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Laboratory mice can harbor several species of acarids (fur 
mites), including Myobia musculi, Radfordia affinis, Myocoptes 
musculinus, and Psorergates simplex.11,14,29,40,45 Fur mites are 
an excluded pathogen in most research facilities, particularly 
within barrier suites, and in order to control or avoid mite 
infestations, many facilities, including those with ongoing in-
festations, will not accept infested animals from outside sources. 
Such policies can prevent or halt collaborative research between 
investigators in different institutions because mite infestation 
is a sporadic or endemic problem in many facilities that house 
mice under conventional conditions, despite attempts at eradi-
cation.12,22,25,43,62,69

Mite infestations cause several health problems in mice, in-
cluding ulcerative dermatitis, amyloidosis, and other immune 
system alterations.2,12,22,27,29-31,37,44,45,61 For example, mite infesta-
tions are associated with increased serum concentrations of IgE 
and IgG in mice.30,44,48 Alterations in immune responses could 
alter research data and thereby perhaps alter the associated 
conclusions.36,65,66,70 Mice with mite infections often develop 
dermatitis, which can lead to bacterial infection and additional 
changes in immune status.15,30,31,45,61 Because any pathogenic in-
fection can cause variability and alter basal measures of immune 
function, clinical chemistry, and behavior in mice, maintaining 
laboratory rodents in a disease-free state is crucial to their use 
for the collection of valid research data.51

The eradication of external parasites is a difficult process. 
Many reports have been published that attempt mite eradication 
using various drug treatments,5-7,17,18,23,24,35,39,41-43,46,47,49,50,57,59,67 
with each method having distinct advantages and disadvan-
tages. Some, but not all, of these treatment regimens have been 
compared directly.10 The mite life cycle complicates treatment, 
because eggs and larvae can be less susceptible to drugs than are 
adult parasites.2,19,20,55 In addition, mite eggs can contaminate 
the environment, providing a source for re-infection of treated 

animals.20,63,64 Some drugs (for example, ivermectin) have been 
associated with toxicity and death in mice, especially among 
specific transgenic lines.8,12,28,53,55,69 Other drugs may require 
frequent or repeated treatment of the mice. Furthermore, the 
drugs themselves may have properties that alter physiology 
or immune function in animals.2,13,60 The development of new 
veterinary drugs for treatment of parasites has increased the 
available therapies for rodent acariasis. Compounds such as 
fipronil and selamectin provide good efficacy against external 
parasites with limited side effects in mammals.9,22,68

Our facility housed a large colony of mice that occupied 
several rooms and were infested with Myocoptes musculinus 
and Myobia musculi. Although the majority of mite-infested 
mice had mild or no dermatitis, some infected mice had severe 
dermatitis. The goal of this study was to evaluate the local and 
systemic immune response in mice infested with mites. To our 
knowledge, this study is the first to comprehensively compare 
cytokine levels and histologic findings in mite-infested, treated, 
and mite-negative mice. We hypothesized that the immune re-
sponse would be altered in mite-infested mice as demonstrated 
by significantly elevated cytokine levels in the draining lymph 
nodes or spleen as compared with mice that had never been in-
fested with mites. In addition, we hypothesized that significant 
pathologic changes in the epidermis, dermis, and subcutaneous 
tissues would be present in response to mite infestation.

Materials and Methods
Animals. Our institution housed several mouse colonies with 

endemic mite infestation. Given the availability of mice, we 
selected 3 lines for evaluation: an Ames dwarf strain, a growth 
hormone transgenic strain (Pepck-bGH-1) and a growth hor-
mone receptor knock-out strain (GHRKO).4 Ames dwarfs are 
spontaneous mutants; GHRKOs were produced by targeted 
gene disruption, and transgenics were produced by pronuclear 
injection. All strains have heterogeneous genetic backgrounds. 
The background of Ames dwarfs is not related to any common 
inbred strain. The background of the GHRKO strain is derived 
from 129 Ola, BALB/c, C57BL/6 and C3H. The Pepck-bGH-1 
transgenic mice have a mixed background derived from 
C57BL/6 and C3H strains.3
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Spleen and lymph node samples were snap-frozen in liquid ni-
trogen and stored at –80 °C until processed for cytokine analysis.

Histology. Histologic changes in skin and cytokine concentra-
tions in spleen and lymph nodes were assessed in 7 mice from 
the untreated mite-positive group. Tissues from an additional 2 
animals were submitted for histology only, bringing the group 
size to 9. In addition, histology and cytokine concentrations 
were assessed in 7 mice that underwent euthanasia at 6 to 8 
wk after treatment (mite-positive with treatment); these mice 
were determined to be mite-negative at the time of euthanasia 
based on careful inspection and tape tests. Formalin-fixed skin 
samples were processed and embedded in paraffin, and 5-to 
7-μm serial sections were stained with hematoxylin and eosin. 
A scoring system16 modified by 1 of the authors (SB-K) was 
used for histologic evaluation of the skin (Figure 1). During 
assignment of numerical scores, 6 to 10 areas were examined 
per section (that is, glass slide). If the inflammatory reaction was 
consistent, 6 areas were evaluated. If the inflammatory reaction 
was variable, 10 areas were scored and then averaged for the 
final numerical value. The noted histopathologic features and 
anatomic levels were evaluated to provide a basis for evaluat-
ing the type and degree of damage to the skin. The epidermis 
was evaluated for presence or absence of acanthosis (thicken-
ing of the stratum spinosum, diffuse epidermal hyperplasia), 
parakeratosis (retention of the keratinocyte nuclei in the stratum 
corneum), hyperkeratosis (thickening of the stratum corneum), 
and inflammation (intraepithelial inflammatory cell infiltra-
tion).54 Also noted were features such as erosion and ulceration 
(complete loss of epidermal cells). The superficial dermis and 
deep dermis, evaluated separately, were assessed for thickness 
and inflammation. In addition, features in the dermis such as fi-
brosis, necrosis, follicular keratosis, and the presence or absence 
of adnexa (hair follicles and sebaceous glands) were noted. The 
subcutaneous tissue was evaluated for inflammation.

Expression of cytokines and chemokines in lymph node and 
spleen. Preparation of tissue homogenates. Lymph node and 
spleen were snap-frozen and stored at –80 °C until tissue 
homogenates were prepared. At the time of analysis, tissues 
was thawed in approximately 10 volumes (w/v) of ice-cold 
cell lysis buffer containing protease inhibitor cocktail (Cell 
Lysis Kit, 171-304012, BioRad, Hercules, CA) plus 2 μL 500 
mM PMSF in dimethyl sulphoxide (Sigma, St Louis, MO). 

Four groups of mice were evaluated: mite-positive without 
treatment; mite-positive with treatment; mite-negative with 
treatment; and mite-negative without treatment. Each group 
consisted of 7 to 9 mice of each strain. The group comprising 
treated mite-positive mice was free of mites at the time of eutha-
nasia (6 to 8 wk after last treatment). All groups were composed 
of both male and female animals, except for the mite-positive 
treated group, which contained only female mice. All mice in 
all 4 groups were 6 to 10 mo old at time of euthanasia and had 
lived in this colony for the duration of their lives. Two animals 
in the group of untreated mite-positive mice had ulcerative 
dermatitis at the time of euthanasia. Mice used for this study 
were not enrolled on another study at the time of testing and 
euthanasia.

All procedures were approved by the Southern Illinois Uni-
versity School of Medicine Laboratory Animal Care and Use 
Committee.

Facilities. Mice were housed in an AAALAC-accredited facil-
ity with a 12:12-h light:dark cycle, ambient temperature of 20.6 
to 25.6 ºC (69 to 78 °F), and humidity within generally accepted 
limits. The mice were housed under conventional husbandry 
practices in shoebox-style open-top cages on wood chip bedding 
(Beta Chip, Northeastern Products, Warrensburg, NY). All cage 
changes were performed on a cart in the room. Mouse colonies 
with mites were housed in separate rooms from mice without 
mites. Husbandry practices, such as a strict room-entry order, 
were in place to contain mites within the known-positive rooms. 
All mice were fed standard rodent chow (LabDiet 5001, PMI 
Nutrition International, St Louis, MO) and tap water ad libitum. 
Animal room air was exchanged at least 12 times hourly. Mice 
were euthanized by CO2 inhalation.

Mite testing. Mites were detected in several rooms during 
routine health monitoring of mouse colonies. All mice in these 
rooms belonged to the same investigator. Additional testing of 
many mice in each room confirmed a mixed mite infestation of 
both Myobia musculi and Myocoptes musculinus. Mites and mite 
eggs were easily visible on gross and microscopic evaluation 
of pelts and ‘tape tests.’ All animals evaluated for this study 
were tested individually for the presence of mites by using 
tape tests. A piece of clear cellophane tape was applied to the 
back of each mouse to collect hair and, if present, mites. The 
tape was transferred to a microscope slide and evaluated for 
the presence of either adult mites or mite eggs on the hair shaft 
at 10× and 40× magnification.

Treatment for mite infection. In an attempt to eradicate mites 
from the facility, all mice in the contaminated rooms were treated 
with topical selamectin (Revolution, Pfizer Animal Health, New 
York, NY), at a concentration of 120 mg/mL (14.2% selamectin 
in active ingredients) diluted 1:100 in isopropyl alcohol. Each 
mouse was dosed with 50 µL 3 times at 2-wk intervals.9,22,32,68 
Because this was a breeding colony, we encountered many dams 
with litters. Pups were not treated until they were weaned and 
at least once thereafter. Pups born during the period of treat-
ment were treated once or twice, depending on when during 
our course of treatment they were weaned. The mite-positive 
group of animals on this study was euthanized before treatment. 
A second mite-positive group of animals was euthanized 6 to 8 
wk after last treatment was administered. One group of mite-
negative animals was treated as described, and another group 
of mite negative animals was not treated.

Tissue collection. Spleen, axillary lymph nodes (draining 
lymph nodes), and skin from the back and dorsal neck were 
harvested from each animal after euthanasia. Skin was fixed 
in 10% neutral buffered formalin for histologic evaluation. 

Figure 1. Scoring system for histologic evaluation of the skin. Superfi-
cial and deep dermis were evaluated separately. hpf, high-power (60×) 
field.
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Samples were homogenized by using a 5-mL glass homogenizer 
and then sonicated on ice with 3 rapid pulses (approximately 1 
s each) at setting 5 (model 100 Ultrasonic Dismembrator, Fisher 
Scientific, Pittsburgh, PA). Samples were centrifuged at 4500 × g 
for 15 min at 4 °C, and supernatants were collected and stored 
at –80 °C until analysis. Protein concentration of homogenates 
was measured by using the bicinchoninic acid protein assay 
(Pierce, Rockford, IL).

Cytokine multiplex assays. Concentrations of IL1α, IL1β, 
IL2, IL4, IL6, IL10, IL12(p40), IL12(p70), granulocyte colony-
stimulating factor, keratinocyte-derived chemokine (KC), 
monocyte chemoattractant protein 1, macrophage inflammatory 
protein (MIP) 1α, MIP1β, TNFα, and IFNγ protein levels were 
measured in spleen and lymph node homogenates by using 
a mouse cytokine assay system (BioPlex, BioRad) on a flow-
cytometry–based system (100IS System, Luminex) according to 
the manufacturers’ instructions. The lower limits of detection for 
individual cytokines were 2 pg mL–1 [TNFα, IL6, IL10, IL12(p40), 
granulocyte colony-stimulating factor, and MIP1β], 3 pg mL–1 
(IL2, IL4, and KC), 4 pg mL–1 [IL12(p70)], 6 pg mL–1 (IFNγ and 
TNFα), 7 pg mL–1 (IL1α), 14 pg mL–1 (monocyte chemoattract-
ant protein 1), and 24 pg mL–1 (MIP1α). The technology of the 
measurement and readout system accommodated simultaneous 
determination of all 15 markers from a single 100-μL sample. 
All samples were assayed in duplicate, normalized to protein 
concentration of the tissue homogenate, and reported as pico-
grams of cytokine per milligram of protein.

Statistical analysis. Concentrations of individual cytokines in 
lymph node or spleen were analyzed separately by using 1-way 
ANOVA with Tukey posthoc comparisons. An α level of P ≤ 
0.05 was considered to indicate a statistically significant differ-
ence among groups. Continuous histology data (dermal width, 
inflammation, hyperkeratosis, parakeratosis, and acanthosis) 
were analyzed by t test. Categorical histologic data (presence 
of ulcerations or erosions in the epidermis, fibrosis or necrosis 
of the superficial dermis, follicular keratosis, presence of hair 
follicles or sebaceous glands in the deep dermis) were analyzed 
by using the Fisher Exact Test. All results are presented as 
mean ± SEM for the indicated sample sizes. An α level of P ≤ 
0.05 was considered to indicate a statistically significant effect 
for all histology data. Error bars shown in figures and tables 
indicate SEMs, and horizontal lines and asterisks represent 
significance levels.

Results
Histology. Seven mite-positive mice were evaluated prior to 

treatment. Histologic examination of skin samples confirmed 
the presence of mites in all mice that tested positive on the tape 
test (Figure 2 A). No mites were detected by either the tape test 
or histology of skin samples from mite-positive mice that were 
treated. Pathologic changes were evident in the skin samples 
all infested mice (Table 1). Mite-infested mice were significantly 
more likely (P ≤ 0.05) to have erosions and ulcerations in the 
epidermis (Figure 2 B, C) and follicular keratosis of the deep 
dermis (Figure 2 B). Ulcerations and erosions in the skin usu-
ally displayed histologic evidence of bacterial infection, but the 
presence of bacteria was not a specific criterion of histologic 
evaluation. Bacteria were noted in sections with ulceration or 
erosion (data not shown) but not in any other sections from 
these or other groups. In addition, areas of necrosis and fibrosis 
were present in the superficial or deep dermis of infected mice.

Figure 2. (A) Cross-section of a luminal mite adjacent to the epider-
mis (single arrow). Mild parakeratosis and acanthosis of the epidermis 
(double arrows) is present. The superficial dermis is mildly infiltrated 
with mixed inflammatory cells. (B) Focal area of ulceration covered by 
a serocellular crust composed of proteinaceous debris, viable and non-
viable inflammatory cells, red blood cells, fibrin, and keratin (single 
arrow). The underlying dermis is moderately infiltrated with mixed 
inflammatory cells. Note the moderate hyperkeratosis, parakerato-
sis, and acanthosis adjacent to the ulcerated region (double arrows). 
(C) Severe diffuse thickening of the superficial and deep dermis by 
large numbers of fibroblasts and increased deposition of collagen 
fibers (double arrows). The dermis is moderately infiltrated with 
mixed inflammatory cells and there is moderate loss of hair follicles 
and associated adnexa. Note the thick serocelluar crust overlying the 

parakeratotic epidermis (single arrow). Hematoxylin and eosin stain; 
magnification, ×400 (A), ×100 (B, C).
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Mite-positive mice that had been treated were evaluated 6 to 
8 wk after the last treatment. None of the treated mice showed 
epidermal inflammation, but inflammation was present in the 
superficial dermis (3 of 9 mice) and deep dermis (2 of 9 mice). 
The severity of the inflammation differed significantly (P < 0.05) 
between treated and untreated mice in all regions examined 
(Figure 3 B). The inflammatory infiltrate consisted of either 
mononuclear cells or a mixed mononuclear cell–neutrophil 
population. Of the 7 mite-positive mice evaluated, 6 had in-
flammation of the epidermis (3 with severe inflammation), 
and 7 had inflammation of the superficial and deep dermis 
(4 with severe inflammation). Parakeratosis, acanthosis, and 
inflammation were significantly more severe (P < 0.05) in mite 
infested mice as compared with treated mice. Hyperkeratosis of 
the epidermis was also more severe in (P < 0.05) mite-infested 
mice (Figure 2 A).

All 7 of the mite-positive untreated mice had marked variation 
in dermal thickness, ranging from mildly thin to moderately 
thick. Among treated mice, the superficial dermis was within the 
normal range of values, but the deep dermis showed persistent 
damage even at 6 to 8 wk after treatment (Figure 4).

Cytokines. Analyses of a panel of cytokines in homogenates of 
axillary lymph nodes revealed that concentrations of IL12(p40), 
IL12(p70), and MIP1β were significantly higher in the mite-
positive (untreated) mice as compared with all other groups 
of mite-negative mice, both treated and untreated (P < 0.05). 
Concentrations of IL6, KC, and MIP1α were significantly (P < 
0.05) higher in the mite-positive (untreated) mice as compared 
with at least 1 other mite-negative group (Figure 4). In addi-
tion, concentrations of TNFα tended (P < 0.1) to be higher in 
the mite-positive mice as compared with mite-negative mice. 
Other cytokines measured showed no significant elevations or 
differences (data not shown).

Splenic concentrations of IL6, KC, and MIP1α were signifi-
cantly (P < 0.05) higher in untreated, mite-infested mice than 
in mite-negative treated and mite-naïve mice (Figure 5). In ad-
dition, concentrations of IL12(p40) and TNFα showed trends 
(P < 0.1) toward higher values in the mite-positive mice as 
compared with mite-negative mice. IL12(p70) was increased 
approximately 10-fold in the lymph nodes of infested mice, yet 
was not significantly elevated in the spleens (Figure 5).

Discussion
Mite infestation has been reported to cause pathologic 

changes in the skin, altered behavior,45 and eventual second-
ary amyloidosis.30,31,45 Our study expands this knowledge 
to include alterations in selected cytokines indicative of an 
ongoing immune response both locally and systemically in 
mite-infested mice. The data presented here provide quantita-
tive documentation of the altered basal immune measures and 
variation across animals that can occur in mice infected with 
mites. Furthermore, although the local inflammatory response 
in the draining lymph node largely was resolved 6 to 8 wk after 
treatment, as demonstrated by the return of most cytokines to 
basal levels in treated mice, multifocal inflammatory infiltrates 
were detected in the skin of several mice even at this stage. In 
addition, moderate to severe thinning of the dermis (6 of 9 mice) 
and loss of hair follicles (7 of 9) or sebaceous glands (7 of 9) in 
some treated mice demonstrates that mite infestation caused 
marked and possibly permanent damage to the skin in these 
mice. Earlier treatment to eliminate mites may have prevented 
these changes.

Our study revealed moderate to severe inflammatory changes 
in the skin of all mite-infested mice, with pathology still evident 

Table 1. Pathologic findings in mite-positive and treated mice.

Mite-positive (n = 7)
Mite-negative 
(treated; n = 9)

Pathology no. affected % no. affected %

Mites 7 100 0 0
Erosions or ulcerations of 
epidermis

5 71.4a 0 0a

Fibrosis of superficial 
dermis

3 43 0 0

Necrosis of superficial 
dermis

2 29 0 0

Follicular keratosis of 
deep dermis

5 71.4a 0 0a

Presence of hair follicles in 
deep dermis

1 14 2 22%

Presence of sebaceous 
glands in deep dermis

1 14 2 22%

Lesions are more prevalent in mite-positive animals. Lesions in the deep 
dermis are residual damage from previous mite infestation injury.
a, Significant (P < 0.01) difference between groups.

Figure 3. Histologic assessment of epidermis, dermis, and subcutane-
ous tissues. (A) Severity scores for histologic markers of inflammation 
in the epidermis. (B) Severity scores for inflammation in tissues indi-
cated. Horizontal lines denote significant differences (P < 0.01).
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or deep dermis often reflected the severity of the injury. As the 
severity of the injury increased, greater inflammation developed 
in the deep dermis as compared with the superficial dermis. 
Histologic assessment indicated that the residual effects of mite 
infestation, such as lost adnexa (hair follicles and sebaceous 
glands) and variation in dermal thickness, were still present 
in the dermis of treated mice at 6 to 8 wk after completion of 
treatment. Injured tissue does not regain lost adnexa.54 The 
superficial and deep dermis may recover normal thickness 
as inflammation resolves and environmental factors such as 
lysosomal enzymes and fibrogenic cytokines regain normal 
balance. However, 6 to 8 wk is too soon after treatment to 
reveal the permanency of pathologic change. Hyperkeratosis 
and parakeratosis (both involving the stratum corneum) reflect 
the response to irritation or injury to 2 layers of the epidermis, 
the stratum corneum and the stratum granulosum, in which 
keratohyalin granules accumulate and nuclei are lost. Injury to 
the skin often causes thickening of both the stratum spinosum 
(acanthosis) and the stratum granulosum. Depending on the 
degree and duration of injury, this thickening can be accompa-
nied by hyperkeratosis (increased thickening of the corneum) 
and parakeratosis (retention of nuclei in the corneum), both of 
which can reflect decreased desquamation.54

Unless a function of body location, dermal thickness usually 
reflects the severity or chronicity of inflammation. The dermis 
thickens during both acute and chronic inflammation, but the 
changes differ qualitatively. Acute inflammation is characterized 
by edema, congestion and significant inflammatory infiltration, 
whereas chronic inflammation also includes infiltration and ac-
tivation of fibroblasts and deposition of collagen fibers without 
complete resolution of inflammation (therefore inflammatory 
cells are still present).54 In our study population, 5 mice (3 posi-
tive for mites but untreated and 2 that were treated) showed a 
thin dermis. An abnormally thin dermis usually reflects endo-
crine dysfunction or autoimmune disease that targets fibroblasts 
or collagen but also can occur after trauma if nutritional status 
is compromised. During inflammation, a thin dermis can also 
reflect an imbalance in collagen degradation versus deposition, 
especially during a chronic inflammatory process that has not 
yet resolved or does not resolve.31,54 In this study, the thin dermis 
probably occurred secondary to chronic inflammation coupled 
with secondary infection and impaired systemic health.

The alterations in cytokine concentrations that we measured 
in infested mice are consistent with an ongoing, primarily local 
immune response. Cytokines are signaling proteins produced by 
many cell types. They are necessary for the normal development 
and functioning of the innate and adaptive immune respons-
es.34,58 We selected the evaluated cytokines as representative 
of a complete panel of mouse proinflammatory cytokines; in 
addition, the cytokines targeted in this study are mediators and 
regulators of innate immunity. The primary cell sources of these 
cytokines are macrophages and natural killer calls. Cytokines 
are released in response to challenges from infectious agents.33 
For example, IL12 is responsible for initiating the cascade of 
events that results in the eradication of intracellular microbes 
and KC and MIP1α and β aid in neutrophil recruitment.1,56 
Other reports also have shown increased levels of cytokines in 
mite-infested animals,48 yet few describe the changes at either 
the local or systemic level, as our study demonstrates. Levels 
of 7 inflammatory cytokines were significantly elevated in the 
axillary lymph nodes of mite-infested mice as compared with 
mite-naïve mice. Systemic immune responses, as reflected by 
alterations in splenic cytokine concentrations, were less robust 
than those in the axillary lymph nodes but were still altered, 

6 to 8 wk after mite eradication. In infested mice, the epidermis 
and dermis both showed severe inflammation, with frequent 
epidermal ulcerations and necrosis of the superficial dermis 
in infested mice. These lesions were often associated with sec-
ondary bacterial infections, as revealed on histopathology. In 
several cases, the clinical severity or extent of these lesions was 
sufficient to warrant euthanasia. The most severe and extensive 
lesions included marked hyperkeratosis and inflammation that 
extended into the deep dermis. Inflammation in the superficial 

Figure 4. Relative superficial and deep dermal width in mite-positive 
and treated animals. Scores of 0 or 1 represent normal width. Increased 
dermal width indicative of inflammation is found in both superficial 
and deep dermis of mite-infested animals. Increased dermal width is 
also present in the deep dermis of treated animals, indicating that the 
dermal pathology from mite infestation is long-lasting.

Figure 5. Cytokine and chemokine values in axillary lymph node (top) 
and spleen (bottom). Values below limits of detection or lacking sig-
nificant difference are not shown.
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A, Huerre M. 1996. Murine acariasis: I. Pathological and clinical 
evidence suggesting cutaneous allergy and wasting syndrome in 
BALB/c mouse. Res Immunol 147:27–38. 

	 32.	Kalishman J. 2007. Selamectin treatment for mice. Personal com-
munication.

	 33.	Kobayashi Y. 2006. Neutrophil infiltration and chemokines. Crit 
Rev Immunol 26:307–316.

	 34.	Kobayashi Y. 2008. The role of chemokines in neutrophil biology. 
Front Biosci 13:2400–2407. 

	 35.	Kondo S, Taylor A, Chun S. 1998. Elimination of an infestation 
of rat fur mites (Radfordia ensifera) from a colony of Long Evans 
rats, using the microdot technique for topical administration of 
1% ivermectin. Contemp Top Lab Anim Sci 37:58–61.

as demonstrated by the high concentrations of 5 inflammatory 
cytokines measured in the spleens of mite-infested mice. The 
increase in splenic IL12(p70) was unexpected and may be an 
artifact related to analyzing the samples in separate batches.

The alterations in inflammatory cytokines that develop in 
response to mite infestation can create variables in research and 
alter experimental outcomes. Animals used as models in fields 
such as basic immunology and infection studies, graft rejection, 
or autoimmune studies21,38 should be free of fur mites to reduce 
unwanted immune variables, and proinflammatory cytokines 
are associated with processes as diverse as tumor metastisis26,52 
to diabetes.26In such studies, altered values of proinflammatory 
cytokines would be related in part to the mite infestation, rather 
than being solely related to experimental manipulation.

With the availability of new parasitacides, effective treat-
ment of acariasis has become more feasible in mice. Although 
older drugs were labor-intensive to use, produced unwanted 
side effects, or were costly or ineffective for eradication, newer 
drugs such as fipronil and selamectin have proven to be safe 
and effective for most strains of mice. The experience of 1 the 
authors (NAJ) supports other reports68 of the effectiveness of 
these newer drugs. Our study demonstrates that the immune 
response, as reflected by cytokine concentrations in lymph node 
and spleen, is significantly altered in untreated mite-infested 
mice as compared with treated and naive mice. Furthermore, 
mite-induced damage can persist for months after treatment. 
Treatment of uninfested mice with selamectin did not produce 
significant elevations in proinflammatory cytokines. A sub-
stantial body of evidence2,12,22,27,29-31,37,44,45,61 documents the 
detrimental effects of mite infestation on animal health and 
their suitability as research subjects. The availability of superior 
treatment options makes mite eradication a reasonable and 
important goal for all institutions.
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