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SUMMARY & KEY FINDINGS 
 

Health Driven Management Summary 
• Kickapoo State Park habitat has led to the deterioration of Eastern Box Turtle Health and 

population estimates indicate extirpation in as soon as 20 years 
• Kickapoo State Park has the largest pathogen associated mortality events in both eastern 

box turtles and silvery salamanders 
• Improvement in shell lesions observed during this phase of the grant at Nachusa 

Grasslands, but this population remains at risk for disease-related catastrophic events 
• Kennekuk Cove County Park Eastern box turtle population has decreased to nearly zero, 

but adjacent IDNR field property (Dynegy) has a large population and should be 
preserved. 
 

Key Findings (Overall) 
• Eastern box turtles remained threatened, most notably at Kickapoo State Park and 

Kennekuk Cove County park, and Middlefork Nature Preserve near Collison, IL 
• Silvery Salamanders at Kickapoo State park have parasitic diseases and viral diseases that 

cause complete failure in recruitment in some years. 
• Silvery salamanders with “extra” limbs were detected for the first time. 
• Eastern Massasaugas have increasing prevalence of ophidiomycosis (Snake Fungal 

Disease) and Kirtland’s snake have high prevalence of ophidiomycosis 
• RNA pathogens (including coronaviruses) weer absent in herptiles from 2018-2021. 
• Health in all species varies by season, sex, age class – thus a single spot check on 

“health” is not appropriate and multiple samples are required. 
• Cancer-associated viral infection was first detected in a Blanding’s turtle in Lake county 

 
Summary of each species 
 
Eastern Box Turtles 

• Health assessments were performed in 324 eastern box turtles at five study sites. 
• Physical examination findings, clinical pathology values, and pathogen presence from 

2019 - 2021 were comparable to baseline data established in Phase I. 
• Inflammatory leukogram changes were identified in turtles testing positive for a recently-

described virus (Terrapene herpesvirus 2), potentially indicating negative health impacts. 
• Continued health assessments and pathogen surveillance are recommended to clarify 

pathogen epidemiology and monitor for shifts in individual and population health. 
Ornate Box Turtles 

• Health assessments were performed in 202 ornate box turtles at two study sites. 
• Physical examination findings, clinical pathology values, and pathogen presence from 

2019 - 2021 were comparable to baseline data established in Phase I. 
• Smaller body size, inflammatory leukogram changes, and increased turtle density at 

Ayers Sand Praire may indicate a poorer plane of health and limited resiliency in 
response to emerging infectious diseases compared to Nachusa Grasslands. 
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• Continued health assessments and pathogen surveillance are recommended at Ayers and 
other sites to better characterize health in Illinois ornate box turtle populations. 

• Performing health assessments at additional time points during the active season is also 
recommended to better understand changes in health status over time. 

Silvery Salamanders 
• Health assessments were performed in 334 silvery salamanders at three wetlands. 
• Physical examination findings and pathogen presence from 2019 - 2021 were comparable 

to baseline data established in Phase I. 
• Hematologic assessment revealed inflammatory changes in salamanders with 

developmental abnormalities and Dermotheca sp. infection. 
• We recommend incorporation of hematology and other clinical pathology testing into 

future amphibian health assessments to supplement existing protocols. 
Eastern Massasauga Rattlesnakes 

• Sixty-six health assessments were performed for eastern massasaugas at Carlyle Lake. 
• Ophidiomyces ophidiicola was detected in 30.3% of massasauga encounters. 
• Most positive snakes had “apparent ophidiomycosis” with accompanying skin lesions and 

hematologic changes consistent with inflammation. 
• Testing body and lesion swabs in parallel provides the best diagnostic sensitivity for 

detecting Ophidiomyces. This sampling strategy is recommended for future surveys. 
• Half of necropsied massasaugas had underlying health conditions which caused or 

contributed to death. Continued use of necropsies is recommended to support 
conservation objectives. 

Kirtland’s Snakes 
• Fifty-nine Kirtland’s snakes were tested for Ophidiomyces ophidiicola via qPCR. 
• Ophidiomyces was detected in 48% of sampled Kirtland’s snakes in 2019. 
• Ophidiomycosis can cause significant morbidity and mortality in wild snakes, and 

additional surveillance is recommended as part of Kirtland’s conservation efforts. 
• We provide guidance on sample size for future Ophidiomyces surveillance efforts. 

RNA Pathogen Surveillance 
• RNA extraction protocols were developed improve RNA yield in wildlife samples. 
• 308 eastern box turtle, ornate box turtle, and silvery salamander swabs were tested for 

seven RNA viruses (picornavirus, parvovirus, ferlavirus, reovirus, nidovirus, coronavirus, 
influenza). All samples were negative. 

• Negative findings could be due to absence of infection, testing during time periods when 
infections are not detectable, or inadequate primer sensitivity.  

• This provides useful baseline data that will allow rapid recognition and response to 
emerging RNA pathogens in our study species. 

• Future testing will include additional sample types (blood) and pathogens (bunyavirus, 
bornavirus, flavivirus, arenavirus). De novo primer design may also be pursued. 
 

 
SCIENTIFIC DELIVERABLES GENERATED 

 
Manuscripts (supported directly or indirectly by this grant, reverse chronological order): 
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INTRODUCTION 
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Human expansion has created an unprecedented global environmental crisis characterized 
by habitat loss and fragmentation, modification of ecological processes, unsustainable harvesting 
practices, environmental toxification, climate change, and introduction of non-native plants, 
animals, and pathogens (Pimm et al. 1995, Wilcove et al. 1998, Tabor et al. 2001, Clavero and 
Garcia-Berthou 2005). Wildlife are increasingly threatened by this complex array of interacting 
stressors, with average population sizes declining by over 60% within the last 30 years, and 
current extinction rates rising 100-1,000 times above historical baselines (Pimm et al. 1995, 
WWF 2018). Small, fragmented wildlife populations are especially susceptible to demographic 
and environmental stochasticity and have an increased risk of falling into extinction vortices 
associated with threats such as disease (De Castro and Bolker 2005, Smith et al. 2006, Pedersen 
et al. 2007, Smith et al. 2009). 

Infectious diseases, in conjunction with anthropogenic and environmental stressors, have 
contributed to an apparent increase in wildlife mortality events as well as documented 
extinctions and extirpations (Cunningham and Daszak 1998, Daszak et al. 1999, Van Riper et al. 
2002, Lips et al. 2006, Schloegel et al. 2006, Wyatt et al. 2008, Fey et al. 2015). Disease 
therefore represents an important consideration for planning both in situ and ex situ conservation 
actions including translocations, reintroduction programs, and establishment and maintenance of 
healthy captive assurance colonies (Deem et al. 2008). Knowledge about pathogen epidemiology 
can be incorporated into formal decision-making frameworks such as Disease Risk Assessments 
to identify, analyze, and manage disease hazards in conservation programs, however, the utility 
of these analyses depends heavily on the quality of the information upon which they are based 
(Miller 2007, Dalziel et al. 2017, Hartley and Sainsbury 2017). Disease is understudied in many 
threatened and endangered species, which may result in an incomplete characterization of 
conservation threats and force a reactionary, rather than preventative approach to management of 
overall health, disease outbreaks, and mortality events – ultimately impacting the success of 
planned conservation interventions.    

The dynamics of disease in free-living wildlife are complex, and are governed by a suite 
of host, pathogen, and environmental factors which can interact in ways that are difficult to 
predict (Pirofski and Casadevall 2012, Méthot and Alizon 2014). Furthermore, free-living 
wildlife are commonly co-infected with multiple pathogens which can act competitively or 
synergistically to influence the development of clinical signs of disease, underscoring the need 
for comprehensive multi-pathogen surveillance in imperiled species (Bordes and Morand 2011). 
Improving our understanding of disease ecology, epidemiology, and the interactions between 
host-pathogen communities and their surrounding environment may enable proactive strategies 
to prevent or manage health problems and promote more successful conservation outcomes, 
especially in species of special concern. 

In Phase I of the “Wellness of Wildlife” project, we utilized a holistic approach to 
characterize health status in eastern box turtles (Terrapene carolina carolina), ornate box turtles 
(Terrapene ornata ornata), and silvery salamanders (Ambystoma platineum) in Illinois. Our 
research products included baseline hematologic, plasma biochemical, protein electrophoresis, 
and pathogen prevalence data, and models predicting individual and population health in each 
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study species. We sought to build upon our Phase I findings by incorporating surveillance for 
additional diseases in these species (RNA viruses), and by expanding pathogen surveys to two 
additional herptile species of conservation concern, the eastern massasauga rattlesnake (Sistrurus 
catenatus) and the Kirtland’s snake (Clonophis kirtlandii). Cultivating the wellness of these 
species is integral to conserving ecosystems, assessing recovery efforts, and addressing a need 
identified by the Illinois Wildlife Action Plan (IWAP). 

Eastern and ornate box turtles are biosentinel species in decline due to habitat destruction 
and fragmentation, road mortality, overcollection for human use, and predation (van Dijk 2011, 
van Dijk and Hammerson 2011). Box turtles are also increasingly threatened by infectious 
diseases (e.g. ranavirus, Mycoplasmopsis sp., herpesviruses, adenovirus) and toxicants (e.g. 
organochlorines, heavy metals); underscoring the need for reliable tools to characterize emerging 
health threats (Holcomb and Parker 1979, Beresford et al. 1981, Tangredi and Evans 1997, 
Feldman et al. 2006, Johnson et al. 2008, Farkas and Gál 2009, Allender et al. 2015c, Sim et al. 
2015, Yonkers et al. 2015, Archer et al. 2017, Kane et al. 2017, Adamovicz et al. 2018). Over the 
past several years, we have been monitoring hematology, plasma biochemistries, contaminant 
exposure, and pathogen prevalence in Illinois box turtles. This year’s work builds upon these 
data to identify ongoing changes that may represent deteriorating environmental conditions or 
specific conservation threats. Continuous health monitoring and disease investigations can 
provide valuable insight into ecological health as well as aid in the preservation of these species 
(Brown and Sleeman 2002, Sleeman 2008, Schrader et al. 2010, Stranahan et al. 2016, Sack et al. 
2017). 

Silvery salamanders are a triploid, all female species that co-exists with small-mouthed 
salamanders (Ambystoma texanum) in Illinois to enable their kleptogenic reproductive strategy 
(Uzzell and Goldblatt 1967, Morris and Brandon 1984, Spolsky et al. 1992, Phillips et al. 1997, 
Teltser and Greenwald 2015). They also co-occur with eastern box turtles within the Vermilion 
County Conservation Opportunity Area (COA). The silvery salamander is an excellent indicator 
of environmental change. It has a bi-phasic life cycle and as such lives in both aquatic and 
terrestrial habitats, transferring energy and contaminants between habitats. In addition, its 
permeable skin makes it sensitive to all environmental contamination. Our previous research in 
Phase I determined that silvery salamander larvae are highly susceptible to ranavirus infection, 
and recurrent mortality events have been documented in ephemeral ponds within the Vermilion 
County COA since 2016. Understanding the baseline health of this species prior to the 
emergence of additional diseases of concern (e.g. chytridiomycosis caused by Batrachochytrium 
dendrobatidis or B. salamandrivorans) might allow mitigation of pathogen impacts. 

RNA viruses cause several important diseases in humans and animals (e.g. West Nile, 
Ebola, rabies, coronaviruses) and are several are associated with significant mortality in captive 
reptiles (Landolfi et al. 2010, Hyndman et al. 2013, Hoon-Hanks et al. 2018, Paries et al. 2019). 
RNA viruses have also recently been implicated in two high-profile chelonian mortality events. 
The endangered Bellinger river turtle (Myuchelys georgesi) experienced a catastrophic 
population decline over the course of seven weeks due to a novel nidovirus (Zhang et al. 2018). 
Importantly, this outbreak occurred following environmental changes suspected to disrupt the 
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food web and contribute to immunosuppression in the turtles, highlighting the importance of 
overall health status for disease development (Spencer et al. 2018). A novel bunyavirus has also 
been associated with an ongoing mortality event in Florida softshell turtles (Apalone ferox), 
Florida red-bellied cooters (Pseudemys nelsoni), and Florida cooters (Pseudemys floridana) 
(Waltzek et al. 2019). While RNA viruses are likely important for the health of captive and wild 
herptiles, data on pathogen presence in free-living populations is limited or non-existent. We 
sought determine the occurrence and clinical effects of multiple RNA viruses (ferlaviruses, 
nidoviruses, reoviruses, coronaviruses, parvoviruses, influenza, and picornaviruses) in wild 
eastern box turtles, ornate box turtles, and silvery salamanders in Illinois to supplement our 
understanding of health drivers in these species. 

Ophidiomycosis, otherwise known as “snake fungal disease”, is caused by the 
keratinophilic fungus Ophidiomyces ophidiicola (Allender et al. 2015a). This disease has been 
identified in over thirty snake species in the United States, Canada, and Europe, and has been 
associated with isolated population declines in timber rattlesnakes (Crotalus horridus) and 
eastern massasauga rattlesnakes (Clark et al. 2011, Allender et al. 2016, Lorch et al. 2016, 
Franklinos et al. 2017). Infection with O. ophidiicola results in skin lesions consisting of 
displaced or necrotic scales, nodules, crusts, and ulcers. While lesions are typically confined to 
the skin, fungal invasion into muscle or bone underlying skin lesions can occur, along with 
systemic dissemination (Lorch et al. 2016, Baker et al. 2019). This disease can cause significant 
morbidity and mortality, especially when lesions interfere with movement or food prehension. In 
Illinois, ophidiomycosis has been detected at annual prevalences of 14-24% in wild eastern 
massasaugas at Carlyle Lake, which is the last viable population of this federally threatened 
species in the state (Allender et al. 2011, Faust et al. 2011, Allender et al. 2015d, Allender et al. 
2016, Baker et al. 2016, Szymanski et al. 2016). From 2000 – 2011, ophidiomycosis caused 7-
10% of the observed mortalities in this population, highlighting the potential importance of this 
disease for massasauga conservation (Baker et al. 2016). In contrast, disease surveys have never 
been performed for the state-threatened Kirtland’s snake (Illinois Endangered Species Protection 
Board 2015). This species is reclusive, fossorial, nocturnal, and difficult to study. However, as 
habitat types are similar between massasauga rattlesnakes and Kirtland’s snakes (prairie 
wetlands), and O. ophiodiicola persists in soil, it is not unreasonable to expect that Kirtland’s 
snakes may encounter and become infected by this pathogen at similar rates to massasaugas 
(Allender et al. 2015e). For Phase II of the “Wellness of Wildlife” project, we therefore sought 
characterize the epidemiology of ophidiomycosis in eastern massasauga rattlesnakes and 
Kirtland’s snakes in Illinois.     

 This project addressed disease and health gaps in the IWAP for the eastern box turtle, 
ornate box turtle, silvery salamander, eastern massasauga, and Kirtland’s snake. With the 
exception of the Kirtland’s snake, each of these species has current or historical observations of 
poor health or disease susceptibility. Furthermore, the habitats of each of these species have been 
identified by the IWAP as locations with significant existing, or potential, wildlife habitat 
resources. Utilizing five species that overlap habitat, natural history, and disease threats allows 
integration of health results that could potentially contribute to the success of their conservation. 
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PURPOSE & OBJECTIVES 
The purpose of this project was to assess the health of the eastern box turtle, ornate box 

turtle, silvery salamander, eastern massasauga rattlesnake, and Kirtland’s snake through the 
generation of baseline hematology (EBT, OBT, SS, EMR), biochemistry (EBT, OBT), protein 
electrophoresis (EBT, OBT), and disease prevalence data (all species). This health monitoring 
established criteria that can be integrated into future conservation assessments of SGNC. Our 
specific objectives were: 

Objective 1 – Identify at least 5 herptile species in four separate campaigns in consultation with 
campaign leads that fit the criteria of sample size, number of populations, and current 
natural history data.  

Objective 2 – Establish baseline health profiles for the SGCN identified in objective 1 
Objective 2.1 – Utilize hematology, plasma biochemistry, and protein electrophoresis to 
characterize the general health of these species. 
Objective 2.2 – Establish baseline prevalence of common DNA pathogens in new species 
and expand to RNA pathogens. 

 
Objective 3 – Assess the occurrence of emerging or ongoing infectious diseases in SGCN 

Objective 3.1 – Investigate mortality events in SGCN as they occur 
 
Objective 4 – Provide progress reports and technical resource training 
 Objective 4.1 – Prepare written quarterly and annual scientific reports 

Objective 4.2 – Provide technical resource training for IDNR staff and partners through 
webinars, staff presentations, or onsite training in disease detection and response 

 
 

METHODS 
 

OBJECTIVE 1 
 
Species and Population Sampling  

State agency (IDNR) staff, IWAP campaign leads, and the Wildlife Epidemiology Lab 
identified the eastern box turtle in the Vermillion County Conservation Opportunity Area (COA) 
and Stephen A. Forbes State Park, the ornate box turtle in the TNC Nachusa Grasslands 
Preserve, the silvery salamander in the Vermillion COA, the eastern massasauga rattlesnake at 
Carlyle Lake (South Shore State Park and Eldon Hazlet State Park), and the Kirtland’s snake at 
several study sites as species of conservation concern in areas of interest.  
 
OBJECTIVES 2.1 & 3.1 
 
Health and Hematologic Assessments: Box Turtles 
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Turtles were located using a combination of human and canine search teams at five sites 
for eastern box turtles, and one site for ornate box turtles. Capture locations were recorded using 
global positioning software (GPS) via handheld devices (Garmin International Inc., Olathe, KS, 
USA). Turtles were returned to their exact capture location after sampling. Air temperature and 
substrate temperature were collected at the start and stop of each turtle search, and the results 
were averaged and recorded for each animal encountered (Kestrel 3000 Weather Meter, Nielsen-
Kellerman, Boothwyn, PA 19061; Taylor 9878 Digital Pocket Thermometer, Taylor Precision 
Products, Oak Brook, IL 60523). Date, time, and categorical habitat (field, forest, edge) and 
microhabitat (leaves, grass, brambles, soil, road, moist area) data were also recorded at each 
turtle location. Deceased turtles were collected in individual sterile bags and frozen at -20oC. 
Bone marrow samples were collected from the right bridge as previously described (Butkus et al. 
2017). 
 

Each turtle was assigned a permanent ID and mass, sex, and age status was recorded. 
Straight carapace length (SCL), straight carapace height (SCH), straight carapace width (SCW), 
and mass were determined. Physical examinations were performed, noting visual appearance of 
the eyes, nose, oral cavity, legs, digits, shell, and integument. Each turtle’s shell was classified 
into one of three groups (within normal limits (WNL), active (unhealed) lesion (AL), and 
inactive (healed) lesion (IL)) to promote consideration of the overall condition of the shell and 
reduce the number of categories to include in statistical models. One combined oral and cloacal 
swab was collected using cotton-tipped plastic handled applicators (Fisher Scientific, Pittsburgh, 
PA 15275) and stored at -20oC, while another was placed in RNAlater (Invitrogen, Waltham, 
MA, USA) and stored at -80oC until RNA extraction and cDNA synthesis. A whole blood 
sample was taken from the subcarapacial sinus, placed in lithium heparin microtainers, and 
transported on wet ice until analysis later in the same day. One drop of unheparinized whole 
blood was also placed in RNAlater and stored at -80oC.  

 
Packed cell volume (PCV) and total solids (TS) analysis were performed by filling two 

sodium heparinized microhematocrit tubes (Jorgensen Laboratories, Inc., Loveland, CO 80538) 
from one LH microtainer tube. Each sample was centrifuged (14,500 rpm x 5 minutes) and the 
percent red blood cell (PCV) was recorded. Total solids were determined by refractometer 
(Amscope RHC-200ATC refractometer, National Industry Supply, Torrance, CA, USA) using 
plasma from the microhematocrit tube. Total white blood cell (WBC) counts were determined 
using an Avian Leukopet (Vet lab Supply, Palmetto Bay, FL, USA) on a Bright-line 
hemacytometer (Hausser Scientific, Horsham, PA, USA) following the manufacturer’s protocol. 
Fresh blood smears were stained with a modified Wright’s Geimsa stain and one hundred white 
blood cell differential counts were performed by a single observer (LA). 
 

Plasma biochemical analysis was performed using a Beckman Coulter AU680 at 
University of Illinois Clinical Pathology Laboratory. Analysis includes the variables calcium, 
phosphorus, aspartate aminotransferase, bile acids, creatine kinase, uric acid, and glutamate 
dehydrogenase. Protein electrophoresis was performed using the Helena SPIFE 3000 system 
with split beta gels (Helena Laboratories, Inc., Beaumont, Texas 77707, USA) at the University 
of Miami Miller School of Medicine. 
 
Health and Hematologic Assessments: Silvery Salamanders 
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Three ephemeral ponds at Kickapoo State Park in the Vermilion County COA were 
permanently fenced and bucket traps were installed on both the inside and outside of the fence in 
collaboration with another SWG (T-108-R-1). Adult silvery salamanders were captured in the 
bucket traps. Larval salamanders were captured at the same ponds using dipnets. Air temperature 
and substrate temperature were collected at the start and stop of work at each pond, and the 
results were averaged and recorded for each animal encountered. Adult salamanders were 
anesthetized using MS-222 (Sigma-Aldrich, St. Louis, MO, USA) buffered with an equal weight 
of sodium bicarbonate and titrated to effect. Larval salamanders were examined and sampled 
awake within individual Ziploc bags. Deceased salamanders were placed within individual sterile 
bags stored on ice, then necropsied. Samples of liver, kidney, and spleen were frozen for further 
diagnostics. 

 
Each salamander was weighed and a complete physical examination was performed. 

Combined ventral skin and oral swabs were collected and stored in a similar manner to the box 
turtles. An oral swab was collected from each adult salamander and stored in RNAlater as 
previously described. Blood samples were collected from the ventral tail vein and non-
anticoagulated blood smears were made immediately. Adult salamanders were pit-tagged for 
mark-recapture purposes as part of another SWG (T-108-R-1), recovered in pond water until 
they regained their righting reflex, and then released on the opposite side of the fence.  

 
Health and Hematologic Assessments: Eastern Massasauga Rattlesnakes 
 Rattlesnakes were located using visual encounter surveys at pre-selected sites within 
South Shore State Park and Eldon Hazlet State Park. Air temperature and substrate temperature 
were collected at the start and stop of each search, and at the site of each snake capture. GPS 
coordinates were also taken at each site of capture, and habitat, microhabitat, degree of grass 
cover, and behavior were also recorded. Following capture, snakes were secured within 
individual pillow cases and transported to a field lab site for processing.  
 

Each snake received a complete physical exam, during which any skin lesions consistent 
with ophidiomycosis were documented (see Baker et al. 2019), and snout-vent length (SVL), tail 
length (TL), number of rattle segments, and weight were recorded. Newly encountered snakes 
were pit-tagged as part of an ongoing demographic study. Blood was collected from the ventral 
tail vein, immediately placed into lithium heparin microtainers, and stored at 4oC until 
processing. One swab was rubbed vigorously along the entire body of each snake (body swab), 
and separate swabs were collected from skin lesions, if present. Each swab was stored in a 
separate, sterile Eppendorf tube and frozen at -20oC. Snakes were then transported back to their 
original sites of capture and released. Hematologic processing for massasaugas followed the box 
turtle protocol described above.   
 
Health Assessments: Kirtland’s Snakes 
 Kirtland’s snakes were located under cover objects (carpet squares) placed as part of 
another SWG (T-118-R1). GPS, environmental, and behavioral data were collected as described 
above. Each snake received a complete physical examination and weight, SVL, and TL were 
recorded. Body swabs and lesion swabs were collected and stored as previously described.   
 
OBJECTIVE 2.2 & 3.1 
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DNA and RNA Extraction:  

DNA was extracted from whole blood (box turtles only), bone marrow, tissues collected 
during mortality events, and swab samples using a commercially available kit (QIAmp DNA 
Blood Mini Kit and DNAeasy kit, Qiagen, Valencia, CA, USA). For snake skin swabs, samples 
were incubated with 12.5 U of lyticase (Sigma-Aldrich) at 37oC for 60 minutes immediately 
prior to DNA extraction. This step is designed to break down fungal cell walls to facilitate 
detection of O. ophiodiicola DNA (Allender et al. 2015b). Previously described modifications 
were also followed for DNA extraction from bone marrow (Butkus et al. 2017). DNA quality 
and purity were assessed spectrophotometrically (NanoDrop 1000, Thermo Fisher, Waltham, 
MA).  

 
RNA was extracted from swab samples following an existing protocol in 2019 (Espinosa-

de Aquino et al. 2017). Briefly, all tubes were vortexed and then centrifuged for 15 minutes at 
16,000g. The supernatant was removed by pipette, and then tubes were centrifuged for 5 minutes 
at 2,000g. The supernatant was discarded, and the remaining pellet was used for RNA extraction 
using a commercial kit according to the manufacturer’s recommendations (Qiagen RNEasy, 
Valencia, CA). In 2020 a new RNA extraction protocol was developed in consultation with 
technical advisors at Qiagen. In this protocol, tubes were first centrifuged for 3 minutes at 
maximum speed. Following this, all RNAlater was removed via pipetting, 600µL of buffer RLT 
was added, and the tubes were vortexed vigorously for two minutes. The kit protocol was then 
followed as-written with the exception of an additional 500µL wash step with buffer RPE. After 
extraction, the RNA samples were analyzed using spectrophotometry to check for quantity and 
purity. The RNA was stored in a -80°C freezer until reverse transcription into cDNA, which was 
performed following manufacturer’s recommendations (Quantitect Reverse Transcription kit, 
Qiagen). All cDNA products were analyzed using spectrophotometry and stored at -80°C. 

 
Disease Detection: 

DNA samples from box turtles and silvery salamanders were assayed in triplicate for 
multiple pathogens using the Fluidigm platform at the Keck Biotechnology Center, inclusive of 
standard curves and negative controls. Quantitative PCR was performed in a multiplex format 
(Fluidigm) using published or in-house primer-probe assays as previously described (Archer et 
al. 2017). Box turtles were screened for the following pathogens: frog virus 3 (FV3), Ambystoma 
tigrinum virus (ATV), Bohle iridovirus (BIV), epizootic hematopoietic necrosis virus (EHNV), 
Terrapene herpesvirus 1 (TerHV1), Terrapene herpesvirus 2 (TerHV2), Testudinid herpesvirus 2 
(TestHV2), box turtle Mycoplasma sp., Mycoplasma testudineum, Mycoplasma agassizii, box 
turtle adenovirus, Salmonella enteritidis, Salmonella tymphimurium, tortoise intranuclear 
coccidiosis (TINC), pathogenic leptospires, Anaplasma phagocytophilum, and Borrelia 
burgdorferi. Salamanders were screened for Batrachochytrium dendrobatidis (Bd), 
Batrachochytrium salamandrivorans (Bsal), FV3, ATV, BIV, EHNV, the Chlamydiaceae 
family, and Perkinsus organisms. 

 
DNA samples from massasauga and Kirtland’s snake skin swabs were assayed in 

triplicate for O. ophiodiicola using an existing Taqman qPCR assay, inclusive of a standard 
curve and negative controls as previously described (Allender et al. 2015b). Animals were 
considered qPCR positive if they had a positive result from any of their swabs (body or lesions). 
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Each snake was then categorized into one of four ophidiomycosis classifications 
(ophidiomycosis negative, Ophidiomyces present, possible ophidiomycosis, or apparent 
ophidiomycosis) based on the presence of skin lesions and qPCR results, as previously described 
(Baker et al. 2019). 

 
Box turtles and silvery salamanders were screened for RNA viruses using existing 

consensus conventional PCR assays for picornaviruses (Marschang et al. 2016), ferlaviruses 
(Ahne et al. 1999, Kolesnik et al. 2017), nidoviruses (Marschang and Kolesnik 2017), reoviruses 
(Wellehan et al. 2009), parvoviruses (Pénzes et al. 2014), coronaviruses (Stephensen et al. 1999), 
and influenza (Gall et al. 2008). Products were resolved on 1% agarose gels. 

 
Bone marrow samples and tissues collected during mortality events were tested for FV3 

using an existing Taqman qPCR assay, including a standard curve and negative control, as 
previously described (Allender et al. 2013).  
 
Statistical Analyses:  

All statistical analyses were performed in R v. 3.5.1 (R Core Team 2018). The 
distribution of each continuous variable was assessed visually using box plots and histograms 
and statistically using the Shapiro-Wilk test. Descriptive statistics (mean, standard deviation, 
range for normally distributed variables; median, 25% and 75% percentiles, and range for non-
normally distributed variables) and counts were tabulated for continuous and categorical 
variables, respectively. 
 

Directed acyclic graphs (DAG) were generated separately for each species to demonstrate 
expected relationships among measured predictors. These diagrams were used to identify 
potential confounding variables and structure statistical analyses, using multivariable linear 
regression when necessary to control for confounders. Continuous predictor variables were 
assessed for multicollinearity using variance inflation factors (VIF; package car; Fox and 
Weisburg 2011). Strongly correlated predictor variables (VIF > 3) were not included together in 
statistical models. Data transformation was pursued if needed to support statistical assumptions 
during modeling. 
 

Sex ratios were evaluated using binomial tests (expected ratio 0.5). Cohen’s Kappa was 
used to evaluate agreement between O. ophidiicola qPCR results from body and lesion swabs. 
Predictors of continuous outcomes (e.g. clinical pathology parameters) were evaluated using 
general linear models. Predictors of categorical outcomes (e.g. pathogen presence) were 
evaluated using bias-reduced generalized linear models in package brglm (Kosmidis 2017). 
Predictors of ordinal outcomes (e.g. ophidiomycosis classification) were evaluated using 
multinomial logistic regression modeling (function multinom, package nnet, Venables and 
Ripley 2002) with a Bonferroni p-value adjustment. Post-hoc tests were performed with the 
contrast function (package lsmeans, Lenth 2016) using a Tukey adjustment for multiple 
statistical comparisons. Unless otherwise indicated, alpha was set at 0.05.  

 
Sample size calculations were performed to determine the number of Kirtland’s snake 

swabs needed to detect varying levels of Ophidiomyces ophidiicola prevalence (1%, 2%, 3%, 
5%, 10%, 20%), at different snake population sizes (50, 100, 200, 300, 500, and 1000). The 
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specificity for qPCR detection of Ophidiomyces DNA was assumed to be one, while a value of 
0.8 was chosen for sensitivity, based on a previous study estimating the probability of false 
negative qPCR results when multiple swabs are collected and tested (Hileman et al., 2018). Herd 
sensitivity, or the probability of infected snakes being detected at a site where ophidiomycosis is 
actually present, was set at 0.95. These calculations were performed using an online tool 
provided at epitools.ausvet.com.au, based on an approximation of the hypergeometric 
distribution modified to account for imperfect diagnostic test sensitivity (MacDiarmid 1988). 
 
OBJECTIVE 4.2 
 
Technical Resource Training:  

Onsite technical training was provided on search days at each site for IDNR staff and 
partners present. This occurred yearly at each site when possible. Formal technical training and 
summary information from this project have also been performed in 2018 for AFWA Midwest 
Fish and Wildlife Forum, in 2019 for the Midwest Fish and Wildlife Conference, Nachusa 
Grasslands Science Symposium, Illinois Association of Conservation Districts, Illinois Naturalist 
meeting, in 2020 at the Midwest Fish and Wildlife Conference, and in 2021 for the Chicago 
Zoological Society Science Series, and the Fish and Wildlife Service Aquatic Chelonian 
Research Group. Formal presentations were done remotely in 2020 as COVID-19 impacted 
many activities. Scientific presentations given based on data from this project are listed above. 

 
RESULTS 

 
Pandemic-Associated Limitations 
 
 We experienced a global pandemic that impacted both field and laboratory work starting 
in April, 2020. Many aspects of this project were impacted or delayed due to restricted access to 
field sites and safety protocols put in place by the university. Unfortunately, massasauga 
sampling was not possible in 2020 due to state-wide stay-at-home orders during the month of 
April. Sample sizes were reduced in 2020 compared to a more typical year, and access to 
laboratory spaces was limited for safety reasons. Sampling occurred on a more normal schedule 
in 2021 and overall sample sizes for this project were met or exceeded.  
 
Eastern Box Turtles 
  
 A total of 324 eastern box turtles were evaluated at five study sites from 2019 – 2021. 
Demographic data, physical examination abnormalities, and pathogen presence is summarized by 
study site in Table 1 and Figures 1 & 2. Co-pathogens were detected less frequently than single 
pathogens. The most common co-detected pathogens were Mycoplasmopsis sp. and TerHV2 (N 
= 4) followed by TerHV1 and adenovirus (N = 3), TerHV2 and adenovirus (N = 3), 
Mycoplasmopsis sp. and adenovirus (N = 3), and TerHV1 and Mycoplasmopsis sp. (N = 3). Least 
common were TerHV1, TerHV2, and adenovirus (N = 1), and TerHV1 and TerHV2 (N = 1). 
Nine deceased turtles were collected over the last three years, all tested negative for FV3. 
Clinical pathology data are presented in Table 4. 
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Habitat use differed by study site, age class, and sex. Turtles at Kennekuk were sampled 
in edge habitats more frequently (p < 0.0001) and forest habitats less frequently (p < 0.0001) 
than turtles at other study sites. Juvenile turtles were sampled more frequently in field habitats 
vs. forests (p = 0.01), and adults were sampled more frequently in forests vs. fields (p = 0.01). 
Female turtles were sampled more frequently in edge habitats (p = 0.007) and males were 
sampled more frequently in forests (p = 0.007). 
 
 The occurrence of physical examination abnormalities differed by age class. Specifically, 
the odds of upper respiratory disease were 3.85 times higher (95% CI = 1.15 – 12.9, p = 0.01) 
and the odds of shell abnormalities were 4.28 times higher (95% CI = 1.34 – 13.7, p = 0.01) in 
adults than juveniles. Similarly, the odds of any physical examination abnormality were 2.62 
times higher in adults than juveniles (95% CI = 1.17 – 5.89, p = 0.02). 
 

Pathogen prevalence differed by season, age class, sex, and the presence of physical 
exam abnormalities. The odds of adenovirus detection were 3.32 times higher in juveniles vs. 
adults (95% CI = 1.5 – 7.35, p = 0.003) and 2.57 times higher in spring vs. summer (95% CI = 
1.13 – 5.85, p = 0.02). The odds of TerHV1 detection were 2.9 times higher in males vs. females 
(95% CI = 1.15 – 7.3, p = 0.02). The odds of Mycoplasmopsis sp. detection were 2.63 times 
higher in turtles with any physical examination abnormality (95% CI = 1.24 – 5.59, p = 0.01). 
 

Clinical pathology parameters differed by year, season, study site, sex, age class, the 
presence of physical exam abnormalities, and pathogen status. All parameters except PCV, total 
leukocyte count (WBC), eosinophil count, basophil count, erythrocyte sedimentation rate (ESR), 
bile acids, uric acid, calcium, creatine kinase (CK), and albumin significantly varied by year (p < 
0.05). Study site differences largely occurred between Forbes, Kennekuk, and Collison. 
Specifically, turtles from Forbes had higher total solids (TS) (effect size = 0.55 g/dL, 95% CI = 
0.05 – 1.06 g/dL, p = 0.02), total protein (TP) (effect size = 0.62 g/dL, 95% CI = 0.09 – 1.16 
g/dL, p = 0.01), albumin (effect size = 0.2 g/dL, 95% CI = 0.04 – 0.36 g/dL, p = 0.006), and bile 
acids (effect size = 2.78 µmol/L, 95% CI = 0.32 – 5.24 µmol/L, p = 0.02) and lower heterophil 
counts (effect size = 1,537 cells/µL, 95% CI = 305 – 2,768 cells/µL, p = 0.006) compared to 
turtles from Kennekuk. Forbes turtles also had higher TP (effect size = 0.87 g/dL, 95% CI = 0.07 
– 1.68 g/dL, p = 0.03) and albumin (effect size = 0.33 g/dL, 95% CI = 0.09 – 0.57 g/dL, p = 
0.002) compared to Collison turtles. Alpha 1 globulins were also higher at Forbes compared to 
all other sites (p < 0.0001). Turtles from Forest Glen had lower bile acids compared to Collison 
(effect size = 5.3 µmol/L, 95% CI = 1.0 – 9.56 µmol/L, p = 0.007) and Forbes (effect size = 3.5 
µmol/L, 95% CI = 0.34 – 6.61 µmol/L, p = 0.02). Finally, turtles from Collison had higher bile 
acids compared to those sampled at Kennekuk (effect size = 4.6 µmol/L, 95% CI = 0.8 – 8.4 
µmol/L, p = 0.009).  

 
Significant seasonal variability was noted in several clinical pathology parameters. The 

heterophil to lymphocyte ratio (H:L) was significantly higher in spring vs. summer (effect size = 
0.277, 95% CI = 0.195 – 0.358, p < 0.0001) and fall (effect size = 0.230, 95% CI = 0.063 – 
0.397, p = 0.001). The same trend was observed for alpha 1 globulins, which were higher in 
spring vs. summer (effect size = 0.1 g/dL, 95% CI = 0.06 – 0.14 g/dL, p < 0.0001) and fall 
(effect size = 0.11 g/dL, 95% CI = 0.02 – 0.2 g/dL, p = 0.003). GLDH concentrations were 
significantly higher in summer vs. spring (effect size = 11.64 U/L, 95% CI = 3.83 – 19.4 U/L, p 
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= 0.0005) and fall (effect size = 17.88 U/L, 95% CI = 4.28 – 31.5 U/L, p = 0.002). Similarly, 
aspartate aminotransferase (AST) concentrations were higher in summer vs. spring (effect size = 
18.75 U/L, 95% CI = 3.1 – 34.4 U/L, p = 0.005) and fall (effect size = 26.42 U/L, 95% CI = 1.44 
– 54.3 U/L, p = 0.03). TP was significantly higher in spring vs. summer (effect size = 0.43 g/dL, 
95% CI = 0.05 – 0.81 g/dL, p = 0.009), as were alpha 2 globulins (effect size = 0.15 g/dL, 95% 
CI = 0.02 – 0.27 g/dL, p = 0.007), heterophils, (effect size = 2,708 cells/µL, 95% CI = 1,893 – 
3,523 cells/µL, p < 0.0001) and monocytes (effect size = 298 cells/µL, 95% CI = 136 – 460 
cells/µL, p = 0.0001). Bile acids (effect size = 2.4 µmol/L, 95% CI = 0.54 – 4.26 µmol/L, p = 
0.003) and the albumin to globulin ratio (AGR) (effect size = 0.044, 95% CI = 0.02 – 0.68, p = 
0.0001) were significantly higher in summer vs. spring. Prealbumin concentrations were 
significantly lower in fall compared to spring (effect size = 0.12 g/dL, 95% CI = 0.05 – 0.19 
g/dL, p < 0.0001) and summer (effect size = 0.14 g/dL, 95% CI = 0.07 – 0.21 g/dL, p < 0.0001). 
Gamma globulin concentrations were significantly higher in fall compared to both spring (effect 
size = 0.16 g/dL, 95% CI = 0.02 – 0.3 g/dL, p = 0.007) and summer (effect size = 0.2 g/dL, 95% 
CI = 0.06 – 0.34 g/dL, p = 0.0009). 

 
Many expected age and sex-related clinical pathology associations were identified. Adult 

turtles had higher TS (effect size = 0.76 g/dL, 95% CI = 0.32 – 1.21 g/dL, p = 0.02), calcium 
(effect size = 2.2 mg/dL, 95% CI = 0.35 – 4.06 mg/dL, p = 0.02), calcium to phosphorous ratios 
(effect size = 0.56 mg/dL, 95% CI = 0.184 – 0.935 mg/dL, p = 0.004), and beta globulins (effect 
size = 0.63 g/dL, 95% CI = 0.34 – 0.92 g/dL, p < 0.0001) than juveniles. Juvenile turtles had 
higher lymphocyte counts (effect size = 5,559 cells/µL, 95% CI = 2,420 – 8,698 cells/µL, p = 
0.0006), basophil counts (effect size = 1,867 cells/µL, 95% CI = 1,198 – 2,537 cells/µL, p < 
0.0001), creatine kinase (CK) concentrations (effect size = 306 U/L, 95% CI = 154 – 457 U/L, p 
= 0.0001), albumin (effect size = 0.22 g/dL, 95% CI = 0.05 – 0.4 g/dL, p = 0.01), and AGR 
(effect size = 0.1, 95% CI = 0.062 – 0.131, p < 0.0001) compared to adults. Female turtles had 
higher TS (effect size = 0.37 g/dL, 95% CI = 0.07 – 0.68 g/dL, p = 0.02), calcium (effect size = 
5.52 mg/dL, 95% CI = 4.61 – 6.44 mg/dL, p < 0.0001), phosphorous (effect size = 1.31 mg/dL, 
95% CI = 1.01 – 1.62 mg/dL, p < 0.0001), prealbumin (effect size = 0.03 g/dL, 95% CI = 0.006 
– 0.059 g/dL, p = 0.02), and beta globulins (effect size = 0.47 g/dL, 95% CI = 0.31 – 0.63 g/dL, 
p < 0.0001) than males. Males had higher CK (effect size = 143 U/L, 95% CI = 53 – 233 U/L, p 
= 0.002), albumin (effect size = 0.18 g/dL, 95% CI = 0.08 – 0.27 g/dL, p = 0.0005), alpha 1 
globulins (effect size = 0.04 g/dL, 95% CI = 0.003 – 0.07 g/dL, p = 0.03), and AGR (effect size 
= 0.054, 95% CI = 0.035 – 0.073, p < 0.0001). 

 
Interestingly, several clinical pathology parameters were associated with clinical signs of 

illness and pathogen detection. Turtles with upper respiratory disease had lower lymphocyte 
counts (effect size = 2,770 cells/µL, 95% CI = 330 – 5,211 cells/µL, p = 0.03) and AGR (effect 
size = 0.027, 95% CI = 0.001 – 0.053, p = 0.04) and higher prealbumin concentrations (effect 
size = 0.05 g/dL, 95% CI = 0.019 – 0.082 g/dL, p = 0.002). Turtles with any physical exam 
abnormality had higher prealbumin concentrations (effect size = 0.038 g/dL, 95% CI = 0.012 – 
0.064 g/dL, p = 0.004) and lower albumin concentrations (effect size = 0.12 g/dL, 95% CI = 0.01 
– 0.22 g/dL, p = 0.03) and AGR (effect size = 0.023, 95% CI = 0.001 – 0.044, p = 0.04) than 
turtles without apparent physical abnormalities. Turtles testing positive for TerHV2 had higher 
WBC counts (effect size = 5,738 cells/µL, 95% CI = 484 – 10,992 cells/µL, p = 0.03), heterophil 
counts (effect size = 1,963 cells/µL, 95% CI = 637 – 3,288 cells/µL, p = 0.004), and basophil 



19 
 

counts (effect size = 1,012 cells/µL, 95% CI = 180 – 1,843 cells/µL, p = 0.02). Turtles testing 
positive for Mycoplasmopsis sp. had higher heterophil counts (effect size = 1,340 cells/µL, 95% 
CI = 135 – 2,545 cells/µL, p = 0.03), monocyte counts (effect size = 240 cells/µL, 95% CI = 18 – 
462 cells/µL, p = 0.03), and H:L ratios (effect size = 0.142, 95% CI = 0.029 – 0.255, p = 0.01). 
Turtles testing positive for Terrapene adenovirus 1 had lower albumin concentrations (effect size 
= 0.16 g/dL, 95% CI = 0.02 – 0.31 g/dL, p = 0.03) and higher alpha 1 globulins (effect size = 
0.07 g/dL, 95% CI = 0.02 – 0.12 g/dL, p = 0.005) and alpha 2 globulins (effect size = 0.25 g/dL, 
95% CI = 0.09 – 0.4 g/dL, p = 0.002). 
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Table 1. Demographics, physical exam abnormalities, and pathogen presence in eastern box turtles by study site 2019 – 2021. 
 

    Collison Kennekuk Forest Glen Kickapoo Forbes 
Year 2019 2 31 16 10 51 

 2020 15 40 9 11 29 
  2021 18 46 23 10 13 
Season Spring 9 59 14 12 51 

 Summer 26 47 24 19 42 
  Fall 0 11 10 0 0 
Age Class Adult 32 95 45 27 84 
  Juvenile 3 22 3 4 9 
Sex Female 17 63 17 17 39 

 Male 15 32 28 12 45 
  Unknown 3 22 3 2 9 
Physical Exam Asymmetrical Nares 11 (31%) 15 (13%) 7 (15%) 7 (33%) 10 (11%) 

 Upper Respiratory Disease 2 (6%) 9 (8%) 4 (8%) 3 (14%) 7 (8%) 
 Aural Abscess 0 1 (0.9%) 1 (2%) 0 4 (4%) 
 Head, Limb, or Tail Trauma 5 (14%) 10 (9%) 6 (13%) 1 (5%) 8 (9%) 
 Burn Injury 0 1 (0.9%) 1 (2%) 1 (5%) 3 (3%) 
 Developmental Abnormality 3 (9%) 5 (4%) 2 (4%) 3 (14%) 6 (6%) 
 Active Shell Lesion 7 (20%) 15 (13%) 4 (8%) 2 (10%) 6 (6%) 

  Inactive Shell Lesion 17 (49%) 35 (30%) 14 (29%) 14 (67%) 22 (24%) 
 # Turtles Tested 35 114 46 31 92 

Pathogens Terrapene adenovirus 1 (3%) 17 (15%) 6 (13%) 1 (3%) 19 (21%) 
 Terrapene herpesvirus 1 4 (11%) 5 (4%) 5 (11%) 0 10 (11%) 
 Terrapene herpesvirus 2 3 (9%) 9 (8%) 6 (13%) 0 6 (7%) 

  Mycoplasmopsis sp. 2 (6%) 14 (12%) 3 (7%) 1 (3%) 11 (12%) 
Total   35 117 48 21 93 
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Figure 1. Common eastern box turtle shell abnormalities. A – D) Burn injuries in various stages of healing. E) Developmental 
abnormality – supranumerary vertebral scutes. F & G) Active shell lesions characterized by moist, soft foci. Turtle G also has 
supranumerary vertebral scutes. H) Inactive shell lesion – healed fracture of the 1st right costal scute. This individual also has 
supranumerary vertebral scutes. 
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Figure 2. Common physical examination abnormalities in eastern box turtles. A & B) Clinical signs of upper respiratory disease 
including nasal asymmetry or erosion (A), blepharoedema (B), and nasal discharge (B). C) Aural abscess. D) Trauma – this individual 
previously lost both front feet. 
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Table 2. Descriptive statistics for eastern box turtle hematology, plasma biochemistries, and protein electrophoresis from 2019 – 
2021. Central tendency = mean or median, Dispersion = standard deviation or 10th – 90th percentiles depending upon data distribution.  

Analyte N Distribution Central Tendency Dispersion Min Max 
Packed Cell Volume (%) 318 Non-normal 24.5 20 – 28 7 48.5 
Total Solids (g/dL) 318 Non-normal 6.3 5.4 – 7.2 1.6 11.0 
Total Leukocyte Count (/µL) 317 Non-normal 21,120 15,644 – 28,160 3,367 127,424 
Heterophils (/µL) 317 Non-normal 2,673 1,564 – 4,572 253 24,334 
Lymphocytes (/µL) 317 Non-normal 11,092 7,523 – 17,389 1,993 104,488 
Monocytes (/µL) 317 Non-normal 375 162 – 714 0 4,259 
Eosinophils (/µL) 317 Non-normal 2,984 1,827 – 4,267 209 18,204 
Basophils (/µL) 317 Non-normal 1,545 908 – 2,620 0 15,291 
Heterophil / Lymphocyte 317 Non-normal 0.250 0.133 – 0.447 0.011 2.526 
Erythrocyte Sedimentation Rate (mm) 203 Non-normal 4.89 4.00 – 6.36 2.10 46.00 
Glutamate Dehydrogenase (U/L) 221 Non-normal 11.4 7 – 20.5 1.5 191.3 
Bile Acids (µmol/L) 221 Non-normal 6.0 3.6 – 7.98 1.1 40.5 
Uric Acid (mg/dL) 221 Non-normal 1.4 1.1 – 1.5 0.8 5.0 
Calcium (mg/dL) 221 Non-normal 11.75 10.3 – 15.83 8.0 30.7 
Phosphorous (mg/dL) 221 Non-normal 3.8 3.1 – 4.7 1.9 9.9 
Calcium / Phosphorous 221 Non-normal 3.36 2.83 – 3.94 1.57 6.43 
Aspartate Aminotransferase (U/L) 221 Non-normal 70 50.8 – 98.8 19 293 
Creatine Kinase (U/L) 221 Non-normal 285 165 – 494 17 2,346 
Total Protein (g/dL) 238 Normal 6.4 1.2 2.8 10.1 
Prealbumin (g/dL) 238 Non-normal 0.19 0.14 – 0.26 0.01 0.89 
Albumin (g/dL) 238 Non-normal 1.44 1.23 – 1.7 0.57 2.61 
Alpha 1 Globulins (g/dL) 238 Non-normal 0.38 0.29 – 0.46 0.17 0.83 
Alpha 2 Globulins (g/dL) 238 Non-normal 1.64 1.37 – 1.9 0.63 3.27 
Beta Globulins (g/dL) 238 Non-normal 1.98 1.64 – 2.4 0.81 4.78 
Gamma Globulins (g/dL) 238 Non-normal 0.55 0.46 – 0.67 0.09 1.46 
Albumin / Globulin 238 Normal 0.361 0.08 0.18 0.59 
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Ornate Box Turtles 
  
 A total of 202 ornate box turtles were evaluated from 2019 – 2021. Turtles were assessed 
at the Orland Track and South Bison Unit of the Nachusa Grasslands (N = 138) in all three years, 
while turtles at the INPC Ayers Sand Prairie Nature Preserve (N = 64) were only sampled in 
2019. Two shells were recovered from Nachusa and both tested negative for FV3. Demographic 
data, physical examination abnormalities, and pathogen presence is summarized in Table 3 and 
Figure 3. Clinical pathology results are summarized in Table 4. 
 
 Turtles sampled at Nachusa were larger in both weight (effect size = 71g, 95% CI = 51 – 
91g, p < 0.0001) and multiple standardized shell measurements (SCL, SCW, CW, etc.; p < 0.05) 
than those at Ayers. Nachusa turtles also had higher body condition scores (effect size = 1.36, 
95% CI = 0.92 – 1.8, p < 0.0001). Distribution of age classes, sexes, and physical examination 
abnormalities was similar between sites (p > 0.05), however, turtles at Ayers had more evidence 
of shell trauma secondary to vehicular or mower strike than turtles at Nachusa. 
 
 Clinical pathology values differed by year, site, month, sex, age class, and condition of 
the shell. All parameters except WBC count, monocyte count, basophil count, bile acids, uric 
acid, calcium, calcium to phosphorous ratio, AST, CK, and beta globulins varied between years 
(p < 0.05). Turtles at Ayers had higher PCV (effect size = 2.3%, 95% CI = 0.8 – 3.8%, p = 
0.003), WBC count (effect size = 2,748 cells/µL, 95% CI = 281 – 5,215 cells/µL, p = 0.03), 
heterophil count (effect size = 4,757 cells/µL, 95% CI = 3,672 – 5,841 cells/µL, p < 0.0001), and 
H:L (effect size = 1.278, 95% CI = 0.875 – 1.680, p < 0.0001) compared to turtles at Nachusa. In 
contrast, Nachusa turtles had higher TS (effect size = 2.05 g/dL, 95% CI = 1.79 – 2.31 g/dL, p < 
0.0001) and basophils (effect size = 213 cells/µL, 95% CI = 15 – 411 cells/µL, p = 0.03).   
 

Turtles sampled in May had higher PCV (effect size = 2.9%, 95% CI = 1.2 – 4.6%, p = 
0.0009), heterophil count (effect size = 4,203 cells/µL, 95% CI = 2,882 – 5,523 cells/µL, p < 
0.0001), H:L (effect size = 0.998, 95% CI = 0.517 – 1.478, p < 0.0001), and alpha 1 globulins 
(effect size = 0.072 g/dL, 95% CI = 0.025 – 0.119 g/dL, p = 0.003) than those sampled in June. 
June turtles had higher TS (effect size = 0.83 g/dL, 95% CI = 0.4 – 1.25 g/dL, p = 0.0002), 
lymphocyte count (effect size = 5,268 cells/µL, 95% CI = 3,388 – 7,148 cells/µL, p < 0.0001), 
eosinophil count (effect size = 1,333 cells/µL, 95% CI = 803 – 1,862 cells/µL, p < 0.0001), ESR 
(effect size = 2.38 mm, 95% CI = 1.61 – 3.15 mm, p < 0.0001), phosphorous (effect size = 0.7 
mg/dL, 95% CI = 0.23 – 1.17 mg/dL, p = 0.004), prealbumin (effect size = 0.08 g/dL, 95% CI = 
0.05 – 0.11 g/dL, p < 0.0001), alpha 2 globulins (effect size = 0.164 g/dL, 95% CI = 0.033 – 
0.294 g/dL, p = 0.01), and AGR (effect size = 0.043, 95% CI = 0.02 – 0.066, p = 0.0004).   

 
Juvenile turtles had higher heterophil counts (effect size = 2,374 cells/µL, 95% CI = 324 

– 4,423 cells/µL, p = 0.02), monocyte counts (effect size = 427 cells/µL, 95% CI = 102 – 751 
cells/µL, p = 0.01), basophil counts (effect size = 347 cells/µL, 95% CI = 24 – 670 cells/µL, p = 
0.04), H:L (effect size = 1.01, 95% CI = 0.3 – 1.71, p = 0.005), and AGR (effect size = 0.095, 
95% CI = 0.033 – 0.157, p = 0.003) than adults. 
 

Female turtles had higher calcium (effect size = 4.41 mg/dL, 95% CI = 3.28 – 5.54 
mg/dL, p < 0.0001) and phosphorous (effect size = 1.02 mg/dL, 95% CI = 0.6 – 1.45 mg/dL, p < 
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0.0001) than males. Male turtles had higher PCV (effect size = 3%, 95% CI = 1.5 – 4.4%, p < 
0.0001), AST (effect size = 57 U/L, 95% CI = 27 – 87 U/L, p = 0.0004), and alpha 1 globulins 
(effect size = 0.079 g/dL, 95% CI = 0.035 – 0.123 g/dL, p = 0.0006) than females. 

 
Turtles with normal shells had lower TS than those with inactive shell injuries (effect size 

= 0.5 g/dL, 95% CI = 0.0004 – 1.0 g/dL, p = 0.04) and active shell injuries (effect size = 0.61 
g/dL, 95% CI = 0.07 – 1.15 g/dL, p = 0.0002). Turtles with active shell injuries had higher 
GLDH than turtles with normal shells (effect size = 18.66 U/L, 95% CI = 5.33 – 32 U/L, p = 
0.004). Sample size was too low to evaluate for relationships between pathogen presence and 
clinical pathology parameters.  
   
 
Table 3. Demographics, physical exam abnormalities, and pathogen presence in ornate box 
turtles by capture site 2019 – 2021: Nachusa’s Orland Track and South Bison Unit (SBU) vs. 
Ayers Sand Prairie. 
 
    Orland Ayers 
Year 2019 66 64 
 2020 28 0 
 2021 44 0 
Month May 95 64 
 June 43 0 
Age Class Adult 127 57 
  Juvenile 11 7 
Sex Female 62 19 

 Male 64 37 
  Unknown 12 8 
Physical Exam Asymmetrical Nares 6 (4%) 0 

 Head, Limb, or Tail Trauma 5 (4%) 6 (9%) 
 Burn Injury 2 (1%) 0 
 Developmental Abnormality 1 (0.7%) 2 (3%) 
 Active Shell Lesion 37 (27%) 8 (13%) 

  Inactive Shell Lesion 44 (32%) 14 (22%) 
Pathogens Terrapene adenovirus 3 (2%) NA 
 Leptospirosis 1 (0.7%) NA 
Total   138 64 
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Figure 3. Common ornate box turtle shell abnormalities. A) Developmental abnormality – supranumerary vertebral scutes. B) Healed 
burn injury. C & D) Inactive shell lesions including a healed fracture (C) and healed shell trauma (D). E – H) Active shell lesions 
characterized by moist, soft foci and/or bleeding upon manipulation.  
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Table 4. Descriptive statistics for ornate box turtle hematology, plasma biochemistries, and protein electrophoresis 2019 - 2021. 
Central tendency = mean or median, Dispersion = standard deviation or 10th – 90th percentiles depending upon data distribution. 
 
Analyte N Distribution Central Tendency Dispersion Min Max 
Packed Cell Volume (%) 202 Non-normal 25 22.6 – 28.9 12.5 45 
Total Solids (g/dL) 202 Non-normal 6.0 5 – 6.8 3.0 9.55 
Total Leukocyte Count (/µL) 202 Non-normal 19,603 14,879 – 25,674 5,927 52,467 
Heterophils (µL) 202 Non-normal 5,626 3,824 – 8,652 1,119 27,779 
Lymphocytes (µL) 202 Non-normal 8,599 5,570 – 13,998 1,067 32,326 
Monocytes (µL) 202 Non-normal 716 378 – 1,090 0 4,956 
Eosinophils (µL) 202 Non-normal 2,374 1,375 – 3,518 118 7,715 
Basophils (µL) 202 Non-normal 475 205 - 835 0 5,697 
Heterophil / Lymphocyte 202 Non-normal 0.700 0.401 – 1.19 0.048 12.43 
Erythrocyte Sedimentation Rate (mm) 71 Non-normal 4.25 3.02 – 5.56 1.83 11.8 
Glutamate Dehydrogenase (U/L) 68 Non-normal 18.95 8.4 – 33.83 3.1 83.2 
Bile Acids (µmol/L) 68 Non-normal 4.6 3.6 – 6.9 2.4 21.7 
Uric Acid (mg/dL) 68 Non-normal 1.4 1.2 – 1.6 0.8 2.9 
Calcium (mg/dL) 68 Non-normal 10.6 9.08 – 13.4 7.7 22.5 
Phosphorous (mg/dL) 68 Non-normal 3.1 2.8 – 3.9 1.9 6.0 
Calcium / Phosphorous 68 Normal 3.59 0.8 1.56 5.21 
Aspartate Aminotransferase (U/L) 68 Non-normal 94 66 – 137 29 420 
Creatine Kinase (U/L) 68 Non-normal 314 195 - 547 59 12,930 
Total Protein (g/dL) 125 Normal 6.5 1.06 3.0 9.6 
Prealbumin (g/dL) 125 Non-normal 0.15 0.1 – 0.2 0.01 0.39 
Albumin (g/dL) 125 Normal 1.81 0.34 0.82 2.75 
Alpha 1 Globulins (g/dL) 125 Non-normal 0.4 0.32 – 0.5 0.15 0.76 
Alpha 2 Globulins (g/dL) 125 Normal 1.69 0.35 0.77 2.45 
Beta Globulins (g/dL) 125 Non-normal 1.73 1.53 – 2.05 0.84 3.29 
Gamma Globulins (g/dL) 125 Normal 0.58 0.13 0.29 0.93 
Albumin / Globulin 125 Normal 0.443 0.064 0.28 0.59 
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Silvery Salamanders 
 
 Three hundred thirty-four silvery salamanders were evaluated from three wetlands at 
Kickapoo State Park from 2019 – 2021. Fluidigm qPCR was performed for 254 individuals; all 
samples were pathogen-negative. Demographics and physical exam findings are summarized by 
wetland in Table 5 and Figure 4. Hematology was performed in 25 salamanders and summary 
statistics are presented in Table 6. Weights and body condition scores did not vary between 
ponds and were not significantly associated with the presence of physical examination 
abnormalities (p > 0.05). The occurrence of physical examination abnormalities was not 
significantly different between ponds (p > 0.05).  
 
 Salamanders with developmental abnormalities had higher WBC counts (effect size = 
7,321 cells/µL, 95% CI = 1,317 – 13,326 cells/µL, p = 0.01), heterophil counts (effect size = 
3,777 cells/µL, 95% CI = 861 – 6,694 cells/µL, p = 0.01), and monocyte counts (effect size = 
1,114 cells/µL, 95% CI = 400 – 1,828 cells/µL, p = 0.004) than animals without. Salamanders 
with Dermotheca sp. infection had higher monocyte counts (effect size = 1,169 cells/µL, 95% CI 
= 472 – 1,867 cells/µL, p = 0.002) than those without. 
 
Table 5. Demographics and physical exam abnormalities in silvery salamanders by wetland, 
2019 – 2021. 
 

    67 282 283 
Year 2019 48 29 60 
 2020 22 16 81 
 2021 26 23 29 
Age Class Adult 90 60 157 
  Larva 6 8 13 
Physical Exam Dermotheca sp. 8 (8%) 3 (4%) 20 (12%) 

 Clinostomum sp. 1 (1%) 0 0 
 Developmental Abnormality 8 (8%) 8 (12%) 18 (11%) 
 Fresh Injuries 7 (7%) 6 (9%) 9 (5%) 

 Healed Injuries 21 (21%) 8 (12%) 13 (8%) 

 Cutaneous Ulcer 0 1 (1%) 4 (2%) 
  Hemorrhage 2 (2%) 0 1 (0.6%) 
Total   96 68 170 
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Figure 4. Common silvery salamander physical examination abnormalities. A) Clinostomum sp. and Dermotheca sp. infection. B) 
Developmental abnormality – extra forelimb. C) Trauma.  
 
Table 6. Descriptive statistics for silvery salamander hematology 2019 – 2021. Central tendency = mean or median, Dispersion = 
standard deviation or 10th – 90th percentiles depending upon data distribution.  
 
Analyte N Distribution Central Tendency Dispersion Min Max 
Total Leukocyte Count (/µL) 25 Non-normal 10,400 8,200 - 12,800 4,800 28,000 
Neutrophils (/µL) 25 Non-normal 1,908 924 – 2,720 520 12,320 
Lymphocytes (/µL) 25 Non-normal 588 270 – 896 0 4,940 
Monocytes (/µL) 25 Non-normal 86 0 – 168 0 3,360 
Eosinophils (/µL) 25 Normal 7,059 3,494 1,480 16,590 
Basophils (/µL) 25 Normal 854 369 304 1,482 
Neutrophil / Lymphocyte 25 Non-normal 2.81 1.64 – 5.75 0.31 17 
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RNA Extraction Protocol Refinement 
 
 RNA virus surveillance is rarely attempted in wildlife due to logistical constraints about 
RNA stability and the ubiquitous nature of RNAses. Snap freezing samples at -80oC or in liquid 
nitrogen is one of the best ways to preserve RNA in biological samples. However, this is highly 
impractical in a field setting. RNA preservatives, such as RNAlater, provide an alternative means 
of stabilizing RNA when instant freezing is impossible. Unfortunately, few commercially 
available RNA extraction kits are designed to work with RNA stabilizing buffers like RNAlater. 
To deal with this issue, we initially relied upon a published protocol for extracting RNA from 
mucosal swabs preserved in RNAlater (Espinosa-de Aquino et al. 2017). This protocol assumes 
that many mucosal cells detach from the swab head and/or lyse into the RNAlater solution. The 
initial centrifugation step therefore concentrates cellular material and cellular contents at the 
bottom of the tube. The swab is removed, the RNAlater is decanted, and RNA extraction 
proceeds from that point using a commercial kit and the cellular pellet. After using this protocol 
in 2019, we found that herptile cellular material tends to remain associated with the swab head. 
By removing the swab from the extraction, our RNA yields were lower than anticipated. We 
modified this protocol by performing the initial centrifugation as recommended, decanting the 
RNAlater, and aspirating RNAlater from the swab head with a sterile pipette tip. This protocol 
allows the swab head to be retained in the tube and subjected to RNA extraction (Qiagen 
RNEasy, Valencia, CA). Following this protocol adjustment, our RNA yields improved 10-fold.  

 
We have also developed a protocol for extracting RNA from whole blood preserved in 
RNAlater, which is challenging for species with nucleated erythrocytes. This protocol involves 
an initial centrifugation to pellet the erythrocytes. The RNAlater is removed via pipetting, then 
the erythrocyte pellet is homogenized using a bead beater. RNA extraction is performed on the 
homogenate using a commercial kit with a tissue extraction protocol (Qiagen RNEasy, Valencia, 
CA). These protocol alterations have enhanced the quality and quantity of RNA retrieved from 
field-collected herptile samples, and may improve the diagnostic sensitivity of downstream 
pathogen PCR. We hope that our protocols can be used by other wildlife disease researchers to 
expand pathogen surveillance to RNA viruses. 
 
RNA Virus Surveillance 
 
 Thirty-five samples from eastern box turtles, ornate box turtles, and silvery salamanders 
were targeted each year for RNA extraction and PCR. Samples were selected to balance study 
sites, sexes, age classes, seasons, and the presence or absence of clinical signs. A total of 308 
cloacal/oral swab (box turtles) or oral swab (salamanders) samples were tested (only 28 ornate 
box turtle samples were collected in 2020) for seven RNA viruses. All samples were negative. 
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Eastern Massasauga Rattlesnakes 
  
 A total of sixty-six health assessments were performed for Carlyle Lake massasaugas in 
2019 (N = 37 assessments of 35 individuals), 2020 (N = 1 assessment of 1 individual), and 2021 
(N = 28 assessments of 27 individuals). Field surveys were not performed in 2020 due to 
COVID-related shelter in place orders, the single individual sampled that year was observed 
basking multiple times in December and was transported to UIUC for health assessment and 
ophidiomycosis treatment. Three snakes were sampled in both 2019 and 2021, including an adult 
non-gravid female which was in the “ophidiomycosis negative” category in 2019, then in the 
“possible ophidiomycosis” category in 2021. A juvenile female was in the “possible 
ophidiomycosis” category in 2019, then in the “apparent ophidiomycosis” category as an adult in 
2021. Finally, an adult female that was non-gravid in 2019 and gravid in 2021 was in the 
“apparent ophidiomycosis” category at both assessments. Demographic, site, lesion, and 
ophidiomycosis data are summarized in Table 7 and Figure 5. Hematology was performed in 46 
individuals and results are presented in Table 8.   
 

Overall, 30.3% of massasauga encounters tested positive for O. ophiodiicola DNA. Fifty-
six percent were classified as ophidiomycosis negative, 13.6% were possible ophidiomycosis, 
1.5% were Ophidiomyces present, and 28.9% were in the apparent ophidiomycosis category. 
There was no significant difference in apparent ophidiomycosis prevalence between 2019 
(22.9%, 95% CI = 12.1 – 39.0%) and 2021 (28.6%, 95% CI = 15.2 – 47.1%) and the proportion 
of snakes in each ophidiomycosis category did not significantly differ between South Shore and 
Eldon Hazlet (p > 0.05). The probability of a lesion testing qPCR positive for Ophidiomyces was 
not significantly associated with lesion type or anatomic location (p > 0.05). Lesion type and 
anatomic location were also not significantly associated with Ophidiomyces copy number (p > 
0.05).    

Agreement in Ophidiomyces testing between body and lesion swabs was moderate (kappa 
= 0.53). The sensitivity of body swabs for determining whether the animal would test positive for 
O. ophiodiicola DNA was 45% (95% CI = 24 – 68%) while the specificity was 100% (95% CI = 
90 – 100%). Body swab positive predictive value was 100% (95% CI = 63 – 100%) while 
negative predictive value was 81% (95% CI = 68 – 90%). In contrast, lesion swab sensitivity was 
76% (95% CI = 61 – 87%), specificity was 100% (95% CI = 68 – 100%), positive predictive 
value was 100% (95% CI = 88 – 100%), and negative predictive value was 50% (29 – 71%). 

 
Packed cell volume (effect size = 8.1%, 95% CI = 4.1 – 12.1%, p = 0.0002) and 

heterophil:lymphocyte ratio (effect size = 0.504, 95% CI = 0.052 – 0.955, p = 0.03) were 
significantly higher in 2019 than 2021. WBC counts (effect size = 6,935 cells/µL, 95% CI = 
2,298 – 11,572 cells/µL, p = 0.004) and lymphocyte counts (effect size = 7,287 cells/µL, 95% CI 
= 4,056 – 10,518 cells/µL, p < 0.0001) were significantly higher in 2021 vs. 2019. Monocyte 
counts were significantly higher at South Shore vs. Eldon Hazlet (effect size = 299 cells/µL, 95% 
CI = 37 – 562 cells/µL, p = 0.03). Snakes with skin lesions (effect size = 1 g/dL, 95% CI = 0.3 – 
1.7 g/dL, p = 0.007) and those that tested positive for Ophidiomyces (effect size = 0.8 g/dL, 95% 
CI = 0.06 – 1.6 g/dL, p = 0.04) had significantly higher TS concentrations than snakes without 
lesions or with negative qPCR results, respectively. Similarly, snakes with apparent 
ophidiomycosis had higher TS than snakes in the ophidiomycosis negative category (effect size 
= 1 g/dL, 95% CI = 0.08 – 2.0 g/dL, p = 0.03). Snakes testing qPCR positive for Ophidiomyces 
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had higher heterophil counts (effect size = 455 cells/µL, 95% CI = 77 – 833 cells/µL, p = 0.02) 
than negative snakes. Heterophil counts also tended to be higher in snakes with skin lesions and 
in those with apparent ophidiomycosis, though these associations were not statistically 
significant (p = 0.06). 

 
 

Table 7. Summary demographic and ophidiomycosis data by study site for eastern massasauga 
rattlesnakes sampled from 2019 – 2021. 
 
    South Shore Eldon Hazlet 
Age Class Adult 31 21 

 Juvenile 4 2 
  Neonate 7 1 
Sex Female 26 11 

 Male 15 12 
  Unknown 1 1 
Ophidiomycosis Negative 23 (56%) 14 (58%) 

 Possible 9 (21%) 0 
 Present 1 (2%) 0 

  Apparent 9 (21%) 10 (42%) 
Total   42 24 

 
 
Table 8. Descriptive statistics for eastern massasauga rattlesnake hematology, 2019 – 2021. 
Central tendency = mean or median, Dispersion = standard deviation or 10th – 90th percentiles 
depending upon normality of data distribution.  
 

 
 

Analyte N Distribution Central Tendency Dispersion Min Max 
Packed Cell Volume (%) 46 Normal 27 7.6 8 40 
Total Solids (g/dL) 46 Normal 7.5 1.2 4.8 10.2 
Total Leukocyte Count (/µL) 46 Non-normal 10,230 5773 - 15,569 668 44,880 
Heterophils (/µL) 46 Normal 1,068 625 167 2,534 
Lymphocytes (/µL) 46 Non-normal 5,003 2,300 - 11,440 220 28,723 
Azurophils (/µL) 46 Non-normal 2,631 1,001 - 4,732 0 13,015 
Monocytes (/µL) 46 Non-normal 229 0 - 475 0 1,877 
Eosinophils (/µL) 46 Non-normal 0 0 - 0 0 601 
Basophils (/µL) 46 Non-normal 273 96 - 452 0 1,056 
Heterophil / Lymphocyte 46 Non-normal 0.218 0.087 - 0.444 0.017 4.3 
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Figure 5. Skin lesion characteristics in eastern massasauga rattlesnakes. A) Histogram of the number of skin lesions per snake. B) 
Number of skin lesions by lesion type and Ophidiomyces qPCR result. C) Skin crust. D) Necrotic scales. E) Granuloma. F) Ulcer.   
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Kirtland’s Snakes 
  
 A total of 59 Kirtland’s snakes were tested for Ophidiomyces in 2019 (N = 25), 2020 (N 
= 9), and 2021 (N = 25) at four study sites. Demographic, site, and ophidiomycosis data are 
summarized in Table 9. In 2019 48% (95% CI = 30 – 66.5%) of sampled Kirtland’s snakes tested 
qPCR positive for O. ophidiicola with pathogen detection occurring at all study sites. All snakes 
tested negative in 2020 (95% CI = 0 – 30%) and 2021 (95% CI = 0 – 13.3%). Most snakes had 
normal physical examinations, and qPCR positive individuals were classified as “Ophidiomyces 
present”. However, one adult male from Sangchris in 2019 had what appeared to be an injured 
ventral scale. This individual tested positive for Ophidiomyces ophidiicola and was placed in the 
“apparent ophidiomycosis” category. Sample size calculations were performed to direct future 
Ophidiomyces surveillance efforts in Kirtland’s snakes, results are displayed in Table 10.  
 
Table 9. Summary demographic and ophidiomycosis data by study site for Kirtland’s snakes 
tested for Ophidiomyces from 2019 – 2021.  
 

    Study Site 
    Clinton Lake Goodenow Sangchris Theodore Stone 
Sex Female 0 19 9 1 

 Male 2 7 15 3 
  Unknown 0 2 1 0 
Age Class Adult 1 13 15 4 

 Subadult 0 2 2 0 
  Juvenile 1 13 8 0 
Ophidiomycosis Negative 0 24 (86%) 20 (80%) 3 (75%) 

 Possible 0 0 0 0 
 Present 2 (100%) 4 (14%) 4 (16%) 1 (25%) 

  Apparent 0 0 1 (4%) 0 
Total   2 28 25 4 

 
 

Table 10. Number of Kirtland’s snake skin swab qPCR tests needed to detect Ophidiomyces 
ophidiicola at different levels of prevalence and different snake population sizes. 
 

  Ophidiomyces ophidiicola Prevalence 
Population Size 1% 2% 3% 5% 10% 20% 

50 50 50 49 40 29 17 
100 100 98 79 57 33 18 
200 195 132 99 65 35 19 
300 237 148 107 68 36 19 
500 282 162 114 71 37 19 
1000 324 174 119 73 37 19 
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Mortality Investigation 
 
Lake County Ranavirus Outbreak 
  

In early June 2019, the Lake County Forest Preserve District was notified of a freshwater 
turtle mortality event in a pond adjacent to Lakewood Forest Preserve. On June 10th, the shells of 
22 deceased turtles were recovered from the pond, including painted turtles (Chrysemys picta), 
red-eared sliders (Trachemys scripta elegans), and common snapping turtles (Chelydra 
serpentina). Bone marrow and tissue samples were collected from the retrieved shells and pooled 
by species. The painted turtle bone marrow and tissue pools tested positive for ranavirus via 
qPCR. Hoop traps were placed in the pond on June 17th to enable sampling of live turtles and 
amphibians. On June 18th, one live common snapping turtle was captured and two painted turtle 
plastrons were incidentally recovered. The snapping turtle had deep ulcerations on the head, but 
no other physical examination abnormalities (Figure 6). This animal tested qPCR positive for 
ranavirus in whole blood and oral/cloacal swab samples.  
 

 
 
Figure 6. Deep cutaneous ulceration in a common snapping turtle with ranavirus from Lake 
County, IL. A stick was placed inside the mouth as a bite guard during sampling. 
 
Blanding’s Turtle Mortalities & Novel Disease Investigation 
  

In May, 2018 an adult male Blanding’s turtle from Lake County was incidentally 
encountered. Physical examination revealed an intra-oral 1.5cm broad-based right mandibular 
mass. The turtle was transported to the University of Illinois for mass removal and further 
diagnostics. Histopathology revealed squamous cell carcinoma, and PCR on tissues from the 
mass revealed a novel herpesvirus (Emydoidea herpesvirus 2). The turtle recovered uneventfully 
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and was released at its site of capture. In 2019, the mass had regrown. The turtle was transported 
to the University of Illinois and the mass was aggressively removed. Emydoidea herpesvirus 2 
DNA was again detected within the mass via PCR. The turtle recovered and was re-released in 
Lake County with a radio transmitter to facilitate continued monitoring. This is the first detection 
of a cancer-associated herpesvirus in a Blanding’s turtle, and the case report was recently 
published (Andersson et al., 2021). Aside from decreases in weight associated with initial growth 
and regrowth of the mass, likely attributable to difficulty in prehending food, the turtle appeared 
otherwise healthy. 
 

 
 
Figure 7. Photographs of an adult male Blanding’s turtle with oral squamous cell carcinoma-
associated herpesvirus (Emydoidea herpesvirus 2) in Lake County, Illinois in 2019. A) May 
14th, 2019; oral squamous cell carcinoma with caseous debris. B, C, & D) June 21st, 2019; oral 
cavity immediately before (B & C) and after (D) surgical debridement. E & F) August 30th, 
2019; oral cavity and right beak commissure 10 weeks post-op.   

 
In late July, 2019 an adult male Blanding’s turtle (2019-1) from Lake County was 

incidentally discovered with labored breathing and tracheal discharge. The animal was 
transported to the Wildlife Epidemiology Lab for diagnostic testing and clinical management. 
The turtle tested negative for ranavirus, Emydoidea herpesvirus 1, and Mycoplasmopsis sp. 
Treatment was initiated for suspected pneumonia with antibiotics and heat support. The turtle’s 
attitude, appetite, and respiratory signs improved over the course of several weeks, however, 
intermittent respiratory noise was still appreciated. The turtle unexpectedly and rapidly declined 
at the end of October and was euthanized. Gross necropsy revealed severe and extensive 
fibrinonecrotic and hemorrhagic enterocolitis, along with residual pneumonia. Histopathology 
revealed fungal sepsis caused by a Mucorales organism. This fungus caused systemic vasculitis 
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and thrombosis, which ultimately led to necrosis of the gastrointestinal tract and the rapid 
clinical deterioration. 

 
On May 20th, 2021 an adult female Blanding’s turtle (2021-1) was found after being hit 

by a car. The turtle sustained multiple fractures to the left cranial carapace, left bridge, and skull. 
She was transported to the University of Illinois for additional diagnostics and treatment. 
Radiographs revealed additional fractures to the left scapula and left distal humerus. The turtle 
was stabilized with fluids, pain medication, broad-spectrum antibiotics, and heat support for 
several days. Fracture repair and feeding tube placement were pursued without incident. The 
turtle’s mentation and movement improved over the course of several weeks, but at the end of 
June she developed intermittent bloody oral discharge and clear nasal discharge. Testing for 
Mycoplasmopsis sp. was positive, and additional antibiotics were added to combat this infection. 
Unfortunately, the turtle’s condition rapidly deteriorated over the course of 36 hours and she was 
found dead on July 2nd. Gross necropsy and histopathology revealed chronic bacterial 
pneumonia, which may have caused the turtle to be basking on the road prior to vehicular strike.   

 
An adult radiotelemetered female Blanding’s turtle from Kane County (2021-2) was 

discovered dead on June 8th, 2021. The remains were in poor condition, the head and limbs had 
been scavenged and most of the viscera was autolyzed. Several shelled eggs were present within 
the coelomic cavity. Histopathology was attempted, but was uninformative due to the state of the 
carcass. There was no evidence of antemortem hemorrhage or tissue damage to indicate 
predation and the cause of death is unknown, though the presence of eggs may implicate egg 
binding. 

 
An adult radiotelemetered female Blanding’s turtle from Lake County (2021-3) was 

discovered dead on July 7th, 2021. She had last been seen alive on June 29th. On external exam, 
the turtle was moderately autolyzed with significant insect activity. The left femur was exposed 
and the distal left hind limb was missing. A 3cm laceration through the skin and coelomic 
membrane of the left prefemoral fossa was also present. Histopathology revealed bacterial 
ceolomitis, likely extending from the aforementioned laceration. Ulceration of the skin around 
the remnants of the left hind leg was also present, indicating pre-mortem injury. Death likely 
occurred secondary to traumatic amputation of the left hind leg with concurrent penetrating 
trauma to the coelomic cavity. Attempted predation is considered highly likely. A summary of 
Blanding’s turtle necropsy findings is provided in Table 11. 

 
Table 11. Summary findings of Blanding’s turtle necropsies from 2019 – 2021. 

 
Turtle ID Cause of Death Underlying Health Issues 
2019-1 Fungal Sepsis Yes 
2021-1 Pneumonia Yes 
2021-2 Unknown Unknown 
2021-3 Predation No 
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Eastern Massasauga Mortalities 
 
An adult female massasauga (20-EMR-01) from Clinton County was visualized 

aboveground and basking multiple times in December, 2020 and was captured and transported to 
the University of Illinois for evaluation on December 29th. Physical examination revealed a quiet 
attitude, 15 skin lesions consistent with ophidiomycosis (multifocal crusts, necrotic scales, and 
displaced/thickened scales, worst around the cloaca – Figure 8), and thickened caudal coelomic 
contents. Blood film review revealed toxic changes in the heterophils (cytoplasmic basophilia, 
vacuolization, and partial degranulation) and azurophils (cytoplasmic vacuolation) indicating a 
significant inflammatory process such as active bacterial or fungal infection. Skin swabs were 
qPCR positive for Ophidiomyces, and this snake was classified in the “apparent ophidiomycosis” 
category. Treatment was initiated with terbinafine nebulization and broad-spectrum systemic 
antibiotics, but the snake was found dead on January 10, 2021. Necropsy revealed changes in the 
skin consistent with ophidiomycosis (severe granulomatous and ulcerative dermatitis and 
panniculitis with intralesional fungal hyphae), extension of Ophidiomyces infection into the liver 
with a concurrent inflammatory response (regionally extensive, severe granulomatous and 
necrotizing hepatitis with intralesional fungal hyphae), and culture-confirmed Salmonella sp. 
infection of the oviduct, resulting in the thickened coelomic contents palpable on physical 
examination (severe granulomatous and ulcerative salpingitis with intralesional bacterial 
organisms). Cause of death was suspected to be sepsis secondary to salmonellosis, though 
Ophidiomyces infection also caused significant pathology in this animal. 
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Figure 8. External appearance of an adult female eastern massasauga rattlesnake presented for 
assessment in December 2020. A) Top-down view of the entire snake with multiple areas of 
displaced scales (arrows). B & C) Appearance of the cloaca, significant swelling and crusting 
lesions are present. 

 
Seven additional deceased wild snakes from Clinton County were presented for necropsy 

and Ophidiomyces testing from 2019 - 2021. Snakes 2019-1 and 2019-2 were presented in late 
December 2019, snakes 2020-1 and 2020-2 were presented in early January 2020, snake 2020-3 
was presented in November 2020, and snakes 2021-1 and 2021-2 were frozen and presented 
together in October 2021. Snake 2019-1 (Site number: 11231-EHSP; Field # CP Area #12, per 
history) was a well-conditioned adult male with the head, heart, and lungs missing. No gross or 
histologic lesions were noted, and the snake tested negative for Ophidiomyces via qPCR. Snake 
2019-2 (Site number: 11231-1 EHSP; Field # CP Areas #6, per history) was a moderately-
conditioned adult male with significant bacterial and fungal infection in the skin on the head 
(chronic, segmental hyperkeratosis with intralesional bacteria and fungi). The fungal morphology 
was not consistent with Ophidiomyces, and qPCR for this organism was negative. Snake 2020-1 
was recovered as a partial body on 1/2/20. While this animal had been either predated or 
scavenged, necropsy revealed a lack of coelomic fat stores and moderate granulomatous 
hepatitis, indicating compromised health status which may have contributed to death. This snake 
tested negative for Ophidiomyces. Snake 2020-2 was a well-conditioned adult female found dead 
on 1/4/20. Grossly, this snake had multiple skin lesions consisting of thickened, displaced scales 
and ulcers which are consistent with ophidiomycosis. Histology confirmed the presence of 
severe, locally extensive granulomatous dermatitis with intralesional fungi, and Ophidiomyces 
qPCR was positive. Snake 2020-3 was a well-conditioned adult found dead north of Apache 
Road at EHSP on 8/17/20. This snake had significant evidence of internal and external trauma, 
consistent with a vehicle strike. Ophidiomyces qPCR was negative. Snake 2021-1 
(EHSP_09302021_1_DEAD, per history) was an adult female found dead on September 30th in 
the ditch along field 3 at Eldon Hazlet. Mowing had occurred in this area the week prior. 
External examination revealed multiple skull, spinal, and rib fractures, a dorso-ventrally flattened 
section in the middle of the snake, and a 3cm full-thickness skin laceration in the cranial third of 
the body. Mild insect activity was present. Internal examination confirmed multiple fractures and 
significant soft tissue trauma. The remains were severely autolyzed and unsuitable for 
histopathology, so we were unable to evaluate for the presence of underlying illness. 
Ophidiomyces qPCR was negative. Cause of death was trauma, likely mower strike. Snake 2021-
2 (EHSP_10012021_1_DEAD, per history) was an adult female found dead on a road at Eldon 
Hazlet on October 1st. External exam revealed a single 4cm x 2cm full-thickness laceration 
approximately 10cm caudal to the head on the left side. No fractures were palpable and the snake 
was in good body condition. Internal exam revealed significant crush injury and hemorrhage in 
the cranial half of the body and normal appearing organs in the caudal half of the body.  
Histopathology confirmed crush injury in the cranial half of the snake, with no significant 
findings in organs from the caudal half of the snake. Ophidiomyces qPCR was negative. Cause of 
death was trauma, likely vehicular strike. A summary of massasauga necropsy findings is 
provided in Table 12. 
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Table 12. Summary findings of eastern massasauga rattlesnake necropsies from 2019 – 2021. 
 
Snake ID Ophidiomyces qPCR Cause of Death Underlying Health Issues 
2019-1 Negative Unknown Unknown 
2019-2 Negative Unknown Yes 
2020-1 Negative Unknown Yes 
2020-2 Positive Unknown Yes 
2020-3 Negative Trauma No 
20-EMR-01 Positive Sepsis Yes 
2021-1 Negative Trauma Unknown 
2021-2 Negative Trauma No 

 
 

DISCUSSION 
 

The Wellness of Wildlife project was impacted by the global pandemic in 2020 and 2021. 
Ironically, SARS-CoV-2, the virus which causes COVID-19, likely has a wildlife origin, 
highlighting the importance of projects such as this one. Despite the sampling and laboratory 
limitations we met or exceeded sampling goals for all species and refined laboratory 
methodology to better meet the needs of the unique animals with which we work. Specific 
findings will now be reviewed for each of our study species individually.  
 
RNA Virus Surveillance 

RNA virus testing in eastern and ornate box turtle cloacal/oral swab samples and silvery 
salamander oral swabs has been negative for seven viruses (picornaviruses, ferlaviruses, 
nidoviruses, reoviruses, parvoviruses, coronaviruses, and influenza) so far. This may indicate 
lack of infection, inadequate primer sensitivity, testing of inappropriate samples (though this 
seems unlikely based on recommendations in the literature), testing during time periods when 
infections are not detectable (i.e., early in the disease course, following disease resolution, or 
during periods of latency), or issues with sample quality. To rule out sample quality issues, we 
developed revised RNA extraction protocols for herptile samples that have dramatically 
increased RNA yield. We have also optimized our existing consensus PCR protocols and 
incorporated new assays for arenaviruses, bornaviruses, bunyaviruses, and flaviviruses, 
dramatically expanding our capacity to survey for RNA viruses. We plan to employ these 
updated protocols to test for additional RNA viruses during the next phase of the Wellness of 
Wildlife project. Animals will be tested from all study sites, sexes, age classes, and health 
statuses in order to increase our potential for detecting RNA virus positive animals. If no viruses 
are detected, we will align all available sequence data for herptile RNA viruses and design de 
novo primers during the next phase of this project.  

Eastern Box Turtle Health Assessment & Recommendations 
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 Physical examination findings, clinical pathology values, and pathogen presence from 
2019 - 2021 were comparable to baseline data established in Phase I of the Wellness of Wildlife 
project. Differences in clinical pathology parameters between sexes were largely consistent with 
vitellogenesis in females (elevated TS, calcium, phosphorous, and beta globulins) and male 
territorial and mating behaviors (elevated CK and alpha 1 globulins) (Wilkinson 2004). Age-
related changes in clinical pathology parameters (e.g., higher TS, calcium, calcium to 
phosphorous ratio, and beta globulins in adults, higher lymphocytes and basophils in juveniles) 
are consistent with those reported in the literature (Wilkinson 2004). Clinicopathologic 
alterations in association with physical examination abnormalities also followed expected 
patterns. Specifically, decreases in albumin and the AGR are consistent with an acute phase 
inflammatory response in turtles with upper respiratory disease and general physical examination 
abnormalities. Several clinical pathology parameters differed between study sites and seasons, 
likely reflecting differences in health status and/or general physiology. However, since not all 
sites were sampled in all seasons, it is difficult to differentiate the effects of season and study 
site. This highlights the difficulty inherent in reptile health assessment and supports large-scale 
studies such as this one that collate data from multiple years, locations, and seasons. 

Adenovirus was more commonly detected in juvenile turtles and the odds of detection 
were higher in spring vs. summer, which is consistent with our findings during Phase I. Eastern 
box turtles with adenovirus detection typically lack clinical signs of illness, and this pathogen is 
suspected to be host-adapted in box turtles (Franzen-Klein et al., 2020). Interestingly, changes in 
protein electrophoresis were noted during this study that indicate the presence of acute 
inflammation in adenovirus positive turtles (decreased albumin, elevated alpha 1 and 2 
globulins). Host-adapted viruses can cause clinical disease in young or immunocompromised 
hosts, and it is possible that we identified some individuals with negative clinical impacts 
secondary to adenovirus infection during this study. Challenge studies will ultimately be 
necessary to fully elucidate the effects of adenovirus infection in box turtles, but until the virus 
has been successfully cultured, continued study of free-living populations provides the most 
useful data on this host-pathogen system.  

Mycoplasmopsis sp. detection was more likely in turtles with physical examination 
abnormalities and was associated with inflammatory leukogram changes including elevations in 
heterophils, monocytes, and H:L. These findings are also generally consistent with what we 
documented during Phase I, with Mycoplasmopsis sp. being the only pathogen besides frog virus 
3 (ranavirus) associated with clinical illness in box turtles. Similarly, Mycoplasmopsis is the 
pathogen associated with significant management implications for desert and gopher tortoises. It 
is yet to be seen if Mycoplasmopsis in emydid turtles will require such intense intervention, but 
declining populations are beginning concern in Illinois. While Mycoplasmopsis sp. prevalence is 
generally low, significant morbidity and mortality have been documented in infected box turtles 
from Vermilion County (Adamovicz et al., 2018), and continuing to monitor the occurrence and 
clinical effects of this pathogen is recommended.  

Terrapene herpesvirus 1 is suspected to be host-adapted in box turtles, and limited 
clinical effects are anticipated secondary to infection (Kane et al., 2017). This is consistent with 
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our findings in Phase II, however, continued TerHV1 surveillance is recommended to assess for 
changes in prevalence and development of clinical disease, both of which may indicate shifts in 
underlying health status of individuals and populations. The pathogenicity of Terrapene 
herpesvirus 2 is less well understood, as it was originally reported in association with 
fibropapilloma development in a single turtle (Yonkers et al., 2015). Our findings demonstrate an 
association between TerHV2 detection and elevations in WBC count, heterophil count, and 
basophil count. Taken together, these changes are consistent with inflammation and chronic 
antigenic stimulation. This may indicate that TerHV2 causes more pathology than TerHV1, 
potentially enough to impact host wellness. Additional research will be necessary to clarify the 
relationship between TerHV2 detection and box turtle health.  

Ranavirus was not detected in box turtles during this study period, which is consistent 
with previous cross-sectional studies and is likely due to the acute onset, rapid progression, and 
high mortality nature of this pathogen (Allender et al., 2013). However, ranavirus has been 
previously associated with mortality events at Kennekuk and Kickapoo, and this pathogen should 
be considered a significant threat to eastern box turtles (Adamovicz et al., 2018). Continued 
pathogen surveillance, mortality investigations, and comprehensive health assessments will be 
necessary to clarify the epidemiology and contextualize the clinical importance of pathogens in 
Illinois box turtle populations.    

Ornate Box Turtle Health Assessment & Recommendations 

 Physical examination findings, clinical pathology values, and pathogen presence in 2019 
– 2021 were generally comparable to baseline data established in Phase I. During Phase II, we 
were able to expand to an additional study site at Ayers Sand Prairie. Turtles at this site are 
physically smaller and subjectively more densely packed than those at Nachusa. While shell 
damage is identified at similar rates between sites, more turtles at Ayers had healed fractures 
secondary to vehicular strike or encounters with mowing equipment. This is likely due to the 
close proximity of Ayers to agricultural fields and roads, whereas the Orland Track and South 
Bison Unit at Nachusa are fenced off from these hazards. Several hematologic differences were 
identified between these populations and many of these (e.g. elevated WBC count, heterophils, 
H:L) may indicate higher levels of stress and inflammation in turtles at Ayers compared to 
Nachusa. This could potentially be explained by differences in habitat size and quality between 
the sites. It could also possibly be attributable to differences in infectious disease burden, 
however, pathogen testing was not performed for turtles from Ayers and this should be a goal for 
future studies. Disease surveillance could be particularly interesting at Ayers due to the 
subjective high density of turtles at this site, which may facilitate pathogen transmission. We 
recommend that future health assessment studies incorporate sampling at Ayers to better 
understand health and disease status of Illinois ornate box turtle populations. 

 Compared to eastern box turtles, pathogen burden is low in ornate box turtles. Two 
pathogens were detected from 2019 – 2021: Terrapene adenovirus 1 and a human-pathogenic 
leptospire. While adenovirus was also detected in Phase I and does not appear to be associated 
with clinical signs of illness in this species, identification of Leptospira sp. DNA in ornate box 
turtles is interesting and somewhat unexpected. Leptospirosis is an important zoonotic disease 
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with abundant wildlife reservoirs, however, its presence in chelonians is poorly described. So far, 
Leptospira spp. shedding has only been documented in the Blanding’s turtle (Emydoidea 
blandingii), which appears to be a competent reservoir species (Rockwell et al., 2019). 
Leptospira spp. primers were only incorporated into our Fluidigm qPCR pathogen surveillance 
program in 2020, but this detection in an ornate box turtle demonstrates that continued testing is 
indicated. Additional surveillance will help determine whether Leptospira spp. are associated 
with clinical disease in ornate box turtles, and may support a role for this species as a reservoir 
host for this zoonotic pathogen. While limited pathogen detection in ornate box turtles may 
appear to be a positive finding for their overall health status, it is important to keep in mind that 
the turtles sampled at Nachusa represent a fairly isolated population. Introduction of novel 
diseases to these turtles could pose a significant threat, and continued pathogen surveillance at 
this and other sites is recommended to allow for rapid detection of new pathogens and monitor 
for changes in known pathogen prevalence which could indicate deteriorating health status. 

 Ornate box turtle sampling in Phase I was all conducted in May. In Phase II, we sampled 
turtles in both May and June in 2019 and in June, 2020. Expanding our sampling to two time 
points during the active season uncovered several clinical pathology changes which have not 
been previously described for this species. We recommend continuing to sample at multiple time 
points during the year to better characterize ornate box turtle health status.  

Silvery Salamander Health Assessments & Recommendations 

 Silvery salamander physical exam findings were similar to those identified during Phase 
1. Dermotheca sp. was documented each year and appears to be established within the silvery 
salamander populations at Kickapoo State Park. Other pathogens were not detected in silvery 
salamanders from 2019 – 2021. Given previous ranavirus mortality events during Phase I, the 
lack of ranavirus detection during Phase II is likely a good sign for silvery salamander health at 
this site.  

Phase II of the Wellness of Wildlife project included hematologic assessments in a small 
number of silvery salamanders. Hematology is rarely employed in amphibians, especially wild 
individuals due to sample volume constraints and a lack of reference values for comparison. 
Despite this, we identified associations between several hematologic parameters and both 
developmental abnormalities and Dermotheca sp. infection. These changes complimented 
physical examination findings and provided a more thorough understanding of health in sampled 
individuals. We recommend incorporating hematology and other clinical pathology testing into 
future amphibian health assessments to supplement physical examination and pathogen 
surveillance findings and provide a more comprehensive understanding of wellness. 

Eastern Massasauga Rattlesnake Ophidiomyces Surveillance & Recommendations 

 Eastern massasauga rattlesnakes from Carlyle Lake were found to have detectable 
Ophidiomyces ophiodiicola DNA at prevalences similar and higher  to previous surveys 
(Allender et al. 2011, Allender et al. 2015d, Allender et al. 2016, Baker et al. 2016), however, 
this study represents the first application of the recently-proposed ophidiomycosis categorization 
system in this species (Baker et al. 2019). We found that most snakes with a positive qPCR result 
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also had skin lesions, and were placed within the apparent ophidiomycosis category. These 
findings are consistent with previous reports of high susceptibility to the development of clinical 
ophidiomycosis in pit vipers (Allender et al. 2011, Allender et al. 2016, Baker et al. 2019). 
Perhaps unsurprisingly, the three snakes evaluated in both 2019 and 2021 developed progressive 
disease and were placed in worsening disease categories over time. While all of these snakes 
survived with ophidiomycosis for two years, it is likely that others do not and additional research 
is needed to better characterize the impacts of ophidiomycosis on individual 
survival/reproduction and population stability. 

Hematologic assessment demonstrated higher TS in “apparent ophidiomycosis” snakes, 
likely consistent with an acute-phase response and resulting hyperproteinemia (Campbell 2015). 
Leukocyte counts (including heterophils) tended to shift towards an inflammatory leukogram in 
snakes with apparent ophidiomycosis, which has been previously documented in massasaugas 
(Allender et al. 2016); however, these associations were not statistically significant. Hematologic 
changes were also observed between years and sites, indicating the need for additional research 
to better characterize how clinical pathology parameters change based on spatiotemporal factors 
in this species. 

Lesion swabs were more sensitive than body swabs for detection of O. ophiodiicola 
DNA, however, body swabs had a higher negative predictive value for the Ophidiomyces status 
of the snake. This demonstrates that a combination of lesion and body swabs (e.g. testing “in 
parallel”) yields a higher overall diagnostic sensitivity for Ophidiomyces detection and future 
disease surveys should incorporate both sampling techniques.  

Necropsies of deceased snakes provided valuable information about cause of death and 
the presence of underlying health conditions. While scavenging and autolysis were complicating 
factors in several cases, vehicular/mower trauma was confirmed as the cause of death in three out 
of eight cases, and sepsis was identified as the cause in a single case. Underlying health problems 
(salpingitis, hepatitis, dermatitis, ophidiomycosis) were identified in half of necropsied snakes, 
some of which may have contributed to debilitation and death. Necropsy data are very difficult to 
obtain in wildlife, but can provide critical information for understanding the overall health of 
individuals and identifying potential mitigation strategies to improve survival. Continued 
utilization of necropsies in conjunction with comprehensive health assessments and 
ophidiomycosis surveillance is recommended to support conservation of eastern massasauga 
rattlesnakes at Carlyle Lake. 

Kirtland’s Snake Ophidiomyces Surveillance & Recommendations 

 Kirtland’s snakes are threatened in Illinois, but have not yet been granted federal 
protection due to a lack of population and health data. Ophidiomycosis is recognized as a 
potential threat to this cryptic species (U.S. Fish and Wildlife Service, 2017), and this study is 
the first to perform Ophidiomyces surveillance in Illinois Kirtland’s snakes. Ophidiomyces was 
detected at all sampling sites, but most positive snakes lacked skin lesions. This could be due to 
detection of Ophidiomyces DNA without concurrent infection; qPCR is highly sensitive but does 
not distinguish between viable and non-viable pathogen presence. Alternatively, sampling may 
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have occurred when clinical disease was not present, i.e. prior to the development of skin lesions, 
following a shed cycle, or immediately after disease resolution. Identification of a single 
Ophidiomyces positive snake with compatible skin lesions indicates that Kirtland’s snakes can be 
clinically affected by ophidiomycosis. Additional research pairing pathogen surveillance with 
more comprehensive health assessments within the context of population demography will be 
necessary to determine the importance of ophidiomycosis for Kirtland’s conservation.  

We detected Ophidiomyces in 48% of Kirtland’s snakes sampled in 2019, but not in 
snakes sampled in 2020 or 2021. Sample size calculations indicate that sampling effort in 2020 
and 2021 was inadequate to detect Ophidiomyces at a prevalence of less than 20%. Detecting this 
pathogen is key to characterizing its epidemiology and understanding threats to Kirtland’s 
snakes. Ongoing disease surveillance efforts should therefore include a larger sample size. We 
have produced a table of minimum sample sizes to detect Ophidiomyces in snake populations of 
varying size (Table 10). This should provide guidance for future pathogen detection in Kirtland’s 
snakes. Ophidiomycosis can cause significant morbidity and mortality in wild snakes (Clark et al 
2011, Allender et al. 2016, Lorch et al 2016) and the high prevalence detected in Kirtland’s 
snakes in 2019 necessitates further investigation through additional disease surveillance and 
health assessment.  

Objectives for Future Research 

1. Expand disease surveillance to include emerging pathogens which may threaten SGNC in 
Illinois.  

a. Additional RNA viruses including arenaviruses, bunyaviruses, bornaviruses, and 
flaviviruses. 

b. Parasitic and bacterial infections including Cryptosporidium spp. and 
Helicobacter spp. 

c. Recently-described box turtle pathogens such as adintovirus. 
2. Incorporate toxicological testing and determine the importance of contaminants for 

herptile health 
a. Heavy metals, endocrine disrupting chemicals, organochlorine compounds 

3. Characterize herptile immune status using functional assays and immunogenetics.  
a. Plasma antibacterial activity, sheep erythrocyte hemolysis, major 

histocompatibility complex and toll-like receptor allelic diversity, etc. 
4. Perform longitudinal health assessments on monitored individuals to determine 

relationships between health status, reproductive capacity, and survival, ultimately 
contextualizing the importance of health for conservation in Illinois herptiles. 

5. Apply health assessment protocols and the health modeling framework to additional 
SGNC in Illinois to support stable populations and guide practical conservation actions. 

a. Certain species are of particular interest due to the availability of baseline health 
and mortality data:  

i. Eastern and ornate box turtles from other populations 
ii. Eastern massasauga rattlesnakes  

iii. Blanding’s turtles (Emydoidea blandingii) 
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iv. Alligator snapping turtles (Macrochelys temminckii) 

 

Conclusions 

The information gathered during this three-year study provides documentation of 
deteriorating health of some SGCN (Eastern box turtles at Kickapoo and Kennekuk), emergence 
of disease events (EBT, Blanding’s, painted turtles, common snapping turtle), baseline health 
data for several populations which to measure the future impacts of several diseases. We have 
provided specific guidance on sample sizes and sampling strategies to detect Ophidiomyces in 
two snake species of conservation concern. We have also developed baseline data for seven 
RNA viruses in three herptile species of conservation concern. Continued surveillance for these 
viruses will allow us to rapidly detect and proactively respond to emerging infectious diseases. 
Future efforts will expand upon this foundation by testing for additional RNA pathogens in these 
and new herptile species. The RNA extraction protocols that we have developed can be used by 
wildlife health researchers and practitioners to advance understanding of disease ecology and 
promote successful conservation outcomes in multiple species. We have addressed important 
knowledge gaps within the current Wildlife Action Plan (appendix II) for species in greatest need 
of conservation, and plan to continue this work in the next phase of the Wellness of Wildlife 
project.   
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