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Introduction
Prior to the discovery of Penicillin, in the early 

1900s, a common abrasion had the potential to be-
come life-threatening, and the odds of surviving bac-
teria-related infections were concerningly low (1, 2). 
A!er Penicillin gained clinical traction in 1940, mil-
lions of lives were saved, along with the credited trans-
formation into the modern age of medicine. However, 
this illusory victory against infectious bacteria was 
short-lived. By 1950, the integrity of antibiotic treat-
ment began to struggle as the inevitability of bacterial 

evolution began to supply resistance against treatment 
(1). "is evolution provides the con#ict between ad-
vancements in antibiotic development and evolution 
of bacteria to resist treatment that continues to this 
day, with antibiotic resistant bacteria causing 2.8 mil-
lion infections, 35,000 deaths, and $4.6 billion in treat-
ment costs every year (3, 4). Examples of pathogens 
that have become a particularly infamous threat re-
garding antibiotic resistance include Clostridium dif-
!cile, Carbapenem-resistant Enterobacteriaceae, and 
Methicillin-resistant Staphylococcus aureus. "is in-
crease of antibiotic resistant infection has to do with, 
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among other factors, excessive and o!en unnecessary 
use of antibiotics in hospitals as well as proximity to 
human environmental in#uence (3, 5). "is evolved 
resistance is then accelerated by horizontal gene 
transfer. Evidently, this issue is both dangerous and 
rapidly evolving, increasing the need for and impor-
tance of surveillance data. Contributing any informa-
tion regarding the risk of transmission, population-
level resistance, and population-level antibiotic use 
is considered extremely valuable for the surveillance 
e&ort (6). Addressing this issue and the surveillance 
data necessity in the Pittsburgh area prompts the re-
search hypothesis: Bacteria will become increasingly 
resistant to antibiotic exposure with closer proximity 
to hospitals in the Pittsburgh area in regions of both 
high and low human activity. 

Literature Review
Key De"nitions

Anthropogenic activity- Anthropogenic e&ects, pro-
cesses, objects, or materials are those that are derived 
from human activities, as opposed to those occurring 
in natural environments without human in#uences 
(7).

Antibiotic overuse- "e misuse of antibiotics com-
bined with the unavailability of novel drugs, creating 
reduced %nancial inducements (8).

Antibiotic Resistant Bacteria- Bacteria demonstrat-
ing the ability to resist the e&ects of antibiotics (9).

Broad spectrum antibiotics- A broad-spectrum an-
tibiotic targets both Gram-positive and Gram-nega-
tive bacteria e.g., ampicillin (10).

Gram negative bacteria- surrounded by a thin pep-
tidoglycan cell wall, which itself is surrounded by an 
outer membrane containing lipopolysaccharide (11).

Gram positive bacteria- lack an outer membrane 
but are surrounded by layers of peptidoglycan many 
times thicker than is found in the Gram-negatives 
(11).

Gram Variable Bacteria- Bacteria that cannot be 
classi%ed into either gram positive or gram negative 
(12).

Horizontal gene transfer- the movement of genetic 
information between organisms (except for those 

from parent to o&spring), a process that includes the 
spread of antibiotic resistance genes among bacteria, 
fueling pathogen evolution (13).

Narrow spectrum antibiotics- E&ective against spe-
ci%c families of bacteria ex. erythromycin and cipro-
#oxacin (10).

Nosocomial- Originating within a hospital.

Horizontal Gene Transfer

In the context of antibiotic resistance, when a se-
lective pressure (an antibiotic) is presented, genetic 
information that favors resistance can quickly (rela-
tive to the standard vertical evolutionary process) be 
spread throughout a bacterial population through 
horizontal gene transfer (HGT) (13). HGT is a signi%-
cant factor that contributes to the rapid spread of anti-
biotic resistance, and can be the source of an outbreak 
due to the transfer of resistance genes to previously 
treatable pathogens (14). "e importance of HGT 
in prokaryotic evolution is so extreme that 81% (+\- 
%15) of bacterial genomes have been shown to have 
originated through this evolutionary strategy (15). 
Combining the information that HGT is profoundly 
common and accelerates the rate of antibiotic resis-
tance gene spread, a default explanation for antibiotic 
resistance in a certain area most likely includes the 
concept of horizontal gene transfer.

Nosocomial Antibiotic Resistant Bacteria

Hospitals rely heavily on antibiotics, with 79% of 
hospitalizations leading to antibiotic prescriptions 
and a 1.29:1 antibiotic prescription to hospitalization 
ratio (16). Due to this overuse of antibiotics, hospitals 
provide a selective pressure and promote antibiotic 
resistance with the consequent event of horizontal 
gene transfer. In a sense, hospitals serve as a “breed-
ing ground” for the development and spread of anti-
biotic resistant bacteria (  17). Control techniques such 
as frequent hand-washing, alcohol-based hand rubs, 
and glove use have been enacted to diminish the cases 
of antibiotic resistant bacteria in hospitals in response 
(18, 19). In addition to hygiene e&orts, computerized 
antibiotic prescription monitors have been imple-
mented to document and restrict the use of antibi-
otics. Unfortunately, even with these control e&orts, 
nosocomial antibiotic resistant bacteria are becoming 
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more frequent. Nosocomial antibiotic resistance is 
increasing and responsible for one in four infections 
with long-term hospital visits (20, 21). "ese nosoco-
mial pathogens also have the potential to contaminate 
the surrounding environment, including the soil (22). 
"e threat of antibiotic resistant bacteria contaminat-
ing the surrounding soil lies in the possibility of an-
tibiotic resistance genes exchanging (through HGT) 
between the soil and clinical pathogens, e&ectively 
making the soil a reservoir for nosocomial antibiotic 
resistance (23). Considering the high level of use of 
antibiotics as well as the potential of bacteria in soil 
acting as resistance reservoirs near hospitals, it is criti-
cal that monitoring e&orts are directed towards this 
setting/interaction in particular (24, 23).

Anthropogenic Activity and Antibiotic 
Resistant Bacteria

In an abundance of studies, anthropogenic activity 
has been shown to be directly related to the presence 
of antibiotic resistant bacteria in the soil environ-
ment. Excluding variables such as soil composition, it 
has been demonstrated that areas with relatively high 
anthropogenic activity had an increased presence of 
antibiotic resistant bacteria within the soil (25). Con-
versely, samples from polar regions, where there is lit-
tle anthropogenic activity, had a lower presence of an-
tibiotic resistant bacteria (26). However, samples from 
minimally active regions were found to not be entirely 
free of antibiotic resistance genetic sequences (27). 
Even with this seemingly simple relationship between 
anthropogenic activity and antibiotic resistance, the 
mechanisms that cause this trend vary greatly and 
are not entirely understood (26). Acknowledging that 
anthropogenic activity may variate the amount of 
antibiotic resistant bacteria within the environment, 
surveillance data that tests this relationship may prove 
useful. 

Antibiotic Types and Intent of Research

While bacteria are a relatively simple form of life, 
there are complex variations that di&erentiate the bac-
terial community into three main categories. "ese 
categories incorporate gram-positive, gram-negative, 
and gram-variable bacteria. "e di&erences of these 
categories that are of concern is the construction of 

the cell membrane/wall. Speci%c antibiotics (broad 
spectrum and narrow spectrum; see Key De!nitions 
section) are needed for targeted treatment depend-
ing on the variation of the bacterial membrane. Using 
both broad spectrum and narrow spectrum antibiotics 
in a bacterial resistance study increases the implica-
tions of the results as multiple bacteria categories are 
being tested and multiple antibiotics are represented. 
Erythromycin was used as the gram-positive narrow 
spectrum antibiotic for the study, as it is established 
for treating gram-positive infections (28). Erythro-
mycin functions by disrupting protein production to 
prevent further growth of bacteria (29). In addition 
to erythromycin, the gram-negative narrow spectrum 
antibiotic being tested is cipro#oxacin. Cipro#oxacin 
usually proves e&ective against gram-negative bacte-
ria, but is still prone to resistance (30). Cipro#oxacin 
works, at the basic level, by inhibiting bacterial DNA 
replication, thus preventing reproduction (31). Lastly, 
the broad-spectrum antibiotic in the study is ampi-
cillin (32). Ampicillin inhibits cell wall synthesis by 
binding to enzymes responsible for the formation of 
the cell structure (33). "ese antibiotics in particular 
have been determined to be representative of com-
mon treatments, which creates valuable data when 
testing for resistance against them.

Assumptions

It is assumed that various abiotic factors such as 
seasonal moisture composition of soil that may have 
impacts on antibiotic resistance (34) will be constant 
in each of the soil samples collected. Additionally, en-
vironmental factors that may have an e&ect on antibi-
otic resistance including: pH, temperature, and other 
chemical variables (26), are assumed to be constant 
throughout the soil samples collected. "e study is 
grounded in the assumption that the antibiotics work 
as intended and are present in a consistent e&ective 
dosage in each of the sample plates. 

Justi"cation

Recapping the points that formulate the hypoth-
esis, hospitals are still heavily involved in the “breed-
ing” of antibiotic resistant pathogens, even with the 
control e&orts mentioned previously. "e incomplete 
control e&orts combined with the overuse of antibiot-
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ics have contributed to the development of nosocomi-
al antibiotic resistant bacteria and the potential spread 
into the surrounding soil environment. "is dynamic 
prompts the need for surveillance data (17, 18, 23). 
Adding another layer of inquiry to expand the surveil-
lance data, anthropogenic activity is directly related to 
the amount of antibiotic resistant bacteria in the soil 
(excluding antibiotic resistance genes) (5, 25, 26, 27). 
"e decision to include erythromycin, cipro#oxacin, 
and ampicillin serves to test the relationships between 
the vast array of bacterial species and multiple catego-
ries of commonly used antibiotics (10, 11). Consider-
ing the factors of anthropogenic activity and hospital 
roles in antibiotic resistant bacteria development, the 
hypothesis incorporating these subjects into variables 
becomes as follows: bacteria will become increasingly 
resistant to ampicillin, cipro#oxacin, and erythro-
mycin in soil samples with proximity to Pittsburgh 
hospitals. Additionally, bacteria in these samples will 
demonstrate more resistance in an urban level of an-
thropogenic activity relative to a suburban level.

Methods
Sample Selection

Following Institutional Review Board approval, 
samples were collected at the chosen intervals (1mile, 
.5 mile, and on site of the hospital) in relation to a hos-
pital located near urban downtown Pittsburgh (high 
anthropogenic activity) and in relation to a hospital 
in a suburban township (low anthropogenic activity) 
adding up to six samples in total. "e low sample size 
is due to the constraints of equipment/bench space 
and the purpose of framing larger studies in the fu-
ture. For consistent volume and depth of the samples, 
the rim of identical sample jars was pressed into the 
soil to create a circumference of the sampling space 
and the jars were %lled with the same volume. Holding 
the circumference and volume constant for each sam-
ple ensures the same depth of soil was acquired. An-
other de%ning aspect of the study involves prevention 
of confounding variables that may have an e&ect on 
antibiotic resistance, such as water treatment plants, 
farms, and heavy metals (35). "e samples were de-
rived from locations with no known exposure to these 

confounding elements. To eliminate horizontal gene 
transfer of antibiotic resistance genes between the col-
lected samples, the shovel was sterilized with bleach 
before and a!er collection of each sample. Since sea-
sonal moisture and temperature can have an e&ect on 
abundance of antibiotic resistance in a given sample, 
samples were collected on the same day in areas that 
portrayed similar moisture and temperature status 
(26, 35).

Procedure Selection

Among the wide array of procedure outlines that 
evaluate antibiotic resistance in bacteria, a traditional 
agar plating procedure has been determined to be the 
most bene%cial in terms of features for the purposes 
of this study. "is procedure involves the inocula-
tion of bacterial solution on a petri dish, followed by 
counting the colony forming units (CFU) on each 
dish to derive quantitative data. Traditional agar plat-
ing encompasses attainable materials with low techni-
cal di$culty and is highly standardized. Traditional 
agar plating can assess non-isolated bacterial colonies 
(such as a diluted soil sample) and is able to determine 
the relative resistance of a sample compared with oth-
ers, thus, ful%lling the intention to compare samples 
with one another (25, 26). However, this procedural 
outline requires optimizing the concentration of each 
sample to ensure a countable amount of CFU. "ere-
fore, the serial dilution assay must be conducted for 
each sample to achieve the experimental standard 
colony forming unit count of 30-300 CFU. Addition-
ally, the use of generalized Luria Broth (LB) media 
will limit the amount of culturable species within the 
sample (bacteria requiring specialized agar will not 
survive). Even with these limitations, the traditional 
agar plating method is superior for the purposes of 
this study compared with other methods. For exam-
ple, traditional agar plating has been chosen above 
#ow cytometry due to enormous upfront costs and 
equipment limitations inherent in the use of #ow cy-
tometry.

Procedure Methods

A 100-1000µL micropipette was utilized to ensure 
that a constant amount of bacterial solution was trans-
ferred to the petri dish and to eliminate other mea-
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surement errors. Standard LB agar was used to pro-
vide a generalized growth medium that accounted for 
the growth of as many types of bacteria as possible. 
To prevent contamination, sterile pipette tips, dilution 
vials, an alcohol lamp, and scale trays were used along 
with sterile technique. 

Concentration optimization. Via the serial dilu-
tion assay, each sample was diluted to an optimized 
concentration to yield the statistically reliable CFU 
count of 30-300 CFU (abiding by traditional agar plat-
ing protocol). In reference to the serial dilution assay 
procedure, one gram of soil from a given sample was 
weighed out using a digital scale and added to a ster-
ile centrifuge tube containing 9 mL of distilled water. 
"is e&ectively dilutes the original gram of soil to 10 -'. 
A!er the mixture has been stirred by inverting the 
tube continuously, 0.1 mL of this diluted concentra-
tion was added to an LB broth petri dish using the mi-
cropipette. To dilute the sample to 10 -(, 1 mL of the 10 
-' dilution mixture was pipetted to an additional tube 
containing 9 mL of distilled water. A!er mixing the 
10 -( tube, it was added to a petri dish as well. "is process 

was repeated for additional dilutions (10 -), 10 -*, etc.). "e 
plates containing the various dilutions were placed in 
a 37°C incubator for 24 hours (incubation protocol 
states 24- 48 hours). It is necessary to mention that 
the plates were oriented agar-side-up to prevent con-
densation and contamination. A!er incubation, the 
CFU present on each plate were counted and noted. 
"e dilution with a CFU count of between 30-300 was 
considered statistically reliable and the optimized di-
lution for that given sample.

Preparation of control and experimental groups. 
To test the resistance ratio of the optimized solutions, 
the various antibiotics must be added. Four petri dish-
es were used for each sample consisting of an ampicil-
lin plate, a cipro#oxacin plate, an erythromycin plate, 
and a control plate (no antibiotic). To ensure the doses 
of each antibiotic are both e&ective and quanti%able, 
e&ective concentrations of antibiotic/ LB broth solu-
tion suggested by the manufacturers were used. "e 
e&ective concentrations are 100 +g/mL for ampicillin, 
10 +g/mL for cipro#oxacin, and 250 +g/mL for eryth-
romycin. "ese concentrations were achieved by add-

Fig 1 Demonstration of the materials used with high anthropogenic activity soil, diluted to 10 -", 1 mile away from 
the hospital treated with 10 µg/ mL diluted cipro#oxacin.
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ing 15 +L of 10 mg/ mL ampicillin solution to 1485 
+L of LB broth, 3 +L of 10 mg/ mL cipro#oxacin solu-
tion to 2997 +L of LB broth, and 7.5 +L of 50 mg/ mL 
erythromycin solution to 1492.5 +L of LB broth. "ese 
solutions created the recommended e&ective concen-
trations while providing enough solution to spread 
across all six experimental plates for each antibiotic. 
Using the 100-1000+Lmicropipette, 150 +L of each 
e&ectively concentrated antibiotic was transferred to 
the corresponding plate. A sterile glass spreader was 
used to evenly distribute the e&ective solution to en-
sure a constant amount of exposure regardless of the 
location of the bacteria upon the agar surface. A!er 
the antibiotic solution was allowed to absorb into the 
agar for 30 minutes, 100 +L of the optimized bacterial 
solutions from the serial dilution assay were added 
and spread onto the corresponding plates. A!er this 
addition, a plate consisted of its evenly spread out as-
signed antibiotic (except for the control plate) and the 
optimized bacterial solution for that particular soil 
sample (Fig. 1). "e plates were placed lid side down 
overnight.

Data Analysis

A!er incubation of the experimental plates, the 
CFU on each plate was recorded on the CFU count 
section of a data sheet. "e code written into the 
spreadsheet calculated the resistance ratio for each an-
tibiotic (CFU of experimental plate / CFU of control 
plate) and the resistance ratio for the entire sample at 
a given location (average resistance ratio of the three 
experimental plates for that location). "e resistance 
ratios for each sample in a given category of anthro-
pogenic activity were then averaged to %nd the cumu-
lative resistance ratio for that level of anthropogenic 
activity.

A!er identifying the resistance ratios for each sam-
ple and anthropogenic activity level, statistical tests 
need to be performed to determine the signi%cance of 
the di&erences between the resistance ratios. Since the 
independent variable (distance from the hospital) and 
dependent variable (resistance ratio) are continuous, 
the Pearson correlation coe$cient (r-value) was cal-
culated to identify correlation between the resistance 
ratios and distances from the hospital. An r-value can 
range from |1|, which signi%es a strong correlation, 
to zero, which signi%es no correlation. "e Pearson 

correlation coe$cient can also be used to derive a p-
value. Following standard experimental alpha values, 
a p-value below 0.05 is considered signi%cant while a 
p-value greater than 0.05 is considered insigni%cant. 
In terms of statistically comparing the anthropogenic 
activity average resistance ratios, a two-tailed, two-
sample t-test was used. "e type of t-test was chosen 
based on the necessity to compare the di&erences of 
separate sets of data.

"e methods used align with the research ques-
tion as they allow a resistance ratio for each sample to 
be calculated through the practice of traditional agar 
plating and counting CFU. Taking the resistance ra-
tios into account, a Pearson correlation coe$cient and 
consequent p-value are able to establish signi%cance 
of the di&erence in data between the samples. Due 
to the precision measurements of the micropipette, 
constant conditions provided to the samples, and re-
lation to a control group con%gured for each sample, 
the experiment suggests that any observed di&erences 
in resistance ratios are due to antibiotic resistance in 
bacteria alone. Statistically signi%cant evidence can 
be used to contribute data to the surveillance of an-
tibiotic resistant bacteria and con%rm previous stud-
ies that correlate anthropogenic activity and distance 
from an origin of antibiotic resistance to antibiotic re-
sistant bacteria present within a sample. "e evidence 
will also provide insight to the general e&ectiveness of 
each antibiotic.
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Results
"e optimal concentration for each bacterial solu-

tion was successfully determined and countable CFU 
were present on every petri dish within at least one 
of the experimental runs. Resistance ratios were cal-
culated based on the CFU counts, and trends were 
identi%ed. "e suburban anthropogenic activity sam-
ples displayed a strong inverse relationship between 
resistance ratio and distance from the hospital, while 
the urban anthropogenic activity samples presented 
a more casual inverse relationship. Both sets of data 
were determined to be statistically insigni%cant, thus 
the null hypothesis failed to be rejected. "e di&er-
ence in average resistance ratios between the levels of 
anthropogenic activity was minimal, and ultimately 
determined to be statistically insigni%cant.

Suburban Anthropogenic Activity CFU

"e CFU counts of the suburban anthropogenic 
activity samples ranging from onsite of the hospital to 
1 mile away were derived (Fig. 2). "e e&ective bac-
terial solution concentration was 10 -( for these three 
samples to display between 30-300 CFU on the con-
trol plate. "e CFU displayed with antibiotic treat-
ment is noted below the control group.

Suburban Anthropogenic Activity 
Resistance Ratios

"e positive trend in average resistance ratios (.30, 
.55, .60) between the samples signi%es an inverse re-
lationship between distance from a hospital and an-
tibiotic resistance (Fig. 3). "e Pearson correlation 
coe$cient results in ~ -.920, a relatively strong inverse 
correlation. However, upon calculation of the 0.25 
p-value, which is derived from the Pearson correla-
tion coe$cient, this suburban anthropogenic activity 
trend has been determined not to be statistically sig-
ni%cant.

"e sample resistance represents the average resis-
tance of the antibiotic treated plates. Aside from the 
resistance trend, the resistance ratio of the soil on site 
of the hospital is the greatest when compared with the 
other samples in the suburban level of anthropogenic 
activity.

Urban Anthropogenic Activity CFU/ 
Sample Resistance Ratios

"e process of analyzing the urban anthropogenic 
activity sample data will mirror that of the suburban 
anthropogenic activity sample data. Each of the bacte-
rial solutions were diluted to 10 -( to display between 

Fig 2 Results of CFU counts of control and experimental plates for the suburban anthropogenic activity samples 
relative to distance from the hospital. (AMP- Ampicillin, CIP- Cipro#oxacin, ERY- Erythromycin).

Fig 3 Resistance ratios derived from CFU counts of control and experimental plates for suburban anthropogenic 
activity samples relative to distance from the hospital. 
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30 and 300 CFU. "e CFU counts of each urban an-
thropogenic control plate and experimental plate (Fig. 
4) were used to calculate the resistance ratios (Fig. 5).

Urban Anthropogenic Activity Sample 
Resistance Ratios

Referencing the change in resistance ratio (.49, 
.41, .62) (Fig. 5) without regard to signi%cance test-
ing, there seems to be an unclear relationship between 
resistance ratio and distance from the hospital. "is 
inference is due to the resistance ratio %rst decreasing, 
then sharply increasing.

Beyond the surface level trend observations, a 
Pearson correlation coe$cient was calculated to be 
~0.62, which signi%es a relatively casual inverse rela-

tionship between resistance ratio and distance from 
the hospital. A p-value of .570 was derived from the 
Pearson correlation coe$cient, which nulli%es the sig-
ni%cance of this trend. Independent from the trend, 
the resistance ratio derived from the soil on site of the 
hospital is the greatest relative to the other samples.

Comparison of Anthropogenic Resistance 
Averages

"e sample resistance ratios, based on what catego-
ry of anthropogenic activity they are included in, were 
averaged and compared (Fig. 6).

As shown in Figure 6, the urban anthropogenic ac-
tivity mean resistance ratio is only ~.14% greater than 
the suburban activity. A two-tailed, independent sam-

Fig 4 Results of CFU counts of control and experimental plates for the urban anthropogenic activity samples relative 
to distance from the hospital.

Fig 5 Resistance ratios derived from CFU counts of control and experimental plate for urban anthropogenic activity 
relative to distance from the hospital.

Fig 6 $e average resistance ratio respective to the level of anthropogenic activity. A t-score and p-value was calcu-
lated using the sample resistance ratios. 
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ple T-test with 4 degrees of freedom was calculated 
to be ~.872. A p-value of .432 was derived from this 
t-score, which nulli%es the signi%cance in the di&er-
ence between the anthropogenic averages.

Analysis
Upon analysis of the data points and trends, con-

nections to previous antibiotic resistance trend stud-
ies have been made. "e data does not adequately 
support the conclusions of these studies entailing the 
notion of hospitals contributing to increased antibiot-
ic resistance in the environment within the hospital’s 
in#uence. However, with the presence of antibiotic 
resistance discovered in the environment surround-
ing the subject hospitals, the following conclusions 
that infer related health risks due to the presence of 
antibiotic resistant bacteria have been identi%ed al-
though not necessarily proven. "e %ndings regarding 
di&erences in antibiotic resistance related to anthro-
pogenic activity do not refute or support the existing 
data in the %eld due to statistical insigni%cance of the 
observed trends.

 "e observation that the samples closest to the 
hospital have a relatively high percentage of antibi-
otic resistant bacteria, along with the casual (although 
statistically insigni%cant) trend of an increasing anti-
biotic resistance ratio within proximity to a hospital, 
con%rm that the soil environments near a hospital 
have a prominent presence of antibiotic resistant bac-
teria. "is %nding is in line with previous conclusions, 
stating that proximity to antibiotic use in practice is 
linked to the “breeding” and contamination of anti-
biotic resistant bacteria in the subject hospital areas 
(17, 22). As previously established, there is a possibil-
ity that antibiotic resistant bacteria contaminating the 
soil can act as a reservoir for nosocomial antibiotic re-
sistance and exchange with the circulating pathogens 
in the hospital (23). Considering this, it is reasonable 
to expect that this same reservoir exchange dynamic 
is happening in the subject hospitals. "is inference 
can further imply that the control techniques enacted 
by the hospital are not potent enough to reduce the 
level of antibiotic resistance to a level that is consistent 
with other environments. Overall, these research %nd-
ings lead to a failure to reject the portion of the null 
hypothesis that states the presence of an insigni%cant 

trend between proximity to a hospital and antibiotic 
resistance. However, the observed antibiotic resistance 
from the onsite samples supports that the subject hos-
pitals, with their current control techniques or lack 
thereof, are exposed to the same antibiotic resistance 
exchange and associated health risks demonstrated in 
the referenced studies due to a considerable percent-
age of bacteria in the surrounding environment dem-
onstrating resistance.

"e minimal 0.14% greater resistance ratio in the 
urban anthropogenic activity samples is consistent 
with the expected direct relationship between anthro-
pogenic levels and antibiotic resistance. However, the 
t-test has proven that this di&erence is statistically in-
signi%cant. Considering the insigni%cance of the dif-
ference between the anthropogenic activity resistance 
ratios, it is di$cult to draw a valid conclusion from 
this data. "e conclusions of related studies describing 
a positive relationship between the level of anthropo-
genic activity and the antibiotic resistance present in 
an environmental sample are relevant for compari-
son (25, 26). "e data discovered, without statistical 
input, lightly supports the conclusions of these stud-
ies. However, due to statistical insigni%cance, the data 
can neither refute nor support these existing studies 
in the %eld. "e portion of the null hypothesis stating 
that increased anthropogenic activity is signi%cantly 
related to increased average antibiotic resistance ratio 
has failed to be rejected.

Limitations
As expected, many experimental limitations exist 

when working with bacteria (contamination/mis-
counts). Aside from that, the incomplete knowledge 
of the conditions of the samples, as well as the design 
of the experiment, add to the limitations that need to 
be addressed. Starting with the most common limi-
tations characteristic of the traditional agar plating 
method, there is a possibility of miscounting CFU 
and/or contamination from either the instruments 
used or contaminated air in the lab space. Attempts 
to avoid contamination included using sterile pro-
cedures, using sterile or sanitized instruments, and 
creating antibiotic and bacterial solutions next to an 
alcohol lamp. To minimize the possibility of a mis-
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count, each sample was counted twice and a marker 
was used to label CFUs that had already been count-
ed. Additionally, the status of the sample sites prior 
to collection was unknown. "is means that antibiotic 
resistance factors could potentially enter the sampled 
environment through vectors from a confounding ex-
ternal source, leading to a possible misrepresentation 
of the antibiotic resistance stemming from the origin 
that is the subject of study. Lastly, the scope of the 
study is inadequate to supply con%dence in the trends, 
due to only six samples being tested. "is repurposes 
the study into a “proof of concept” that can frame fu-
ture research with a larger sample size.

Conclusions/ Future Research
"e hypothesis connoted that bacteria within the 

soil samples will become increasingly resistant to the 
select antibiotics with proximity to Pittsburgh hospi-
tals as well as exposure to urban anthropogenic activ-
ity (relative to suburban activity). "e %ndings did not 
support the signi%cance of these trends, largely due 
to insu$cient sample size. However, the study did 
identify, from prominent concentrations of antibiotic 
resistance in the soil surrounding the hospital, the 
potential for antibiotic resistant bacteria to exchange 
resistance properties with pathogens circulating in 
the subject hospitals. "is can introduce health risks 
as nosocomial infections have an increased chance to 
demonstrate antibiotic resistance due to this exchange 
via horizontal gene transfer. Additionally, the %ndings 
provide an idea of the sheer amount of antibiotic re-
sistance existing in the soil environment alone, with 
~60% and ~62% of bacteria demonstrating resistance 
in the suburban and urban hospitals, respectively. 

"is data addresses the unknown antibiotic resis-
tance status as well as the presence and potential threat 
of antibiotic resistant bacteria in the city of Pittsburgh 
and surrounding areas. Improvement upon the limita-
tions of this study have the potential to yield statisti-
cally signi%cant trends and, consequently, more pre-
cise data. Conducting the experiment in a pressurized 
lab environment with continuous %ltering and access 
to an autoclave could eliminate the concern surround-
ing sample contamination. Avoiding the sampling of 
environments that are suspected to be in the in#uence 
of more than the intended origin of resistance would 

eliminate the associated confounding variables. Most 
notably, an increased sample size is necessary to in-
crease the chances of statistically signi%cant trends 
and the overall merit of future studies.
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