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Evaluating a Reduction in Treatment Duration of 
Ivermectin Diet for Fur Mite (Radfordia affinis) 

Eradication in Mice

Wai H Hanson, DVM, PhD, DACLAM,1,* Cayden J Samuels, BA,1 Cheryl L Woods, BS,2  
and Kenneth S Henderson, PhD, MSc2

Murine fur mites are commonly excluded in modern research animal programs, yet infestations continue to persist due to 
challenges in detection and control. Because all diagnostic methods and treatment options have limitations, programs must 
make many operational decisions when trying to eradicate these ectoparasites. The primary aim of this study was to assess 
various durations of treatment time with an ivermectin-compounded diet in eliminating Radfordia affinis in mice as deter-
mined by PCR testing and pelt examination. A shorter treatment duration would be highly advantageous as compared with the 
current regimen of 8 wk as it would minimize cost and time for animal management programs, impediments to research, and 
ivermectin drug effects on infested animals. Five experimental groups of R. affinis-positive mice received dietary ivermectin 
for 0, 2, 4, 6, or 8 wk. A fur mite-negative, naïve mouse was added to each group every 8 wk to perpetuate the infestation and 
amplify any remaining populations of fur mites. At 16 wk after the respective treatment end, PCR testing was performed for 
all treated groups in conjunction with the positive control group (no treatment). Visual examination of pelts for mites and eggs 
via direct microscopy was also performed at each time point. All treated mice were free of R. affinis at 16 wk after the end of 
treatment as confirmed by both PCR testing and pelt examination. These findings indicate that a dietary ivermectin treatment 
duration of as little as 2 wk is effective in eliminating R. affinis, making successful eradication initiatives more achievable.
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Introduction
Murine fur mites are commonly excluded in modern research 

animal programs, yet infestations from Myocoptes musculinus, 
Myobia musculi, and Radfordia affinis continue to be challenging 
to detect and control despite advances in colony management.17  
These ectoparasites are species-specific, noninvasive, and 
primarily transmitted by direct mouse-to-mouse contact.17 
Depending on the species, fur mites complete a life cycle of 
fur-bound egg to motile nymph to reproductively mature adult 
in approximately 8 to 23 d.1,22 Clinical signs in heavily infested 
mice include localized pruritus, alopecia, ulcerative dermatitis, 
lymphadenopathy, and weight loss.18,22 However, more com-
monly, mice are minimally infested and exhibit subclinical 
alterations in the immune system.18 Fur mite infestations are 
hurdles for both animal health and research objectives, experi-
mental design, and collaboration. For example, the presence 
of fur mites in a research colony could prevent the importation 
and exportation of infested mice between institutions, impeding 
the sharing of animal models and the propagation of unique 
mouse lines.3 This hindrance to collaboration and workflow also 
occurs within institutions if colonies of both clean and affected 
statuses are present.

Persistence in modern colonies is aided by pitfalls associ-
ated with traditionally employed diagnostic techniques. Direct 
microscopic examination, the traditional gold standard, can 

confirm a true positive diagnosis but commonly yield false 
negative results due to low sensitivity (that is, selection of a 
noninfested test animal, low mite yield, missed examination 
site, or examination error due to varied proficiency among 
observers).22 Other microscopic methods, such as pelage tapes, 
fur plucks, and skin scrapes, also often result in false negative 
reports for the same reasons.30 Colony health monitoring, such 
as by utilizing soiled bedding sentinels, is practiced at many 
institutions, leading to greater awareness of fur mite outbreaks.16 
More recently, PCR assays have been included as part of health 
monitoring methods due to their higher sensitivity,30 providing 
greater confidence in negative diagnostic results.2,8,9,12,13,24,30 
However, because PCR testing cannot distinguish between live 
fur mites and residual fur mite nucleic acids, positive results 
can occur for up to 16 wk after treatment.22,24 Nonetheless, PCR 
testing instills a higher confidence in negative results, making 
it the preferred method for many institutions.

Despite the availability of numerous therapeutic agents, 
outbreaks continue to occur, often due to recrudescence of a 
previous infestation or to a new outbreak associated with re-
cent rodent importation and failure to detect affected animals 
during the quarantine period.3 The latter has led to the com-
mon practice of initiating prophylactic treatment concurrent 
to standard quarantine. Treatment can be administered in a 
number of ways; elimination of fur mites has been successfully 
accomplished in mice by using topical parasiticides, oral treat-
ments, injectable agents, environmental agents, cross-fostering 
paired with ivermectin treatment, and medication-compounded 
feed.3,10,23 Regardless of method, administration of treatment for 
large-scale infestations can be costly in labor, time, and money. 
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At one institution, ivermectin-compounded feed was used to 
successfully treat a very large affected colony.23 Likewise, our 
institution prefers the use of ivermectin-compounded diet for 
treatment as it requires no additional labor to routine husbandry 
processes (that is, scooping ivermectin diet in lieu of normal 
chow into cages).

In the aforementioned study, it was determined that a 
1-wk course of 1.3 mg/kg ivermectin daily was effective in 
eliminating M. musculinus and M. musculi in C57BL/6 mice.23 
However, an 8-wk course was elected by the authors in light 
of anecdotal and previous reports of confirmed or suspected 
failures and because they were treating an extraordinarily 
large population involved in active research. Their success 
therein led our institution to follow suit with an 8-wk treat-
ment duration as well. However, to prevent failed treatment, 
we also restrict the movement of cages while under treatment 
(that is, cages are not allowed to leave the housing room). This 
practice was especially implemented because our facilities 
are only partially infested with R. affinis, so some housing 
rooms were under ivermectin treatment while others were 
not. This made cross-contamination during treatment an even 
greater concern. Ultimately, we found it difficult to persuade 
investigators to undergo this long period of treatment with 
restricted research efforts, and this was the impetus for inves-
tigating the possibility of using a shorter treatment duration 
for large-scale eradication of R. affinis. In addition, researchers 
may be concerned about the effects of ivermectin on specific 
genes, phenotypic expressions, and microbiomes in studies 
that involve affected mice. Finally, a substantial quantity of 
ivermectin diet is necessary when attempting large-scale 
eradication, making these initiatives a large financial endeavor. 
Therefore, we conducted a prospective, controlled, small-scale 
study to determine the necessary treatment duration in a 
colony of mice infested with R. affinis. R. affinis was selected 
as it was the only mite species present in our own institution 
at the time of this study. The specific aim of this study was to 
determine whether an ivermectin diet treatment duration of 
less than 8 wk would be sufficient to effectively eradicate R. 
affinis as validated by PCR testing. Direct microscopic examina-
tion was also performed as an adjunctive and gold standard 
diagnostic method.

Materials and Methods
Animals.  Four- to eight-week-old, female, CD-1 IGS mice 

(Charles River Laboratories, Raleigh, NC) were used for this 
study. Although R. affinis infestations do not discriminate be-
tween sex, females were selected to avoid aggression during 
the initial infestation process and during the addition of new, 
naïve mice to preestablished treatment groups. Initial R. affinis 
infestation was obtained by direct contact with institutional 
mice that were endemically infested with these ectoparasites. 
Once complete transmission of R. affinis infestation to CD-1 
mice was confirmed by PCR testing (mode copy number of 50),  
institutional mice were removed from the study. Due to  
challenges with this infestation process, mice were 20 wk 
of age at the start of the study. Subsequent naïve mice were 
obtained from the same vendor and entered directly into the 
study. All mice were free of the standard panel of pathogens, 
including fur mites, according to vendor health monitoring, 
and were confirmed again upon arrival to be free of fur mites 
via PCR testing.

All mice were housed in static 18780 Rat Micro-Isolator cages 
(Lab Products, Seaford, DE). Using a rat cage allowed for a 
greater number of mice to be housed together, as additional 

naïve mice were continually added throughout the study, while 
staying within the requirements for minimum housing space.11 
All cage materials were autoclaved, and our standard hus-
bandry methods were used. All mice were housed on 1/8-inch 
corncob bedding (Bed-o’Cobs; The Andersons Lab Bedding 
Products, Maumee, OH), fed irradiated chow (PicoLab Rodent 
Diet 20 [5053], LabDiet, St. Louis, MO) when not on treatment, 
and provided autoclaved reverse osmosis water in bottles. An 
abundance of physical enrichment was offered including cotton 
nestlets (Ancare, Bellmore, NY), Bed-r’Nests (The Andersons 
Lab Bedding Products), Mouse Igloos with Fast-Tracs, Crawl 
Balls, nylon bones, and trapezes (Bio-Serv, Flemington, NJ). All 
cages were accessed only under a HEPA-filtered, class II, type 
A2, biologic safety cabinet (NuAire, Plymouth, MN). When 
opening cages and handling animals, disposable personal 
protective equipment (that is, gown and gloves) was changed 
between each treatment group. Group 1 was always accessed 
last so as to not contaminate subsequent groups with fur mites. 
The animal housing room was maintained at 10 air changes per 
hour, a 12:12 light cycle, a temperature of 72 ± 2 °F (22 ± −17°C), 
and a relative humidity between 30% to 70%. All environmental 
conditions were maintained in accordance with the Guide for  
the Care and Use of Laboratory Animals, 8th ed.11 Emory University 
is accredited by AAALAC International, and this study was 
approved by the Emory University IACUC.

Ivermectin treatment. Study mice were randomly assigned 
into 1 of 5 treatment groups that received ivermectin diet in lieu 
of standard chow for 0, 2, 4, 6, or 8 wk (Figure 1). The ivermec-
tin diet was compounded at 12 ppm in irradiated Laboratory 
Rodent Diet 5001 (TestDiet, St. Louis, MO) and delivered a 
daily dose of approximately 1.3 mg/kg. Each treatment group 
consisted of 5 cages, and each cage began the study with 5  
R. affinis-positive mice.

Addition of naïve mice. A prior study suggested that fur mite 
burden wanes with animal age, particularly at 10 to 12 wk old.24 
To circumvent this decreasing burden, the authors introduced 
young naïve mice at regular intervals to an older established 
group to maintain the infestation within the cage. To accom-
plish this in our study, a single naïve mouse was introduced 
to each cage at Weeks 8 and 16 (Figure 1). The naïve mice were 
all female CD-1 IGS mice from Charles River Laboratories (Ra-
leigh, NC). Four-week-old mice were originally used, but due 
to aggression from the preestablished groups, eight-week-old 
mice were later selected for their larger size. Nonetheless, due 
to unresolved fighting, 2 mice were eventually removed from 
the study (1 each from Groups 2 and 5). An additional 3 mice 
were removed from the study due to nonstudy-related clinical 
conditions (1 each from Groups 3, 4, and 5). Ultimately, Group 
1 concluded the study with all 35 mice, Groups 2, 3, and 4 con-
cluded the study with 34 mice each, and Group 5 concluded 
the study with 33 mice.

PCR testing of fur swabs.  PCR testing for R. affinis was 
performed 16 wk after the respective treatment end for all 
treated groups in conjunction with Group 1 (no treatment, 
positive control). One fur swab was collected per mouse, and 
then all swabs were pooled together at the cage level. Fur was 
swabbed by using sterile adhesive swabs (VWR, Radnor, PA) 
and massaging and swabbing the dorsum of the mouse along 
the back, neck, and between the ears. For each mouse, fur 
was swabbed in the direction opposite to that of fur growth. 
Fur swabs were submitted to Charles River Laboratories 
(Wilmington, MA) for fur mite real-time PCR screening and 
were interpreted as previously reported.12 Initial testing was 
performed using broadly reactive PCR assays that span the 
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rodent fur mite genera (“Mite Screen”), and secondary test-
ing was then performed to differentiate at the species level  
(“Species Specific”). The template copies per reaction in a 
sample were estimated by comparing the average sample and 
100-copy positive template control cycle-threshold values; a 
difference of 3.3 cycle threshold values approximately corre-
sponds to a 10-fold difference in copy number.29 As reported in a 
previous publication, treatment success was evaluated by PCR 
testing of the animals at 16 wk posttreatment.24 Before the 16-wk 
time point, positive results have been shown to persist due to 
the presence of residual fur mite nucleic acid.22,24,30 Group 2 
was tested at both 16 and 18 wk posttreatment (Figure 1) due 
to negative results from the positive control group (Group 1) 
at the 16-wk time point. Therefore, Groups 1 and 2 were both 
tested again at 18-wk posttreatment of Group 2.

Pelt examinations. Visual examination for fur mites was per-
formed using direct microscopy at each respective timepoint, 
concurrent with fur swab sampling. Fur swab sampling for PCR 
assays occurred before pelt examinations on the same day (that 
is, the former occurred in the morning and the latter occurred 
in the afternoon). Direct microscopy was performed with an 
Accu-Scope 3075 Binocular Zoom Stereo Microscope on Coaxial 
Coarse Fine Focus LED Stand (3075-LED-CF, Commack, NY). 
Examiners scanned the pelt at 4× magnification and increased 
it as needed. One representative mouse was chosen at random 
from each cage for examination. Mice selected from Groups 2 
to 5 were euthanized for the microscopic pelt exams. To avoid 
reducing group size and causing waning of the fur mite popu-
lation, mice selected from Group 1 were anesthetized for the 
microscopic pelt exam, ear-punched to avoid evaluating the 
same mouse again at another time point, and then returned to 
the cage. Pelts were examined by veterinary technicians who 
were experienced with the technique, blind to the treatment 
group, and otherwise not involved in the study. Each mouse 
was examined by 2 individuals, and examinations were limited 
to 5 min per mouse per person to prevent bias. If mites or eggs 
were detected on the representative mouse, the entire cage was 
scored as positive.

Results
Treatment of R. affinis-infested mice with ivermectin diet for 

2, 4, 6, and 8 wk was found to be effective in producing negative 
PCR test results and negative microscopic pelt examinations 

(Tables 1–3). Even though 8 wk of treatment was the previ-
ously employed regimen, as little as 2 wk of treatment was 
comparably effective.

At Week 18 (that is, 16 wk posttreatment of Group 2), R. affinis  
was not detected by PCR testing in Group 1 (no treatment, 
positive control), and fur mites were only seen in 2 of 5 cages 
on microscopic pelt examination (Table 4). Therefore, Groups 
1 and 2 were retested again 2 wk later (Week 20), at which time 
all control results were positive (Table 1). From then on, Group 
1 maintained a steady and consistent population of fur mites as 
detected by PCR testing and pelt examination (Tables 2 and 3).

Discussion
The primary aim of this study was to determine whether an 

ivermectin diet treatment period of less than 8 wk is sufficient 
to effectively eradicate R. affinis as validated by PCR testing and 

Table 1.  Diagnostic test results at Week 20 for R. affinis as detected 
by microscopic pelt examination and PCR assay for Group 1 
(positive control), Group 2 (ivermectin treatment for 2 wk), and 
Group 3 (ivermectin treatment for 4 wk)

Group Cage

Pelt Examination PCR Assay

Observer 1 Observer 2
Mite  

Screen

Species 
Specific:  
R. affinis

1 A + + + (807) + (402)
B + + + (402) + (402)
C + + + (200) + (100)
D + + + (402) + (402)
E + + + (1,622) + (807)

2 A — — — —
B — — — —
C — — — —
D — — — —
E — — — —

3 A — — — —
B — — — —
C — — — —
D — — — —
E — — — —

PCR assay copy numbers are indicated in parentheses.
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Figure 1.  Study design illustrating 5 groups treated with ivermectin diet for 0, 2, 4, 6, or 8 wk. All groups were tested for R. affinis by PCR  
assay at the start of the experiment to confirm fur mite infestation (Week 0). To perpetuate any remaining live fur mites, 1 naïve animal was 
added to each cage at Weeks 8 and 16. All groups were tested again by PCR assay and pelt examination for R. affinis 16 wk after their respective 
treatment ends (Weeks 18 to 24). Group 1 (positive control) was tested concurrently with each treated group. Group 2 was tested at both Weeks 
18 and 20 due to negative results from the positive control group at Week 18.
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direct microscopy. Results of this study showed that effective 
treatment to eliminate R. affinis from mice can be achieved in 
as little as 2 wk. This reduced treatment time is highly advanta-
geous as compared with the previously employed 8-wk protocol 
as it minimizes cost and time for animal management programs, 
impediments to research, and ivermectin drug effects on infested 
mice. A large-scale R. affinis eradication initiative that requires 
8 wk of treatment time is a daunting undertaking. Conducting 
this type of effort requires intricate planning and coordination, 
financial resources, and time. While planning and coordina-
tion would be necessary for any such initiative, reducing the 
duration of the treatment regimen will markedly reduce the 
overall quantity and cost of the medicated diet, making mass 
eradication more fiscally feasible for programs. In addition 
to cost savings, shortening the overall treatment time may be 
easier for researchers to accommodate. Shortening the treatment 
regimen may also relieve researcher concerns that ivermectin 
might affect gene expression, phenotypes, or any other factors 
for which treatment could confound results (for example, im-
munology or microbiome studies).5–7,14,19,28

At the start of this study, we experienced several challenges in 
developing an R. affinis-positive mouse colony for experimental 
treatment. Overall, it took 16 wk for all treatment groups to 

achieve infestation as determined by PCR testing. During this 
time, mice were regularly transferred between cages in an at-
tempt to transmit R. affinis via direct contact. The time course 
of Group 1 (no treatment, positive control) suggests that there 
is a delay in detection of R. affinis by PCR testing. Naïve mice 
were added to Group 1 at Week 16 to perpetuate the R. af-
finis infestation. Two weeks later (Week 18), none of the cages 
were positive for R. affinis as determined by PCR testing even 
though mites were visualized in 2 of the cages by microscopic 
pelt examination. However, another 2 wk later (Week 20), all 
5 Group 1 cages were positive for R. affinis via PCR assay. This 
time course suggests that up to 4 wk may be necessary to allow 
PCR testing to consistently detect R. affinis in newly infested or 
newly amplified colonies. Based on this timeline, we suggest 
that PCR detection of fur mites may be largely dependent on the 
presence of fur mite-associated particles, which might include 
defecate, chitin shells due to molting, and possibly egg casings, 
on mouse fur, and to a lesser degree, whole adult mites or eggs. 
Detection of R. affinis transference may be delayed because adult 
mites move onto a new host and must then reproduce and create 
sufficient biologic waste for detection via PCR testing.

This hypothesis is further supported by the observation that 
mouse grooming behavior can allow fur mite eggs and chitin 
shells to be microscopically visualized in mouse feces; however, 
there has only been one report of successful fur mite diagnosis 
using a fecal sample type for PCR testing.15 We can suggest a 
few explanations for this. First, the parasites observed under 
microscopy may not have been fur mites but rather another 
ectoparasite that was morphologically similar, such that fur 
mites and chitin shells might be difficult to differentiate after 
gastrointestinal transit. Second, if only the chitin shell survives 
gastrointestinal travel for visual detection, then the internal 
soft tissue containing nucleic acids was likely exposed and 
eliminated by digestive enzymes, bacteria, and biochemical con-
ditions, thereby making fur mite markers undetectable by PCR 
in mouse feces. Third, when fecal samples are processed in the 
diagnostic laboratory, a slow centrifugation is used to remove 
large conglomerations of fecal debris while retaining bacteria 
and viruses. This process reduces feces-associated inhibitors 
and large particles that may interfere with nucleic acid isolation 
or the PCR assay. This centrifugation process might remove 
fur mite adults and eggs from the sample. Regardless of the 
cause, murine fecal pellets are not an ideal sample type for the 
detection of fur mites by PCR assay based on current protocols.

The mouse immune system response to fur mites could have 
also contributed to our difficulty in attaining R. affinis-positive 
experimental groups. One of the many effects of mite infesta-
tions is an increase in total serum IgE. IgE is produced by the 
immune system in mammals in the presence of an allergen, and 
total serum IgE elicits an allergic-type response to fur mites21,25 
Therefore, high IgE levels early on in the study, in response to 
the growing exposure to R. affinis, could have contributed to 
our difficulty in deriving an R. affinis-positive mouse colony.

It was unexpected to have positive pelt examinations and 
negative PCR assay results in Group 1 at Week 18 (Table 4). 
Detection of fur mites can be sporadic when sampling mice 
directly for either parasitology or PCR methods, especially in 
a low infestation scenario. PCR is typically more sensitive as 
it does not require intact mites or eggs and can detect residual 
genetic material from either mites or eggs. However, if swab-
bing is performed less thoroughly or only on selected areas of 
the pelt, it could miss the mites. Also, pooling can introduce 
a dilution factor that could impact sensitivity. Nonetheless, 
the Charles River Laboratories fur mite PCR assays have been 

Table 3.  Diagnostic test results at Week 24 for R. affinis as detected 
by microscopic pelt examination and PCR assay for Group 1 
(positive control) and Group 5 (ivermectin treatment for 8 wk)

Group Cage

Pelt Examination PCR Assay

Observer 1 Observer 2
Mite  

Screen

Species 
Specific: 
R. affinis

1 A + + + (807) + (50)
B + + + (807) + (50)
C + + + (402) + (50)
D + + + (807) + (50)
E + + + (1,622) + (100)

5 A — — — —
B — — — —
C — — — —
D — — — —
E — — — —

PCR assay copy numbers are indicated in parentheses.

Table 2.  Diagnostic test results at Week 22 for R. affinis as detected 
by microscopic pelt examination and PCR assay for Group 1 
(positive control) and Group 4 (ivermectin treatment for 6 wk)

Group Cage

Pelt Examination PCR Assay

Observer 1 Observer 2
Mite  

Screen

Species 
Specific: 
R. affinis

1 A + + + (811) + (100)
B + + + (1630) + (402)
C + + + (811) + (100)
D + + + (201) + (25)
E + + + (811) + (200)

4 A — — — —
B — — — —
C — — — —
D — — — —
E — — — —

PCR assay copy numbers are indicated in parentheses.
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qualified to detect down to the 1 to 10 copy range. Regarding 
pelt examinations, proficiency varies widely among individuals. 
For this experiment, we recruited our 2 most experienced and 
skilled pelt examiners, which may have led to the 2 positive 
fur mite observations.

Although females were chosen for this study due to their less 
aggressive nature, we nonetheless observed notable fighting 
after the introduction of new mice, and we took steps to ame-
liorate fighting multiple times throughout the study. Gradual 
introduction methods were used to mitigate initial aggression 
when adding naïve mice to the preestablished groups, including 
titration of scent via transfer of nesting material, slow introduc-
tions through protected contact barriers, and introductions in a 
neutral environment for all mice. An abundance of enrichment 
devices was also offered in an attempt to divert focus and ag-
gression. While most introductions were successful, 2 mice 
were eventually separated and removed from the study due to 
continued fighting. The removal of these 2 mice likely did not 
affect the R. affinis infestation as one was naïve but had been 
cohoused with the group for at least 2 wk before its removal 
and the other was an older dominant mouse from the original 
group. A previous study suggested that mice housed on stand-
ard corncob bedding, as in our study, showed greater incidences 
of aggression than do mice on wood-based bedding.27

Our study revealed that as little as 2 wk of ivermectin diet 
was effective in eliminating R. affinis as detected by PCR assay. 
Using this shorter duration substantially reduces the time, 
cost, effort, and effects on animals, researchers, and manage-
ment programs. Since this study was performed using CD-1 
mice with R. affinis infestation, definitive conclusions can only 
be made regarding this stock of mice and species of fur mite. 
However, one could extrapolate these findings, at their own 
comfort level, to other mouse stocks and strains and fur mite 
species as ivermectin efficacy has been shown to be reliable 
in other scenarios as well.4,10,23 Because we only performed a 
small-scale study, further evaluations performed on a larger 
scale would be beneficial. Even though our results showed 
that a 2-wk treatment time was adequate for elimination of R. 
affinis in our experimental groups, the length of the fur mite life 
cycle is an important consideration. While ivermectin has been 
previously reported as an adulticide only,20,26 the results of this 
study support that of other studies suggesting that ivermectin 
is also ovicidal.4,23 Regardless, a 4-wk treatment duration may 
be a more conservative approach to ensure that all fur mite  
life stages present will be successfully affected by the medication. 

A treatment duration of 4 wk may also complement the dura-
tion of most standard quarantine programs. Whether using 2 
or 4 wk, the shorter treatment duration would reduce costs and 
conserve resources when large-scale outbreaks occur and make 
eradication initiatives more feasible to achieve.
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