
Taxon Cumulative Reads
Botrytis 43,065
Thermothelomyces 33,124
Saccharomyces 11,150
Candida 7,670
Staphylococcus 7,335
Sugiyamaella 4,030
Janthinobacterium 3,041
Thermothielavioides 2,791
Eremothecium 2,660
Pichia 2,658
Malassezia 2,017
Kluyveromyces 1,717
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Histoplasma capsulatum, is a dimorphic fungus known to cause a rare respiratory illness known as Histoplasmosis. The midwestern region of the United States has dense bird populations that provide
an ideal environment for the establishment and spread of the fungus through feces. The most likely route of exposure in humans is through occupational and recreational activities such as construction,
landscaping, and agriculture. Recently, the Soo Locks facility in Sault Ste. Marie, MI was given approval to begin construction on a new lock to accommodate larger ships on the Great Lakes. Construction
was set to take place in heavily Gull populated areas of the facility and led to the concern that employees could be at potential risk for exposure to H. capsulatum if it was present in the soil. In order to
determine the overall presence of H. capsulatum, 40 soil samples were taken from various locations at the Soo Locks facility during Winter 2020. We examined the soil samples in order to determine the
presence of Histoplasma capsulatum through DNA extraction and Next Generation Sequencing. Our findings support that there was no presence of Histoplasma capsulatum in the collected soil samples
and provided information for the Occupational Health and Safety team to ensure proper safety measures were in place to ensure the well-being employees and contractors.

Abstract

Introduction
Founded on March 16, 1802 the United States Army

Corps of Engineers (USACE) works to maintain and
improve the infrastructure of the United States of
America. The Soo Locks in Sault Ste. Marie, MI belongs
to the Great Lakes and Ohio River division of USACE
and is an essential part of the nation’s shipping industry.
Recently granted approval and funding for the
construction of a new lock to accommodate larger ships
on the Great Lakes, USACE began work planning
construction in areas of the Soo Locks Facility that are
heavily populated by Gulls.

Histoplasma capsulatum, to be referred to as H.
capsulatum, is a dimorphic fungus normally found in
North and Central America, with a predominate presence
in midwestern regions of the United States. These
regions have dense bird populations that provide an ideal
environment for the establishment and spread of the
fungus through bird feces. H. capsulatum is known to
cause the rare respiratory illness, Histoplasmosis
(Kauffman, 2007). Infection occurs upon inhalation of
disturbed H. capsulatum spores. The spores enter into
the respiratory tract and then move onto infect the
lymphatic and circulatory system of the infected
individual. USACE began planning and analyzing all
potential hazards before the start of construction. After
close analysis and research on a former H. capsulatum
outbreak at the Rogers City Calcite Quarry that infected
138 individuals in 1983, it was deemed necessary to
determine the potential risk of H. capsulatum exposure
and to subsequently formulate a health and safety
analysis to prevent employee infection.

Methods
Sample Collection
• 40 soil samples collected from the Soo Locks facility

(Figures 1-2)
• The top 1” of soil was disturbed and collected into

plastic collection tubes.
• Collected soil samples were frozen until used.
DNAExtraction
• DNA extraction was completed using the Qiagen

DNease PowerSoil extraction kit (Figure 3)
PCR and Fragment Analysis
• PCR and Fragment Analysis were completed to

ensure the presence of adequate fungal DNA.
Library Preparation and Next Generation
Sequencing
• DNA library preparation and Flongle loading were

completed using the Oxford Nanopore Native
Barcoding Genomic DNA (with EXP-NBD104, EXP-
NBD114, and SQK-LSK 109) methods checklist.

Data Analysis
• Organism classification was completed using

EPI2ME cloudbased software, and Omincs Box
bioinformatics software.

The purpose of this research was to complete Next
Generation Sequencing on collected soil samples from
the Soo Locks Facility in order to determine the
presence of H. capsulatum and assist with safety
planning for new lock construction.

Objective

Results
• No detectable presence of H. capsulatum was found in 

any of the collected soil samples.
• 362,294 reads were analyzed by the MiniION

• 238,716 of those reads were able to be 
classified 

• 123,578 remained unclassified 
• Botrytis cinerea was the most prevalent  overall in 

EPI2ME software (Table 1)
• Colletotrichum higginsianum was identified as the 

most prevalent species in Omnics Box software for 
the site with the highest level of concern.  (Figure 4)

Discussion
Completed analysis suggests that that no detectable

presence of H. capsulatum was found in any of the 40
collected soil samples. The species that were identified
were not found to be of high risk for any additional
infection. Botrytis cinerea is a plant pathogen that is
commonly found in grape debris and can cause loss of a
wide range of plant species. It additionally has the
potential to aid in vineyard health and development
(González-Domínguez et al., 2015). Colletotrichum
higginsianum is an ascomycete pathogen that can cause
fungal disease in plants (Zampounis et al., 2016) Candida,
are commonly found in pig feces which was used as a
mode of Gull population control and soil fertilization for
years at the facility (Li et al., 2019).

Overall, this study was exceptionally successful and
aided the US Army Corps of Engineers in planning for
lock construction. The small size and ability of the
MinION to be powered by a PC allowed timely analysis of
the barcoded samples. However, if this study were to be
repeated a few things would be altered. DNA extraction
would be completed with a higher concentration of soil
initially. Additionally a taq with no green dye would be
selected to avoid any inhibition during PCR.
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