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Case Report

Outbreak of Opportunistic Ascending
Pyelonephritis with Numerous Yeast after
Experimental Humanization Surgery in NOD.
Cg-Prkdcs* 112rg"™"'[Sz] and NOD.Cg-Rag1™Mom
112rg™™Wil[Sz] Immunodeficient Mice

Leah M Zadrozny,' Lauren R Brinster,> Barry A Rosenzweig,' and Kristina E Howard""

Unexpected mortality occurred in a group of 12 NOD.Cg-Prkdc“I12rg"""/Sz] (NSG) and 12 NOD.Cg-Rag1"Mem [[2ygtm1Wil}
Sz] (NRG) immunodeficient mice. At 10 d after routine bone marrow-liver-thymus humanization surgery, 9 mice were found
dead without observation of initiating clinical signs; 1 d later (day 11), 3 additional mice showed signs of morbidity, including
severe hunching, lateral recumbency, slow movement, shallow respiration, and decreased response to external stimulus. All
remaining mice rapidly decompensated and were found dead or were euthanized within 4 d after the first death. Histopathol-
ogy revealed severe ascending pyelonephritis with numerous yeast. Cultures in some mice were positive for Enterococcus
faecalis or Staphylococcus xylosus, 2 bacteria considered commensals in rodents. In addition, Candida albicans was cultured
from some animals. Further investigation revealed that a restraining device used for tail vein injections was the likely fomite
harboring Candida organisms. These findings indicate that ascending pyelonephritis, with Candida as the etiologic agent,
can cause significant mortality in NSG and NRG immunodeficient mice.

Abbreviations: BLT, bone marrow-liver—thymus; HSC, hematopoietic stem cells; NOD, nonobese diabetic; NSG, NOD.Cg-Prkdcs

112rg'™Wil /Sz]; NRG, NOD.Cg-Rag1'Mem [[2rgimWi / Sz]; PAS, periodic acid-Schiff
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Successful transplantation of human hematopoietic tissues,
including fetal liver, thymus, and hematopoietic stem cells
(HSC), into SCID mice has allowed for reconstitution of the
human immune system in a murine model, thereby providing
novel insights into the evaluation of human-specific diseases
and human responses to therapeutics. In recent years, these chi-
meric mice have become increasingly popular in translational
biomedical research and have been used to study immune re-
sponses after HIV infection, engraftment of primary human
tumors, and human cell therapy.? In this study, we completed
bone marrow-liver-thymus (BLT) humanization, which pro-
vides an HLA-matched human thymus and bone marrow trans-
plant. Mice that receive this type of surgery typically begin to
have human cells in the periphery at approximately 8 wk after
surgery and are fully reconstituted by 12 to 16 wk.? To assure
appropriate and consistent responses for translational research,
it is imperative to create and adhere to strict sanitization and
husbandry protocols for these immunodeficient mice, because
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they have several genetic mutations that increase their suscep-
tibility to various bacterial, viral and fungal infections. In this
report, we describe an acute onset of morbidity and mortality in
a group of immunodeficient mice engrafted with human HSC
and tissue. The human immune system mouse models we used
here included NSG and NRG mutant strains, which mice carry 2
mutations on the NOD/ShiLt] genetic background. Both mouse
models carry a complete null allele of the IL2 receptor common
v chain (IL2rg""), which abrogates murine signaling for the IL2,
IL4, IL7, and IL15 cytokine receptors, among others.” One dif-
ference between these strains is that NSG mice have a SCID mu-
tation, whereas NRG mice have a targeted knockout mutation in
recombination activating gene 1 (Rag1).%

Both humanized immune mouse models were derived from
nonobese diabetic (NOD) mice, an important model of autoim-
mune type 1 diabetes. The NOD strain was developed during
selection for a cataract-prone strain, when repeated brother—
sister mating resulted in a subline that spontaneously developed
diabetes.'*'® NOD mice typically develop diabetes at approxi-
mately 12 to 14 wk of age, and they are also prone to other auto-
immune-related syndromes, including sialoadenitis, thyroiditis,
peripheral neuropathy, and prostatitis.' In addition, NOD mice
have immune defects, including impaired NK cell function and
IL15 signaling.???%%2 Importantly, NOD mice possess an allele

http://prime-pdf-watermark.prime-prod.pubfactory.com 2025-02-25



Vol 68, No 5
Comparative Medicine
October 2018

for SIRPo that is essential to successful engraftment of human
cells and tissues.® The sum of the genetic modifications to the
immune systems of these mice renders them severely immuno-
compromised and highly susceptible to infection by not only
pathogenic but also commensal organisms.

History and clinical presentation. Female NSG (n = 12) and
NRG (n = 12) immunodeficient mice were purchased from Jack-
son Laboratories (Bar Harbor, ME) to compare humanization
between these strains by using the same donor cells and tissue.
NSG and NRG mice were housed according to strain in IVC
cage racks (Sealsafe Plus, Tecniplast USA, West Chester, PA) and
were provided autoclaved chow (no. 5K52, LabDiet, St Louis,
MO) and acidified water without restriction. All cages were au-
toclaved before being cleaned; underwent cage washing; filled
with fresh bedding (Beta Chip, Northeastern Products, War-
rensburg, NY), a cotton square, and a tunnel (Modak Mouse
Tube, Braintree Scientific, Braintree, MA) as enrichment; and
then autoclaved. All procedures were approved by the Animal
Care and Use Committee of White Oak Federal Research Center
and were performed in an AAALAC-accredited facility. Mice
(age, 8 to 10 wk) underwent a routine BLT humanization sur-
gery, as previously described.® Briefly, CD34" cells were isolated
and purified from autologous fetal liver and cultured overnight
in sterile stem-cell medium containing growth factors and hu-
man serum albumin but no fetal bovine serum. Bone marrow
ablation was achieved by using a single dose of pharmaceuti-
cal-grade treosulfan prepared aseptically immediately prior to
injection at 2 gm/kg IP 24 h prior to HSC injection. Stem cell
injection was performed immediately after completion of sur-
gery. Surgery was performed in class IIA biologic safety cabinets
under sterile conditions. Anesthesia was induced with avertin
(200 to 240 mg/kg IP), which was prepared fresh by combining
2,2,2-tribromoethanol, tert-amyl alcohol, and pharmaceutical-
grade water for injection, filter-sterilized by using a 0.22-um
filter, and protected from light during surgery.

Each mouse was placed on its right side, fur was moistened
with 70% ethanol, and then the mouse’s side was shaved by
using a sterile surgical blade. The site was sterilized through 3
alternating applications of povidone-iodine and 70% ethanol;
the skin dried completely between applications. Sterile surgical
instruments were used to create a left lateral incision into the
body wall sufficient to elevate and expose the left kidney. The
renal capsule was nicked, and 2 segments of human fetal thy-
mus (approximately 0.5 mm x 0.5 mm) adjacent to a similarly
sized segment of fetal liver were implanted and secured beneath
the renal capsule. The kidney was replaced into the abdominal
cavity, and the body wall and skin were apposed by using a
simple interrupted suture pattern of 5-0 and 4-0 polydioxanone
suture, respectively. All surgical and suture instruments were
replaced between strains, such that no item during surgery or
post-operative recovery was used for both strains. After surgery
and recovery from anesthesia, all mice were placed successively
in a restraining device (Rotating Tail Injector, Braintree Scien-
tific), and 2.5 x 10° CD34* HSC were infused into each mouse
through tail vein injection. Mice were monitored twice daily
after surgery and recovered uneventfully. Protocol procedures
to prevent infection were strictly implemented and included de-
contamination of all items with 70% ethanol when they entered
the room and autoclaving of all appropriate items, including
cages, surgical instruments, transport containers, and miscella-
neous medical supplies, such as gauze. In addition, routine use
of items supplied as sterile, such as needles, syringes, surgical
gloves, and other items was a standard operating procedure.
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At 10 d after surgery, 9 mice were found dead during the rou-
tine morning cage checks, without any prior clinical indication
of morbidity at the previous afternoon’s observations. On the
morning of day 11, 4 additional mice were found dead, with
another 3 showing signs of morbidity including severe hunch-
ing, lateral recumbency, slow movements, shallow respiration,
and decreased response to external stimuli. In addition, 1 mouse
demonstrated neurologic signs, including head tilt and circling
to the right. The 3 mice that demonstrated signs of morbidity on
the morning of day 11 were immediately submitted live to the
pathology service at NIH for full diagnostic necropsy. Within
14 d after surgery, all 24 mice were either found dead or were
euthanized by using an overdose of avertin or carbon dioxide.
Samples for histology and bacteriology were collected from
mice that were either recently dead (less than 2 h) or moribund
and euthanized by study investigators.

Microbiology. Three mice were submitted live for diagnos-
tic necropsy, and blood samples and spleen swabs were cul-
tured. The only organism identified was Candida albicans, which
was present in the spleen swabs from 2 animals; the remaining
mouse had negative blood and spleen cultures. At that time, the
growth of yeast was suspected to be due to contamination of the
cultures. Subsequently, swabs from the skin, spleen, heart, and
abdominal cavity of 5 mice that were either recently found dead
or euthanized due to moribundity were submitted for culture
and bacteriology. Yeast species were obtained from within the
heart and abdomen of 2 different mice and identified as Candida
albicans. Two bacteria, Staphylococcus xylosus and Enterococcus
faecalis, were cultured from the skin, abdominal cavity, spleen,
or heart of these 5 mice. S. xylosus and E. faecalis are presumed
to be nonpathogenic bacterial organisms and are commonly
identified in immunocompetent laboratory mouse strains.™
Although yeast species were cultured from 4 animals, further
investigation of the organism that led to the demise of all 24
mice was not initiated until histopathology confirmed severe,
ascending pyelonephritis and tubulointerstitial nephritis, with
the presence of numerous yeast, hyphae, and pseudohyphae
that stained positive for periodic acid—Schiff (PAS) in all of the
14 mice evaluated.

To determine whether the yeast species cultured through
swabs at necropsy was the same organism found in tissues, we
sought to identify the species and genera by using PCR analysis.
We attempted to isolate yeast DNA from formalin-fixed, paraf-
fin-embedded blocks by using 2 different kits (Gentra Puregene
Tissue Kit, Qiagen, Germantown, MD, and RecoverAll Total
Nucleic Acid Isolation Kit for FFPE, Ambion, Thermo Fisher
Scientific, Waltham, MA). We assessed the sizes of all fragments
isolated (High Sensitivity DNA Kit, Agilent Technologies, Santa
Clara, CA), but the DNA was too fragmented to confirm the
species identity from tissue.

Pathology. In total, 14 mice (11 found recently dead or eu-
thanized by investigators and 3 that were submitted live for
diagnostic pathology) were necropsied and submitted for histo-
pathology. Grossly, the 3 mice submitted for diagnostic necropsy
were thin and lean and exhibited mild dehydration. Bilaterally,
the kidneys were pale. All other tissues were unremarkable.
Mice that were found dead or euthanized by investigators ex-
hibited various degrees of autolysis. Important histopathologic
findings included bilateral, ascending suppurative pyelonephri-
tis with numerous PAS-positive hyphae, pseudohyphae, and
yeast (Figure 1). Renal tubular epithelial atrophy, tubulointer-
stitial suppurative nephritis with intralesional yeast organisms
(Figure 1), proteinaceous casts and fibrosis were also appre-
ciated. ‘Fungal balls’ composed of yeast organisms admixed
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Figure 1. (A) Suppurative tubulointerstitial nephritis with intratubular yeast organisms, mild interstitial fibrosis, and variable tubular ectasia
and atrophy. Kidney, NOD.Cg-Prkdcs I12rg™"i!/Sz] humanized mouse. Hematoxylin and eosin stain. Inset: Higher magnification of yeast,
with occasional pseudohyphae. (B) Gram stain of section in panel A, showing suppurative tubulointerstital nephritis without the presence of
bacteria. Kidney, NOD.Cg-Prkdc* I12rg'™"1/Sz] humanized mouse. Inset: Higher magnification, illustrating the absence of bacterial organ-
isms. (C) A sheet of yeast organisms admixed with sloughed epithelial cells; degenerative neutrophils occlude the proximal ureteral lumen.
Fungal ball, kidney, NOD.Cg-Prkdc= I12rg™"l/Sz] humanized mouse. PAS stain. Inset: Higher magnification, showing yeast, septate hyphae,
and occasional pseudohyphae. Etiology consistent with Candida spp. (D) Multifocally expanding the neuropil are few, often coalescing, nodules
predominately composed of degenerate and viable neutrophils. Brain, NOD.Cg-Prkdc< I12rg™"i!/Sz] humanized mouse. Hematoxylin and
eosin stain. Inset: Higher magnification, showing yeast and septate hyphae within inflamed regions of neuropil. Grocott-Gomori methenamine
silver stain. (E) Regionally extensive, intralesional yeast organisms. Stratum corneum, forestomach, NOD.Cg-Prkdc I12rg"™V /Sz] humanized
mouse. Hematoxylin and eosin stain. Inset: Higher magnification of yeast organisms positive for Grocott-Gomori methenamine silver stain.
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with sloughed epithelial cells and degenerative neutrophils,
as described in human Candida infections,>* appeared in the
proximal ureter of 1 mouse (Figure 1). Regions of suppurative
inflammation within the kidneys were PAS-positive and gram-
negative (Figure 1), indicating yeast as the primary cause of as-
cending pyelonephritis.

Of the 3 mice that were submitted for diagnostic necropsy, 2
had mild, multifocal suppurative meningoencephalitis (Figure 1);
the third exhibited encephalitis only. There was no evidence of
otitis that could have contributed to the clinically observed neu-
rologic signs within the decalcified heads of these 3 mice. One
brain, excised from the skull, was submitted for histopathology
from the group of 11 mice necropsied by investigators and revealed
similar histopathologic findings. Yeast-like structures, albeit
rare, were admixed within the suppurative inflammation in
the brains of the euthanized mice that were considered positive
for Grocott-Gomori methenamine silver (GMS) stain (Figure 1)
and negative by Gram staining (not shown). In addition, GMS-
positive yeast or fungal organisms were observed in the stom-
ach along regions of focally extensive epithelial degeneration
or loss (Figure 1). However, structurally, these organisms were
smaller than yeast within the kidney and brain. Additional find-
ings supportive of systemic disease and impending sepsis in 1
of the 3 submitted mice included pulmonary vein necrosis and
focally extensive pleural to interstitial necrosis. Inflammation
was present mainly in kidneys (14 of 14 animals) and less often
in brain (4 of 14) and stomach (5 of 14). The organisms associ-
ated with these regions of inflammation were GMS-positive but
gram-negative in the kidneys and brain; in contrast, the regions
in stomach were GMS-negative but gram-positive (Table 1).

Histopathology confirmed severe, ascending pyelonephritis
and tubulointerstitial nephritis, with the presence of myriad
of PAS-positive yeast, hyphae, and pseudohyphae in all 14 ex-
amined mice. Given the complete lack of bacterial organisms
within regions where yeast was present within suppurative
inflammation, it is unlikely that the microbiologically identi-
fied organisms E. faecalis (a common gut bacteria) and S. xylosus
(a nonpathogenic dermal bacterial species) contributed to the
acute deaths.

Follow-up investigation. After pathologic identification of fun-
gal species in the proximal ureter and kidneys of all mice 14 ex-
amined, we sought to identify the source of the infectious agent.
Two groups of 12 mice underwent surgery, and all items used
were either prepared aseptically and sterilized, purchased ster-
ile, or autoclaved to ensure sterility. Prior to this round of sur-
gery, we had successfully completed BLT humanization surgery
more than a dozen times with no acute infection observed. We
evaluated all items used for these surgeries, and the only ones to
which all mice were exposed were the pharmaceutical products,
including tribromoethanol, carprofen, enrofloxacin, and saline;
HSC; and the rodent restrainer. Each of the pharmaceutical com-
pounds was prepared aseptically from pharmaceutical-grade
reagents, except for tribromoethanol which was sterile-filtered
prior to administration. HSC were isolated aseptically from fetal
liver and cultured overnight. Had a microbial organism been
present, it likely would have been discovered through culture
contamination, because the medium was free of antibiotics. In
addition, all of these products were administered by injection,
and had one of them been responsible for the acute infection in
all mice, the animals likely would have become ill much more
rapidly than was observed.

We considered the rodent restrainer, because the illness ap-
peared to be an ascending infection, causing pyelonephritis in
all mice. This device was disinfected with 70% ethanol between
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surgeries, but it was not disinfected between individual mice
during injection of HSC after surgery. We were unable to cul-
ture the device concurrently to confirm it as the source, because
several weeks elapsed between the loss of mice and documenta-
tion of histopathologic findings. Prior to the investigation and
histopathologic confirmation of ascending pyelonephritis with
intralesional yeast, the infection was thought to be bacterial in
etiology, and the entire procedure room, including all equip-
ment, was thoroughly decontaminated. Immediately after the
identification of yeast in tissues, we cultured microbiologic
swabs of the biosafety cabinets, ventilation duct, and other
equipment in the animal room, but no organisms were grown.

Discussion

Here we report an outbreak of ascending pyelonephritis with
numerous yeast in a group of 12 NSG and 12 NRG immuno-
deficient mice that underwent BLT humanization surgery 10 d
earlier. The purpose of the surgery was to compare BLT human-
ization between these strains of immunocompromised mice by
using the same donor and surgical staff to limit potential vari-
ability. To this end, we used different surgical packs, recovery
cages, and routine surgical supplies for each mouse strain. The
only exposures common to all mice were the HSC, pharmaceu-
tical products, and rodent restrainer. All of the pharmaceuticals
used were prepared aseptically by using pharmaceutical-grade
reagents or were filter-sterilized (pore size, 0.22 um) prior to use.
The HSC were cultured overnight in antibiotic-free medium. All
pharmaceuticals and HSC were injected by using sterile needles
and syringes for each mouse, making it unlikely that Candida
was transmitted through these products. The remaining com-
mon exposure was the rodent restrainer. Although this device
might seem an unlikely fomite, Candida species readily form
biofilms on a variety of medical devices, including catheters,
pacemakers, dental devices, and contact lenses.?! In addition,
mature biofilms can form within 24 h on materials common in
medical devices.”! A factor that might enhance the spread of in-
fection from a biofilm is that many mice spontaneously urinate
during restraint, thus potentially facilitating the transmission of
pathogens from a biofilm to a mouse.

Biofilms have 4 stages, including the formation of pseudo-
hyphae and hyphae,*! which have increased capability to in-
vade immunocompromised hosts. Importantly, biofilms, unlike
suspension cultures, are highly resistant to elimination with a
variety of disinfectants, including povidone—iodine, sodium
hypochlorite, 70% alcohol, and Ecodiol (Prodene Klint, Alby
sur Cheran, France); in the study, only chlorhexidine had effi-
cacy against Candida biofilms.* In the current case, the sanitizer
used to disinfect the equipment was 70% ethanol. Although this
disinfectant is effective against numerous bacteria and viruses,
70% ethanol has limited to no effect on yeast, even in suspen-
sion.” After this incident, MB10 or Vimoba (Quip Laboratories,
Wilmington, DE)—which contain chlorine dioxide as the prin-
cipal active ingredient and one that is effective on most yeast,
bacterial, and many viral organisms—was used as a biocide for
future disinfection. This measure, coupled with storage of the
restrainer within a closed bin, has prevented any outbreak of
opportunistic Candida infection in our humanized mouse colony
to date.

Although it seemed unlikely that all mice exposed to a com-
monly used restraining device could experience ascending py-
elonephritis, it is important to consider how experimental mouse
models of Candida infection respond to infection. In a study
comparing the susceptibility of different mouse strains to Candida
after intravenous injection of 5.5 to 6.5 Log, blastospores, death
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Table 1. Summary of histopathologic lesions (no. of animals affected [no. examined]) after experimental humanization surgery in NSG and

NRG immunodeficient mice

Histopathologic Diagnosis

Mice submitted live Mice found dead (within 2 h) or euthanized

Kidneys
Ascending pyelonephritis with yeast
Brain
Meningoencephalitis
Encephalitis
Lungs
Mild pulmonary vein necrosis with necrosis and hemorrhage
Mild, focally extensive pleural necrosis with hemorrhage
Stomach
Mild, mulifocal suppurative gastritis
Mild, multifocal epithelial degeneration and loss
Squamous nodules
Spleen
Mildly increased extramedullary hematopoiesis
Oral cavity
Minimal gingivitis
Bone marrow
Mild atrophy
Ovary
Teratoma with cysts
Ears
Otitis

3(3) 11 (11)
2(3) 0(11)
1(3) 1(11)
1(3) 0(11)
1(3) 0(11)
2(3) 3(11)
1(3) 0(11)
1(3) 0(11)
3(3) 6(6)
3(3) 0(0)
2 (3) 0(0)
1(1) 0(0)
0(3) 0(0)

No significant findings in heart or liver of either group.

occurred in 2 to 5 d, with CBA/H, BALB/¢, and C57BL/6 hav-
ing greatest to least susceptibility, respectively.? In addition,
healthy male BALB/c mice injected intravenously with either
5x10° or 1 x 10° blastospores experienced 100% mortality in 7 or
14 d, respectively, with the cause of mortality identified as sep-
sis.? Healthy immunocompromised SCID and NSG mice inocu-
lated intravenously with 1 x 10* Candida cells died as early as 10
d after injection, with approximately 60% of the NSG mice ex-
periencing mortality.” These results suggest that the time course
for sepsis and death in the mice we describe here would have
been more rapid than 10 d, given the treatments and procedures
that the animals received. With regard to the time required to
ascend the reproductive tract, female BALB/c mice in which
pseudoestrus had been induced were vaginally inoculated with
5 x 10° bioluminescent Candida blastospores and were observed
using imaging techniques for 30 d. Dissemination of Candida to
organs distant from the vaginal lumen was observed as early as
2 d after infection,® supporting the conclusion that exposure to
the urinary tract could lead to ascending pyelonephritis accord-
ing to the observed time course.

Furthermore, in each of the previous studies, blastospores
served as the inoculum, but hyphal forms are known to be
integrally associated with pathogenicity.®*” An investigation
into the intravenous pathogenicity of hyphae-producing Can-
dida compared with mutant strains that produced no hyphae
revealed significant differences in morbidity, mortality, and pa-
thology. In addition, mice that received the hyphae-producing
strain compared with the mutant ones died in 1 d compared
with 13 d after inoculation with the same number of organ-
isms.?* Healthy mice, even in immunocompromised strains,
primarily require the presence of neutrophils to combat Candida
infection.’®”? In the current case report, the mice were from
highly immunocompromised strains that had been given a
chemotherapeutic agent 20 h prior to surgery to ablate existing

leukocytes, and they received a perisurgical broad-spectrum
antibiotic; both of these events likely markedly increased their
susceptibility to Candida infection.

Candida spp. are routinely found in the environment and
are not considered pathogenic in healthy animals other than
on poorly ventilated areas of skin, including skin folds or flaps
and auricular infections.'? In addition, Candida genitourinary
infections are not commonly reported in any domestic animal
species,*”* but immunocompromised animals have increased
susceptibility when exposure occurs.” In humans, Candida
albicans is a common commensal organism of skin and mucosal
surfaces® and does not typically cause infections in healthy per-
sons. Candida infection occurs most commonly in humans with
a predisposing condition, such as diabetes, therapy with antibi-
otics or immunosuppressive agents, very young or old age, and
the use of intravenous or indwelling urinary catheters and in
patients receiving critical care.'**** Urinary tract infections with
Candida are frequently nosocomial and often are associated with
biofilms on urinary catheters; the organisms then are able to
ascend the urinary tract, causing cystitis and, infrequently, py-
elonephritis.”*” In studies of nosocomial urinary tract infections,
Candida was the etiologic agent in 12% to 21% of all infections
evaluated.” Factors that contribute to Candida’s ability to colo-
nize the urinary tract and develop hyphal forms include acid
pH and the presence of proteins.® The critical role of neutrophils
in the control of hyphal growth has been demonstrated for hu-
man neutrophils and is consistent with observations in mouse
models of Candida infection.®

To our knowledge, this case report is the first to describe se-
vere, ascending pyelonephritis with numerous Candida, result-
ing in systemic disease and acute mortality in an entire surgery
cohort of humanized mice. A previous case report described op-
portunistic ascending urinary bacterial infections in NSG breeding
colonies;? the mice in that report were all healthy breeding

http://prime-pdf-watermark.prime-prod.pubfactory.coﬁﬁr?7| 2025-02-25



Vol 68, No 5
Comparative Medicine
October 2018

animals that were not humanized or otherwise reported to have
any additional predisposing factor to support infection. A report
on pathology of aged NSG mice found Candida on the skin of
mice enrolled in a fur mite study,® but the mice in that study
were housed in a nonbarrier facility and exposed to opportu-
nistic pathogens. The origin of Candida in the present report is
unknown, but regardless of origin, the organisms were able to
induce significant mortality among these mice. This report un-
derscores the importance of strict animal husbandry, appropri-
ate disinfection and sanitization, and careful management of
restraint devices used for severely immunocompromised mouse
strains.
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