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Evaluation of Traditional and Contemporary
Methods for Detecting Syphacia obvelata and
Aspiculuris tetraptera in Laboratory Mice

Philip M Gerwin,"** Rodolfo J Ricart Arbona,? Elyn R Riedel,®> Michelle L Lepherd,*} Ken S Henderson,*
and Neil S Lipman’?”

There is no consensus regarding the best practice for detecting murine pinworm infections. Initially, we evaluated 7 fe-
cal concentration methods by using feces containing Aspiculuris tetraptera (AT) eggs (n = 20 samples per method). Sodium
nitrate flotation, sodium nitrate centrifugation, Sheather sugar centrifugation, and zinc sulfate centrifugation detected eggs
in 100% of samples; zinc sulfate flotation and water sedimentation detected eggs in 90%. All had better detection rates than
Sheather sugar flotation (50%). To determine optimal detection methods, Swiss Webster mice were exposed to Syphacia ob-
velata (SO; n = 60) or AT (n = 60). We compared the following methods at days 0, 30, and 90, beginning 21 or 28 d after SO and
AT exposure, respectively: fecal concentration (AT only), anal tape test (SO only), direct examination of intestinal contents
(cecum and colon), Swiss roll histology (cecum and colon), and PCR analysis (pooled fur swab and feces). Detection rates for
SO-exposed mice were: PCR analysis, 45%; Swiss roll histology, 30%; intestinal content exam, 27%; and tape test, 27%. The SO
detection rate for PCR analysis was significantly greater than that for the tape test. Detection rates for AT-exposed mice were:
intestinal content exam, 53%; PCR analysis, 33%; fecal flotation, 22%; and Swiss roll histology, 17%. The AT detection rate of
PCR analysis combined with intestinal content examination was greater than for PCR analysis only and the AT detection rate
of intestinal content examination was greater than for Swiss roll histology. Combining PCR analysis with intestinal content
examination detected 100% of infected animals. No single test detected all positive animals. We recommend combining PCR

analysis with intestinal content examination for optimal pinworm detection.

Abbreviations: AT, Aspiculuris tetraptera; SO, Syphacia obvelata

Murine pinworm infections continue to be a problem for
contemporary research colonies, as highlighted by recent ven-
dor-associated outbreaks at many institutions. Syphacia obvelata
(SO) and Aspiculuris tetraptera (AT) are the ‘cosmopolitan’ mu-
rine pinworms® that should be excluded from and monitored
for in mouse colonies, due to their effects on animal health and
research, including behavior, gastrointestinal physiology, im-
munology, growth, and hematopoiesis.>?7404461 Furthermore,
pinworm infections may limit the transfer of mice between
institutions.!® A 2006 survey of 35 of the top 112 NIH-funded
institutions spanning 25 states reported that approximately 75%
of those institutions had detected SO and approximately 60%
had detected AT in their mouse colonies.!!

First described in the early 1800s,5% these endoparasitic
oxyurid nematodes have direct life cycles and transmit infec-
tions through the ingestion of embryonated (infective) eggs.>>!
SO and AT can be distinguished by means of morphologic dif-
ferences in the worms and eggs.3°% SO primarily inhabits the
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cecum and has a prepatent period of 11 to 15 d; eggs are laid
in the perianal region, where they embryonate in 5 to 20 h.1°
Retroinfection has been postulated but remains unproven.!?
AT primarily resides in the proximal colon and has a prepat-
ent period of approximately 24 d.>*4 In contrast to SO eggs,
AT eggs are passed in feces®! and embryonate in 5 to 8 d.113%

The reported prevalence of murine pinworm infections var-
ies markedly. Many factors affect prevalence, including age,
sex, strain, host immune function, and environmental bur-
den.>712,18,22,27,33,38,3947,51,55,58 Eyen though pinworm eggs have
not been documented in the environment in modern vivaria,
they have been shown to be resistant to disinfectants.3193643
Although Syphacia spp. have been eradicated successfully
from rodent colonies by using oral anthelmintic treatment
alone,** no reports of eradication of AT without environmental
decontamination have been published.®> The prevalence and
potential for environmental persistence underlie the importance
of instituting a biosecurity program that incorporates optimal
detection methods.

Traditionally, pinworms are diagnosed in live mice by de-
tecting eggs by means of the anal tape test (SO)>?4+2%5154% and
fecal concentration methods (AT).3051% Antemortem pinworm
detection can be challenging, given that testing can produce
false-negative results due to testing during the prepatent period
or intermittent egg shedding.1%1516%0 [n addition, pinworm
detection can be affected by extrinsic factors including worm
burden and the ability to transmit infections to soiled-bedding
sentinels, which can be influenced further by the parasite’s life
cycle, including time to egg embryonation.!®?* Immune resist-
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ance can reduce both worm and egg burdens and has been
reported regarding both pinworm species.®’15. Traditional
antemortem testing methods generally are considered to be
less sensitive than are postmortem testing methods.!® Fecal
concentration techniques, including flotation and sedimentation
methods, improve the recovery and identification of parasites.”’
In the flotation method, a solution whose specific gravity is
greater than that of the egg is used, allowing it to float to the
top of the solution.” Passive flotation generally is reported to
be less sensitive than centrifugation flotation.” However, this
difference has not been evaluated with murine pinworm eggs.
Flotation solutions include sodium chloride, sodium nitrate,
sugar, and zinc sulfate and, for this purpose, should have a
specific gravity of 1.20 to 1.30.4%%” Centrifugation improves the
sensitivity of the test by pelleting the dense debris at the bottom
of the tube, allowing the lighter parasite eggs to rise,” increasing
recovery.?! In the sedimentation method, a solution with a lower
specific gravity than the egg is used allowing them to sink.”

The direct evaluation of cecal and colonic contents at necropsy
is generally considered to be the ‘gold standard’ for detecting
pinworms.?0252646 The ‘Swiss roll” technique, in which the
intestine is rolled into a spiral prior to processing for histology,
is another method for direct examination of the entire intestinal
wall and luminal contents.*® Even though SO infections have
been identified by ELISA,*5% commercial serologic pinworm
assays are not currently available. Recently, real-time PCR detec-
tion has been introduced as a sensitive and specific diagnostic
method, with tests reported to detect fewer than 10 copies of
DNA 2026283548 However, because PCR analysis can detect
nucleic acid from shed pinworm cells?® and dead nematodes,
positive PCR results may not reflect an active infection.?’

Our interest in this topic was stimulated by inconsistent
test results during a recent vendor-associated outbreak. Even
though recent studies have compared select pinworm detection
methods, there is no consensus regarding the best practice for
testing, 72023262852 and a comprehensive comparative study
of methods has never been reported. Flotation solutions and
methods have been described inconsistently in published manu-
scripts, thus preventing method replication or diagnostic use,
and study findings are inconsistent, likely due to inadequate
subject numbers.202326.2852 I addition, some studies used heav-
ily infected pet-store mice, which may not accurately reflect
testing on laboratory mice in which pinworms may be present
at low levels. Surprisingly, no studies have been published
regarding the sensitivity of PCR testing using commercial as-
says to detect SO. Authors of recent studies have suggested that
using PCR analysis only is effective for antemortem screening.
However, they concluded that pinworm PCR assays may simply
augment current testing methods and may not eliminate the
possibility of false-positive or -negative results.?028

Although current antemortem detection methods appear to
be insensitive, prior studies have not evaluated the optimal fecal
concentration solution and method for murine pinworm detec-
tion. Furthermore, direct examination of intestinal contents has
not been compared with Swiss roll histology as a postmortem
detection method.

Itis paramount that biosecurity programs use the most sensi-
tive tests possible, to minimize false-negative results. Therefore,
the goal of the current study was to determine the best method,
or combination of methods, for detecting pinworm infections
as a component of quarantine and colony health-monitoring
programs, while considering detection rates and practicality.
The hypothesis was that detection rates would be higher for
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PCR analysis, direct examination of intestinal contents, and
Swiss roll histology than for other methods.

Materials and Methods

Animals. Female Swiss Webster (n = 120; age, 3 to 5 wk;
Tac:SW; Taconic Biosciences, Germantown, NY) mice were
obtained. We selected this sex and strain of mice because they
are commonly used as sentinels for colony health monitoring
programs. Mice were specific pathogen-free for mouse hepatitis
virus, mouse rotavirus, lymphocytic choriomeningitis virus, ec-
tromelia virus, mouse parvovirus, minute virus of mice, murine
norovirus, pneumonia virus of mice, reovirus type 3, Sendai
virus, Theiler mouse encephalomyelitis virus, mouse adeno-
virus, K virus, polyoma virus, mouse cytomegalovirus, mouse
thymic virus, Haantan virus, lactic dehydrogenase elevating
virus, cilia-associated respiratory bacillus, and Mycoplasma pul-
monis. Mice also were free of Helicobacter spp., Salmonella spp.,
Clostridium piliforme, Corynebacterium kutscheri, Citrobacter roden-
tium, endoparasites, and ectoparasites on arrival. All mice were
housed in a quarantine facility under Animal Biosafety Level 2
conditions in solid-bottom, polysulfone, IVC (Thoren Caging
Systems, Hazelton, PA) on autoclaved aspen-chip bedding (PWI
Industries Canada, Quebec, Canada); y-irradiated feed (LabDiet
5058, PMI, St Louis, MO) and acidified water (pH, 2.5 to 2.8)
were provided ad libitum. Cages were changed weekly in a
class II type 2A biologic safety cabinet (NU S602-500, Series SP,
Nuaire, Plymouth, MN). The holding room was ventilated with
95% filtered outside air at 15 air changes hourly. Other room
conditions were 72 +2 °F (21.5 £ 1 °C), relative humidity at 30%
and 70%, and a 12:12-h light:dark photoperiod.

Animal use was approved by Memorial Sloan Kettering Can-
cer Center’s IACUC. The center’s animal care and use program
is AAALAC-accredited and operates in accordance with the
recommendations provided in the Guide.3?

Establishment of infected colonies. Infected colonies were
established from pinworm-infected mice maintained at our
institution. We previously established colonies of Swiss Web-
ster and NSG (NOD.Cg-Prkdc* IL2rg" Wil /Sz]; The Jackson
Laboratory, Bar Harbor, ME) mice infected with SO. NSG mice
were used due to their increased susceptibility to parasitic infec-
tions. To establish an AT-infected colony, adult AT worms were
collected from the cecum and colon of infected mice, both from
dual-infected (SO and AT) mice maintained at MSKCC and from
a mouse purchased from a pet store. The worms were macer-
ated, and the eggs were collected and cultured in approximately
10 mL of sterile physiologic saline at 23 °C until embryonated
(approximately 2 wk). Each dish contained approximately 500
to 2000 embryonated eggs. Embryonated eggs, suspended
in saline, were administered by oral gavage of 0.1 to 0.15 mL
into each naive NSG mouse. In addition, embryonated eggs,
suspended in saline, were added to powdered chow (LabDiet
5058) provided in a medicine cup within the cage. To further
increase the likelihood of infection, infected dirty bedding from
confirmed positive cages was transferred into the cages during
weekly cage changes. Partial bedding changes were performed
on confirmed infected cages to facilitate continual exposure to
embryonated eggs.

Optimal fecal concentration method. The optimal fecal
concentration method was determined by using pooled fecal
samples from the cages containing AT-infected mice. We tested
7 fecal concentration methods: sodium nitrate flotation (Fecasol,
Vetoquinol USA, Fort Worth, TX; specific gravity, 1.2); sodium
nitrate with centrifugation; zinc sulfate flotation (zinc sulfate
heptahydrate, Sigma—Aldrich, St Louis, MO; specific gravity,
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1.35); zinc sulfate with centrifugation; Sheather sugar flotation
(Sheather Sugar Flotation Solution, Jorgensen Labs, Loveland,
CO; specific gravity, 1.27); Sheather sugar with centrifugation;
and sedimentation and centrifugation with water (tap; spe-
cific gravity, 1.0). Each fecal concentration detection method
was repeated 20 times, each using a different fecal aliquot. A
hydrometer (Specific Gravity Plain Form Hydrometer, VWR,
Radnor, PA) was used to measure the specific gravity of each
solution prior to use.

For each fecal concentration solution and method, a volume
equal to approximately 10 fecal pellets was used. Feces evalu-
ated by flotation were mixed with flotation solution 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 for
examination. Feces evaluated by centrifugation were mixed
with flotation solution in a 15-mL conical tube (Polystyrene
Centrifuge Tubes, Jorgensen Labs) and centrifuged at 400 x g
for 5 min, after which the flotation solution was added until a
meniscus formed above the rim. A coverslip was placed on top
of the meniscus for 10 min and then transferred to a microscope
slide for examination. For sedimentation with water, feces was
mixed with 10 mL water in a 15-mL conical tube and centrifuged
at 400 x g for 5 min. The supernatant was decanted, and the
remaining pellet was resuspended in a small amount of water.
A few drops of this suspension were placed on a microscope
slide, covered with a coverslip, and examined. For all methods,
the entire coverslip was examined systematically under 100x
magnification. A positive result was reported when at least
one egg was detected. The number of eggs was not quantified.

Exposure of naive subjects. Naive Swiss Webster mice (20 per
time point; n = 60 total) were exposed to SO on day —21, and
naive Swiss Webster mice (20 per time point; n = 60 total) were
exposed to AT on day —28, based on each species’ prepatent
period 2412145 For each SO exposure, 5 cages of 4 Swiss Webster
mice were housed with an SO-infected NSG mouse for 1 wk.
On day 0 (21 d after exposure), 6 or 7 SO-exposed mice were
selected randomly by using a randomization program (www.
randomizer.org) and tested for SO infection. The remaining mice
were recombined randomly into groups of 4 or 5 mice per cage.
Asimilar procedure was undertaken on day 30, and the remain-
ing subjects were collected on day 90. For each AT exposure, 4
cages of 5 Swiss Webster mice were exposed to AT as described
for establishing AT infection in NSG mice. However, infected
dirty bedding from confirmed-positive cages was transferred
into the cages only once during the initial exposure. Collection
of subjects began at day 0 (28 d after exposure) and continued on
days 30 and 90 as described for SO. Selection of mice for testing
at each time point and of the postmortem test group (examina-
tion of intestinal contents or Swiss roll histology) was performed
by using the aforementioned randomization program.

Comparison of pinworm detection methods. SO- and AT-ex-
posed mice (1 = 20 for each parasite) were randomly selected for
testing and euthanized by CO, asphyxiation on days 0, 30, and
90. Samples were blinded and all, except for Swiss rolls, were
read by 2 examiners. The detection methods included sodium
nitrate flotation (AT only; each mouse), tape test (SO only; each
mouse), PCR analysis (each mouse), direct examination of cecal
and colonic contents (n = 10 for each parasite per time point),
and Swiss roll histology (1 = 10 for each parasite per time point).

Sodium nitrate flotation. Between 3 and 11 (mean, 7) fecal pel-
lets were collected directly from each mouse prior to euthanasia.

Fecal flotation was performed by using sodium nitrate flotation
solution as previously described.

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
prior to being adhered onto a microscope slide and systemati-
cally examined under 100x magnification.

PCR analysis. Testing was conducted by using validated and
established PCR assays (Charles River Research Animal Diag-
nostic Services, Wilmington, MA). Testing was performed on
lysate obtained from a combination of a sticky swab (Puritan
Medical Products, Guilford, ME) and a fecal pellet collected from
each mouse. The swab was wiped systematically over the fur of
the dorsum and ventrum prior to swabbing the perianal region.
PCR testing was performed as previously described by using
proprietary real-time fluorogenic 5’ nuclease PCR assays.?® All
PCR primers and probes targeted 285 ribosomal RNA sequences.
The testing and interpretation algorithm used by the testing
laboratory was as follows. Isolated DNA was first screened
with 2 primer and probe sets that target sequences common to
a subset of nematodes within the superfamily Oxuroidea. When
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 assays that target unique sequences
for AT, SO, and Syphacia muris. A positive result was reported
when the repeated screening assay or species-specific assay was
positive (real-time PCR cycle threshold values equivalent to or
greater than approximately 1 template copy per PCR reaction).
To monitor for successful DNA recovery after extraction and for
the presence of PCR inhibitors, a nucleic acid recovery control
assay was performed. Exogenous algae DNA was added to the
sample lysis prior to extraction to result in approximately 200
copies of isolated nucleic acid per PCR well (approximately 40
copies per uL; 5 uL nucleic acid total added to the PCR reaction
tube), which subsequently was monitored by using a real-time
PCR assay targeting the algae sequence. Nucleic acid recovery
control assays for samples that demonstrated greater than a
log,, loss of template copies compared with control wells were
diluted 1:4 and retested or reextracted.

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

Swiss roll histology. The large intestine (cecum and colon)
was collected, and the cecum was separated from the colon. The
cecum and colon were separately rolled longitudinally to form 2
Swiss roll samples. Both the cecum and rolled colon were placed
into the same cassette in 10% buffered formalin for overnight
fixation, followed by routine processing, paraffin embedding,
sectioning at 4 pm, and staining with hematoxylin and eosin.
The Swiss roll samples (Figure 1) were examined by a board-
certified veterinary pathologist at 100x to 400x magnification.

Statistics. The detection rate was calculated as the number of
mice with positive test results divided by the number of animals
exposed. The Fisher exact test was used for unpaired compari-
sons, including comparing examination of intestinal contents
with Swiss roll histology and comparing PCR analysis combined
with examination of intestinal contents with PCR analysis com-
bined with Swiss roll histology. The McNemar test was used for
paired comparisons, including comparing PCR analysis with
tape tests, PCR analysis with fecal flotation, PCR analysis with
examination of intestinal contents, PCR analysis with Swiss roll
histology, PCR analysis only with PCR analysis combined with
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Figure 1. Swiss roll histology. (A) Subgross photomicrograph demon-
strating a Swiss roll. (B) Transverse and oblique sections of a gravid
female S. obvelata (arrows) within the lumen of the cecum. The bar =
200 pm. (C) Gravid female S. obvelata with characteristic platymyar-
ian musculature (asterisk), gastrointestinal tract lined by uninucleate
cuboidal epithelial cells (arrowhead), and thick-shelled, asymmetri-
cally ellipsoidal eggs measuring approximately 30 x 80 um (arrows).
Hematoxylin and eosin stain. The bar = 200 pm.

examination of intestinal contents, tape test combined with PCR
analysis with examination of intestinal contents, fecal flotation
combined with PCR analysis with examination of intestinal con-
tents only, tape test combined with PCR analysis with Swiss roll

Pinworm detection methods

histology only, fecal flotation combined with PCR analysis with
Swiss roll histology only, tape test combined with PCR analysis
with PCR analysis combined with examination of intestinal
contents, and fecal flotation combined with PCR analysis with
PCR analysis combined with examination of intestinal contents.
Differences were considered to be significant when the P value
was less than 0.05. All computations were performed by using
SAS version 9.4 (SAS Institute, Cary, NC).

Results

Optimal fecal concentration method. Sodium nitrate flotation,
sodium nitrate centrifugation, Sheather’s sugar centrifugation,
and zinc sulfate flotation detected AT eggs in 100% (20 of 20) of
the samples evaluated by each method. Zinc sulfate flotation
and water sedimentation each detected AT eggs in 90% (18 of
20) of the samples evaluated. All fecal concentration methods
evaluated had significantly better detection rates than did
Sheather’s sugar flotation, which detected AT eggs in only 50%
(10 of 20) of the samples (P < 0.0001).

Infection of naive subjects. Thirteen (65%) of the 20 SO-
exposed mice tested positive by at least one test method on day
0, 5 (25%) on day 30, 14 (70%) on day 90, and 32 (53%) overall
(Figure 2). Eight (40%) of the 20 AT-exposed mice tested posi-
tive by at least one test method on day 0, 14 (70%) on day 30,
12 (60%) on day 90, and 34 (57%) overall (Figure 3).

Comparison of pinworm detection methods. For SO, PCR had
the highest overall detection rate, detecting SO nucleic acid
in 45% (27 of 60) of the mice evaluated (Figure 2). The overall
detection rates were lower and similar for Swiss roll, intestinal
contents, and the tape test, with detection rates of 30% (9 of
30), 27% (8 of 30), and 27% (16 of 60), respectively (Figure 2).

When comparing antemortem tests, PCR was better at detect-
ing SO than was the tape test for all time points combined (P =
0.001), and the tape test detected no additional positive animals
than had been detected by PCR analysis. The total number of
positive animals (that is, positive on at least one test) was lower
on day 30 compared with earlier and later time points. When
PCR analysis was combined with each of the 3 other tests, PCR
analysis combined with Swiss roll histology yielded the high-
est detection rate at 57% (17 of 30), followed by PCR analysis
combined with examination of intestinal contents at 50% (15
of 30), and, lastly, PCR analysis combined with the tape test at
45% (27 of 60). In addition, the sensitivity of the tape test and
PCR analysis were each 75% (6 of 8) when compared with ex-
amination of intestinal contents as the historical gold standard.

When SO detection rates were adjusted to consider only ani-
mals that were positive on at least one test, the rates were higher
with overall adjusted detection rates of 84% (27 of 32) for PCR
analysis, 53% (8 of 15) for examination of intestinal contents, 53%
(9 of 17) for Swiss roll histology, and 50% (16 of 32) for the tape
test. The adjusted detection rate for combinations of tests was
100% (15 of 15) for PCR analysis combined with examination of
intestinal contents, 100% (17 of 17) for PCR analysis combined
with Swiss roll histology, and 84% (27 of 32) for PCR analysis
combined with the tape test.

For AT, examination of intestinal contents yielded the highest
overall detection rate at 53% (Figure 3; 16 of 30). The overall
detection rates were lower for PCR analysis, fecal flotation, and
Swiss roll histology, with detection rates of 33% (20 of 60), 22%
(13 of 60), and 17% (5 of 30), respectively (Figure 3). Examination
of intestinal contents had the highest or equivalent AT-detection
rate for all time points evaluated (equivalent to PCR on day
30) and was better than Swiss roll histology at detecting AT
on day 90 and overall (P = 0.01 and 0.001, respectively). The
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Figure 2. Detection rates (percentage positive) for S. obvelata-exposed
mice, comparing the tape test (20 mice per time point; # = 60 total), ex-
amination of intestinal contents (10 mice per time point; n = 30 total),
Swiss roll histology (10 mice per time point; # = 30 total), and PCR
analysis (20 per time point; n = 60 total) on days 0, 30, 90, and for all
time points combined. The ‘“total positive” data represent the number
of mice positive by at least one test method (20 mice per time point; n =
60 total). The number within the bar represents the number of positive
mice. , P = 0.001 (McNemar test) for PCR analysis compared with the
tape test for all time points combined.

antemortem detection rate for PCR analysis was higher, albeit
nonsignificantly, than for fecal flotation. Importantly, fecal flota-
tion detected 4 AT-positive mice that were not detected by PCR
analysis. Combining PCR analysis with fecal flotation was better
at detecting AT than was Swiss roll histology alone (P = 0.02).
PCR analysis combined with examination of intestinal contents
was better at detecting AT than was either PCR analysis alone
(P =0.002) or PCR analysis combined with fecal flotation (P =
0.004). In addition, detection rates were lower on day 0. When
PCR analysis was combined with each of the 3 other tests, PCR
analysis combined with examination of intestinal contents
yielded the highest detection rate (67%, 20 of 30), followed by
PCR analysis combined with Swiss Roll histology (40%, 12 of 30)
and PCR analysis combined with fecal flotation (40%, 24 of 60).
When compared with examination of intestinal contents as the
gold standard, PCR analysis was more sensitive than was fecal
flotation, 38% (6 of 16) compared with 31% (5 of 16), respectively.

When AT detection rates were adjusted to consider only mice
that were positive on at least a one test, overall adjusted detection
rates were 80% (16 of 20) for examination of intestinal contents,
59% (20 of 34) for PCR analysis, 38% (13 of 34) for fecal flotation,
and 36% (5 of 14) for Swiss roll histology. The adjusted detection
rate for combinations of tests was 100% (20 of 20) for PCR analysis
combined with examination of intestinal contents, 86% (12 of 14)
for PCR analysis combined with Swiss roll histology, and 71% (24
of 34) for PCR analysis combined with fecal flotation.

Individual animal results. We considered results for mice
positive on at least one test. For SO, PCR analysis yielded the
least false negative results with 5, followed by examination of
intestinal contents with 7, Swiss roll histology with 8, and the
tape test with 16 (Table 1). For AT, examination of intestinal
contents produced the least false-negative results with 4, fol-
lowed by Swiss roll histology with 9, PCR analysis with 14, and
fecal flotation with 21 (Table 2). Sixteen mice were PCR-positive
only—7 for SO and 9 for AT. Nineteen mice were PCR-negative
but positive on other tests. For SO, 3 mice were positive by Swiss
roll only and 2 mice were positive by examination of intestinal
contents only. For AT, 9 mice were positive by examination of
intestinal contents only, 2 by fecal flotation only, 1 by Swiss
roll histology only, 1 by both fecal flotation and examination
of intestinal contents, and 1 by both fecal flotation and Swiss
roll histology.
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Figure 3. Detection rates (percentage positive) for A. tetraptera-ex-
posed mice, comparing fecal flotation (20 mice per time point; n = 60
total), examination of intestinal contents (10 mice per time point; n =
30 total), Swiss roll histology (10 mice per time point; n = 30 total), and
PCR analysis (20 mice per time point; n = 60 total) on days 0, 30, 90,
and for all time points combined. The ‘total positive’ data represent
the number of mice positive by at least one test method (20 mice per
time point; n = 60 total). The number within the bar represents the
number of positive mice. Detection rate differed significantly between
examination of intestinal contents compared with Swiss roll histol-
ogy on day 90 (1, P = 0.001, Fisher exact test) and for all time points
combined (1, P = 0.01, Fisher exact test); a, P = 0.002 (McNemar test)
for PCR analysis combined with examination of intestinal contents
compared with PCR analysis only for all time points combined; b, P
=0.02 (McNemar test) for PCR analysis combined with fecal flotation
compared with Swiss roll histology for all time points combined; ¢, P =
0.004 (McNemar test) for PCR analysis combined with examination of

intestinal contents compared with PCR analysis combined with fecal
flotation for all time points combined.

¥

Discussion

In spring 2014, we experienced a limited outbreak of SO when
we received infected mice from a commercial vendor after feral
mice had breached their production barrier. Inconsistent test
results during the investigation of the outbreak prompted us
to evaluate traditional and contemporary pinworm detection
methods. Surprisingly, despite the continued prevalence of
pinworms in contemporary laboratory mouse colonies, there
is a dearth of publications evaluating available testing meth-
ods, particularly current molecular methods. In this study, we
determined the optimal fecal concentration method for detec-
tion of AT prior to comparing pinworm detection methods in
populations of Swiss Webster mice infected with either SO or AT.

Sodium nitrate flotation, sodium nitrate centrifugation,
Sheather sugar centrifugation, water centrifugation, zinc sulfate
flotation, and water sedimentation had similarly high detection
rates, although zinc sulfate flotation and water sedimentation
did not detect AT eggs in all of the positive samples. All methods
had significantly better detection rates compared with Sheather
sugar flotation, which only detected half of the positive samples.
Although centrifugation typically improves the efficiency of egg
recovery,”’ detection rates were no better with centrifugation, with
the exception of Sheather sugar centrifugation. However, we did
not evaluate the efficiency of egg recovery (that is, comparing
the number of eggs detected by each method) in this study. We
selected sodium nitrate flotation for comparing pinworm detec-
tion methods because it is commonly used as a flotation solution
and requires less preparation than centrifugation.

Even though the specific gravities of SO and AT eggs have
not been published, they likely are similar to that of Enterobius
vermicularis eggs, the human pinworm representative of the
family Oxyuridae, which reportedly has a specific gravity of
approximately 1.115.5¢ We recommend using sodium nitrate
(specific gravity, 1.20) or a solution of a similar specific gravity,
such as zinc sulfate, when using fecal flotation to detect eggs from
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Table 1. Individual results for S. obvelata-exposed mice Table 1. Continued
Intestinal Intestinal
Day Mouse Tapetest contents  Swiss roll PCR Day Mouse Tapetest contents  Swiss roll PCR
0 1 + - NA + 46 + + NA +

2 + + NA + 47 - + NA -

3 + + NA + 48 + + NA +

4 + - NA + 49 + + NA +

5 + - NA + 50 - - NA -

6 - - NA + 51 - NA - +

7 - - NA - 52 - NA + +

8 - - NA - 53 + NA + +

9 - - NA - 54 - NA - +

10 - - NA - 55 + NA + +

1 - NA + + 56 - NA - _

12 - NA + + 57 - NA — _

13 - NA - + 58 - NA + —

14 - NA - - 59 - NA — _

15 - NA - + 60 - NA + +

16 + NA - + NA, not applicable.

17 - NA + -

18 + NA _ + murine oxyurid nematodes, as this technique will allow eggs
and a limited amount of debris to float to the top of the solution.

B B NA - B To evaluate a range of flotation solution specific gravities,

20 - NA - - we opted to use zinc sulfate at a higher specific gravity of 1.35,
even though it is usually used at the same specific gravity as
sodium nitrate. We speculate that Sheather sugar flotation

30 21 - - NA - o . .

(specific gravity, 1.27) had a lower AT detection rate because

22 - - NA - it was more viscous than were the other solutions, resulting in

23 - - NA - inadequate softening of the fecal pellets with fewer eggs float-

24 _ _ NA _ ing to the top of the solution.”” In addition, flotation solutions
with a specific gravity greater than 1.20 (for example, Sheather

25 - - NA - . . .
sugar and zinc sulfate) resulted in markedly more debris on

26 - - NA - the cover slip, making it more difficult to identify AT eggs. The

27 - - NA - water sedimentation method also resulted in increased debris.

28 _ + NA _ Even though the sedimentation method may be cumbersome
and impractical, additional washing or use of ethyl acetate,

29 - - NA B which aids in lipid removal,?! might reduce the amount of debris

30 - - NA + present, thus improving the visualization of eggs.

31 _ NA + - PCR analysis had the highest detection rate (45%) for SO-

3 _ NA B _ exposed mice. The overall detection rates were lower for Swiss
roll histology (30%), examination of intestinal contents (27%),

33 - NA - - and the tape test (27%). When PCR analysis was combined with

34 - NA - + each of the 3 other tests, PCR analysis combined with Swiss roll

35 B NA _ _ histology detected the most infected mice (57%), followed by PCR
analysis combined with examination of intestinal contents (50%),

36 - NA - - and PCR analysis combined with the tape test (45%). PCR analysis

37 - NA - - detected more infected mice than did the tape test, which detected

38 - NA - - no additional positive animals. This result is not surprising as it
is consistent with a previous studies, including one in which an

39 + NA - + . . %6
early PCR assay was superior to the tape test at detecting SO

40 - NA - -

and one in which the combination of PCR with direct examina-
tion of cecal contents was better at detecting pinworm infections
90 M + _ NA + than was noninvasive testing, including tape tests.!” Although we
did not prescribe the specific time of day for sample collection,

42 * * NA * most samples were collected mid- to late morning. Periodicity of
43 + - NA + egg shedding has been reported with S. muris, with the greatest
44 _ - NA _ number of eggs shed in the early afternoon.**0 A similar shed-
45 B _ NA _ ding periodicity may have contributed to fewer tape-test—positive

results in our current study.

http://prime-pdf-watermark.prime-prod.pubfactory.conﬂ 2025-02-26



Vol 56, No 1
Journal of the American Association for Laboratory Animal Science

January 2017
Table 2. Individual results for A. tetraptera-exposed mice Table 2. Continued
Intestinal Intestinal
Day Mouse  Fecal float contents  Swiss roll PCR Day Mouse  Fecal float contents  Swiss roll PCR
0 61 - + NA - 106 - - NA +
62 - + NA - 107 - + NA _
63 - - NA - 108 + + NA +
64 + + NA - 109 + + NA +
65 - + NA - 110 - + NA +
66 - - NA - 111 - NA - -
67 - + NA - 112 - NA - -
68 - - NA - 113 - NA - _
69 - - NA - 114 - NA - -
70 - - NA - 115 + NA - -
71 - NA - -a 116 + NA - +
72 + NA + + 117 + NA - +
73 - NA - + 118 - NA - -
74 - NA - - 119 - NA - +
75 - NA - - 120 - NA - -
76 _ NA + _ NA, not applicable
2PCR negative for A. tetraptera and PCR positive for S. obvelata.
77 - NA - -
78 - NA - - . i
The number of SO-exposed mice that tested positive de-
79 - NA - - creased on day 30 (51 d after initial exposure to an SO-infected
30 - NA _ - mouse). Whether this effect, and an apparent 57% (34 of 60)
infection rate after exposure, was the result of inadequate ex-
posure, the life cycle of this oxyurid nematode, or immunologic
30 81 - - NA - resistance or clearance is unknown. In rats infected with S. muris,
82 - - NA - egg shedding decreased to 0 at 2- to 3-wk intervals;*! the authors
83 _ : NA + suggested that this effect was due to the life cycle of Syphacia
84 N N NA N spp., in which gravid female worms migrate to the anus, lay
eggs, and die. Theoretically, rodents could therefore be free of
85 - + NA - worms and eggs until they are reinfected from the environment
86 - - NA + or from grooming by cage mates or by the host itself. Later time
87 + . NA + points had increased numbers of mice positive for both SO and
AT, perhaps reflecting infections acquired throughout the study
88 - - NA * due to random rehousing of surviving mice at each time point.
89 - + NA - However, multiple studies have demonstrated age-associated
90 _ _ NA _ resistance to SO as well as a robust humoral immune response.
For example, most Swiss Webster mice stopped shedding SO
91 + NA + + . 15
eggs 14 wk after being infected at 6 to 8 wk of age.'> In contrast,
92 - NA - + another study demonstrated no difference in susceptibility to
93 - NA - + pinworms after 4 wk of age,?” whereas a separate study found
94 _ NA _ _ that mice infected with SO at 8 wk of age had lower worm
burdens than mice infected at 3 wk of age.*” In addition, a
95 + NA + - . A g
thymus-dependent, Th2 immune response resulting in specific
96 - NA - - IgG antibody production has been documented 334255
97 + NA + + We were surprised by the low detection rates for the methods
98 _ NA B _ evaluated in this study, especially for PCR analysis. These low
% NA detection rates likely reflected animals that were not infected
+ —_ —_

at the time of testing, given that they were negative on all tests.
100 - NA - + Therefore, we recalculated the detection rates by including only
mice that were positive on at least one test. Although there is
inherent bias in considering only positive results, these adjusted

%0 101 N N NA N detection rates may more closely represent the true sensitivity
102 - + NA - of these tests by eliminating truly negative mice from the cal-
103 - + NA - culations. When SO detection rates were adjusted to consider
104 _ _ NA _ only animals that were positive on at least one test, the rates
increased resulting in overall adjusted detection rates of 84%
105 - - NA + for PCR analysis, 53% for examination of intestinal contents,
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53% for Swiss roll histology, and 50% for the tape test. However,
even the PCR analysis produced 5 false-negative results. The
adjusted detection rate for combinations of tests was 100% for
PCR analysis combined with either examination of intestinal
contents or Swiss roll histology. Unfortunately, even the optimal
combination of antemortem tests, PCR analysis combined with
the tape test, failed to detect all infected mice (84%), because the
tape test resulted in no additional positive results.

Examination of intestinal contents had the highest detection
rate (53%) for AT-exposed mice; overall detection rates were
lower for PCR analysis (33%), fecal flotation (22%), and Swiss
roll histology (17%). Even though the antemortem detection
rate for PCR analysis was higher than for fecal flotation, the
2 detection rates were not significantly different. However, 4
additional positive mice were detected by fecal flotation that
were not identified by PCR analysis. In addition, one AT-
exposed mouse likely had a false-positive PCR result, because
the mouse was PCR-positive for SO but PCR-negative for AT.
Although we identified and macerated only AT worms for
culture and gavage in the AT-exposed mice, it is possible (al-
though unlikely) that SO worms were included inadvertently.
However, SO worms and eggs are morphologically distinct and
were not noted during culturing. In addition, if an inadvertent
contamination of the AT egg culture had occurred, we would
have expected the AT-exposed mice to have included other
SO-positive mice.

When PCR analysis was combined with each of the 3 other
tests, the PCR assay combined with examination of intestinal
contents yielded the highest detection rate (67%), followed by
PCR analysis combined with Swiss roll histology (40%) and
PCR analysis combined with fecal flotation (40%). Notably, fecal
flotation identified no additional infected animals compared
with PCR analysis combined with examination of intestinal
contents, whereas fecal flotation did lead to the identification of
2 additional infected mice when compared with PCR analysis
combined with Swiss roll histology (47%; 14 of 30). Examina-
tion of intestinal contents had the highest or an equivalent
AT-detection rate at all time points. Day 0 detection rates were
lower than those for days 30 and 90, likely due to prepatent
infections or a low pinworm burden.

When AT detection rates were adjusted to include only
mice that were positive on at least one test, rates increased
with overall adjusted detection rates of 80% for examination
of intestinal contents, 59% for PCR analysis, 38% for fecal
flotation, and 36% for Swiss roll histology. The PCR results
are consistent with those published previously, which dem-
onstrated that PCR detected 60% (3 of 5) of the mice that
had AT in their intestinal contents and 61.5% (16 of 26) of
mice from positive cages.? When evaluating AT detection
rates using a combination of tests, PCR analysis combined
with examination of intestinal contents detected all infected
mice, whereas PCR analysis combined with either Swiss roll
histology or fecal flotation detected 86% and 71% of the AT-
positive mice, respectively.

The superiority of detection achieved by PCR analysis com-
bined with examination of intestinal contents across both SO
and AT infected study groups is consistent with findings from
previously published studies. One study suggested that PCR
analysis combined with direct examination of intestinal contents
is the most effective screening method, whereas another found
that PCR and direct examination of cecal contents were better
at detecting pinworm infections than testing of noninvasive
samples, including PCR evaluation of cage swabs or feces (indi-
vidual and pooled) and tape tests.!”20 However, the authors of

Pinworm detection methods

one study'” acknowledged the need to improve their PCR assay,
because inhibitors may have limited efficient DNA extraction.

Interestingly, Swiss roll histology was similar to examination
of intestinal contents in detecting SO-infected mice but signifi-
cantly less effective in detecting AT-infected mice. The reason
for this difference remains unclear. A single longitudinal section
was collected from each tissue block and examined. Therefore,
oxyurid nematodes might have been present in the block but
not in the section viewed by the pathologist. Collecting and ex-
amining additional sections to avoid these false negative results
would be impractical. Therefore, we do not recommend Swiss
roll histology as a pinworm detection method.

The finding that some animals tested negative on all tests
suggests that they were not infected at the time of testing, either
due to inadequate exposure or from immunologic resistance or
clearance. Infection rates, which were calculated by using mice
that were positive on at least one test, were never higher than
70% at any time point and overall were 53% and 57%, respec-
tively for SO- and AT-exposed mice. Although a 100% infection
rate would have been ideal and allowed for a less complicated
analysis of the data, this goal would have been very difficult to
achieve given the unpredictable nature of pinworm infections,
as previously discussed in regard to immunologic resistance
and clearance. Infection rates might have been improved by
exposing naive mice to SO-infected dirty bedding and infected
colony mice for longer than 1 wk. Likewise, AT infection rates
might have been improved by exposing naive mice to more
embryonated eggs. Eggs were not concentrated after collection
from culture dishes for fear of losing embryonated eggs during
the concentration process.

The results of the current study bring into question the use of
direct examination of intestinal contents as the gold standard for
diagnosing pinworm infections in mice. Compared with data
for mice positive on at least one test, examination of intestinal
contents yielded 11 false negative results, 7 for SO and 4 for
AT. Nonetheless, when the sensitivity was calculated by using
examination of intestinal contents as the gold standard, the
tape test and PCR analysis each had a sensitivity of 75% for SO-
infected mice. Similarly, the sensitivity was 38% for PCR analysis
and 31% for fecal flotation for the detection of for AT-infected
mice. Compared with those for SO-infected mice, the sensitivi-
ties for AT-infected mice were based on higher numbers (1 = 16)
of intestinal-content—positive mice. The differing sensitivities of
PCR analysis may be the result of differences in life cycles and
potentially false-positive SO PCR results.

This study revealed important differences between test meth-
ods. Sixteen mice were positive by PCR analysis only, 7 for SO
and 9 for AT. Whether these results represent actual false posi-
tives, when considering individual animals, or true positives
due to the increased sensitivity of PCR analysis is unclear. PCR
analysis might have detected parasites from oxyurid nucleic acid
shed by cage mates, given that 15 of the 16 PCR-positive-only
mice (6 for SO and 9 for AT) were housed with at least a one
cage mate that was positive at that time point by at least one
other test method. The other test methods likely also yielded
false-negative results. Assessing mice that were positive for SO
on any test revealed 7 false-negative results for examination of
intestinal contents, 8 for Swiss roll histology, and 16 for the tape
test; for AT, there were 4 false-negative results for examination
of intestinal contents, 9 for Swiss roll histology, and 21 for fe-
cal flotation. False-negative results might have resulted from
a failure to notice worms or eggs due to a low burden, recent
clearance of worms, or passage of unembryonated eggs,?’ even
though we attempted to minimize these effects by using 2 ex-
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aminers for each test. The possibility of false-negative results
warrants consideration of prophylactic treatment of all mice
received from noncommercial sources. In addition, the possibil-
ity of false-positive PCR results due to sample contamination
cannot be excluded. In fact, false-positive PCR results for AT
have been reported due to corncob bedding contaminated with
rhabditid nematodes.3*

Nineteen mice were PCR-negative but positive on other tests
performed at the same time point, 5 for SO and 14 for AT. False
negative PCR results were likely due to an absence of oxyurid
nucleic acid, although fecal PCR inhibitors might contribute
to this outcome.2?6-2® However, the inclusion of nucleic acid
recovery control assays greatly reduces the likelihood of this
possibility. Other potential explanations include prepatent
infection, low-level infection, and intermittent egg shedding,
as previously discussed in regard to S. muris.

In conclusion, when considered as single tests, PCR analysis
and direct examination of intestinal contents detected the greatest
number of SO- and AT-infected mice, respectively. However, no
single method detected all infected mice. Therefore, we recom-
mend using PCR analysis combined with direct examination of
intestinal contents to optimize pinworm detection and reduce
the likelihood of false negative results in quarantine and health
monitoring programs. In addition, given the overall superiority of
direct examination of intestinal contents and the additional time
and effort required to process samples for Swiss roll histology,
we do not recommend using Swiss roll histology for diagnosis
of pinworm infections. Even though traditional antemortem test
methods, fecal flotation and the tape test, are relatively inexpen-
sive and easy to perform, the low detection rates we observed
suggest that these methods are likely to produce false negative
results. Furthermore, their use may be unnecessary when animals
can be euthanized for direct examination of intestinal contents,
because these antemortem tests identified no additional infected
animals to those identified by using PCR analysis combined with
direct examination of intestinal contents. However, in regard
to survival detection methods only, we recommend using PCR
analysis for SO detection and PCR analysis combined with fecal
flotation using sodium nitrate solution for AT detection. In light of
these results, we have modified our own quarantine and sentinel
programs to include biannual examination of intestinal contents
in addition to bimonthly PCR testing.
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