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Abstract 

 Streptococcus pneumoniae, also known as pneumococcal disease, has been an 

extortionary burden on public health for well over a century and continues to affect high-risk 

groups, which includes the unvaccinated, children under the age of two, adults age sixty-five and 

older, and individuals with weakened immune systems or a history of smoking and/or asthma. 

 Since 2015, Sedgwick County along with other select Kansas Counties have had a 

substantial increase in the number of S. pneumoniae cases. As a result, the county decided to 

uncover the possible cause(s) of the increased prevalence, if any of the population’s demographic 

might have been disproportionately affected and what the efficacy is of the available vaccines. 

 After receiving the patient’s information from the included counties, the data was 

arranged into frequency and rate tables, followed by chi-square tables, to compare population 

estimates of the demographics for each county in Kansas (KS) to the study populations. The 

study populations were found to be representative of each of the Counties and KS overall. 

Calculations were then performed using R to compare the odds of mortality between the 

unvaccinated and vaccinated, the type of vaccine received and the county in which they reside. 

Lastly, a model containing the variables: age, race/ethnicity and county of residence was run to 

approximate a rate of diseases using the included variables. Unfortunately, due to a low study 

population, most of the findings were not significant. However, County of residence, year of 

initial diagnosis, vaccine type received, number of days hospitalized post-infection, and 

underlying medical conditions were found to be the best predictor of the patient’s odds of 

succumbing to S. pneumoniae.  

 

Keywords: Streptococcus pneumoniae, S. pneumoniae, Pneumococcus, Pneumococcal, 

Pneumonia, Epidemiology, Kansas, Sedgwick County, Public Health, Health Department, 

Division of Health 
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Preface 

 My field experience and capstone project were completed at the Sedgwick County 

Division of Health (SCDOH) in Wichita, Kansas. My internship preceptor was Ms. Hervey, 

MPH, the Epidemiology Program Manager at SCDOH. This field experience included 221 on-

site hours and was conducted between July 2, 2018, and March 12, 2019. 

 The purpose of this project was to compile a database of Sedgwick, Shawnee, and 

Johnson County’s’ invasive S. pneumoniae cases, along with vaccination histories and disease 

investigation data for all reported cases from 2014 through 2017 (four years). This database was 

then used to analyze frequencies and rates across these counties and years that were included in 

the dataset. Statistical models were used to determine possible correlations between disease 

investigation fields (i.e. vaccination status, clinical information, demographic, geographic, etc.) 

and disease morbidity and mortality. The compiled data would then be used to determine why 

select Public Health Departments across Kansas have been experiencing increases in the number 

of S. pneumoniae cases. 

 The mission statement of Sedgwick County Division of Health (SCDOH) is “to improve 

the health of Sedgwick County residents by preventing disease, promoting wellness and 

protecting the public from health threats.” To uphold this mission, SCDOH has set three strategic 

goals for 2018: “Investigate and control communicable diseases, prevent communicable disease 

through immunizations and prepare for public health emergencies. Promote healthy birth 

outcomes. Lead collaboration among community health clinics and provide preventive health 

services.” It is my sincere hope that this paper and the included data will assist Sedgwick 

County, as well as the other counties that participated in the completion of this project, in 

achieving their goals and decrease the total burden of S. pneumoniae-related diseases. 
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Chapter 1 – Introduction (Exposition) 

 From the late 1800s through most of the 1900s pneumonia and influenza, being listed as a 

single category, have continuously been ranked as one of the leading causes of death among 

citizens of the United States (US) and have consistently been the leading cause of death from 

infectious diseases through this same span of time [1]. Unfortunately, despite advancements in 

medicine and vaccines, pneumonia and influenza remain a common cause of death, being listed 

as the eighth leading cause of death in the US in 2016, with an estimated 51,537 individuals 

succumbing to these diseases [2]. Even though influenza does make up a significant portion of 

these deaths, the contributions from pneumonia should not be ignored. The leading cause of 

bacterial pneumonia is Streptococcus pneumoniae, also known as pneumococcal disease. An 

estimated 900,000 Americans are affected every year by pneumococcal pneumonia [3,4]. This 

alone is enough to make S. pneumoniae a threat to public health. 

Discovery and Characterization 

 S. pneumoniae was first isolated in 1881 independently and simultaneously by Louis 

Pasteur [5,6] in France and U.S. Army physician, George Sternberg, [7,8] at Fort Mason, San 

Francisco, California. Both microbiologists roughly described “lancet-shaped pairs of coccoid 

bacteria” that were isolated from rabbits’ blood that had previously been injected with human 

saliva. Pasteur had used saliva from a child that had died of a rabies infection, while Dr. 

Sternberg used his own saliva. As a result of this discovery, each researcher named the bacteria, 

with Pasteur naming it “Microbe septicemique du salive” [6] and Sternberg naming it 

“Micrococcus pasteri.” [9] Prior to 1881, there had been some publications identifying 

elongated diplococci bacteria; however, there had been no records of experimentation that 

demonstrated the pathogenic potential of the bacteria in animal or human models. 
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Later in the same decade, S. pneumoniae was identified to have multiple forms of 

pathogenesis, as it played a significant role in individuals that had developed pneumonia [10-13], 

meningitis (inflammation of the meninges) [14] and otitis media (infection of the middle ear) 

[15]. These discoveries were a result of the development of the Gram’s Stain by Christian Gram 

[16], a Danish bacteriologist who was conducting experiments in Carl Friedländer’s laboratory. 

Friedländer [17] then proceeded to uses the Grams stain to examine sections of lung tissues of 

patients who had died as a result of pneumonia. Through these experiments, Friedländer was able 

to distinguish between two very different kinds of bacterial infections that cause pneumonia; the 

first, S. pnuemoniae stained deep purple, as a result of the bacteria retaining the primary dye 

aniline-gentian, also known as crystal violet. Crystal violet later become known as Gram-

positive. The second bacteria Friedländer identified was bacillus (rod-shaped) and did not retain 

crystal violet, which caused it to appear pink in color (Gram-negative). The Gram-negative 

bacteria was later identified as Klebsiella pneumoniae [18], sometimes referred to as 

Friedländer’s Bacillus. Five years after its discovery, in 1886, German physician Julius Albert 

Fraenkel, [19] coined the term “pneumococcus” to describe the Gram-positive bacteria, one of 

the causative agents of bacterial pneumonia.   

In 1891, G. Klemperer and F. Klemperer [20, 21] found that after injecting rabbits with 

heat-killed pneumococci bacteria or with filtrates of broth cultures, the injected animal became 

immune to subsequent reintroductions of bacteria cells from the same clinical isolate. 

Furthermore, they found that the serum from animals that had previously been inoculated [20, 

21], such as described previously, could be used to protect other rabbits that had not been 

exposed to pneumococcal infections.  

These experiments were followed up by B. Issaeff in 1893 [22], who was able to 

demonstrate that the protection from the serum was not bactericidal, but rather promoted the 
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phagocytosis of the bacterial cells by the immune system. At the turn of the 20th century, 

Friedrich Neufeld [23] showed that aggregation and swelling of the external capsule of bacterial 

cells could be observed with a microscope when pneumococcal cells were mixed with the serum 

from previously inoculated animals. In 1904, Neufeld worked with W. Rimpau [24] to resolve 

the discrepancy between humoral and cellular immunity, by successfully demonstrating that it 

was the pre-exposure to pneumococcal cells, not the exposure of immune cells to the serum of an 

immunized animal that led to increased phagocytosis. These realizations eventually allowed 

scientist to differentiate between strains of bacteria of the same species by determining their 

aggregation when exposed to different pneumococcal antiserums [25,26]. This differentiation of 

these strains became known as serotyping and would in turn leading to the identification of more 

than 80 serotypes of S. pneumoniae by the end of 1940 [27]. 

In 1917, S. pneumoniae’s capsular envelope was first identified by Alphonse Dochez and 

Oswald Avery [28], when they discovered a soluble substance in the serum and urine of 

individuals diagnosed with lobar pneumonia. These capsular envelops were also found in the 

blood of animals that had been experimentally infected with S. pneumoniae. Isolates of this 

substance precipitated when exposed to S. pneumoniae specific antiserum. Later, Avery and 

Michael Heidelberger [29] identified this substance as consisting mainly of complex 

carbohydrates, known as polysaccharides. Heidelberger [30] concluded that the polysaccharide 

cellular envelope was responsible for each strain’s serological reactivity. It took an additional 

nine years before Lloyd Felton and Howard Baily [31] developed a process of isolating the 

polysaccharide envelope from the rest of the cell, which led them to discover that the capsule 

was the subcellular component responsible for inducing immunity in inoculated individuals. 

 In 1931, two papers, authored by Rene Dubos and Oswald Avery [32, 33], were 

published in the Journal of Experimental Medicine and successfully demonstrated that the 
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polysaccharide capsule contributed significantly to the pathogenicity of S. pneumoniae. They 

first identified chemical enzymes that were capable of decomposing the polysaccharide capsule 

of serotype 3 S. pneumoniae [32]. Avery and Dudos then demonstrated that these enzymes could 

be used to protect mice from diseases after receiving a lethal injection of serotype 3 S. 

pneumoniae [33]. This experiment was replicated three years later by Thomas Francis, Jr., et al. 

[34] with the enzyme displaying similar protective results in Java monkeys. This research, in 

combination with early work, led to the development of pneumococcal vaccines. 

In 1920, however, the bacteria (S. pneumoniae) would be renamed again to “Diplococcus 

pneumoniae” by Austrian physician, Anton Weichselbaum [35], after publishing a series of case 

reports and attempting to identify the causative agent of croupous or lobar pneumonia [36-39]. 

Weichselbaum gave the bacteria this name indirect reference to the bacteria being isolated from 

cases of pneumonia and appearing as pairs of cocci under a microscope. In 1974, the bacteria 

received the name of Streptococcus pneumoniae [40], for its characteristic growth pattern of 

chains of cocci in liquid media. 

Disease [40] 

As described previously, Streptococcus pneumoniae is a gram-positive organism that 

mainly appears in pairs that resemble the shape of a lancet (a triangular shaped surgical knife). 

As of 2011, a total of 92 distinct serotypes of S. pneumoniae had been identified, each with a 

unique combination of proteins embedded on the bacteria’s polysaccharide capsule. This capsule 

is S. pnuemoniae’s strongest virulence factor and is what enables the bacteria to have a wide 

variety of disease presentations. 

S. pnuemoniae is commonly found in the nasopharynx and throat of healthy individuals 

as a commensal bacterium; this is especially common in children and adults living/working with 
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children. Infection most often occurs in children between the ages of two and three, but usually 

does not result in any symptoms or disease dissipates shortly thereafter. However, during the 

course of infection, symptomatic or not, the affected individual continues to shed the bacteria via 

aerosolization/droplets from breathing, coughing and sneezing.  

When exposed to the aerosolized droplets of an infected individual, the bacteria enters 

healthy hosts through their nasal cavity and attaches to the nasopharyngeal epithelial cells. After 

a short incubation period of one to three days, the pathogenesis of the infection is determined, 

and the bacteria can remain in the host’s nasopharyngeal, where it can form a colony in the host. 

The host can become contagious to others or the bacteria can further spread to other organs (e.g. 

ears, lungs or sinuses) in the host, which will eventually result in disease. The pathogenesis of S. 

pnuemoniae is predominantly determined by the bacteria’s serotype. Some serotypes have a 

greater association with disease or, in other words, have a greater likelihood of causing diseases. 

Some serotypes are found more commonly in children versus adults. Serotypes also differ 

between geographic regions and the time of year of which the illness presents. Serotypes with the 

highest mortality rates tend to be those with low disease potential and usually occur within 

elderly populations that were asymptomatically colonized with the bacteria and only developed 

pneumococcal diseases as a result of the weakened immune system from an influenza infection.  

Pneumococcal disease has three primary paths of pathogenesis associated with the most 

common clinical presentations, these include pneumonia, sinusitis, and otitis media. If the 

bacteria spreads down bronchi into the lungs, is able to escape the lung’s mucous defenses and 

migrate to the alveolus; pneumonia will develop as a result of S. pnuemoniae bacteria attached to 

the alveolar epithelium replicating and initiating host damage responses. The most common 

symptoms associated with the presentation are pleuritic chest pain, productive cough, dyspepsia, 

rapid breathing (tachypnea), low oxygenation (hypoxia), fever between 39 to 41 °C, rapid heart 
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rate (tachycardia), malaise and weakness; less common symptoms included: nausea, vomiting, 

and headaches. With proper medication and rest, pneumonia usually resolves with no further 

complications. 

It is possible for further complications to arise from pneumococcal pneumonia if S. 

pnuemoniae spreads from the lungs to the bloodstream (invasive); where thanks to its 

polysaccharide capsule the bacteria is able to continue to avoid the host's immune system and 

replicate, resulting in bacteremia. Once in the bloodstream, S. pnuemoniae is able to continue to 

cause further complications, as the bacteria continue to spread and affect other organs. These can 

include osteomyelitis (infection of the bone), hemolytic uremic syndrome (damage to the 

kidney’s blood vessel and low red blood cells and platelet counts), pericarditis (infection of the 

sac surrounding the heart), septic arthritis (infection of joints) and meningitis (infection of the 

central nervous system). All of these infections are very serious and require immediate treatment 

and possible hospitalization. 

The other two routes in which S. pnuemoniae can spread from the nasopharynx are to the 

eustachian or auditory tube to the middle ear (otitis media), or the bacteria can spread throughout 

the sinus cavities resulting in sinusitis. Both of these routes are dead ends, in that once the 

bacteria reach the targeted organs it has no means of infecting other organs.  

Prevention and Treatment 

 The first reported attempts to limit the spread of pneumococcal diseases by use of 

vaccination occurred in 1911 when Sir Almroth E. Wright et al. [42] inoculated South African 

gold miners with whole killed S. pneumoniae [43]. However, this initial attempted proved 

insufficient; as Sir Wright was basing his work off of his previous experience of developing a 

moderately successful vaccine for Typhoid Fever (Salmonella typhi) [44]. This resulted in him 

only including one of the two known pneumococcal serotypes in the vaccine. Sir Wright, also 
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failed to use a large enough inoculum to provided protection [17], due to larger injections being 

associated with discomfort.  

 That same year Julius Morganroth and Richard Levy [45] found that ethylhydrocupreine 

(optochin), a derivative of quinine, was able to inhibit the growth of S. pneumoniae, but had no 

significant effects on other streptococcus bacteria species. As a result, Morganroth and 

Kaufmann [46] experimented on mice using optochin and found great success in early trials. 

This success would be short-lived. As later studies would demonstrate that optochin had a 

limited clinical dose range [47,48] where it had a therapeutic effect before it reaches toxic levels. 

To make matters worse, S. pneumoniae was able to quickly develop resistance to optochin [49], 

rendering the compound an ineffective treatment that was eventually abandoned. 

 After scientists such as Isaeff, Neufeld and Rimpau had demonstrated that transfusing 

pneumococcal antiserum was an effective treatment in animals, it was only a matter of time 

before serotherapy was applied to humans. At the turn of the 19th century, antiserum was shown 

to be an effective treatment for diphtheria (Corynebacterium diphtheriae). However, it was 

unknown at the time that antiserum treats these diseases by two different methods. In the cases of 

S. pneumoniae, the transfer of antibodies assists the host immune system by opsonizing the 

bacteria cells [24], as described earlier; while in the cases of diphtheria, the antibodies in the 

antiserum bind to and disable toxins that are being produced by the pathogen before they can 

affect the body. This meant that the early attempts of using serotherapy were not as effective at 

treating S. pneumoniae as they had been with diphtheria. It was not until the 1920s that 

serotherapy became a viable form of therapy [50] as the different serotypes were starting to be 

identified. This allowed antisera to be matched to the serotype of pneumococcus that infected 

each patient, thereby drastically increasing the overall effectiveness of the treatment. However, 

the total cost of acquiring large enough quantities of human antiserum would prove to be 
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substantial, leading to it being abandoned. The side effects of serum sickness being associated 

with the use of non-human antiserum would limit the widespread use of this therapy method 

[51]. 

 During this same time, the very first antimicrobial agents were starting to be produced. 

Among these was sulfanilamide. Sulfanilamide was used to treat pneumococcal diseases, but its 

uses were limited by more popular treatments, like the aforementioned serotherapy [44], and due 

to S. pneumoniae not being as susceptible to the drug as other bacteria were. It would not be until 

1938 that Lionel Whitby and colleagues [52] published the findings of their systematic review of 

64 derivatives and compounds related to sulfanilamide, in search of a treatment that had the 

desirable traits of low toxicity and good in-vitro activity (the procedures developed by Whitby 

during this review are still in use today for similar searches). Eventually, they came across 2-(ρ-

aminobenzenesulfonamido) pyridine, or as we now known it, sulfapyridine. Not even two 

months after Whitby’s publication, sulfapyridine was reported to decrease the overall case 

fatality rate of individuals with pneumonia at Dudley Road Hospital in Birmingham, England 

from 27 percent to 8 percent [53]. This success would be short-lived, as just five years after 

sulfapyridine’s discovery, the first cases of S. pneumoniae sulfonamide-resistance were reported 

[54].  

 Another antimicrobial agent that was discovered around this same time (1939) by René 

Dubos [55] was gramicidin. Gramicidin was the first naturally occurring agent that showed 

antimicrobial capabilities against bacterial pathogens in-vitro. Ultimately, much like optochin, 

gramicidin medical uses would be limited as it proved to be toxic in mice [56] and dogs [57]. 

This failure led Dubos and colleagues [58] to reevaluate other antimicrobial compounds in 1940, 

one of which was penicillin. Penicillin was first discovered in 1929 by Alexander Fleming [59] 

after several of his petri dishes became contaminated with a fungus (Penicillium chrysogenum) 
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that inhibited the growth of his bacteria cultures. Penicillin would see limited clinical application 

shortly after its discovery, despite it showing superior potency against bacteria and lacking the 

toxicity of other treatments [60], due to the difficulty of isolating sufficient quantities of it to 

eliminate infection from patients. It would not be until 1941 [60] that penicillin would see wide 

clinical applications, as a team of researchers at Oxford, were able to develop a method of mass-

producing penicillin. In the following two years, it would be reported that penicillin was used to 

treat 500 cases of staphylococcal and streptococcal infections, most of which showed signs of 

sulfonamide resistance [61]. In 1944 [62], penicillin was used to treat 46 cases of pneumococcal 

pneumonia and eight cases of pneumococcal empyema. Penicillin was continually used 

throughout the following years with great clinical success. Unfortunately, history would repeat 

itself as the first signs of penicillin resistance emerged in 1965 in Boston and in Australia in 

1967 [63]. Then in 1977 and 1978 multiple outbreaks of multi-drug resistant strains of S. 

pnuemoniae were reported in South Africa [64,65]. Of 26 clinical isolates from the original 

outbreaks, 21 of the isolates were penicillin resistant, and five showed intermediate penicillin 

resistance with variable susceptibilities to macrolides, clindamycin, chloramphenicol, 

tetracycline, and trimethoprim-sulfamethoxazole. 

 With limited options available for the treatment of pneumococcal disease at the start of 

the 1920s, a large effort was made by researchers in the 1930s and 1940s [66-70] to find a 

vaccine that was effective at preventing further outbreaks of the disease. This push would 

eventually yield several advancements. The first being a general increase in the effectiveness of 

vaccines to convey protection against pneumococcal in healthy adults [71-73]. Another 

advancement came in 1937 when Felton [74] was able to develop and implement vaccines to 

stop an outbreak of S. pneumoniae at a state hospital. Finally, Paul Kaufman [75] was 

successfully able to demonstrate that vaccines containing two or more type-specific 
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polysaccharide conveyed greater immunity in elderly cohorts than traditional vaccines containing 

a single polysaccharide type. Despite these advancements, vaccines would fall out of the public 

favor, as antibacterial agents were thought to be a more effective way of dealing with 

pneumococcal disease [17]. It would not be until the 1960s that interest in vaccines for S. 

pneumoniae would reemerge, in thanks to Robert Austrian. This would eventually lead to the 

development of a multivalent vaccine in 1967. This vaccine was to contain the polysaccharide 

components of the 14 most common serotypes of S. pneumoniae, which at the time were 

responsible for approximately 80 percent of all cases of pneumococcal disease [27]. The 14-

valent vaccine, dubbed pneumococcal conjugate vaccine 14 (PPSV14), would come to fruition in 

1977 [27,76,77] and was shown to be 79 percent effective in preventing type-specific 

pneumococcal pneumonia and type-specific pneumococcal bacteremia in adults. Eventually, a 

23-valent vaccine (PPSV23) was developed to replace the 14-valent. The 23-valent vaccine was 

released in 1983 [78] and has been evaluated to have an efficacy ranging from 55 to 76 percent 

[27,79-82], with the individual’s age [83,84], immune status (i.e. immune competent or 

compromised) [85,86] and the interval since receiving the vaccination all playing significant 

roles in the vaccine’s efficacy.  

 With an effective vaccine for children and adults developed, researchers turned their 

attention to developing a vaccine for infants, as they are the second largest at-risk population for 

S. pnuemoniae [79]. In February of 2000, the FDA approved the 7-valent pneumococcal 

conjugate vaccine (PCV7) [27,79] which was specifically designed to prevent the seven strains 

of S. pneumoniae that were responsible for approximately 61 percent of all pneumococcal cases 

in infants and young children (children under the age of five) [27]. The PCV7 vaccine was 

shown to have an overall vaccine efficacy in children younger than two years old of 80 percent 

after receiving at least one dose, 97 percent after receiving three primary doses and 95 percent 
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after receiving a booster [87]. The PCV7 vaccine was even shown to decrease the burden of 

disease in adults age 65 and older by 45 percent for the strains included in the PCV7 vaccine 

[87]. Ten years after its introduction, an improved version of the PCV7 vaccine was released that 

now covered an additional six strains of S. pneumoniae and would be known as the PCV13 

vaccine [27,79]. The PCV13 had a slight improvement in the vaccine’s efficacy as compared to 

PCV7 vaccine with the overall vaccine efficacy in children younger than two years old now 

being 86 percent after receiving at least one dose, 85 percent after receiving three primary doses 

and 91 percent after receiving the booster for the 13 included strains [86]. The year after PCV13 

introduction, the FDA expanded the availability of the PCV13 to included individuals over the 

age of 50, as the PCV13 vaccine showed equal and, in some cases, greater immune response in 

the included population than of the PPSV23 vaccine. After the introduction of the PCV13 

vaccine, the rates for the included strains dropped by 87 percent in children under the age of five 

and by 2014 the rate of disease of individuals over the age of 65 also dropped by 70 percent [79]. 

Currently, the Advisory Committee on Immunization Practices (ACIP) has recommended 

the PPSV23 vaccine for individuals ages two and older who have any underlying medical 

conditions that increase their risk of infection from S. pneumoniae and that all individuals over 

the age of 65 receive the vaccine; while the PCV13 vaccine is recommended for children 

between the 2 and 59 (5 years) months old, for individuals 6 to 64 years old with underlying 

conditions and all adults aged 65 years and older [87]. See Appendixes E-H for further details. 

Project Description and Objectives 

 The Sedgwick County Division of Health (SCDOH) is responsible for investigating 

reports of Sedgwick County residents who have been infected with diseases that are considered 

significant threats to public health by the National Notifiable Disease Surveillance System 

(NNDSS) from the Centers for Disease Control and Prevention (CDC). These diseases are 
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considered reportable diseases, among which invasive S. pneumoniae is included. Cases of 

reportable diseases are reported to SCDOH by healthcare providers and clinical laboratories, 

after receiving positive identification of bacterial isolates collected from fluid and tissue samples. 

Once the Health Department has been notified an investigation is started, in tangent with Kansas 

Department of Health and Environment (KDHE), during which the medical provider is contacted 

for specific information about the patient and the infection. This information is then uploaded 

and stored on KS EpiTrax, Kansas’s online case management system, for case tracking and later 

analysis.  

 As of 2015, SCDOH and other local Health Departments have been experiencing a large 

influx in the number of invasive S. pneumoniae cases, to the point that further inquiry has 

become necessary. As a result, an investigation was launched to answer the following questions: 

1. Trend Analysis – How many more cases are occurring and are disease outcomes changing? 

2. Case Demographics – Are any subpopulations being affected disproportionately by S. 

pneumoniae? 

3. Comparing Counties’ Mortality – Are participating counties experiencing higher odds of 

mortality?  

4. Determine Vaccinated vs Unvaccinated Disease Outcomes – Is there a significant difference 

between vaccination status (vaccinated and unvaccinated), vaccination type and disease 

outcome? 

5. Comparing Counties’ Morbidity – Are any of the participating counties affected 

disproportionately by S. pneumoniae? 
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Chapter 2 – Methods (Complications) 

 The three Kansas County Health Departments that were originally contacted to 

participate in this study were: Reno, Johnson, and Shawnee County. These counties were 

selected for comparison with Sedgwick County based on Johnson County having a similar total 

population and demographics, Shawnee County lacking the characteristic increase in S. 

pneumoniae cases following 2015, and Reno County experiencing a similar increase in cases. 

Due to resource and time constraints, Reno County was eventually removed from this study due 

to data not being reported to Sedgwick County. 

Data Collection 

 All subjects that were included in the study were laboratory confirmed invasive S. 

pneumoniae cases in the selected counties that were reported to each County’s respective public 

health department between the dates of January 1, 2014, and December 31, 2017. The subject’s 

demographic, vaccination/medical history, risk factors, the anatomic site from which the isolate 

was obtained, type of infection and antibiotic susceptibility were all collected from the KS 

EpiTrax System for each participating county. Due to limited information being reported 

regarding the vaccination histories for the included cases, the Kansas Health Information 

Network (KHIN) and Kansas Immunization Information System (WebIZ) databases were 

utilized; as well as contacting the subject’s primary care provider, to obtain any missing 

information. Each County’s epidemiology departments were responsible for acquiring this data 

for all reported cases that were to be included in the study. The participating Health Departments 

transferred and exported this data, formatted in Microsoft Excel (2007) (Microsoft Corporation, 

Redmond, Washington) files, to the SCDOH Epidemiology Program. Upon receiving the data, 

Sedgwick County reorganized it into a uniform standard format and consolidated it into a single 

database. 
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Invasive S. pneumoniae Frequency 

 Once the S. pneumoniae database was compiled, the data were summarized in frequency 

tables for comparison of study population between each county. Each frequency table compares 

the general population demographic information (gender, race/ethnicity, age in years and 

occupation), illness severity (total number of days hospitalized and type of illness) and 

underlying medical conditions between those that were vaccinated, unvaccinated and those 

whose vaccination status is currently unknown. All unconfirmed cases were excluded.  

Invasive S. pneumoniae Rate 

After the frequency tables were completed; the data summarization continued by 

constructing tables that allowed for the comparison of the cumulative incidence (CI) of S. 

pneumoniae associated with population demographic information (gender, race/ethnicity, age in 

years and occupation), disease mortality and vaccination status per 100,000 cases within each 

county for every year that the study covered.  

 The formula used to calculate rate is listed below: 

Cumulative Incidince =  
Number of Cases × 100,000

Total Population − (
1
2

× Number of Cases) + (
1
2

× Number of Births) − (
1
2

× Number of Deaths)
 

For these calculations, estimates for the: total populations, number of births and number 

of deaths were acquired from KDHE’s Kansas Information for Communities (KIC) website. CI 

calculations could not be performed for the vaccination statuses or types as there is currently no 

known reference as to what portion of the population has been vaccinated for S. pneumoniae or 

as to which type of vaccines they have received. 
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Chi-Square 

 The first statistical analysis that was performed on the data were chi-squares to determine 

if there were any statistically significant differences between the various populations. Using the 

formula listed below, O = observed, E = expected. 

χ2 = ∑
(O − E)2

E
 

 For these calculations, population statistics for the relevant groups were acquired from 

KDHE’s Kansas Information for Communities (KIC) website. 

 Once the chi-squares were calculated, they were then plugged into an online calculator, 

along with the degrees of freedom, to determine the P-value for each population frequency 

comparisons. Each County’s “general” or total population was compared to their study 

population to determine if the study population was representative of the County’s population as 

a whole and could give insight on if any gender, race/ethnicity or age group was being 

disproportionately affected by the disease, as they would be significantly over or under-

represented in the study population. 

A comparison between vaccination status, gender, race/ethnicity, age and mortality of 

disease for each county was performed to determine if there were any significant differences 

between each of the counties’ study populations or if there were any significant difference in the 

populations of each county that were afflicted by S. pneumoniae.  

The final chi-square compares the 2014 and 2015 study populations to the 2016 and 2017 

study populations for each of the participating counties. This was done to see if each of the 

County’s populations experienced any significant changes to their population demographics 

during these transition years that would account for the overall increase in the number of 

reported S. pneumoniae cases in 2016 and 2017.   
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Statistical Models 

 In order to determine the relationship between population demographics, medical status, 

and disease outcome, statistical models were developed to complete the last three study 

objectives. Logistical regression was used to determine the odds of mortality from invasive S. 

pneumoniae while controlling for population demographics and vaccination status and type and 

to model dichotomous outcomes from multi-leveled predictor variables (objectives three and 

four). This is desirable because the main disease outcome of interest is mortality. Models one 

through three reflect this basic question but do so with different relevant information and model 

design as designated by SCDOH. General Linear Model 1 – Logistic Regression, listed below, 

was used to determine if the patient’s odds of mortality were affected by the county in which 

they reside, their relevant demographic information (race/ethnicity and age), their vaccination 

status and if they have any underlying medical conditions. This model was run to answer 

objective three’s question, or if any of the participating counties experiencing higher odds of 

mortality. 

General Linear Model 1 – Logistic Regression 

ln (
pMortality

1 − pMortality
) = β0 + β𝑋County + β𝑋Race/Ethnicity + β𝑋Age Onset + β𝑋Vax Status + β𝑋Medical  Cond. 

 The second logistic regression set, General Linear Model 2 – Logistic Regression, had 

multiple parts. Model 2.1 looked at how the patient’s odds of mortality was affected by the 

county in which they reside, their vaccination status, the number of days they were hospitalized, 

the type of infection they had and if they have any underlying medical conditions. This model 

was used to answer the first part of objective four, or if the vaccination status of the patient had 

any effect on their outcome. 
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General Linear Model 2 – Logistic Regression 

ln (
pMortality

1 − pMortality
) = β0 + β𝑋County + βXVax Status + βXDays Hosp. + βXInfection Type + βXMedical Cond. 

 General Linear Model 3 – Logistic Regression was used to determine how the patient’s 

odds of mortality were affected by the patient’s age, the vaccination type they received (if 

received), the number of days they were hospitalized, the type of infection they had and if they 

have any underlying medical conditions. This model was used to answer the second part of 

objective four: if the vaccination type that the patient received had any effect on their outcome. 

This model also included the patient’s age of onset of disease to account for the fact that the 

PPSV23 vaccine is primarily only recommended to individuals over the age of 65 or with 

specific medical conditions.  

General Linear Model 3 – Logistic Regression 

ln (
pMortality

1 − pMortality

) = β0 + βXAge Onset + βXVax Type + βXDays Hosp. + βXInfection Type + βXMedical  Cond. 

 General Linear Model 4 – Poisson Regression was designed to determine if the county of 

which a person resides, their age and/or their race/ethnicity have a statistically significant effect 

on the number of S. pneumoniae cases. This model was used to answer the question from the 

fifth objective: if any of the counties that participated in the study were being disproportionality 

affected by invasive S. pneumoniae. 

General Linear Model 4 – Poisson Regression 

Counts(Cases of 𝑆. 𝑝𝑛𝑒𝑢𝑚𝑜𝑛𝑖𝑎𝑒) = β0 + βCountyX + βAge OnsetX + βRace/EthnicityX 

 The final model that was utilized was to determine which variables were the best 

predictors of the patient’s odds of mortality. This model was designed by performing three 

stepwise regressions. The first was a forward selection regression, moving from an unsaturated 

model to a saturated model. This was followed by a backward elimination regression, moving 
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from a saturated model to an unsaturated model. The final stepwise regression incorporated both 

forward and backward stepwise regressions simultaneously, or bidirectional elimination and will 

be referred to as ‘Both Stepwise Regression’. 

 The forward stepwise regression only reported one model in addition to the over-

saturated input model (Table 2.1). The output model had an identical Akaike information 

criterion (AIC) as the over-saturated model, hinting at it have no greater predictive capabilities. 

 

Table 2.1 Forward Stepwise Regression Using Mortality as the Outcome (N = 445) 
 

Stepwise Regression – Forward 

# Model AIC 

0 
ln (

pMortality

1 − pMortality

) = β0 + βXYear + βXCounty + βXRace & Ethnicity + βXAge Onset 

+ βXMedical  Cond. +  βXVax Status + βXVax Type. + βXDays Hosp. + βXInfection Type 

196.74 

1 
ln (

pMortality

1 − pMortality

) = β0 +  βXYear + βXCounty + βXMedical  Cond. + βXVax Status. + βXDays Hosp. 

+βXInfection Type 

196.74 

 

 The backward stepwise regression resulted in a total output of four models in addition to 

the input model (Table 2.2). The final model that the stepwise regression converged on had an 

AIC of 189.17 and included the variables of year, county of residence, underlying medical 

conditions, vaccine type and the total number of days hospitalized. 
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Table 2.2 Backwards Stepwise Regression Using Mortality as the Outcome (N = 445) 
 

Stepwise Regression - Backward 

# Model AIC 

0 
ln (

pMortality

1 − pMortality

) = β0 + βXYear + βXCounty + βXRace & Ethnicity + βXAge Onset 

+ βXMedical  Cond. +  βXVax Status + βXVax Type. + βXDays Hosp. + βXInfection Type 

196.74 

1 
ln (

pMortality

1 − pMortality

) = β0 + βXYear + βXCounty + βXRace & Ethnicity + βXAge Onset 

+ βXMedical  Cond. + βXVax Type. + βXDays Hosp. + βXInfection Type 

196.74 

2 
ln (

pMortality

1 − pMortality

) = β0 +  βXYear + βXCounty + βXAge Onset +  βXMedical  Cond. + βXVax Type. 

+βXDays Hosp. + βXInfection Type 

190.95 

3 
ln (

pMortality

1 − pMortality

) = β0 +  βXYear + βXCounty + βXMedical  Cond. + βXVax Type. + βXDays Hosp. 

+ βXInfection Type 

189.63 

4 ln (
pMortality

1 − pMortality

) = β0 +  βXYear + βXCounty + βXMedical  Cond. +  βXVax Type. + βXDays Hosp. 189.17 

 

 The final stepwise regression was similar to the backward regression with four output 

models (Table 2.3) and converged on the same final output model with an AIC of 189.17. 

 

Table 2.3 Both Stepwise Regressions with Mortality as the Outcome (N = 445) 
 

Stepwise Regressions - Both 

# Model AIC 

0 
ln (

pMortality

1 − pMortality

) = β0 + βXYear + βXCounty + βXRace & Ethnicity + βXAge Onset 

+ βXMedical  Cond. + βXVax Status + βXVax Type. + βXDays Hosp. + βXInfection Type 

196.74 

1 
ln (

pMortality

1 − pMortality

) = β0 + βXYear + βXCounty + βXRace & Ethnicity + βXAge Onset 

+ βXMedical  Cond. + βXVax Type. + βXDays Hosp. + βXInfection Type 

196.74 

2 
ln (

pMortality

1 − pMortality

) = β0 + βXYear + βXCounty + βXAge Onset +  βXMedical  Cond. + βXVax Type. 

+βXDays Hosp. + βXInfection Type 

190.95 

3 
ln (

pMortality

1 − pMortality

) = β0 +  βXYear + βXCounty +  βXMedical  Cond. + βXVax Type. + βXDays Hosp. 

+βXInfection Type 

189.63 

4 ln (
pMortality

1 − pMortality

) = β0 +  βXYear + βXCounty + βXMedical  Cond. + βXVax Type. + βXDays Hosp. 189.17 

 

 Due to the backward and both stepwise regressions converging on the same model with 

an overall lower AIC than the forwards stepwise regression, this model was determined to be the 
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best predictor of the patient’s odds of mortality given the study’s data and was included as 

General Linear Model 5. Furthermore, a Hosmer-Lemeshow goodness of fit test was performed 

on General Linear Model 5 – Logistic Regression, to determine whether the observed rate of 

mortality in the cases of invasive S. pneumoniae, matched the rate of mortality predicted by the 

model. 

General Linear Model 5 – Logistic Regression  

ln (
pMortality

1−pMortality
) = β0 + βX𝑌𝑒𝑎𝑟 + βX𝐶𝑜𝑢𝑛𝑡𝑦 + βXMedical  Cond. + βX𝑉𝑎𝑥 𝑇𝑦𝑝𝑒. + βXDays Hosp.  
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Chapter 3 – Results (Climax) 

Invasive S. pneumoniae Frequency 

Sedgwick County had the most cases of Invasive S. pneumoniae at 229, while Johnson 

County had a total of 125 and Shawnee County had the least with only 91 cases. Approximately 

46 percent of all the included cases had been vaccinated for S. pneumoniae at some point in their 

life. There was a near even split between men and women, with men making up 224 of the total 

cases, while women represented 221 cases. Finally, 79 percent of all cases had some underlying 

medical condition prior to being diagnosed with Invasive S. pneumoniae. Table 3.1 displays 

Johnson County’s cases (N = 125), Table 3.2 displays Sedgwick County’s cases (N = 229) and 

Table 3.3 displays Shawnee County’s cases (N = 91).   
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Table 3.1 Frequency of Confirmed Invasive S. pneumoniae Cases in Johnson County,  

2014-2017 (N = 125) 
 

Characteristic or Variable Vaccinated Unvaccinated Unknown 

      Frequency (%) Frequency (%) Frequency (%) 

Gender    

   Males 27 (21.60) 17 (13.60) 17 (13.60) 

   Females 33 (26.40) 13 (10.40) 18 (14.40) 

Race/Ethnicity    

   White 51 (40.80) 25 (20.00) 30 (24.00) 

   Black/African American 3 (2.40) 1 (0.80) 2 (1.60) 

   Hispanic 4 (3.20) 4 (3.20) 2 (1.60) 

   Other 1 (0.80) 0 (0.00) 1 (0.80) 

      Asian 1 (0.80) 0 (0.00) 1 (0.80) 

      American Indian/Alaskan Native 0 (0.00) 0 (0.00) 0 (0.00) 

   Unknown 0 (0.00) 0 (0.00) 0 (0.00) 

Age, years    

   ≤49 16 (12.80) 14 (11.20) 11 (8.80) 

   50-64 12 (9.80) 9 (7.20) 6 (4.80) 

   65-74 18 (14.40) 2 (1.60) 10 (8.00) 

   75-84 5 (4.00) 3 (2.40) 3 (2.40) 

   ≥85 9 (7.20) 2 (1.60) 5 (4.00) 

Occupation    

   Employed  6 (4.80) 7 (5.60) 8 (6.40) 

   Unemployed 3 (2.40) 1 (0.80) 2 (1.60) 

   Retired 19 (15.20) 5 (0.40) 14 (11.20) 

   Other* 6 (4.80) 1 (0.80) 3 (2.40) 

   Unknown 26 (20.80) 16 (12.80) 8 (6.40) 

Days Hospitalized, days    

   0-7 12 (9.60) 6 (4.80) 11 (8.80) 

   8-15 1 (0.80) 2 (1.60) 0 (0.00) 

   16-30 1 (0.80) 0 (0.00) 0 (0.00) 

   >30 0 (0.00) 0 (0.00) 0 (0.00) 

   Unknown 0 (0.00) 0 (0.00) 0 (0.00) 

Infection Type    

   Bacteremia 22 (17.6) 41 (32.8) 26 (20.8) 

   Pneumonia 40 (32.0) 20 (16.0) 28 (22.40) 

   Meningitis 1 (0.80) 3 (2.40) 4 (3.20) 

   Cellulitis 1 (0.80) 0 (0.00) 1 (0.80) 

   Septic arthritis 1 (0.80) 0 (0.00) 0 (0.00) 

   Osteomyelitis 1 (0.80) 0 (0.00) 0 (0.00) 

   Otitis media 2 (1.60) 0 (0.00) 2 (1.60) 

   Other 9 (7.20) 2 (1.60) 6 (4.80) 

Underlying Medical Condition/Prior Illness    

   Yes  42 (33.60) 18 (14.40) 22 (17.60) 

   No 18 (14.4) 8 (6.40) 13 (10.40) 

   Unknown 0 (0.00) 4 (3.20) 0 (0.00) 

*Other = minor, student, homeless and disabled 
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Table 3.2 Frequency of Invasive S. pneumoniae Cases, Sedgwick County, 2014-2017          

(N = 229)  

 

Characteristic or Variable Vaccinated Unvaccinated Unknown 

      Frequency (%) Frequency (%) Frequency (%) 

Gender    

   Males 46 (20.09) 23 (10.04) 53 (23.14) 

   Females 37 (16.16) 22 (9.61) 48 (20.96) 

Race/Ethnicity    

   White 69 (30.13) 35 (15.28) 72 (31.44) 

   Black/African American 9 (3.93) 10 (4.37) 21 (9.17) 

   Hispanic 3 (1.31) 0 (0.00) 5 (2.18) 

   Other 2 (0.87) 0 (0.00) 1 (0.44) 

      American Indian/Alaskan Native 1 (0.44) 0 (0.00) 1 (0.44) 

      Asian 1 (0.44) 0 (0.00) 0 (0.00) 

   Unknown 0 (0.00) 0 (0.00) 2 (0.87) 

Age, years    

   ≤49 17 (7.42) 8 (3.49) 27 (11.79) 

   50-64 27 (11.79) 17 (7.42) 43 (18.78) 

   65-74 16 (6.99) 12 (5.24) 13 (5.68) 

   75-84 16 (6.99) 6 (2.62) 9 (3.93) 

   ≥85 7 (3.06) 2 (0.87) 9 (3.93) 

Occupation    

   Employed  9 (3.93) 7 (3.06) 16 (6.99) 

   Unemployed 12 (5.24) 15 (6.55) 28 (12.23) 

   Retired 33 (14.41) 15 (6.55) 32 (13.97) 

   Other* 16 (6.99) 3 (1.31) 13 (5.68) 

   Unknown 13 (5.68) 5 (2.18) 7 (3.06) 

Days Hospitalized, days    

   0-7 51 (22.27) 26 (11.35) 67 (29.26) 

   8-15 18 (7.86) 8 (3.49) 12 (5.24) 

   16-30 2 (0.87) 3 (1.31) 5 (2.18) 

   >30 1 (0.44) 0 (0.00) 2 (0.87) 

   Unknown 11 (4.80) 8 (3.49) 15 (6.55) 

Infection Type    

   Bacteremia 20 (8.73) 17 (7.42) 31 (13.54) 

   Pneumonia 51 (22.27) 27 (11.79) 58 (25.33) 

   Meningitis 10 (4.37) 5 (2.18) 7 (3.06) 

   Cellulitis 1 (0.44) 1 (0.44) 2 (0.87) 

   Septic arthritis 0 (0.00) 2 (0.87) 1 (0.44) 

   Osteomyelitis 0 (0.00) 1 (0.44) 0 (0.00) 

   Otitis media 2 (0.87) 0 (0.00) 0 (0.00) 

   Other 2 (0.87) 1 (0.44) 3 (1.31) 

Underlying Medical Condition/Prior Illness    

   Yes  74 (32.31) 40 (17.47) 88 (38.43) 

   No 7 (3.06) 5 (2.18) 8 (3.49) 

   Unknown 2 (0.87) 0 (0.00) 5 (2.18) 

*Other = minor, student, homeless and disabled  
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Table 3.3 Frequency of Invasive S. pneumoniae Cases, Shawnee County, 2014-2017 (N = 91)  

 

Characteristic or Variable Vaccinated Unvaccinated Unknown 

      Frequency (%) Frequency (%) Frequency (%) 

Gender    

   Males 28 (30.77) 0 (0.00) 13 (14.29) 

   Females 32 (35.16) 1 (1.10) 17 (18.68) 

Race/Ethnicity    

   White 46 (50.55) 1 (1.10) 23 (25.27) 

   Black/African American 9 (9.89) 0 (0.00) 6 (6.59) 

   Hispanic 4 (4.400 0 (0.00) 1 (1.10) 

   Other 1 (1.10) 0 (0.00) 0 (0.00) 

      Asian 0 (0.00) 0 (0.00) 0 (0.00) 

      American Indian/Alaskan Native 1 (1.10) 0 (0.00) 0 (0.00) 

   Unknown 0 (0.00) 0 (0.00) 0 (0.00) 

Age, years    

   ≤49 19 (20.88) 0 (0.00) 10 (10.99) 

   50-64 18 (19.78) 1 (1.10) 11 (12.09) 

   65-74 14 (15.38) 0 (0.00) 6 (6.59) 

   75-84 5 (5.49) 0 (0.00) 2 (2.20) 

   ≥85 4 (4.40) 0 (0.00) 1 (1.10) 

Occupation    

   Employed  9 (9.89) 1 (1.10) 8 (8.79) 

   Unemployed 9 (9.89) 0 (0.00) 8 (8.79) 

   Retired 20 (21.99) 0 (0.00) 8 (8.79) 

   Other* 19 (20.88) 0 (0.00) 2 (2.20) 

   Unknown 3 (3.30) 0 (0.00) 4 (2.20) 

Days Hospitalized, days    

   0-7 33 (36.26) 1 (1.10) 13 (14.29) 

   8-15 13 (14.29) 0 (0.00) 5 (5.49) 

   16-30 2 (2.20) 0 (0.00) 1 (1.10) 

   >30 1 (1.10) 0 (0.00) 0 (0.00) 

   Unknown 0 (0.00) 0 (0.00) 0 (0.00) 

Infection Type    

   Bacteremia 13 (14.29) 0 (0.00) 6 (6.59) 

   Pneumonia 46 (50.55) 0 (0.00) 27 (29.67) 

   Meningitis 4 (4.40) 0 (0.00) 2 (2.20) 

   Cellulitis 1 (1.10) 0 (0.00) 0 (0.00) 

   Septic arthritis 0 (0.00) 0 (0.00) 0 (0.00) 

   Osteomyelitis 0 (0.00) 0 (0.00) 0 (0.00) 

   Otitis media 1 (1.10) 0 (0.00) 0 (0.00) 

   Other 6 (6.59) 0 (0.00) 3 (3.30) 

Underlying Medical Condition/Prior Illness    

   Yes  45 (49.45) 0 (0.00) 22 (24.18) 

   No 10 (10.99) 0 (0.00) 6 (6.59) 

   Unknown 5 (5.49) 1 (1.10) 2 (2.20) 

*Other = minor, student, homeless and disabled 
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Invasive S. pneumoniae Rate 

2017 saw the highest rates of mortality caused by invasive S. pneumonia for each of the 

counties. Individuals 85 and older higher rates of S. pneumonia than any of the other age groups 

and Blacks/African Americans experienced higher rates of Invasive S. pneumoniae than Whites 

and Hispanics. Table 3.4 displays Johnson County’s cases (N = 125), Table 3.5 displays 

Sedgwick County’s cases (N = 229) and Table 3.6 displays Shawnee County’s cases (N = 91). 
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Table 3.4 Rate of Invasive S. pneumoniae, Johnson County, 2014-2017 (N = 125)   
Characteristic or 

Variable 
2014 2015 2016 2017 

 Frequency Rate Frequency Rate Frequency Rate Frequency Rate 

 (%)  (%)  (%)  (%)  

Mortality         

   Died 3 78.1148 1 24.6761 0 0.00 4 95.9003 

(2.40)  (0.80)  (0.00)  (3.20)  

   Recovered 16 2.7776 33 5.6713 32 5.4592 36 6.0741 

(12.80)  (26.40)  (25.60)  (28.80)  

   Unknown 0 - 0 - 0 - 0 - 

(0.00)  (0.00)  (0.00)  (0.00)  

Age         

   ≤49 7 1.7818 16 4.0546 9 2.2789 8 2.0079 

(5.60)  (12.80)  (7.20)  (6.40)  

   50-64 3 2.6801 5 4.4340 7 6.1984 12 10.6376 

(2.40)  (4.00)  (5.60)  (9.60)  

   65-74 4 9.6660 7 15.8638 10 21.2441 9 18.1393 

(3.20)  (5.60)  (8.00)  (7.20)  

   75-84 2 10.1812 5 25.0294 1 4.8665 2 9.3153 

(1.60)  (4.00)  (0.80)  (1.60)  

   ≥85 3 29.3499 1 9.6186 5 46.8165 6 57.9318 

(2.40)  (0.80)  (4.00)  (4.80)  

Gender         

   Males 8 2.8523 17 5.9954 17 5.9529 19 6.5705 

(6.40)  (13.6)  (13.6)  (15.20)  

   Females 11 3.7676 17 5.7693 15 5.0506 18 6.0000 

(8.80)  (13.6)  (12.0)  (14.40)  

Race/Ethnicity         

   White 19 4.0294 28 5.8929 29 6.0649 30 6.2344 

(15.20)  (22.40)  (23.20)  (24.00)  

   Black/African  

   American 

0 0.00 2 6.4200 3 9.6491 1 3.1522 

(0.00)  (1.60)  (2.40)  (0.80)  

   Hispanic 1 2.3311 4 9.1995 4 9.0885 1 2.1939 

(0.80)  (3.20)  (3.20)  (0.80)  

   Other 0 0.00 0 0.00 1 3.0331 1 2.8937 

(0.00)  (0.00)  (0.80)  (0.80)  

      Asian 0 0.00 0 0.00 1 2.9421 1 2.8083 

(0.00)  (0.00)  (0.80)  (0.80)  

      American  

      Indian/Alaskan  

      Native 

0 0.00 0 0.00 0 0.00 0 0.00 

(0.00)  (0.00)  (0.00)  (0.00)  

   Unknown 0 - 0 - 0 - 0 - 

(0.00)  (0.00)  (0.00)  (0.00)  

Vaccination 

Status 
        

   Vaccinated 7 - 14 - 16 - 23 - 

(5.60)  (11.20)  (12.80)  (18.40)  

      Conjugate 1 - 10 - 10 - 14 - 

(0.80)  (8.00)  (8.00)  (11.20)  

      Polysaccharide 6 - 5 - 7 - 16 - 

(4.80)  (4.00)  (5.60)  (12.80)  

      Both 0 - 1 - 1 - 7 - 

(0.00)  (0.80)  (0.80)  (5.60)  

   Unvaccinated 9 - 14 - 7 - 0 - 

(7.20)  (11.20)  (5.60)  (0.00)  

   Unknown  3 - 6 - 9 - 7 - 

(2.40)  (4.80)  (7.20)  (5.60)  
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Table 3.5 Rate of Invasive S. pneumoniae, Sedgwick County, 2014-2017 (N = 229) 
Characteristic or 

Variable 
2014 2015 2016 2017 

 Frequency Rate Frequency Rate Frequency Rate Frequency Rate 

 (%)  (%)  (%)  (%)  

Mortality         

   Died 11 0.2155 4 0.0780 7 0.1363 13 0.2525 

(4.80)  (1.75)  (3.06)  (5.68)  

   Recovered 25 0.4899 29 0.5653 64 1.2467 75 1.4566 

(10.92)  (12.66)  (27.95)  (32.75)  

   Unknown 0 - 0 - 0 - 1 - 

(0.00)  (0.00)  (0.00)  (0.44)  

Age         

   ≤49 8 0.2304 7 0.2013 18 0.5195 19 0.5494 

(3.49)  (3.06)  (7.86)  (8.30)  

   50-64 10 1.0370 15 1.5541 23 2.3813 39 4.0747 

(4.37)  (6.55)  (10.04)  (17.03)  

   65-74 10 2.7440 5 1.2999 14 3.5033 12 2.8255 

(4.37)  (2.18)  (6.11)  (5.24)  

   75-84 4 2.0330 4 2.0403 11 5.5811 12 5.9527 

(1.75)  (1.75)  (4.80)  (5.24)  

   ≥85 4 4.4668 2 2.1853 5 5.4245 7 7.3937 

(1.75)  (0.87)  (2.18)  (3.06)  

Gender         

   Males 22 0.8762 18 0.7118 32 1.2699 50 1.9768 

(9.61)  (7.86)  (13.97)  (21.83)  

   Females 14 0.5478 15 0.5849 39 1.5133 39 1.5088 

(6.11)  (6.55)  (17.03)  (17.03)  

Race/Ethnicity         

   White 24 0.6696 27 0.7541 53 1.4787 72 2.0128 

(10.48)  (11.79)  (23.14)  (31.44)  

   Black/African  

   American 

8 1.5547 4 0.7671 14 2.7353 14 2.7301 

(3.49)  (1.75)  (6.11)  (6.11)  

   Hispanic 2 0.2803 0 0.00 4 0.5399 2 0.2643 

(0.87)  (0.00)  (1.75)  (0.87)  

   Other 1 0.3454 1 0.3354 0 0.00 1 0.3325 

(0.44)  (0.44)  (0.00)  (0.44)  

      Asian 0 0.00 1 0.4111 0 0.00 1 0.4040 

(0.00)  (0.44)  (0.00)  (0.44)  

      American  

      Indian/Alaskan  

      Native 

1 1.8023 0 0.00 0 0.00 0 0.00 

(0.44)  (0.00)  (0.00)  (0.44)  

   Unknown 1 - 1 - 0 - 0 - 

(0.44)  (0.44)  (0.00)  (0.44)  

Vaccination Status         

   Vaccinated 14 - 12 - 30 - 27 - 

(6.60)  (5.24)  (13.10)  (11.79)  

      Conjugate 1 - 2 - 10 - 5 - 

(0.44)  (0.87)  (4.37)  (2.18)  

      Polysaccharide 12 - 8 - 10 - 10 - 

(5.24)  (3.49)  (4.37)  (4.37)  

      Both 1 - 2 - 10 - 12 - 

(0.44)  (0.87)  (4.37)  (5.24)  

   Unvaccinated 11 - 8 - 16 - 10 - 

(4.80)  (3.49)  (6.99)  (4.37)  

   Unknown  11 - 13 - 25 - 52 - 

(4.80)  (5.68)  (10.92)  (22.71)  
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Table 3.6 Rate of Invasive S. pneumoniae, Shawnee County, 2014-2017 (N = 91) 
Characteristic or 

Variable 
2014 2015 2016 2017 

 Frequency Rate Frequency Rate Frequency Rate Frequency Rate 

 (%)  (%)  (%)  (%)  

Patient Death         

   Yes 0 0.00 1 0.0559 1 0.0561 1 0.0561 

(0.00)  (1.10)  (1.10)  (1.10)  

   No 4 0.2239 14 0.7825 34 1.9070 36 2.0195 

(4.40)  (15.38)  (37.36)  (39.56)  

   Unknown 0 - 0 - 0 - 0 - 

(0.00)  (0.00)  (0.00)  (0.00)  

Age         

   ≤49 3 0.2660 5 0.4445 13 1.1679 8 0.7211 

(3.30)  (5.49)  (14.29)  (8.79)  

   50-64 1 0.2706 5 1.3599 12 3.2866 12 3.3444 

(1.10)  (5.49)  (13.19)  (13.19)  

   65-74 0 0.00 4 2.4334 7 4.0779 9 5.0160 

(0.00)  (4.40)  (7.69)  (9.89)  

   75-84 0 0.00 1 1.1449 0 0.00 6 6.6087 

(0.00)  (1.10)  (0.00)  (6.59)  

   ≥85 0 0.00 0 0.00 3 6.9180 2 4.6264 

(0.00)  (0.00)  (3.30)  (2.20)  

Gender         

   Males 2 0.2326 8 0.9259 13 1.5143 18 2.0956 

(2.20)  (8.79)  (14.29)  (19.78)  

   Females 2 0.2186 7 0.7661 22 2.4084 19 2.0802 

(2.20)  (7.69)  (24.18)  (20.88)  

Race/Ethnicity         

   White 2 0.1471 12 0.8857 27 2.0015 29 2.1608 

(2.20)  (13.19)  (29.67)  (31.87)  

   Black/African  

   American 

1 0.5921 1 0.5907 6 3.5962 7 4.2094 

(1.10)  (1.10)  (6.59)  (7.69)  

   Hispanic 0 0.00 2 0.9316 2 0.9261 1 0.4490 

(0.00)  (2.20)  (2.20)  (1.10)  

   Other 1 2.0290 0 0.00 0 0.00 0 0.00 

(1.10)  (0.00)  (0.00)  (0.00)  

      Asian 0 0.00 0 0.00 0 0.00 0 0.00 

(0.00)  (0.00)  (0.00)  (0.00)  

      American  

      Indian/Alaskan  

      Native 

1 4.8088 0 0.00 0 0.00 0 0.00 

(1.10)  (0.00)  (0.00)  (0.00)  

   Unknown 0 - 0 - 0 - 0 - 

(0.00)  (0.00)  (0.00)  (0.00)  

Vaccination Status         

   Vaccinated 4 - 8 - 25 - 23 - 

(4.40)  (8.79)  (27.47)  (25.27)  

      Conjugate 0 - 3 - 5 - 6 - 

(0.00)  (3.30)  (5.49)  (6.60)  

      Polysaccharide 2 - 4 - 9 - 5 - 

(2.20)  (4.40)  (9.89)  (5.49)  

      Both 2 - 1 - 11 - 12 - 

(2.20)  (1.10)  (12.09)  (13.19)  

   Unvaccinated 0 - 0 - 0 - 1 - 

(0.00)  (0.00)  (0.00)  (1.10)  

   Unknown  0 - 7 - 10 - 13 - 

(0.00)  (7.69)  (10.99)  (14.29)  
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Chi-Square 

Table 3.7 shows the comparison between each County’s “general” or total population to 

their study population. These comparisons were performed to determine if the study population 

was representative of the County’s population as a whole and could give insight on if any 

gender, race/ethnicity or age group was being disproportionately affected by the disease, as they 

would be significantly over- or under-represented in the study population. No significant 

differences between each County’s general population and their study population in the selected 

categories and no significant differences between the total study population and Kansas’s 

population as a whole were identified. 

 

Table 3.7 Comparison of Population Frequencies between Sedgwick County, Shawnee 

County, and Johnson County and Kansas’s General Population to the Population of 

Confirmed Invasive S. pneumoniae Cases, 2014-2017 

 

 Table 3.8 shows the comparison between vaccination status, gender, race/ethnicity, age 

and mortality of disease for each County’s study populations. Several significant differences in 

vaccination status between Shawnee County’s and Sedgwick County’s study populations were 

Characteristic or Variable Sedgwick Shawnee Johnson Kansas 

      x2 P-value x2 P-value x2 P-value x2 P-value 

Gender         

   Males 0.0028 0.9578 0.0025 0.9601 0.0000 >0.9999 0.0000 >0.9999 

   Females 0.0028 0.9578 0.0023 0.9617 0.0000 >0.9999 0.0000 >0.9999 

Race/Ethnicity         

   White  0.0069 0.9998 0.0002 >0.9999 0.0012 >0.9999 0.0003 >0.9999 

   Black/African  

   American 
0.0551 0.9966 0.0534 0.9968 0.0005 >0.9999 0.0746 0.9947 

   Hispanic or Latino 0.0812 0.9940 0.0352 0.9982 0.0003 >0.9999 0.0358 0.9982 

   Other 0.0347 0.9983 0.0105 0.9997 0.0283 .9987 0.0189 0.9993 

Age, years         

   0-49 0.3000 0.9898 0.1518 0.9973 0.1765 0.9963 0.2256 0.9941 

   50-64 0.1950 0.9955 0.0014 >0.9999 0.0026 >0.9999 0.0912 0.9990 

   65-74 0.1357 0.9978 0.1670 0.9967 0.3306 0.9878 0.1800 0.9962 

   75-84 0.2415 0.9933 0.0152 >0.9999 0.0762 0.9993 0.1005 0.9988 

   ≥85 0.2040 0.9951 0.0391 0.9998 0.6158 0.9613 0.1931 0.9956 

*= P-value of less than or equal to .05 

** = P-value of less than or equal to .01 
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identified. Specifically, there were significant differences between the portion of Sedgwick 

County’s populations that are vaccinated and unvaccinated as compared to the portion these 

groups make up of Shawnee County’s population.  

 

Table 3.8 Comparison of Population Frequencies between Sedgwick County, Shawnee 

County, and Johnson County Confirmed Invasive S. pneumoniae Cases, 2014-2017 

 

Characteristic or Variable Shawnee vs Sedgwick Johnson vs Sedgwick Johnson vs Shawnee 

      x2 P-value x2 P-value x2 P-value 

Vaccination Status       

   Vaccinated 24.3238 <0.0001** 0.0381 0.9811 0.0488 0.9759 

      Conjugate 0.0720 0.9646 0.5160 0.7726 0.1034 0.9496 

      Polysaccharide 0.0116 0.9942 0.0542 0.9732 0.0124 0.9938 

      Both 0.2855 0.8670 0.0127 0.9937 0.1599 0.9232 

   Unvaccinated 17.5116 0.0002** 0.0096 0.9952 4.7726 0.0920 

   Unknown 2.8090 0.2455 0.1317 0.9363 0.0510 0.9748 

Gender       

   Males 1.2713 0.2595 0.0038 0.9508 0.0029 0.9571 

   Females 1.4498 0.2286 0.0043 0.9477 0.0027 .9586 

Race/Ethnicity       

   White  <0.0001 >0.9999 0.0082 0.9998 0.0073 0.9998 

   Black/African American 0.0561 0.9965 0.0919 0.9928 0.2844 0.9629 

   Hispanic or Latino 1.1461 0.7660 0.0581 0.9963 0.0078 0.9998 

   Other 0.0337 0.9984 0.0006 >0.9999 0.0016 >0.9999 

Age, years       

   ≤49 3.6947 0.4489 0.0449 0.9998 0.0003 >0.9999 

   50-64 0.6633 0.9558 0.0707 0.9994 0.0598 0.9996 

   65-74 0.9300 0.9201 0.0208 0.9999 0.0017 >0.9999 

   75-84 2.5275 0.6397 0.0166 >0.9999 0.0014 >0.9999 

   ≥85 0.7146 0.9495 0.0310 0.9999 0.0417 0.9998 

Mortality        

   Died 0.0940 0.9541 0.0516 0.9997 0.0292 0.9999 

   Recovered 0.0183 0.9909 0.0103 >0.9999 0.0010 >0.9999 

   Unknown 0.0044 0.9978 0.0044 >0.9999 - - 

*= P-value of less than or equal to .05 

** = P-value of less than or equal to .01 
 

Table 3.9 compares the 2014 and 2015 study populations to the 2016 and 2017 study 

populations for each of the participating counties. No significant differences were found between 

any County’s 2014-2015 and 2016-2017 S. pneumoniae case populations.  

  



37 

 

Table 3.9 Frequency Comparison between Sedgwick County’s, Shawnee County’s, and 

Johnson County’s 2014-2015 to 2016-2017 Populations of Confirmed Invasive                     

S. pneumoniae Cases 
 

Characteristic or Variable Sedgwick Shawnee Johnson 

      x2 P-value x2 P-value x2 P-value 

Vaccination Status       

   Vaccinated 0.1614 0.9225 1.1868 0.5524 0.1234 0.9402 

      Conjugate 0.2096 0.9005 0.2344 0.8894 0.1229 0.9404 

      Polysaccharide 0.0000 >0.9999 0.1172 0.9431 0.1047 0.9490 

      Both 0.5255 0.7689 1.4652 0.4807 0.3920 0.8220 

   Unvaccinated 0.0113 0.9944 - - 0.0890 0.9565 

   Unknown 0.5111 0.7745 0.4019 0.8180 0.0436 0.9784 

Gender       

   Males 0.1926 0.6608 0.4846 0.4863 0.0387 0.8440 

   Females 0.3615 0.5477 1.2503 0.2635 0.0183 0.8924 

Race/Ethnicity       

   White  0.4689 0.4935 1.3846 0.2393 0.0245 0.8756 

   Black/African American 0.0932 0.7601 0.6648 0.4149 0.0160 0.8993 

   Hispanic 0.0349 0.8518 0.0055 0.9409 0.0000 >0.9999 

   Other 0.0022 0.9626 0.0110 0.9165 - - 

   Unknown 0.0087 0.9257 - - - - 

Age, years       

   ≤49 0.1409 0.7074 0.2321 0.6300 0.0125 0.9110 

   50-64 0.2391 0.6249 0.5934 0.4411 0.1210 0.7280 

   65-74 0.0352 0.8512 0.3956 0.5294 0.0465 0.8293 

   75-84 0.1228 0.7260 0.2747 0.6002 0.0183 0.8924 

   ≥85 0.0262 0.8714 - - 0.0980 0.7542 

Mortality        

   Died 0.0073 0.9319 0.0110 0.9165 0.0000 >0.9999 

   Recovered 0.5843 0.4446 1.6508 0.1989 0.0589 0.8082 

   Unknown - - - - - - 

*= P-value of less than or equal to .05 

** = P-value of less than or equal to .01 

 

  



38 

 

Statistical Models 

The results for each statistical model are reported in this chapter in table format, with 

each included variable having an odds ratio (OR) with accompanying two-tailed 95 percent 

confidence intervals.  

The results from Model 1, shown below in Table 3.10, showed that the only variables that 

had a significant relationship to the patient’s mortality were the county of which they reside and 

underlying medical conditions. Shawnee County had the highest odds of mortality for 

individuals afflicted with S. pneumoniae. Residents of Shawnee County that has been infected by 

invasive S. pneumoniae were 7.0 times as likely to succumb to the disease than Sedgwick 

County residents. Individuals with underlying medical conditions were 8.1 times as likely to 

succumb to the S. pneumoniae than individuals with no underlying medical conditions; while 

individuals with unknown status underlying medical conditions were 24.5 times as likely to die 

from S. pneumoniae than individuals with no underlying medical conditions. All other included 

variables were found to have an insignificant relationship with patient mortality. The null 

deviance of General Linear Model 1 – Logistic Regression was 301.05 on 448 degrees of 

freedom, while the residual deviance was 267.50 on 442 degrees of freedom. 

 

Table 3.10 County, Race/Ethnicity, Age Onset, Vaccination Status, and Medical Condition 

Variables Associated with Mortality as Compared to Survival of Invasive S. pneumoniae 
 

Characteristic or Variable Odds Ratio Lower CI Upper CI 

  2.5 % 97.5 % 

Counties (Reference Sedgwick County)    

   Johnson County 2.1716 0.9880 5.2670 

   Shawnee County 7.0311* 2.2498 32.1158 

Race/Ethnicity 1.1022 0.6774 1.9507 

Age, years 0.9950 0.9781 1.0111 

Vaccination Status 0.6738 0.4237 1.0440 

Underlying Medical Condition (Reference No)    
   Yes 8.1232* 2.5796 25.7108 

   Unknown 24.4750* 4.6904 192.5870 

*= Odds Ratio Significant  
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 The results from General Linear Model 2 – Logistic Regression, shown in Table 3.11, 

demonstrate that again the county of which the individual resides, and underlying medical 

conditions had a significant relationship to the patient’s mortality. Residents of Shawnee County 

infected with S. pneumoniae were 6.8 times as likely to die from invasive S. pneumoniae than 

Sedgwick County residents. Individuals with underlying medical conditions were 13.4 times as 

likely to succumb to the S. pneumoniae than individuals with no underlying medical conditions; 

while individuals with unknown status underlying medical conditions were 45.4 times as likely 

to die from S. pneumoniae than individuals with no underlying medical conditions. All other 

included variables were found to have an insignificant relationship with patient mortality. The 

null deviance of General Linear Model 2 – Logistic Regression was 301.05 on 448 degrees of 

freedom, while the residual deviance was 265.65 on 442 degrees of freedom. 

 

Table 3.11 County, Vaccination Status, Days Hospitalized, Type of Infection, and Medical 

Condition Variables Associated with Mortality as Compared to Survival of Invasive S. 

pneumoniae 
 

Characteristic or Variable Odds Ratio Lower CI Upper CI 

  2.5 % 97.5 % 

Counties (Reference Sedgwick County)    

   Johnson County 1.3100 0.1230 2.7225 

   Shawnee County 6.8452* 2.1468 32.0031 

Vaccination Status 0.6721 0.4217 1.0434 

Number of Days Hospitalized 1.0074 0.9977 1.0182 

Type of Infection 1.3667 0.7847 2.5929 

Underlying Medical Condition (Reference No)    

   Yes 13.4057* 3.6325 52.7256 

   Unknown 45.3558* 7.8409 390.7720 

*= Odds Ratio Significant 

 

 The results from General Linear Model 3 – Logistic Regression are shown in Table 3.12. 

The only variable the showed a significant relationship with patient mortality was having an 

underlying medical condition. Individuals with underlying medical conditions were 9.2 times as 

likely to succumb to the S. pneumoniae than individuals with no underlying medical conditions; 
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while individuals with unknown status underlying medical conditions were 31.2 times as likely 

to die from S. pneumoniae than individuals with no underlying medical conditions. The null 

deviance of General Linear Model 3 – Logistic Regression was 301.05 on 448 degrees of 

freedom, while the residual deviance was 278.44 on 442 degrees of freedom. 

 

Table 3.12 Vaccination Type, Days Hospitalized, Age Onset, Type of Infection, Medical 

Condition and Race/Ethnicity Variables Associated with Mortality as Compared to 

Survival of Invasive S. pneumoniae 
 

Characteristic or Variable Odds Ratio Lower CI Upper CI 

  2.5 % 97.5 % 

Vaccination Type 0.8802 0.7017 1.0903 

Days Hospitalized 1.0064 0.9984 1.0154 

Age, years 0.9950 0.9785 1.0107 

Type of Infection 1.5841 0.9098 2.9772 

Underlying Medical Conditions (Reference No)    

   Yes 9.2021* 2.7076 32.0346 

   Unknown 31.2034* 5.8319 251.6142 

Race/Ethnicity 1.1264 0.6889 2.0103 

*= Odds Ratio Significant 

  

The results for General Linear Model 4 - Poisson regression, are shown below in Table 

3.13. All included variables were found to have an insignificant relationship with patient 

mortality. The null deviance of General Linear Model 4 – Poisson Regression was 7.3925 on 448 

degrees of freedom, while the residual deviance was 7.0741 on 442 degrees of freedom. 

 

Table 3.13 County, Race/Ethnicity and Age Onset Variables Estimated Incidence Rate 

Ratio of Invasive S. pneumoniae 
 

Characteristic or Variable IRR Lower CI Upper CI 

  2.5 % 97.5 % 

Counties (Reference Sedgwick County)    

   Johnson County 1.0374 0.8494 1.2992 

   Shawnee County 0.9993 0.7796 1.2702 

Race/Ethnicity 0.9839 0.8445 1.1355 

Age, years 0.9997 0.9957 1.0039 

*= Incidence Rate Ratio (IRR) Significant 
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 The results for General Linear Model 5 - Logistic Regression are shown below in Table 

3.14. County of residence and underlying medical condition were shown to be significant 

predictors of the patient’s odds of mortality. Residents of Shawnee County were 5.0 times as 

likely to die from invasive pneumococcal disease than Sedgwick County residents. This model 

also showed that individuals with underlying medical conditions were 9.0 as likely to die from 

invasive pneumococcal disease than individuals who did not have an underlying medical 

condition. While individuals whose status of underlying medical conditions was unknown were 

32.1 times as likely to die from pneumococcal disease than individuals with no underlying 

medical conditions. The null deviance of General Linear Model 5 – Logistic Regression was 

301.05 on 448 degrees of freedom, while the residual deviance was 255.65 on 442 degrees of 

freedom. 

 

 

Table 3.14 Year, County, Medical Condition, Vaccination Type and Day Hospitalized 

Variables Associated with Mortality as Compared to Survival of Invasive S. pneumoniae 
 

Characteristic or Variable Odds Ratio Lower CI Upper CI 

  2.5 % 97.5 % 

Year 1.3723* 1.0032 1.8751 

Counties (Reference Sedgwick County)    

   Johnson County 1.3897 0.5557 3.7281 

   Shawnee County 6.4841* 2.0411 30.1208 

Underlying Medical Condition (Reference No)    

   Yes 9.4061* 2.7838 3.2213 

   Unknown 31.3573* 5.8927 250.2374 

Vaccination Type 0.8207 0.6605 1.0313 

Number of Days Hospitalized 1.0092 0.9993 1.0202 

*= Odds Ratio Significant 

 

 The Hosmer-Lemeshow test statistic was 8.1 with a p-value greater than 0.05, meaning 

that it is not significant and that we are unable to reject the null hypothesis at this time (Table 

3.15). 
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Table 3.15 General Linear Model 5 – Logistic Regression Hosmer and Lemeshow Goodness 

of Fit Test Results 
 

Hosmer and Lemeshow Goodness of Fit Test 

𝑥2 Degree of Freedom P-value 

8.1436 8 0.4196 
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Chapter 4 – Conclusions and Discussions (Falling Action) 

Conclusions 

  The study supports four main assertions, the first being that there are significant 

differences in case mortality of invasive S. pnuemoniae between Sedgwick and Shawnee County. 

The second claim, being very much related to the first, is that according to the data, Shawnee 

County had the greatest odds of mortality for individuals infected with invasive S. pnuemoniae 

amongst the three counties.  

 The third assertion is that having an underlying medical condition decreased individual’s 

odds of surviving invasive S. pneumoniae.  Individuals whose status for underlying medical 

conditions was unknown also had greater odds of mortality, but no conclusions can be drawn 

from this as this category is merely the absences of information and hints that there are still 

variables that are not entirely accounted for by the available data and models.  

 The final assertion is that the from this dataset the best predictor of an individual’s odds 

of mortality is a model that accounts for the year the person is infected, their county of residence, 

the type of vaccine they received and the number of days they are hospitalized for. 

Limitations 

 The main constraint of this study is the limiting study population, in that it only contained 

a total study population of 445. This population size proved to be unsuitable for more complex 

statistical models and was the greatest limiting factor for this study.  

 A second major limitation is that there are currently no valid baseline measurements of 

what portion of the at-risk population is vaccinated against S. pneumoniae for the counties that 

were included in this study. This in combination with the limited study population made it 

impossible to accurately assess the current efficacy of the PCV13 and PPSV23 vaccines in the 

study’s population. Another limitation that greatly affected the assessment of the two 
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recommended vaccines is that there was no serotype data available as to which strain of S. 

pneumoniae the affected individuals were infected with. This, in turn, made it impossible to 

determine if the recent rise of S. pneumoniae cases was a result of decreases efficacy of the 

vaccines or if Kansas is experiencing another shift in the dominant serotype. 

 The final limitation is the studies generalizability. Johnson, Sedgwick, and Shawnee 

Counties were selected for this study because they included 52 percent (445 of 855 cases) of all 

of the invasive S. pneumoniae cases that were reported in the state of Kansas from 2014 to 2017. 

These counties make up approximately half (44 percent) of the state’s total population, but from 

Table 3.7 we are able to see that there is no significant difference in the study population and 

Kansas population demographics regarding gender and race/ethnicity. However, the 

generalizability of this study is greatly hindered by the fact that Johnson, Sedgwick, and 

Shawnee Counties only represent a total of 2.5 percent of the total land area of Kansas. These 

three counties have an average population density of 670 people per square mile (259/km2) while 

the State of Kansas averages 35 people per square mile (13.5/km2), as these three counties have 

the largest metropolitan areas in Kansas. Finally, from Table 3.7 we also see that there were 

significant differences between the study population and the population of Kansas in every age 

group. Keeping these facts in mind, it does make it difficult to directly apply the finding of this 

study to rural counties such as Sherman County, which has a total population of 5,390 and a 

population density of 6 people per square mile (2.2/km2).  

Future Directions and Recommendations 

 Even though this study was not able to answer all of the original questions that it set out 

to, the project will continue as, unfortunately, individuals will continue to be sickened by S. 

pneumoniae and there is no reason to believe that the current trends discussed in this paper will 
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not continue. This means that the study’s population will continue to grow over time, resulting in 

more available data which may allow for more accurate models and predictions. 

 As for changes to the overall project, I would strongly recommend that future researchers 

continue to develop inter- county health department relationships; as one of the largest delays to 

this project was the sharing of patients’ health information between health departments. 

Additional, further development of these relationships would allow for the inclusion of other 

counties, such as Wyandotte, Saline, Douglas and Reno Counties. The inclusion of these 

counties would result in an immediate increase to the study’s population, as well as, making the 

study more generalizable to the entire state of Kansas as a greater portion of the State’s 

population is being represented. Of course, the eventual goal would be to have all reported cases 

for Kansas of invasive pneumococcal disease to be included in this study, as this would allow for 

the strongest results possible. 

 I would also suggest that as the project moves forward, future researchers investigate 

what the possible differences are in the rate of disease between urban and rural populations. 

Currently, as the study stands, most of the study population resides in the metropolitan centers of 

Kansas, as these counties were selected due to having the highest rates of disease and a majority 

of the reported invasive S. pnuemoniae cases. However, approximately one-third of Kansas’s 

total population (9.27 × 105 of 2.91 × 1010) is classified as living in rural areas and overall 

have less access to healthcare facilities and lower frequency of social determinants of health than 

their urban counterparts. Lastly, I would recommend that the serotyping be done for all S. 

pneumoniae patients and be included in all models along with “type of infection” variable.  This 

additional information would confirm if we are seeing a shift in the predominant strain present in 

the population, which would be subverting the immunity conveyed by the vaccines. Along with 

this, it is also vital that the included Kansas counties continue to develop accurate vaccination 
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records for their populations, especially the aging population, as this data will continue to 

become more important for cross-referencing with the serotype of bacteria strain that they have 

been infected with to determine each vaccine’s current efficacy.  
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Chapter 5 – Competencies (Resolution) 

From first being accepted into this program for the Spring semester of 2017 to the Fall 

semester 2018, I have completed cores in all five of the areas of core competencies for public 

health, as well as the five area core competencies of infectious disease and zoonoses; as shown 

below in Table 5.1.  

 

Table 5.1 Public Health and Infectious Diseases and Zoonoses Areas of Core Competencies 

Core Competencies of Public Health 

Areas of Competency Course Requirement Term 

1. Biostatistics 
MPH 701 – Fundamental Methods of 

Biostatistics 
Spring 2017 

2. Environmental Health Sciences MPH 802 – Environmental Health Fall 2018 

3. Epidemiology MPH 754 – Introduction to Epidemiology Fall 2017 

4. Health Services Administration 
MPH 720 – Administration of Health Care 

Organizations 
Spring 2017 

5. Social and Behavioral Sciences 
MPH 818 – Social and Behavioral Bases of 

Public Health 
Spring 2018 

   

   

Core Competencies of Infectious Diseases and Zoonoses 

Areas of Competency Course Requirement Term 

1. Pathogens/pathogenic mechanisms 
BIOL 530 Pathogenic Microbiology 

BIOL 675 Genetics of Microorganisms 

Fall 2018 

Fall 2018 

2. 
Host Response to 

Pathogens/Immunology 

BIOL 671 – Immunology Lab 

DMP 880 – Problems in Pathobiology 

Spring 2018 

Fall 2018 

3. Environmental/Ecological Influences DMP 770 – Emerging Diseases Summer 2017 

4. 
Disease Surveillance/Quantitative 

Methods 
DMP 854 – Intermediate Epidemiology Spring 2018 

5. Effective Communication AAI 801 – Interdisciplinary Process Fall 2018 

 

As this document has outlined, I started my Field Experience at Sedgwick County 

Division of Health’s Epidemiology Program during the Summer of 2018, and it continued 

through the Fall semester of 2018. I have completed a total of 221.25 hours onsite. During this 

time, I had worked on the S. pneumoniae project covered by this document, participated and 

observed the day-to-day operations and activities of a fully accredited Public Health Department, 

received public health and HIPPA training and certifications, as well as assisted with other 

ongoing projects. 
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I have identified three main products that I have produced that are a direct result from this 

field experience. The first product is the S. pneumoniae database that had been mentioned earlier 

in this manuscript and was used for all data analysis and statistical models. The second is this 

document itself, as well as the accompanying epidemiological report that will be published by 

Sedgwick County Division of Health in the following months in order to contribute to the 

comprehensive knowledge of the field of Public Health. The third and final product is an oral 

presentation that was given at SCDOH, to the entirety of the Epidemiology Program and that will 

be repeated at the defense of this capstone report. These products are outlined in Table 5.2. 

 

Table 5.2 Summary of Portfolio Products 
 

Portfolio Product Description 

1. 
Disease database of 

invasive S. pneumoniae 

A database containing all reported cases of invasive S. pneumoniae for Sedgwick 

and other select Kansas counties. 

2. 
Capstone and 

epidemiological report 

A written report that contains background, methods, results, discussions, and 

conclusions coving the entire project with tables, graphs, and appendices to 

summarize the data and important forms. 

3. Oral presentation 

A verbal presentation that utilizes slides that contain background, methods, 

results, discussions, and conclusions coving the entire project with tables, 

graphs, and images to summarize the data and important forms. 

 

 The next requirement was to select five MPH foundational competencies spanning one or 

multiple areas of emphasis that I had obtained during the duration of the field experience. The 

areas of emphasis that I selected included “Evidence-based Approaches to Public Health” and 

“Interprofessional Practice.” The individual competencies of these two areas are listed in Table 

5.3, along with a short description of how each competency was achieved during the field 

experience. 
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Table 5.3 Summary of MPH Area of Emphasis Competencies 
 

MPH Area of Emphasis: Evidence-based Approaches to Public Health and Interprofessional Practice 

Number and Competency Description 

# 1. 

Apply epidemiological methods to the breadth 

of settings and situations in public health 

practice 

I used current and historical information and data to 

select factors that may affect an individual’s risk of 

disease (morbidity). 

# 2. 

Select quantitative and qualitative data 

collection methods appropriate for a given 

public health context 

I created a database for Sedgwick County and other 

select counties for possible risk factors and disease 

outcomes (morality). 

# 3. 

Analyze quantitative and qualitative data 

using biostatistics, informatics, computer-

based programming, and software, as 

appropriate 

I cleaned and performed statistical analysis on the 

database to determine if any factors had statistical 

significance on disease outcome. 

# 4. 
Interpret results of data analysis for public 

health research, policy or practice 

My results and statistical analysis are to be published so 

that they can be used to create recommendations for 

policies and practices to protect against future disease. 

# 21. 
Perform effectively on interprofessional 

teams 

I worked with Sedgwick County’s and other select 

counties epidemiologist to coordinate data and to 

complete project goals and objectives. 

 

Finally, in Table 5.4, I have matched the portfolio products to the Area of Emphasis 

Competencies to which they are best suited. The first competency that selected was “Apply 

epidemiological methods to the breadth of settings and situations in public health practice,” and I 

matched the capstone and epidemiology report to this competency as both of these documents 

outline the history and how S. pnuemoniae causes diseases, which this information was critical 

for the initial selection of possible risk factors when first creating the S. pnuemoniae case 

database. 

For the second competency of “Select quantitative and qualitative data collection 

methods appropriate for a given public health context,” I matched the invasive S. pnuemoniae 

case databases, as the database was a collection of qualitative and quantitative factors that had 

been reported from patients that had been infected with invasive S. pnuemoniae. I believe the 

ability to produce such a database, that is still in use, speaks to my ability to select and utilize 

appropriate data collection methods. 

For the third and fourth competences, “Analyze quantitative and qualitative data using 

biostatistics, informatics, computer-based programming, and software, as appropriate” and 
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“Interpret results of data analysis for public health research, policy or practice” respectively, I 

matched both the capstone and epidemiology report and oral presentation to both of them, as 

both of these products focus on the use of computer programs and software to run statistical 

models for the purpose of furthering our understanding of what has contributed to the recent 

trends of pneumococcal disease and if steps could be taken to limit the future impact of disease. 

The fifth and final competency was to “perform effectively on interprofessional teams.” I 

believe that all of the listed products, and more than that the entire project, supports the mastery 

of this competency. Before the project even started, multiple public health departments across 

three different counties needed to be coordinated to release the appropriate information and to 

continue to receive updates as new data became available, as well as contacting dozens of 

personal health care providers for information that was relevant to the study, but was absent from 

the initial disease report. Once the data was collected, the collaborations continued, as we had to 

determine what the most important questions were, with input from all involved parties, and 

what the best models were to answer them. 

  

 Table 5.4 Portfolio Products and Competency Addressed 
 

Portfolio Product Number and Competency Addressed 

2. 
Capstone and 

Epidemiological Report 
# 1. 

Apply epidemiological methods to the breadth of settings and 

situations in public health practice 

1. 
Disease Database of 

Invasive S. pneumoniae 
# 2. 

Select quantitative and qualitative data collection methods 

appropriate for a given public health context 

2. & 

3. 

- Capstone and 

Epidemiological Report 

- Oral Presentation 

# 3. 

Analyze quantitative and qualitative data using biostatistics, 

informatics, computer-based programming and software, as 

appropriate 

2. & 

3. 

- Capstone and 

Epidemiological Report 

- Oral Presentation 

# 4. 
Interpret results of data analysis for public health research, policy 

or practice 

1., 2. 

& 3. 

All Portfolio Products 

Listed 
# 21. Perform effectively on interprofessional teams 

 

I believe that I have made a well-found case that I have achieved mastery of all the list 

competencies and that the listed products were worth the time and effort that was necessary to 
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create them. It is my sincere hope that these will help to advance understanding of pneumococcal 

diseases and improve practices so that we can limit the suffering caused by this and similar 

agents. 
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Appendix A – KDHE, Streptococcus pneumoniae, Invasive Disease Investigation Guideline 
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Appendix B – KDHE, Pneumococcal Disease Fact Sheet 
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Appendix C – CDC, Vaccine Information Statement: Pneumococcal Conjugate Vaccine 

(PCV13)  
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Appendix D – CDC, Vaccine Information Statement: Pneumococcal Polysaccharide 

Vaccine (PPSV23) 
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Appendix E – CDC – Recommended Immunizations Schedule for Children and 

Adolescents Aged 18 Years or Younger, United States, 2018 
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Appendix F – CDC – Catch-Up Guidance for Healthy Children 4 Months through 4 Years 

of Age – Pneumococcal Conjugate Vaccine: PCV  
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Appendix G – CDC – Recommended Immunization Schedule for Adults Aged 19 Years or 

Older, United States, 2018 
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Appendix H – CDC, Pneumococcal Vaccine Timing for Adults 
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