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Abstract
Reliable detection of unwanted organisms in experimental animal colonies is an essential requirement for 

biomedical research. Since most rodents are housed in Individually Ventilated Cage (IVC) systems which prevent 
aerogenic transmission of pathogens, soiled-bedding sentinels are commonly used for routine health monitoring. 
In this study, we investigated whether testing of Exhaust Air Particle (EAP) samples by real-time PCR (EAP PCR) 
might be a valid alternative to SBS for the detection of H. hepaticus infections. EAP PCR detected H. hepaticus 
infections at a minimal prevalence of 1/63 cages within one week. EAP PCR provides a sensitive, simple, and 
reliable alternative to SBS for H. hepaticus identification in laboratory mouse colonies.
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The 3R (Replacement, Reduction, Refinement) are the principle 
framework for the ethical use of laboratory animals in biomedical 
research [1]. “Replacement” refers to the preferred use of alternatives 
over the use of laboratory animals whenever possible to achieve the 
same scientific purpose. Health monitoring programs for laboratory 
mouse colonies housed in Individually Ventilated Cage (IVC) systems 
most commonly use Soiled-Bedding Sentinels (SBS) as representatives 
if housing conditions, immunodeficiency or insufficient numbers 
of animals do not allow the direct sampling of resident animals [2]. 
This method results in high numbers of used animals, since SBS are 
usually euthanized for testing. In addition, since transmission of many 
pathogens is insufficient to SBS and infections are often overseen [3-
5], alternative monitoring approaches should be investigated. Testing 
of particles that accumulate on exhaust air prefilters in IVC racks via 
PCR has been shown to have the potential to reduce or even replace SBS. 
Several studies tested the feasibility of that method for mouse hepatitis 
virus, Sendai virus, and mouse parvovirus [3] as well as Radfordia 
affinis and Myobia musculi [6]. Recently, we have demonstrated 
that the method is superior to SBS monitoring for detection of P. 
pneumotropica [7]. Helicobacter hepaticus is one of the most prevalent 
bacterial pathogens in experimental animal facilities [8]. Compton et 
al. failed to detect H. hepaticus on gauze pieces placed in the exhaust 
prefilter of IVC systems [3]. Accordingly, the recommendations for 
health monitoring of rodent colonies by the Federation of European 
Laboratory Animal Science Associations [2] mention that H. hepaticus 
cannot be easily transferred via exhaust air dust. Here, we re-investigated 
whether exhaust air particle (EAP) PCR is suitable for detection of H. 
hepaticus infections at low prevalence. To this end, we identified 15 H. 
hepaticus-positive, immunocompetent female mice by testing single 
fecal samples with a sensitive and specific real-time PCR and housed 
them in groups of five animals per cage. Mice came from colonies found 
positive during standard microbiological monitoring. A H. hepaticus-
negative colony consisted of immunocompetent male AVM: ICR mice 
housed in groups of two to five animals per cage. All procedures were 
in accordance with German Animal Welfare Legislation (TierSchG, 
TierSchVersV, VersTierMeldV). All animals were housed in the 63 cage 
experimental IVC rack (Seal Safe Plus, Tecniplast, Buggugiate, Italy) in 
IVC cages (GM 500, Tecniplast, Buggugiate, Italy), with a cage density 
and environmental conditions according to directive 2010/63/EU. Air-
handling units were run with 60 air changes per hour in positive pressure 
mode (15-22 Pa). Autoclaved wood fiber (Lignocel ¾ S, J. Rettenmaier 
& Söhne GmbH, Rosenberg, Germany) and nesting material (Crinkle 
Nature, J. Rettenmaier & Söhne GmbH) were used for bedding and 

nesting. Sterile-filtered tap water and an irradiated standard diet for 
rodents (Altromin 1314, Altromin Spezialfutter GmbH, Lage, Germany) 
were available ad libitum. Using a decreasing number of H. hepaticus-
positive mice within the experimental IVC rack, we investigated 
whether exhaust air dust analysis is suitable for the reliable detection 
of H. hepaticus. Prior to the start of the experiment the microbiological 
state of the negative colony was confirmed by testing 10 fecal samples 
per cage. The cleaned and autoclaved experimental IVC rack connected 
to a cleaned air-handling unit was then populated with the H. hepaticus-
negative colony. One gauze piece (2 × 2 cm) was pinned directly above 
the opening of the exhaust air hose on a new exhaust air prefilter within 
the air handling unit. This gauze piece and the prefilter were removed and 
analyzed after a baseline testing week, to exclude any remaining DNA 
contamination within the IVC rack or air-handling unit, and replaced 
with a new prefilter containing two new gauze pieces before adding the 
H. hepaticus-positive mice to the experimental rack. Three rounds of
EAP-PCR each with a baseline test in-between were performed with 3,
2, and 1 cage(s) with each 5 H. hepaticus-positive mice. One gauze piece
was collected one week after the positive mice entered the experimental
rack, the second gauze piece and a sample (2 × 2 cm) cut out of the
prefilter material with disinfected forceps and scissors were collected
after two weeks. After three weeks in total, the rack was washed and
autoclaved and a new experimental round was launched. At the end
of the three experimental rounds, the negative colony was re-tested to
exclude H. hepaticus transmission within the rack. DNA isolation from
gauze pieces and prefilter material was performed using a modified
phenol/chloroform extraction method. DNA isolation of fecal samples
was performed using the QIAamp Fast DNA Stool Mini Kit (Qiagen,
Hilden, Germany) with minor amendments [7]. A H. hepaticus specific
real-time PCR [9] was performed using the Rotor Gene Q instrument
(Qiagen, Hilden, Germany). DNA template (2 µl) was added to a reaction 
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mixture consisting of 4 µl of 5× HOT FIREPol® Probe qPCR Mix Plus 
(Solis BioDyne, Tartu, Estonia), 300 nM of each primer, 250 nM probe, 
and ultrapure water in a 20 µl total reaction volume. The thermocycling 
parameters were: initial denaturation at 95°C for 15 min, and 40 cycles 
with denaturation at 95°C for 15 s and annealing/extension at 60°C for 60 
s. Prior to the beginning of the experiment as well as after three rounds,
each cage containing H. hepaticus negative mice was tested via feces
real-time PCR with all samples tested negative. No cross-contamination 
occurred between the infected and non-infected colonies. In all three
experimental rounds the absence of residual H. helicobacter DNA in IVC 
rack was confirmed by baseline testing with all samples tested negative.
In all instances, with prevalences of 3, 2 or 1 cage(s) per rack, the
presence of the H. hepaticus-positive mice was detected by EAP- PCR
already after one week of gauze exposure to exhaust air and confirmed
after two weeks by analyzing the second gauze piece and a prefilter
sample. We demonstrated that EAP-PCR is a reliable strategy to identify 
H. hepaticus infections in mouse colonies housed in IVC systems even
at low prevalence. The alternative testing method of EAP-PCR has the
potential to constitute a major contribution to the 3R in two ways.
First, the number of sentinels needed for microbiological monitoring
might be reduced; second better microbiological information helps to
improve experimental conditions and thereby contributes to refinement. 
The number of agents with proven detectability by EAP-PCR increases
rapidly. We are therefore convinced that this simple and reliable alterative 
monitoring method has the potential to become a broadly used tool for
health monitoring surveillance of rodent populations.
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