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Summary

Pathogenic bacteria and viruses may be transmitted to labora-
tory rodents by contaminated biological materials potentially
causing disease and confounding research results. Biological
materials have historically being screened by using the mouse
antibody production (MAP) test. We developed an alternative
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Mouse antibody production test

assay using polymerase chain reaction (PCR/real-time-PCR)
technology to detect viral contamination directly in biological
material. The assay was found to be of equal or greater sensi-
tivity when compared to the MAP test.

Background Information

Biological materials, such as serum, transplantable tumors, cultured cells and hybridoma lines that originate from or have
been passaged through rodents may be inadvertently contaminated by rodent pathogens. If inoculated into rodents they may
transmit these infectious agents to the graft recipient. The resulting, generally subclinical, infection may not only alter the
outcome of the specific experiment, but may also be transmitted to other animals in the colony. It is therefore paramount that
all biological materials be screened before they are inoculated into rodents. Traditionally this is carried out by means of the
MAP test (Parker and Reynolds, 1968), which involves inoculating the test material into the relevant rodent species and
serologically testing the inoculated animals 30 days later for antibodies specific to known viral pathogens.

DNA in vitro instead of antibodies in vivo

The mouse antibody production (MAP) test, traditionally used
to screen biological material prior to their use in vivo, has a
number of drawbacks. One is the fact that animals are required
for the test. Since most of the pathogens that are being screened
for do not cause clinical disease in immunocompetent adult ani-
mals, the pain and distress suffered by the test animals is usually
minimal. However, some infectious agents (e.g. ectromelia
virus) may cause disease or even death. These cannot be ruled
out in advance since the types and concentrations of viruses pre-
sent in the test material are unknown. In addition, the MAP test
is fairly costly and slow (5-6 weeks). There are no reliable num-
bers, but it is estimated that 200-300 MAP tests are conducted
annually in Germany alone. Previous attempts to replace the
MAP test with an in vitro assay using virus isolation in cell cul-
ture were unsatisfactory: not all viruses could be detected reli-
ably in culture. With the advent of the polymerase chain reaction
(PCR), a new, highly sensitive and specific tool became avail-
able. In order to replace the MAP test, it was necessary to estab-
lish PCR assays to detect all the possible viral agents being
screened for (Tab. 1), otherwise, a MAP test would still have
been required to rule out the remaining pathogens.
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Development of PCR Assays

For each pathogen (Tab. 1), specific primers were designed
based on published sequencing information. Primers were situ-
ated in conserved regions of the respective genomes to ensure
that all known substrains of a virus could be detected. Where
available, published PCR assays were used if they met the above
criteria. All PCR assays were tested for their specificity and sen-
sitivity using virus stock cultures at various dilutions. Virus
stocks were obtained from ATCC and various collaborators
(Bootz and Sieber, 2002; Bootz et al., 2003).

Semiquantitative analysis improves the
interpretation

A TagMan® DNA amplification system was provided by a gen-
erous grant from the Doerenkamp Zbinden Foundation. This
system allowed us to follow the PCR reaction kinetics in real
time: Each reaction well is equipped with optical fibers. Laser
light transmitted through these fibers stimulates target molecules
in the reaction mix to emit fluorescent light. These target
molecules are present in an inactive form on the primers and are
cleaved off, becoming active, when the primer anneals and starts
the strand formation. Fluorescence is measured every 5 seconds;
the light emitted is directly proportional to the amount of primer
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Tab. 1: List of viruses detected by the IMPAT and limit of detection:

Viruses detected by Abrevations | Units | Initial stock Antibody Standard PCR Real-Time
IMPAT virus Production PCR
conc./ml in the MAP (TagMan®)
Test
Mouse Adenovirus MAD * 10 (5,5) 10 (-1) 10 (-2,5) 10 (-2,5)
Mouse Cytomegalovirus MCMV * 10 (5,2) 10 (1,2) 10 (1,2) 10 (-0,8)
Ectromelia Virus Ectro * 10 (8,5) 10 (-1,5) 10 (-2,5) 10 (-2,5)
K-Virus K-Virus 2 10 (0) 10 (-5) 10 (-7)
Mouse Minute/Parvo Virus MVM 10 (4,5) 10 (2) 10 (0,5) 10 (-2,5)
Polyoma Virus Poly * 10 (4,5) 10 (-0,5) 10 (-0,5) 10 (-4,5)
Lactate Dehydrogenase Elevating Virus LDV “ 10 (10) 10 (2) 10 (-2) 10 (-2)
Mouse Hepatitis Virus 3 MHV * 10 (3) 10 (-3) 10 (-3) 10 (-3)
Pneumonia Virus of Mice PVM 32 10 (-2) 10 (-4) 10 (-4)
Reovirus 3 Reo 10 (5,5) 10 (1) 10 (1) 10 (0)
Sendai Virus Sendai * 10 (2,5) 10 (0,5) 10 (-1,5) 10 (-2,5)
Theiler's Meningo-encephalitis Virus TMEV * 10 (5,5) 10 (1) 10 (1) 10 (0)
Lymphocytic Corio-meningitis Virus LCMV 10 (6) 10 (0) 10 (0) 10 (0)
Epidemic Diarrhea Virus of Infant Mice Rota 10 (3,5) 10 (1,5) 10 (-1,5) 10 (-1,5)

*=TCIDso=50% Tissue Culture Infectious Dose
“ =|Dso=Infectious Dose (50% of mice)
() =indices of dilution factors.

used and therefore to the number of new amplicons. This
method allows a semi-quantitative analysis of the results as the
amplification progresses, i.e. in real time. The test was named
Infectious Microbe PCR Amplification Test (IMPAT).

IMPAT, a replacement for the MAP-Test

In order to validate the IMPAT, it was compared with the MAP
test. Samples of known concentration (tissue culture infective
dose) were generated for each of the 14 viruses on the screening
panel (Tab. 1). For each virus four 100-fold serial dilutions were
made.

MAP test: Groups of 2 mice were inoculated with each virus
at each of the dilutions. After 30 days the animals were
euthanised and exsanguinated. The serum was tested for anti-
bodies specific to the respective viruses using immunofluores-
ence assays (MicroBioS GmbH, CH-4153 Reinach).

IMPAT: To mimic routine conditions, the virus dilutions were
not analysed directly by IMPAT, but rather used to inoculate a
standard tumor cell suspension. The tumor cells were incubated
with the virus samples for 1 hour (DNA viruses) or 5 minutes
(RNA viruses) before DNA or RNA extraction. Nucleic acids
isolated from the contaminated tumor material were analysed
using standard PCR and the TagMan® method.

Sensitivity: The three methods were equally sensitive in
detecting two of the 14 viruses. One of these was mouse hepati-
tis virus, which was lethal in 7 of 8 mice inoculated. While no
serology could be done the samples were considered positive.
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The molecular methods were more sensitive than the MAP-Test
in detecting all the other pathogens. This was the case for six of
the twelve remaining viruses when using the conventional PCR
and for all 12 when using the TagMan®. The fact that real-time
PCR was in many cases more sensitive than the standard PCR
was attributed to two reasons: 1) The TagMan® methodology
using fluorescence emission is considered to be more sensitive,
and 2) a standard annealing temperature was used for the con-
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Fig. 1: Size of the PCR-Products in Clearose Gels from the
different viruses tested.
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ventional PCR assays, while for the TagMan® real-time PCR
the annealing temperature was optimised for each primer set.

Important advantages of the in vitro method

The specificity and the sensitivity of the IMPAT are at least
equivalent and in most cases superior to those of the MAP test.
In addition there are a number of other advantages over the in
vitro method:

- No animals are required (replacement)

- Turn-around time is reduced to 1-2 days (MAP test 5-6 weeks)
- Independent of the individual immune response of the mouse
(smaller variability)

- No animals inoculated with unknown infectious agents need be
housed in the animal facility (no risk to the animal facility or the
investigators)

The main difference between the MAP test and IMPAT is that
the MAP test detects only the immune response of a mouse to
infectious virus particles whereas IMPAT detects the presence of
nucleic acids from infectious but also from non-infectious, inac-
tivated virus. Here IMPAT has a further clear advantage, since
detection of inactivated virus is a warning sign that a contami-
nation had occurred at some time and such material should be
excluded due to the increased risk associated with it.

Negligible drawback

The only drawback of IMPAT is its high specificity. While sero-
logical methods are based on the immune reaction to multiple
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proteins, IMPAT detects only a very specific sequence of the
viral genome. This carries the risk that it may not detect a mutant
variant of the pathogen. We have tried to keep this risk to a min-
imum by carefully choosing the primers in regions of the
genome that are highly conserved. The IMPAT is now offered as
a routine service by most commercial diagnostic laboratories.
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