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Eftects of Corynebacterium bovis on Engraftment
of Patient-derived Chronic Myelomonocytic
Leukemia Cells in NSGS Mice

Alexis R Vedder,"* Emily L Miedel,* Natalie H Ragland,* Maria E Balasis,' Christopher T Letson,'
Robert W Engelman,” and Eric Padron'

Modeling chronic myelomonocytic leukemia (CMML) in immunodeficient NSGS mice relies on unique human CMML
specimens and consistent murine engraftment. Only anecdotal comments have thus far supported the notion that research
data may be altered by Corynebacterium bovis, an opportunistic cutaneous pathogen of immunodeficient mice. C. bovis
disseminated by asymptomatic and clinically affected mice with hyperkeratotic dermatitis, resulting in resilient facility
contamination and infectious recurrence. Herein we report that, compared with C. bovis PCR-negative counterparts, C. bovis
PCR-positive NSGS mice developed periocular and facial hyperkeratosis and alopecia and had reduced metrics indicative
of ineffective human CMML engraftment, including less thrombocytopenia, less splenomegaly, fewer CMML infiltrates in
histopathologic sections of murine organs, and fewer human CD45* cells in samples from murine spleen, bone marrow, and
peripheral blood that were analyzed by flow cytometry. All CMML model metrics of engraftment were significantly reduced
in the C. bovis PCR-positive cohort compared with the -negative cohort. In addition, a survey of comprehensive cancer center
practices revealed that most murine facilities do not routinely test for C. bovis or broadly decontaminate the facility or its
equipment after a C. bovis outbreak, thus increasing the likelihood of recurrence of invalidated studies. Our findings docu-
ment that CMML engraftment of NSGS mice is diminished—and the integrity of murine research data jeopardized—by C.
bovis infection of immunodeficient mice. In addition, our results indicate that C. bovis should be excluded from and not
tolerated in murine facilities housing immunodeficient strains.

Abbreviations: CMML, chronic myelomonocytic leukemia; NCI, National Cancer Institute; PDX, patient-derived xenograft;

VHP, vaporized hydrogen peroxide
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Chronic myelomonocytic leukemia (CMML) is an aggressive
myeloid malignancy of older adults that is associated with a me-
dian survival of 34 mo and features of myeloproliferative neo-
plasm and myelodysplastic syndrome.??' As such, patients with
CMML present with significant clinical heterogeneity, including
cytopenia, leukocytosis, splenomegaly, peripheral monocytosis,
and bone marrow dysplasia.? Somatic mutations are identified
in more than 90% of patients with CMML, predominantly alter-
ing epigenetic, splicing, and cytokine signaling pathways.!**
Allogeneic stem cell transplantation is the only potentially cura-
tive therapy, although many patients are often ineligible due to
age or comorbidities.>**' Efforts to model CMML by creating
genetically engineered mouse models that carry the highly re-
current mutations found in human CMML, either alone or in
combination, have not recapitulated the unique clinical hetero-
geneity or clonal genetic composition of the disease."'2!31°% In
light of the mutational and clinical variability of patients with
CMML, we recently evaluated CMML primary bone marrow
samples in vitro and observed that GM-CSF hypersensitivity
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was a convergent molecular phenotype of this disease.” These
findings, and the absence of established CMML cell lines or
murine models, led us to develop a CMML patient-derived xe-
nograft (PDX) model using the triple transgenic NOD. Cg-Prk-
dcscid I12rgtm1Wjl Tg(CMV-IL3,CSF2,KITLG)1Eav/MloySz]
(NSG-SGM3, NSGS) mice, which express human IL3, GM-CSF,
and stem cell factor.*®

In our prior report of this CMML mouse model, we demon-
strated that sublethally irradiated NSGS mice are engrafted by
CMML primary PDX as purified CD34* cells, unfractionated
bone marrow, or PBMC, resulting in splenomegaly, thrombo-
cytopenia, and immunohistochemically localizable CMML in-
filtrates in the bone marrow, spleen, liver, and lung of engrafted
NSGS mice and thus recapitulating the human condition.*
This CMML PDX mouse model was found to be genetically
and phenotypically accurate, with serially transplanted PDX
cells in NSGS mice remaining similar to the original immuno-
phenotype, morphology, and genetic mutations of the CMML
patient.” This new mouse model permits the characterization
of CMML disease pathogenesis and the testing of novel CMML
therapeutics but is limited by the rarity of CMML patient
specimens for NSGS mouse engraftment. As a consequence,
there is no room for error or tolerance for study invalidation
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by opportunistic microbes when working with unique human
CMML patient PDX NSGS mouse models.

We have also recently reported that the integrity of data de-
rived from immunodeficient mice acquired in a topographi-
cally complex research setting relies on enhanced biosecurity
measures, including monitoring for opportunistic microbes and
the regular implementation of a validated room and equipment
sterilization method.'®*** To this end, we developed procedures
for sterilizing murine IVC racks and air-handling units by using
vaporized hydrogen peroxide (VHP) and PCR monitoring.2* We
then applied this method of PCR environmental and murine
monitoring and VHP equipment and room sterilization to the
first documented facility-wide eradication of Corynebacterium
bovis.’® In addition, we documented the PCR prevalence and
VHP mitigation of a broad spectrum of murine opportunistic
microbes, including Staphylococcus xylosus, Proteus mirabilis, and
Pasteurella pneumotropica biotype Heyl ® During the development
of these PCR testing and C. bovis eradication methods, we sur-
veyed the attending veterinarians of other SPF and viral anti-
body-free murine facilities based at National Cancer Institute
(NCI)-designated Comprehensive Cancer Centers and herein
report the C. bovis monitoring and mitigation practices at these
institutions.

Furthermore, although C. bovis is known to cause hyperker-
atotic acanthotic dermatitis in nude mice and skin disease in
haired Pkrdc* mice and hairless immunocompetent SKH1-Hrhr
mice, can be transmitted in resected PDX or allograft tumors,
results in broad facility contamination, and can be eradicated
by PCR testing and VHP sterilization,>>'*'#?” only anecdotal
comments have thus far supported the notion that research data
may be altered due to C. bovis infection of immunodeficient
mice.®">?” Consequently, during the development of methods
resulting in the first facility-wide eradication of C. bovis,'* we
also monitored cohorts of CMML PDX-recipient NSGS mice,
some of which exhibited periocular alopecia, for evidence of
CMML engraftment and for C. bovis status. Murine and environ-
mental specimens representative of these CMML PDX recipients
were PCR-evaluated for C. bovis, and mice were monitored to
IACUC-approved clinical endpoints for CMML PDX engraft-
ment. Herein, we describe the first documentation of the influ-
ence of C. bovis infection of immunodeficient mice on research
data obtained from those animals.

Materials and Methods

Murine facility. The H Lee Moffitt Cancer Center and Research
Institute is Florida’s only NCI-designated Comprehensive
Cancer Center. Its 350,000 nominal ft?> Stabile Research Build-
ing houses a 29,931 ft* vivarium comprising 7117 ft* of murine
housing space outside of quarantine and 4510 ft* of procedural,
surgical, imaging, irradiation, and murine genetic engineering
space. The program and facilities for animal care and use are
fully AAALAC-accredited, and all animals were housed and
used in accordance with IACUC-approved protocols.

The Stabile Research Building is an SPF, viral antibody—free
murine facility with a separate quarantine that is located out-
side of the murine facility proper. Quarantine and sentinel test-
ing standard procedures exclude murine norovirus, Helicobacter
spp., Syphacia spp., Aspiculuris tetraptera, Parainfluenza virus type
1 (Sendai), coronavirus (mouse hepatitis virus), Mycoplasma pul-
monis, paramyxovirus (pneumonia virus of mice), parvovirus
(minute virus of mice and mouse parvovirus), poliovirus (Thei-
ler murine encephalomyelits virus, GDVII strain), reovirus type
3, lymphocytic choriomeningitis virus, Mouse adenovirus types 1
and 2, poxvirus (ectromelia virus), rotavirus (epizootic diarrhea
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of infant mice virus), papovavirus (polyoma virus), Hantaan
virus, cilia-associated respiratory bacillus, Clostridium piliforme
(Tyzzer disease), and Encephalitozoon cuniculi. At the time of the
present report, no standard procedures to exclude or to monitor
and not tolerate C. bovis were in place.'®

Mice. NSGS mice (stock no. 013062, The Jackson Laboratory,
Bar Harbor, ME) were purchased and used to establish an in-
tramural colony. Individual mice from this intramural NSGS
colony were reassigned to an IACUC-approved research pro-
tocol to serve as recipients for CMML PDX engraftment. An
outbreak of C. bovis in the Stabile Research Building was first
recognized in October 2016. Prior to the depopulation of all C.
bovis PCR-positive immunodeficient mice, and the VHP decon-
tamination of all facility rooms and equipment,'® we assessed
murine recipients of CMML PDX for CMML engraftment and
PCR-monitored these mice, IVC rack exhaust plenums, and
IVC primary enclosures used to house these mice for C. bovis
until the completion of study at clinical endpoints. Mice were
housed in IVC microisolation caging (Blueline, Tecniplast, Bu-
guggiate, Italy) in a doubled-sided IVC rack configuration, with
HEPA-filtered air supplied and exhausted by separate, mobile
air-handling units (SmartFlow, Tecniplast).

PCR surveillance for C. bovis. Sterile FLOQ swabs (Copan
Flock Technologies, Brescia, Italy) were used to collect environ-
mental specimens from equipment surfaces by tracing a circular
pattern for 3 circumferences as the tip was rolled. Swabs of IVC
rack exhaust plenums or IVC primary enclosures or fecal pellets
of mice were submitted to an outside laboratory (IDEXX BioRe-
search, Columbia, MO) for C. bovis real-time PCR testing;'® this
assay targets a region of the 165 rRNA gene that is conserved
among all C. bovis genomic sequences deposited in GenBank
and uses a FAM /TAMRA-labeled hydrolysis probe. Hydrolysis
probe-based real-time PCR assays targeting the bacterial gene
(16S rRNA) were used to ensure DNA recovery and the absence
of PCR inhibitors in extracted nucleic acids. Real-time PCR
analysis was performed by using standard primer and probe
concentrations and a master mix (LC480 ProbesMaster, Roche
Applied Science, Indianapolis, IN) on a real-time PCR platform
(LightCycler 480, Roche).

Fecal pellets representative of individual CMML PDX-re-
cipient NSGS mice, swabs of each IVC interior, and swabs of
each IVC rack exhaust plenum interior were collected and PCR-
analyzed, to ensure that C. bovis-infected mice and cages were
grouped together and were separate from C. bovis-unaffected
IVC cages and mice. Mice were housed in the same housing
room for the duration of study, but IVC were opened only inside
a class II A2 biosafety cabinet after surface decontamination
with chlorine dioxide spray (Clidox, Pharmacal, Naugatuck,
CT) followed by a 70% ethanol rinse. Serial C. bovis PCR moni-
toring of 153 specimens from the 60 mice, the 13 IVC interiors
in which mice were housed on 2 IVC racks, and the 2 IVC ex-
haust plenums continued through the CMML PDX study until
clinical endpoints were reached and the CMML PDX-recipient
NSGS mice were euthanized. The C. bovis status of each cohort
did not change during the study. Mice that lost more than 20%
of their original body weight (measured twice weekly) or that
presented with reduced activity, failure to groom, isolation from
cagemates, lack of inquisitiveness, or a hunched posture were
euthanized. Mice that presented with these IACUC-approved
premoribund clinical endpoints were euthanized by carbon di-
oxide inhalation followed by a secondary physical method of
euthanasia, in accordance with the IACUC-approved protocol.

PDX. Human diagnostic bone marrow or peripheral blood
specimens were obtained from CMML patients after written
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informed consent was obtained in accordance with an Institu-
tional Review Board-approved protocol. Unfractionated bone
marrow or peripheral blood mononuclear cells of human pa-
tients with CMML were used as PDX and administered to ir-
radiated NSGS mice. For xenotransplantation, NSGS mice (n
= 60; age, 6 to 10 wk) were sublethally irradiated with 250 cGy
by using a Cs'¥” source (Mark I Gamma Irradiator, JL Sheph-
ard, San Fernando, CA) on the day before PDX transplantation.
The following morning, each of the NSGS mice received 1 to 4
x 10° human CMML mononuclear cells by tail-vein injection.
Mice were monitored twice daily and weighed at least 3 times
weekly. Peripheral blood samples collected from recipient NSGS
by cardiocentesis at endpoint underwent CBC analysis (IDEXX
Veterinary Diagnostics). This method of CMML PDX model-
ing results in premoribund euthanasia of CMML PDX-recipient
NSGS mice at approximately 30 to 120 d after injection and is
preceded by thrombocytopenia in engrafted mice.*

After euthanasia of CMML PDX-recipient NSGS mice, tis-
sues including blood, spleen, liver, lung, femora, and tibiae
were collected for analyses. Spleens were weighed. Mononu-
clear cells were isolated from peripheral blood, bone marrow,
and spleen and analyzed by flow cytometry to determine the
degree of human CD45* chimerism in each murine tissue. In
addition, mononuclear cells isolated from the bone marrow,
spleen, and peripheral blood were stained with Zombie Vio-
let (ThermoFisher Scientific, Waltham MA) to confirm cell vi-
ability, fixed with 1.6% formaldehyde, and stained with the
following antibodies. For MNC specimen surface staining, we
used BUV737 mouse antimouse CD45.1 (BD Biosciences, San
Jose, CA), a monoclonal antibody that specifically binds to the
leukocyte common antigen of mice; BV605 mouse antihuman
CD45 (BD Biosciences), a monoclonal antibody that specifically
binds to the leukocyte common antigen of humans; and human
CD3 APC (BD Biosciences), which binds the € chain of the CD3
antigen—T-cell antigen receptor complex of human thymocytes.
All samples were evaluated by using flow cytometry (model
LSRII, BD Biosciences), and FACS data were analyzed by using
FloJo software (version 10, FloJo, Ashland, OR). In addition,
lung, spleen, liver, and bone marrow samples were fixed in 10%
neutral buffered formalin, dehydrated, embedded in paraffin,
sectioned at 4 pm, and stained with hematoxylin and eosin for
histopathology.

Statistics. Unpaired t tests were performed by using Prism
7 (GraphPad Software, La Jolla, CA) to compare numbers of
circulating platelets and neutrophils in CMML PDX-recipient
NSGS mice and postmortem spleen weights and percentages of
human CD45* mononuclear cells in spleen, bone marrow, and
peripheral blood. Significance was defined as a P value of 0.05
or lower.

Survey of C. bovis practices. Survey questions were developed
with the assistance of the Survey Methods Core (H Lee Moffitt
Cancer Center). During the first quarter of 2017, surveys were
emailed to attending veterinarians overseeing murine colonies
at each of 50 NCI-designated Comprehensive Cancer Centers.
The survey questionnaire asked: (1) What type of mice (for ex-
ample, immunocompetent strains, immunodeficient strains, or
both) do you have in your vivarium? (2) Has your husbandry
or care staff seen any clinical cases of Corynebacterium bovis in
the last year? If so, what do you do with a positive case (for
example, treat, quarantine, or cull affected animals)? (3) Do you
decontaminate housing rooms or procedural rooms after a C.
bovis case? If so, how do you decontaminate? (4) Do you screen
biologics for C. bovis? (5) Do you include C. bovis in your sentinel
program? If so, what is your practice?
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Figure 1. (A) Alopecia and scaly skin and (B) an alopecic and scaly ear
pinna of a C. bovis PCR-positive CMML PDX-recipient NSGS mouse.

Results

We monitored the C. bovis status of 60 CMML PDX-recipient
NSGS mice housed in 13 IVC primary enclosures for 87 d by us-
ing PCR evaluation of murine fecal pellets and swab specimens
collected from each IVC primary enclosure and the exhaust
plenum of each IVC rack used to house the mice as separate
C. bovis-affected or -unaffected cohorts. Most (that is, 39 of 60)
of the mice remained asymptomatic and C. bovis-PCR nega-
tive throughout the 87-d study, whereas the remaining 21 mice
developed hyperkeratosis and remained persistently C. bovis
PCR-positive through study clinical endpoints and euthanasia.
Initially, clinically affected mice presented with hyperkeratosis
along the face and dorsum, with moderate periocular alope-
cia. The alopecia of affected mice then spread to the rest of the
face, ear pinnae, and dorsum (Figure 1). This presentation of
CMML PDX-recipient mice initially appeared clinically similar
to cutaneous manifestations of graft-versus-host disease, but
mice lacked histopathology of the skin, liver, and small intestine
that was consistent with GVHD. Mice were monitored carefully
twice daily. Peripheral CBC analysis at endpoint revealed sig-
nificantly (P = 0.0192) greater thrombocytopenia in the C. bovis
PCR-negative mice compared with the C. bovis PCR-positive
mice (Figure 2), indicative of greater human CMML PDX en-
graftment in the C. bovis-unaffected cohort. In addition, CBC
analysis demonstrated significantly (P = 0.0002) more neutro-
phils in the C. bovis PCR-positive mice compared with the C.
bovis PCR-negative CMML PDX-recipient cohort (Figure 2). All
CMML PDX-recipient mice were euthanized at clinical end-
points of study and demonstrated piloerection, hunched pos-
ture, reduced activity, and weight loss; tissues were collected
for analyses.

After euthanasia, each of the C. bovis PCR-positive mice
yielded skin specimens that were consistent with the cutaneous
pathology of C. bovis infection, with each dorsum skin specimen
showing an orthokeratotic hyperkeratotic acanthotic dermatitis
(Figure 3). C. bovis-infected NSGS mice with periocular, facial,
and dorsum hyperkeratosis and alopecia did not have notewor-
thy microscopic abnormalities of the lung, spleen, bone marrow,
or liver. Spleen weight was significantly (P = 0.0150) greater
among the C. bovis PCR-negative mice compared with the C. bo-
vis PCR-positive mice (Figure 4), consistent with greater human
CMML PDX engraftment in the C. bovis-unaffected cohort. Even
when recipient mice were transplanted with primary samples
from the same patient, C. bovis-negative mice demonstrated su-
perior engraftment. For example, one mouse that was C. bovis
PCR-negative was euthanized 34 d after PDX injection and had
a spleen weight of 174.3 mg, compared with another mouse
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Figure 2. Circulating (A) platelet and (B) neutrophil counts of C. bovis
PCR-negative and- positive CMML PDX-recipient NSGS cohorts.

Figure 3. Orthokeratotic hyperkeratotic acanthotic dermatitis (A) of a
C. bovis PCR-positive CMML PDX recipient NSGS mouse compared
with (B) the unaffected skin of a C. bovis PCR-negative CMML PDX re-
cipient NSGS mouse. Hematoxylin and eosin stain; magnification: 50x
(A), 100x (B).

that was C. bovis PCR-positive, received the same human PDX
isolate, but was euthanized later (at 45 d after PDX injection)
and had a substantially lower spleen weight (32.8 mg) at eutha-
nasia (Figure 4 B). This enhanced PDX engraftment of C. bovis
PCR-negative NSGS mice was supported by the histopathologic
evaluation of tissues derived from mice. Human CMML mono-
nuclear cells, including dysplastic cells resembling the human
pathologic specimen, were readily noted to have infiltrated the
lung, spleen, liver, and bone marrow of C. bovis PCR-negative
mice but were not present or identified only rarely in C. bovis
PCR-positive mice (Figure 5). These postmortem impressions
were confirmed by the FACS analyses of cells isolated from
either the murine spleen, bone marrow, or peripheral blood.
Significantly more human CD45* cells were present in C. bovis
PCR-negative murine spleen (P = 0.0001), bone marrow (P =
0.0034), and peripheral blood (P = 0.0440) cell isolates compared
with cell specimens isolated from C. bovis PCR-positive mice
(Figure 6).

Of the 50 questionnaires electronically transmitted to NCI-
designated Comprehensive Cancer Centers, 24 (48%) attend-
ing veterinarians responded. All cancer center murine facility
respondents acknowledged housing both immunocompetent
and immunodeficient murine strains, and most respondents
(62%) were either unsure (4%) or confirmed having experi-
enced (58%) a clinical case of C. bovis hyperkeratotic dermatitis

Corynebacterium bovis and leukemia cell engraftment in mice

in immunodeficient mice during the prior year. Most facilities
(74%) did not routinely test for C. bovis or attempt to exclude
the organism from the facility and its murine inventory. During
an outbreak, after recognition of a clinical case of C. bovis hy-
perkeratosis, cancer centers relied variously on culling, treating
with antibiotics, and quarantining the C. bovis clinically affected
immunodeficient mice exhibiting hyperkeratosis. Cancer cen-
ters equally indicated (25% each) either culling only; culling and
treating only; culling and quarantining only; and culling, treat-
ing, and quarantining hyperkeratotic immunodeficient mice
as practices implemented in response to a C. bovis clinical case.
Most respondents (52%) were either unsure whether biologics
were tested for C. bovis in advance of use (9%) or stated that no
testing of biologics for C. bovis was conducted (43%). A majority
of respondents (61%) either were unsure whether any response
was implemented (13%), or indicated that no effort was imple-
mented (48%) to decontaminate the C. bovis-affected housing or
procedural space after an outbreak of C. bovis-associated hyper-
keratosis. None of the 24 respondents indicated implementing
comprehensive environmental and murine surveillance to de-
termine the extent of murine and facility C. bovis contamination,
followed by the depopulation of all C. bovis PCR-positive mice,
and the VHP sterilization of all housing and use equipment and
facility rooms.

Discussion

Immunodeficient mice are exquisitely sensitive to oppor-
tunistic microbes, including members of the microbiome and
emerging pathogens.””??* In addition to the obvious potential
for morbidity or mortality, one detrimental drawback of even
subclinical infections of immunodeficient mice is the variability
induced into research data, normative physiologic responses,
and to study metrics, thereby invalidating the findings.” When
murine studies involve rare, genetically unique human PDX
specimens and when experimental therapeutics are available
only in limited aliquots, the tolerance for data variability and
study invalidation due to opportunistic microbes becomes
substantially less. C. bovis is a known cause of hyperkeratosis,
which manifests clinically in a minority of infected immuno-
deficient mice, with infection remaining clinically unapparent
in many C. bovis PCR-positive mice.3*'¢15? Prior to the present
report, merely anecdotal comments supported the notion that C.
bovis infection alters research data.®'**” Herein, we provide the
first documentation of research data being altered by the PCR-
confirmed persistence of C. bovis infection of immunodeficient
mice. This present documentation of altered research study
data was conducted during the C. bovis outbreak previously
described in detail,'** during which C. bovis infection of PCR-
positive mice was confirmed through both aerobic bacterial cul-
ture and microbe identification and by direct visualization of
gram-positive rods in histopathologic specimens of skin from
immunodeficient mice.

CMML is a lethal hematopoietic malignancy with no avail-
able cell lines or methods for culturing primary human cell
isolates. Consequently, the CMML PDX mouse model is vital
to understanding CMML pathogenesis and to developing im-
proved therapeutic approaches.® Metrics indicative of effec-
tive human CMML PDX engraftment of NSGS mice include
thrombocytopenia, splenomegaly, the presence of CMML in-
filtrates in histopathologic sections of murine organs, and the
presence of CD45* cells in FACS-analyzed isolates of murine
spleen, bone marrow, and peripheral blood. All of these CMML
model metrics were significantly decreased in the C. bovis PCR-
positive cohort that we describe here. Potentially, increased
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Figure 4. (A) Spleen weights of C. bovis PCR-negative or -positive
CMML PDX-recipient NSGS mice and (B) a representative smaller
spleen from a C. bovis PCR-positive CMML PDX-recipient NSGS
mouse (left) compared with the larger spleen of a C. bovis PCR-nega-
tive CMML PDX-recipient NSGS mouse (right) that received the same
PDX.

CMML CD45* cellular infiltrates in the bone marrow of PDX-
recipient C. bovis PCR-negative mice impaired murine platelet
formation, resulting in greater (P = 0.0192) thrombocytopenia
than that of PDX-recipient C. bovis PCR-positive mice. CMML
CD45" cellular infiltrates in the spleen of PDX-recipient C. bovis
PCR-negative mice resulted in greater (P = 0.0150) splenomeg-
aly than that in C. bovis PCR-positive mice. Indeed, the spleen
of an individual PDX-recipient C. bovis PCR-negative mouse
weighed substantially more than that of a C. bovis PCR-positive
mouse that received the same PDX mononuclear cell isolate
from the same CMML donor patient. The C. bovis PCR-positive
PDX-recipient cohort had more circulating neutrophils than the
C. bovis PCR negative cohort (P = 0.0002), perhaps attributable
to C. bovis skin colonization, a resulting cutaneous dysbiosis,
and epithelial elicited antimicrobial proteins driving systemic
inflammation.®'* However, this proposed mechanism requires
experimental confirmation. Due to C. bovis infection, engraft-
ment of CMML mononuclear cells among PDX- recipient NSGS
mice was significantly diminished. These novel findings docu-
ment for the first time that the integrity of preclinical research
data obtained by using immunodeficient strains is measurably
jeopardized by C. bovis infection. Immunodeficient mice become
persistently infected with C. bovis and can either develop clini-
cally apparent hyperkeratosis and alopecia or can remain as-
ymptomatic and serve as persistently shedding reservoirs of
the microbe.>#16182 C. hovis should be excluded from and not
tolerated when detected in murine research facilities housing
immunodeficient strains.

Murine biosecurity critically relies on the realization that—
despite the absence of morbidity attributable to C. bovis—the
organism may be present, can be PCR-detected, and is harbored
by several clinically unaffected immunodeficient strains.' C.
bovis is even transiently PCR-detectable among immunocompe-
tent strains and is broadly PCR-detectable on room and equip-
ment surfaces during a clinical outbreak.'® An ‘active-closed’
method of VHP sterilization of housing equipment and rooms
is an important component to successful facility-wide eradica-
tion of C. bovis and for mitigating the prevalence of other op-
portunistic microbes.!*% Despite C. bovis being among the more
egregious of opportunistic outbreaks affecting immunodeficient
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Figure 5. Histopathologic appearance of the CMML blasts and dys-
plastic binucleated cells (arrows) infiltrating the (A) liver and (B)
spleen of C. bovis PCR-negative CMML PDX-recipient NSGS mice
compared with the rare CMML infiltrates evident in the (C) liver and
(D) spleen of C. bovis PCR-positive CMML PDX-recipient NSGS mice.
Hematoxylin and eosin stain; magnification, 100x.
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Figure 6. Percentage of human CD45* cells in isolates from the (A)
spleen, (B) bone marrow, and (C) peripheral blood of C. bovis PCR-
negative or -positive CMML PDX-recipient NSGS cohorts.

mice and although 58% of cancer center respondents confirm ex-
periencing a case of C. bovis hyperkeratosis in immunodeficient
mice, most facilities (74%) do not test or attempt to characterize
the extent of environmental contamination caused by a clini-
cal case of C. bovis hyperkeratosis. Nor do most cancer centers
routinely PCR survey the environment or murine inventories
for early evidence of C. bovis prior to its clinical manifestation.
Nor do cancer centers broadly VHP decontaminate the C. bovis
-affected facility space after an outbreak. Without appropriate
biosecurity measures in place, recurrence of C. bovis infection,
variability in preclinical data, and invalidation of studies involv-
ing immunodeficient mice are likely."

Our prior attempts to cull and quarantine followed by decon-
tamination without VHP only the presumed affected housing
room and its equipment did not prevent C. bovis recurrence.’®
Two of the respondent cancer centers in the present survey in-
dicated a willingness to rely “on the wishes of the investigator”
regarding whether to treat, cull, or quarantine mice clinically
affected by C. bovis. However, our experience indicates that
even asymptomatic C. bovis PCR-positive immunodeficient
mice shed C. bovis- infected keratin flakes, which are spread air-
borne through by fomite transmission, resulting in broad facility
contamination, establishing niduses of recurrence, long before
clinically apparent C. bovis hyperkeratosis manifests.>*!>15% By
the time C. bovis hyperkeratosis becomes clinically recognized
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in an immunodeficient mouse, the organism is already broadly
PCR-detectable in murine inventory, in the interior of the IVC
rack exhaust plenum and in the air-handling unit, on neigh-
boring equipment surfaces, on core imaging equipment, and
on shared computer keyboards.”® In addition, our current find-
ings documenting diminished CMML engraftment due to C.
bovis cutaneous infection of immunodeficient mice suggests
that research data collected from even an asymptomatic C. bovis
PCR-positive immunodeficient cohort may no longer be reliable
and the study no longer valid. Consequently, attending veteri-
narians should consider immediately culling C. bovis clinically
affected mice; culling C. bovis PCR-positive immunodeficient
mice; broadly PCR-testing the facility environment, equipment,
and murine inventory; and VHP sterilizing all rooms and equip-
ment to prevent C. bovis recurrence.

As immunodeficient mice become more prevalent and be-
cause expectations persist for achieving reproducible results
in ever-increasingly complex mouse model settings,'"*® murine
facilities must minimize the risk of opportunistic infections
that invalidate research.’®* In the 17 mo (as of this report) since
eradicating C. bovis program-wide and implementing com-
prehensive PCR environmental and murine monitoring and
facility-wide VHP sterilization,® no environmental or murine
specimen has tested C. bovis PCR-positive. The present report
demonstrates how C. bovis infection of immunodeficient mice,
although perhaps a cutaneous opportunistic pathogen, can alter
CMML engraftment in a PDX mouse model and jeopardize re-
search outcomes. Murine facilities should routinely PCR test for
C. bovis, and VHP sterilize all equipment and rooms at regular
intervals to prevent C. bovis recurrence.’®**
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