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Procedure for Horizontal Transfer of
Patient-Derived Xenograft Tumors to Eliminate
Corynebacterium bovis

Christopher A Manuel,"*" Stacey M Bagby,* Julie A Reisinger,* Umarani Pugazhenthi,® Todd M Pitts,>*
Stephen B Keysar,>* John J Arcaroli,>* and Jori K Leszczynskil?

Human patient-derived xenograft (PDX) tumors, propagated in immunodeficient mice, are rapidly growing in use as a
model for cancer research. Horizontal transfer between mice, without in vitro cell culture, allows these tumors to retain
many of their unique characteristics from their individual patient of origin. However, the immunodeficient mouse strains
used to grow these tumors are susceptible to numerous opportunistic pathogens, including Corynebacterium bovis. At our
institution, 2 in vivo tumor banks of PDX tumors had been maintained within nude mouse colonies enzootically infected
with C. bovis. Elimination of C. bovis from these colonies required the aseptic harvest and horizontal transfer of tumor tissue
between infected and naive recipient mice without cross-contamination. Out of necessity, we developed a standard operating
procedure using enhancements to traditional aseptic surgical technique with concurrent application of both procedural and
physical barriers to prevent C. bovis transmission. By using these methods, all 61 unique PDX tumor models were success-
fully harvested from C. bovis-infected mice and transferred into recipient mice without transmission of infection. Our data
demonstrate that, in situations where C. bovis-free colonies can be established and maintained, this procedure can success-

fully be used to eliminate C. bovis from an in vivo tumor bank of valuable PDX tumors.

Abbreviations: CHG, chlorhexidine gluconate; PDX, patient-derived xenograft; qPCR, quantitative real-time PCR

In recent years, the use of human patient-derived xenograft
(PDX) tumor tissue grown in immunodeficient mice for cancer
research has increased dramatically. The evolving interest
in PDX tumor models reflects a better understanding of the
importance of tumor heterogeneity in the human population.
This diversity may not be mimicked by the limited number of
immortalized cell lines in a designated panel of a given tumor
type.®3* Further investigation into PDX tumor models has led
to the validation of their biologic stability, because these human
tumor pieces grow and retain their architecture, receptors, and
gene expression by exclusive horizontal transfer between im-
munodeficient mice without in vitro cell culture. In addition, the
ability to expand PDX tumor tissue into large cohorts of mice
allows for novel therapeutic development and a tool used in
‘precision medicine’ to create a patient’s individually tailored
cancer therapy regimen.?33%

Many of the immunodeficient mouse strains commonly
used to propagate human PDX tumor tissues are susceptible to
opportunistic pathogens, including Corynebacterium bovis.>*13
C. bovis is commonly associated with ‘scaly skin disease’ in
athymic nude mice (Foxn1, nu/nu). However this characteristic
clinical illness does not always manifest after infection and is
believed to develop into life-long subclinical skin coloniza-
tion.¥1019 Clinical symptoms that can accompany scaly skin in
nude mice include lethargy, dehydration, and decreased body
condition.>” In our experience, these clinical symptoms cause
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delays in planned experimental procedures until spontaneous
resolution of these clinical signs. In haired SCID and NSG (NOD.
Cg-Prkdc>]12rg'Ws! /Sz]) mice, clinical symptoms of C. bovis
infection vary but include rough hair coat and decreased body
condition, with mildly scaly skin visible in areas of alopecia and
periocular erythema 317

Reports from an international diagnostic laboratory indicate
that C. bovis is a common contaminant of susceptible mouse
populations,’%?® and continues to plague academic and industry
research facilities.#?° An early report characterizing a multifa-
cility outbreak of C. bovis in Italy suggested that the sharing
of tumor lines between facilities may be a potential route of
cross-contamination between susceptible mouse colonies.2® Data
recently presented by 2 international diagnostic laboratories
showed that 4% and 13% of cultured cell lines or solid tumor tis-
sue samples submitted for human or rodent pathogen testing by
PCR assay were contaminated with C. bovis DNA.13 Although
C. bovis does not penetrate the epidermis or cause sepsis of in-
fected nude mice,” failure to perform an aseptic surgical harvest
of the tumor tissue is the most likely cause of contamination of
solid tumor tissue. Published protocols on performing horizon-
tal transfer between mice or for cryopreservation of PDX tissue
harvested from mice recommend applying 70% ethanol to the
tumor excision site’>?! or submerging the euthanized mouse
carcass in 75% ethanol for 2 min'* or completely fail to address
skin disinfection of the donor mouse.* The majority of these
protocols minimally address skin disinfection before harvest,
but none take into consideration the disease status of the mice
donating or receiving the tumor tissue. With the generation and
transfer of biologic material between research institutions, cross-
contamination of opportunistic pathogens such as C. bovis is a
concern in regard to the preservation of the overall colony health
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status.?* In fact, we have recently presented data demonstrating
the transmission of C. bovis to naive, PDX-recipient nude mice
from C. bovis-contaminated cryopreserved PDX tissue.?

In the fall of 2012, C. bovis needed to be eliminated from 2 large
in vivo tumor banks of unique PDX models maintained within
enzootically infected nude mouse colonies. The objective of this
project was to develop and validate a protocol to prevent C. bovis
contamination of PDX tumor tissue during tumor harvest and
to prevent cross-contamination during direct horizontal tumor
transfer between infected donor and naive recipient mice.

Materials and Methods

Survey of cryopreserved PDX tissues for C. bovis. Five vials,
each containing a different PDX tumor model, were randomly
selected from cryopreserved tissue banks of 2 independent
research laboratories (labs A and B, n = 10). Both laboratories
maintain in vivo and cryopreserved tumor banks and were
pursuing C. bovis-negative status. However, these tumor tissues
were harvested from enzootic colonies, prior to the implementa-
tion of the C. bovis remediation program. Cryopreserved (—80
°C) tissues were assayed for C. bovis DNA by qPCR analysis (as
described following). This assessment was used to evaluate the
aseptic technique that had been used previously for PDX tumor
harvest and to estimate the extent of C. bovis contamination
within these cryopreserved PDX tissue banks.

PDX donor and recipient mice. All mouse manipulations
and procedures were approved by the University of Colorado
Denver IACUC. Female, athymic nude mice (Hsd:Athymic
Nude-Foxn1™; Envigo Laboratories, Indianapolis, IN) were
obtained to receive horizontally transferred (mouse-to-mouse)
PDX tumor tissue, with the goal of maintaining an in vivo PDX
tumor bank. From the vendor, nude mice were documented to
be free of endoparasites and ectoparasites by microscopy, free
of lactate dehydrogenase elevating virus, Helicobacter spp.,
Corynebacterium bovis, Pneumocystis murina, and Streptobacillus
moniliformis by PCR assay, and free of Bordetella bronchiseptica,
Citrobacter rodentium, Corynebacterium kutscheri, Klebsiella oxytoca,
K. pneumonia, Pasteurella multocida, P. pneumotropica, Proteus
mirabilis, Pseudomonas aeruginosa, Salmonella spp., Staphylococcus
aureus, Streptococcus spp. group B, and Streptococcus pneumonia
by culture. Serology from immunocompetent sentinel mice of
the athymic nude stock confirmed the absence of lymphocytic
choriomeningitis virus, minute virus of mice, mouse parvovirus,
mouse hepatitis virus, mouse adenovirus type 1 and 2, mouse
cytomegalovirus, mouse polyoma virus, mouse rotavirus,
mouse thymic virus, murine norovirus, pneumonia virus of
mice, respiratory enteric virus III, Sendai virus, Theiler murine
encephalomyelitis virus, cilia-associated respiratory bacillus,
Clostridium piliforme, Mycoplasma pulmonis, and Encephalitozoon
cuniculi. All mice were confirmed by qPCR analysis to be C.
bovis-negative on arrival and prior to distribution to researchers.

At the time of scheduled tumor harvest, PDX donor nude mice
were enrolled in the study. By using the tissue harvest method
described following, harvested tissues were evaluated for C.
bovis DNA contamination. In light of historical diagnostic testing
and clinical signs, all PDX donor mice in the in vivo tumor bank
were considered to be C. bovis positive. To confirm, a dry sterile
swab (BBL Culture Swab EZ, Becton Dickinson, Franklin Lakes,
NJ) was used to sample both the oral cavity and skin and then
assayed for C. bovis DNA by qPCR. All C. bovis-free, recipient
nude mice were housed in dedicated housing rooms that were
physically and procedurally separated from C. bovis-positive
mice. Management of facilities; macroenvironmental param-
eters; biocontainment practices; sentinel monitoring programs;
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routine husbandry; intracage provisions; IVC rack system (Al-
lentown, Allentown, NJ), IVC rack, and caging sanitation; and
environmental sanitation performed to maintain a C. bovis-free
environment are described in detail elsewhere.20

Aseptic tumor harvest and transfer procedure. Aseptic surgi-
cal technique training by a veterinarian was provided to the
researchers, who performed tumor harvests prior to the begin-
ning of the study. The entire harvest and transfer procedure was
designed to be performed by 2 people. One person harvested
tissue from presumed or confirmed C. bovis-positive mice within
procedural space that is considered to be C. bovis-contaminated.
The second person received the aseptically harvested tumor
tissue and performed the implantation procedure into naive
mice in a procedural space considered C. bovis-free. PDX tumor
models from donor mice were harvested when either of their
bilateral flank tumors reached 2 cm in any plane, in accordance
with humane endpoints established by the IACUC.

Tumor harvest. Dependent on the discretion of the research
laboratory, mice were euthanized by either cervical disloca-
tion while under isoflurane anesthesia or by CO, asphyxiation
within the home cage by using a maximum of 20% displacement
of cage air for 5 min, followed by cervical dislocation. After
euthanasia, all carcass manipulations were performed within
either a biosafety cabinet or an animal transfer station (ATS2;
Allentown), both of which will be referred to as hoods from
this point forward. A generic, clean, pipette tip box and lid for
200 -uL pipette tips was repurposed to hold 100 to 150 mL of
2% chlorhexidine gluconate solution (CHG; VetOne, Boise, ID).
Immediately after euthanasia the intact carcass was completely
submerged in CHG (Figure 1). After submersion, the carcass was
manipulated with gloved fingertips for 15 to 30 s in the solution
to ensure contact on all skin surfaces and then allowed to soak
submerged for a minimum of 5 min.

While the carcass soaked in CHG, everything was removed
from the hood, with the exception of the preheated glass bead-
sterilizer (Germinator 500; CellPoint, Gaithersburg, MD), which
is a burn hazard. The blower to the hood was turned off to allow
presumed C. bovis-contaminated skin flakes to settle to the hood
surface.># All internal surfaces except the ceiling of the hood
was sprayed with the ClO, solution (mixed 1:18:1; Clidox-S,
Pharmacal, Naugatuck, CT) and was wiped down with a Clidox-
S-soaked disposable cloth (TERGOwipe by Rasco Aurora, CO).
The hood blower was turned on and ran for a minimum of 5
min prior to reentering the work surface. This step allowed time
for an acceptable air curtain to form and achieves a minimum
5 min contact-time for skin disinfection. Disposable nonsterile
nitrile gloves were then changed.

Two sets of autoclaved instruments (2 forceps and 2 scissors),
sterile gauze, 15- or 50-mL conical centrifuge tubes containing
tumor transfer media (RPMI 1640 or DMEM F12 with 10%
fetal calf serum and 1% penicillin and streptomycin), and the
pipette tip box containing CHG and the submerged mouse were
replaced inside the hood. The carcass was removed from the
CHG bath, and excess solution was removed with sterile gauze.
The sterile-tip technique was used for all sterile instrument
manipulation. Nonsterile gloves were used to hold the handles
of sterile instruments and C. bovis-contaminated skin. However,
the ends of instruments that would touch sterile subcutaneous
and tumor tissue were never touched by gloved fingers. One
pair of scissors and forceps were used exclusively to touch and
manipulate the exterior surface of the skin. These scissors were
used to make a small cut in the skin, perpendicular to the dorsal
midline of the carcass (Figure 1). From the small incision, the
euthanized mouse’s skin was stretched cranially and caudally to
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Figure 1. PDX tumor harvest procedure. (A) Materials used during the harvest procedure. Black dot, sterile instruments used for skin contact
only. Green triangle, sterile instruments used for subcutaneous tissue and tumor manipulation only. (B) Euthanized and cervically dislocated
mouse was completely submerged into 2% CHG for a minimum of 5 min. (C) By using instruments dedicated for skin (black dot), a cut was
made perpendicular to the dorsal midline, and (D) the skin was stretched rather than cut to expose the tumor tissue, to minimize instrument
contact with the skin and subcutaneous tissues. (E) A second set of surgical instruments (green triangle) was used to free the tumor from subcu-
taneous tissue for extraction. (F) For tumors that are either adherent to the deep layers of the skin or have partial to full-thickness dermal ulcera-
tions, a buffer zone of tumor tissue was left behind to ensure that tumor tissue was not contaminated with C. bovis. Scale bar, 4 mm.

expose the subcutaneous tumors. The second set of instruments
was then used exclusively to manipulate and cut subcutane-
ous tissues to free the tumor. Care was taken to ensure that the
superficial surface of the mouse skin did not come into contact

with the tumor tissue. Sections of the tumor that lay beneath
ulcerated skin or that closely approximated skin were avoided
and not harvested. By using the appropriate forceps, the freed
tumor was placed into the transfer media.
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In situations when more than one mouse carried the same
PDX tumor model and required tumor harvest at the same time,
a pipette tip box made for 200-uL tips was too small for all car-
casses to be submerged concurrently. A generic pipette tip box
for 1-mL pipette tips was used to accommodate all euthanized
mice in 300 to 400 mL of CHG. In addition, the tips of instru-
ments used to separately manipulate skin and tumor tissues
were sterilized between mice by immersion in a bead sterilizer
for 15 to 20 s, according to the manufacturer’s instructions.
Serial use of instruments did not exceed 5 mice, with the bead
sterilizer used before each mouse after the first use.2?

Tumor transfer. Once tumor tissue was placed into transfer
media and the cap closed, tubes were liberally sprayed with
Clidox-S and wiped with a Clidox-S-soaked TERGO wipe.
The tubes were then individually rolled in Clidox-S—-soaked
TERGO wipes for a minimum of 5 min prior to removal from
the room. The person harvesting the tumors then brought the
Clidox-S-wrapped tubes containing the tumor tissue to the C.
bovis-free designated procedural area. Without entering the
area, the harvester handed the tubes to the second person, who
performed the horizontal tumor transfer into naive recipient
mice. The tubes were again liberally sprayed with Clidox-S
and rewrapped in Clidox-S soaked TERGO wipes. The tumor
tissue was then transferred into sterile petri dishes, and sterile
instruments were used to mince the tissue into approximately
3 mm? pieces within the transfer media. At this point, excess
tumor tissue no longer needed for transfer was set aside for C.
bovis DNA detection by gPCR assay.

Recipient mice were placed under isoflurane anesthesia. The
procedure for inoculating recipient mice differs by laboratory.
According to one procedure, the skin of the mouse was prepped
with a single 70% alcohol wipe. Using autoclaved instruments,
individual pieces of minced tumor were placed into the bev-
eled end of a 12-gauge needle and trocar system (Cadence
Science, Staunton, VA). The needle was introduced caudal to
the scruff of the neck and advanced subcutaneously toward
the hips (flanks) for tumor deposition. The skin was allowed
to heal without intervention. For analgesia, one subcutane-
ous injection of meloxicam (2 mg/kg; Metacam, Boehringer
Ingelheim Vetmedica, St Joseph, MO) was administered prior
to anesthetic recovery. Alternatively, the skin of the mouse was
prepared by using 3 rounds of alternating povidone-iodine
and 70% isopropanol wipes. A 0.5-cm incision was made over
each flank by using sterile iris scissors. A small subcutaneous
pocket was made under the skin, and sterile forceps were used
to grasp the skin; a second pair of forceps was placed the tumor
tissue under the skin. The skin incision was then closed with
a 7-mm wound clip. For analgesia, buprenorphine (0.05 mg/
kg; Buprenex, Reckitt Benckiser Pharmaceuticals, Richmond,
VA) was administered subcutaneously at the time of anesthetic
induction and repeated every 12 h for 3 subsequent injections.

Surveillance of IVC rack exhaust air for C. bovis. To ensure that
PDX tumor-recipient mice maintained a C. bovis-negative status
prior to and after horizontal tumor transfer, routine, weekly
swabs were collected from the horizontal exhaust manifolds of
the IVC rack for exhaust-air debris testing, as described previ-
ously.!®1” Briefly, a single dry, sterile swab was used to wipe the
inside surface (60 cm?) of all 10 horizontal exhaust manifolds
within the vertical exhaust plenum. Samples were stored at
ambient temperature for 24 to 48 h prior to DNA isolation by
the CU Denver Quantitative PCR Core.

DNA isolation and quantitative real-time PCR. DNA was ex-
tracted from dry swabs (BBL Culture Swab EZ) used to collect
samples from the horizontal exhaust manifold of IVC racks as

Eliminating C. bovis from PDX tumor models

well as oral and skin samples collected from athymic nude mice,
as previously described.!® For DNA extraction from solid PDX
tumor tissue, either 0.015 g or the entire tumor sample (0.5 to 1
g) was lysed in ATL buffer with proteinase K reagent (Qiagen,
Germantown, MD). Lysis buffer was prepared according to the
original sample weight, where 0.015 g of tissue was lysed in 0.2
mL buffer ATL and 20 uL proteinase K reagent (Qiagen). Larger
tumor samples were lysed in 2 mL ATL with 200 uL proteinase
K reagent (Qiagen). Tissues and lysis buffer were incubated at
56 °C until the tissue was completely lysed. DNA was extracted
from 200 pL of digest supernatant by using the QlAamp DNA
Mini Kit (Qiagen) according to the manufacturer’s instructions.
C. bovis qPCR reactions were performed on isolated DNA,
by using all primers, parameters, and controls as previously
described.?

Results

Cryopreserved tissues from PDX tumor bank. Five randomly
selected vials of cryopreserved PDX tumor tissue from 2 inde-
pendent laboratories (A and B) were assayed by qPCR assay
for C. bovis DNA (Table 1). These vials contained C. bovis-
contaminated PDX tissue that was harvested prior to the use
of the enhanced aseptic tumor harvest procedure and from
enzootically infected colonies of nude mice. For laboratory A
(n = 5), when a 0.015-g representative sample of solid tumor
tissue was used from each vial, only 1 (20%) of the 5 vials was
C. bovis-positive. The assay was then repeated by using the
complete contents of each vial (solid tissue and media), and
3 (60%) of the 5 vials were C. bovis-positive. For laboratory B,
the complete contents of each of the 5 vials were evaluated by
qPCR assay; the results indicated that all 5 vials (100%) were
C. bovis-positive.

Validation of tumor harvest procedure. By using the described
procedure, 61 unique PDX tumor models were harvested from
79 donor mice. For the donor mice of 34 of the different PDX
tumor models, skin swabs and a representative sample of the
harvested tumor tissue were assayed for C. bovis DNA. These
data showed that 33 of 34 (97%) PDX tumor models tested were
harvested from C. bovis-positive mice. The quantity of the tumor
tissue digested for the qPCR assay for the first 17 tumor samples
analyzed was 0.015 + 0 g and contained solid tissue only. The
sample weight of the second group of 17 tumor tissue samples
analyzed was 0.14 *+ 0.09 g, containing both solid tissue and
culture media which represented all of the material provided.
In total, all 34 harvested PDX tissue samples were negative for
C. bovis DNA independent of the quantity or content of the
sample digested for DNA isolation. After horizontal transfer of
the aseptically harvested tumor tissue according to the described
procedure, the 61 PDX tumor models were propagated into ap-
proximately 480 nude mice. For all 61 horizontal transfers, all
recipient mice were monitored for C. bovis infection by routine,
weekly, IVC rack exhaust-air surveillance swabs.!® According
to this surveillance technique, no recipient mice have tested
positive for C. bovis since the implementation of this procedure
at our institution in the fall of 2012.

Sterilization of instruments. All instruments used to cut skin
or harvest PDX tissue were autoclaved prior to initial use. After
the initial harvest of bilateral flank tumors from a single mouse,
the distal tips of both sets of instruments were resterilized
by using a bead sterilizer (Germinator 500). The need to use
the bead sterilizer occurred when multiple mice carrying the
same or different PDX tumor models required tumor harvest-
ing on the same day. The method of instrument sterilization
used immediately prior to harvest was tracked for each PDX
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Table 1. Cryopreserved vials of PDX tissues evaluated by qPCR assay
for C. bovis

No. of vials positive/  Copy

Lab Sample Sample size® (g) negative for C. bovis number®*
A4 Tissue only 0.015 1/5 (20%) 1128
Tissue & 0.5-1 3/5 (60%) 1284 + 664
media
B Tissue & 0.5-1 5/5 (100%) 1632 + 817
media

0.5 to 1 g of tissue represents the entire contents of the cryopreserva-
tion vial

PData shown as mean + 1 SD when appropriate

‘Copy number per gram of tissue was not calculated because results
indicated that C. bovis is not evenly distributed in tumor samples
dResults represent the same 5 vials of PDX tissue with 2 different
sample sizes

tumor model, with 25 tumors harvested by using autoclaved
instruments and 36 tumors harvested by using bead-sterilized
instruments. Both methods of instrument sterilization were
effective at preventing recipient mouse infection.

Discussion

Herein, we described a procedure used to successfully elimi-
nate C. bovis from 2 in vivo tumor banks containing unique PDX
tumor models. By using these methods, 100% of these PDX
tumor models were salvaged from the enzootically infected
colonies. The timeline for completion of this project reflected the
growth rate of some of the PDX tumors in nude mice and the
number of PDX tumors maintained within each in vivo tumor
bank. Laboratories A and B were able to complete 44 and 17
tumor transfers within approximately 6 and 2.5 mo, respectively.
This project was successful because of the procedural barriers
used to prevent the inadvertent contamination of PDX tissue
harvested from C. bovis-infected mice. In addition, physical bar-
riers were used to separate and maintain infected and uninfected
nude mouse colonies so that recipient mice could be maintained
as C. bovis-free before and after inoculation of PDX tumor tissue.

Most published procedures that have described PDX tu-
mor harvest and horizontal transfer minimally address skin
disinfection at the site of tumor excision for the donor mouse.
According to those procedures, 70% to 75% ethanol was the
skin disinfectant of choice.”141521 However, we used CHG
instead of ethanol because CHG will not evaporate during the
procedure, is available at the desired concentration (compared
with the 95% ethanol stock), and has demonstrated similar
efficacy."12 We also selected 2% CHG as compared with other
CHG concentrations (0.25% to 4%), because 2% CHG works
more effectively than lower concentrations and is equivalent
to higher concentrations during a 5- to 10-min exposure.!3
C. bouis is a diffuse skin infection that is aerosolized through
contaminated mouse dander.2* Because of this characteristic,
we concluded that the entire carcass must be disinfected prior
to tumor harvest. The easiest way to accomplish this goal was
complete submersion of the carcass in disinfectant, in agreement
with one of the previously published protocols.* This practice is
ideal for the use of athymic nude mice, because skin-disinfectant
contact is unencumbered by the hair coat. We concede a variety
of haired mouse strains that are routinely used to propagate
xenograft tumors in preclinical research. In these situations,
we recommend removing the hair from a generous 3- to 4-cm
region around and on top of the tumor masses before complete
submersion of the carcass in disinfectant.

For our study, we elected not to perform skin cultures after
whole-carcass submersion in 2% CHG to quantify or identify
the bacteria that were able to survive. Our rationale for this
decision was that aseptic surgical technique would still be re-
quired, given that complete skin sterilization likely would not
be achieved using this technique. Due to the lack of relevance
of this method to the current standard of care for surgical skin
preparation, we were not able to find literature describing the
efficacy of 2% CHG with complete tissue submersion. Neverthe-
less, 2% CHG has been show in vitro to result in a 5 to 6 log,,
reduction of a variety of relevant bacteria when applied in excess
to a bacterial suspension test.” As an in vivo correlate, when
2% CHG was applied to human skin in a less liberal manner,
a site-specific 2 to 3 log,, decrease in bacterial skin burden was
achieved in 10 min.1

Additional refinements to this procedure may emerge in the
future. As an example, the combined use of 2% CHG in 70% iso-
propyl alcohol exceeds the skin disinfection of each individual
component in this mixture and likely will provide even greater
skin disinfection prior to tumor harvest.!¥32 We did not use
such a product because packages of 2% CHG in 70% isopropyl
alcohol in volumes large enough for whole-carcass submer-
sion are not yet available. At the beginning of the project, we
also considered submersing the carcass in Clidox-S, but at that
time no data were available regarding the tissue-penetrating
properties of the active ingredient ClO,, and we therefore ruled
out that possibility. Since then, aqueous ClO, is an emerging
skin antiseptic with limited tissue penetration and exceptional
bactericidal and sporicidal properties.?>3! However, aqueous
ClO, products marketed for skin disinfection are not yet com-
mercially available.

Another technique that might be implemented to reduce skin
bacterial burden prior to harvest is the use of systemic antibiotic
therapy. One study demonstrated that 78% of C. bovis-infected
mice given amoxicillin impregnated chow were C. bovis culture-
negative 3 wk after beginning treatment.? Although we do not
consider this method as one to completely clear nude mice of
this organism, the use of preharvest antibiotic therapy may
provide an additional barrier to C. bovis tumor contamination
and horizontal transfer cross-contamination.

C. bovis DNA was not detected among the 34 representative
tissue samples assayed from a subset of all the PDX tumor
models harvested. It is noteworthy that only 2 of the 34 tumor
tissues evaluated were harvested by a veterinarian, whereas
the remaining samples were harvested by graduate students
and research staff trained in aseptic surgical technique. This
finding suggests that basic training in this enhanced aseptic
surgical technique is sufficient to prevent skin—tumor tissue
cross-contamination. The rationale for combining whole-body
disinfection with enhanced aseptic technique was to reduce the
quantity of C. bovis on the skin and free contaminated skin debris
prior to surgery if a breakdown in aseptic technique occurred.
We suspect that any breakdown in aseptic technique would
leave detectable C. bovis DNA on the tumor tissue. However,
because no C. bovis DNA was detected from representative tu-
mor samples, whole-body skin disinfection may not be required,
providing that strict aseptic technique is achieved. Regardless,
we continue to feel that complete submersion of the carcass in
a disinfectant provides a simple and additional level of protec-
tion from the potential contamination of tumor tissue with
viable bacteria. In addition, the use of a representative sample
of harvested tumor tissue may not accurately represent the C.
bovis status of the entire harvested tumor. For example, when we
used a representative, 0.015-g sample of solid PDX tissue from
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cryopreserved stocks, only 1 (33%) of the 3 vials was correctly
identified as being contaminated with C. bovis, as compared
with performing the assay on the entire sample. Therefore, we
recommend the use of whole-body disinfection as an additional
barrier to tumor contamination.

An essential component to the success of this procedure is the
ability to create and maintain C. bovis-negative populations of
mice. During this process, both C. bovis-positive and -negative
colonies need to be maintained concurrently. C. bovis is known
to cause diffuse environmental and equipment contamination
with airborne dissemination.* Attention to detail is necessary for
the establishment of C. bovis-free dedicated equipment, traffic
patterns for personnel, and even the division of labor within
research and vivarium staff to prevent cross-contamination
between colonies. We have found that the establishment of a
C. bovis surveillance program using exhaust-air debris testing
from IVC caging systems provides rapid detection within nude
mouse colonies.! In our experience, this surveillance program
has been invaluable in the maintenance of C. bovis-free colonies
while concurrently maintaining separate infected colonies.?

The protocol described here contains minor enhancements
to traditional aseptic surgical technique in combination with
bioexclusion principles used to eliminate C. bovis. Although
this protocol was created to prevent C. bovis contamination of
tumor tissue and cross-contamination during horizontal tumor
transfer, this procedure could easily be implemented as a routine
precaution during the transfer of any xenograft or allograft tis-
sue from one rodent to another or before cryopreservation to
reduce bacterial contamination from the skin.
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