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Evaluation of Diagnostic Methods for Myocoptes
musculinus According to Age and Treatment
Status of Mice (Mus musculus)

Kelly A Rice,"""* Lauren K Albacarys,? Kelly A Metcalf Pate,! Cheryl Perkins,® Kenneth S Henderson,® and Julie Watson'

Detecting and controlling murine fur mites continues to be challenging. Here we compared the efficacy of fur-pluck, cage
PCR, and fur PCR testing of mice naturally infested with Myocoptes musculinus and make recommendations regarding the
application of these diagnostic strategies in aged or treated mice. We compared all 3 diagnostic methods in groups of infested
and noninfested control mice over time. For fur plucks, we used a scoring system to quantitatively compare mite infestations
across ages. Mice that were 4 wk old had higher egg and mite scores than did older mice, with average scores at 4 wk corre-
sponding to 40 to 100 individual fur mites and eggs per sample. Furthermore, 15% and 20% of samples from infested mice at
24 and 28 wk of age, respectively, lacked all fur mites and eggs. Cage PCR results varied as mice grew older. Fur PCR testing
was the most sensitive and specific assay in untreated infested mice, particularly when mite densities were low. In addition,
we compared fur-pluck and fur PCR tests for evaluating the efficacy of selamectin treatment. Two treatments with selamectin
eliminated Myocoptes fur-mite infestations. At 8 wk after treatment, all fur-pluck samples were negative, but one-third of
treated infested cages remained positive by fur PCR assay; at 16 wk after treatment, all cages were negative by fur PCR assay.
Because offspring of infested mice were invariably heavily infested, breeding of suspected infested mice with subsequent

testing of offspring was the definitive testing strategy when fur-pluck and PCR results conflicted.

Despite advances in laboratory animal colony management,
murine fur mites continue to be challenging to detect and
control in laboratory mice, with as many as 40% of facilities
self-reporting the presence of fur mites in their rodent colonies.*
Murine acariasis is commonly caused by Myocoptes musculinus,
Myobia musculi, and Radfordia affinis. All 3 species frequently
are excluded from laboratory mouse colonies because of their
deleterious effects on animal health and potential to confound
ongoing research. Specifically, fur mite infestations provoke
a Th2 immune response, alter inflammatory cytokines, and
elevate serum IgE.'2>1318 Pathologic changes due to fur mite
infestation include lymphadenopathy, hypergammaglobuline-
mia, secondary amyloidosis, lymphocytopenia, and splenic
hypertrophy.! Clinical manifestations vary from none to severe
dermatitis with ulceration and pyoderma, depending on mouse
strain>® and the species of mite, with M. musculi more commonly
causing clinical disease.! Interestingly, the severity of lesions
does not appear to be directly related to the number of mites,?
but lesions may be more severe in older mice.8 Although clini-
cal conditions may resolve with treatment, immunologic and
pathologic changes due to fur mite infestation can persist even
after treatment.3! Therefore, the existence of fur mites within
many laboratory mouse colonies is a cause for concern. Because
the failure to detect and treat even a few fur mites represents a
source for reinfestation,! the need for clear recommendations
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regarding accurate surveillance and effective treatment of fur
mite infestations is evident.

Fur mites persist in modern laboratory mouse colonies largely
because of difficulties in detection. One source of error is the
diagnostic technique. Microscopic examination of impressions,
fur plucks, and skin scrapes prepared in mineral oil or on cel-
lophane tape; sticky paper applied postmortem; pooled fecal
floats; and direct examination of the pelt of either anesthetized
or euthanized mice have all been used.!31416202426 However
these traditional methods, even when conducted by commer-
cial laboratories, have the potential for false-negative results
due to factors including the selection of the wrong test animal,
low mite yield, wrong sampling site, hair overlap, and techni-
cal error.2162024 Recently, diagnosis by PCR assay has become
commercially available, but information regarding its efficacy
compared with that of traditional techniques is limited.?® Fur
pluck remains a common diagnostic screening tool at many
institutions, likely owing to its low cost, relative technical ease,
and minimal deleterious effect on tested subjects. Here we report
our investigation regarding whether PCR analysis of fur swabs
or environmental cage samples was more sensitive in detect-
ing mice infested with M. musculinus than was the fur-pluck
technique customarily used at our institution.

Another potential source of error is the failure to select appro-
priate animals for testing. Soiled-bedding sentinels frequently
are used for colony surveillance, but their effectiveness is highly
controversial, with some reports describing successful detection
of fur mites and others showing that using sentinels is quite
ineffective in this context.!#192024 An alternative strategy is to
sample colony mice, but information regarding which animals
are most likely to yield positive results is limited. It is known
that monoinfestations of both M. musculi and M. musculinus
increase rapidly in neonatal mice.%* Furthermore, M. musculi
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populations decrease in numbers concurrent with the develop-
ment of host immunity and then subsequently equilibrate and
then demonstrate cyclical fluctuations (cycle length of 20 to 25
d, presumably related to the 23-d life cycle of mites) in popula-
tion size.®” However, only sparse information on population
fluctuations in M. musculinus is available: a single previous
report suggested that population densities varied and that
group-housed animals were more likely to yield positive results
than were than single-housed mice.!® Here we investigated how
M. musculinus populations varied with age and determined the
most appropriate age of mice for sampling.

Posttreatment testing may be confounded by false-positive
results if lingering eggs of unknown viability that are cemented
to hair shafts are detected. Indeed, it may take more than 8 mo
for the entire fur coat to be replaced completely.’ Similarly,
false-positive PCR tests after treatment could result from the
persistence of mite DNA in the haircoat. Here we documented
how soon diagnostic testing by fur-pluck and by fur PCR analy-
sis correctly identified mice that had been treated successfully
with selamectin. Finally, we evaluated whether the mite status
of mice with low or undetectable populations of mites could be
identified by breeding them and evaluating their offspring.

Materials and Methods

Animals. Infested mice were wildtype mice on a mixed B6x129
background and donated from a research colony naturally
infested with a monoinfection of M. musculinus. Infestation
was diagnosed initially by direct microscopic examination of
fur-pluck samples and confirmed by microscopic pelt examina-
tion and fur-mite PCR analysis with speciation (Charles River,
Wilmington, MA). Negative controls were from a breeding
colony of FVB/NCrl mice (Charles River) that was maintained
at Johns Hopkins University. All animals were maintained on a
14:10-h light:dark cycle in individually ventilated cages within
the rodent quarantine facility. Feed consisted of autoclaved
rodent chow (2018S, Harlan Teklad, Indianapolis, IN), and all
cages contained autoclaved corncob bedding (Harlan) and a
cotton enrichment square. Reverse-osmosis—purified water
was provided through an automated watering system (Rees
Scientific, Trenton, NJ). Cages were changed every 2 wk in a
dedicated change station (Lab Products, Seaford, DE) by using
a chlorine dioxide disinfectant (Vimoba, Quip Laboratories,
Wilmington, DE). Health surveillance was conducted by using
a soiled-bedding sentinel system, and mice were considered
negative for Sendai virus, pneumonia virus of mice, mouse
hepatitis virus, mouse minute virus, mouse parvovirus 1 and
2, mouse encephalomyelitis virus, reovirus, epizootic diarrhea
of infant mice, lymphocytic choriomeningitis virus, ectromelia
virus, murine adenovirus, murine cytomegalovirus, Mycoplasma
pulmonis, and Aspiculuris and Syphacia spp. pinworms. The
animal care and use program was accredited by AAALAC Inter-
national, and all procedures were IACUC-approved. Research
was done according to the principles set forth in the Guide for
the Care and Use of Laboratory Animals.

Diagnostic sampling. Fur-pluck test. Fur samples were ob-
tained by manual removal of fur from the nape of the neck,
posterior dorsum, and ventral inguinal region of each animal;
fur was placed on clear cellophane tape and adhered to pre-
cleaned glass microscope slides (Fisher Scientific, Waltham,
MA). All fur-pluck samples were blinded prior to evaluation by
randomly assorting samples and assigning a coded nondescript
numerical identification. Fur-pluck samples were considered
positive when there was any evidence of mites or eggs (includ-
ing egg casings or mite parts). Cages were considered positive

for fur mite infestation when at least one mouse in the cage was
positive for fur mites.

Cage PCR test. Cages were sampled by using sterile flocked
swabs (Puritan Medical Products, Guilford, ME) as recommend-
ed by the commercial laboratory for obtaining environmental
samples for fur-mite PCR analysis. The flocked end of the swab
was passed through cage bedding around the complete periph-
ery of the cage and then crossed through the center of the cage
twice. The swab was cut approximately 1 cm above the flocked
tip, and the flocked end was placed in a sealed microcentrifuge
tube (USA Scientific, Ocala, FL) for shipping to the commercial
laboratory (Charles River) for PCR analysis.

Fur PCR test. Fur swabs were taken by using sterile adhesive
swabs (Puritan, Guilford, ME) as recommended by the com-
mercial laboratory for obtaining direct fur samples for fur mite
PCR analysis. The pink tip of the swab was used to aggressively
massage along the neck, back, and belly of mice in the opposite
direction to fur growth. Swab tips were cut from the shaft into
microcentrifuge tubes, stored, and shipped in the same manner
as for cage PCR samples.

Scoring system. To quantify the density of infestations, a
scoring system was developed for microscopic examination of
fur-pluck slides. Separate scores were assigned for eggs and
mites. All mites or eggs on a slide were counted, and a score
between 0 and 4 was assigned (Figure 1), for which 0 represented
no mites or eggs per slide and 4 represented more than 50 mites
or eggs per slide. Slides were evaluated microscopically by using
the 4x objective lens and scored by an experienced technician
who was blinded to the source of the slides.

Aging study. To evaluate changes in the density of mite in-
festation over time, fur plucks were examined from a cohort of
infested mice at different time points as they aged. A group of
42 mice (21 of each sex) from fur-mite—positive breeding cages
was weaned at 3 wk of age and housed 3 per cage in same-sex
groups. Fur-pluck samples from mice at the following ages were
scored: 4 wk, n=25;6 wk,n=12; 8wk, n=9; 24 wk, n =26; and
28 wk, n = 10. In addition, samples from age-matched negative
controls (1 = 18) were included, with at least one negative control
scored for each time point. The first 100 slides from the mixed,
blinded study slides were selected for review, which resulted
in unequal numbers of slides for each age group. The results
of this study were used in developing the diagnostic methods
study. To further quantify the change in fur-mite density in
individual infested mice as they aged, the total numbers of
individual eggs and fur mites were counted for all fur-pluck
samples obtained from male mice in this cohort at 4 wk (n =
21) and 24 wk (n = 21) of age.

Diagnostic methods study. To compare the efficacy of different
diagnostic methods in diagnosing mite infestation, another co-
hort of mice was evaluated by 3 different methods: microscopy
of fur-pluck samples, environmental cage PCR testing, and
direct PCR analysis of animals. Test mice consisted of weanlings
from fur-mite-positive breeding cages. All mice were housed
in groups of 3 by sex, for a total of 2 cages of infested female
mice, 6 cages of infested male mice, and 8 cages of uninfested
female age-matched negative control mice.

Mice were evaluated at 4, 6, 8,10, 12, 14, and 16 wk of age by
fur-pluck, cage PCR, and direct fur PCR analysis. Fur plucks
were obtained from every mouse in each cage, and a single fur
PCR swab was used to sample all 3 mice in each cage. Cage
and fur PCR swabs were sent to the commercial laboratory for
evaluation. The swab samples were coded so that the diagnostic
lab was blinded to the samples submitted. At the testing labo-
ratory, DNA was isolated from sample swabs by automated
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Diagnostic methods for Myocoptes musculinus

Figure 1. System for scoring egg and mite burden from fur pluck samples. Score of 0, no eggs or mites; 1, 1 to 5 eggs or mites per slide; 2, 6 to
20 eggs or mites; 3, 21 to 50 eggs or mites; and 4, greater than 50 eggs or mites per slide. Examples are shown as single high-powered field of an
individual sample by using the 4x objective.

magnetic isolation and screened for fur-mite DNA by using
2 PCR assays, which were specific for the 185 ribosomal RNA
genes of the Myobia and Radfordia genera and the Myocoptes
genus. Initial positive results were confirmed by repeat testing.
Species-specific 185 rRNA PCR assays for M. musculi, R. affinis,

R. ensifera, and M. musculinus were used only during the initial
evaluation of the study group to confirm that only Myocoptes was

present in the study population. A PCR inhibition control was

used to monitor samples for PCR inhibition.! PCR inhibition
was not detected in any samples. An estimate of copy number
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per microliter of eluted DNA was determined from the cycle
threshold value obtained for the 100-copy control.??

Treatment study. This study was undertaken to evaluate the
ability of different diagnostic methods to document the disap-
pearance of fur mites after treatment with selamectin.

Mice. Test mice consisted of 2 groups: aged adult mice
(chronic, sparsely infested) and juvenile mice (postnatal trans-
mission, heavily infested). All mice were housed in same-sex
trios as previously described. At the start of the study, adult
mice were 28 wk old and juvenile mice were 5 wk old. A total
of 8 cages of infested mice (4 male, 4 female) and 6 cages (all
female) of negative controls were used for the adult treatment
group. For the juvenile treatment group, 8 cages (4 male, 4
female) of infested mice and 8 cages (all female) of negative
controls were included.

Treatment. Six cages of mice (3 of each sex) from each age group
were treated to eliminate fur-mite infestations. Two cages of in-
fested mice (1 of each sex) from each age group served as positive
controls and did not receive treatment. Treatment comprised topi-
cal application of selamectin (10 mg/kg; Revolution, Pfizer New
York, NY) to the nape of the neck. Selamectin was applied twice
(with 4 wk between applications) to every mouse in treatment
cages. Mice in negative control cages were not treated.

Testing. Mice were tested by individual fur-plucks, cage PCR,
and fur PCR analysis at time 0 (immediately before the start of
treatment), at 4 wk (immediately prior to the second treatment),
and at 12 and 20 wk after the initial treatment. Fur plucks were
obtained from every mouse in each cage. A single fur PCR swab
was used to sample all 3 mice in each cage. Cage PCR swabs for
each cage were obtained as previously described. All fur-pluck
samples were blinded prior to evaluation of positive or negative
status. PCR samples were blinded and sent to the commercial
laboratory for analysis.

Diagnostic breeding. Because diagnosis by fur pluck is prone
to false-negative results and because the validity of PCR testing
after treatment is under investigation, we needed an additional
method for confirming the presence or absence of infestation
after treatment. Our previous experience in breeding and main-
taining this mite-infested colony had shown that the offspring
of infested but fur-pluck-negative mice had numerous, easily
detectable mites. Therefore, to confirm the efficacy of selamectin
treatment and the results of posttreatment fur-pluck and fur PCR
diagnostic testing, we conducted a diagnostic breeding study.
Specifically, this study aimed to confirm that the breeding of
suspected fur-mite—positive mice with subsequent testing of
offspring could serve as a definitive strategy for the identifi-
cation of active fur-mite infestations. Mice from the juvenile
treatment group were 23 wk old at the time of breeding; those
from the adult treatment group were 46 wk of age at breeding.
Fur-mite-negative FVB mice (age, approximately 6 wk; Charles
River) were bred with the untreated positive controls (4 cages)
and selamectin-treated mice (12 cages) at the conclusion of the
treatment study. Study cages housing female mice were made
into harem breeding cages (3 female, 1 male) by the addition of
an FVB male mouse. Male study animals were separated into
breeding pairs with FVB female mice. Positive controls consisted
of untreated female breeding cages (3 infested female mice and
1 naive FVB male mouse) and untreated male breeding cages
(1 infested male mouse and 1 naive FVB female mouse). Treat-
ment cages consisted of treated female breeding cages (3 treated
female mice and 1 naive FVB male mouse) and treated male
breeding cages (1 treated male mouse and 1 naive FVB female
mouse). Follow-up testing was conducted only on breeding
cages that produced litters, and testing occurred when litters

reached 2 to 3 wk of age. Every animal in each breeding cage
was fur-plucked. Separate fur PCR swabs were obtained from
adults and pups. All fur-pluck samples were blinded prior to
determination of positive or negative status. PCR samples were
blinded and sent to the commercial laboratory for analysis.

Statistical analysis. All results were evaluated by using a com-
mercial statistical software package (Prism, GraphPad Software,
San Diego, CA). For statistical analysis of PCR cycle threshold
values, an arbitrary value of 40 was assigned when no fur mite
DNA was detected. Because the statistical tests varied with the
type of data, the individual tests used are listed with the results
for each study segment. For the purposes of analysis with regard
to sensitivity and specificity, cages were considered positive
when they were positive initially (that s, live mites detected on
fur pluck) and remained positive (live mites detected at the end
of the study on mice or their offspring by fur pluck).

Results

Aging study. Mite and egg scores for all time points are shown
in Figure 2. Egg scores from infested mice were significantly
higher in samples obtained when mice were 4 wk of age than in
those from infested mice at 24 or 28 wk of age (Kruskal-Wallis,
P < 0.0001; posthoc Dunn multiple-comparison test, P < 0.001
for both). Similarly, mite scores for samples from infested mice
at 4 wk of age were significantly higher than those of samples
from infested mice at 8, 24, or 28 wk of age (Kruskal-Wallis,
P < 0.0001; posthoc Dunn multiple-comparison test: P < 0.01,
P <0.001, and P < 0.001, respectively). The average mite and
egg scores of fur-pluck samples from mice at 4 wk of age were
greater than 3, indicating an average of 40 to 100 individual fur
mites and eggs per slide. Mite and egg scores both decreased
with the age of the mice sampled, such that by 28 wk, average
scores were less than 1, indicating fewer than 1 to 5 fur mites
or eggs per slide. Overall, chronically infested adult mice were
sparsely infested (combined mite and egg score of 3 or less),
and postnatally infested juvenile mice were heavily infested
(combined mite and egg score of 4 or greater). Furthermore, 15%
and 20% of fur-pluck samples from mice at 24 and 28 wk of age,
respectively, revealed no fur mites or eggs at all. All mice were
confirmed to be positive at 24 and 28 wk by fur-mite PCR test-
ing. Blinded negative control samples (1 = 18) at all time points
received mite and egg scores of 0 and were negative by PCR.
The total number of individual mites or eggs on each fur-pluck
sample from male infested animals at 4 wk of age were signifi-
cantly higher than corresponding those from samples from the
same infested animals at 24 wk of age (Mann-Whitney: P <
0.0001 for eggs, P < 0.0001 for mites; Figure 3). Fur-pluck sam-
ples from 4 wk old infested male mice had an average of 130.5
individual eggs and 68.1 individual mites per slide. Fur-pluck
samples from these same mice at 24 wk of age had an average
total of 0.7 individual eggs and 1.1 individual mites per slide.

Diagnostic methods study. The sensitivity and specificity were
determined for each diagnostic method (8 infested cages, 8 un-
infested controls) at every time point. The specificity was 100%
for fur pluck at all time points. The specificity was 100% for cage
PCR and fur PCR testing, except at 8 and 6 wk, respectively, for
which it was 88%. The sensitivities are given in Figure 4. Some
variation was noted for all 3 diagnostic methods, with fur PCR
analysis being the most consistent method and cage PCR testing
being the least consistent strategy. All methods were the least
sensitive when the mice were 12 wk old (Figure 4). Fur-pluck
analysis was 100% sensitive at 4, 6, and 8 wk but was less sensi-
tive at subsequent time points. The percentage of mice in each
cage that was positive by fur pluck (1 = 8) decreased significantly
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Figure 2. (A) Eggs scores for samples from infested mice at 4 wk of
age were significantly higher than samples from infested mice at 24
wk and 28 wk of age (Kruskal-Wallis: P < 0.0001, followed by post-
hoc Dunn multiple-comparison test: 1, P < 0.001 for both). (B) Mite
scores for samples from infested mice at 4 wk of age were significantly
higher than those of samples from infested mice at 8, 24, and 28 wk of
age (Kruskal-Wallis: P < 0.01; P < 0.0001; followed by posthoc Dunn
multiple-comparison test: t, P < 0.01, 1, P < 0.001, and P < 0.001, re-
spectively).

(Friedman test, P = 0.0025) as the mice aged (Figure 5); therefore
we assume that the sensitivity would have been lower if all mice
in the cage had not been sampled. The sensitivity of fur PCR
testing remained 100% for every time point except 12 wk, and fur
PCR testing detected significantly more positive infested cages
than did cage PCR when all time points are considered together
(Friedman test, P = 0.0084; posthoc Dunn multiple-comparison
test, P < 0.05). Furthermore, cycle threshold values were lower,
indicating higher copy number, for fur PCR when compared
with cage PCR at 4 wk (2-way repeated-measures ANOVA, P
= 0.0345; posthoc Bonferroni multiple comparison, P < 0.01).

Diagnostic methods for Myocoptes musculinus
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Figure 3. The total numbers of individual mites or eggs per fur pluck
assay were significantly higher for samples from 4-wk-old mice than
for samples from the same mice at 24 wk of age (Mann-Whitney: §, P
< 0.0001 for both eggs and mites).

Treatment study. Treatment. The percentages of juvenile and
adult mice that individually tested positive by fur pluck and
fur PCR at 0, 4, 8 and 16 wk after selamectin treatment are
listed in Table 1. Prior to treatment, fur pluck detected all juve-
nile (heavily infested) mice but failed to detect some sparsely
infested adults. Fur PCR detected all infested cages. At the
4-wk retreatment, both fur-pluck and fur PCR tests still de-
tected evidence of fur mites, although results differed between
juveniles and adults (Figure 6). Particularly, all of the treated
juvenile cages (1 = 6) remained positive by fur-pluck analysis.
Because mice were treated again at this time point, the success
of the initial treatment—and thus the accuracy of the 4-wk test
results—was not known. At 8 wk after the first treatment, all
fur-pluck tests for both juvenile and adult mice (n = 36) were
negative, but one third of the fur PCR tests (4 of 12) were still
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Figure 4. The sensitivities of fur pluck, cage PCR, and fur PCR assays
of infested mice and noninfested control mice over time. When all time
points were considered together, fur PCR detected significantly more
positive cages than did cage PCR (Friedman test, P = 0.0084; posthoc
Dunn multiple-comparison test, P < 0.05).

positive (Figure 6). The individual cages identified as fur-mite
positive by fur PCR testing after treatment differed at 4 and 8
wk; that is, the 2 positive cages at 4 wk were then negative at 8
wk and vice versa. By 16 wk, all fur-pluck (1 = 36) and fur PCR
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Figure 5. The percentage of fur-pluck—positive mice in each cage de-
creased significantly (Friedman test: P = 0.0025) over time.

(n = 12) tests were negative from all treated cages (juvenile, n =
6; aged, n = 6). Subsequent breeding (see following) confirmed
that mites had been eliminated from the treated mice. Fur-pluck
samples from negative control cages (juvenile, n = 8; aged, n =
6) were negative at all time points, but 3 false-positive results
were obtained among the 54 fur PCR tests conducted on nega-
tive control cages.

Breeding. Not all breeding cages resulted in successful mat-
ings. Litter sizes ranged from 3 to 12 pups. Study cages consisted
of 7 positive control cages (2 litters from untreated female mice
and 5 litters from untreated male mice) and 20 treatment cages
(5 litters from treated female mice and 15 litters from treated
male mice).

Fur-pluck testing of breeding cages. All positive control cages
(female, n = 2; male, n = 5) were positive by fur-pluck testing.
In female positive control cages, all mice (pups and adults)
were individually positive by fur pluck. In male positive con-
trol cages, all pups were positive in 2 of 5 cages; in the other 3
cages, at least 3 pups in each litter were positive by fur pluck.
Only 3 of the 10 adults from male positive control cages were
positive by fur-pluck analysis. All adults and pups (1 = 213)
from treated female cages (1 = 5) and treated male cages (1 =
15) were negative by fur pluck.

Fur PCR of breeding cages. All positive control cages (female,
n = 2; male, n = 5) were positive according to fur PCR testing
of pups. Fur PCR analysis of adults detected 5 of 7 positive
control cages; the 2 undetected cages were cages of untreated
male mice and represented both age groups. Adults in these
2 cages also were negative by fur pluck. All fur PCR tests for
adults from female (1 = 5) and male (1 = 15) treated cages were
negative for fur mites. Fur PCR analysis of pups was negative
for 18 of 20 selamectin-treated cages; in the 2 cages that tested
positive, adults had previously tested negative by fur-pluck
and fur PCR testing before breeding and remained negative by
both testing methods. Because all pups in these 2 cages were
fur-pluck—negative, we therefore assumed that these 2 positive
results were false positives.

Discussion
This study showed that mite burdens for M. musculinus-infect-
ed cages are extremely high by 4 wk of age, drop precipitously
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Table 1. Number of cages that tested positive by fur pluck (FP) and fur PCR assays among treated infested, untreated infested positive control,

and uninfested negative control mice

Time (wk) past initial treatment

0 4 8 16
FP PCR FP PCR FP PCR FP PCR

Juvenile mice Treated (6 cages) 6 6 6 2 0 2 0

Positive controls (2 cages) 2 2 2

Negative controls (8 cages) 0 0 0 0 0 0
Adult mice  Treated (6 cages) 5 6 0 2 0 2 0 0

Positive controls (2 cages) 1 2 0 2 2 2 2 2

Negative controls (6 cages) 0 1 0 0 0 0 0

Juvenile mice were 5 wk old at the start of the study; adult mice were 28 wk old. Selamectin was administered to treated cages at 0 (initial treat-

ment) and 4 wk.
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Figure 6. The percentages of positive cages as determined by fur pluck
(FP) and fur PCR assay among infested cages of juvenile mice (1 = 6)
and aged mice (1 = 6) after 2 treatments with topical selamectin (that
is, at 0 and 4 wk).

after 6 wk of age, and continue to remain low in mice 24 and 28
wk of age. In our study, infested adult male mice in breeding
cages were more likely to test negative than were female mice
in breeding cages, but whether this difference was due to the
smaller numbers of mice in our male study cages than in our
female cages is unknown—it has been shown that single-housed
mice are more likely to test negative than group-housed mice.®
The mechanism for the reduction in mite population with in-
creasing age is unknown; however, it is likely mediated at least

in part by IgE.!131718 Elevations in serum IgE in fur-mite-infested
mice were reported to return to normal after elimination of the
mites.?! Cyclical fluctuations in mite populations such as those
reported for M. musculi did not occur in the current study, but
given the shorter life cycle (14 d compared with 23 d) of M.
musculinus, our sampling strategy was not sufficiently frequent
to detect fluctuations related to the mite life cycle. We did docu-
ment a reduction in positive test results for all strategies at 12
wk of age but did not identify a cause.

Regarding diagnostic testing of neonatally infested mice,
there was a clear distinction between young mice up to 6 wk
of age and those 8 wk and older. The large numbers of mites
and eggs present on the younger mice resulted in sensitivities
of 100% for both fur PCR and fur-pluck analysis, whereas in
the older age group, only fur PCR testing approached 100%
sensitivity. Cage PCR sensitivity was usually less than 100% in
both age groups and similar to that of fur-pluck testing in the
older age group. However, it should be noted that the fur-pluck
technique we used involved intensive testing—every mouse in
the cage was sampled from 3 sites, and slides were reviewed by
an experienced technician. Sampling from fewer mice per cage
or fewer sites or by less experienced personnel would likely
have identified fewer fur-pluck—positive mice in the older age
group. Cage PCR testing, although not 100% sensitive, might
therefore be useful if time constraints prevent extensive testing
by fur pluck or if colony mice are unavailable for testing by fur
PCR, such as when manipulation of the mice would interfere
with the research project. Our study found that fur PCR test-
ing was much more sensitive than was described in a previous
report.2® Differences may have resulted from the technique used
to collect the DNA or the outside laboratory used for testing. In
our study, a special sticky swab (provided by the laboratory)
was used in an aggressive massaging technique over the whole
body of the mouse to maximize the DNA collected. In addition,
DNA copy numbers detected in our study were generally low,
ranging from 10 to 100 in fur PCR swabs, so another possible
explanation for our differing results is that copy numbers may
have been below the test threshold of detection in the prior
study. Regardless, the occasional false-positive fur PCR test in
our study underscores the need to confirm PCR-positives by
microscopic detection of mites or eggs.

The negative controls in the current study were all white
FVB mice; however all samples were mixed and blinded before
analysis, and there were both positive and negative white-
colored fur pluck samples (the breeding study yielded positive
white fur-pluck slides from in-contact mice and from offspring).
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Coat color was not a factor for DNA analysis. No microscopic
evidence of mites was found on any of the negative control
fur-pluck samples throughout the study, confirming lack of
transmission between cages. This finding was as we expected,
because the mice were housed in ventilated racks with HEPA
filtration of both incoming and exhausted air; in any case,
transmission between cages has not been proven.

Our results showing that not all mice from infested cages
test positive by fur-pluck analysis confirms a previous report!®
and suggests that to maximize the chance of detection, all mice
in the cage should be tested, particularly of adult animals that
harbor few mites. For fur PCR testing, we used a single swab
to test all the mice in the cage, so results for individual mice
were not available. However, given the relatively low copy
numbers found on the PCR tests, it seems prudent to collect
from all mice in each cage.

Posttreatment testing should not be conducted too soon after
treatment if an incorrect positive diagnosis is to be avoided. In
our study, one third of treated cages still tested positive by fur
PCR analysis at 8 wk after the first treatment regardless of the
initial infestation status (heavy or sparse), and juvenile, heavily
infested cages remained positive by fur pluck at 4 wk after treat-
ment. In general, these positive fur-pluck findings consisted of
mite parts, eggs and egg casings, which were numerous in some
samples. It was not possible to determine whether these find-
ings were associated with active infestation until later testing
confirmed a negative status. In theory, retained mite material in
treated mice could affect diagnosis for even longer: a previous
report showed that fur may be retained for more than 8 mo.?

We classified several other PCR results in our studies as
false-positives because subsequent tests by PCR, fur pluck, and
breeding were all negative. In these cases, we presumed that
the false-positive findings were due to cross-contamination at
some point in the collection or testing process. The high propor-
tion of positive PCR samples in this study may have resulted
in cross-contamination during PCR testing. In any case, the
occurrence of false-positive PCR results in the current study
highlights the need for confirmatory testing. When a definitive
diagnosis is unavailable (for example, if a positive PCR cannot
be substantiated by detection of live mites), breeding the sus-
pect mice and testing the offspring at weaning will confirm or
refute the diagnosis.

The question still remains regarding the most efficient means
to detect the presence of mites in laboratory mouse colonies.
Sentinel mice are evaluated routinely, but whether they are
sufficiently sensitive to detect the presence of mites under ‘real
world’ conditions is unknown.>!2224 PCR analysis of rack ex-
haust samples shows promise,!? but its efficacy on a large scale
has yet to be tested. Regardless, because sentinel evaluation and
rack PCR are both retrospective, any positive results must be
confirmed by testing of the colony animals on the rack. We here
provide definitive information regarding the optimum age of
animals to test and the most appropriate testing technique for
Myocoptes spp. mites. Although we did not evaluate Radfordia
and Myobia spp., previous reports suggest that Myobia spp.
undergo a similar pattern of rapid colonization of offspring fol-
lowed by a reduction in mite populations.! Because the life cycle
of these other species is approximately 9 d longer than that of
Myocoptes, it is likely that the population peak and subsequent
reduction occur later than those in Myocoptes.>”

We therefore have the following suggestions regarding testing
to maximize the detection of fur mites in mice. The population
most likely to support heavy infestations is female group-
housed mice that are 4 to 6 wk old. In heavily infested mice,

both fur PCR and fur-pluck testing are likely to detect positive
mice, butif the extent of infestation is likely to be low, as in older
or single-housed mice, then fur PCR analysis is most likely to
detect positive animals. All mice in the cage should be tested,
regardless of test used. Testing after selamectin application
may falsely indicate an active infestation if performed sooner
than 8 wk (fur-pluck testing) or 16 wk (fur PCR analysis) after
treatment. Testing environmental cage and bedding samples
by PCR is not 100% sensitive but may be useful, particularly in
cases in which the mice themselves cannot be tested.
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