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Abstract

Pathogen-host interactions are important components of epidemiological research, but are
scarcely investigated in chelonians. Red-eared sliders ( Trachemys scripta elegans), are
recognized as a model for frog virus-3 infection (FV3), a ranavirus in the family Iridoviridae
that infects multiple classes of ectothermic vertebrates. Previous challenge studies
observed differences in disease outcome based on environmental temperature in this spe-
cies, but the host response was minimally evaluated. We challenged red-eared sliders with
an FV3-like ranavirus at both 28°C and 22°C. We monitored several host response variables
for 30 days, including: survival (binary outcome and duration), clinical signs, total and differ-
ential leukocytes, and select cytokine transcription in the buffy coat (IL-1B, TNFa, IFYg, IL-
10). After 30 days, 17% of challenged turtles survived at 28°C (Median survival time [MST]:
15 days, range: 10—30 days) and 50% survived (MST: 28.5 days, range: 23—-30 days) at
22°C (range 23-30 days). The most common clinical signs were injection site swelling, pal-
pebral swelling, and lethargy. The heterophil/lymphocyte ratio at 22°C and interleukin-1 beta
(IL1B) transcription at both 22°C and 28°C were significantly greater on days 9, 16, and 23 in
FV3 challenged groups. Tumor necrosis factor alpha and interleukin-10 were transcribed at
detectable levels, but did not display significant differences in mean relative transcription
quantity over time. Overall, evidence indicates an over-robust immune response leading to
death in the challenged turtles. FV3 remains a risk for captive and free-ranging chelonian
populations, and insight to host/pathogen interaction through this model helps to elucidate
the timing and intensity of the host response that contribute to mortality.

Introduction

Ranavirus, a genus in the family Iridoviridae, contains double-stranded DNA viruses that can
infect multiple classes of ectothermic vertebrates [1, 2], frequently resulting in epidemics char-
acterized by high morbidity and mortality [3]. Recognized as a reportable disease in amphibi-
ans by the World Organization for Animal Health (OIE), ranaviral disease threatens the
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biodiversity of amphibian populations worldwide [4]. Certain threatened species demonstrate
greater susceptibility compared to more common species [5], indicating conservation con-
cerns which may require species- and season-specific management to account for immune dif-
ferences between ectotherms.

Frog virus 3-like ranavirus (FV3) is the type species of the genus Ranavirus and has a
diverse host and geographic range [3]. Frog virus 3 growth is inhibited above 32°C in vitro,
and species and temporal detection of this virus is often influenced by temperature [6]. Adult
red-eared sliders (Trachemys scripta elegans, RES) [7] and larval tiger salamanders (Ambys-
toma tigrinum) [8] show lower survival times at colder temperatures. Conversely, higher sur-
vival at colder temperatures were observed in largemouth bass [9], larval wood frogs
(Lithobates sylvatica), larval Cope’s gray tree frogs (Hyla chrysoscelis), larval green frogs (Litho-
bates clamitans), larval spotted salamanders (Ambystoma maculatum) [10], as well as four che-
lonian species including juvenile red-eared sliders, Mississippi map turtles (Graptemys
pseudogeographica kohnii), false map turtles (Graptemys pseudogeographica), and eastern river
cooters (Pseudemys cocinna cocinna) [11]. In the last decade, ranaviral disease has been linked
as a cause or contributing factor in multiple mortality events in both free-ranging and captive
chelonian populations [12-15]. The additive effects of altered landscapes, human activities
(food and pet trades), and disease (ranavirus), are contributing to morbidity and mortality
events threatening long-lived and slow-developing species, such as turtles [16, 17]. The host
response to the pathogen has largely been ignored in turtles and may be affected by these and
other intrinsic and extrinsic factors, thus defining the host-pathogen interaction across a range
of environmental temperatures is critical for implementing strategies to minimize disease
impact on a landscape [18].

The innate immune system of reptiles is largely considered more robust than the acquired
host immune response [19] and commonly measured through changes in hematology [20].
Total and differential white blood cell counts and the heterophil/lymphocyte ratio have been
recognized as useful markers among vertebrates for the estimation of infection/inflammation
or stress response [21, 22]. Changes based on temperature, age, season, and reproductive status
impact these parameters in several reptile species [23]. Cytokines are transient signaling mole-
cules that play a prominent role in innate immunity [24], and have been analyzed through
characterization of mRNA transcription analysis in other vertebrate species. In manatees [25]
and ferrets [26], cytokine mRNA transcription analysis has been used to determine the host
response to a generalized diseased state, and specifically in the model species Xenopus laevis
following ranavirus infection [27-30]. The cytokine response to ranavirus infection has yet to
be investigated for chelonians.

For this study, we used recently developed assays for chelonians [31] to measure cyto-
kine mRNA transcription in conjunction with the hematologic response following experi-
mental ranavirus exposure. Our goal was to characterize host factors that impact survival
following an experimental FV3 challenge. Specifically, we hypothesized there will be an
increase in the heterophil/lymphocyte ratio, increased transcription of the pro-inflamma-
tory cytokines interleukin-1 beta (IL18) and tumor necrosis factor alpha (TNFa), and a
decrease in the anti-inflammatory cytokine interleukin-10 (IL10) in response to FV3
infection.

Materials and methods
Research animals

All protocols were approved under University of Illinois Institutional Animal Care and Use
Committee (IACUC Protocol #15225). Animals were obtained from a commercial source and
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acclimated at the desired temperature for seven days prior to starting the study in matched
pairs. Sample size was calculated based on the following a priori information: power = 0.8 and
an alpha = 0.05, and expected immune response measured by increase of leukocytes and
inflammatory cytokines in 80% of the FV3-challenged turtles (N = 6) compared to 5% in the
uninfected control group (N = 6) using the Fleiss statistical method for rates and proportions
[32]. All challenged turtles were euthanized based on humane end-point criteria established in
the approved protocol. Euthanasia was performed within one hour from the time of observa-
tion. Surviving turtles were euthanized on day 30, following sample collection.

Husbandry

Duplicate environmental chambers were maintained, with control and challenged animals
housed in separate rooms to avoid accidental exposure. The experiment was conducted
sequentially, such that the 28°C experiment occurred first, followed by the 22°C experiment.
All turtles were confirmed negative for FV3 in whole blood and oral/cloacal swabs taken at -5
days and -2 days prior to inoculation. Individuals were maintained in 80L tubs with stacked
bricks for a basking area out of water. Turtles were fed 2% body weight 4 times per week (Flu-
ker’s Aquatic Turtle Diet, Fluker Farms, Port Allen, LA). Complete water replacements were
performed two times per week, with replacement water temperature set room temperature
using an infrared thermal camera (FLIR Systems Inc., Wilsonville, OR). Dechlor (Weco Classic
Aquarium Products, Long Beach, CA) was added to the water at an appropriate volume
according to product directions (1 drop per 1 U.S. gallon, 20 drops per change).

Virus isolation and inoculation

FV3 was isolated using methods previously described [33]. Viral titers were obtained using
serial dilutions in a Terrapene heart cell line (TH-1, DMEM at 27°C) in four technical repeats.
Aliquots of 5.0x10° TCIDs5, were frozen at -80°C until the day of inoculation. Inoculated ani-
mals were injected intramuscularly in the right forelimb with a single aliquot, while control
animals were injected with an equal volume of uninfected TH-1 cell lysate.

Data collection

Turtles were examined twice daily (morning, evening) for clinical signs related to ranaviral dis-
ease, including: ocular discharge, nasal discharge, oral plaques, palpebral swelling, cutaneous
abscesses, lethargy, and injection site swelling. All turtles were handled for a maximum of two
minutes, and then returned to their enclosure on their basking bricks. Gloves were changed
after handling each turtle.

Twice weekly, turtles were weighed, and venous blood (3 ml) was drawn from the subcara-
pacial sinus. Blood was immediately aliquoted in two separate lithium heparin microtainers
(Becton-Dickinson, Franklin Lakes, NJ) and kept on ice until processing 1 hour later.

Hematology

Packed cell volume (PCV) and total solid (TS) values were performed as previously described
[33]. Total white blood cell (WBC) counts were performed using the avian leukopet stain
(Vetlab Supply Inc., Palmetto Bay, FL). One-hundred cell count differentials were performed
by a single researcher (JMR) from blood smears stained using a modified Wright-Giemsa stain
(HEMA 111, Fisher Scientific, Waltham, MA).
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FV3 quantification

DNA was extracted from whole blood and oral/cloacal swabs using a commercial kit according
to the manufacturer’s protocol (Qiagen DNEasy, Valencia, CA). After extraction, DNA sam-
ples were stored at -20°C until analyzed using qPCR [34].

Cytokine transcription

Briefly, 50 pl of whole heparinized blood was loaded into two plastic microhematocrit tubes
(Drummond Scientific Company, Broomall, PA) and centrifuged at 10,000rpm x 5 minutes.
Microhematocrit tubes were then cut with a sterile blade to isolate the bufty coat as previously
described [35]. The cut portion was placed directly in approximately 60uL of RNALater
(Ambion Inc., Foster City, CA), and stored at -20°C until RNA extraction. RNA was extracted
using a commercial kit according to the manufacturer’s recommendations (Qiagen RNEasy,
Valencia, CA). RNA samples were analyzed using spectrophotometry (NanoDrop 1000,
Thermo Fisher) to quantify concentration and purity, then stored at -80°C. Reverse transcrip-
tion was performed using the Quantitect Reverse Transcription kit (Qiagen, Valencia, CA) fol-
lowing manufacturer’s instructions. The cDNA was diluted with sterile dH,0 at 1:40 volume
yielding approximately 50ng/pL. All diluted cDNA samples were assayed using a multiplex
TagMan qPCR (qPCR, Biomark HD, Fluidigm, South San Francisco, California, USA) target-
ing gene transcripts of IL-13, TNFa, IL-10, and RES beta actin [31] (Table 1). Ten-fold stan-
dard dilution series (106-10°) of synthesized plasmids containing target gene segments for
each cytokine were assayed on each plate.

Post-mortem samples

Necropsies were performed the day of death. Liver and spleen samples (5mm?) were collected
for DNA extraction and subsequent FV3 quantification. Additional samples of liver and spleen
(5mm’) were obtained for each turtle, placed in 500pL RNALater (Ambion), stored at 4°C for
a minimum of 24 hours, and then maintained at -80°C freezer until processing. The tissue was

Table 1. Hydrolysis primer-probes used to quantify cytokine mRNA expression in red-eared sliders (Trachemys scripta elegans).

Name (NCBI sequence)
Beta actin*(MH195268)

IL1B*(MH195270)

TNFo*(MH195272)

IL10* (XM_005306473.1)

Primer-Probe
F: TGGCCATCTCCTGTTCGAA
R: GGAAATTGTACGTGACATAAAGGAAA
P: CCAGAGCAACGTAGCAC
F: GCCCTTCACGGACGATGAT
R: TCGAATGAGATGGTCTCGAAGA
P: TGAGGAGCATCTTCGACA
F: CTTTGGGATCCTGGCTGATC
R: CTTCGCTCTGCTGCATTTCA
P: AGGGCCCCCCGTTT
F: GCTGCACARAACTCGCCAAT
R: GCAATCCGCAGGTCTTTGA
P: TCCTGCCCCTTCGG

National Center for Biotechnology Information (NCBI) GenBank references are in parentheses. F = forward, R = reverse, P = probe, IL1p = interleukin 1 beta, TNFo. =

tumor necrosis factor alpha, IL10 = interleukin 10.

“From: Rayl JM, Wellehan Jr. JFX, Bunick D, Allender MC. Development of reverse-transcriptase quantitative PCR assays for the detection of the cytokines IL-1B, TNEF-
o, and IL-10 in chelonians. Cytokine. 2019;119:16-23.

https://doi.org/10.1371/journal.pone.0241414.t001
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disrupted mechanically using a sterile scalpel blade, followed by lysis using sterile glass disrup-
tion beads and vortex (10 minutes). RNA was then extracted using the same methods as
described above. All samples were transferred to a -20°C freezer until assayed.

Statistical analysis

Parameter distributions were visually analyzed using ggplot2 [36] and ggpubr [37]. A Kaplan-
Meier survival curve was created for each of the 28°C and 22°C challenge groups. For the sur-
vival models, fixed effects included group (control, challenge) and room temperature (28°C,
22°C) with outcome as median survival time (MST). Biologically relevant random effects
included weight, total white blood cells, total heterophils, total lymphocytes, heterophil/lym-
phocyte (HL) ratio, total monocytes, total eosinophils, total basophils, packed cell volume
(PCV), total solids (TS), cloacal/oral swab (COS) FV3 quantities (ng/pL), whole blood (WB)
FV3 quantities (ng/pL), and cytokine mRNA transcription relative to beta actin levels in buffy
coat samples. The parameters were evaluated using interaction plots with day and group as
fixed effects followed by multivariate evaluation using repeated measures ANOVA. Individual
turtles were treated as a constant error term. These models were then compared to generalized
linear mixed models treating the individual as a random effect to account for dependent,
repeated samples. Autoregressive heterogeneous variance was used as the variance-covariance
structure for each model. For variables of interest identified by the ANOV As and generalized
linear mixed models, Kruskal-Wallis tests were used to compare predictor variables within the
following groups: Control 28°C, Challenge 28°C, Control 22°C, and Challenge 22°C, as well as
to compare between days post-inoculation. Finally, the nine most relevant models were
selected for comparison using Akaike’s information criterion. All analyses were computed
using RStudio [38]. Survival analyses were performed using Cox proportional hazard models
within the ‘survival’ package [39] and AIC analyses were performed using the ‘AICmodavg’
package [40].

Results

All turtles were negative for FV3 at day -5 and day -2 in whole blood and oral/cloacal swabs
prior to challenge. Once challenged, turtles tested positive for FV3 in whole blood at least once
(became infected), and all control turtles remained negative throughout the study in all sam-
ples (remained uninfected). At the end of 30 days, 17% of challenged turtles survived (MST: 15
days, range: 10-30 days) at 28°C (range 10-30 days) and 50% survived (MST: 28.5 days, range:
23-30 days) at 22°C (Fig 1). The quantity of FV3 in COS had the greatest support in explaining
survival time (S1 Table), but higher viral quantity was not associated with shorter survival time
(SI1 and S2 Figs).

Clinical signs

The most common clinical sign observed was injection site swelling, followed by palpebral
swelling and lethargy (Fig 2, Table 2). Ocular discharge, nasal discharge, oral plaques, and
cutaneous abscesses occurred inconsistently among challenged turtles (Table 2). A single turtle
in the control group at 22°C exhibited ocular discharge and prolonged injection site swelling,
but tested negative for FV3.

Hematology

Significant findings are tabulated for hematologic variables (Table 3). The challenged turtles
had a non-significant increase in white blood cells, specifically heterophils, on days 2 and 5 at
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Fig 1. Median survival times for red-eared sliders (Trachemys scripta elegans) experimentally challenged with frog virus 3-like
ranavirus at 28°C (red) and 22°C (blue) in a 30-day evaluation period.

https://doi.org/10.1371/journal.pone.0241414.9001

28°C and a less robust increase at 22°C. By days 9 and 16 at 22°C, the heterophil fraction was
significantly higher in the treatment group (p = 0.014, 0.030; Fig 3). Also at 22°C, lymphocytes
were significantly lower in the challenge group on day 19 (p = 0.037, Fig 4). Finally, the H:L
ratio was significantly higher in the challenge groups at 22°C on days 9, 16, 19, and 23
(p=0.033,0.021, 0.014, 0.019; Fig 5).

Molecular assays

Final cloacal/oral swabs and blood samples were taken prior to euthanasia; FV3 quantities
were higher at 22°C compared to 28°C. Significant findings are tabulated for cytokine variables
(Table 3). Relative transcription of IL1 was significantly higher in the challenge group at 22°C
on days 5, 9, 19, 23, and 26 (Fig 6). Relative transcription of IL1f was significantly higher in
the control and challenge groups at 28°C compared to both groups at 22°C on day 2

(p =0.024), day 5 (p = 0.001), and day 9 (p = 0.015). For the 28°C groups, the increase in rela-
tive IL1P transcription occurred sooner and to a greater extent compared to the 22°C groups;
the challenge group at 28°C continued to rise while the control group at 28°C peaked at day 5
and then decreased (Fig 6). IL1B transcription was the highest on days 12 and 16 post-infection
in the challenged turtles at both temperatures. Transcripts of TNFo and IL-10 were observed
at detectable levels in the isolated buffy coat, but no significant differences were observed
between challenge and control groups at 28°C or 22°C. Among the other cytokines measured
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Fig 2. Common clinical signs observed in FV3-challenged red-eared sliders (Trachemys scripta elegans) included limb
swelling at the injection site (A), lethargy (B), and ocular, nasal, and oral discharge (C).

https://doi.org/10.1371/journal.pone.0241414.9002

in this study, none showed significant differences in relative transcription between groups or
temperatures.

Post-mortem samples

IL1P had significantly greater transcription in the liver of individuals in the challenge groups
at both temperatures (28°C p = 0.005, 22°C p = 0.005, Fig 7). No other cytokines detected in

tissues showed significant differences in relative transcription between challenge and control
groups of either temperature.

Discussion

We set out to monitor the host response in red-eared sliders experimentally infected with
FV3-like ranavirus. Turtles challenged with FV3 were observed with measurable and signifi-
cantly different hematologic (heterophils, lymphocytes, HL ratio) findings and cytokine (IL1f)
quantities at two different environmental temperatures indicative of infection. The innate
immune response, including cytokine signaling, is considered the primary response to infec-
tion in ectotherms, and likely is the response to FV3 [19]. A robust cytokine response has been
used to predict the outcome of viral diseases in other vertebrate species, specifically in ferrets
infected with morbillivirus [41] and Xenopus exposed to FV3 [28]. We observed differences in
IL1P transcription between challenged and control groups as well as between temperatures.
One of the most intense responses included a relative increase in IL1p transcription, which
was observed earlier in the 28°C treatment group. The sharp increase of IL1f transcription at
day 12 post-inoculation combined with an increase in clinical signs and mortality at the
warmer temperature is consistent with excessive cytokine signaling, in which the host immune
response is strong enough to cause self-damage [42]. Most of the turtles in the 28°C tempera-
ture were euthanized at the peak IL1p relative transcription levels at days 12 and 16, providing
evidence that mortality may have been driven by this exaggerated immune response.

Challenged turtles had a sharp increase in white blood cells, driven mainly by a relative het-
erophilia on days 2 and 5 at 28°C and a less robust increase at 22°C. This, coupled with relative
lymphopenia resulted in an increased HL ratio. The HL ratio is commonly an indicator for
increased inflammatory response in birds, reptiles, and amphibians [43, 44]. The ratio was sig-
nificantly highest just prior to peak IL1p relative transcription levels and follows the timing of
increases in white blood cell counts in other reptiles viral infections, specifically in snakes with
ferlaviruses between days 4 and 16 post-infection [45]. Thus, the timing of the hematological
response has potential to be used to identify viral disease progression and inform ranaviral dis-
ease treatment.

Table 2. Number (percent) of red-eared sliders (Trachemys scripta elegans) with each exhibited clinical signs following challenge with frog virus-3 like ranavirus
(challenge) or uninfected cell lysate (control) at 28°C and 22°C.

Group Injection Site Swelling | Palpebral Swelling | Lethargy | Ocular Discharge | Oral Plaque | Cutaneous Abscessation | Nasal Discharge
Control 28°C 2 (33%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(17%) 0 (0%)
Challenge 28°C 6 (100%) 4 (67%) 6 (100%) 3 (50%) 1(17%) 0 (0%) 2 (33%)
Control 22°C 4 (67%) 3 (50%) 0 (0%) 1(17%) 1(17%) 0 (0%) 1(17%)
Challenge 22°C 6 (100%) 6 (100%) 6 (100%) 5 (83%) 4 (67%) 2 (33%) 2 (33%)

https://doi.org/10.1371/journal.pone.0241414.t1002
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Table 3. Summary of significant differences (Kruskal-Wallis test) across health variables measured in FV3-challenge red-eared sliders (Trachemys scripta elegans)
compared to sham-inoculated turtles at two controlled ambient room temperatures (28°C, 22°C).

Variable Difference Day P-value
Heterophils Challenge 22°C > Control 22°C 9 0.014
16 0.030
Lymphocytes Challenge 5>9 0.018
Challenge < Control 19 0.037
Heterophil: Lymphocyte Challenge > Control 9 0.033
16 0.021
19 0.014
23 0.019
Interleukin 1-beta Challenge 22°C > Control 22°C 5 0.014
9 0.025
19 0.020
23 0.043
26 0.030
28°C>22°C 2 0.024
5 0.001
9 0.015
Liver 28°C Challenge > Control 0.005
Liver 22°C Challenge > Control 0.005

Interleukin 10

No differences

Tumor necrosis factor alpha

No differences

https://doi.org/10.1371/journal.pone.0241414.t1003

Despite relative increases, cytokine transcription alone did not explain survival, and

remains a limitation for management decisions. This may be because transcription does not
reflect true circulating cytokine concentration or the timing of sampling did not detect key
changes that would improve the statistical models. Frog virus 3-like virus outbreaks in the wild
have occurred in the relatively hotter months in North America of June and July [13], and
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mortality is likely influenced by both select host and pathogen factors. While ranavirus replica-
tion occurs across a range from 12-32°C with the highest growth at 30°C [6], the host immune
response is also increased at the higher end of their preferred optimum temperature zone [19,
46]. Subsequently, it seems reasonable to alternatively conclude that a robust host response
contributed to the mortality since fewer viral copies were observed at 28°C compared to the
22°C group.

The TNFo and IL-10 assays had detectable and highly variable transcription, thus no signif-
icant associations with outcome of viral quantity were observed in this study. Despite the find-
ings, these cytokines still have the potential to provide insight as biomarkers for disease
processes in red-eared sliders and other chelonian species. The timing of sampling may impact
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Fig 5. Total heterophil/lymphocyte ratio by group (Control, C and Challenge, T) at A) 28°C and B) 22°C following
ranavirus challenge of red-eared sliders (Trachemys scripta elegans). Outliers are indicated by solid black dots.
Significant differences of challenge group compared to control are denoted as follows: * p < 0.05.

https://doi.org/10.1371/journal.pone.0241414.g005
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Fig 6. Interleukin-1 beta (IL1B B) relative mRNA transcription in buffy coat by group (Control, C and Challenge, T)
at A) 28°C and B) 22°C following ranavirus challenge of red-eared sliders (Trachemys scripta elegans). Outliers are
indicated by solid black dots. Significant differences of challenge group compared to control are denoted as follows: *
p < 0.05,** p < 0.01.

https://doi.org/10.1371/journal.pone.0241414.9006

the transcription levels that were observed, which were near the limit of detection for the
assay. More frequent sampling protocols could yield stronger responses than we observed.
Conversely, these cytokines may be transcribed at naturally low levels in red-eared sliders, as
was observed in ferrets [26], and more sensitive assays will be needed with larger sample sizes
to detect significant changes in transcription.

The development of multifactorial analyses and models from the host data gained in this
study, specifically heterophil count, HL ratio, and IL1 relative mRNA transcription were
most informative for individual host response. Future studies should investigate the use of a
less potent viral dose that may result in a lower mortality and longer duration of infection,

*%

*%

Relative Transcription

0.25

—_—

c28 T28 c22 T22
Groups

Fig 7. Interleukin-1 beta (IL1p) relative mRNA transcription in liver tissue by group [28°C control (C 28) and
challenge (T 28), 22°C control (C 22) and challenge (T 22)] following ranavirus challenge of red-eared sliders
(Trachemys scripta elegans). Significant differences (**p < 0.01) between challenge and control groups.

https://doi.org/10.1371/journal.pone.0241414.9007
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potentially providing the opportunity to observe subtle hematologic and cytokine changes that
result in lower mortality, thus elucidating mechanisms that might identify treatment options
aimed at the innate immune response. Evidence for local cytokine manipulation in rat models
shows the potential for influencing disease outcome in the spine [47] and kidneys [48]. How-
ever, it remains to be determined if systemic cytokine modification can improve outcome in
viral disease, specifically for ranavirus in chelonians. Other treatment options include immune
suppression through the use of steroids and anti-inflammatories prior to the peak cytokine sig-
naling events, but additional trials would be necessary to determine the efficacy and appropri-
ate treatment dose and dosage without compromising the productive immune response.
Improving the adaptive immune response has been achieved through vaccination in certain
amphibians, such as the Chinese giant salamander (Andrias davidianus) [49]. These responses
have not been observed in reptiles to date, but components of the innate and adaptive immune
response including type 1 interferon, major histocompatibility complex, and immunoglobulin
M should be evaluated as novel gene transcription targets in chelonians [50].

The chelonian immune system is complex and our approach was able to further character-
ize the innate immune response to viral infection. Currently, we identified a relative heterophi-
lia, relative lymphopenia, increased HL ratio, and robust IL1f relative mRNA transcription as
useful in detection of the chelonian immune response to FV3 infection. Together, with evi-
dence of characteristic FV3 lesions on histopathology including hematopoietic tissue necrosis
and fibrinous vasculitis from another study [15], these data suggest that multisystemic inflam-
mation contributes to death in red-eared sliders infected with FV3, though the factors are not
statistically significant predictors of mean survival time. Continuing to monitor these and
other cytokine variables may inform research into the immune response to other pathogens
and in various chelonian species. As techniques and approaches change, it is necessary to
review previous models to support the conclusions and find new mechanisms for observed
patterns in viral infection. In doing so, we can better understand host-pathogen relationships
and make more accurate outcome predictions for disease management in captive and free-
ranging chelonians.
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S1 Table. AICc table from R analysis of 9 models built based on expected greatest contri-
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