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Use of Ronidazole and Limited Culling
To Eliminate Tritrichomonas muris from
Laboratory Mice

Jorg M Steiner,">" Sabine Schwamberger,® Nikola Pantchev,* Hans-Jorg Balzer,* Majda Globokar Vrhovec,* Marina Lesina,
and Hana Algiil®

Tritrichomonas muris is occasionally identified during routine fecal screening of laboratory mice. Frequently, entire racks
are affected, and because no effective treatment is available, culling of affected mice and rederivation by embryo transfer have
been suggested. The current study evaluated whether treatment with ronidazole, a nitroimidazole efficacious against T. fetus
infections in cats, combined with limited culling was effective against T. muris in laboratory mice (Mus musculus). A subset
(n=39) of mice were treated with ronidazole (400 mg/L in drinking water) for 15 d, after which 6 of the mice still shed T. muris.
Consequently all mice in the affected rack received ronidazole (500 mg /L in drinking water) for 25 d. All mice were retested
by using pooled samples, and those positive for T. muris (except for a valuable breeding pair) were culled. The remaining
mice continued to receive ronidazole for another 17 d. At the end of the treatment period, all mice were tested (days 60 and 81)
and were shown to be negative for T. muris. Over the following year, sentinel mice from the rack were tested every 3 mo and
remained negative for tritrichomonads by fecal smear. Thus, a combination of limited culling and treatment with ronidazole

in the drinking water successfully cleared research mice of infection with T. muris.

Tritrichomonads are common parasites that have been
described in many species.® For example, Tritrichomonas fetus
occurs in the reproductive tract of cattle, where it can lead to
stillbirths and female infertility.!> More recently, T. fefus has been
described in the gastrointestinal tract of cats.!! Whether T. fetus
in cattle and T. fetus in cats are the same organism or merely
closely related remains a topic of debate.!3101% T. fetus is now
recognized as one of the most common parasites in the gastroin-
testinal tract of cats and often leads to large-bowel diarrhea (that
is, the feces often contain mucous and fresh blood, defecation is
associated with urgency, and fecal leakage can be seen).>17182L T,
muris (Figure 1) occurs in the gastrointestinal tract of mice and,
although the pathogenetic effects are unclear (that is, affected
but otherwise normal mice usually do not show any clinical
signs of gastrointestinal disease, but immunocompromised mice
might demonstrate gastrointestinal disease), T. muris is consid-
ered to be highly transmissible (that is, often times an entire
rack of laboratory mice is affected), and culling or rederivation
through embryo transfer has been recommended to eradicate
the organism from the colony.”® When an infection involves a
colony of standard laboratory mice, culling is not associated
with any major costs or delays in research projects, because
replacement mice are routinely available. However, genetically
modified mice are often very valuable when only few breeding
pairs exist worldwide, and successfully crossbreeding several
strains may take several months. Therefore, culling of entire
racks of genetically modified mice might represent considerable
burdens in terms of cost and research time.
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When T. fetus was first identified in cats with chronic diar-
rhea in the United States, the infection was considered to be
untreatable.?®8 Several broad-spectrum antiparasitic agents
and antimicrobials were tested for efficacy and, although some
decreased the number of organisms shed, none was efficacious
in eradicating T. fetus infections in cats.'® However, one group
of researchers then tested the nitroimidazole ronidazole, which
had previously been used as an antiparasitic agent in pigeons
but was not approved for use in cats.* Ronidazole proved ef-
fective at a dosage of 30 mg/kg q 12 h orally for 14 d. Although
ronidazole was efficacious in eradicating T. fefus from many cats,
treatment was associated with side effects, namely neurologic
signs, when higher-than-recommended doses were used.'® As
a result, the recommended dosage was decreased to 15 mg/kg
every 12 h or 30 mg/kg every 24 h orally for 14 d. This dosage
appears to be effective in most cats infected with T. fetus, and
neurologic side effects have not been reported at these dosages.

To our knowledge, ronidazole has not previously been used
in laboratory mice. The primary goal of this study was to de-
termine whether limited culling and treatment with ronidazole
might rescue a valuable colony of genetically modified mice
from T. muris infection.

Case Report

The sentinel mice on one rack of a valuable colony of ge-
netically modified mice housed at the facilities of the Center
for Preclinical Research (Klinikum rechts der Isar, Technical
University of Munich, Munich, Germany) were identified to
be positive for a tritrichomonad infection on the basis of fecal
smears.?’ The mice were of various ages and both sexes and rep-
resented a variety of genetic backgrounds (NMRI-nu*/~; p62 =/~
P65 IOX/IOX; Krasmut/Jr; p48Cre/+, p6510x/10x,. p48 Cre/+’ Krasmut/+;
p6510x/lox Lys Cre; p48Cre/+, p6510x/lox’ Krasmut/+[. p48Cre/+’ p6510x/lox’
Kras™ut/+, p161ox/1X) Mice were housed in IVC (Tecniplast, Bu-
guggiate, Italy), with steam-sterilization of all cages, bedding,
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Figure 1. Tritrichomonas muris. (A) Trophozoites within the content
of the large intestine of a laboratory mouse; magnification, 400x. (B)
Pseudocysts in a direct wet (saline) fecal smear of an infected laboratory
mouse in the present study; magnification, 630x.

enrichment, water, feed, and miscellaneous materials. Access
to the facility was key-chip—controlled, and personal protec-
tive clothing, including face mask and gloves, was mandatory.
Light management consisted of a 12:12-h light:dark cycle with
transition phases. According to the FELASA guidelines for
health monitoring of mouse, rat, hamster, guinea pig, and rabbit
colonies in breeding and experimental units, sentinel mice were
used.! In addition to T. muris, the target rack was shown to be
positive for murine norovirus and Helicobacter spp.

To confirm infection, several mice (n = 40) from different
cages of the rack were tested by using a real-time PCR assay
for the detection of T. muris (IDEXX Laboratories, Ludwigsburg,
Germany). Briefly, total nucleic acid was extracted from feces
by using the QIAamp DNA Blood BioRobot MDx kit (Qiagen,
Venlo, Netherlands) on an automated Qiagen platform (BioRo-
bot MDx, Qiagen) according to the manufacturer’s instructions
with slight modifications. Real-time PCR analysis at IDEXX
Laboratories was performed by using the LightCycler 480 sys-
tem (Roche Diagnostics, Basel, Switzerland) with proprietary
forward and reverse primers and a hydrolysis probe. The target
gene for T. muris detection was the 185 rRNA-Gen gene. This
PCR assay has been shown to have a level of detection of 10
DNA copies. All mice tested were shown to be positive for T.
muris, and in a pilot study (Figure 2 A), 39 mice (1 mouse was
removed from the colony because it had reached the endpoint
of the primary research study) in 14 cages were treated with
400 mg/L ronidazole (Ridzol 10% Bt, Dr Hesse Tierpharma,
Hohenlockstedt, Germany) in autoclaved drinking water for
15 d. Because nitroimidazoles are generally considered to be
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poorly palatable, water consumption was monitored daily by
using a permanent marker to record the meniscus of the water
level in the water bottle and estimating whether each adult
animal had consumed at least approximately 5 mL during a
24-h period; when water intake was considered insufficient,
a teaspoon of dextrose (approximately 2 g; Dextropur, Dextro
Energy, Germany) was added to the drinking water containing
the ronidazole to improve palatability. Mice were observed
daily for any potential grossly visible side effects of ronidazole
treatment; but neurologic examinations were not performed.
In addition, all mice were weighed repeatedly (days 1, 2, 3, 4,
7,9,11, 14, and 16).

None of the mice showed any overt adverse side effects dur-
ing the pilot treatment period. Furthermore, several breedings
took place during the treatment period; breeding success did
not appear to be affected by ronidazole treatment but was not
studied in detail. However, because water consumption was
considered insufficient in 6 of the 14 cages, dextrose was added
to the ronidazole-spiked drinking water. After addition of dex-
trose to the drinking water, water consumption was considered
tobe adequate for all cages. The median body weight of the mice
differed significantly (day 1, 27.4 g; day 2, 27.0; day 3, 27.3 g;
day 4,27.7 g; day 7,27.7 g; day 9, 27.7 g; day 11, 27.6 g; day 14,
27.6 g; day 16, 26.8 g; P value [Friedman test], <0.0001; Prism,
Graph Pad, La Jolla, CA). Dunn’s multiple comparison testing
revealed significant differences in body weight between baseline
(day 1) and days 11 and 14, suggesting an overall weight gain
in the mice during the treatment period. Due to their genotype,
a few mice (1 = 5) were removed from the colony during the
current study period because they had reached the end point
for their primary study.

On day 16, fecal samples were collected from all remaining
mice (n = 34); 28 of these mice tested negative for T. muris by
real-time PCR analysis after ronidazole treatment. However, the
remaining 6 mice were positive for T. muris shedding by real-
time PCR; 2 of these positive mice were housed individually, 3
positive mice shared their cage with a negative mouse, and the
remaining positive mouse was housed with a negative mouse.
All 6 of these positive mice were culled.

During a second treatment cycle (Figure 2 B), the entire rack
(that is, all mice that had been part of the pilot project as well
as those that had not previously been treated, thus comprising
49 mice in 19 cages) was treated with 500 mg/L ronidazole in
the drinking water for 42 d. During this treatment period, ap-
proximately 8 g/L dextrose was added to all drinking water.
Because some mice had litters during the treatment period and
others were removed because they lacked the desired genotype
or had reached a primary study endpoint, the number of mice
varied throughout the treatment period; only 9 mice were part
of the colony for the entire duration of the second study period.
Pooled fecal samples (by cage, representing 5 to 12 mice per
sample) were collected on days 25 (79 mice total), 60 (36 mice
total), and 81 (46 mice total). For collection of the pooled sam-
ple, all mice in each cage were removed individually, and fecal
material from each mouse was collected into the same 1.5-mL
tube and carefully mixed by using the wooden end of a sterile
cotton swab. Once again, no overt side effects were observed in
any of the mice. Real-time PCR testing on day 25 showed that
1 of the 6 group samples was positive for T. muris. This posi-
tive group sample represented 11 mice from 3 cages; 9 of these
mice (that is, all of those from 2 cages) were culled on day 29
because retesting all 9 animals was considered economically
unfeasible. The remaining 2 positive mice comprised a valuable
breeding pair, which were retested, shown to be negative for
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Figure 2. (A) Experimental protocol for the pilot study. On day 1 of the pilot study, a subset of 39 affected mice began to receive ronidazole; 34
of these mice were retested for T. muris on day 16. (B) Experimental protocol for the second treatment period. On day 1, 49 mice began to receive
ronidazole. All mice housed in the rack were retested on days 25 (n = 79), 60 (n = 36), and 81 (n = 46).

T. muris shedding, and therefore retained. Pooled samples from
all remaining mice were retested on days 60 and 81; none of
those group samples tested positive for T. muris. Dirty-bedding
sentinel mice (approximately 1 tablespoon of soiled bedding
from each occupied cage in the rack was added to the 4 sentinel
cages twice each week) were evaluated and remained negative
for tritrichomonad infection according to standard fecal smears
every 3 mo for 1y after completion of the current study.2

Discussion

This report is the first description of the management of T.
muris infestation in a colony of laboratory mice by using a com-
bination of culling and pharmacotherapy. This method proved
to be effective and allowed us to spare most of the valuable
colony. Treatment with ronidazole at 400 or 500 mg/L drinking
water was not associated with any obvious adverse effects in
any of the mice, and body weights did not decrease significantly.
Instead, body weights were significantly higher on days 11 and
14 than on day 1, suggesting an overall weight gain in the mice.
This result probably reflects the fact that several mice enrolled
in this study were not fully grown at the time of enrollment
and thus continued to gain weight. These findings suggest
that mice tolerated the dosages of ronidazole used here well
and that higher dosages might also be acceptable. The starting
dose we chose was slightly lower than that used routinely in
birds (500 mg ronidazole/L of drinking water), because data
regarding the therapeutic dosing of mice were unavailable and

because we wanted to be conservative in our approach so that
we avoided gross adverse side effects in this valuable breed-
ing colony. Although management with ronidazole proved to
be effective in the majority of mice, underlying effects on the
primary research projects cannot be excluded.

One limitation of the current study was the lack of a control
group. However, the colony had been under surveillance for T.
muris infection before the trial began, and sentinels were con-
sistently positive for T. muris. Therefore, spontaneous clearance
of the organism from the colony seems unlikely. In addition,
because not all mice were euthanized at the completion of the
study, microscopic side effects of ronidazole treatment might
have been missed.

Ronidazole has been described as embryotoxic and terato-
genicand to lead to infertility.! In addition, there are anecdotal
reports of ronidazole being mutagenic and carcinogenic in ro-
dents. Furthermore, ronidazole is a broad-spectrum antibiotic
and thus might alter the intestinal microbiota. Many of the mice
were used in studies of pancreatic adenocarcinoma or acute
pancreatitis, both of which might be affected by alterations in
the intestinal microbiota. However, some of the mice were used
as breeding animals. Ronidazole’s effects on the microbiota
are likely temporary and thus unlikely to carry over to the F1
or F2 generation. Therefore, although the potential effects of
ronidazole on experimental outcomes must be considered care-
fully, long-term effects on the breeding colony are unlikely and,
especially in a valuable population of genetically modified mice,
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rescue therapy with ronidazole appears warranted to avoid
rederivation by embryo transfer. This benefit maybe especially
important when embryo transfer is cost-prohibitive or when
persons skilled in the technique are unavailable.
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