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Despite the availability of alternative methods, such as trans-
port of gametes or embryos, shipping live, unique, transgenic, 
potentially infected mice between institutions is commonplace 
and presents a potential biosecurity risk to receiving institu-
tions.18,29,31 The biosecurity risk is frequently mitigated by using 
rederivation by embryo transfer, cross-fostering, or quarantine 
procedures.3,4,34,42 The transport of mice between institutions has 
previously been associated with changes in research models or, 
in some cases, complete loss of the model phenotype, both lead-
ing to concerns regarding research reproducibility.45 Although 
both interfacility movement and rederivation have been shown 
to alter the gut microbiota (GM), little has been done to evaluate 
the effect of quarantine procedures on the GM.13,15,26

Quarantine procedures are imperative to the protection 
of health status of rodent research colonies and subsequent 
research reproducibility.36 Procedures vary across institutions 
but frequently include physical isolation of the quarantined 
animals, treatment with fenbendazole-impregnated feed to 
prevent or treat pinworm infestation, and administration of a 
topical or oral treatment for fur mites.32,34 Both fenbendazole 
and the macrolide lactones (avermectin, ivermectin, moxidec-
tin) have been shown to affect research outcomes through their 
pharmacologic mechanism of action, but no data are available 
regarding the potentially subtler effects on research models due 
to possible alterations in the GM.11,40,44 Quarantine at our facility 
(the University of Missouri) is typically at least 8 wk long, us-

ing fenbendazole-impregnated feed throughout the quarantine 
period and 2 treatments of topical moxidectin.

Given the continued need to use quarantine procedures to 
protect the biosecurity of our rodent colonies, balanced with 
the concern surrounding model continuity and reproducibility 
in the context of quarantine-induced changes in the GM, we 
evaluated the effects of common quarantine treatments on the 
GM of 6-wk-old C57BL mice from 2 different, popular sources. 
Previous work from our lab has demonstrated that mice of 
the same strain—but procured from different vendors—have 
significantly different gut microbiota.8 We chose these 2 par-
ticular vendors because their mice represent opposite ends 
of the spectrum of GM with regard to microbial richness and 
diversity. Regardless of genetic background, mice from vendor 
A consistently harbor fecal microbiota of significantly greater 
richness and diversity than that of the comparable substrain 
from vendor B.8 C57BL/6 substrains were chosen for this study 
because they are common background strains for genetically 
modified mice. To this end, we treated separate cohorts of mice 
with fenbendazole-impregnated feed, topical moxidectin, or 
a combination of fenbendazole-impregnated feed and topical 
moxidectin. Fecal samples were collected on arrival, imme-
diately after completion of treatment, and at 2 and 4 wk after 
cessation of treatment. Once we better understand the effects of 
routine quarantine procedures on murine GM, we can take steps 
to mitigate any potential alterations, with the ultimate goal of 
enhanced research reproducibility and appropriate biosecurity.

Materials and Methods
Animals and husbandry. Female C57BL/6NHsd mice (n = 

48; age, 6 wk) were obtained from vendor A (Envigo, Indian-
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apolis, IN) and female C57BL/6J mice (n = 48; age, 6 wk) from 
vendor B (The Jackson Laboratory, Bar Harbor, ME). All mice 
were housed at 4 per cage in IVC (Thoren, Hazelton, PA) with 
compressed paper bedding (Paperchips, Shepherd Specialty 
Papers, Watertown, TN); acidified, autoclaved water; and a 
14:10-h light:dark cycle. Cages were assembled with bedding, 
wire bar lids, and filter tops and autoclaved as a unit prior to 
use. All animal and cage manipulations were performed in 
a class II A2 biosafety cabinet (LabGard ES NU-540, Nuaire, 
Plymouth, MN) disinfected with 10% bleach solution prior to 
use. All mice were housed in an AAALAC-accredited facility, 
and all animal use was performed according to the standards 
put forth in the Guide for the Care and Use of Laboratory Animals 
(8th ed.)17 and approved by the University of Missouri ACUC.

Quarantine treatment. To best replicate quarantine conditions, 
mice were randomly placed into treatment groups according 
to vendor immediately on arrival. Animals were divided into 4 
groups (n = 12 mice per group). The FBZ group received irradi-
ated fenbendazole-impregnated feed (150 ppm fenbendazole, 
Lab Diet, St Louis, MO) for 8 consecutive weeks. The MOX 
group received 3 µL topical moxidectin (Cydectin 5% moxidectin 
topical, Boehringer Ingelheim Vetmedica, St Joseph, MO) be-
tween the shoulder blades on arrival and at 2 wk after arrival 
and was fed 5LOD chow (the base diet for fenbendazole-im-
pregnated feed; Lab Diet). The FBZ+MOX group received both 
fenbendazole-impregnated feed and moxidectin as described 
earlier. The control group did not receive any treatment and was 
on irradiated 5LOD chow for the duration of the study. At 8 wk, 
all mice were switched to 5LOD for the remainder of the study.

Sample collection. Feces were collected from each mouse on 
arrival (baseline), immediately after 8 wk of treatment (week 
0), and at 2 and 4 wk afterward cessation of treatment (weeks 2 
and 4, respectively). To collect feces, mice were placed individu-
ally in sterile, empty cages and allowed to defecate voluntarily. 
After defecation, mice were returned to their home cage, and 1 
or 2 fecal pellets were removed from the collection cage floor by 
using an autoclaved toothpick. Samples were placed in a sterile 
2.0-mL round-bottom tubes with stainless steel beads (diameter, 
0.5 cm) and stored at –80 °C until further analysis. After collec-
tion, gross debris was removed from the fecal collection cages, 
and the cages were cleaned with 10% bleach prior to use with 
the next animal. All feces were collected between 1500 and 1800.

Fecal DNA extraction. All fecal DNA extraction was performed 
as previously described.8 Lysis buffer was added to the sample, and 
the sample was homogenized for 3 min by using a TissueLyser II 
(Qiagen, Venlo, Netherlands). After homogenization, samples were 
incubated at 70 °C for 20 min, with periodic vortexing. The samples 
were centrifuged at 5000 × g for 5 min at room temperature, and the 
supernatant was transferred into a sterile 1.5-mL microfuge tube. 
Ammonium acetate (10 mM, 200 μL) was added to the supernatant, 
vortexed, and incubated on ice for 5 min. Samples were centrifuged 
as described earlier. After centrifugation, samples were combined 
with an equal volume of chilled isopropanol and incubated on 
ice for 30 min. The samples were then centrifuged at 16,000 × g 
for 15 min at 4 °C. The supernatant was collected and discarded. 
The remaining DNA pellet was washed multiple times with 70% 
ethanol and resuspended in 150 µL of Tris–EDTA. DNA was iso-
lated from the sample by using a DNeasy kit (Qiagen) according 
to the manufacturer’s recommendations. DNA was quantified by 
fluorometry (Qubit 2.0, Life Technologies, Carlsbad CA) by using 
quant-iT BR dsDNA reagent kits (Invitrogen, Carlsbad, CA) ac-
cording to the manufacturer’s instructions.

16S rRNA library preparation and sequencing. All processing 
of extracted DNA was performed at the University of Missouri 

DNA Core as previously described.8 A bacterial 16S rDNA 
amplicon library was generated through amplification of the 
V4 hypervariable region of the 16s rDNA gene with universal 
primers (U515F/806R), flanked by Illumina standard adapter 
sequences.5,41 PCR amplification of the variable regions used the 
following parameters: 98 °C for 3 min; followed by 25 cycles 
of 98° for 15 s, 50 °C for 30 s, and 72 °C for 30 s; with a final 
incubation at 72 °C for 7 min. Amplified products were pooled 
and mixed. The pooled samples were purified by using Axy-
gen AxyPrep MagPCR Clean-up beads (Corning Life Sciences, 
Tewksbury, MA) and incubated at room temperature for 15 min. 
The products were washed multiple times with 80% ethanol 
and resuspended in EB buffer (Qiagen) at room temperature 
for 2 min. The solution was then placed on a magnetic stand 
for 5 min. The amplicon pool was evaluated by using the Frag-
ment Analyzer automated electrophoresis system (Advanced 
Analytical, Ankeny, IA), quantified with a Qubit fluorometer 
using the quant-iT HS dsDNA reagent kit (Invitrogen), diluted 
according to Illumina’s standard protocol, and sequenced on 
an automated sequencer (MiSeq, Illumina, San Diego, CA).

Informatics. The University of Missouri Informatics Research 
Core Facility performed all trimming, assembly, binning, and 
annotation of all sequences as previously described.8 Contigu-
ous sequences were assembled by using FLASH software,27 
with culling of sequences with a base quality of less than 31. 
Qiime v1.921 was used to identify and remove de novo and 
reference-based chimeras. All remaining contigs were placed 
in operational taxonomic units (OTU) according to a criterion 
of 97% identity. OTU were assigned to taxonomic groups by 
using BLAST2 against the SILVA database of 16s rRNA gene 
sequences.35 Principal coordinate analyses were performed by 
using 1/4 root-transformed OTU relative abundance data, and 
indices of richness and α-diversity were determined by using 
Past 3.1614 software downloaded on 10 August 2017.

Statistics. Only samples returning greater than 10,000 
high-quality reads were included in the analysis. Two-way 
repeated-measures ANOVA with posthoc comparisons with 
control treatment group or pretreatment time point according to 
the Holm–Sidak method was used to test for main effects of treat-
ment and time (and interactions) on the mean number of OTU 
(richness) and mean Simpson index (α-diversity) within each 
vendor by using SigmaPlot 12.3 (Systat Software, San Jose, CA). 
Past 3.16 software was used to evaluate differences in β-diversity 
between groups by using 2-way permutational ANOVA of Jaccard 
and ranked Bray–Curtis distances. After principal coordinate 
analysis, one-way ANOVA was used to compare the intrasubject 
Bray–Curtis similarity indices between the baseline and week 0 
time points for all treatment groups. The data failed a test for 
normality; therefore ANOVA on ranks was used to compare the 
intrasubject Jaccard similarity indices between the baseline and 
week 0 time points for all treatment groups. Differences with a 
P value less than 0.05 were considered significant.

Results
Of the 384 samples (96 mice at 4 time points) processed and 

sequenced, only 2 failed to achieve a threshold of 10,000 reads. 
Overall, a total of 27,391,847 reads were included in the final 
dataset, resulting in a coverage (mean ± 1 SD) for the remaining 
382 samples of 71706 ± 11890 reads.

To facilitate visualization of the differences in the GM before 
and after treatment, we first generated stacked bar charts show-
ing the relative abundance of bacteria (and archaea) at the OTU 
level for both vendors’ groups of mice (Figure 1). At the level 
of the OTU (that is, groups of sequences sharing a minimum of 
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97% nucleotide identity), there is an apparent decrease in the 
relative abundance of several specific taxa, such as OTU197 
(uncultured [UC] member within the family Ruminococcaceae), 
and a subjective increase in relative abundance of other taxa, 
such as OTU32 (Alistipes sp.), OTU245 (Desulfovibrio sp.), and 
OTU267 (Akkermansia sp.), in mice across all treatment groups. 
Other than a subtle increase in the relative abundance of mi-
crobes in the family Tenericutes, minimal change was present 
in the taxonomic composition of samples from vendor B mice 
at the phylum level. At the level of the OTU, there were how-
ever apparent differences between the pretreatment samples 
and samples from all of the posttreatment time-points for all 
treatment groups, including controls, suggesting that these 
changes over time are due to unidentified institutional factors 
or simply effects of aging. Some of the most striking changes 
noted include decreases in the relative abundance of OTU197 
and OTU201 (UC family Ruminococcaceae) and OTU263 (UC 
order Mollicutes, group RF9) and concurrent increases in the 
relative abundance of OTU147 (UC family Peptococcaceae), 
OTU179 (Ruminoclostridium sp.), OTU214 (Turicibacter sp.), and 
OTU258 (Anaeroplasma sp.).

Influence of quarantine procedures on richness and α-diversity 
of GM. To test for treatment-dependent changes in the fecal 
microbiota, we first determined the overall richness and α-
diversity of each sample and, with stratification according to 
mouse supplier, tested for main effects and compared treated 
and control groups at each time point. Richness was measured 
as the number of OTU detected, whereas α-diversity (a metric 
comprising both richness and evenness of distribution) was 
assessed by using the Simpson index.

Considering first the C57BL/6 mice from vendor A, which 
typically harbor a richer GM relative to those from vendor B, 
significant time- and treatment-dependent (time: P < 0.001, F = 
43.13); treatment: P < 0.047, F = 2.87) differences and a significant 
time×treatment interaction (P = 0.004, F = 2.87) were present 
(Figure 2 A). Note, however, that the F values ascribed to each 
main effect suggest a much larger effect size due to time, and 
main effects of treatment will also reflect minor preexisting 
differences between treatment groups and individual mice due 
to random chance. Post hoc tests revealed significant decreases 

in richness between the pretreatment sample and the week 4 
sample in all 4 groups (FBZ and FBZ+MOX, P < 0.001; MOX, P = 
0.001; control, P = 0.003). No significant differences in microbial 
richness were detected between treatment groups compared 
with control at the baseline or week 4 time points; significant, 
albeit subtle, differences were detected between the FBZ and 
control groups at week 0 (P = 0.041) and between the FBZ+MOX 
and control groups at week 2 (P = 0.010).

Conversely, no significant effects of time (P = 0.316, F = 1.19) 
or treatment (P = 0.994, F = 0.026) on α-diversity were detected 
in samples from mice from vendor A (Figure 2 B).

With regard to the C57BL/6 mice from vendor B, 2-way ANO-
VA detected significant effects of time (P < 0.001, F = 10.19) and 
treatment (P < 0.001, F = 7.18) and their interaction (P = 0.010, F 
= 2.55) on richness (Figure 2 C). That said, the significant main 
effect of treatment again was based on all samples (including 
baseline) and thus, at least partially, reflects inherent differences 
between groups. Supporting this interpretation, post hoc tests 
detected significant differences in the number of OTU between 
controls and all other groups at the baseline time-point (P < 0.05) 
and between the control and FBZ+MOX groups at week 0 (P 
= 0.033), with no other group-dependent differences at week 2 
or 4. Within the MOX group, richness was significantly greater 
at weeks 0 and 2 relative to baseline (P < 0.001), whereas there 
were no differences between week 4 and any of the preceding 
time points. In the control group, richness was significantly 
decreased at week 4 relative to pretreatment (P = 0.011).

Similarly, significant effects of both time (P < 0.001, F = 7.68) 
and treatment (P < 0.001, F = 8.04), with no significant interaction 
(P = 0.665, F = 0.75), were detected in α-diversity in samples 
from the mice from vendor B (Figure 2 D). Post hoc testing in-
dicated that, within the FBZ group, values at all posttreatment 
time points were significantly greater than the pretreatment 
values (P < 0.05) and, within the control group, the week 0 and 
4 time points were increased relative to pretreatment (P = 0.046 
and 0.045, respectively). These findings, in combination with 
the relatively modest F score associated with the main effect 
of treatment, suggest that the effect of time was much greater 
than any specific quarantine treatment under study. Collec-
tively, we interpreted the analyses of richness and α-diversity 

Figure 1. Stacked bar charts showing the fecal microbiota of C57BL/6 mice from (A) vendor A and (B) vendor B prior to treatment (Pre) with 
moxidectin (MOX), fenbendazole (FBZ), both compounds (FBZ+MOX), or neither compound (CTL); immediately after 8 wk of treatment (week 
0); and 2 wk (week 2) and 4 wk (week 4) after completion of treatment, annotated to the level of operational taxonomic unit (OTU).
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as evidence that any effect of FBZ, MOX, or FBZ and MOX in 
combination on the GM are far outweighed by the changes that 
occur in untreated mice arriving at, acclimating to, and aging 
in a new facility.

Influence of quarantine procedures on GM composition. To 
determine whether significant treatment-dependent effects on 
the composition of the GM were present, data were visualized 
by using principal coordinate analysis, based on both weighted 
(Bray–Curtis) and unweighted (Jaccard) similarity indices and 
tested by using 2-way permutational multivariate ANOVA. 
Weighted indices determine the similarity between sample 
pairings based on their agreement with regard to the relative 
abundance of shared taxa, whereas unweighted indices are 
based on agreement between samples regarding the presence 
or absence of taxa.

On visual inspection, samples from vendor A mice demon-
strate similar patterns of clustering regardless of the similarity 
index used. Specifically, samples collected prior to any treatment 
clustered together, partially (Figure 3 A) or completely (Figure 
3 B) separate from samples collected at all 3 posttreatment 
time points, depending on the similarity index used. Samples 
collected at week 0 and beyond demonstrated a comparable 
directional shift along PC1 in all groups, indicating that the 
compositional changes observed in Figure 1 were similar in 
nature and not dependent on treatment. Whereas permutational 
ANOVA detected significant main effects of both time and treat-
ment, the F values associated with those tests suggests that the 
observed changes predominantly reflect differences across time 
in all groups (Table 1). Similarly, samples collected from vendor 
B mice show a relatively uniform shift from baseline to week 0, 
regardless of treatment group or similarity index used (Figure 3 
C and D). Although preexisting differences between treatment 
groups are more apparent in the vendor B C57BL/6 mice (due 
to random chance), all groups again evinced similar directional 
shifts at week 0, followed by minimal change between weeks 
0, 2, and 4. Testing by using permutational ANOVA based on 
the Bray–Curtis distances indicated a much greater effect size 
of time than treatment, which, in conjunction with the complete 

separation of treatment groups at the pre time-point, suggests 
that any compositional changes in the GM induced by FBZ or 
MOX were negligible (Table 1).

To incorporate individual mouse variation in the compari-
sons, we determined the intraindividual similarity between 
the pre and week 0 samples from each mouse, again using both 
weighted and unweighted indices. Regardless of the similarity 
metric, no significant treatment-dependent differences were 
detected in the intraindividual sample similarity between the 
baseline time point and the end of treatment 8 wk later in mice 
from vendor A (Figure 4 A) or vendor B (Figure 4 B; vendor A: 
Bray–Curtis P = 0.799, Jaccard P = 0.095; vendor B: Bray–Curtis 
P = 0.453, Jaccard P = 0.778).

Collectively, the data we have presented complement earlier 
reports of changes in the GM after transport to a new facility 
or institution and suggest that such changes in institution or 
mere aging have a greater influence on the GM of laboratory 
mice than do the routine quarantine treatments we evaluated 
in the current study.8

Discussion
The GM of research mice has been shown to undergo compo-

sitional changes after shipping. Individually, the treatment of 
mice with moxidectin and fenbendazole have been demonstrat-
ed to alter the behavior of multiple rodent models of disease, 
primarily through direct action on specific receptors. The effects 
of moxidectin on internal and external parasites through its 
mechanism of action on GABA- and glutamate-mediated ion 
channels, causing a flaccid paralysis, is well established.7,28 
When delivered topically, moxidectin distributes to most tissues, 
including the gastrointestinal tract.23,38 Moxidectin is effective 
against some bacteria either individually or synergistically.25,43 
Because this agent is not typically considered antibacterial, we 
anticipated that the effects of moxidectin on the GM would be 
minimal. Fenbendazole is considered a parasiticide, and it in-
hibits the binding of tubulin subunits thus disrupting organelle 
movement, cell division, and motility and decreases glucose 

Figure 2. Number of OTU (mean ± SEM; indicative of diversity of microbiota) across all time points for each treatment group from (A) vendor A 
and (B) vendor B. Simpson index (mean ± SEM); α-diversity) across all time points for each treatment group from (C) vendor A and (D) vendor 
B. Significant (P < 0.05) differences of FBZ (a), FBZ+MOX (b), and MOX (c) groups from the control group are noted.
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uptake.28 Although not typically considered antibacterial, fen-
bendazole has been shown to influence bacterial antimicrobial 
resistance.39 The effects of fenbendazole on the GM are most 
like to be secondary and become apparent if parasites, such 
as pinworms, are removed.10,19,24 Although the current study 
was not designed to evaluate the individual effects of time, 
transport, or change in institution on the murine GM, any 
change associated with the quarantine procedures evaluated 
was minor when compared with those effects. This outcome is 
demonstrated by the changes in the variation of the CTL group 
mirroring the changes of all 3 treatment groups across all time 
points. This effect is especially evident when evaluating the 
relative abundance of the OTU in Figures 1 and 2. All baseline 
groups were visually very similar by vendor, as expected due 

to the random assignment of animals to treatment groups. 
Changes in OTU relative abundance in the control group are 
visually similar to the changes noted in all 3 groups at the 0-, 

Figure 3. Principal coordinate analysis plots showing β-diversity in C57BL/6 mice purchased from (A, B) vendor A or (C,D) vendor B, by using 
(A, C) Bray–Curtis distances and (B, D) Jaccard distances. Main effects of time and treatment (and interactions between those variables) were 
determined by using 2-way permutational ANOVA are shown.

Table 1. P and F values from tests of Bray–Curtis and Jaccard similarity 
indices evaluating the significance of the effects of time and treatment 
on the gut microbiota of mice according to vendor

Bray–Curtis Jaccard

P F P F

Vendor A Time 0.0001 9.97 0.0001 11.35
Treatment 0.0001 4.07 0.0001 4.20
Interaction 0.036 −0.13 0.011 −0.34

Vendor B Time 0.0001 9.97 0.0001 11.69
Treatment 0.0001 4.07 0.0001 14.22
Interaction 0.036 0.19 0.004 −0.19

P values were determined from one-way ANOVA (Bray–Curtis) and 
one-way permutational ANOVA (Jaccard) to ascertain differences in 
the effects of treatment, time, and their interaction. Differences with P 
< 0.05 are considered significant.

Figure 4. Intraindividual Jaccard (J) and Bray–Curtis (BC) similarity in-
dices from pretreatment to immediately after 8 wk of treatment with fen-
bendazole (FBZ), fenbendazole and moxidectin (FBZ+MOX), moxidectin 
(MOX), or neither compound (CTL) in C57BL/6 mice from (A) vendor A 
or (B) vendor B. Higher values indicate greater similarity between base-
line (pre) and week 0 time point. No significant differences between treat-
ment groups in the gut microbiota of mice from either vendor A or B ac-
cording to either similarity index (Jaccard or Bray–Curtis) were detected. 
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2-, and 4-wk posttreatment time points, suggesting that time, 
shipping, or change in institution plays a much more important 
role in the variation in richness and α-diversity than the evalu-
ated quarantine treatments.

Similar results are apparent when comparing richness and by 
using the average number of OTUs and α-diversity according 
to the Jaccard similarity indices. Some variation was present 
between the controls and treatment groups for both measures on 
arrival (vendor B, Figure 2 C) and throughout treatment (Figure 
2 A–D). However, at the 4-wk time point, none of the treatment 
groups are statistically significantly different from the controls. 
This finding is in line with results from other groups showing 
that the GM stabilizes over time after a change in institution, 
further supporting time, shipping, and institutional changes as 
larger sources of variation than the evaluated treatment effects.26

Alterations in GM can affect research models.30 The prolif-
eration of the genus Alistipes has been noted as mice age and 
has been associated with increased frailty indices, depression, 
and leaness in rodent models.19,22,37 Whereas Akkermansia dem-
onstrates the opposite trend in relation to age, an increase is 
associated with colitis and exacerbated inflammatory responses 
in gnotobiotic mice and is seen for several generations follow-
ing facility change.6,9,12,22 An increase in Turicibacter has also 
been noted following facility change and is seen in sedentary 
mice.1,6 An increase in Tenericutes has been noted when mice are 
placed on high-fat diets or there is a change in diet.16,33 Although 
many of these changes can be associated with the change in 
facility or diet, their effects on individual models may need 
to be discussed with investigators prior to the movement and 
quarantine of animals.

Significant main effects of treatment and time and significant 
interactions were noted at all time points (Figure 2 and Table 1). 
Nevertheless, the relative P values and associated F or q values 
for the effect of time were larger than those associated with ef-
fects of the treatment at most time points, further supporting 
that time or institution change account for more of the variation 
noted than the treatment. This conclusion is supported by lack 
of significant change noted between the baseline time point and 
immediately after treatment at week 0 for all treatment groups 
including controls (Figure 4). Intuitively any changes in the 
GM due to treatment would be most visible at week 0, with 
institutional stabilization occurring at the following time points.

A wide variety of factors, such as transport and change in 
institution, affect the GM. The movement of animals between 
facilities is vital to collaboration and the forward movement 
of animal-based research. The potential changes in the BM can 
have a marked effect, including loss, on model phenotype. GM 
changes due to animal movement between facilities could be 
exacerbated by the treatments institutions require prior to in-
cluding the animals in their vivaria, further hampering efforts 
to increase reproducibility in science. According to the data 
provided here, variation was observed in all factors examined. 
Although variation was seen among treatments of a standard 
quarantine regimen, the degree was much less than that seen 
with time or institutional change or their combination. Moreover, 
principal coordinate analysis revealed consistent overlap of treat-
ment groups, suggesting that any treatment-associated variation 
is unlikely to affect studies where influences of differing GM on 
model phenotype or study reproducibility are of concern.
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