Commitment

Patients with cough and other symptoms

If you agree to participate, we will ask you questions about your signs and symptoms,
and information about yourself like your age and education. This will take about 10 to 15
minutes. We will take a swab from your nose and mouth to detect viruses and bacteria,
and we will poke your finger for a small blood sample to check a blood test for
inflammation. All of this will be done while you are waiting to see the doctor.

Next, your doctor will do their usual examination and will record their findings and their
treatment plan. Your care by the doctor is in no way affected by the study. We will
obtain their findings and treatment plan to use in the study. Over the next week, we will
ask you to fill out a simple symptom diary that will take just 1 or 2 minutes a day. At the
end of the week, we will email or text you and ask you to mail the diary to us or take a
photo of the diary and email or text it to us. We will ask you to keep recording
information in the diary while you still have a cough, for up to 4 weeks. When you feel
well, you can stop. If you don’t respond to our email or text, we will try to call you, and
ask the same questions that take 2 or 3 minutes to answer.

Persons without any cough or symptoms

If you agree to participate, we will ask you questions about your signs and symptoms,
and information about yourself like your age and sex. This will take about 10 minutes.
We will take a swab from your nose and mouth to detect viruses and bacteria. If you are
in a medical setting all of this will be done while you are waiting to see the doctor.

Next, your doctor will do their usual examination and will record their findings and their
treatment plan. Your care by the doctor is in no way affected by the study.

The specimens from your nose and throat will be tested for the presence of 41 viruses
and bacteria at the CDC lab some time in the future, up to 6 months from now. If a virus
or bacteria is detected that is important for you to know about, because it could affect
your healthcare decisions (for example, COVID-19) we will contact you with the result.
In general, though, we will not contact you with the test results. If a virus is detected that
could affect the health of others, we will contact local public health officials so they can
work with you to determine the risk to you and to your contacts.

Risks and discomforts

The questions are about ordinary signs and symptoms of cold and cough and are not
sensitive or likely to cause embarrassment. If you are a symptomatic patient, we will ask
you about your race, income category, and educational level, but you don’t have to
answer those questions if you don’t want to. Asymptomatic patients will be asked to
provide their age, sex, race, and antibiotic usage, but can choose not to answer any of
the questions. The mouth swab is the same as would be taken for a throat culture, and
the nasal swab gathers mucus from the back of your nose. The blood test, for
symptomatic patients only, is a finger stick like that used to check blood sugar and is

214



done in a sterile way so we minimize any risk of infection. A sterile band-aid is applied
afterward to control any bleeding.

Benefits

We expect that the information will provide important benefits for society and humankind
by helping doctors take better care of patients with lower respiratory tract infections like
yours. This includes making sure the right patients get an antibiotic, that patients know
how long their infection is likely to last, and which treatments are most effective. There
are no expected direct benefits to you, though. The test that tells us which virus or
bacteria were present will be run only once every 6 months by a laboratory at the CDC.
In rare instances, if a virus or bacteria is detected that it would be important for you to
know about, we will contact you with those results. If your doctor tests you for COVID-
19 or flu, you will learn those results as soon as they are available. If your doctor
doesn’t test for COVID-19, the CDC lab will test for it and if present we will let you know
if it was positive, even if it is several months later.

Alternatives to Participation

If you choose not to participate in the study, you will receive usual care from your
clinician. The clinician will not be told that you declined to participate and declining to
participate will have no impact on your care today.

Confidentiality of records

Patients with cough and other symptoms

Your name and contact information only be recorded on the Enrollment Form and linked
to the other forms and data using a code number. During the time you are in the study,
the information will be stored on a secure computer server protected by password and
can only be accessed by the researchers. We will only keep information that could
identify you long enough to match your responses with your medical records. We do not
plan to share this identifying information with anyone who is not connected to this
research study. Once you have completed your participation in the study, the name and
contact information will be deleted.

After any identifying information has been removed, it is possible that the data and
samples from this study may be used by other researchers for future research without
your consent. Also, the US Food and Drug Administration (FDA), the US Department of
Health and Human Services Office for Human Research Protections, the Institutional
Review Board (IRB), and departments at the University of Georgia is responsible for
regulatory and research oversight and may access the records. Researchers will not
release identifiable results of the study to anyone other than individuals working on the
project without your written consent unless required by law.

Persons without any cough or symptoms

Your name and contact information will not be recorded. During the time you are in the
study, the information about your test results will not be linked to any identifiers other
than age and sex will be stored on a secure computer server protected by password
and can only be accessed by the researchers.
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Participant rights
If you have questions, concerns, or complaints, or think this research has hurt you or
made you sick, talk to the research team at the phone number listed above on the first

page.

Your involvement in the study is voluntary, and you may choose not to participate or to
stop at any time without penalty or loss of benefits to which you are otherwise entitled. If
you have any questions, concerns or complaints about the research, or questions
regarding your rights as a research participant in this study, you may contact the WCG
IRB at 855-818-2289 or researchquestions@wcgirb.com or Institutional Review Board
(IRB) Chairperson at 706.542.3199 or irbo@uga.edu. An IRB is a group of people who
perform independent review of research studies.

Incentives/compensation for participation

Patients with cough and other symptoms

You will receive $20 after the first session, $10 after submitting the first weekly diary,
and $10 after submitting at least one other diary for a total of up to $40. We will not
track identifying information other than to note that you have received the money. The
funds will be distributed either in cash as a VISA debit card, or as a gift card for a major
retailer such as Amazon or Target.

Persons without any cough or symptoms
You will receive $10 after the completing the recruitment questions and providing your
samples.

Detailed Description of Procedures and Visits

Symptomatic Patients

Today you will be asked about signs, symptoms, age, education, race, and income. We
will also obtain a swab of your nose and throat, and a drop of blood from your finger to
test for inflammation. If you are coughing up phlegm and have fever, chills, sweats,
rapid breathing, or low blood pressure and you feel at least moderately ill, we will ask
you to cough into a cup to collect your sputum (phlegm/mucus). We will also record
information about what your doctors has diagnosed, what tests he or she has ordered,
and what treatments are recommended.

Until you are feeling better (2 days without symptoms) we will ask you to complete a
brief set of questions every day to tell us how you are feeling, whether you have missed
work or school, and whether you are taking any medication to treat you cough. This
should only take a minute or two and can be done from your phone or on a paper diary.
We will also text or email you once a week to ask you to send us a photo of your diary
or put it in the mail postage free.
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Patients with cough and other symptoms

Day 1 | Days 2to | Day 7 and optionally 14,
recovery 21, 28 if not recovered
Consent discussion, signs and X
symptoms
Nasal/throat swab, finger stick blood X
test
Daily symptom diary X
Weekly text or email X
Time needed in minutes: 15 1-2 per 3 per week
day

Persons without any cough or symptoms
Today you will be asked about signs, symptoms, age, sex, race, and antibiotic usage.
We will also obtain a swab of your nose and throat.

Day 1
Consent discussion, signs and X
symptoms
Nasal/throat swab X
Antibiotic usage questions X
Time needed in minutes: 10

Internet Data Collection

This research involves the transmission of data over the Internet using the REDCap
system developed at Vanderbilt University. This system is designed to gather data at
multiple sites and save it in a single, secure repository on a secure server at the
University of Georgia. Every reasonable effort has been taken to ensure the effective
use of available technology; however, confidentiality during online communication
cannot ever be completely guaranteed.

Sponsored Research
This study is funded by the Agency for Healthcare Quality and Research, which is part
of the US Department of Health and Human Services.

UGA Health Center involvement

This study will be performed, in part, at the University Health Center (UHC). Refusal to
participate or decision to stop participating at any time will not compromise your access
to care, treatment, and UHC services not related to the research, if you otherwise have
such access. If you have a health record at UHC, your participation in this project will be
noted on the summary list unless you specifically request that it not be added.

If you agree to participate in this research study, please sign below:
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Name of Researcher Signature Date

Name of Participant Signature Date

Please keep one copy and return the signed copy to the researcher.
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Table B1 Pathogens (n = 43) included in PCR panel used to test nasal and pharyngeal swabs of

symptomatic and asymptomatic patients

PCR Panel Pathogens

Bacterial Pathogens

P. aeruginosa

C. trachomatis

B. pseudomallei

S. pneumoniae

K. pneumoniae

H. influenzae (all types)

Group A and B Streptococcus

S. aureus

C. pneumoniae

M. pneumoniae

A. baumannii

M. catarrhalis

C. diptheriae

C. ulcerans/pseudotb

Bordetella spp. (IS481)

Bordetella spp. (pIS1001)

M. tuberculosis

P. jirovecii (PCP)

DT (toxin)

PT (toxin)

Viral Pathogens

Varicella zoster virus

MERS coronavirus

Coronavirus HKU1

Measles virus

MERS-CoV upE

Coronavirus 229E

Parainfluenza virus 1, 2, 3, 4 Coronavirus NL63 Coronavirus OC43
Influenza A and B Cytomegalovirus RSV
Enterovirus Adenovirus Rhinovirus

Rubella virus

Human metapneumovirus
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Figure B1 Asymptomatic recruitment questionnaire

Inclusion Questions:

Patient has no symptoms (asymptomatic):

* must provide value

O Yes No

Is the patient between ages 18 and 75 years?

* must provide value

Has the patient taken an antibiotic, antiviral, or steroid in the
past 28 days?

* must provide value

Diagnosis of HIV, other serious immunodeficiency, on cancer
chemotherapy, taking daily steroids by mouth, or
immunosuppressing drugs.

* must provide value

Patient has chronic lung disease or COPD, other than mild to
moderate asthma (inhaler no more than 3 times daily and no
hospitalization in previous year for asthma)

* must provide value

Has informed consent been provided?

* must provide value

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

Question to be
completed by researcher

If you answered “yes” to any of the questions following the age question you are not eligible to participate
If you answered “no” to ALL of these questions following the age question you are eligible to participate, please sign and consent

form then complete the questions on the back of this page.
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Recruitment Questions:

Participant age (years):

* must provide value

Gender:

Patient race (may select more than one option):

Prefer not to answer

White

Black

Asian/Pacific Islander
American Indian/Alaska Native

Patient ethnicity:

Prefer not to answer
Hispanic
Non-Hispanic

Please indicate when the patient last took an antibiotic:

Patient has never taken an antibiotic
1to 2 months ago

> 2 to 6 months ago

> 6 to 12 months ago

> 12 months ago

Nasal and pharyngeal specimen has been obtained:

Male

Yes

221

Female Other
reset

reset

reset

No Question to be

t
completed by researcher "*°



Figure B2 Equation used to calculate P-EPV

Sen 1

P(TH[St)
P(D*|STTT)=1- [ 2O 5D —
P(TT[STD—)

D = Disease
S = Symptoms
T =Test

Sen = Sensitivity
P(TT|STD™)=P(T"|S7)x 0

0 = ratio between symptomatic and
asymptomatic carriers
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Table B2 Asymptomatic demographics by recruitment site

Asymptomatic
Athens/UGA | Madison/UW Washington/ Total
(N =225) (N =143) GU (N=497)
(N=122)
Age 343 (18—-74) | 42.7(18—-65) | 34.18(19-71) | 36.8 (18 —-74)
Mean (Range)
Sex
Male | 78 (34.8%) 40 (28.2%) 31 (26.7%) 149 (30.9%)
Female | 144 (64.3%) 102 (71.8%) 85 (73.3%) 331 (68.7%)
Other 2 (0.9%) 0 (0.0%) 0 (0.0%) 2 (0.4%)
Race
White | 178 (79.1%) 117 (81.8%) 72 (59.0%) 367 (74.9%)
Black | 28 (12.4%) 7 (4.9%) 22 (18.0%) 57 (11.6%)
Asian/Pacific Islander 5(2.2%) 10 (7.0%) 17 (13.9%) 32 (6.5%)
American Indian/Alaska 2 (0.9%) 0 (0.0%) 2 (1.6%) 4 (0.8%)
Native
No Race 7 (3.1%) 2 (1.4%) 8 (6.6%) 17 (3.5%)
Other 5(2.2%) 7 (4.9%) 1 (0.8%) 13 (2.7%)
Ethnicity
Hispanic | 25 (11.1%) 4 (2.8%) 11 (9.1%) 40 (8.2%)
Non-Hispanic | 194 (86.2%) 137 (95.8%) 107 (88.4%) 438 (89.6%)
Prefer not to answer 6 (2.7%) 2 (1.4%) 3 (2.5%) 11 (2.3%)
Antibiotic use
1 to 2 month(s) ago 14 (6.2%) 1 (0.7%) 6 (4.5%) 21 (4.2%)
>2 to 6 months ago | 32 (14.2%) 8 (5.8%) 23 (17.2%) 63 (12.7%)
>6to 12 months ago | 48 (21.3%) 13 (9.5%) 21 (15.7%) 82 (16.5%)
>12 months ago | 122 (54.2%) 113 (82.5%) 82 (61.2%) 317 (63.9%)
Never taken an antibiotic 9 (4.0%) 2 (1.5%) 2 (1.5%) 13 (2.6%)
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Table B3 Symptomatic demographics by recruitment site with valid nasopharyngeal samples

Symptomatic
Athens/UGA | Madison/UW Washington/ Total
(N =46) (N =196) GU (N=618)
(N=374)
Age 32.0(18—-65) | 34.3(18-69) 42.7 (18 -174) 39.2 (18 - 74)
Mean (Range)
Sex
Male 14 (30.0%) 56 (38.6%) 135 (36.1%) 205 (66.2%)
Female | 31 (67.4%) 138 (70.4%) 239 (63.9%) 408 (66.2%)
Other 1 (2.2%) 2 (1.0%) 0 (0.0%) 3 (0.5 %)
Race
White | 36 (78.3%) 170 (86.7%) 266 (71.1%) 472 (76.4%)
Black 6 (13.0%) 14 (7.1%) 23 (6.1%) 43 (7.0%)
Asian/Pacific Islander 2 (4.3%) 3 (1.6%) 58 (1.6%) 63 (10.2%)
American Indian/Alaska 0 (0.0%) 2 (0.6%) 2 (0.5%) 4 (0.6%)
Native
No Race 1 (2.1%) 5 (1.5%) 19 (5.1%) 25 (4.0%)
Other 2 (4.3%) 3 (1.6%) 9 (2.4%) 14 (2.3%)
Ethnicity
Hispanic 1(2.2%) 15 (7.7%) 54 (14.5%) 70 (11.4%)
Non-Hispanic | 44 (95.7%) 178 (91.3%) 307 (82.3%) 529 (86.2%)
Prefer not to answer 1(2.2%) 2 (1.0%) 12 (3.2 %) 15 (2.4%)
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Table B4 Infection types identified in the nasal and oropharyngeal swabs of symptomatic and
asymptomatic study participants.

Infection Type Symptomatic Asymptomatic
(N=618) (N'=497)
Bacterial 173 (28.0%) 152 (30.6%)
Viral 175 (28.3%) 57 (11.5%)
Mixed 175 (28.3%) 24 (4.8%)
No growth 95 (15.4%) 264 (53.1%)

X?=213.5, P-value = <0.0001
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Table B5 Description of cycle time categories for the first pathogen identified in symptomatic

and asymptomatic participants.

Pathogen Likelihood S}&np:t(;r?g;ic As&/\rlnzpt;);a;tic
Cr> 34Lt(c)>vZ?T <50 34 (5.5%) 28 (5.6%)
Cr >h§§ ?flgieg 34 196 31.7%) 166 (33.4%)

Cﬁ“fz‘g 270 (43.7%) 39 (7.9%)
Undetected 118 (19.1%) 264 (53.1%)

X? =218.3, P-value = <0.0001
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APPENDIX C

UNIVERSITY OF GEORGIA
CONSENT LETTER

Study of Care Seeking Behaviors of College Aged Students for Respiratory Illnesses

Dear Participant,

My name is Cassie Hulme, and I am a doctoral candidate in the Department of Epidemiology
and Biostatistics at the University of Georgia under the supervision of Faculty Advisor Dr. Mark
Ebell. I am inviting you to take part in a research study.

I am doing research to identify the most common respiratory symptoms for which students
believe that they need to seek care or seek antibiotic treatment. The goal of this research is to
inform clinicians in the university health setting and more broadly clinicians caring for young
adults regarding why they choose to seek care for respiratory symptoms. We will also use this
research to identify areas where more health education is needed as it applies to acute respiratory
tract infections and their treatments. Any University of Georgia students aged 18 years and older
can participate.

If you agree to take part in this study, you will be asked to take an online survey that will take
about 10 minutes to complete. All responses will be kept confidential and used only for the
purposes of this research study. We will not be collecting any direct identifying information from
you. Only your responses to survey questions will be stored.

We will ask you to provide your email address to enter you in a drawing for 1 of 10, $50
Amazon electronic gift cards for your participation. Participation in this study is not required to
be entered in the drawing. By providing your email address of the first page of the survey, you
will be entered. While the internet is insecure, your email address will be stored securely. We
will not use your email address to contact you other than described above, and once the study is
over, we will delete the email address.

Participation is voluntary. You can refuse to take part or stop completing the survey at any time
without penalty. We do not think that any of the questions will make you uncomfortable.
However, you are free to skip any questions if you do not wish to answer them. The information
you provide will not be used or distributed for future research.
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There are no direct benefits to you for participating, but we hope that your responses may help us
understand students reasoning for seeking (or not seeking) medical treatment for acute
respiratory tract infections.

If you are interested in participating or have questions about this research, please feel free to
contact me at cchupp@uga.edu or Dr. Mark Ebell at ebell@uga.edu If you have any complaints
or questions about your rights as a research volunteer, contact the IRB at 706-542-3199 or by

email at [IRB@uga.edu.

By completing this survey, you are consenting to participate in this study.

Sincerely,

Cassie Hulme, MPH
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UGA Care Seeking Behavior for ARTI Study

Thank you for considering participation in our survey. Our goal is to better understand the most
common reasons that university students seek care for acute respiratory tract infections. Below is
a copy of the informed consent form for download. Please click on the PDF link below to
download and review.

After reviewing the consent form, if you choose to participate, please click the next button to
proceed. By clicking this button, you agree that you give consent to participate in this study.

Complete the survey questions to the best of your ability. If you do not want to answer a
question, please choose 'prefer not to answer' or simply skip the question.

What is your age in years?

Skip To: End of Survey If Condition: What is your age in years? Is Less Than 18. Skip To: End o
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Which sex do you identify with?

Male (1)
Female (2)
Non-binary / third gender / other (3)

Prefer not to answer (4)

Which race do you identify as (you may check more than one)?

White (1)

Black or African American (2)

American Indian or Alaska Native (3)

Asian (4)

Native Hawaiian or Pacific Islander (5)

Other (6)

Prefer not to answer (7)

Which ethnicity do you identify as?
Hispanic (1)
Non-Hispanic (2)

Prefer not to answer (3)
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Which of the following best describes your year in school at UGA at the time that you are taking
this survey?

Undergraduate Year 1 (1)
Undergraduate Year 2 (2)
Undergraduate Year 3 (3)
Undergraduate Year 4 (4)
Undergraduate Year 5 (5)

Graduate (MS, MA, MFA, MPH, MSW, or other Masters; PhD, EdD, DrPH, or other
doctoral) (6)

Professional (DVM, MD, JD, or Pharmacy) (7)

Other (8)

Indicate the approximate time frame of when you received your last antibiotic prescription:

> 1 year ago (1)

12 - 6 months ago (2)
6 - 3 months ago (3)
3 - 1 month(s) ago (4)
< 1 month ago (5)

Unsure (6)
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Imagine that you have had a dry cough (without sputum production), fever, and swollen glands
in your throat for 1 day. You have not had a sore throat or nasal discharge, and are otherwise
healthy with no other health concerns. Based on these signs and symptoms:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)

Imagine that you have had a cough with yellow sputum production, a sore throat, yellow nasal
discharge, and facial pressure pain. You have been experiencing these symptoms for
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approximately 7 days. You have not had a fever or swollen glands in your throat and you are
otherwise healthy with no other health concerns. Based on these signs and symptoms:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)

Imagine that you have had a fever for 2 days. Additionally, you have had swollen glands in your

throat, yellow/green nasal discharge, and been experiencing facial pain/ pressure for
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approximately 10 days. You are otherwise healthy with not other health concerns. Based on these

signs and symptoms:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)
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Imagine that you have had a cough with clear/yellow sputum production and yellow/green nasal

discharge for 2 days. You are otherwise healthy with no other health concerns. Based on these
signs and symptoms:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)
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Imagine that you have had a sore throat and a runny nose with clear/ yellow nasal discharge for 5
days. You are otherwise healthy with no other health concerns. Based on the signs and symptoms

described:
Extremely Somewhat Neither likely | Somewhat Extremely
unlikely (1) unlikely (2) nor unlikely | likely (4) likely (5)
3)
How likely
are you to

want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)

236




Imagine that you woke up with a fever, sore throat and the glands in their neck are swollen. You

are otherwise healthy with no other health concerns. Based on the signs and symptoms

described:
Extremely Somewhat Neither likely | Somewhat Extremely
unlikely (1) unlikely (2) nor unlikely | likely (4) likely (5)
3)
How likely
are you to

want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)
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Imagine that you have been experiencing a fever for 2 days. Additionally, you have had a sore
throat with swollen glands 2 weeks (14 days). You are otherwise healthy with no other health
concerns. Based on the signs and symptoms described:

Extremely Somewhat Neither likely | Somewhat Extremely
unlikely (1) unlikely (2) nor unlikely | likely (4) likely (5)
3)
How likely
are you to

want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)

Imagine that you have had a sore throat with swollen glands and a runny nose with yellow/ green
nasal discharge for 7 days. You are otherwise healthy with no other health concerns. Based on
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the signs and symptoms described:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)

Imagine that you have had a cough with chest pain. When you cough, you noticed that your
sputum is slightly yellow. You have also had a sore throat. You have been experiencing all of
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these symptoms for approximately 10 days. You are otherwise health with no other health
concerns. Based on the signs and symptoms described:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)
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Imagine that you have had a fever for 2 days. You have also had a cough for over 2 weeks. When
you cough, you feel a slight pain in your chest and sometimes your sputum is bloody. You are
otherwise healthy with no other health concerns. Based on the signs and symptoms described:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)

Imagine that you woke up with a fever and have been experiencing a cough and sore throat for
12 days. When you cough, you have a pain in your chest and you noticed that your sputum is
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green. You are otherwise healthy with no other health concerns. Based on the signs and
symptoms described:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)
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Imagine that you have had a cough for 2 days. When you cough, you notice that it causes you to
have a slight pain in your chest. You are otherwise healthy with no other health concerns. Based

on the signs and symptoms described:

Extremely

unlikely (1)

Somewhat

unlikely (2)

Neither likely

nor unlikely

3)

Somewhat

likely (4)

Extremely

likely (5)

How likely
are you to
want to visit

a doctor? (1)

How likely
are you to
want an
antibiotic?

)
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Table C1. Vignette response frequencies

Vignette Type, # Seek Care Seek Antibiotic
URTI 1 (Moderate)

N =472

Extremely Unlikely 154 (32.2%) 172 (36.4%)
Somewhat Unlikely 167 (34.9%) 115 (24.4%)
Neither 24 (5.0%) 69 (14.6%)
Somewhat Likely 105 (21.9%) 94 (19.9%)
Extremely Likely 29 (6.1%) 22 (4.7%)
URTI 2 (Severe)

N =536

Extremely Unlikely 48 (8.9%) 62 (11.6%)
Somewhat Unlikely 128 (23.7%) 93 (17.4%)
Neither 36 (6.7%) 110 (20.5%)
Somewhat Likely 221 (40.9%) 182 (34.0%)
Extremely Likely 107 (19.8%) 89 (16.6%)
URTI 3 (Very Severe)

N =298

Extremely Unlikely 21 (4.2%) 33 (6.6%)
Somewhat Unlikely 84 (16.8%) 60 (12.1%)
Neither 17 (3.4%) 109 (21.9%)
Somewhat Likely 206 (41.3%) 177 (35.5%)
Extremely Likely 171 (34.3%) 119 (23.9%)
URTI 4 (Mild)

N =498
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Extremely Unlikely

175 (35.1%)

194 (39.0%)

Somewhat Unlikely 193 (38.7%) 119 (23.9%)
Neither 23 (4.6%) 59 (11.9%)
Somewhat Likely 79 (15.8%) 97 (19.5%)
Extremely Likely 29 (5.8%) 29 (5.8%)
ST 1 (Mild)

N =503

Extremely Unlikely 134 (26.5%) 155 (30.8%)
Somewhat Unlikely 169 (33.4%) 137 (27.2%)
Neither 38 (7.5%) 68 (13.5%)
Somewhat Likely 121 (23.9%) 103 (20.5%)
Extremely Likely 44 (8.7%) 40 (8.0%)
ST 2 (Severe)

N =505

Extremely Unlikely 77 (15.2%) 88 (17.4%)
Somewhat Unlikely 148 (29.3%) 135 (26.7%)
Neither 30 (5.9%) 72 (14.3%)
Somewhat Likely 179 (35.4%) 142 (28.1%)
Extremely Likely 72 (14.2%) 68 (13.5%)
ST 3 (Very Severe)

N =498

Extremely Unlikely 26 (5.6%) 39 (7.8%)
Somewhat Unlikely 63 (12.6%) 75 (15.0%)
Neither 25 (5.0%) 97 (19.4%)
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Somewhat Likely

213 (42.6%)

174 (34.7%)

Extremely Likely 173 (34.6%) 116 (23.2%)
ST 4 (Moderate)

N =488

Extremely Unlikely 55 (11.2%) 66 (13.5%)
Somewhat Unlikely 120 (24.5%) 89 (18.2%)
Neither 40 (8.2%) 80 (16.4%)
Somewhat Likely 177 (36.1%) 170 (34.8%)
Extremely Likely 98 (20.0%) 84 (17.2%)
LRTI 1 (Moderate)

N =525

Extremely Unlikely 16 (3.1%) 27 (5.1%)
Somewhat Unlikely 72 (13.7%) 74 (14.1%)
Neither 43 (8.2%) 105 (20.0%)
Somewhat Likely 192 (36.6%) 192 (34.0%)
Extremely Likely 202 (38.5%) 141 (26.8%)
LRTI 2 (Very Severe)

N =483

Extremely Unlikely 6 (1.2%) 8 (1.7%)
Somewhat Unlikely 14 (2.9%) 26 (5.4%)
Neither 15 (3.1%) 99 (20.5%)
Somewhat Likely 111 (22.8%) 138 (28.6%)
Extremely Likely 341 (70.0%) 212 (43.9%)

LRTI 3 (Severe)
N =464
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Extremely Unlikely 4 (0.9%) 10 (2.2%)
Somewhat Unlikely 18 (3.9%) 21 (4.5%)
Neither 13 (2.8%) 68 (14.6%)
Somewhat Likely 133 (28.7%) 144 (30.9%)
Extremely Likely 296 (63.8%) 223 (47.9%)
LRTI 4 (Mild)

N =515

Extremely Unlikely 111 (21.5%) 157 (30.5%)
Somewhat Unlikely 176 (34.0%) 151 (29.3%)
Neither 60 (11.6%) 99 (19.2%)
Somewhat Likely 133 (25.7%) 79 (15.3%)
Extremely Likely 37 (7.2%) 29 (5.6%)
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Table C2 Count and frequency of agreeing or disagreeing to seeking care or seeking antibiotic treatment by scenario severity (N =

2000).
Severity Seek Care Seek Antibiotic
Agree Disagree X2 P-value Agree Disagree X2 P-value
Upper Respiratory Tract Infection
Mild 109 (11.7%) | 385 (36.2%) 120 (15.0%) | 374 (31.1%)
Moderate 326 (34.8%) | 212 (19.9%) 269 (33.7%) | 269 (22.4%)
379.6 <0.001 189.5 <0.001
Severe 133 (14.2%) | 340 (32.0%) 119 (14.9%) | 354 (29.5%)
Very Severe | 368 (39.3%) | 127 (11.9%) 291 (36.4%) | 204 (17.0%)
Sore Throat
Mild 164 (15.3%) | 341 (36.8%) 140 (15.7%) | 365 (32.9%)
Moderate 277 (25.8%) | 314 (23.1%) 255 (28.6%) | 236 (21.3%)
195.2 <0.001 100.2 <0.001
Severe 251 (23.4%) | 251 (27.1%) 212 (23.8%) | 290 (26.2%)
Very Severe | 381 (35.5%) | 121 (13.1%) 285 (32.0%) | 217 (19.6%)
Lower Respiratory Tract Infection
Mild 177 (12.2%) | 341 (62.0%) 566.4 <0.001 | 115(10.0%) | 403 (47.4%) 396.2 <0.001
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Moderate

393 (27.1%)

133 (24.2%)

Severe

432 (29.8%)

35 (6.4%)

Very Severe

448 (30.9%)

41 (7.5%)

314 (27.3%)

212 (24.9%)

370 (32.2%)

97 (11.4%)

351 (30.5%)

138 (16.2%)
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Table C3a Bivariate analysis — Seeking Care for URTI

Variable OR (95% CI) P-value
Fever 1.51(1.27, 1.81) <0.001
Cough 0.20 (0.16, 0.25) <0.001
Sore throat 2.17 (1.77, 2.66) <0.001
Glands 1.51(1.27, 1.81) <0.001
Nasal discharge 1.71 (1.52, 1.91) <0.001
Face pain 6.51(5.35,7.92) <0.001
Duration
<3 days REF
3 - 7days 4.80 (3.83, 6.02) <0.001
8 - 14days 9.47 (7.36, 12.18) <0.001
Age 0.99 (0.98, 1.00) 0.132
Sex
Male REF
Female 1.11(0.90, 1.37) 0.345
Non-binary/ third gender/ other 1.04 (0.56, 1.90) 0.912
Prefer not to answer 2.46 (0.45, 13.60) 0.301
Race
White REF
Black or African American 1.57 (1.06, 2.32) 0.025
Asian 0.72 (0.55, 0.95) 0.018
Other 0.98 (0.67, 1.43) 0.917
Prefer not to answer 1.58 (0.70, 3.57) 0.276
Ethnicity
Hispanic REF
Non-Hispanic 0.87 (0.62, 1.23) 0.436
Prefer not to answer 0.86 (0.43, 1.74) 0.681
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Grade

Undergraduate year 1 - 2 REF
Undergraduate year 3 - 4 0.90 (0.72, 1.27) 0.364
Undergraduate year 5, Graduate, 0.83 (0.68, 1.23) 0.08
Professional
Antibiotics
> 1 year REF
12 - 6 months ago 1.37 (1.09, 1.72) 0.007
5 - 3 months ago 1.71 (1.26, 2.32) 0.001
2 - 1 month(s) ago 1.57 (1.08, 2.27) 0.018
<1 month 1.84 (1.35, 2.50) <0.001
Unsure 1.55(1.10, 2.03) 0.013
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Table C3b Bivariate analysis — Seeking Antibiotic Treatment for URTI

Variable OR (95% CI) P-value
Fever 1.18 (0.99, 1.41) 0.072
Cough 0.34 (0.28, 0.42) <0.001
Sore throat 1.80 (1.47,2.19) <0.001
Glands 1.18 (0.99, 1.41) 0.072
Nasal discharge 1.64 (1.45,1.84) <0.001
Face pain 3.82 (3.15, 4.62) <0.001
Duration
<3 days REF
3 - 7days 3.20 (2.56, 4.00) <0.001
8 - 14days 4.65 (3.68, 5.86) <0.001
Age 0.97 (0.95, 0.99) <0.001
Sex
Male REF
Female 1.10 (0.88, 1.36) 0.409
Non-binary/ third gender/ other 0.63 (0.32, 1.23) 0.173
Prefer not to answer 0.80 (0.14, 4.40) 0.795
Race
White REF
Black or African American 2.01 (1.36, 2.97) <0.001
American Indian or Alaska 1.61 (0.10, 25.84) 0.736
Native
Asian 1.16 (0.88, 1.52) 0.285
Other 1.10 (0.75, 1.61) 0.632
Prefer not to answer 1.61(0.72, 3.61) 0.246
Ethnicity
Hispanic REF
Non-Hispanic 0.59 (0.42, 0.84) 0.003
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Prefer not to answer

0.66 (0.33, 1.33)

0.246

Grade
Undergraduate year 1 - 2 REF
Undergraduate year 3 - 4 0.80 (0.64, 1.00) 0.057
Undergraduate year 5, Graduate, 0.53 (0.43, 0.66) <0.001
Professional
Antibiotics
> 1 year REF
12 - 6 months ago 1.83 (1.45,2.32) <0.001
5 - 3 months ago 2.40 (1.77, 3.27) <0.001
2 - 1 month(s) ago 2.19(1.51,3.19) <0.001
<1 month 3.06 (2.24,4.19) <0.001
Unsure 1.94 (1.36, 2.77) <0.001
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Table C3c Bivariate analysis — Seeking Care for Sore Throat

Variable OR (95% CI) P-value
Fever 2.22 (1.86, 2.66) <0.001
Glands 3.18 (2.57,3.93) <0.001
Nasal discharge
None REF
Clear 0.28 (0.22, 0.35) <0.001
Yellow 0.71 (0.57, 0.89) 0.003
Duration
<3 days REF
3 - 7days 0.79 (0.64, 0.98) 0.031
8 - 14days 3.43 (2.61,4.50) <0.001
Age 0.99 (0.98, 1.01) 0.298
Sex
Male REF
Female 1.21(0.97, 1.49) 0.085
Non-binary/ third gender/ other 1.56 (0.84,2.91) 0.159
Prefer not to answer 1.00 (0.20, 5.03) 0.996
Race
White REF
Black or African American 1.29 (0.87, 1.93) 0.196
American Indian or Alaska Native 0.87 (0.05, 13.86) 0.918
Asian 0.94 (0.72, 1.22) 0.622
Other 0.93 (0.63, 1.35) 0.693
Prefer not to answer 1.02 (0.46, 2.30) 0.957
Ethnicity
Hispanic REF
Non-Hispanic 0.99 (0.70, 1.41) 0.979
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Prefer not to answer 0.60 (0.30, 1.22) 0.16
Grade
Undergraduate year 1 - 2 REF
Undergraduate year 3 - 4 0.96 (0.77, 1.20) 0.709
Undergraduate year 5, Graduate, 0.86 (0.70, 1.06) 0.158
Professional
Antibiotics
> 1 year REF
12 - 6 months ago 1.61 (1.28,2.02) <0.001
5 - 3 months ago 1.52 (1.12, 2.05) 0.007
2 - 1 month(s) ago 1.46 (1.01, 2.12) 0.045
< 1 month 2.44 (1.77,3.37) <0.001
Unsure 1.14 (0.81, 1.62) 0.453
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Table C3d Bivariate analysis — Seekin

Antibiotic Treatment for Sore Throat

Variable OR (95% CI) P-value
Fever 1.52(1.27, 1.82) <0.001
Glands 2.56 (2.06, 3.19) <0.001
Nasal discharge
None REF
Clear 0.40 (0.32, 0.50) <0.001
Yellow 1.05 (0.85, 1.31) 0.645
Duration
<3 days REF
3 - 7days 0.91 (0.73, 1.13) 0.385
8 - 14days 1.91(1.49, 2.46) <0.001
Age 0.96 (0.95, 0.98) <0.001
Sex
Male REF
Female 1.13(0.91, 1.40) 0.266
Non-binary/ third gender/ other 0.42 (0.21, 0.85) 0.015
Prefer not to answer 0.27 (0.03, 2.30) 0.229
Race
White REF
Black or African American 1.20 (0.81, 1.77) 0.361
American Indian or Alaska Native 1.31 (1.00, 1.71) 0.047
Asian 1.05 (0.72, 1.53) 0.814
Other 0.43 (0.17, 1.09) 0.075
Prefer not to answer
Ethnicity REF
Hispanic 0.70 (0.50, 0.99) 0.046
Non-Hispanic 0.25(0.11, 0.56) 0.001
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Prefer not to answer

Grade REF
Undergraduate year 1 - 2 0.77 (0.62, 0.97) 0.023
Undergraduate year 3 - 4 0.53 (0.43, 0.65) <0.001
Undergraduate year 5, Graduate,
Professional
Antibiotics REF

> 1 year 2.12 (1.68, 2.66) <0.001

12 - 6 months ago 1.77 (1.31, 2.40) <0.001

5 - 3 months ago 2.13(1.47,3.09) <0.001

2 - 1 month(s) ago 2.79 (2.04, 3.81) <0.001

< 1 month 1.84 (1.30, 2.62) 0.001
Unsure
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Table C3e Bivariate analysis — Seeking Care for LRTI

Variable OR (95% CI) P-value
Fever 9.79 (7.50, 12.78) <0.001
Sputum
None REF
Clear 6.40 (4.88, 8.40) <0.001
Green 23.99 (16.36, 35.17) <0.001
Bloody 24.66 (16.89, 36.00) <0.001
Chest pain 13.06 (10.31, 16.54) <0.001
Sore throat 3.12 (2.52, 3.84) <0.001
Duration
<3 days REF
8 — 14 days 10.37 (8.09, 13.30) <0.001
> 14 days 24.66 (16.89, 36.00) <0.001
Age 1.00 (0.98, 1.01) 0.930
Sex
Male REF
Female 1.23(0.97, 1.55) 0.082
Non-binary/ third gender/ other 0.91 (0.48, 1.74) 0.780
Prefer not to answer 0.88 (0.16, 4.88) 0.886
Race
White REF
Black or African American 1.67 (1.02, 2.75) 0.043
American Indian or Alaska Native 0.37 (0.02, 5.95) 0.484
Asian 0.85(0.63, 1.13) 0.262
Other 0.71 (0.47, 1.05) 0.087
Prefer not to answer 0.90 (0.37, 2.19) 0.819

Ethnicity
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Hispanic REF
Non-Hispanic 0.89 (0.60, 1.32) 0.565
Prefer not to answer 1.42 (0.60, 3.35) 0.430
Grade
Undergraduate year 1 - 2 REF
Undergraduate year 3 - 4 1.14 (0.89, 1.47) 0.305
Undergraduate year 5, Graduate, 1.02 (0.81, 1.28) 0.862
Professional

Antibiotics
> 1 year REF
12 - 6 months ago 1.24 (0.96, 1.60) 0.095
5 - 3 months ago 1.56 (1.09, 2.24) 0.014
2 - 1 month(s) ago 1.04 (0.69, 1.56) 0.861
<1 month 1.31(0.92, 1.86) 0.130
Unsure 0.97 (0.66, 1.41) 0.868
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Table C3f Bivariate analysis — Seeking Antibiotic Treatment for LRTI

Variable OR (95% CI) P-value
Fever 4.29 (3.54,5.19) <0.001
Sputum
None REF
Clear 6.02 (4.57,7.94) <0.001
Green 14.66 (10.76, 19.95) <0.001
Bloody 9.66 (7.24, 12.90) <0.001
Chest pain 9.08 (7.14, 11.55) <0.001
Sore throat 2.75(2.29, 3.30) <0.001
Duration
<3 days REF
8 — 14 days 8.81 (6.85,11.34) <0.001
> 14 days 9.66 (7.24, 12.90) <0.001
Age 0.98 (0.96, 0.99) 0.007
Sex
Male REF
Female 0.87 (0.70, 1.08) 0.207
Non-binary/ third gender/ other 0.34 (0.18, 0.65) 0.001
Prefer not to answer 0.13 (0.01, 1.11) 0.063
Race
White REF
Black or African American 1.30 (0.87, 1.94) 0.205
American Indian or Alaska Native 0.74 (0.05, 11.87) 0.832
Asian 1.08 (0.83, 1.42) 0.563
Other 0.77 (0.53, 1.12) 0.169
Prefer not to answer 0.63 (0.28, 1.41) 0.258

Ethnicity
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Hispanic REF
Non-Hispanic 0.70 (0.48, 1.00) 0.052
Prefer not to answer 0.45 (0.22, 0.92) 0.027
Grade
Undergraduate year 1 - 2 REF
Undergraduate year 3 - 4 0.92 (0.73, 1.15) 0.464
Undergraduate year 5, Graduate, 0.68 (0.55, 0.84) <0.001
Professional
Antibiotics
> 1 year REF
12 - 6 months ago 1.68 (1.33,2.11) <0.001
5 - 3 months ago 1.99 (1.45,2.72) <0.001
2 - 1 month(s) ago 1.42 (0.97, 2.06) 0.068
< 1 month 2.15(1.56,2.97) <0.001
Unsure 1.28 (0.90, 1.82) 0.164

261




Respiratory History
** How long have you been having symptoms (in days)?

** How long did it take to feel this bad?
O Lessthana day

O 1-2days
O 3 or more days

*¥* Has someone you lived with been sick? Oves O No

*¥ |n the past 24 hours, how much have you limited your activities due to illness?
(Normal activity level = 10 and completely confined to bed is 0)

O o(BedRidden) ©O1 O2 O3 O4 Os Os O7 O8 Og O 10(No Limit)

General/Systemic:
bl =N =Y SO Oves O No

** Chills and/or Sweats O ves O No

** Headache................. Oves ONo
T e Oves OnNo
** Can't Sleep....ccuee.... Oves OnNo

Nose, sinus and throat:

** Nasal Congestion....cocueeceeeee.e Oves OnNo
¥ Runny NOSe...o e Oves ONo
** Sneezing Oves OnNo
** Face Pain or Toothache............ O ves O No
** SOre TRrOSt e eeeeeeeeeeeeeeeeceeenens Oves ONo

** Swollen/Tender Lymph NodesO ves O No

** | oss of taste of smell O Yes O No
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Eyes and Ears:
** Ear Pain..ccooeeenenene Oves OnNo

** Loss of Hearing.... O Yes O No
** Eye Pain/Irritation..O Yes O No
** jtchy, Watery Eyes. O ves O No
** Change of Vision..O ves O No

Chest:
** Cough. .o Oves ONo
** Wheezing ..o O vYes OnNo

** Shortness of BreathO Yes O No
** Chest pain......ccoee.... Oves O No

** Chest Congestion... O Yes O No

Abdomen:
** NaUSed.ceeennenen. Oves OnNo
= Vomiting....coocuev... O ves O nNo

** Abdominal Pain.. O Yes O Neo

** Diarrhea............... Oves OnNo

Please rank the intensity of the following (if they apply):
** Cough

O None O Mild O Moderate O Severe

*¥* Body or muscle aches.

O None O Mild O Moderate O Severe

** Weakness

O None O Mild O Moderate O Severe
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** Have you had your flu shot this season (since August/September 2021)? Oves OnNo

** Have you had previous COVID testing? 0 ves (O No

Please describe if yes.

Vi
How has your illness evolved??

Vi
What measures have you tried to get or feel better?

VA
Indicate below any other concerns that you have (please note that time constraints may force us to address these in 3 separate appointment).

VA

Supplemental Information
Thanks for submitting your guestionnaire.
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Figure C2 Histogram of symptom duration (days)
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Table C4 Themes identified in “how has your illness evolved?” responses (N = 1,215).

Theme Name

Number of Times Referenced

N (%)

Sore throat

395 (32.5%)

Cough 165 (13.6%)

Dry cough 21 (12.7%)

Bad cough 17 (10.3%)

Mild cough 17 (10.3%)
Severe cough 15 (9.1%)
Slight cough 12 (7.3%)
Small cough 6 (3.6%)
Lingering cough 5(3.0%)
Light cough 4 (2.4%)
Persistent cough 4 (2.4%)
Wet cough 4 (2.4%)
Congested cough 3 (1.8%)
Painful coughing 3 (1.8%)
Productive coughing 3 (1.8%)

Congestion

113 (9.3%)

Nasal congestion

46 (40.7%)

Chest congestion

18 (15.9%)

Sinus congestion

12 (10.6%)
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Head congestion 4 (3.5%)

Bad congestion 3 (2.7%)

Mild congestion 3 (2.7%)

Constant congestion 2 (1.8%)

Heavy congestion 2 (1.8%)

Severe congestion 2 (1.8%)
Nose 107 (8.8%)
Runny nose 66 (61.7%)
Stuffy/Stuffed nose 24 (22.4%)

Nose bleeds 3 (2.8%)
Aches 104 (8.6%)
Body aches 61 (58.7%)

Muscle aches 9 (8.7%)

Ear aches 2 (1.9%)

Severe aches 2 (1.9%)

*Description themes that were mentioned in < 1% of responses were excluded from table
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