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Project Summary 
         Bacterial antibiotic resistance is a rising problem in medicine, leaving many infections 

untreatable. The Centers for Disease Control estimates that 23,000 deaths have resulted from this 

growing issue (Centers 2017). Disposing of antibiotics incorrectly, such as through water systems, only 

amplifies the problem. A 2015 study in the Berglund laboratories detailed that it is possible that many 

antibiotic resistance genes originate and are spread through wastewater due to the commingling of 

environmental bacteria, pathogenic bacteria and antibiotic waste. This is a widespread problem as the 

associated press estimates that several tons of antibiotics are flushed down the drain annually (Donn 

2008). 

In response to improper drug disposal, Wyoming implemented the Wyoming Medication 

Donation Program (WMDP). This program was established to recycle unused prescription drugs and 

redistribute them to low-income people at little to no cost. While	it	seems	obvious	that	this	program	

would	reduce	the	level	of	antibiotic	resistant	bacteria	in	Wyoming’s	wastewater,	we	can	find	no	

data	to	support	this	positive	impact. Preliminary baselines made available to us indicate that some 

Wyoming counties have redistributed a notable amount of antimicrobials, keeping them out of the 

wastewater, and some counties have not recycled any drugs. At the University of Wyoming, we propose 

to assay for antibiotic resistance in bacteria isolated from the wastewater of two counties that participate 

in the program and two that do not in order to elucidate the impacts of the WMDP on the extent of 

antibiotic resistance in Wyoming’s wastewater. We hypothesize that counties in Wyoming that donate 

fewer pounds of antibiotics will have a higher rate of antibiotic resistant bacteria in wastewater 

quantified genotypically by PCR and phenotypically by the Kirby-Bauer assay. If this research is 

successful, the Wyoming Medication Donation Program could use this information to further expand 

their services across the state. 



Statement of Problem Significance 
Medical waste has the potential to cause environmental and health problems around the world. A 

critical consequence of pharmaceutical pollution is that it contributes to the already growing concern of 

antibiotic resistance. Bacteria that do not respond to antibiotic treatment can be life threatening. The 

Centers for Disease Control estimates that antibiotic resistant bacteria have caused more than two 

million illnesses (Centers 2017).  The Wyoming Medication Donation Program serves the state by 

promoting the incineration and recycling of drugs, including antibiotics. Twenty counties in Wyoming 

participate in the WMDP in which unused medication is donated, processed, and either safely destroyed 

or distributed to disadvantaged people who could not afford these life-saving drugs otherwise. The 

program supplied 433,950 units of drugs in 2016 to facilities across the state (Gallizzi 2016). This 

program not only allows individuals in need to affordable healthcare, but it benefits the health of the 

greater community and the environment by reducing water pollution. If fewer antibiotics are being 

flushed down the toilet and instead are disposed of in an environmentally conscious way we will likely 

see less instances of antibiotic resistance among bacteria in the wastewater. However, no data have been 

collected to substantiate these claims. 

        We propose our project in order to explore if this program effectively is improving the health of 

Wyoming’s environment. We will assay for the presence of antimicrobial resistant bacteria in counties 

that differentially utilize the WMDP. With data to back up the claims that Wyomingites are benefitting 

from less medication pollution in the wastewater, these programs may acquire resources allowing them 

to grow and help more people in the state. Contrarily, if we find data supporting hypotheses that the 

program is not effective, helpful evidence will exist to suggest that certain parts of the program be 

amended in order for it to become more successful.  

Introduction: 
Relevant Literature: 
 

Overuse of antibiotics has led to a significant rise in antibiotic resistance, and it has been found 

that human waste contributes to this issue. Irrigation ditches, stream segments, overland flow paths 



downstream of wastewater treatment plants have been shown to be important in the dissemination of 

antibiotic resistance (Pruden et al. 2012). Antibiotic resistance has also been observed downstream of 

landfills (Graham et al. 2011). Although the results suggest that human activity is a primary cause in this 

resistance, the exact parameters are not well understood, and the variables are not always well defined, 

especially in Wyoming, where to our knowledge there is no previous research of antibiotic resistance. 

In order to test the presence of antibiotic resistance, several procedural steps can be taken. First, 

the wastewater can be plated onto an agar plate containing a specific antibiotic. Growth on the plate 

suggests a resistant colony (Paavilainen 2000). In order to assess the degree of resistance in a bacterial 

colony, a Kirby Bauer assay can be done, which allows multiple antibiotics to be tested on a single 

bacteria sample and examined for resistance (Hudzicki 2016).   The sampled water can also be tested for 

ARGs or antibiotic resistance genes (Graham et al. 2011). The presence of these genes indicates that the 

bacteria within the sample have some form of antibiotic resistance. However, there are hundreds of 

genes that contribute to different types of resistance. One of these genes that contributes to antibiotic 

resistance is ermB (Lee et al. 2017). The presence of ermB in a sample indicates the presence of bacteria 

that are resistance to macrolides, a family of antibiotics that includes azithromycin, the most commonly 

prescribed antibiotic (Walker 2015). As previously noted, these techniques can be combined to illustrate 

a “whole picture” of antibiotic resistance. This can be examined and compared between counties that 

donate or do not donate to the WMDP to give a better understanding of the effects this program has on 

resistance in wastewater around Wyoming. 

Preliminary Data: 
        The WMDP’s Natasha Gallizzi gave preliminary data for this experiment. The data include total 

pounds donated per county for the years 2015 and 2016, as well as number of antimicrobials dispensed 

compared to the number of total medications dispensed for January through June 2015, and January 

through December 2016. Below are tables presenting the data. 

Name	of	County	 Pounds	donated	in	2015	 Pounds	donated	in	2016	
Albany	 89.6	 283.8	



Carbon	 0	 0	
Laramie	 4381.9	 3463.1	
Niobrara	 0	 0	
Sheridan	 683.8	 395.4	
Sublette	 0	 0	

Table 1. The pounds donated per county in the years 2015 and 2016. Information for every county in 
Wyoming was supplied by the WMDP, included in the table above is only the counties relevant to this 
research. 
 
Date	 Units	of	Antimicrobials	Distributed		 Total	Units	Distributed	
Jan-June	2015	 6,416	 328,372	
Jan-Dec	2016	 1,252	 433,950	
Table 2. The number of antimicrobial units distributed as well as total units distributed for the dates 
given. For 2015 the data was for medication sent to the Downtown Clinic in Laramie, Wyoming as well 
as the mailed prescriptions. For 2016 the data were only for mailed prescriptions. 
 
Conceptual Model 

 

Figure 1: A general outline of the work to be done as well as the basics behind the antibiotic resistance 
that will be studied, as a result of improper disposal of antibiotic waste. 
 
 
Justification of approach: 
        Several methods will be used in this experiment, including replica plating, a Kirby Bauer assay 

and qPCR. Sampling will be done at the influent sites at the treatment plants, and will be collected 

downstream from human activity, which has been shown to almost guarantee the presence of ARGs, or 



antibiotic resistance (Berglund et al. 2014). All methods are established, and thoroughly cited in the 

literature.  

For replica plating, a procedure similar to the method used by Paavilainen et al. (2000) will be 

used. Their research used agar plates with bacteria from skin samples that had been incubated until 

growth was observed. Plates with 100-1000 colonies were then replicated using a stamp covered in 

sterile velvet and plated on following plates (Paavilainen et al. 2000). These plates were then incubated 

and compared to the original plate for growth. For the Kirby Bauer assay, the procedure we will follow 

in this research is utilized and described by Hudzicki (2009). This procedure states that Mueller Hinton 

Agar is the best agar to use, due to its consistency in producing the reproducible results, it supports 

satisfactory growth for most bacteria, and there is significance literature to support susceptibility tests 

performed on this media (Hudzicki 2009). The procedure involved the sterile inoculation of a Mueller 

Hinton Agar plate with a single isolated bacterial colony, spread over the plate to produce a lawn of 

growth. Antibiotic disks were then placed on the agar, and after incubation the zones of inhibition were 

measured. Using a susceptibility table given in the research, the zones of inhibition were analyzed and 

the bacteria were determined to be resistant, intermediate or susceptible to each tested antibiotic 

(Hudzicki 2009). Our antibiotic choices for Kirby Bauer susceptibility testing are based on commonly 

prescribed antibiotics: Amoxicillin, Amoxicillin with clavulanic acid, Azithromycin, Cephalexin, and 

Ciprofloxacin (Walker 2015).  

The use of qPCR was supported in several papers and is the standard procedure used for gene 

quantification on the DNA extracted from water samples (Berglund et al. 2015).  We have selected to 

use qPCR primers specific for ermB. According to the Centers for Disease Control, Azithromycin (a 

macrolide) is the most commonly prescribed antibiotic which is why the ermB gene was selected. 

 
Objectives: 
1. To elucidate the positive effect of the Wyoming Medication Donation Program on antibiotic 

resistance in counties that use or do not use the recycling program. 



2.   To further our understanding of the implications of improper medication disposal on antibiotic 

resistance in wastewater. 

3.  To provide research findings and create informational materials that may be used to lead to more 

informed policy decisions about medication donation and disposal. 

4.   To lead to better awareness of the effectiveness of the WMDP. 

Hypotheses: 
1. Counties in Wyoming that do not donate antibiotics to the recycling program will have a higher rate 

of antibiotic resistant bacteria in wastewater.  

2. Expression levels of ermB produced by qPCR from isolates sourced from counties that do not 

participate in the WMDP will be lower than expression levels of ermB sourced from counties that do 

participate in the program. 

3. There will be a more extensive antibiotic resistance profile, as determined by Kirby Bauer 

susceptibility testing, for isolates in counties that do not participate in the Wyoming Medication 

Donation Program compared to counties in Wyoming that do participate.  

Specific Aims: 
1.  We will culture influent water samples from treatment plants within Laramie, Albany, Carbon, 

Sheridan and Niobrara counties 

2. We will utilize a replica plating technique on selective media that will distinguish ABR isolates from 

non-resistant isolates the water samples. 

3. We will perform Kirby-Bauer susceptibility tests with the five most commonly prescribed antibiotics: 

Amoxicillin, Amoxicillin with Clavulanic acid, Azithromycin, Cephalexin, and Ciprofloxacin on 

resistant isolates. 

4.  Running qPCR on resistant isolates to test for the presence of ermB, a macrolide resistance gene. 

Research Plan: 
Overview  
 To test our hypothesis, we will collect wastewater samples of influent and effluent water from 

Carbon, Niobrara, Sublette, Sheridan, Laramie, Albany and Campbell counties. Laramie County, 



Sheridan County, Campbell County and Albany County have had significant participation in the 

medication donation program while Carbon County, Sublette County, and Niobrara County have had no 

participation in the medication donation program. With the wastewater samples, a serial dilution will be 

performed to create a culture that can provide a countable number of colonies when plated. From the 

dilutions, we will first isolate colonies on TSA plates. Then, a replica plating technique will be used to 

inoculate MacConkey/MUG Agar, another TSA plate, and a separate TSA plate containing 

ampicillin.  MacConkey/MUG agar will be used to isolate coliforms (suspected Escherichia coli), and 

the TSA with antibiotics will be used to identify resistant isolates. Once resistant coliforms are found, 

we will perform Kirby Bauer tests on these colonies to determine their susceptibility to five different 

antibiotics: Amoxicillin, Amoxicillin with Clavulanic Acid, Azithromycin, Cephalexin, and 

Ciprofloxacin. Alongside Kirby Bauer testing, qPCR will be performed to directly quantify the presence 

of ermB a macrolide antibiotic resistance gene.  

 Hypothesis 1 Hypothesis 2 Hypothesis 3 
qPCR XXX  XXX 
Kirby Bauer XXX XXX  
Replica plating XXX   
Table 3: The overarching procedures used for this experiment and how they will tie in to the general 
overview of our research, related through the hypotheses.  
 
Timeline: 
The timeline for our project is outlined in the table below. 

Projected	
Timeline	

WEEK	0	 WEEK	1	 WEEK	2	 WEEK	3	 WEEK	4	 WEEK	5	 WEEK	6	

Prepare	
media	

XXX	 XXX	 	 	 	 	 	

Growth	 	 XXX	 XXX	 	 	 	 	
Isolate	
colonies	
(replica	
plating)	

	 	 XXX	 XXX	 	 	 	

Kirby	
Bauer	

	 	 	 XXX	 	 	 	

RNA	
prep	

	 	 	 XXX	 	 	 	

qPCR	 	 	 	 XXX	 XXX	 	 	
Data	 	 	 	 	 XXX	 XXX	 	



Analysis	
Poster	
Creation	

	 	 	 	 	 XXX	 XXX	

Table	4:	The	above	timeline	outlines	the	basic	procedures	over	a	6	week	time	period.	Week	zero	
will	be	used	to	prep	media	as	well	as	order	primers	for	the	qPCR,	which	will	be	ran	in	weeks	three	
and	four.	In	week	1	bacterial	growth	will	begin	on	TSA	plates,	which	will	continue	into	week	two.	
At	this	time	point,	the	previous	growth	will	be	replica	plated	onto	MacConkey	and	ampicillin	agar	
to	isolate	fecal	coliforms	that	are	antibiotic	resistant.	Week	three	includes	a	Kirby	Bauer	assay	of	
the	isolated	colonies	from	week	two.	Also	during	this	week,	preparation	will	be	made	for	the	
qPCR,	which	will	be	run	on	weeks	three	and	four.	This	prep	includes	scheduling	the	qPCR	
machine,	as	well	as	all	RNA	prep.	Finally,	starting	in	week	four	and	ending	in	week	six,	the	
collected	data	will	be	analyzed	and	a	poster	will	be	created	to	present	the	experiment	as	a	whole. 
 
Methods 

Twenty four hour composite samples of influent and effluent wastewater samples will be 

obtained by mail from six Wyoming counties: Niobrara, Sheridan, Campbell, Carbon, Laramie, and 

Albany. These water samples will be serially diluted so that the final count of colonies on the plate will 

be between 30 and 300. The remainder of the samples will be stored at -80ºC. The diluted samples will 

be spread on agar within 72 hours and incubated on TSA, Replica plating will be used on TSA, 

MacConkey/MUG, a control TSA plate and TSA plus ampicillin. This replica plating technique is 

outlined in Figure 2. 

Once isolates are obtained, isolates will be frozen at -80ºC in 40% glycerol. Then a standard 

Kirby Bauer test will be completed (Hudzicki 2009). Isolates will be plated on Mueller Hinton agar and 

will be tested for resistance against 5 different antibiotics: Amoxicillin, Amoxicillin with Clavulanic 

Acid, Azithromycin, Cephalexin, and Ciprofloxacin.  Zones of inhibition will be measured and recorded 

for each isolate and antibiotic. These zones of inhibition will then be compared to a standard table of 

sensitivity (Hardy Diagnostics 2015). 

We will also be using the LightCycler® for qPCR to quantify the number of ermB macrolide 

resistance genes in each water sample. This instrument is housed in Dr. Naomi Ward’s lab and we will 

be following standard protocol	for the extraction of RNA and the qPCR procedure. We will extract RNA 

from bacterial samples using the Trizol RT extraction system (Invitrogen, Carlsbad, CA) following the 

manufacturer’s instruction. The concentration and purity of RNA will be determined by 



NanoDrop1000® spectrophotometer (NanoDrop Technologies Inc, Wilmington, DE, USA). 

Complementary DNA (cDNA) will be synthesized from each RNA sample using a Reverse 

Transcription Kit and stored at -20ºC for later use in qPCR. We will use a primer corresponding to an 

ARG of interest, ermB, which shows resistance to macrolides such as azithromycin (Berglund 2015) and 

a gene that we know should be stably expressed in all bacteria, 16sRNA, to act as a control. Real-time 

quantitative PCR (qRT-PCR) will be performed with LightCycler® 96 in LightCycler® 8-Tube Strips with 

reaction volumes of 20 µl according to the procedure outlined in the 2005 study done by Bustin	et	al.  

 

 

Data Collection 
For the replica plating procedure, data will be collected by counting the number of colonies that 

grow on the TSA plate, the MacConkey plate and the ampicillin plate. Growth of these colonies as well 

as an indication of lactose fermentation due to color change on the MacConkey plate will inform us that 

the isolated colony is a fecal coliform and is resistant to ampicillin. The Kirby Bauer assay will compare 

the diameters of zones of clearance for each antibiotic and each bacterial species. A sensitivity table will 

be used to determine how zone diameter relates to sensitivity (Hardy Diagnostics 2015).  These tables 



gives zones of inhibition measurements in millimeters that classify the measured zone for each bacteria 

as resistant, sensitive or intermediate to the antibiotic corresponding to the zone of inhibition.  

We will collect our data for qPCR from the LightCycler, which will provide cycle quantification 

(Cq) values. Cq values will tell us the stability of the gene ermB in the sample, which we will compare 

for each of the colonies. The lower the Cq value, the higher ermB expression in our sample. Raw data 

throughout this experiment will include the number of countable colonies on the ampicillin plates, the 

data (Cq values) given by the LightCycler, as well as the measurements of the zones of inhibition in the 

Kirby Bauer Assay.  

Day-to-day tasks, experiments, notations, and alterations in procedure will be stored in an 

official lab notebook, until the data can be analyzed and will be stored on the cloud (e.g. Google docs). 

All unexpected data and deviations from expected results will be written in the same lab manual and 

stored on the cloud until research can be done on how to properly analyze it. 

The data collected in both procedures will be analyzed for statistical significance, through a 

Dunn’s test and a one-way ANOVA test. An ANOVA one-way test will be used to see if there are 

significant differences between the collected means, i.e. means of differences in numbers of colonies on 

different plates and differences in ARG concentrations at different sites. The Dunn’s test will then be 

used to detect which groups have means that are statistically different from one another. It assumes that 

the null hypothesis states that there are no differences between groups, meaning that there is no 

difference in number of resistant colonies at one county compared to the others. 

Expected Results 
Kirby Bauer assaying are expected to show 

more sensitive isolates from the counties that 

utilize the WMDP. Cq values of ARG will be 

different between bacteria isolated from 

counties that utilize the WMDP than those 



counties that do not. Specifically, Cq values in samples from Niobrara, Sublette, and Carbon counties 

will have lower Cq values than samples from Laramie, Sheridan and Campbell counties. We can 

interpret from this that the bacteria from counties that do not participate in the WMDP will exhibit more 

antibiotic resistance than the counties that do. There will be more copies of the RNA transcript of ARGs, 

therefore these bacterial strains are exhibiting more antibiotic resistance in counties that don’t use the 

WMDP as compared to counties that participate. Unexpected results may include higher Cq values in 

Laramie, Sheridan and Campbell county samples or similar Cq values between treatment groups. We 

would conclude from this that antibiotic resistance is not more prevalent in counties that do not 

participate in the WMDP. If this is the case, we will look at other factors that may be influencing our 

results. These factors could include agricultural runoff from prophylactic antibiotic use or the ratio of 

prescriptions per person in each county. The unexpected data from our project could still increase the 

awareness among Wyoming healthcare providers about specific antibiotic resistance prevalence in their 

counties.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Support 
 This research will be funded by the University of Wyoming for the Fall 2017 Microbiology 

Capstone Course (MICR 4321) at a max budget of $1500 dollars. Our project supervisors are Rachel 

Watson, Dr. Gerard Andrews, and Dr. John Willford through the Microbiology Department. 
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