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Introduction: Yersinia pestis, the etiologic agent of plague, has caused major pandemics in human history and continues to be both 
a natural and bioterrorist threat to human populations. Plague exists in nature in either an epidemic or enzootic state. Geographic 
models of the epidemic state have primarily been developed using flea and reservoir species, however little is known of the enzootic 
state and potential cryptic reservoir species and few endemic models have been produced. 

Keywords: Yersinia pestis; Epidemiology; Terrorism GIS; Infectious disease; Microbial ecology; Free-living pathogenic amoeba

Volume 3 | Issue 1
Journal of Microbiology and Modern Techniques

Yersinia pestis, the etiologic agent of plague, has caused three pandemics, and continues to be a threat to human populations across 
the globe as a naturally occurring organism and as a potential biological weapon. The most common methods of humans becoming 
infected is through the bite of a flea infected by feeding upon a rodent reservoir or by the person handling an infected carcass. 
Currently, more than 200 species of animals and 80 species of fleas have been implicated in maintaining Y. pestis endemic foci 
throughout the world [1]. Plague was first introduced to North America in the 19th century and is now endemic from California 
eastward to the eastern slope of the United States [2]. Yersinia pestis exists as either an enzootic in a resistant host population or in 
an epizootic state in susceptible hosts [3].

Both plague infected animals and human cases have been reported on the United States Air Force Academy Base (AFA), located 
in Colorado [4]. The AFA is composed of nearly 8,000 ha located in El Paso County on the eastern slope of the Rocky Mountains. 
Children have died in family housing, where infected rodents and their associated fleas have been found [4]. Determining where 
plague is present on the AFA is important not only in preventing plague in cadets and staff at the academy, but also military 
personnel and their families occupying family housing at the installation. Current models have low spatial accuracy for identifying 
epizootic activity prior to human plague cases suggesting other mammalian reservoirs or their fleas may be more important 
sources in high risk areas, e.g. chipmunks, however several models have been used with increasing resolution to within 30 to 100 
m [5]. In addition to mammalian reservoirs and flea species, microbial communities and environmental factors may play a role in 
identifying high risk areas for plague at the AFA. The objective of this study was to identify high risk areas of persistence of Y. pestis 
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Methods: Flora, fauna, soil data were analyzed using geographic information systems and the Bio agent and Environmental Transport 
System Model (BioTEMS). BioTEMS has been used to evaluate and model several pathogens globally.
Objective: BioTEMS is used in the present study to identify likely sites for enzootic transmission and cryptic species of Y. pestis to 
enhance surveillance and control of plague by public health professionals at the United States Air Force Military Academy.
Results: One hundred fifty-five sites were identified as being at risk of high persistence of plague. Eight sites were within 250 meters of 
base housing and could serve as sources for infecting fleas, rodents and human infection. A significant number of black-tailed prairie 
dog mounds were within 250 meters of HPP sites, 52 of 67, X2=40.9, p<0.01. 
Conclusion: Areas at risk of persistence of Yersinia pestis, the etiologic agent of plague were identified at the United States Air Force 
Academy using the Bio agent Transport and Environmental Modeling System. Several of these sites were near base family housing and 
near prairie dog mounds. This information can be used by public health officials to optimize vector/rodent control and to conduct 
environmental surveillance to reduce the risk of outbreaks of plague on the academy property.
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Flora, fauna, soil data were obtained from the Natural Resources Department (AFA) and the United States Geological Service 
(USGS). Soil samples and observations of ground squirrels and prairie dog communities were recorded and GPS referenced. Neural 
network analysis of microbial density, measured by Luminultra test kits, from soil samples sampled in Colorado and Montana 
were utilized for characterization of microbial microhabitat (Figure 1). ArcGIS geospatial analysis software, Statistica software 
and the BioTEMS were used to analyze geographic information and conduct data analysis to identify likely areas of persistence 
of Y. pestis. The BioTEMS has previously been used for biological weapons defense modeling and infectious disease modeling in 
several countries, including plague [6]. The BioTEMS utilizes up to several hundred abiotic and biotic factors to produce risk and 
vulnerability assessments for biological agents and infectious diseases. Examples of biotic and abiotic factors include; pathogen 
strain, vector/host relationship, vectorial capacity, host/vector physiology, colonization ability, population dynamics of hosts and 
vectors, microbial density, soil, shade, and weather conditions, such as wind, temperature, and precipitation. Analytical methods 
within BioTEMS include; artificial intelligence, fuzzy logic, and niche analysis.

One hundred fifty-five sites were identified as being at risk of high persistence of plague (HPP) (Figure 2). Eight HPP were within 
250 meters of base housing and could serve as sources for infecting fleas, rodents and human infection. A significant number 
of black-tailed prairie dog mounds were within 250 meters of HPP sites, 52 of 67, X2=40.9, p<0.01. This is within the range of 
dispersion by other rodents, e.g. spotted ground squirrels [7] and could be a source of infection for prairie dogs. Black-tailed prairie 
dogs are an important species for plague surveillance; however resources should also be directed towards other possible hosts and 
evaluating human risk by incorporating fluctuations in levels of endemic and epidemic risk [5]. Adding potential interactions with 
microbial hosts and microhabitats can increase the resolution of the model and provide a preventive model with reduced cost.

Enzootic models have been used to identify probable reservoir and flea species where enzootic and non-peridomestic plague 
continues between epizootic outbreaks [5]. The potential distribution of flea vectors of Y. pestis in California has provided assistance 
in focusing sampling of plague vectors [8]. In addition to flea vectors and mammalian reservoirs, soil and microbial communities 
appear to play a role in enzootic maintenance of Y. pestis, including free-living amoeba [9-14]. Models of human associated plague 
using environmental and host factors have been used to assist in prevention of plague from epizootics in four southwest states, 
including Colorado [15-17]. However, these models do not include potential Y. pestis interactions in the microbial environment.

Materials and Methods

Figure 1: Radial Basis Function Neural Network of predicted microbial density in 
microhabitats of soils within the US Air Force Military Academy; Profile: RBF 9:9-1-
1:1, Index=20 Train Perf.=0.99, Select Perf.=1.03, Test Perf.=0.90

Results and Discussion

Free-living amoeba, provide a macrophage-like environment and serve as suitable hosts for several human pathogens. Pathogenic 
bacteria interact with the amoebae, residing in both trophozoite and cyst forms, protected from deleterious environmental factors 
and even gaining pathogenicity [18]. Yersinia pestis is associated with and can persist in free-living pathogenic amoeba, e.g. 

at the AFA to assist in plague surveillance and prevention, and identify if enzootic persistence may be located near base housing 
utilizing the Bioagent Transport and Environmental modeling system (BioTEMS).
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Acanthamoeba castellani [13,14]. Yersinia pestis also persists in free-living pathogenic amoeba, providing prolonged survival and 
subversion of intracellular digestion of Y. pestis within a soil free-living amoeba. This suggests the potential role for protozoa as 
a protective soil reservoir for Y. pestis [19]. Mammals often come into contact with free-living amoebae but vary in susceptibility 
to free-living pathogenic amoeba, such as Naegleria species, can depending on species, age and sex of the host [20]. Susceptible 
mammals may become infected by Y. pestis when they come into contact with free-living amoeba [18].

Human cases of plague have occurred in military housing at the AFA [4]. Even though peridomestic rodent control is conducted 
in military housing, the death of a child in base housing at the AAF emphasizes the need to develop new strategies of surveillance 
and control methods in family housing in order to reduce risk to military personnel and their families. Housing areas on military 
bases are sometimes at high risk from vector-borne diseases, e.g. enlisted housing at Edgewood Army Base, MD was identified 
as being at high risk for Ixodes scapularis the tick vector of Borrelia burgdorferi, the etiologic agent of Lyme borreliosis (Kollars, 
unpublished). In the present study, several high risk areas for plague were identified near base housing using BioTEMS. Having 
the ability to prioritize likely areas and identify sites for sampling for endemic persistence of plague can reduce the manpower and 
logistics spent in surveillance while enhancing prevention. Current methods of plague surveillance focus on rodent and flea testing 
for prevention and control of plague outbreaks. Adding the testing of the soil microbial community, e.g. free-living amoebae into 
surveillance operations may provide valuable insight into sites identified as high persistence areas for Y. pestis and other pathogens. 
Niche analysis is a useful tool when identifying the potential distribution of pathogenic species and should incorporate factors 
in addition to geographic locality and habitat, e.g. genotypic/phenotypic diversity, host susceptibility, and potential microbial 
reservoirs. Strain variation of Y. pestis plays a role in host invasion and environmental survival and behavioral and physiologic 
condition of individuals affects susceptibility to Y. pestis [21-23].

Figure2: High risk areas of Yersinia pestis persistence identified using the Bio agent Transport and Environmental Modeling System

Conclusion
Areas at risk of persistence of Yersinia pestis, the etiologic agent of plague were identified at the United States Air Force Academy 
using the Bio agent Transport and Environmental Modeling System. Several of these sites were near base family housing and near 
prairie dog mounds. This information can be used by public health officials to optimize vector/rodent control and to conduct 
environmental surveillance to reduce the risk of outbreaks of plague on the academy property.

Acknowledgment
The authors would like to express appreciation to the staff of the U.S. Air Force Academy Natural Resources Management for 
providing support. The authors dedicate this paper to the memory of Peggy Gardner Kollars, wife, mother, friend and scientist for 
helping to coordinate this study who is now in heaven with Jesus and we know we will see her again because we have faith also. 
The views expressed in this publication are those of the author’s and do not reflect the official policy of the United States Army or 
United States Government. The author reports no conflict of interest in this work.

References
1. Harrison FJ (1995) Prevention and Control of Plague. US Army Center for Health Promotion and Preventive Medicine, Fitzsimons Army Medical Center, 
Aurora, Colorado.
2. Caten JL, Kartman L (1968) Human plague in the United States, 1900-1966. JAMA 205:81-4.

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjg1sbe17bYAhUNS48KHU0nBPsQFggoMAA&url=https%3A%2F%2Fwww.hsdl.org%2F%3Fview%26did%3D437578&usg=AOvVaw1fJmrHisjt0Astb0IjOokt
https://www.ncbi.nlm.nih.gov/pubmed/5694975


Annex Publishers | www.annexpublishers.com                    
 

Volume 3 | Issue 1

 
4Journal of Microbiology and Modern Techniques

5. Lowell JL, Eisen RJ, Schotthoefer AM, Xiaocheng, Montenieri JA et al. (2009) Colorado animal-based plague surveillance systems: relationships between 
targeted animal species and prediction efficacy of areas at risk for humans. J Vector Ecol 34: 22-31.
6. Kollars TM (2008) BioTEMS-Biology based modeling to determine bioagent fate. Chemical Biological Weapons Delivery Methods and Consequence Assessment 
Modeling Conference. National Geospatial Intelligence Center: Weapons Intelligence, Nonproliferation and Arms Control.
7. Streubel DP, James PF (1978) Spermophilus spilosoma- Mammalian Species. Am Soc Mam, New York 101: 1-4.
8. Adjemian JC, Girvetz EH, Beckett, L, Foley JE (2006) Analysis of genetic algorithm for rule-set production (GARP) modeling approach for predicting 
distributions of fleas implicated as vectors of plague, Yersinia pestis in California. J Med Entomol 43: 93-103.

10. Darby C, Hsu JW, Ghori N, Falkow S (2002) Caenorhabditis elegans: plague bacteria biofilm blocks food intake. Nature 417: 243-4.
11. Greub G, Raould D (2004) Microorganisms resistant to free-living Amoebae. Clin Microbiol Rev 17: 413-33.
12. Eisen RJ, Petersen JM, Higgins CL, Wong D, Levy CE, et al. (2008) Persistence of Yersinia pestis in soil under natural conditions. Em Inf Dis 14: 941-3.
13. Koshel EI, Anisimova LV, Novichkova LA, Vidyaeva NA, Guseva NP, et al. (2015) A study on the taxonomy of soil amoebas from Caspian plague foci based 
on an analysis of ribosomal operon wequences. Russ J Gen 51: 33-8.
14. Benavides-Montaño JA, Vadyvaloo V (2017) Yersinia pestis resists predation by Acanthamoeba castellanii and exhibits prolonged intracellular survival. Appl 
Environ Microbiol 16: e00593-17.
15. Barnes AM (1982) Surveillance and control of bubonic plague in the United States. Symp Zool Soc Lond 50: 237-70.
16. Craven RB, Maupin GO, Beard ML, Quan TJ, Barnes AM (1993) Reported cases of human plague infections in the United States, 1970-1991. J Med Ent 30: 
758-61.
17. Enscore RE, Biggerstaff BJ, Brown TL, Fulgham RF, Reynolds PJ, et al. (2002) Modeling relationships between climate and the frequency of human plague cases 
in the southwestern United States, 1960-1997. Am J Trop Med Hyg 66: 186-96.

20. Kollars TM, Wilhelm WE (1996) The occurrence of antibodies to Naegleria species in wild mammals. J Parasitol 82: 73-7.

18. Marciano-Cabral F, Cabral GA (2007) The immune response to Naegleria fowleri amebae and pathogenesis of infection. FEMS Immunol Med Microbiol 51: 
243-59.
19. Nikul’shin SV, Onatskaia TG, Lukanina LM, Bondarenko AI (1992) Associations of the soil amoeba Hartmannella rhysodes with the bacterial causative agents 
of plague and pseudotuberculosis in an experiment. Zh Mikrobiol Epidemiol Immunobiol 9: 2-4.

21. Anisimov AP, Lindler LE, Pier GB (2004) Intraspecific Diversity of Yersinia pestis. Clin Microbiol Rev 17: 434-64.

3. Hoeprich PD, Jordan MC (1989) Infectious Diseases: A Modern Treatise of Infectious Processes. Philadelphia, Pa, JB Lippincott, Plague chapter 23.
4. McGovern TW, Friedlander AM (1997) Medical Aspects of Chemical and Biological Warfare. Plague Chapter 23. 

23. Addink EA, DeJong SM, Davis SA, Dubyanskiy V, Burdelov LA, et al. (2010) The use of high-resolution remote sensing for plague surveillance in Kazakhstan. 
Rem Sens Env 114: 674-81.

22. Lawrenz MB (2010) Model Systems to Study Plague Pathogenesis and Develop New Therapeutics. Front Micro 1: 119.

9. Nikul’shin SV, Onatskaia TG, Lukanina LM, Bondarenko AI (1992) Associations of the soil amoeba Hartmannella rhysodes with the bacterial causative agents 
of plague and pseudotuberculosis in an experiment. Zh Mikrobiol Epidemiol Immunobiol 9: 2-5.

Submit your next manuscript to Annex Publishers and 
benefit from:

                                    Submit your manuscript at
              http://www.annexpublishers.com/paper-submission.php

→  Easy online submission process

→  Open access: articles available free online
→  Online article availability soon after acceptance for Publication

→  Better discount on subsequent article submission
→  More accessibility of the articles to the readers/researchers within the field

https://www.ncbi.nlm.nih.gov/pubmed/20836802
https://scholar.google.co.in/scholar?hl=en&as_sdt=0%2C5&q=BioTEMS-Biology+based+modeling+to+determine+bioagent+fate&btnG=
https://academic.oup.com/mspecies/article-abstract/doi/10.2307/3503894/2600104?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pubmed/16506453
https://www.ncbi.nlm.nih.gov/pubmed/12015591
https://www.ncbi.nlm.nih.gov/pubmed/15084508
https://www.ncbi.nlm.nih.gov/pubmed/18507908
https://www.ncbi.nlm.nih.gov/pubmed/25857191
https://www.ncbi.nlm.nih.gov/pubmed/28455335
https://scholar.google.co.in/scholar?hl=en&as_sdt=0%2C5&q=Surveillance+and+control+of+bubonic+plague+in+the+United+States&btnG=
https://academic.oup.com/jme/article-abstract/30/4/758/2221288?redirectedFrom=fulltext
http://www.ajtmh.org/content/journals/10.4269/ajtmh.2002.66.186
https://www.ncbi.nlm.nih.gov/pubmed/8627505
https://www.ncbi.nlm.nih.gov/pubmed/17894804
https://www.ncbi.nlm.nih.gov/pubmed/1481595
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC387406/
https://practice.sph.umich.edu/micphp/files/LabAspectsBioTerrorism/CD/Ch-23-plague-McGovern.pdf
https://www.globalsecurity.org/wmd/library/report/1997/cwbw/Ch23.pdf
http://www.sciencedirect.com/science/article/pii/S003442570900340X
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3109633/
https://www.ncbi.nlm.nih.gov/pubmed/1481595

