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Effective diagnosis of the common murine fur mites Myocoptes 
musculinus, Myobia musculi, and Radfordia affinis continues to 
be a topic of study because of the persistence of infection, their 
potential research complications, challenges of diagnosis, and 
numerous treatment options and their varying degrees of suc-
cess. The fur mite identified most often in laboratory mouse 
colonies is Myocoptes musculinus.7,16 This mite frequently is 
observed as part of a mixed infection with Myobia spp. and may 
crowd out Myobia mites during a heavy infestation.7,8 Radfordia 
spp. is another common fur mite that looks similar to Myobia 
spp. and that can occur as part of a mixed infestation.7

The adult Myocoptes spp. mite typically infects the inguinal 
region, abdomen, and dorsum but can also be found on the 
head and neck.1,7 Myocoptes spp. mites are oval in shape, and 
the body is heavily chitinized.7 Microscopically, Myocoptes can 
be differentiated from other mite species because the adult has 
a third and fourth pair of legs that are pigmented, and tarsal 
suckers are present.7,8 Myobia spp. and Radfordia spp. mites typi-
cally inhabit the head and neck.8,13 Myobia spp. and Radfordia 
spp. are morphologically similar but can be differentiated by 
the characteristic bulge between the legs of Radfordia spp. and 
by the terminal tarsal claws seen in Radfordia spp. but lacking 
in Myobia spp.8

Clinical symptoms associated with infestations can have pro-
found effects on the overall health of mice in a research colony. 
Signs associated with infestations can vary from inapparent 
infections to alopecia, pruritis, self-excoriation, ulceration, and 
secondary pyoderma.8,13,17,22 In addition, unthriftiness, lym-
phadenopathy, reduced weight gain, and decreased life span 
have been associated with acariasis.3,8,26

Many reports in the literature describe diagnostic methods for 
fur mites, including skin scrapes, cellophane tape impressions 

of the dorsal fur, hair pluck, stereomicroscopic examination 
of cooled pelts, and a sticky paper technique.5,8,9,15,23 Each 
diagnostic method presents its own challenges. All methods 
are dependent on mite burden, which can be variable and will 
depend on the length of infestation, mouse strain, age, groom-
ing patterns, hair cycle length, and housing density.1,6,11,15,18,23 
All of these tests can be labor-intensive and depends on the 
experience of the personnel collecting the specimens and their 
skill in mite identification.23

Recently, one of our conventionally housed mouse colony 
rooms experienced a fur mite outbreak. The infestation was 
identified during routine quarterly sentinel health screening of 
CD1 mice. Mites were identified by direct examination of the 
pelage at necropsy, and Myocoptes musculinus was confirmed 
through microscopic examination. Cellophane tape tests and 
PCR samples of the infected mice were collected following initial 
diagnosis of the infestation and then at 6 and 12 wk after treat-
ment of the mice with permethrin-impregnated cotton balls.

In the current study, we compared a commonly used diag-
nostic test for fur mites, the tape test, with a PCR assay. We 
hypothesized that the PCR assay would be a more sensitive 
indicator than microscopic tape impression examination after 
treatment compared with initial diagnosis.

Materials and Methods
Mice and husbandry. The animals in the fur mite-infested 

study room were male or female C57BL/6 mice or various 
transgenic strains. The mice were obtained from The Jackson 
Laboratory (Sacramento, CA) or Taconic (Cambridge City, IN). 
Animals were bred at our facility and enrolled in neurologic 
studies. The total number of mice treated and tested was esti-
mated to be 140. Mice were housed at 2 to 4 animals per cage in 
ventilated polysulfone cages (Techniplast, Buguggiate, Italy) or 
conventional polysulfone cages with isolator tops.

Female Crl:CD1(ICR) mice (n = 24) were obtained from our 
breeding colony. These mice were enrolled in our sentinel 
program and served as control animals. The control mice were 
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the sample sizes were based on the availability of mice for col-
lection in the respective study rooms. In the fur mite-infested 
room, tape-test and PCR samples were collected from all cages 
except those with litters, to avoid any potential adverse effect 
of sample handling on the ongoing experimental breeding in 
the treated room.

The cellophane tape impressions were evaluated (Com-
parative Pathology Laboratory, University of California–Davis) 
microscopically at 100× magnification according to a grid pat-
tern. The cellophane tape impressions were analyzed by an 
experienced medical technologist, who was blinded to the 
source of the samples at each time point. Slides were numbered 
sequentially without reference to the room from which the 
sample originated; the key was generated by the persons who 
collected the samples. A positive tape-test result was defined as 
the presence of at least one egg or evidence of adult mites (whole 
or in part); a negative result was defined as any sample that 
lacked eggs or evidence of adult mites. No attempt was made 
to quantify the number of eggs or mites present. Posttreatment 
samples that were deemed positive by tape test and negative by 
PCR were reevaluated by a veterinary pathologist.

The samples for PCR were submitted to a commercial labora-
tory (Research Animal Diagnostic Laboratory, Columbia, MO) 
for analysis. The first PCR assay performed confirmed whether 
fur mites were present. If this assay provided a positive result, 
a second assay was performed to confirm these results and 
differentiate the mite species.19 A positive PCR result was de-
fined as any sample that yielded the presence of fur mites and 
confirmed the presence of either Myocoptes spp. alone or with 
Radfordia spp. and Myobia spp. Because the sequences evaluated 
in this PCR assay are about 98.8% identical between Radfordia 
spp. and Myobia spp., these results are reported collectively.20 
A negative PCR result was defined as any sample that did not 
yield the presence of fur mites in the first assay.

Statistical analysis. The marginal probabilities of obtaining 
positive or negative results for the PCR and tape test at each 
time point were compared by using an exact McNemar test for 
paired data. A P value less than or equal to 0.05 was considered 
statistically significant. The proportions of positive and negative 
results for each diagnostic test at each time point and their 95% 
confidence intervals were calculated. Data were analyzed by 
using StatXact-8 (Cytel Software, Cambridge, MA). In addition, 
the specificity of PCR was calculated. Samples positive by both 
tests were considered to have yielded true-positive results.

Results
At all time points during the study, the pooled samples col-

lected from the control mice were negative by both tape-test and 
PCR. On day 1 (before treatment), only one fur-mite–infested 
sample was negative by tape test (Table 1). All other samples 
yielded positive results in both diagnostic tests. PCR revealed 
the presence of Myocoptes spp., Radfordia spp., and Myobia spp. 
Three tape tests samples from day 1 had discernible adult mites 
that could be speciated microscopically as male and female 
Myocoptes spp. mites. On all other day 1 tape-test slides, mite 
species could not be differentiated because hair shafts obstructed 
visibility or because only parts of adult mites were present. Eggs 
along hair shafts were identified on all slides.

After treatment, both tests yielded negative results. The 
number of false-negative tape-test results increased from 2.8% 
on day 1 to 10.8% at 6 wk and 22.6% at 12 wk (Table 1). Ap-
proximately 29% (6 wk) and 32.4% (12 wk) of the samples after 
treatment were false-negative by PCR. The corresponding tape 
tests for these samples showed the presence of mite eggs, intact 

housed in the same facility as those in the fur mite-infested 
study room, but the control animals were located in 5 different 
Animal Biosafety Level 2 study rooms on a different floor of 
the facility. Mice were housed in similar ventilated caging. Each 
cage contained corncob bedding, and 2 mice were housed per 
cage. Animals in our sentinel program are screened quarterly for 
specific pathogens, which includes assessment for fur mites via 
direct microscopic exam of pelage after euthanasia. The control 
rooms had no history of fur mite infestations.

Mice in the fur-mite–infested study room and control mice 
were seronegative for lymphocytic choriomeningitis, mouse 
hepatitis virus, mouse rotavirus, ectromelia virus, minute vi-
rus of mice, mouse parvovirus, murine norovirus, pneumonia 
virus of mice, Sendai virus, reovirus type 3, Theiler mouse 
encephalomyelitis virus, K virus, mouse adenovirus, mouse 
thymic virus, polyoma virus, mouse cytomegalovirus, Haantan 
virus, lactic dehydrogenase elevating virus, cilia-associated 
respiratory bacillus, and Mycoplasma pulmonis. The mice were 
also free of Helicobacter spp. and ecto- and endoparasites. All 
mice in the study were at least 3 wk old. Mice were fed rodent 
chow (Laboratory Rodent Diet 5001, Mouse Diet 5015 or 5058, 
or PicoLab Mouse Diet 20, PMI Nutrition International, Rich-
mond, IN). All study rooms were kept on a 12:12-h light:dark 
cycle. Cages were changed every 2 wk in all study rooms. Soiled 
bedding from cages was transferred to the sentinel cages every 
2 wk at cage change.

The animal care and use program at University of California–
Davis is AAALAC-accredited. Animal handling and care was 
in accordance with the Guide for the Care and Use of Laboratory 
Animals12 and IACUC-approved protocols.

Treatment. Cotton bedding impregnated with Mitarrest (7.4% 
permethrin, EcoHealth, Boston, MA) was placed in each mouse 
cage according to the manufacturer’s instructions on day 1 after 
initial sample collection. All animals in the fur mite-infested 
room were treated. Briefly, 2 cotton balls per rodent were placed 
in each cage weekly for a total of 6 wk. During cage changes, 
the used cotton balls were replaced with fresh treated cotton 
balls. For weeks during which cage changes did not occur, fresh 
cotton balls were placed in cages on the same day of the week 
as for cage changes; used cotton balls were not removed.

Sample collection and analysis. Control mice were sampled 
first to prevent cross-contamination from the fur mite-infested 
room. For sampling, each mouse was removed from its cage. 
For tape test evaluation, an approximately 5 cm × 2 cm piece 
of cellophane tape was pressed several times against the back, 
neck, and abdomen of each mouse in the cage to collect a pooled 
tape impression. The tape was pressed onto a glass slide.

For PCR testing, individually wrapped sterile polyester swabs 
with a plastic shaft were used for sample collection. A swab 
was passed multiple times against the grain of the fur over the 
dorsum, head, abdomen, and inguinal region of each mouse in 
the cage.21 A single swab was used for each cage of mice. Each 
polyester swab was placed into a separate sterile microfuge 
tube, and the swab tip was broken off for sample transport and 
submission. The polyester swab samples were maintained at 
ambient temperature.

Samples were collected on day 1 prior to treatment and at 6 
and 12 wk after treatment prior to the biweekly cage change. 
At each time point, 11 (day 1) or 12 (6 and 12 wk) pooled tape-
test and PCR samples were collected from the control mice. 
On day 1, pooled tape-test and PCR samples were collected 
from 36 cages in the fur mite-infested colony. At 6 and 12 wk 
after treatment a total of 37 and 31 samples, respectively, were 
collected from the fur mite-infested colony. The difference in 
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According to the commercial laboratory, the PCR test has a 
sensitivity of less than 10 gene copies, potentially providing a 
more sensitive diagnostic method than the tape test for labo-
ratories to use.19,20 With the PCR method, a swab is used to 
collect cellular debris and mite fragments;19 presumably mite 
DNA arising from any mixture of live adult mites or mite parts, 
dead adult mites or mite parts, eggs, or excrement would yield 
positive results in the PCR assay. If PCR detects both live and 
dead mites, then positive results are not necessarily indicative 
of active infection after treatment. The length of the hair cycle is 
as long as 8 mo in some strains of mice,24 suggesting that mite 
eggs or mite parts could still be attached to the hair shaft for 
this length of time and could result in a positive PCR until the 
hair is shed, even though an active infection is not present. At 
6 wk after treatment, eggs and adult mites or mite parts were 
visualized on 4 tape tests, and none of these samples were 
positive by PCR. At 12 wk, a total of 5 tape-test samples had 
either adults only or eggs and intact or partial adult mites; and 
only 3 of these samples were positive by PCR. The reason for 
the false-negative results in our study are unclear but may be 
related to the reduction of mite-associated materials present 
from treatment, grooming patterns, or routine cage changes or 
to the collection method, especially given that PCR was negative 
when adult mites (whole or parts) were present by tape test after 
treatment. During preliminary evaluation of the fur-mite PCR 
assay, a total of 5 cages each containing a single fur-mite–infested 
mouse housed with 3 confirmed fur-mite–negative mice was 
tested by the commercial laboratory. The PCR assay was more 
sensitive than was fur pluck, tape test, and pelage exam, but 
no claims were made regarding the sensitivity or efficacy of the 
PCR assay after treatment.20

Several groups consider the dorsal tape test, in which cel-
lophane tape is placed on the back of a euthanized mouse 
for 6 h, to be the most reliable diagnostic method.1,7,8 Tape 
test continues to be a common method in many laboratories 
because it is relatively quick, can be done on live animals, and 
is cost effective.5,10,13 In addition, tape test of the pelage has a 
reported estimated sensitivity of 84% for detecting Myocoptes 
spp.; however, some authors claim that the test is robust only 
during a heavy infestation.10,16 At our institution, the tape test 
is a common diagnostic tool. In the current study, the fur-mite–
infested mice were part of a neurologic study; we therefore 
needed a reliable diagnostic method that allowed us to sample 
live animals. An advantage of the tape test, as with hair pluck, 
skin scrape, and PCR, is that these tests can be performed 
quickly on awake animals with minimal distress, whereas pelt 
examination and the sticky-paper technique require anesthe-
tized or euthanized mice.2,5,8,13

PCR identified both Myobia–Radfordia spp. and Myocoptes spp. 
during infestation, whereas direct visualization of tape tests did 
not confirm the presence of Myobia spp. and Radfordia spp. Over 
the course of the study, the number of pooled samples contain-
ing only Myocoptes spp. decreased over time, suggesting that the 
treatment was effective for this species. In contrast, the number 
of cages positive for Radfordia–Myobia spp. increased over 
time. Myocoptes spp. can crowd out Myobia spp. during heavy 

adult mites, or parts of adult mites (Table 2). PCR confirmed the 
presence of all 3 fur mite species in the positive posttreatment 
samples; the number of positive samples decreased over time 
for Myocoptes spp. only, whereas the numbers of Radfordia spp. 
and Myobia spp. collectively increased.

The sensitivity of the PCR assay before treatment was cal-
culated to be 100% (95% confidence interval, 92.6% to 100.0%). 
Given the reasonable assumption that all PCR-positive results 
are true positives, the specificity of PCR was 100%. There was 
no significant difference in the proportions of tests that were 
mite-positive or -negative by either PCR or tape test before or 
at 6 or 12 wk after treatment.

Discussion
Deciding on a single diagnostic method for murine fur mite 

evaluation can be difficult because the literature is contradic-
tory regarding which diagnostic test is the most reliable and 
accurate for fur mites. Skin scrape has been reported to be the 
most accurate and sensitive diagnostic for identification of fur 
mites.5,23 In one study, 5 diagnostic tests were evaluated and 
ranked from most to least effective diagnostically: skin scrape 
was considered the most effective, followed by stereomicros-
copy, tape test, hair pluck, and finally observation for clinical 
signs.5 Another study compared stereoscopic examination of 
the whole animal to hair pluck and concluded that accuracies 
of these diagnostics are comparable.2 A recent report compared 
the sticky-paper technique to the hair pluck test. For the sticky-
paper technique, the mice were euthanized and placed on a 
piece of sticky paper overnight; the sticky-paper technique was 
more sensitive for fur-mite diagnosis than were hair plucks.15

The results of our study show that PCR has high sensitivity 
during active fur mite infection. The PCR and tape test results 
coincided 97.2% of the time on day 1, but this value decreased 
to 59.5% and 48.4% at 6 and 12 wk after treatment, respectively. 

Table 1. Percentages of samples that were fur-mite positive (+) or negative (–) by each test at each time point

Mean % (95% confidence interval)

PCR+ and tape test+ PCR– and tape test– PCR+ and tape test– PCR– and tape test+

Day 1 (pretreatment) 97.2% (85.5% to 99.9%) 0 2.8% (0.1% to 14.5%) 0
Week 6 40.5% (24.8% to 57.9%) 16.2% (8.4% to 28.7%) 10.8% (3.0% to 25.4%) 32.4% (19.6% to 48.7%)
Week 12 29.0% (14.2% to 48.0%) 19.4% (7.5% to 37.5%) 22.6% (10.0% to 41.1%) 29.0% (14.2% to 48.0%)

Figure 1. The number of mite-positive PCR samples by species on day 
1 before treatment and at 6 and 12 wk after treatment. The PCR assay 
used cannot differentiate Radfordia spp. and Myobia spp., which are 
closely related.
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stage of infestation, or mature mice with stable or suppressed 
burdens.10 The advent of a PCR-based assay provides an ad-
ditional diagnostic tool that has a relatively quick and efficient 
collection method for detecting fur mites on awake animals 
or in their environment (for example, cages and bedding).19,20 
Although PCR may be costly, pooling samples (that is, a single 
swab for multiple animals), as we performed here, can help 
decrease the overall cost of the test.

To our knowledge, this study is the first to compare a PCR 
assay with the tape test in the context of a natural infection by 
fur mites. Our findings indicate that PCR is a reliable diagnos-
tic method during active infection prior to treatment for fur 
mites. This assay is highly specific for murine fur mites and 
can identify the mite species once an infestation is confirmed. 
Negative results should be interpreted carefully if fur mites are 
suspected, and a secondary diagnostic method should be con-
sidered to supplement PCR results after treatment. The presence 
of mite eggs, intact adult mites, or adult mite parts during the 
secondary diagnostic evaluation may be indicative of infection. 
Clinical assessment of the animals and collection of follow-up 
samples would need to be considered to determine whether 
the infection is active (or not). Additional studies with a larger 
and more controlled sample size, additional time points, and 
comparison with other diagnostic techniques are required to 
better assess whether PCR assays could effectively replace our 
current diagnostics for murine fur mites.
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