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Fur mites are a common pathogen in laboratory rodents, and 
infestations usually are caused by Myobia musculi, Myocoptes 
musculinis, or Radfordia affinis.1,2,12,13,16 Infestation can result in 
mite-associated ulcerative dermatitis,10,34 prolonged inflamma-
tory responses,18 systemic immune effects,19-21,26 and decreased 
reproductive indices.34 Numerous treatment modalities have 
been reported,2-4,9,14,16,25,27,28,31,37 but their success at eradicating 
outbreaks varies. A survey of institutions conducted in 20085 
revealed that 30% and 40% of respondents reported infesta-
tions of Myobia musculi and Myocoptes musculinis, respectively, 
whereas recent prevalence data suggests an overall incidence 
of 12% in North America.30 Many institutions with barrier fa-
cilities exclude fur mites,1,16,18,34 and policies to reject imports 
from facilities with endemic or sporadic infestations disrupts 
collaborations between investigators.18

Low prevalence in barrier housing coupled with poor diagnos-
tic methods makes detection challenging.7 Despite the multiple 
testing methodologies available, successful identification of 
mite-infested mice remains problematic.4,32 Soiled-bedding 
sentinels, the current standard in colony health surveillance, 
has conflicting reports of reliability in the detection of fur-mite 
infestations.23,32 Low cage densities and incorrect sampling site 
strategies may further decrease detection.24

Active infestations in live mice are often diagnosed via trans-
parent adhesive-tape tests,4,14,25 but they can also be identified 
by skin scrape, fur pluck, sticky paper, pelt examinations,2,12 
and PCR tests.3,6,35 A survey of 16 studies3,4,9,14,17,18,23-25,29,31-36 
involving the diagnosis and treatment of fur mites revealed 
that the transparent-tape test is the most commonly performed 
diagnostic test, followed by fur pluck (Figure 1). One group of 

authors4 reported the skin scrape test to be the most reliable 
method in their experience and gauged other tests by the level 
of agreement to the skin scrape. Their study4 concluded that skin 
scrape was the most reliable test, followed by pelt examination, 
transparent adhesive-tape test, fur pluck, and observation. Re-
cent studies suggest direct or environmental sampling PCR can 
be a sensitive means for detection of mites17 and that PCR prior 
to treatment is sensitive for fur mites.35 Other studies24,35 com-
pared results between 2 selected tests (fur pluck compared with 
sticky paper;24 transparent adhesive tape compared with PCR35), 
making it difficult to infer how the evaluated diagnostics com-
pare with other methods not included in the study. When the 5 
available comparative fur-mite studies are assessed, it becomes 
clear that there is little overlap in the diagnostic tests assessed 
(Figure 2). In the current study, we evaluated 4 commonly used 
diagnostic methods to enable a side-by-side comparison. Two 
of those tests were repeated on a second cohort of mice, which 
also were tested by PCR. This process allowed us to rank the 5 
tests used in the study. A false-negative rate (FNR), defined by 
the occurrence of negative test results in subjects known to be 
infested, was calculated, instead of agreement between pairs 
of diagnostics. Here we evaluated the FNR of a wide array of 
diagnostics, including 2 postmortem and 3 antemortem tests, 
in the same study.

Materials and Methods
Mice. Experimentally naïve male and female mice (n = 100; 

age, 16 wk to 15 mo) on a mixed BALB/c background from a 
colony naturally infected with Myobia spp. were donated for 
the current study. The conventionally maintained colony is 
endemic for mouse hepatitis virus, mouse norovirus, mouse 
parvovirus, minute virus of mice, polyoma virus, Aspicularis 
tetraptera, Myobia musculi, Entamoeba muris, and Syphacia obve-
lata. Mice were housed in groups of 3 to 5 per cage. The facility 
is tested semiannually by using soiled-bedding sentinels, one 
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then performed euthanasia, pelt exam, and overnight incuba-
tion on sticky paper.

Cohort 2. To compare the FNR of a fur-mite PCR test with 
the sticky-paper test and postmortem pelt exam, 50 mice were 
swabbed prior to euthanasia for the PCR assay. We then per-
formed euthanasia, pelt exam, and overnight incubation on 
sticky paper.

The FNR is defined by the occurrence of negative test results 
in subjects known to have the disease or infestation. Mite-
positive mice were defined as those with a positive result on at 
least one diagnostic test. A negative result from a mite-positive 
mouse counted as a false negative.

Diagnostic techniques used. Fur-mite PCR assay. Individu-
ally wrapped adhesive swabs provided by the commercial 
laboratory (Charles River Labs, Wilmington, MA) were used 
to sample the fur from around the ears, base of neck, under the 
chin, inguinal areas, and base of tail, as directed by the vendor.6 
Swabs then were placed in sterile microcentrifuge tubes, and 
the tips cut off by using scissors. Samples were transported 
back to the commercial laboratory by using overnight delivery 
on ice packs.

Adhesive-tape technique. A 4 × 2-cm piece of clear transpar-
ent adhesive tape (3M, St Paul, MN) was adhered to the head, 
neck, base of tail, and ventral abdomen of each mouse. The tape 
then was affixed to a glass slide and examined under a light 
microscope (model S or D Leitz Laborlux, Leica Microsystems, 
Buffalo Grove, IL) at 16× magnification for the presence of adult 
mites or mite eggs.

Fur-pluck technique. Fur was plucked from the head caudal 
to the ears and eyes, the base of the tail, and ventral abdomen. 
Samples from these regions were pooled for each mouse and 
placed in 2 to 3 drops of mineral oil on a glass slide, covered by 
a glass coverslip, and examined under a light microscope (model 
S or D, Leitz Laborlux) at 16× magnification for the presence of 
adult mites or mite eggs.

Pelt exam technique. Mice were euthanized by carbon dioxide 
asphyxiation and immediately placed under a dissecting light 
microscope (model 439168, Wild Heebrugg, Gais, Switzerland) 
for whole-body examination for the presence of mite eggs or 
adults. Swiss jeweler’s forceps (Miltex, York, PA) were used 
to part the hair, and the entire pelt was examined beginning 
at the muzzle and ending at the base of the tail. The mice then 
were placed in dorsal recumbency for examination of the 
ventral abdomen and inguinal regions. Each pelt exam lasted 
approximately 2 min.

Sticky-paper technique. After pelt examination, mice were 
placed in lateral recumbency on the center of adhesive covers for 
96-well plates (Falcon, Franklin Lakes, NJ) that were trimmed to 
fit into deep culture dishes with lids (Thermo Scientific, Roches-
ter, NY). After overnight incubation at room temperature (68 to 
72 °F) under a biosafety class II cabinet, mice were removed from 
the sticky paper, and the paper was scored under a dissecting 
microscope (model 439168, Wild Heebrugg) for the presence or 
absence of adult mites or eggs.

Scoring method. Two experienced readers (one with 3.5 y of 
experience, the other with 5 y of experience) read and recorded 
results for each sample independently. Readers were blinded 
to each other’s results. When disagreement was identified, the 
slide, carcass, or sticky paper was reexamined and a definitive 
result (either positive or negative) agreed on. Positive results 
meant at least one mite egg or adult was observed. A negative 
result indicated no mite eggs or adults. Reader disagreement 
occurred only during the scoring of sticky-paper tests, result-
ing in repeat sample evaluation by both readers. In each case of 

per rack side, and is negative for cilia-associated respiratory 
bacillus, ectromelia virus, Encephalitozoon cuniculi, epizootic 
diarrhea of infant mice virus, hantavirus, K virus, lymphocytic 
choriomeningitis virus, mouse cytomegalovirus, mouse adeno-
virus, mouse thymic virus, pneumonia virus of mice, reovirus 
type 3, Sendai virus, Theiler mouse encephalomyelitis virus, 
Mycoplasma spp. and Salmonella spp. Any mouse with pruritus 
or dermatitic lesions was excluded from the study.

Facilities. The Division of Veterinary Resources at the NIH 
(Bethesda, MD) is an AAALAC-accredited animal care and 
use program. All animal care was in compliance with the Guide 
for the Care and Use of Laboratory Animals,15 and experimental 
procedures were in accordance with federal policies and guide-
lines governing the use of animals and approved by the Office 
of Research Services Animal Care and Use Committee. Mice 
were housed on hardwood and cedar shavings, with continu-
ous access to rodent diet (NIH31, Zeigler Brothers, Gardner, 
PA) and acidified water (pH 2.7 to 3.0). Mice were housed in 
polycarbonate shoebox-type cages with open wire-bar lids, 
which were kept on wall-mounted static racks and changed once 
weekly. Environmental enrichment included shredded paper 
bedding (EnviroDri, Shepherd Specialty Papers, Richland, MI) 
and a weekly rotation of paper tubes and plastic enrichment 
devices. The housing room was maintained at 69 to 75 °F (20.6 to 
23.9 °C), with an average humidity between 30% and 70% and 
on a 12:12-h light:dark cycle.

Experimental design. Cohort 1. To compare the sticky-paper 
test and postmortem pelt exam with 2 traditional antemortem 
fur-mite diagnostic tests, 50 mice were tested with transparent 
adhesive tape, and fur was plucked prior to euthanasia. We 

Figure 1. Number of publications using various fur-mite diagnostic 
techniques in studies. Results were compiled by reviewing 16 stud-
ies evaluating fur-mite diagnosis or treatment, many of which used 
multiple diagnostic tests.
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Several mice that tested negative by sticky paper but positive 
by pelt exam were reexamined under dissecting microscope just 
after incubation and removal from the sticky paper. We found 
that Myobia and eggs were still present, with live mites clinging 
to the end of individual hairs. Readers noted that mites adhering 
to the sticky paper were most frequently found on the direct 
contact surface on which the mouse was laid. Very few mites 
jumped off the carcass and onto the sticky paper, thus resulting 
in a positive test.

Discussion
In our study, the PCR assay for fur-mite detection in mice had 

a 0% FNR, proving to be the most sensitive of all antemortem 
tests we used. The pelt exam had a 2% FNR, demonstrating 
the highest sensitivity of all postmortem tests examined. The 
traditional antemortem fur-mite diagnostic assays (transparent 
adhesive-tape and fur-pluck tests) had similar, lower sensitivi-
ties than that of pelt exam.

Our result differs from a recent study, which found that the 
FNR of PCR can be quite high when mice that have been treated 
for mites are tested.35 Indeed, in that study,35 the PCR test had 
a much lower FNR when applied to untreated animals. Six 
weeks after mice were treated for infestation, the FNR of PCR 
increased dramatically from 0% to 29%.35 Another potential 
reason for the apparent discrepancy between the current and 
previous results is that different commercial laboratories were 
used for PCR testing in the 2 studies. Although there is no 
published data to explain the difference in sensitivity, it is pos-
sible that the lower mite burden that resulted from treatment 
may have contributed to the false-negative results. Perhaps the 
discrepancy between commercial laboratories can be attributed 
to sampling locations, in which we sampled around the ears, 
base of neck, under chin, inguinal areas, and base of tail. By 
comparison, the laboratory used in the previous study35 rec-
ommends swabbing the head, base of tail, and inguinal area of 
each mouse. Another possibility is that the type of swab used for 

disagreement, the sample was definitively scored as positive, 
meaning one reader initially recorded a false-negative result.

Statistics. A χ2 test was used to assess whether at least 2 of 
the 5 tests had significantly different FNR. Then, we analyzed 
which pair or pairs of diagnostics had significantly different 
FNR by using the Tukey Honest Significant Difference multiple-
comparisons test among proportions.38 A P value of less than 
0.05 was used to define statistical significance. All analyses were 
done in Matlab (Mathworks, Natick, MA).

Results
In contrast with previously reported results,24 we found that 

of the 2 postmortem tests, pelt exams (FNR, 2%) were more 
sensitive in detecting Myobia musculi on mice than was the 
sticky-paper test (FNR, 36%). PCR had a 0% FNR, whereas 2 
traditional antemortem tests, fur pluck and transparent adhe-
sive-tape exams, had FNR of 24% and 26%, respectively. In the 
first cohort of 50 mice, only 2 (5%) of the pelt exams produced 
false-negative results, whereas 10 (26%) of the sticky-paper tests 
were falsely negative. Fourteen of 50 known-infested mice were 
negative across all 4 testing modalities.

In second cohort of 50 mice, we compared the PCR assay to 
the most effective test for the first cohort (pelt exam). The sticky-
paper test was included to confirm the difference in detection 
efficacy of the 2 postmortem tests in the first cohort. As for the 
first cohort, mite-positive mice were identified as those with a 
positive result on at least one diagnostic test. This time, all 50 
mice were mite-positive. The pelt exam yielded no false-neg-
ative results, and the sticky-paper test again performed worse 
(22 false-negative results, 44%) than did the pelt exam. The PCR 
assay obtained no false-negative results and was specific to the 
identified mite species, indicating the presence of Myobia spp. 
and not Myocoptes spp.

When the 2 cohorts were combined (100 mice), the sticky-
paper test had the highest FNR. A χ2 test confirmed significantly 
(χ2 = 49.37, P < 10−9) different FNR between at least 2 of the 5 
diagnostic tests we evaluated. Using a multiple-comparisons 
test among proportions, we found that both the PCR assay 
and pelt examination had significantly (P < 0.01) lower false-
negative rates than did the other 3 tests (Table 1). We found no 
significant difference in sensitivity between the sticky-paper, 
fur-pluck, and tape tests.

Because different sets of diagnostics were combined in each 
cohort, differences in overall detection rates may have occurred. 
To ensure that diagnostic rankings derived from the pairwise 
FNR comparisons were not erroneous due to different testing 
criteria, we recalculated FNR by using the pelt exam as a ‘gold 
standard.’ By using this detection method, the criteria for the 
2 cohorts was identical, and the PCR assay continued to have 
significantly lower FNR than did the sticky-paper, tape, and 
fur-pluck tests (P values for pairwise comparisons were less 
than 0.001).

Figure 2. Overview of comparative fur-mite diagnostic studies.

Table 1. Differences in FNR according to the multiple-comparisons test 
among proportions

P

PCR compared with pelt exam not significant
PCR compared with fur pluck < 0.001
PCR compared with adhesive tape < 0.001
PCR compared with sticky paper < 0.001
Pelt exam compared with fur pluck < 0.005
Pelt exam compared with adhesive tape < 0.01
Pelt Exam compared with sticky paper < 0.001
Fur pluck compared with adhesive tape not significant
Fur pluck compared with sticky paper not significant
Adhesive tape compared with sticky paper not significant
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effort to leave carcasses as are Myocoptes spp.22 Myocoptes spp. 
are more sensitive to environmental conditions, leaving the skin 
surface 30 to 45 min after the death of the host.22 However, in 
the case of Myobia spp., large numbers of mites will remain in 
feeding positions and subsequently die there,22 as we observed 
in our study. More recent data attest to the difference in mobil-
ity between the 2 species, in which Myocoptes spp. effectively 
transferred from soiled bedding to result in active infestation, 
whereas Myobia spp. proved relatively inefficient.33 In our expe-
rience, the sticky-paper test involved high labor with no gains 
in sensitivity. One advantage over the transparent adhesive-
tape test may be, due to carcass positioning, sticky paper’s 
higher surface area sampling for the ventral abdomen, where 
Myocoptes spp. tend to concentrate. However, sticky paper did 
not perform significantly better than did the transparent-tape 
test in our study.

Another limitation of our study was that we did not evaluate 
the skin-scrape test, although it has been deemed reliable in past 
studies.4,32 Although skin scrapes are performed as often as are 
pelt exams (Figure 1), we were limited by the total number of 
sampling procedures performed on each study subject. Because 
fur mites tend to concentrate in specific anatomic regions, 
repeated sampling in the same location could result in false-
negative results for the tests performed last in order, especially 
in cases of low mite burden. In our institute, the skin scrape is 
not commonly used for the detection of fur mites. Skin scraping 
tends to be labor-intensive and may cause trauma to mice, in 
the case of inexperienced sample collectors.

In our study, 14 of 100 mice tested negative across 4 traditional 
diagnostic methods. Negative results, however, did not prove 
that the mice were not infested with fur mites, and the possibil-
ity of those being false-negative results remains. False-negative 
results, regardless of diagnostic method, have potentially dev-
astating consequences; releasing an animal from quarantine 
or accepting imports on the basis of false-negative results may 
lead to a facility outbreak of fur mites. Because no test is 100% 
sensitive or specific. it is important to perform confirmatory 
testing on positive results. In the case of PCR-based pinworm 
screening, multiple methods of diagnosis is recommended to 
increase diagnostic efficacy.11 Additional studies should be per-
formed to assess the effect on sensitivity of pooled compared 
with individual samples, environmental compared with direct 
animal testing, various levels of mite burden, and mixed com-
pared with single infestations.

According to our results, PCR testing for fur mites is highly 
sensitive in detecting active infestation with Myobia spp. Our 
analysis showed there was no statistical difference in the FNR 
of PCR and pelt exam, so facilities should continue to use pelt 
exams in health surveillance where Myobia infestations are sus-
pected. The analysis also revealed that there was no significant 
difference between the FNR of fur-pluck, transparent-tape, and 
sticky-paper tests for detection of Myobia infestations. Given 
the results of a previous study,24 perhaps a combination of 
pelt exam and sticky-paper tests should be used in situations 
of mixed or unknown infestations. Due to its high sensitivity, 
PCR is useful for screening, but we recommend follow-up test-
ing to confirm an active infestation, especially in treated mice. 
PCR assays are becoming an integral part of laboratory animal 
health surveillance. However, until more data become available 
regarding its sensitivity and specificity in various treatment 
and sampling situations, we recommend the use of multiple 
methods for accurate detection and confirmation of active fur-
mite infestations of mice.

collection may affect false-negative results, and several types of 
swabs are commercially available. No data are currently avail-
able that addresses differences in performance between sticky 
adhesive, flocked, or polyester swabs or the effects of mite load 
on diagnostic sensitivity.

Differences in primer sets and amplification conditions8 have 
previously been proposed to explain differences in testing re-
sults between commercial laboratories, as well as human error, 
reagent failure, or equipment malfunction. The labs used in the 
previous35 and current studies both run a generic PCR test for 
the presence of mite DNA, followed by a secondary PCR test to 
confirm the exact species detected. However, the primer sets and 
amplification conditions used remain proprietary information.

The debate regarding whether to switch to PCR testing from 
traditional methods is not a new one.8,11 PCR can directly detect 
infectious agents, and its high sensitivity allows for the pooling 
of samples and perhaps cost savings. Another advantage is that 
PCR can be used for quarantined and on-study mice, where the 
survival of tested animals is necessary. Due to the decreased 
need for handling when taking the sample, PCR may be less 
stressful, compared with fur-pluck and adhesive-tape tests, with 
PCR showing increased gains in sensitivity prior to treatment for 
fur mites.35 A recent study demonstrated a high probability of 
detecting fur mites by using environmental sampling, exhaust 
plenums in particular.17 However, the PCR assay’s sensitivity 
can also be a disadvantage in situations of cross contamination, 
resulting in false-positive results. Mice treated for infestation 
may no longer have active infestations, but the presence of 
materials such as empty egg casings or mite parts may persist, 
given that it takes longer than 6 mo for a mouse to shed its entire 
coat.32 One limitation of the current study is that we were unable 
to evaluate the rate of false-positive results from PCR tests.

Our study also shows that pelt exams are more sensitive 
in detecting Myobia than was previously reported for mixed 
Myobia and Myocoptes infestations.4 Myobia mites concentrate 
at the head and face, whereas Myocoptes mites spread out on 
the ventral abdomen and inguinal regions.22 Perhaps our pelt 
exams were more sensitive because of a single, rather than mixed 
infestation, given that mixed infestations increase the number 
of sites requiring examination, resulting in evaluator fatigue. 
One study4 reported high sensitivity by using pelt exams, in 
contrast to another report32 of low sensitivity, but neither study 
reported the amount of experience of the laboratory technician 
doing the pelt exam. Perhaps the pelt exam’s sensitivity is linked 
to technician’s experience. In our study, the 2 technicians had 
more than 8 y combined experience reading pelts. Our institute 
performs whole-body pelt exams without incubation, which is 
another difference from other studies in which pelts were re-
moved and placed in dishes for incubation.32,33 Because Myobia 
tend to concentrate around the eyes and muzzle, removal of the 
pelt from the carcass may lower the sensitivity of the exam. It 
should be noted that the evaluators were aware that they were 
taking part in a fur-mite diagnostic study and of the health 
status of the mice they were examining, thus perhaps resulting 
in greater numbers of positive diagnoses across all traditional 
testing modalities.

Our experience with the sticky-paper test was dramatically 
different than that of other colleagues,24 who saw very high 
sensitivity in the diagnosis of Myocoptes postmortem. We suspect 
that differences in natural biology of the 2 mite species explain 
the difference in the detection of Myocoptes compared with Myo-
bia species. Myobia musculi and Myocoptes musculinis complete 
their entire life cycles on or above the host’s skin surface,22 but 
after the death of the host, Myobia spp. are not as active in their 
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