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Hypothermic Endpoint for an Intranasal Invasive
Pulmonary Aspergillosis Mouse Model

Trinka W Adamson,"” Diana Diaz-Arevalo,? Tracey M Gonzalez,' Xueli Liu,* and Markus Kalkum?

Immunocompromised mice were infected intranasally with Aspergillus fumigatus as part of a vaccine efficacy study. Although
body temperature was measured throughout the study, a formal evaluation of its usefulness as an endpoint criterion was not per-
formed. We retrospectively evaluated survival data and temperature records to determine whether body temperature can be used
as an objective predictor of death and included in the humane endpoint criteria for this mouse model. CF1 mice were immunosup-
pressed with either cortisone acetate or by treatment with antiGR1 (a neutrophil-depleting antibody) and then intranasally chal-
lenged with A. fumigatus. Body temperature was measured by using an infrared noncontact thermometer a maximum of 3 times
daily until death or euthanasia. A surface body temperature below 29.0 °C was correlated with a poor chance of survival, and using
this cutoff point with signs of morbidity (hunched, ruffled fur, respiratory distress) reliably indicates mice for euthanasia without
negatively affecting data collection. Using 2 subsequent readings of less than 31.0 °C as an endpoint would have led to premature
euthanasia of only one mouse (2.2%). As a single reading, a body temperature of 28.8 °C had a sensitivity of 92.2% and specificity
of 90.9%. Hypothermia proved to be a useful addition to the humane endpoint criteria for this mouse model, and veterinary and
research groups should discuss their study needs in relation to animal welfare to best determine the most appropriate means of

including this parameter.

Abbreviations: BT, body temperature; IPA, invasive pulmonary aspergillosis; ROC, receiver operator characteristics.

Aspergillus species ubiquitously inhabit the environment, and
people inhale as many as a few hundred conidia daily.! The
conidia of many Aspergillus species are relatively large and typi-
cally are deposited in the paranasal sinuses and upper airways,
whereas A. fumigatus conidia are small enough to reach the pul-
monary alveoli.! Although these conidia are essentially benign
for healthy persons, those who are immunosuppressed can de-
velop severe disease known as invasive pulmonary aspergillosis
(IPA).? This fungal disease is one of the most severe and often fatal
complications associated with patients undergoing immunosup-
pressive treatment, such as those with hematologic malignancies
who have received a hematopoietic cell transplant.® Given the
severe nature of IPA and the high mortality rate in this high-risk
population, an animal model that accurately reflects the natural
progression of the disease is imperative for vaccination and treat-
ment studies.

One of our investigators has been working on developing an A.
fumigatus vaccine by using a murine model of aspergillosis. IPA
is induced in immunosuppressed mice after intranasal inocula-
tion. This model closely mimics the bronchopneumonia seen in
human patients and therefore has historically been one of the
more popular animal models for studying the disease.? Similar
to the infection seen in humans, mice develop severe respiratory

Received: 23 Apr 2013. Revision requested: 13 Jun 2013. Accepted: 26 Jun 2013.

ICity of Hope, Beckman Research Institute, Division of Comparative Medicine, *Department

of Immunology, *Department of Information Sciences, Duarte, California.
“Corresponding author. Email: tadamson@coh.org

distress and have a high mortality rate. The mortality tends to
be fairly acute, within 24 to 72 h after inoculation, and it can be
very difficult to predict which mice will survive and which will
eventually succumb to infection. The humane endpoints that the
investigator had being using with this model were somewhat
subjective. Given our goal to refine experiments as much as pos-
sible to enhance animal welfare and reduce animal suffering and
morbidity, the veterinary care staff met with the investigative
group in an attempt to further refine the endpoints and to include
some objective criteria.

Because hypothermia has been discussed as a quick and reli-
able indicator of mortality in several animal models,”'>!+16192 we
investigated its use as a potential endpoint in our model. How-
ever, when looking through the literature, we were unable to find
information on using body temperature (BT) measurements as a
predictor of death in an animal model similar to our intranasal
inoculation of Aspergillus. The publications we found mostly fo-
cused on bacterial*"*'512 or viral infections,'®!**? with only one
fungal model that involved Candida albicans.***' These studies
recommended vastly different hypothermic endpoints, suggest-
ing variation depending on the infectious agent, temperature re-
cording device, and model used. For example, a study evaluating
a staphylococcal enterotoxic shock model found that mice reach-
ing a body temperature as low as 23.4 °C had an equal chance of
dying or surviving,® whereas a model of influenza virus infec-
tion led to a hypothermic endpoint recommendation of 32 °C.%
The fungal infection model involved intravenous inoculation of
Candida and recommended adopting an endpoint of 33.3 °C.2!
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However, the Candida study* used a different fungal species and
route of inoculation than did our IPA model. Given the variety of
endpoints recommended for the various infectious diseases and
animal models, we decided that data directly from our model
were necessary to independently evaluate the usefulness of a
hypothermic endpoint for our particular model of interest. BT
measurements were already incorporated into the design of these
studies, so we retrospectively analyzed the data in an attempt to
identify a specific hypothermic endpoint for this murine model
of IPA.

Materials and Methods

All animal procedures were performed in an AAALAC-accred-
ited facility and approved by the City of Hope Beckman Research
Institute TACUC. All experiments had taken place before the
decision was made to evaluate BT data as a humane endpoint;
therefore the current study is a retrospective assessment of mice
inoculated with A. fumigatus under several different experimental
conditions.

Animals. Data from 4 independent experiments comprising a
total of 122 mice were included in the current study. CF1 female
mice were purchased from Charles River Laboratories (Hollister,
CA) at 6 to 8 wk of age. Mice were designated by the vendor as
SPF for Sendai virus, pneumonia virus of mice, mouse hepatitis
virus, minute virus of mice, mouse parvovirus, mouse norovirus,
Theiler murine enchephalomyelitis virus, mouse reovirus type 3,
mouse rotavirus, lymphocytic choriomeningitis virus, ectromelia
virus, mouse adenovirus 1 and 2, mouse cytomegalovirus, poly-
oma virus, K virus, mouse thymic virus, Hantaan virus, Prospect
Hill virus, cilia-associated respiratory bacillus, E. cuniculi, and My-
coplasma pulmonis. They were also free of Helicobacter spp., Tyzzer
disease virus, and endo- and ectoparasites. Mice were kept on a
12:12-h light:dark cycle and allowed to acclimate for at least 1 wk
prior to beginning the experiment. They were housed 10 per cage
on hardwood bedding (Sani-Chips, P] Murphy Forest Products,
Montville, NJ) in conventional large mouse caging (Allentown,
Allentown, NJ) in a BSL2 barrier in our animal facility. They had
free access to irradiated diet (Pico-Vac Lab Rodent Diet 5061, Lab-
Diet, St Louis, MO) and water (reverse-osmosis—purified water
in bottles). Nesting material (Nestlets, Ancare, Bellmore, NY) and
PVC tubes were provided for environmental enrichment.

Study design. Data were collected retrospectively from 4 inde-
pendent experiments performed by a single investigator from one
research group.

Aspergillus strain and vaccination reagents. A. fumigatus strain
AFCOH]1, isolated from a patient with IPA at City of Hope Na-
tional Medical Center (Duarte, CA), was used for infection and
antigen preparations. Conidia were prepared as described by the
laboratory in previous publications.? Vaccinations were performed
by using recombinant Asp 3 (residues 15 to 168) with adjuvant
(TiterMax, Sigma, St Louis, MO) as previously described.’*

Vaccinations, immunosuppression, and challenge. There were 6
different experimental scenarios prior to Aspergillus challenge. Mice
subcutaneously received either an aspergillosis vaccine (an initial
injection followed by a booster 2 wk later), or PBS plus adjuvant at
the same site and time points. Six weeks after injection, mice were
either immunosuppressed or not and placed prophylactically on
sulfamethoxazole (0.8 mg/mL) and trimethoprim (0.16 mg/mL;
Hi-Tech Pharmacal, Amityville, NY) in their drinking water to re-
duce the risk of opportunistic infections. For immunosuppression,
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mice either received a subcutaneous injection of cortisone acetate
(2.5 mg per mouse; TCI America, Portland, OR) daily for 10 d or a
neutrophil-depleting antibody intravenously (antiGR1, Bio X Cell,
West Lebanon, NH) 24 h before challenge with A. fumigatus. Thus,
the groups were as follows: 1) aspergillosis vaccination + corti-
sone acetate immunosuppression; 2) aspergillosis vaccination +
antiGR1 immunosuppression; 3) aspergillosis vaccination without
immunosuppression; 4) PBS + adjuvant + cortisone acetate im-
munosuppression; 5) PBS + adjuvant + antiGR1 immunosuppres-
sion; and 6) PBS + adjuvant without immunosuppression. The day
after completion of the immunosuppression regimen, mice were
weighed and their BT recorded; mice were then anesthetized with
ketamine-xylazine and intranasally inoculated with A. fumigatus (3
to 30 million viable conidia in suspension in 30 uL PBS). The mice
were monitored every 2 h during the day for 7 d after inoculation
and at least once daily thereafter until euthanasia. Body weight
was recorded daily, and BT was recorded as many as 3 times daily.
Before they died, mice were euthanized according to subjective and
objective criteria including severe dyspnea, 20% weight loss, and
unresponsiveness to touch.

BT measurement. BT was measured by using an infrared non-
contact thermometer (MiniTemp MT4 IR Thermometer, Raytek,
Santa Cruz, CA). The mice were manually restrained, exposing
the ventral aspect of the body. BT was measured by aiming the ther-
mometer at 3 different points on the animal’s abdomen (Figure 1)
. The average of all 3 measurements was calculated and recorded.

Statistics. Data were analyzed by using Prism 6 (GraphPad
Software, San Diego, CA) and R (Www.r-project.com) software.
Independent ¢ tests were used to compare BT over time between
survivors (those that survived the Aspergillus challenge and lived
until the end of the study) and nonsurvivors (those that were
either euthanized or found dead before the study endpoint). A
receiver operator characteristics (ROC) curve (true positive rate
[sensitivity] against false positive rate [1 — specificity]) was con-
structed to help identify a diagnostic temperature cut-off. The
ROC curve was generated by using data from all A. fumigatus-
infected mice, both vaccinated and unvaccinated.

Results

The baseline BT (mean * SE) of the mice (1 = 122) prior to As-
pergillus challenge was 34.4 + 0.067 °C, and the overall BT range
recorded after inoculation was 22.0 to 35.5 °C. Mortality occurred
soon after inoculation and reached 56% by day 3 after infection
(Figure 2). The percentage mortality at any given temperature
reading is reported in Figure 3.

Starting on day 2 and thereafter, the BT of mice that died
throughout the experiment was significantly (P < 0.03) different
from those that lived (Figure 4). Even though temperature was
measured at least twice daily, only the morning temperature is
graphed because later temperature measurements were taken
at variable times. The vast majority of nonsurviving mice were
either euthanized or found dead by day 3 after inoculation, when
the greatest dip in BT is evident.

Evaluating the ROC curve (Figure 5) revealed 28.8 °C as the
point closest to ideal (that is, where specificity and sensitivity
both equal 100%).5 This temperature had a sensitivity of 92.2%
and specificity of 90.9% in regard to predicting mortality. Eu-
thanizing animals that had a single reading of 29.0 °C or below
would have led to euthanasia of 8.9% (4 of 45) of those that would
have survived Aspergillus challenge, whereas increasing the cutoff
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Figure 1. The infrared thermometer (MiniTemp MT4, Raytek,r Santa
Cruz, CA) and demonstration of the method used to record BT.
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Figure 2. Survival over time after intranasal Aspergillus challenge. All

mice challenged with A. fumigatus (both vaccinated and unvaccinated)
are included (n = 122).

point to 30.0 °C would have resulted in unnecessary euthanasia
of 22.2% (10 of 45) of mice. Using 2 successive BT readings of less
than 31.0 °C as the criterion for euthanasia would have achieved
early euthanasia of 36.4% (28 of 77) of those that died while only
euthanizing 1 mouse that lived to the end of the study. The lowest
temperature recorded in a mouse that fully recovered from Aspergil-
lus challenge and survived until the end of the study period was
26.0 °C.

Discussion
This study evaluated the utility of a hypothermic cutoff to en-
hance the humane endpoint criteria for a mouse model of IPA.
Several studies have acknowledged hypothermia as a way to
recognize impending death in mice,?'3151722 however previous-
ly published hypothermic endpoints were not appropriate for
our needs, due to significant differences in the particular animal
model used. This difficulty led us to seek a temperature criterion

specific to our animal model of interest.
Our data suggest that low BT can be a useful addition to the
endpoint criteria for this IPA mouse model. A BT range of 28.0

Hypothermic endpoint for an Aspergillus mouse model
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Figure 3. Percentage mortality at any given temperature reading. Mice
were recorded as ‘dead” when they were either euthanized before the
next temperature recording or were found dead between temperature
readings or at the next time point.
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Figure 4. BT (mean + SE) of mice that survived (n = 45) compared
with those that eventually died over the course of the experiment. The
number of animals recorded as dead changed as mice were euthanized
or found dead during the study (days 0 and 1, n = 77; day 2, n = 68; day
3,n =24;day 4, n = 6; day 5, n = 5; days 6 and 7, n = 1); there are no er-
ror bars for time points 6 and 7 because only one animal is represented
at those times. *, Significant (P < 0.03) difference between groups at that
time point.

t0 29.0 °C was consistent with a poor chance of survival, and we
found that using this range with signs of morbidity (hunched
posture, ruffled fur, respiratory distress) consistently achieves
early euthanasia of mice without premature loss of data. Using a
combination of subjective and objective criteria can more reliably
predict outcome compared with using individual signs only'® and
allows research and veterinary staff to optimally refine the experi-
ment to decrease pain and distress. Similar to the previously pub-
lished literature evaluating hypothermic endpoints, no BT was
100% sensitive and 100% specific for predicting early euthanasia
of our mice. Not all mice with clinical signs of Aspergillus infection
will have a BT lower than 29.0 °C and, as stated in the Results sec-
tion, some survivors had BT as low as 26.0 °C. Therefore, we found
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Figure 5. The sensitivity and specificity associated with using each BT
as the diagnostic cut-off were used to construct an ROC curve. These
curves are commonly used by the medical community to evaluate diag-
nostic testing and determine the appropriate values to use to categorize
patients as either “positive’ (that is, with disease) or ‘negative’ (that is,
no disease).>''? In our case, when mice were euthanized or died after a
given temperature reading, they were designated as positive. Data from
the 72-h time point were used, because they represented the largest
number of mice in each designation (that is, positive and negative).

that the combination of BT and clinical presentation is crucial to
ensure an endpoint that is both humane and does not compro-
mise study results. Given that percentage mortality dramatically
increased with BT below 28.5 °C (Figure 3), using a single BT end-
point reading of 29.0 °C or less would provide clarity and ease
of use while considering both animal welfare and unnecessary
euthanasia. Furthermore, in experiments that required tissue or
sample collection, such predictions would avoid the loss of data
from animals that died before sampling could be completed.

An important point, and one often overlooked in the humane
endpoint literature, is the effect that any given endpoint has on
group size. For our particular model, one can expect 58% survival
in the vaccinated group and 8% in the unvaccinated group. With
these survival rates, a group size of 12 is necessary to obtain a sta-
tistically significant difference between the 2 groups. Given that
4 of 45 survivor mice would have been euthanized if 29 °C were
used as a stand-alone endpoint (without consideration of clini-
cal signs), then potentially one of the survivor animals in either
group would be euthanized. This event would alter the results
and obviate a statistically significant difference between groups.
Therefore, group size would have to be increased to 13 to again
achieve a significant difference. The importance of maximizing
animal welfare in contrast to increasing animal numbers can be
viewed from various perspectives; however these points should
be discussed when determining the optimal endpoint.

Another approach that we felt was practical was the use of 2
subsequent recordings of 31 °C or lower. This practice allows for
the investigator to assess the BT trend over time in the context of
clinical presentation to judge whether euthanasia is warranted.
Using 2 subsequent readings might also be applied as a more
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‘concrete” hypothermic endpoint, given that a mouse experienc-
ing prolonged hypothermia is less likely to recover. Investigators
concerned about the accuracy of their data and effects on animal
numbers might be more comfortable with this approach. In our
case, using 2 successive BT readings of 31 °C or lower to direct
euthanasia would have led to premature termination of only 1
of the 45 survivor mice and therefore would be less likely to af-
fect results and require an increase in group size to see statistical
significance.

Our recommendations are lower than are the typical hypother-
mic endpoints recommended in the literature, but most of the
previous studies used subcutaneous microchips for BT measure-
ments. The one study we found that evaluated infrared thermom-
etry first calibrated the infrared thermometer by comparing its
readings to readings from mice with implanted temperature tran-
sponders.?! This calibration in essence eliminated any differences
between the microchip and infrared thermometer reading. The
infrared thermometer we used recorded an average baseline tem-
perature of 34.4 °C, which is several degrees below the published
norm for mice (37.0 to 37.2 °C).? However, infrared thermometers
measure surface temperature, whereas the normal values cited’
represent core body temperature. The consistency and ease of use
of infrared thermometry outweigh its lack of accuracy. Reading
the temperature takes only seconds, and repeated measurements
were very precise with the model of infrared thermometer that
we used. In addition, infrared thermometry causes little stress
to mice, which is crucial in a model that typically presents with
respiratory distress. Given the differences between the animal
models and temperature-recording apparatuses that were evalu-
ated previously and our current model and thermometer, one can
understand why the temperature endpoint recommendations
we report here are a bit lower than those in the literature. Hypo-
thermic endpoints previously published for other animal models
might also have been lower had infrared thermometry been used.
However, in either case, each animal can act as its own control
and be compared with the control group.

The variability of hypothermic endpoints discussed throughout
the literature can be frustrating and emphasizes the importance of
performing pilot studies with each specific model to ensure that
an appropriate temperature is used. If at all possible, minimally
invasive monitoring techniques should be used to avoid unnec-
essary and preventable pain and distress.”® The injection of anes-
thetized animals with subcutaneous microchips is perhaps ideal
but, in our experience, their expense has discouraged their use by
many investigators. Rectal measurements require considerable
animal handling and are fairly stressful to animals, especially
when taking into consideration the serial measurements that are
required during studies in which increased morbidity is expected.
Infrared thermometers provide a quick, easy, and inexpensive
way to include BT recordings. Animal resources centers could
purchase several and allow their use by laboratory groups when
needed. This practice likely would increase compliance, improve
animal welfare, and enhance the overall model by adding consis-
tency to euthanasia guidelines.

A BT endpoint for any specific animal model should be deter-
mined by using pilot studies and in discussion with the laboratory
group to ensure that the needs of the research are being met while
animal pain and distress are alleviated. Numerous factors can in-
fluence the BT of mice, including strain, age, time of day, bedding
amount and type, and number of cage mates,®'*" highlighting



the fact that study endpoints must be validated for the specific
experimental model of interest. We agree with previous authors®
who affirmed that the publication of similar studies evaluating
hypothermia as an endpoint in different animal models would
be beneficial for IACUC, veterinary care staff, and investigators
to allow a more thorough understanding of its usefulness as an
endpoint criterion.
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