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2. Abstract (1-page): Summarize the project, including the objectives, methods, results, 
and applications.  

This project sought to characterize Salmonella in the Susquehanna River Basin, with a focus on 
both prevalence and which serovars were present. Additionally, we wanted to examine basic 
physical characteristics, as well as the bacterial communities, of those streams. Lastly, we 
collated this information and developed an open-source, interactive mapping tool (Keystone 
MicroTrack) to make these results publicly accessible. 

All data were generated from samples collected during May and July of 2018 and 2019. 28 sites 
were sampled during each collection period, for a total of 112 samples. Briefly, from each site: 
10 L of water were filtered through a modified-Moore swab for use with culturing, 125 mL of 
water was filtered thru a 0.22 µm for use for community profiling, and water quality 
(Conductivity, pH, salinity, and TDS) was collected. 

Two selective enrichment broths (Rappaport-Vassiliadis and tetrathionate) were used for 
culturing. Suspected Salmonella colonies were confirmed by streaking onto different media 
(XLT-4 and HE+N). DNA was isolated from these cultures and processed for CRISPR analysis. 
All genes were also sequenced for use with phylogenetic analysis. 

DNA was extracted from the filters and processed for 16S rRNA analysis, which was done 
through QIIME 2. Within sample (alpha) and between (sample) diversity were examined with 
samples grouped by Salmonella presence based on culturing results. Biomarker analysis was also 
performed to see which bacteria, if any, differed significantly in abundance according to that 
grouping. 

In total, 56% of the samples were Salmonella-positive. Notably, Salmonella was much more 
prevalent in the spring (86% and 82%, 2018 and 2019 respectively) than in the summer (21% 
and 36%). Across all samples, 25 different serovars were identified, with 80% of samples having 
more than one. Serovar Give was the most prevalent serovar. Considering the top ten serovars, 
eight of them have previously been associated with huma illness. At least one serovar from the 
top 10 was present in over 70% of the samples that had Salmonella. 

Significant differences in both alpha and beta diversity for the total bacterial communities were 
discovered when the samples were grouped by Salmonella presence. Furthermore, specific taxa 
were identified that had greatly differential abundance in association with Salmonella presence. 

These data have been incorporated into the Keystone MicroTrack tool, which will is accessible 
to anyone online. This tool will be a valuable resource for public health officials, as well as for 
everyday citizens who live in the area. http://faculty.juniata.edu/pelkey/microtrack/ 

 

 

 



3. Introduction (2-page maximum): Include the purpose of the project, an overview of the 
scientific literature relevant to the project, project objects, and hypotheses.    

Rivers can be important reservoirs for pathogens, with around 560,000 people in the 
United States suffering from waterborne illnesses yearly (Morris and Levin 1995). One 
particularly important pathogen is Salmonella, which is the leading cause of foodborne illness in 
the United States (Scallan et al. 2011; Tack 2019). Salmonella usually enters the environment 
through host waste, allowing it to contaminate freshwater sources via run-off or directly (Harris 
et al. 2018; Jacobsen and Bech 2012). Notably, some studies identified genetically similar 
Salmonella isolates in animals and water within the same watershed (Flockhart et al. 2017; 
Gorski et al. 2011; Maurer et al. 2015). This evidence suggests then that water can be an 
important Salmonella reservoir.  

Importantly, Salmonella is very genetically diverse, consisting of over 2,500 serotypes, 
defined by different cell surface structures (CDC 2020). Furthermore, not all serotypes are 
equally pathogenic. For example, S. Enteritidis causes 25 times as many cases of salmonellosis 
compared to S. Kentucky (Cason et al., 2010). Conventional serotyping involves culturing a 
sample onto media that selects for Salmonella; however, this method is known to be biased to 
dominant serotypes (Cason Jr et al. 2010; Cox et al. 2019). This is problematic, as studies done 
with poultry have found that over 90% of individuals had more than one serotype (Cox et al. 
2019; Thompson et al. 2018). Therefore, multiple recent studies have taken advantage of 
CRISPR spacers to identify serotypes (Cox et al. 2019; Thompson et al. 2018). However, this 
method has yet to be applied to the Susquehanna River basin, a 27,510 square mile watershed 
that is home to over 4 million people (Susquehanna River Basin Commission 2016). 
Undoubtedly then, it would be valuable to know where Salmonella is present in it and which 
serotypes are present.  

It would also be valuable to know if it had any associations with other bacteria. For 
example, if investigation revealed Salmonella was always absent when a certain taxa was 
present, that taxa could then be investigated for use in depleting it. A common method for 
bacterial community profiling is 16S rRNA analysis, which involves extracting DNA, 
amplifying a region of 16S rRNA, and then sequencing the resulting amplicons (Caporaso et al. 
2011). Examining the total bacterial community could give important insight into biological 
factors affecting Salmonella presence.    
 Ultimately, the purpose of this project was to investigate Salmonella prevalence and 
composition in the Susquehanna River Basin, as well as both abiotic and biotic factors affecting 
it. More specifically, we sought to analyze the physical properties and microbial content of the 
Susquehanna River Basin. We also sought to identify and isolate Salmonella to determine 
whether any present in the watershed belong to known pathogenic serotypes. Lastly, we wanted 
to compile the physical, chemical, and biological data and make it available using an online 
open-source, interactive mapping tool (Keystone Microtrack). 
 Of course, implicit in our goals was the testing of multiple hypotheses. Namely, we 
expected that multiple serotypes would be present in most samples and that some of them would 
be pathogenic. We also expected to find correlations between Salmonella presence and physical 
parameters, such as temperature. We also wanted to determine if the commonly used indicator 
bacteria E. coli tended to co-occur with Salmonella. Additionally, we expected to identify 
multiple bacteria that were differentially abundant based on Salmonella’s presence. It was with 
these thoughts and goals in mind that we conducted our study.  
 



4. Methodology (3-page maximum): Describe in detail how you tested the objectives 
and/or hypotheses, and clarify the rationale for the methods used.  

Salmonella isolation and serotyping 
10 Liters of water was collected from 28 sites within the Susquehanna River Basin in Pennsylvania, 
including the Susquehanna, the West Branch Susquehanna, and the Juniata rivers, plus other 
smaller tributaries (Figure 1a). Collections were performed during spring (May) and summer (July) 
of 2018 and 2019. Samples were filtered through a modified-Moore swab and the swabs were 
stored individually on ice until processing. A total of 200 ml of modified buffered peptone water 
was added to each swab and the swabs massaged individually by hand for two minutes. From this, 
50 ml was transferred to a fresh bag and incubated in a shaking incubator at 37°C. After 22-24 
hours, samples were sub-cultured into Rappaport-Vassiliadis (RV) and tetrathionate (TT) selective 
enrichment broths in 10 ml. These samples were incubated at 42°C for 22-24 hours. Using sterile 
loops, 10 µl was streaked onto Xylose-Lysine-Tergitol 4 (XLT-4) and Hektoen Enteric 
supplemented with Novobiocin (5ug/ml) (HE+N) agar plates, which were incubated at 37°C for 
22-24 hours. Suspected Salmonella colonies were re-streaked onto XLT-4 and HE+N for culture 
confirmation, and then were streaked for single colonies on tryptic soy agar (TSA) plates. 
Individual colonies were confirmed by either an invA PCR (Cheng et al. 2008) or the VitekÒ-MS 
(bioMérieux, Durham, USA) machine, using the MS-CHCA solution. 
 
Genomic DNA was isolated from overnight enrichment cultures that yielded Salmonella. DNA 
was diluted 1:20 in molecular grade water and 2 µl were used in the first PCR step for CRISPR-
SeroSeq with primers targeting the CRISPR direct repeat sequences (Thompson et al. 2018). PCR 
products were purified using the Ampure system (Beckman Coulter, Indianapolis, IN) and 5 µl of 
the cleaned amplicon was used as a template for the second PCR where dual index sequences were 
added following the Illumina Nextera protocol (Illumina, San Diego, CA). PCR products were 
purified using Ampure and pooled in approximate equimolar ratios. Pooled libraries were 
multiplexed and sequenced on an Illumina platform. CRISPR-SeroSeq analyses were performed 
using a Python script that scans sequence reads and uses BLAST to match sequence reads to a 
database of over 130 serovars, before writing the output directly to Excel (Cox et al. 2019; 
Thompson et al. 2018). Serovars were called only if they contained multiple CRISPR spacers that 
were unique to that serovar and if the cumulative number of reads for all the spacers in that serovar 
constituted a relative frequency of at least 0.05% of the sample’s total serovar population. 
CRISPR-SeroSeq was performed independently on RV and TT enrichments and data from both 
enrichments was normalized and visualized via Sankey plots that were built using SankeyMATIC 
(Bogart [2015] 2020). 
  
Genomic DNA was extracted using the DNeasy system (Qiagen, Frederick, MD). Sequencing 
libraries were prepared using the Nextera XT kit and sequenced on an Illumina MiSeq (San Diego, 
CA) using 150 paired-end cycles. Genomes were assembled (Bankevich et al. 2012) and annotated 
(Seemann 2014) and a core genome defined using roary (Page et al. 2015). RaxML (1000 bootstrap 
replicates, GTRCAT) (Stamatakis 2014) was used to infer maximum likelihood phylogeny from 
the entire core genome alignment and the tree was visualized on Fig Tree (v1.4.4). The CFSAN 
SNP Pipeline was used to determine pairwise SNP distances (Davis et al. 2015). The genomes 
were uploaded to NCBI and the SRA accession numbers are listed in Supplemental Table 2. 
 



In total, these methods allowed us to identify in which sites Salmonella was present, as well as 
more specifically, which serotypes were present.  
 
Salmonella correlation with E. coli 
For total coliform and generic E. coli, 125 ml of water was collected in a plastic beaker quantified 
using the Colilert 2000 Tray (IDEXX, Westbrook, ME). E. coli presence was compared to 
Salmonella presence, and statistical analysis was done to see if there was a significantly higher 
abundance of E. coli in streams where Salmonella was present.   
 
Salmonella correlation with physical factors  
River discharge was obtained from the United States Geological Survey (USGS) National Water 
Information System surface water records at 14 discharge meters throughout the sampling area. 
Land-use was determined using ARC-GIS with the following layers: Chesapeake Bay Watershed 
Land Cover (Chesapeake Conservancy; updated 9/24/2019), Cartographic Boundary Shapefiles 
(2017) – Urban Areas (US Census Bureau; updated 8/6/2018), and USA Urban areas (Esri; updated 
1/7/2020). An Oaktron PC Testr probe was used to measure conductivity, total dissolved solids, 
pH, and water temperature. Statistical analysis was then performed to determine if these 
parameters varied significantly based on Salmonella presence.   
 
Salmonella correlation with bacterial communities 
For 16S analysis, 125 ml of water was collected and filtered on site through a 0.22 µm Sterivex 
polyethersulfone filter (MilliporeSigma, Burlington, MA) and the filter capsule was stored on ice 
until processing. Total DNA was extracted from the filters using the Qiagen Powersoil kit 
(Frederick, MD) according to the manufacturer’s instructions, and eluted in 50 µl of molecular 
grade water. The V4 region of the 16S gene was amplified following the process described in 
Walters et al (Walters et al. 2016). Libraries were pooled in equimolar ratios and stored at -20°C 
before paired-end sequencing was performed on the Illumina MiSeq platform (San Diego, CA) 
with 500 cycles. QIIME 2 (version 2019.7) was used for microbiome analyses (Bolyen et al. 2019) 
that included DADA2 to call amplicon sequence variants and filter the raw data (Callahan et al. 
2016), a naïve Bayes classifier to assign taxonomy (Bokulich et al. 2018) with the SILVA database 
(Quast et al. 2013), and MAFFT (Katoh and Standley 2013) and FastTree (Price, Dehal, and Arkin 
2010) to generate rooted phylogenetic trees. Prior to filtering, the cumulative expected error for 
each position was determined with VSEARCH (Rognes et al. 2016)  
 
To obtain average alpha diversity values, datasets were normalized by rarefaction and 20 iterations 
were performed at 10 different depths (ranging from 530-5300 sequences) and average values at 
the 5,300 depth were analyzed using Faith’s phylogenetic diversity (Faith and Baker 2007). A 
rarefaction plot was created with the results of this subsampling to confirm that diversity 
approached an asymptote and slope decreased as depth increased to indicate that the depth was 
sufficient to capture a good representation of the true diversity in each sample. Alpha diversity 
was presented as a box plot generated in R (3.5.1). A Kruskal-Wallis test was used to determine if 
within sample diversity was correlated with Salmonella presence.  
 
Beta diversity was calculated with a table normalized using cumulative sum scaling (Paulson et al. 
2013) and the weighted Unifrac metric (Lozupone et al. 2007) and visualized in a Principal 
Coordinates Analysis plot in R (3.5.1). A PERMANOVA test was used to assess the significance 



of clustering when samples were grouped based on the presence of Salmonella to see if overall 
community composition differed. Going further, the specific taxa associated with Salmonella 
presence were identified using LEfSe after the data were first cpm-normalized and formatted as 
described in (Segata et al. 2011). 
 
Keystone Microtrack tool development 
The code for the Keystone Microtrack tool was developed using R. Correlations were calculated 
with the propr package (Quinn et al. 2017) and visualized as a heatmap with Plot_ly (Sievert 2020). 
Latitude and longitude measurements were used to plot points representing each of the sampling 
points. Different maps were then created using the mapview package (Appelhans and Detsch 
[2015] 2020) to show water quality information for each site, as well as Salmonella, and E. coli 
abundance.   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5. Results and Discussion (5-page maximum) 

Figure 1. Salmonella enterica 
subspecies enterica distribution 
across the Susquehanna River 
Basin. (A) Map of 28 sampling 
locations within the Susquehanna 
River Basin. Each site was sampled 
four times over the two-year study. 

(B) Heat map representing 
serovar diversity at each 
site for each sampling 
trip. White boxes 
indicate Salmonella 
absence. Graphic 
showing land-use within 
a square mile of the 
sample collection site. 
  

 
Figure 2. High river discharge 
correlates with increased enteric 
bacteria and a distinct microbiome. 
(A) Prevalence of Salmonella across 28 
locations for each sampling trip. (B) 
Mean river discharge levels measured 
by 14 USGS gages throughout the 
sampling region. Black circles represent 
mean values for the indicated year. Error 
bars reflect the standard error (C) Mean 
water temperature for all 28 sites. Error 
bars reflect the standard error (D) Mean 
E. coli quantification by most probable 
number (MPN). Error bars reflect the 
standard error. (E) Box-and-whiskers 
plots showing Faith’s alpha diversity 
from 16S sequence data performed from 
samples from each site. (F). Principal 
Coordinates Analysis (PCoA) of 
microbiome data explains 26.5% and 
15.7% of the OTU variance. Pairwise 
comparisons of all runs had p-values of 
0.001. Spring 2018 (red), spring 2019 
(pink), summer 2018 (black), and 
summer 2019 (grey). 
  
 



 
 

 
Figure 3. High Salmonella serovar 
diversity across the Susquehanna River 
Basin. CRISPR-SeroSeq identified 
multiple serovars in 80% of Salmonella-
positive water samples. Relative serovar 
frequency is represented by the thickness 
of the line in the Sankey plots, and each 
serovar is represented by a different color, 
as listed in the key. The most abundant 
serovars are noted, and those in the top ten 
associated with human illness are written 
in bold. 
 
 
 
 

  
 

 
 
 
Figure 4. Whole genome sequencing phylogeny demonstrates 
high intra-serovar diversity. A core genome of 3841 genes was used 
to infer phylogeny. The tree was rooted using a Salmonella serovar 
Typhimurium genome (SRR7532758). Node tips are labeled 
based on the site where the isolate was identified and 
colored according to collection time (red, spring 2018; 
black, spring 2019). Bootstrap values from 1000 
replicates are shown in black test to the left of the node. 
For context, SNP pairwise distances between two 
isolates are shown in blue. 



 

 
Figure 5. Alpha diversity analysis revealed significant (p≤0.05) differences based on 
Salmonella presence. QIIME2 was used to create a rooted phylogenetic tree with MAFFT 
and FastTree. The resulting phylogenetic tree was then used with the ASV table to calculate 
alpha diversity for each sample based on Faith’s Phylogenetic Diversity metric. Samples were 
grouped based on the month in which they were collected and whether Salmonella was 
identified as present in them (based on culturing). Significance was evaluated with Kruskal-
Wallis tests. Samples from streams where Salmonella was identified were significantly more 
diverse.  
 
 

Figure 6. Beta diversity analysis 
revealed significant (p=0.001) 
clustering among the samples based 
on Salmonella presence. QIIME2 was 
used to create a rooted phylogenetic 
tree with MAFFT and FastTree. The 
resulting phylogenetic tree was then 
used with the ASV table to calculate 
distances between samples based on the 
Weighted UniFrac metric. Significance 
was evaluated with a PERMANOVA 
test. The distance matrix was visualized 
in R using Principal Coordinates 
Analysis thru the phyloseq package, 
with standard error confidence intervals 
being created around the centroids with 
the ggordiplots package.  



 

 
Figure 7. LEfSe analysis revealed multiple taxa that had large (log(LDA)≥3.5) 
significant (p≤0.05) differences in abundance when samples were grouped by Salmonella 
presence. Kruskal-Wallis tests were used to evaluate the significance of differences in 



abundance, and Linear Discriminant Analysis was used to quantify those differences, with the 
log of the LDA score being shown on the x-axis.  
 

Discussion 
 
 The results of this project supported most of our hypotheses. In concordance with 
previous studies (Cox et al. 2019; Thompson et al. 2018), we also identified multiple serovars in 
the majority of the samples, with several of them being pathogenic (Figure 3). More specifically, 
on average, samples with Salmonella had three serovars, with a range of 1 to 10. Therefore, our 
utilization of NGS allowed us to detect more serovars than traditional methods. Furthermore, 
NGS allowed us to investigate within serovar genetic diversity (Figure 4). The high level of 
diversity seen within that serovar suggests individual isolates were not transmitted via water, as 
none of the isolates were identical and isolates from geographically close sites were not 
correspondingly more similar.  

Additionally, we found bacterial communities as a whole differed significantly grouped 
based on the presence of Salmonella (Figure 6), with multiple specific taxa driving those 
differences (Figure 7). Notably, two phyla (Actinobacteria and Cyanobacteria) tended to be more 
abundant in streams where Salmonella was absent. Cyanobacteria’s enrichment was driven 
predominantly by Cyanobium PCC-6307, while Actinobacteria’s enrichment was driven by 
members of the Sporichthyaceae family. Interestingly, members of Cyanobacteria have 
previously been identified to have antimicrobial properties (Dewi et al. 2018). Therefore, future 
work could investigate the potential of these two taxa as bioremediators for Salmonella.   

Notably, contrary to our hypothesis and prior studies (Byappanahalli et al. 2009; Haley, 
Cole, and Lipp 2009; Luo et al. 2015; Maurer et al. 2015), we did not find a positive correlation 
between temperature and Salmonella presence, nor did we observe correlations between 
Salmonella presence and our other water quality measurements. However, Salmonella 
prevalence was positively correlated with precipitation (Figure 1), which is concordant with 
previous work (Haley, Cole, and Lipp 2009; Thomas, Slawson, and Taylor 2013). Accordingly, 
as with those studies, Salmonella prevalence was also clearly affected by physical characteristics 
in ours as well.  

Overall, our study characterized the prevalence of Salmonella in the Susquehanna River 
Basin over the course of two years. This work revealed a large diversity of serovars, with the 
analysis on intra-serovar indicating a lack of transmission between sites. Moreover, it suggested 
several bacterial taxa can depress Salmonella’s abundance. Lastly, the data generated by this 
study is now available online through the Keystone Microtrack tool, which could be useful for 
both government officials and citizens interested in water quality.    

 
 
 
 
 
 
 
 
 
 



6. Potential Applications, Benefits, and Impacts (3-page maximum): Include ways this 
project has affected industry development and productivity, resource management (e.g., 
acres of land restored, tools for use by managers created), behavior of target group of end 
users, and/or scientific advancement. Quantify these effects whenever possible. Include 
what you see as potential future applications of this project to these areas, considering 
both short (2-5 year) and long (>10 year) outcomes. Also, include a discussion of any 
potential future research. 

 The Keystone Microtrack tool was developed as a result of this project. That tool could 
be invaluable to people in charge of managing any part of the Susquehanna River Basin due to 
the wealth of information it provides. It provides information on both E. coli and Salmonella 
abundances on all samples collected over the course of the study, allowing users to evaluate 
trends in those abundances when making decisions about when and how to take advantage of the 
water resources in that area. E. coli is a commonly used indicator for the presence of pathogens 
in water, so even though it was found not to be correlated with Salmonella in this study, its 
presence is still suggestive of the possible existence of other pathogens. Therefore, having those 
data available could encourage resource managers to examine the sites or areas near them that 
we identified as having E. coli to see if they have experienced contamination, e.g. due to 
livestock waste. With respect to Salmonella, our data suggest that it is much less prevalent in the 
area in the summer compared to the spring. Therefore, though recreational activities would 
probably become more common towards the summer, concerned resource managers could 
investigate the streams where we identified Salmonella in the spring to see if they should issue 
any warnings about using them for recreational activities until later in the season.  

Additionally, the Microtrack tool contains all bacterial data collected through sequencing, 
so if a resource manager later becomes concerned about the presence of a specific bacteria in the 
Susquehanna River Basin, they could refer to this tool to see if it had previously been identified 
in the watershed. Similarly, even the basic measurements of water quality information contained 
in that tool has real value as a potential baseline to compare conditions at a later date too. As an 
example of long term utility, when considering climate change and its potential effects, one can 
easily see the value of having a readily available record of stream temperatures from the late 
2010s for comparison many years from now to determine if average stream temperature has 
increased, and if so, by how much. Likewise, another potential long term benefit of having the 
water quality data online, would be to see how future changes in land use and development affect 
these streams’ physical parameters. To illustrate, if in the future a shopping mall is built near one 
of the streams we sampled, its conductivity after that construction could be compared to the data 
online as an indication of whether the stream experienced increased runoff due to the new mall.  

In addition to the development of Keystone Microtrack, our work also contributed 
valuable information about Salmonella in the Susquehanna River Basin. The diversity of 
Salmonella serotypes identified suggests that Salmonella does not persist long in the streams we 
sampled; rather, its presence is principally due to rapid replenishment. The correlation that we 
observed between precipitation and Salmonella prevalence lends further support to that theory. 
Another important finding is the apparent lack of transmission of Salmonella isolates between 
nearby streams. Our analysis of the serovar Give indicated that individual Salmonella isolates 
were not spreading through streams within the Susquehanna River Basin, as all isolates 
sequenced were of different strains and isolates from geographically close sites were not more 



genetically similar. Additionally, we confirmed the presence of multiple important pathogenic 
Salmonella serovars, further showing the importance of being able to detect it. Fortunately, we 
identified several bacteria correlated with the presence or absence of Salmonella. Notably, in 
addition to seeing multiple differentially abundant taxa, our analysis of the total bacterial 
communities revealed significant clustering based on Salmonella presence.  

Therefore, future work could investigate whether certain bacterial assemblages or 
specific taxa make conditions more favorable to Salmonella. It would also be valuable to 
characterize isolates in serovars in addition to Give to see if others have similarly high levels of 
genetic diversity. Characterizing additional isolates would also help determine if Salmonella 
from any of the streams in this watershed were responsible for previous outbreaks. That analysis 
would also be helpful for identifying the origin of Salmonella, i.e. where is the Salmonella 
coming from (assuming its predominantly land to stream contamination, which our data support, 
and not vice versa). Additional work with whole genome sequencing and CRISPR then would be 
very helpful for addressing both tasks. Clearly, there is much work left to be done for 
characterizing Salmonella in this area; however, our efforts in this project produced a large 
amount of useful information, which is now publicly available through the online tool we 
developed.        
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9. Outputs and Outcomes 
● Student Support: Include names of all students who have helped with the project and the 

degree pursued or earned (BS/BA, MS/MA, Ph.D., other).  

Abigail Deaven, BS (Biochemistry and Molecular Biology major; Graduated Fall 2020 
from Gettysburg College, applying to graduate school for Fall 2021) 

Mira Vining, BS (Biology major; graduated from UGA 2020) 

Paula Rios, BS (Biology major; senior, UGA) 

Cara Hatzinger, BS (Biology major; senior, Gettysburg College) 

Eddie Almarez, BS (Biology major; graduated from Juniata 2020) 

 Avery Lee, BS (Biology major; senior, Juniata) 

 Olivia Wright, BS (Environmental Science major, junior, Juniata) 

● Students who become employed: number of Sea Grant-supported students who become 
employed in a job related to their degree within two years of graduation (include student 
name, degree earned, job title, and employer name).  

Jacob Marogi, BS (Biochemistry and Molecular Biology major; Graduated Summer 2019 
from Gettysburg College; in PhD program, Princeton University) 
 
Jeremy Chen See, BS (Environmental Science; Graduated Summer 2019 from Juniata 
College; Lead Bioinformaticist, Wright Labs LLC, Huntingdon PA) 

 
● Faculty and Staff Support: Include names of all part-time and full-time faculty and/or 

staff supported by this project.  Pleased include full time equivalents (FTEs) for each 
individual.  A FTE is equal to 12 months full time effort (e.g. 3.0 months = 0.25 FTE).  

 
Juniata College: 
Regina Lamendella, Ph.D., Associate Professor, Principal Investigator – 0.17 FTE 
Niel Pelkey, PhD, Professor, Juniata College,  GIS consultant – 0.08 FTE 

 
University of Georgia 
Nikki Shariat, Ph.D., Assistant Professor, Co-Principal Investigator – 0.17 FTE 

 
● Presentations: List all presentations given by project investigators (include presenter 

name, title, date, location, meeting/conference, and number of attendees). 

Regina Lamendella, (PI) Microbial Community Analysis Tools: What’s New in Environmental 
Genomics? The Pennsylvania State University, April 4, 2019 (50 attendees)  

 



Regina Lamendella, Quantitative Insights Into Microbial Ecology Workshop: Analyzing surface water 
microbial communities. Hampton University, January 9-10, 2020. (18 attendees) 

Nikki Shariat (Co-PI): Salmonella prevalence and serovar diversity in freshwater. Symposia: 
Whole microbial community and metagenomics applications to characterize water used in food 
production. International Association for Food Protection. Virtual Meeting 10/27/20 

Nikki Shariat (Co-PI): Salmonella prevalence and serovar diversity in freshwater. Oconee 
Waters Committee Meeting. 10/22/2020. Watkinsville, GA. 6 attendees 

Nikki Shariat (Co-PI): Salmonella prevalence and serovar diversity in freshwater. Upper 
Oconee Watershed Network Board Meeting. 11/11/2020. Virtual Meeting. 8 attendees 

Nikki Shariat (Co-PI): Dynamic Salmonella Serovar Populations in a River Watershed 
Global Water and Food Safety Summit, JIFSAN, University of Maryland, College Park, MD. 
11/20/2019. 250 attendees 
 
Nikki Shariat (Co-PI): Contribution of increased precipitation to Salmonella diversity in 
freshwater American Society for Microbiology, ASM-Microbe annual conference. San 
Francisco, CA. 6/2019 
 
Abigail Deaven (student): The Susquehanna River: A dynamic host for Salmonella enterica. 
Allegheny Branch of the American Society for Microbiology. Loretto, PA 11/2019. 

Abigail Deaven (student): Pathogens in Our Water: Investigating Diversity of Foodborne 
Pathogens in the Susquehanna River  Allegheny Branch of the American Society for 
Microbiology. Gettysburg, PA 11/2018. 

Eddie Almaraz and Avery Lee (students): Mapping Microbes and Pathogens in the 
Susquehanna River Basin. Allegheny Branch of the American Society for Microbiology. 
Loretto, PA 11/2019. 
 
Avery Lee (student): Mapping Microbes and Pathogens in the Susquehanna River Basin: A 
Microbial Ecology Invesitgation. Allegheny Branch of the American Society for Microbiology. 
Virtual Meeting 11/2020. 

 

● K-12 students reached: number of Kindergarten thru 12th grade students who attend a 
workshop, training, or presentation (include date, presentation/workshop title, school 
name, and number of students). 

Juniata ASM club hosted an even on water quality. 02/20. Led by Avery Lee. 50 4-8graders 
attended even at Juniata College. 

 



● K-12 teachers reached: number of Kindergarten thru 12th grade teachers who attend a 
workshop, training, or presentation (include date, presentation/workshop title, school 
name(s), and number of teachers). 

● Volunteer hours: number of hours that citizens volunteer without payment for their time 
and services to help accomplish the goals and objectives of the project (include number 
of volunteers and number of volunteer hours). 

● People engaged in informal education programs: number individuals that actively 
participate in informal education programs (include date, event description, location, 
and number of people engaged). Engaged means that the individuals are actively 
participating in the program. Informal education takes place outside the classroom and 
is often, but not always, site-based (e.g., at aquaria, science centers, or workshops).  

 
Regina Lamendella, Quantitative Insights Into Microbial Ecology Workshop: Analyzing surface 
water microbial communities. Hampton University, January 9-10, 2020. (18 attendees) 

 
● Publications: list of all publications associated with this project (please submit PDF 

copies of publications).  

Deaven AM, Ferreira CM, Reed EA, Chen See JR, Lee NA, Almaraz E, Rios PC, Marogi JG, 
Lamendella R, Zheng J, Bell RL, Shariat NW. Salmonella Genomics and Population Analyses 
Reveal High Inter- and Intraserovar Diversity in Freshwater. Appl Environ Microbiol. 2021 
Feb 26;87(6):e02594-20. doi: 10.1128/AEM.02594-20. PMID: 33397693. 

The Keystone Microtrack tool to characterize Salmonella in the Susquehanna River Basin. 
Chen See, J, Lamendella, R, Shariat, N, and Pelkey, N. (in preparation for submission to 
ESRI: Target Date 3/20/21) 

Microbial Ecology of Surface Water from Susquehanna River Basin reveal Pathogen 
Networks. Lee, N, Chen See, J, Wright, O, Almaraz, E, Deaven A, Shariat, N, and 
Lamendella R. (in preparation for submission to Frontiers in Microbiology, Target Date of 
submission 5/1/21)  

● Media coverage (radio, TV, newspaper, and/or magazine) by universities, local interest 
groups, news outlets, etc.  

 
● Project partnerships initiated or continued due to this sponsored research. Include a 

brief description of the partnership (e.g., hosted conference symposium together; plan to 
share monitoring assets in the future). 

Partnership with the US Food and Drug Administration Center for Food Safety and 
Applied Nutrition was initiated due to this sponsored research. Partnered in sample 
collection and analysis. 

● Grants from other funding agencies that resulted, at least in part, from this sponsored 
research. Include the title of the project, funding agency, amount requested, funding 
decision (if known), and/or years of award.  



● Awards and honors received within the time period covered by this annual report.  

Nikki Shariat (Co-PI): ASM Outstanding Abstract Award – ASM-Microbe 2019 
 
Eddie Almaraz and Avery Lee (Students): ABASM 1st in Undergraduate Environmental 
Posters – ABASM 2019 

● Patents or patent licenses that have resulted from this project.  

 

10. Impact and/or Accomplishment Statement(s) 
● Impact statements should effectively describe the significant economic, societal and/or 

environmental benefits of the research.  Impact statements answer the questions "who 
cares" or "so what" and what happened as a result of your work.   
 

Title: Keystone MicroTrack Project Impact 
Collaborators: Regina Lamendella and Nikki Shariat 
Recap: A user-friendly tool (Keystone MicroTrack) was developed to map the prevalence of 
Salmonella in the Susquehanna River Basin, as well as correlations with bacterial populations 
and physical parameters of water quality. 
Relevance: Salmonella is an important food pathogen, with the potential to spread from stream 
environments to humans through recreation or irrigation.  
Response: Samples were collected from 28 streams in the Susquehanna River Basin over the 
course of two years to determine the distribution and composition (serovars) of Salmonella, as 
well as the biological (bacteria) and physical (water quality) factors correlated with it. The 
presence and abundance of pathogens could be valuable to resource managers seeking to 
prioritize or investigate degraded environments. These water quality maps could someday 
provide a useful point of comparison to see how development or climate change has or has not 
impacted those streams. 

Results: The Keystone Microtrack tool was developed to allow the public to access data 
collected during a project funded by the Pennsylvania Sea Grant to characterize Salmonella in 
the Susquehanna River Basin. Salmonella in streams, whether through irrigation or recreation, 
has the potential to infect people.  

 
● Accomplishment statements effectively describe the key actions, activities or products 

resulting from the research.  These are distinct from impact statements in that they reflect 
ongoing activities or key results that may not yet have had a significant economic, 
societal and/or environmental benefit, but that lay the foundation for such a benefit.  An 
accomplishment is the successful achievement of a task or activity that the project 
undertook.   

Accomplishment’s Statement 
Title: Keystone MicroTrack Project Accomplishments 
Collaborators: Regina Lamendella and Nikki Shariat 



Recap: Next-generation sequencing was used to determine the prevalence of Salmonella in the 
Susquehanna River Basin, as well as correlations with bacteria and physical parameters of 
water quality. 
Relevance: Salmonella is an important food pathogen, with the potential to spread from stream 
environments to humans through recreation or irrigation.  
Response: Samples were collected from 28 streams in the Susquehanna River Basin over the 
course of two years to determine the distribution and composition (serovars) of Salmonella, as 
well as the biological (bacteria) and physical (water quality) factors correlated with it. 
Results: We now know there are multiple pathogenic Salmonella serovars present in the 
Susquehanna River Basin, which is directly relevant to human health. We also identified several 
bacteria that could negatively impact Salmonella, as well as others that could be indicative of its 
presence. Notably, E. coli presence was found to be a poor predictor of Salmonella, which 
suggests that perhaps one of the bacteria identified in this work could serve as a more effective 
indicator. Lastly, all of our data is also available online through the Keystone MicroTrack tool, 
making it accessible to anyone concerned or interested about Salmonella in that area.    

  


