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PCR Testing of IVC Filter Tops as a Method for
Detecting Murine Pinworms and Fur Mites

Philip M Gerwin,">"" Rodolfo J Ricart Arbona,"? Elyn R Riedel,® Kenneth S Henderson,* and Neil S Lipman'?

We evaluated PCR testing of filter tops from cages maintained on an IVC system through which exhaust air is filtered at
the cage level as a method for detecting parasite- infected and -infested cages. Cages containing 4 naive Swiss Webster mice
received 360 mL of uncontaminated aspen chip or o-cellulose bedding (n = 18 cages each) and 60 mL of the same type of bed-
ding weekly from each of the following 4 groups of cages housing mice infected or infested with Syphacia obvelata (SO),
Aspiculuris tetraptera (AT), Myocoptes musculinus (MC), or Myobia musculi (MB) and Radfordia affinis (RA; 240 mL bedding
total). Detection rates were compared at 30, 60, and 90 d after initiating bedding exposure, by using PCR analysis of filter tops
(media extract and swabs) and testing of mouse samples (fur swab [direct] PCR testing, fecal flotation, anal tape test, direct
examination of intestinal contents, and skin scrape). PCR testing of filter media extract detected 100% of all parasites at 30 d
(both bedding types) except for AT (o-cellulose bedding, 67% detection rate); identified more cages with fur mites (MB and
MO) than direct PCR when cellulose bedding was used; and was better at detecting parasites than all nonmolecular methods
evaluated. PCR analysis of filter media extract was superior to swab and direct PCR for all parasites cumulatively for each
bedding type. Direct PCR more effectively detected MC and all parasites combined for aspen chip compared with cellulose
bedding. PCR analysis of filter media extract for IVC systems in which exhaust air is filtered at the cage level was shown to
be a highly effective environmental testing method.

Abbreviations: AT, Aspiculuris tetraptera; MB, Myobia musculi; MC, Myocoptes musculinus; RA, Radfordia affinis; SO, Syphacia obvelata

Endo- and ectoparasites remain a common contaminant of
contemporary laboratory mouse colonies as demonstrated in a
2006 survey, which reported that pinworms and fur mites had
been detected by up to 75% and 40%, respectively, of surveyed
institutions.!

Syphacia obvelata (SO) and Aspiculuris tetraptera (AT) are
the cosmopolitan murine pinworms® and Myocoptes muscu-
linus (MC), Myobia musculi (MB), and Radfordia affinis (RA)
are the fur mites commonly excluded from and monitored
in mouse colonies because of their effects on animal health
and research, including behavior, gastrointestinal physiology,
immunology, reproduction, growth, dermatology, and hemat-
opoiesis.8?23238,3942434852,6264 Fyrthermore, these infections and
infestations may limit efficient sharing of unique mouse lines
between institutions.!®

First described in the early 1800s,**>® the endoparasitic murine
oxyurid nematodes have direct life cycles and transmit infec-
tions by means of ingestion of embryonated (infective) eggs.>*
SO and AT can be distinguished through their morphologic as
well as life-cycle differences, including the location in the host
where the adult nematode resides, site of ova deposition, and
time required for eggs to embryonate.!-3511-13.28:49,58
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The murine acarids from the families Myobidae (MB and
RA) and Myocoptidae (MC) are nonburrowing, thermotactic,
obligate parasites, spending their entire life cycle on the host.
Infestations are transmitted through direct contact. Although
these mite species preferentially inhabit different locations in
the host, they reside on dorsal anterior regions of the mouse.
MC is easy to distinguish microscopically; MB and RA are
morphologically similar but can be differentiated due to the
presence of a second tarsal claw in RA.%*

The reported prevalence of murine pinworm infections and
fur mite infestations varies markedly, but their apparent ubiq-
uity and potential for environmental persistence underlie the
importance of instituting a biosecurity program using optimal
detection methods.®101649

Traditionally, pinworms have been diagnosed antemortem by
using the anal tape test (S0)%1%27495458 and fecal concentration
(AT) methods.3474958 Antemortem pinworm detection can be
challenging because false-negative results are common when
testing is conducted during the prepatent period or because
of intermittent egg shedding.”'#1547 In commonly used soiled
bedding colony health monitoring programs, pinworm detec-
tion may be affected by the inability to transmit infections to
soiled-bedding sentinels.!>'® Traditional antemortem testing
methods are considered less sensitive than postmortem testing
methods.!® Fecal concentration techniques, including flotation
and sedimentation methods, improve the recovery and iden-
tification of parasites.”” Flotation with sodium nitrate solution
(specific gravity, 1.20) has recently been shown to be the most
practical and effective fecal concentration method for identify-
ing AT infected feces.?® In addition, direct evaluation of cecal and
colonic contents was demonstrated to be superior to Swiss roll
histology for postmortem detection of pinworms, particularly
AT.? Direct evaluation of cecal and colonic contents at necropsy

752



is considered to be the ‘gold standard” for pinworm diagno-
sis.17202144 Even though SO infections have been identified by
ELISA,*% serologic pinworm assays are currently unavail-
able commercially. Recently, real-time PCR analysis has been
introduced as a sensitive and specific diagnostic method that
reportedly can detect fewer than 10 copies of DNA.17/21:27,3546
In a recent study, PCR analysis detected the greatest number of
SO-infected mice among tested methods.?? Given these results,
our laboratory uses a combination of PCR testing (fur swab and
feces) and direct examination of intestinal contents to optimize
pinworm detection and reduce the likelihood of a false-negative
result in colony health monitoring programs.?

Traditionally, fur mites have been detected by means of skin
scraping with tape testing and pelt examination.>*®® These para-
sites have also been identified on histopathology.®* IgE has been
suggested as a novel serodiagnostic marker;*> however, contem-
porary testing now includes PCR testing of fur swabs.2634! In
addition, claims in the literature vary regarding the effectiveness
of soiled bedding at transferring fur mites to sentinels.?63650

More recently, PCR testing for rodent pathogens has ex-
panded to include testing of IVC system components. One
group achieved a 94.1% detection rate by week 4 when PCR
testing swabs applied to the exhaust manifolds of a intracage
supply—perimeter capture IVC system,” each of which housed a
single cage of mice infested with either RA or MB.3! The authors
noted that this method would likely be effective for IVC racks
in which the exhaust air is not filtered prior to the sampling
site. Similarly, another group detected AT in exhaust-air dust
by PCR testing after AT-infected mice had been housed on a
intracage supply—-intracage exhaust (direct)®” IVC system for
1 wk.3 Another study recently showed that this method was
ineffective for a rack in which exhaust air was filtered prior
to the sampling site. In particular, the method failed to detect
mouse hepatitis virus 1, mouse norovirus 4, mouse parvovirus
le, Pasteurella pneumotropica, Helicobacter spp., fur mites (MC
and RA), pinworms (AT and SO), and large intestinal proto-
zoa (Tritrichomonas muris and Entamoeba muris) when PCR was
performed on swabs collected from the exhaust plenum of
an intracage supply-intracage exhaust (indirect) IVC rack.*%
Therefore, we surmised that the filter top needs to be tested in
an intracage supply—intracage exhaust (indirect) IVC system,
in which air is filtered at the cage level before it is exhausted.

We first performed a pilot study in which nucleic acid
was extracted from the filter tops of cages maintained on an
intracage supply-intracage exhaust (indirect) IVC rack for
approximately 30 d while housing mice infected with SO and
AT (n = 1) or infested with MC and MB (n = 2) or MB and RA
(n = 2). The extracts of the filter top media tested PCR-positive
for all agents except AT. In addition, after approximately 3 mo
of use, adhesive swabs of the IVC rack exhaust prefilter and
prefilter manifold were positive for MB, MC, RA, and SO but
negative for AT. We report here an expanded study conducted
to determine whether PCR testing of filter top media extracts
from soiled-bedding sentinel cages receiving bedding from
cages housing fur-mite-infested and pinworm-infected mice is
a reliable detection method as compared with PCR testing of
filter top swabs, PCR analysis of samples collected directly from
the animals, and traditional testing methods. Our hypothesis
was that PCR testing of filter top media extracts from sentinel
cages would yield superior detection rates.

Materials and Methods
Animals. The study population was composed of 144
female (age, 3 to 5 wk), Swiss Webster (Tac:SW) mice (Taconic
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Biosciences, Germantown, NY). Mice were SPF for mouse
hepatitis virus, mouse rotavirus, lymphocytic choriomeningitis
virus, ectromelia virus, mouse parvovirus, minute virus of mice,
murine norovirus, pneumonia virus of mice, reovirus type 3,
Sendai virus, Theiler mouse encephalomyelitis virus, mouse
adenovirus, K virus, polyoma virus, mouse cytomegalovirus,
mouse thymic virus, Haantan virus, lactic dehydrogenase
elevating virus, cilia-associated respiratory bacillus, and My-
coplasma pulmonis. Animals were also free of Helicobacter spp.,
Salmonella spp., Clostridium piliforme, Corynebacterium kutscheri,
Citrobacter rodentium, endoparasites, and ectoparasites on ar-
rival. All mice were housed in a quarantine facility under ABSL
2 conditions in solid-bottom, polysulfone cages (model no. 9,
Thoren Caging Systems, Hazelton, PA; Figure 1) and housed
on an IVC system (model no. 9-140-10-14-1-4-5TM, Mobile
Maxi-Miser PIV System, Thoren Caging Systems; Figures 1
and 2) using intracage supply—-intracage exhaust (indirect) with
the supply and exhaust blowers located on the bottom of the
rack and exhausted into the room (HEPA-filtered); the rate of
intracage air exchange was previously determined to be 42 +
32 changes hourly;®° other characteristics of this IVC system,
including air flow dynamics, have been previously described;*
Animals were housed on autoclaved aspen chip bedding (PWI
Industries Canada, Quebec, Canada) or autoclaved o-cellulose
bedding (Alpha-Dri, Shepherd Specialty Papers, Watertown,
TN); y-irradiated feed (LabDiet 5058, PMI, St Louis, MO) and
acidified water (pH, 2.5 to 2.8) was provided free-choice by
using a 500-mL water bottle with a stainless steel cap with in-
tegrated sipper tube. Cages were changed weekly in a class II
type 2A biologic safety cabinet (NU 5602-500, series SP, Nuaire,
Plymouth, MN). The holding room was ventilated with 95%
filtered outside air at 15 air changes hourly. Room temperature
was maintained at 72 +2 °F (21.5 + 1 °C) and relative humidity
at 30% and 70%. Light:dark photoperiod cycle was maintained
at 12:12 h intervals.

Animal use was approved by the Memorial Sloan Kettering
Cancer Center’s IACUC. The animal care and use program is
AAALAC-accredited, and all animals are maintained in accord-
ance with the recommendations provided in the Guide for the
Use and Care of Laboratory Animals, 8th edition.?”

Experimental design. A total of 36 IVC, each housing 4
naive Swiss Webster mice and containing either aspen chip
or o-cellulose bedding (18 each), received approximately 40%
(240 mL) soiled “parasite-contaminated” bedding (10% [60 mL]
from each of the 4 groups of infected—infested cages described
later) of the same bedding type during weekly cage change.
The “parasite contaminated” bedding was pooled from 2 cages
each housing Swiss Webster and NOD scid y mice (NOD.Cg-
Prkdescid IL2rgtm1Wijl/Sz][NSGJ; The Jackson Laboratory, Bar
Harbor, ME) infected with either SO or AT or infested with MC
or with MB and RA maintained at our institution. NSG mice
were used to perpetuate the endo- and ectoparasitic infections
and infestations in the contaminated source cages because their
immunocompromised status likely increased the parasite bur-
den. The remaining bedding was obtained from cages housing
parasite-negative mice (60%; approximately 360 mL). The mice
housed in the cages used to provide parasite-contaminated
bedding were tested at the start and end of the study by using
traditional methods (anal tape, fecal flotation, skin scrape) and
direct PCR analysis (MB- and RA-infested cages only at start
of study, all at study end) to confirm their infected or infested
status.

New filter tops (spunbonded polyester filters, Reemay, Old
Hickory, TN) were used and confirmed to be free of parasite
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Figure 1. IVC system used in the current study. (A) Cage air-flow
diagram. HEPA-filtered air is supplied through sealed shelf plenums,
directly through an air supply orifice located above the cage filter top.
Air is exhausted through an exhaust-air orifice, also located above the
filter top. (B) Mouse cage with filter top. Approximate exhaust site
(circle) used for sample collection from the filter top. Reproduced with
permission from the manufacturer (Thoren Caging Systems).

nucleic acid by PCR-testing the filter media by using adhesive
swabs. In addition, the naive Swiss Webster mice were confirmed
to be free of parasite nucleic acid by PCR-testing adhesive swabs
and feces, as described later, prior to initiating the study. One
animal was mite-positive on this initial screen but negative dur-
ing speciation testing; therefore this likely was a false-positive
result. Filter tops remained on the cages for the duration of the
study. All cages were autoclaved prior to exiting the quarantine
area where this study was conducted. Cages were subsequently
sanitized in a tunnel washer using water heated to a final rinse
of 180 °F. Water temperature was monitored daily. At 30, 60, and
90 d after initiating transfer of parasite-contaminated bedding,
PCR analysis for each parasite was performed on a section of
filter top media, adhesive swabs applied to the filter top media,
and pooled adhesive swabs and feces (by cage) from each mouse
(1 fecal pellet collected directly from each mouse) housed within
the cage. In addition, at the same time points, an anal tape test,
skin scraping, and examination of cecal and colonic contents
were performed on each mouse within the cage; fecal flotation
was performed on pooled feces (by cage) collected from each
mouse. PCR analysis for each parasite was also performed on
pooled adhesive swabs collected from the exhaust prefilter (1
swab) and exhaust prefilter manifold (1 swab) at each time point.

Parasite detection methods. PCR analysis of swabs of filter
tops. Adhesive swabs (Pigeon Corporation, Tokyo, Japan) were
wiped over the entire inside surface of a 2x2-in. section of the
filter media centered on the exhaust site; the head of the swab
was rotated as it passed through the filter.

PCR analysis of extracts of filter tops. After swabbing, the same
2x2-in. section of filter (Figure 1) was removed from the lid by
using a sterile scalpel blade and placed into a 50-mL conical tube
(Corning Falcon 50-mL Conical Centrifuge Tubes, Fisher Scien-
tific, Waltham, MA). Filters, as well as swabs, were washed with
a lysis buffer, and nucleic acid was obtained through magnetic
isolation as previously described.?

PCR analysis of exhaust prefilter and exhaust manifold. An
adhesive swab was wiped over the entire surface of the filter
media on the rack-facing side of the rack exhaust prefilter
(Figure 2); the head of the swab was rotated as it passed through
the filter. All reachable surfaces of the exhaust prefilter manifold
were wiped with an adhesive swab as described for the filter.
Both swabs were pooled and analyzed by PCR for each parasite
at each time point.

PCR analysis of animal feces and swabs. For each mouse,
adhesive swabs were wiped systematically over the fur of the
dorsum and ventrum prior to swabbing the perianal region.
Swabs and feces were tested as pooled samples for each cage.

PCR analysis. PCR analysis was performed by using validated
and established TagMan PCR assays for SO, AT, MC, MB, and
RA (Charles River Research Animal Diagnostic Services, Wilm-
ington, MA). Reactions were conducted on lysates obtained
from filter top media, swabs of filter top media, or pooled swabs
and fecal pellets as previously described, by using proprietary
real-time fluorogenic 5" nuclease PCR assays.?® All PCR primers
and probes targeted 285 rRNA sequences. The testing and inter-
pretation algorithm used by the testing laboratory is as follows.
Isolated DNA first was screened with 2 primer and probe sets
that target sequences common to a subset of nematodes within
the superfamily Oxuroidea. If either of the screening assays was
positive, DNA was reisolated from retained sample lysate and
retested by the screening assays as well as 3 species-specific as-
says that target unique sequences for AT, SO, and Syphacia muris.
A positive result was reported when the repeated screening as-
say or species-specific assays were positive (real-time PCR cycle
threshold values equivalent to or greater than approximately
1 template copy per PCR reaction). A similar approach was
taken for the fur mite assays. Isolated DNA was screened by
using 2 assays, one targeting sequences common to MB- and
RA-related species and a second targeting sequences common
to MC-related species. When either screening assay was posi-
tive, DNA was reisolated from the retained sample lysate and
retested by screening assays as well as by each species specific
assay. To monitor for successful DNA recovery after extraction
and to assess whether PCR inhibitors were present, a nucleic
acid recovery control assay was performed. Exogenous algae
DNA was added to the sample lysis prior to extraction to yield
approximately 200 copies of isolated nucleic acid per reac-
tion well (approximately 40 copies/uL; 5 pL nucleic acid total
added to PCR), which then underwent real-time PCR analysis
targeting the algae sequence. Nucleic acid recovery control as-
says for samples that demonstrated greater than a log10 loss of
template copies compared with control wells were diluted 1:4
and retested or reextracted or both.

Sodium nitrate flotation. Between 7 and 16 (mean, 13) fe-
cal pellets were mixed with sodium nitrate solution (Fecasol,
Vetoquinol ISA, Fort Worth, TX; specific gravity, 1.2) in a fecal
flotation device (Fecatector, Henry Schein, Dublin, OH), and
flotation solution was added until a meniscus formed above the
rim. A coverslip was placed on top of the meniscus. After 15 min,
the coverslip was transferred to a microscope slide, and the entire
coverslip was examined under 40x to 100x magnification. A posi-
tive result was reported when at least one egg was detected.
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Figure 2. IVC system used in the current study. (A) IVC caging system. Exhaust air (arrows) flow from the cage exhaust to the rack exhaust
prefilter (asterisk). (B) The rack exhaust prefilter (asterisk) can be removed for sampling of the prefilter or exhaust fan box surfaces. Reproduced

with permission from the manufacturer (Thoren Caging Systems).

Anal tape test. Approximately 2.5 cm of clear cellophane tape
(Scotch Transparent Tape 600, 3M, St Paul, MN) was applied
to the perianal region of each mouse for approximately 1 to 2
s, adhered to a microscope slide, and systematically examined
under 100x magnification.

Examination of cecal and colonic contents (intestinal contents).
The cecum and colon were harvested from each mouse after
euthanasia, separately macerated (that s, sliced) and maintained
in warm tap water for approximately 15 min in a culture dish,
and examined under 4x magnification.

Skin scrape. Skin scrapings were collected by using a no. 20
scalpel blade (Bard-Parker Carbon Rib-Back Blades Size 20,
Aspen Surgical, Caledonia, MI). The blade was scraped at a 90°
angle to the surface of the skin over approximately a 1-cm? area
of skin of the head and neck (caudal scalp and neck cranial to
scapulae), back (midline dorsal thoracolumbar junction), and
caudoventral abdomen. Loose hair and debris from each site
were transferred by using 3 separate pieces (approximately 2x2.5
cm) of cellophane tape and affixed to a single glass slide. Slides
were systematically examined by using a 4x objective until the
entire piece of tape, including hair fibers extending beyond its
borders, was evaluated.

Statistics. The detection rate was calculated on the basis of the
number of cages with positive test results relative to the num-
ber of cages exposed. The McNemar test was used for paired
comparisons. For fur mites, PCR analysis of filter top media
analysis was compared with PCR analysis of filter top swabs,

direct PCR testing, and skin scrape assays. For pinworms, PCR
analysis of filter top media was compared with PCR testing of
filter top swabs, direct PCR assay, fecal flotation, and direct
examination of intestinal contents. For all parasites combined,
PCR analysis of filter top media was compared with PCR testing
of filter top swabs and direct PCR assay. The Fisher exact test
was used for unpaired comparisons. PCR assays were compared
between bedding types for each parasite and for all parasites
combined. Values were considered to differ when the P value
was less than 0.05. All computations were performed by using
SAS version 9.4 (SAS Institute, Cary, NC).

Results

Comparison of parasite detection methods. For mice exposed
to aspen chip bedding, PCR analysis of filter top media had the
highest detection rate, detecting 100% of all parasites on days 30,
60, and 90 and overall (Table 1). PCR testing of filter top swabs
also detected a high percentage of parasites, including 100%
of endoparasites on day 60 and 100% of ectoparasites on day
90, but this method did not consistently detect 100% of either.
Direct PCR assay detected lower percentages of parasites on
day 30, with increasing detection rates over the course of the
study, culminating in 100% detection rates on day 90, except
for the SO assay in which 83% of parasite-positive cages were
detected. Direct PCR assay detected RA in 100% of the cages. For
the traditional test methods, examination of intestinal contents
had higher detection rates for AT and SO than did the other
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Table 1. Results for aspen chip bedding

Day Test MB MC RA AT SO
30 PCR testing of filter top media 100 100 100 100 100
PCR testing of filter top swabs 83 67 100 50 100
Direct PCR testing 50 83 100 67 67
Fecal float NA NA NA 17 0
Anal tape NA 17 NA 0 50
Intestinal contents NA NA NA 83 50
Skin scrape 0 50 0 NA 17
60 PCR testing of filter top media 100 100 100 100 100
PCR testing of filter top swabs 100 83 100 100 100
Direct PCR testing 67 100 100 100 83
Fecal float NA NA NA 17 0
Anal tape NA 50 NA 0 17
Intestinal contents NA NA NA 83 83
Skin scrape 0 33 0 NA 17
90 PCR testing of filter top media 100 100 100 100 100
PCR testing of filter top swabs 100 100 100 67 83
Direct PCR testing 100 100 100 100 83
Fecal float 33 NA NA 17 0
Anal tape NA 33 NA 0 50
Intestinal contents 0 0 0 100 67
Skin scrape 67 67 50 NA NA
All PCR testing of filter top media 100 100 100 100 100
PCR testing of filter top swabs 94 83 100 72 94
Direct PCR testing 72 94 100 89 78
Fecal float 11 NA NA 17 0
Anal tape NA 33 NA 0 39
Intestinal contents NA NA NA 89 67
Skin scrape 22 50 17 NA 1

NA, not applicable

Data are given as the percentage of positive cages (1 = 6 per time point; 18 total).

traditional methods for their respective parasites. Examination
of intestinal contents detected AT in 100% of the cages on days
60 and 90 but identified SO in only 83% and 67% at the same
time points, respectively. Fecal floatation detected AT in 17%
of the cages at each time point and overall. The anal tape test
never detected SO in more than 50% of the cages (39% overall).
The anal tape test also detected the occasional MC infestation
(33% overall). Skin scrape did not detect MB in any cage until
day 90 (67%; 22% overall); detected MC in 50% of the cages on
day 30, 67% on day 90, and 50% overall; and did not detect RA
in cages until day 90 (50%; 17% overall).

For mice exposed to a-cellulose bedding, PCR analysis of
filter top media had the highest detection rate, detecting 100%
of all parasites on days 30, 60, and 90 and overall, except for
AT, for which it had a detection rate of 67% on days 30 and 90
(78% overall; Table 2). PCR testing of filter top swabs detected
a high percentage of some parasites, including 100% of RA and
SO throughout the study and 100% for MB (except for 83% on
day 90). However, PCR testing of filter top swabs detected MC
in 67% of the cages at all time points. AT detection varied from
50% of the cages on day 30 to 67% of the cages on day 90 (50%
overall).

Direct PCR assay generally had lower detection rates than the
other 2 PCR methods. Direct PCR testing detected 83% of the

cages with SO on day 30 and all of the cages for the remainder
of the study. Direct PCR analysis had the same detection rates
for RA and AT cages, detecting 100% on day 60 and 83% on
days 30 and 90, respectively (89% overall). Direct PCR detection
rates were lower in detecting MB and MC cages, detecting 33%
on day 30, and 50% and 67% on day 90, respectively (50% and
44% overall, respectively).

For the traditional test methods, examination of intestinal
contents detected greater numbers of cages positive for AT and
SO than the other traditional methods detected their respective
parasites. Examination of intestinal contents detected AT in
83% of the cages on day 60 and 100% on day 90 (83% overall),
whereas it identified SO in 83% of the cages on days 60 and 90
(61% overall). Fecal floatation did not detect AT in any cage on
days 30 and 90 and only 17% of the cages on day 60 (6% overall).
The anal tape test detected SO in 33% of the cages on days 30 and
90 and 50% on day 60 (39% overall). Skin scrape did not detect
ectoparasites in any cage on days 30 and 60 and identified MB
in only 17%, MC in 33%, and RA in 17% of the cages on day 90
(6%, 11%, 6% overall, respectively). Note that for both bedding
studies, SO was occasionally detected on skin scrape.

PCR analysis of filter top media was compared for each para-
site to each relevant test for aspen chip bedding-exposed and o
cellulose bedding-exposed cages. For aspen chip bedding, PCR
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Table 2. Results for a-cellulose bedding

PCR testing of IVC filter tops

Day Test MB MC RA AT SO
30 PCR testing of filter top media 100 100 100 67 100
PCR testing of filter top swabs 100 67 100 50 100
Direct PCR testing 33 33 83 83 83
Fecal float NA NA NA 0 0
Anal tape NA NA NA 0 33
Intestinal contents NA NA NA 67 17
Skin scrape 0 0 0 NA NA
60 PCR testing of filter top media 100 100 100 100 100
PCR testing of filter top swabs 100 67 100 33 100
Direct PCR testing 67 33 100 100 100
Fecal float NA NA NA 17 0
Anal tape NA NA NA 0 50
Intestinal contents NA NA NA 83 83
Skin scrape 0 0 0 NA NA
90 PCR testing of filter top media 100 100 100 67 100
PCR testing of filter top swabs 83 67 100 67 100
Direct PCR testing 50 67 83 83 100
Fecal float 17 NA NA 0 17
Anal tape NA NA NA 0 33
Intestinal contents NA NA NA 100 83
Skin scrape 17 33 17 NA 17
All PCR testing of filter top media 100 100 100 78 100
PCR testing of filter top swabs 94 67 100 50 100
Direct PCR testing 50 44 89 89 94
Fecal float 6 NA NA 6 6
Anal tape NA NA NA NA 39
Intestinal contents NA NA NA 83 61
Skin scrape 6 11 6 NA 6
NA, not applicable

Data are given as the percentage of positive cages (1 = 6 per time point; 18 total).

analysis of filter top media detected MB more effectively than
did skin scrape at days 30, 60, and overall (P = 0.03, P = 0.03,
and P = 0.0001, respectively). For o-cellulose bedding, PCR
analysis of filter top media was more effective at detecting MB
than direct PCR overall (P = 0.004) and skin scrape at day 30,
60, and overall (P = 0.03, P = 0.03, and P < 0.0001, respec-
tively). For aspen chip bedding, PCR analysis of filter top media
was more effective at detecting MC than skin scrape overall (P =
0.004). For o-cellulose bedding, PCR analysis of filter top media
more effectively detected MC than did PCR testing of filter top
swabs overall (P = 0.03); direct PCR overall (P = 0.002); and skin
scrape at days 30 and 60 and overall (P =0.03, P=0.03, and P <
0.0001, respectively). For aspen chip bedding, tests did not dif-
fer significantly regarding identification of RA. For a-cellulose
bedding, PCR analysis of filter top media detected RA more
frequently than did skin scrape at days 30 and 60 and overall
(P=0.03, P=0.03, and P < 0.0001, respectively).

For aspen chip bedding and o cellulose bedding, PCR analysis
of filter top media was more effective at detecting AT than fe-
cal floatation overall (P < 0.0001 and P = 0.0002, respectively).
For aspen chip bedding, PCR analysis of filter top media was
more effective at detecting SO than were tape testing and ex-
amination of intestinal contents overall (P = 0.001 and P = 0.03,

respectively). For o-cellulose bedding, PCR analysis of filter
top media was more effective at detecting SO than were tape
testing and examination of intestinal contents overall (P = 0.001
and P = 0.02, respectively).

We also compared PCR analysis of filter top media with the
other PCR tests cumulatively across all parasites for each bed-
ding type. For aspen chip bedding, PCR analysis of filter top
media detected parasites more effectively than did PCR testing
of filter top swabs at day 30 and overall (P = 0.03 and P = 0.002,
respectively) and direct PCR testing at day 30 and overall (P =
0.008 and P = 0.0005, respectively). For a-cellulose bedding,
PCR analysis of filter top media was more effective at detect-
ing parasites than PCR testing of filter top swabs at day 60 and
overall (P = 0.03 and P = 0.008, respectively) as well as direct
PCR testing at days 30 and 60 and overall (P = 0.02, P = 0.03,
and P = 0.0002, respectively).

We then compared PCR methods between bedding types. Di-
rect PCR assay detected MC overall more often when aspen chip
bedding was used (P = 0.003). When PCR tests were compared
cumulatively across all parasites, direct PCR assay was more
effective at detecting parasites by using aspen bedding at day
90 and overall (P =0.03 and P = 0.02, respectively). In addition,
PCR analysis of filter top media with aspen chip bedding had
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numerically higher detection rates for all parasites combined at
day 30 and day 90 (100% compared with 93%) and for all time
points (100% compared with 96%), but these comparisons were
not statistically significant.

Mice had no clinical signs associated with ectoparasitic infes-
tation or endoparasitic infection throughout the study.

PCR analysis of rack exhaust prefilter. Swabs collected from
the rack exhaust prefilter and manifold were negative for all
parasites on day 0, positive for RA on day 30; positive for SO
and mites on day 60; and positive for MC, RA, and SO on day 90.

Discussion

Testing for rodent pathogens has recently expanded to include
PCR testing of environmental samples, including IVC system
components. This method may be effective for IVC systems in
which cage exhaust is not filtered prior to the sampling site.?”
We hypothesized that PCR testing of cage lid filters would be
a viable alternative for IVC systems in which air is filtered at
the cage level. In this study, we compared parasite detection
methods in sentinel cages exposed to soiled bedding collected
from cages housing mice infested with fur mites and infected
with pinworms using 2 contact bedding types, aspen chip and
o cellulose. We hypothesized that differences in the amounts
of particulates (that is, dust) would affect the ability to detect
parasite nucleic acid on the filter tops. Bedding containing a
greater amount of dust would increase the ability to detect
parasite nucleic acid. Specifically, we compared detection rates
of nucleic acid extracts from a section of filter media collected
from the filter top, nucleic acid eluted from adhesive swabs ap-
plied to the filter top, and samples collected directly from the
animals and tested by using both PCR analysis and traditional
testing methods, including fecal floatation, the anal tape test,
direct examination of intestinal contents, and skin scraping.

When cages were bedded with aspen chips, PCR analysis
of filter top media was positive for all parasites at all time
points. Although PCR testing of filter top swabs detected a
high percentage of parasites, including all endoparasites on
day 60 and all ectoparasites on day 90, it did not consistently
detect all parasites at all time points throughout the study. Not
surprisingly, except for detecting RA in all cages throughout the
study, direct PCR assays detected low percentages of parasites
on day 30, with increasing detection rates over the course of the
study, culminating in 100% detection rates on day 90, except for
detecting SO in 83% of the cages. These findings likely reflect
differences in prepatent periods and increasing endo- and
ectoparasite burdens in and on the mice over time.

For the traditional test methods conducted on cages bed-
ded with aspen chip, examination of intestinal contents had
higher detection rates for AT (100% on days 60 and 90) and
SO (83% and 67% on days 60 and 90, respectively) than the
other nonmolecular methods for their corresponding para-
sites. Fecal flotation detected AT in only 17% of the cages,
and the anal tape test never detected SO in more than 50% of
the cages at any time point (39% overall). We found similarly
low detection rates in our previous study.?® Interestingly, the
anal tape test detected the occasional MC infestation, likely
due to the presence of mites on hair near the perineum.
Not surprisingly, skin scrape detected a low percentage of
ectoparasites on days 30 and 60, detecting neither MB nor
RA until day 90. Skin scrape detection rates were highest
on day 90, detecting MB and MC in approximately 2/3 and
RA in half of the cages. Similar to the increasing detection
rates for direct PCR assays, this pattern likely was related to
increasing ectoparasite burdens over time.

For cages containing o-cellulose, results for PCR analysis of
filter top media were similar to those for aspen chip bedding,
and PCR of filter media extract detected all parasites, except
for AT, by day 30. Even though AT was detected in only 2/3
of the cages on days 30 and 90, the parasite was detected in all
cages on day 60. Perhaps the longer prepatent period for AT and
deposition of its eggs within feces, as compared with perianally
for SO, contributed to these results, in that more SO nucleic acid
was available to be aerosolized. Although PCR testing of filter
top swabs detected a high percentage of most parasites at all
time points, this method detected MC and AT in low numbers
of cages at most time points. Direct PCR generally had lower
detection rates than the other PCR methods evaluated, and it
was best at detecting RA. Similar to the results for aspen chip
bedding, intestinal content examination yielded higher detec-
tion rates for AT and SO than the other traditional methods, but,
in general, the traditional test methods had low detection rates.
Surprisingly with both bedding types, SO was occasionally
detected in skin scrape samples. Again, perianal deposition of
SO eggs increases the likelihood of contamination with SO eggs
of adjacent areas of the fur when skin scraping was performed
and within the cage environment.

For each parasite, PCR analysis of filter top media was com-
pared with the other tests for each bedding type. For cages
bedded with a-cellulose, PCR analysis of filter top media was
more effective than PCR testing of filter top swabs at detecting
MC (overall) and than direct PCR assays at detecting MB and
MC (overall). In the context of MB and MC, it is unclear why
PCR analysis of filter top media was superior to other PCR
methods when tested on o-cellulose-bedded cages but not
when using aspen chip bedding. However, not surprisingly
for both bedding types, PCR analysis of filter top media was
more effective than the skin scrape at detecting MB (days 30 and
60 and overall), MC (aspen chip bedding: overall; o-cellulose:
days 30 and 60 and overall), and RA (o cellulose: days 30 and
60 and overall). Aspen-chip-bedded cages yielded no significant
differences between tests for RA. For both bedding types, PCR
analysis of filter top media was more effective than fecal flota-
tion at detecting AT (overall) and better than the tape test and
intestinal contents at detecting SO (overall). Not surprisingly,
PCR analysis of filter top media was superior to traditional
antemortem tests for the endo- and ectoparasites considered for
both bedding types. This finding was consistent with previous
studies that have shown PCR assay, albeit direct, to generally
have higher detection rates than the tape test,?! fecal flotation,?
and skin scrape.345!

PCR analysis of filter top media was superior to the other PCR
methods evaluated at detecting all parasites, when considered
cumulatively, for each bedding type overall. For aspen-chip-bed-
ded cages, PCR analysis of filter top media was more effective at
detecting parasites than PCR testing of filter top swabs (day 30
and overall) and when compared with direct PCR (day 30 and
overall). For o-cellulose-bedded cages, PCR analysis of filter top
media was more effective at detecting parasites as compared
with PCR testing of filter top swabs (day 60 and overall) and
direct PCR assay (days 30 and 60 and overall).

It is not surprising that PCR analysis of filter top media was
either equivalent or more effective than PCR testing of filter top
swabs at detecting all parasites. The spunbonded polyester filter
(Reemay) would be expected to accumulate greater amounts of
particulate within the filter matrix as well on its inner surface
than what resides solely on the inner surface, which is likely only
partially picked up by the swab. From a practical standpoint,
this situation necessitates maintaining the lid on the sentinel
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cage during cage changes and sacrificing the filter top for test-
ing; however, the costs of the top are modest (approximately $6)
when contrasted to the cost of performing PCR analysis and the
potential programmatic costs of a false-negative result. Perhaps
more important was the finding that PCR analysis of filter top
media was superior to directly testing the animals within the
cage, which is a commonly used method. Furthermore, ac-
cumulation of nucleic acid within and on the filter media over
time circumvents the challenges associated with directly test-
ing mice for pinworms, given that Syphacia spp., for example,
are known to exhibit egg shedding periodicity*’¢! and that
endoparasites, in general, have lower burdens over time due
to increased immunity.'#2430.33414555 Byture studies are war-
ranted for determining whether the presence of sentinel mice
is necessary to stir up dust and debris that can become lodged
in the filter for testing. In addition, it should be noted that one
cannot eliminate the possibility of false-positive PCR results due
to sample contamination, either at the diagnostic lab or during
cage change or sample collection.

In addition, some institutions house different numbers
of mice in their sentinel cages and may change cages less
frequently than our institution (4 per cage and once weekly,
respectively), thus potentially affecting the parasite burden
within the cage as well as the amount of dust and debris gener-
ated. Likewise, because endoparasitic burden decreases with
age,” 1425304145495 the 3- to 5-wk-old female Swiss Webster
mice used in the current study, which we selected to represent
the sentinel mice used at our institution, initially may have
been more susceptible to parasitic infection. Furthermore, the
parasite burden within the sentinel cage is dependent on the
prevalence within the facility, thus affecting the positive predic-
tive value of a diagnostic test.>® We selected a 1:10 ratio (10%)
of parasite-contaminated:uncontaminated bedding to model
the level of infestation or infection that might reasonably be
detected. In our facility, a sample of soiled bedding is collected
from each of 40 cages; samples are combined and placed into
each sentinel cage during weekly cage change. PCR analysis of
filter top media reliably detected endo- and ectoparasites from
soiled-bedding sentinel cages after only 1 mo of receiving the
contaminated bedding.

Comparing PCR methods between bedding types revealed
that direct PCR was more effective at detecting MC (overall) as
well as all parasites combined (day 90 and overall) when aspen
chip bedding was used as compared with o-cellulose bedding.
In addition, although the difference did not achieve statistical
significance, PCR analysis of filter top media in cages bedded
with aspen chip detected more positive cages as compared with
o-cellulose bedding for all parasites combined on days 30 and
90 (100% compared with 93%), and for all time points (100%
compared with 96%). Although aspen chip bedding appeared
to better transmit endo- and ectoparasites via dirty bedding
for PCR detection, whether the difference can be attributed to
the bedding itself or whether this pattern was due to differing
parasite burdens within the source cages is unclear. However,
hardwood bedding chips have the highest dust content (0.13%);
more so than corncob, corncob-paper mixed, and paper bed-
ding.% Therefore, a difference in dust generation may have
contributed to the higher detection rates in cages bedded with
aspen chip.

Fur mite nucleic acid clearly can be transmitted to sentinel
cages by means of dirty bedding. Historically, this method of
transmission has been reported to be variably successful 26365059
Likewise, skin scrape results from this study demonstrated low
levels of apparently active infestations. However, the historically

PCR testing of IVC filter tops

variable success of transferring of fur mites was likely due to the
need for active infestations as well as less sensitive diagnostic
methods. Endo- and ectoparasite burdens within the dirty bed-
ding, stage of infestation, and technical experience could also
have affected the results from previous reports. PCR testing of
environmental samples—in this case, samples collected from
filter tops—enabled detection of fur mites as their nucleic acid
is aerosolized and accumulates over time in and on the filter
adjacent to the exhaust plenum orifice.

The limited testing of the rack exhaust prefilters and exhaust
manifold showed promise for their use as an alternative site for
collecting environmental PCR samples, even though the cage
exhaust was filtered at the filter top. Swabs of the study rack ex-
haust prefilter were positive for 3 of the 5 parasites (MC, RA, and
SO) on day 90. However, the study rack exhaust prefilter was
reusable, and therefore media was not removed for extraction
and testing on day 90. Disposable filters are available and may
be advantageous for the same reasons as indicated for the filter
lid media. Our current results are in contrast to recent work, in
which rack plenum testing was negative for all parasites tested.*
This difference may be due, in part, to difficulties in sampling
a site with ample dust accumulation.

In conclusion, PCR analysis of filter top media was, in general,
superior to all the other PCR methods evaluated (filter top swab
and direct testing of mice) as well as traditional methods for
detecting murine endo- and ectoparasites and reliably detected
the presence of parasites after only 1 mo in cages receiving as
little as a 1:10 ratio of contaminated:uncontaminated bedding
weekly. Furthermore, all other testing methods evaluated may
generate an unacceptable number of false-negative results.
PCR analysis of filter top media resulted in detection rates that
were higher (albeit nonsignificantly) for all parasites combined
when cages were bedded with aspen chips as compared with
o-cellulose, presumably because of the higher dust content of as-
pen chips. Therefore, bedding type should be considered when
using environmental PCR testing to detect parasites housed
on this type, and perhaps other types, of IVC systems. Finally,
although preliminary testing showed promise, further studies
are warranted to evaluate the effectiveness of rack exhaust pre-
filter PCR testing or sampling of other exhaust components in
this type of IVC system. Because PCR testing of cage lid filters
for IVC systems in which air is filtered at the cage level was
highly effective, lid filter PCR testing of sentinel cages at 2- to
3-mo intervals could augment or even replace direct testing of
sentinels for common murine parasites.
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