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Mouse hepatitis virus (MHV) is a major pathogen in laboratory mice that usually leads to fatal diseases, such as hepatitis, 
multiple sclerosis, encephalitis, and respiratory disease. MHV has a high infection rate, and it needs to be detected as 
soon as possible to prevent its spread to other facilities. However, MHV detection by enzyme-linked immunosorbent 
assay (ELISA) often gives false positives; thus, it is very important that the results are confirmed as true positives in the 
early infection stage or distinguished as false positives with more accurate, reliable methods. Under microbiological 
screening, MHV ELISA-positive mice were found in four GFP-tagging transgenic mice. To verify the detection of the 
MHV antigen directly, reverse transcription polymerase chain reaction (RT-PCR) was performed, and the mice were 
determined to be MHV negative. Additional serum antibody-based screening was conducted with three different ELISA 
kits, and multiplexed fluorometric immunoassay (MFIA) was performed to confirm their accuracy/sensitivity. In brief, 
the ELISA kit for A59 nucleocapsid protein (MHV-A59N) revealed MHV ELISA positivity, while other ELISA kits 
(MHV-S lysate and MHV-JHM lysate) demonstrated MHV negativity. In MFIA, only the test for the recombinant A59 
nucleocapsid antigen was MHV positive, which was consistent with the ELISA results. These results suggest that the 
ELISA kit with the recombinant A59 nucleocapsid antigen might induce non-specific MHV ELISA positivity and that 
confirmation is therefore essential. 
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INTRODUCTION 

 

Mouse hepatitis virus (MHV) is a single-strand RNA 

coronavirus related to murine illnesses with high mortality. 

MHV is highly contagious, and it can be transmitted through 

aerosols and by direct contact (Wege et al., 1982). There 

are two forms of tropism in mouse infections: polytropism 

(MHV-1, -2, -3, JHM and -A59), which is contracted via 

the respiratory system, and enterotropism (MHV-D, -Y, -RI, 

-S/CDC, LIVIM, and DVIM), which is more common and 

leads to infection in the intestine and excretion in feces (Cajal 

et al., 1962; Barthold et al., 1993; Rose and Weiss, 2009). 

MHV infection causes serious microbiological problems, 

and many research facilities and researchers are affected by 

MHV contamination. MHV infectivity depends on the age, 

genotype, health status, and experimental environment of 

the mouse. The primary infection causes hepatitis, encepha- 

lomyelitis, enteritis, and progressive wasting syndrome 

(Matthews et al., 2001; Eriksson et al., 2008). 
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There are various methods for the detection of MHV 

infection; enzyme-linked immunosorbent assay (ELISA) 

can be easily performed with mouse serum samples in 

local laboratories. Reverse transcriptional polymerase chain 

reaction (RT-PCR) can also be used for detecting MHV 

virus antigen in feces and tissue samples. ELISA has been 

used as a routine screening method (Kagiyama et al., 1990) 

and there are many commercial MHV ELISA kits. However, 

each manufacturer uses specific MHV antigens, such as 

recombinant MHV-A59 strain nucleocapsid protein (MHV-

A59N) antigen, MHV-S supernatant, and MHV-JHM lysate. 

MHV isolation and histological diagnosis are direct detection 

methods, but they are difficult to perform in typical labora- 

tories. RT-PCR may be a good method for the detection of 

MHV viral RNA (Yamada et al., 1998; Wang et al., 1999), 

but it also has limitations when the virus is cleared by the 

antibodies. Other MHV detection methods include indirect 

fluorescent assay (IFA), immuno-comb, and multiplexed 

fluorometric immunoassay (MFIA). 

Severe B-cell-deficient mice are easily infected by MHV 

because of their impaired immune systems (Matthews et 

al., 2001; Matthews et al., 2002). Genetically engineered 

mice (GEMs) with immunodeficiency are also susceptible 

to viral infections (Lavi et al., 1995; Miura et al., 2008). In 

this study, we report an MHV false-positive ELISA result 

induced in a specific transgenic mouse breed. 

 

MATERIALS AND METHODS 

Sample preparation 

In our institution, routine microbiological monitoring 

programs are performed every three months in which 

laboratory animals are routinely examined for 10 types of 

viruses and 17 pathogenic bacteria. During one such micro- 

biological monitoring session, one of the sentinel mice 

from a quarantine room was determined to be MHV ELISA 

positive, and expanded monitoring was conducted to check 

for any MHV spread across the specific-pathogen free (SPF) 

barrier. Fresh blood samples from the orbital sinus and feces 

were collected from every mouse; 10 serum samples of the 

same volume were pooled into one vial, and it was verified 

that it showed a similar OD ratio. Feces from the same 

cage were pooled into one vial, and viral RNA extraction 

was conducted. If an MHV-positive ELISA result was 

detected, an additional ELISA test was conducted with the 

original individual serum samples, and RT-PCR was con- 

ducted. This study protocol was approved by our institution's 

Institutional Animal Care and Use Committee (IACUC). 

Antibody-based diagnosis via ELISA, IFA and MFI 

Three kinds of commercial MHV ELISA kits that can 

detect MHV antibodies of recombinant MHV-A59 nucleo- 

capsid, S-strain supernatant, and JHM viral lysate were 

used. All ELISA experiments were conducted according to 

the manufacturer's instructions. For the IFA assay, 10 μl of 

1:2 diluted sera was loaded into the well of an MHV 

antigen-coated slide. The slide was incubated in a 37℃ 

humidified incubator chamber for 40 minutes, and then each 

well was washed twice with 1X phosphate-buffered saline 

(PBS), and 10 μl anti-mouse FITC conjugate was loaded 

into each well. After another 40 minutes of incubation and 

washing, each well was visualized using a 100X fluorescent 

microscope (Leica BM5500B, Mannheim, Germany). Three 

different antigen-specific MFIA panels (recombinant A59 

nucleocapsid, A59 viral lysate, and S-strain viral lysate) 

were used, and tests were conducted by the Charles River 

Research Animal Diagnostic Service Center. 

Antigen-based diagnosis with RT-PCR 

Mouse feces were collected and mixed with 400 μl 1X 

PBS. After vortexing, the supernatants were collected in 

clean tubes, and total RNA was extracted using the RNAiso 

solution (TaKaRa-Bio, Shiga, Japan) extraction method. The 

first-strand cDNAs were generated using EcoDry Premix 

RT kits (Clontech laboratories, Mountain View, CA). RT-

PCR was conducted as previously reported with specific 

primers (5'-GAAGTAGATAATGTAAGCGT-3' for forward 

and 5'-TTACACATTAGAGTCATCTTC-3' for reverse 

regions). A PCR kit (TaKaRa-Bio, Shiga, Japan) was used 

for MHV-PCR, and PCR was performed using a T3000 

Thermal Cycler (Biometra, Goettingen, Germany). PCR 

amplicons were analyzed via 1.5% agarose gel electro- 

phoresis and visualized using a UV trans-illuminator (Bio-

Rad, CA, USA). 
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Direct transmission test with C57BL/6 and NOD/ 

SCID.IL-2rg-/- 

Four B6.GFP-FoxP3 knock-in mice were selected, and 

direct transmission tests were conducted. The mice were 

separated into different cages, and they were cohoused with 

C57BL/6 and NOD/SCID.IL-2rg-/- (NSG) mice (1:1). After 

two and four weeks of cohousing, the C57BL/6, NSG, and 

B6.GFP-FoxP3 knock-in mice were necropsied and tested 

for MHV. 

Statistical analysis 

Statistical analysis was conducted using SPSS 20 (SPSS 

Inc., Chicago, IL) for Pearson correlation analysis, and 

P<0.05 was regarded as significant. 

 

RESULTS 

 

In the MHV screening test for quarantine, one of the 

17 samples was MHV ELISA positive. Additional MHV 

screening was conducted for 86 mice with the MHV-

A59N-coated ELISA kit, and 16 mice were found to be 

MHV ELISA positive. To confirm MHV infection, RT-PCR 

was conducted, and eight mice were MHV RT-PCR positive 

according to RT-PCR. We sought to verify the MHV spread 

across the SPF barrier. In the MHV ELISA screening test, 

four pooled serum samples showed high optical density. 

The original 40 serum samples from these pools were 

tested again, and four serum samples had high OD ratios. 

In particular, when tested with an ELISA A kit, MHV 

ELISA-positive serums were focused on the B6.GFP-Foxp3 

knock-in mice (Table 1). To confirm MHV with viral RNA 

detection, RT-PCR was performed, but the results were not 

consistent with those of the MHV-A59N ELISA. Only one 

sample (Sample 5) from the quarantine room was MHV 

RT-PCR positive (Table 2). There were three possible expla- 

nations for this inconsistency: 1) There was a non-specific 

positive MHV-A59N ELISA result, 2) the mice had already 

eliminated the virus via their immune response, or 3) a new 

type of MHV infection had been detected. Additional 

antibody detection tests were conducted with two different 

MHV ELISA B and C kits (S lysate and JHM lysate) 

(Table 1), and the IFA method was used to explore these 

possibilities (Table 2). One positive control and one serum 

sample (Sample 5) from the quarantine room were ELISA 

and IFA positive, but no FoxP3 knock-in serum samples 

(Samples 1~4) were ELISA positive when tested with the 

ELISA B and C kits. This indicated that the ELISA results 

from the MHV-A59N antigen might be non-specifically 

positive. 

To confirm the non-specific MHV positivity of the A59N 

antigen, an MFIA analysis was performed with three different 

antigens (A59N, A59 lysate, and S lysate) at the Charles 

River Research Animal Diagnostic Service Center (MA, 

Table 1. Comparison of ELISA results from three different MHV ELISA kits 

No Strain 

A kit 
(aA59N) 

B kit 
(S viral lysate)  

C kit 
(JHM-strain) 

Results OD Results OD Results OD 

P.C. P 1.375b P 0.568  P 1.195 

1 B6.GFP-Foxp3 KI E 0.148 N 0.002  N 0.096 

2 B6.GFP-Foxp3 *CD45.1 P 0.551 N 0.005  N 0.117 

3 B6.GFP-Foxp3 *CD45.1 P 1.458 N 0.005  N 0.093 

4 B6.GFP-Foxp3 KI P 0.913 N 0.04  N 0.233 

5 Strain A (positive) P 1.003 N 0.454  P 1.22 

6 Strain B (negative) N 0.002 N 0.002  N 0.008 

Optical density (OD) ratio of positive samples (A kit: > 0.39, B kit: > 0.568, C kit: > 0.3) 
aA59N: recombinant A59 nucleocapsid 
bBold numbers indicate positive results from each ELISA kit 
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USA), and the results were consistent with conventional 

ELISA. MHV-positive sera showed high values for all 

antigens, but B6.GRP-FoxP3 knock-in sera were only 

significant in MFIA with the A59N antigen. When MFIA 

was performed with the MHV-A59N antigen, three of the 

B6.GFP-Foxp3-tagging transgenic mice (Samples 2~4) 

were positive, and the other (Sample 1) was equivocal, 

consistent with the results of the ELISA A kit. All B6.GFP-

Foxp3-tagging transgenic mice (Samples 1~4) were negative 

when tested with the other two viral antigens (Table 2). 

The correlation between the ELISA A and MFIA results 

with the same recombinant antigen was remarkably high, 

because each serological kit was coated with the same 

recombinant A59N antigens (Table 3). To confirm the 

results of Sample no. 1, MHV IFA was performed, and the 

four samples produced no clearly visible fluorescent spot. 

Additionally, Sample no. 3 appeared to be positive when 

tested with A59 viral lysate MFIA, but it was finally con- 

firmed to be negative with MHV IFA (Fig. 1A). RT-PCR 

found that only Sample no. 5 Strain A was positive (Fig. 

1B). Additional statistical analysis also indicated that the 

A59N antigen was correlated with non-specific MHV-

positive results. It was determined that Strain A (Sample 5) 

was really infected with MHV, because three ELISA methods 

(IFA, RT-PCR, and MFIA) all indicated positive. However, 

B6.GFP-Foxp3 mouse serum samples (Samples 1~4) only 

Table 2. Indirect fluorescence assay (IFA), RT-PCR, and multiplexed fluorometric immunoassay (MFIA) for MHV confirmation 

No Strain IFA RT-PCR 
MFIA MFIA MFIA 

(A59 N) (A59 lysate) (S lysate) 

1 B6.GFP-Foxp3 KI N N  2 - - 

2 B6.GFP-Foxp3 *CD45.1 N N  3 - - 

3 B6.GFP-Foxp3 *CD45.1 N N 11 3a - 

4 B6.GFP-Foxp3 KI N N 6 - - 

5 Strain A (positive) P P 23 21 11 

6 Strain B (negative) N N - - - 
aA net score of 3 indicates positivity to MHV A59 lysate, but this was confirmed to be negative via IFA. 

Table 3. Correlation analysis between MFI and ELISA kit A 

 
MFI 

(A59N) 
MFI 

(A59 lysate) 
MFI 

(S lysate)

Pearson correlation 0.900 0.821 0.400 

P value 0.037a 0.890 0.505 

n 5 5 5 
a Significant correlation 

A

B

C

Fig. 1. MHV screening with indirect fluorescent assay (IFA),
RT-PCR and histological examination. (A) The positive control
and sample no. 5 were determined to be positive, the same as
previous serological tests. Samples no. 1-4, and 6 did not exhibit
any clear fluorescence spot and were negative. (B) MHV RT-PCR.
All samples were tested with fecal RT-PCR to detect MHV
antigens. (C) Histological examination was performed on the liver
tissues of the MHV non-specific positive mouse (a) and negative
mouse (b) (X100). P/C: positive control, N/C: negative control,
1-6: serum samples. 
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reacted with the recombinant A59N MHV antigens. 

It was also important to find liver necrosis when they were 

really infected with MHV, although the MHV antibodies 

were already eliminated. The livers of the B6.GFP-Foxp3 

mice did not show any pathological changes upon histo- 

logical examination (Fig. 1C). The possibility of a new 

murine virus was evaluated using a contact-rearing test. It 

was assumed that if a new murine virus had infected the 

B6.GFP-FoxP3 knock-in mice, it would be transmissible. 

However, no B6 or NSG mice co-reared with B6.GFP-

FoxP3 knock-in mice were positive for MHV on ELISA or 

RT-PCR (Fig. 1B). 

 

DISCUSSION 

 

MHV is a common viral disease in laboratory mice for 

which they should be regularly screened. Serological 

methods such as ELISA are commonly used to detect 

viruses in many experimental animal laboratories and 

holding facilities. ELISA might be an inexpensive and 

simple monitoring method, but it can lead to false positives, 

false negatives, and misinterpretation. Thus, other methods 

such as IFA and/or RT-PCR are typically used for confir- 

mation. In this study, non-specific MHV ELISA results 

were detected, particularly in the B6.GFP-FoxP3 knock-in 

strain. Non-specific positive results were only detected in 

ELISA kits with the A59N antigen, and this was confirmed 

by MFIA analysis and correlation analysis. This non-specific 

result differed from false-negative or false-positive results. 

In addition, there was no transmission between positive 

B6.GFP-FoxP3 knock-in mice and co-reared B6 and NSG 

mice, so these non-specific ELISA results could not have 

been caused by a new type of MHV. The B6.GFP-FoxP3 

knock-in strain was not MHV ELISA positive in a previous 

examination with an ELISA kit using an A59N antigen. It 

is unclear what molecule induced the non-specific MHV 

ELISA results associated with B6.GFP-Foxp3 transgenic 

mice sera binding to the recombinant MHV-A59 strain 

nucleocapsid protein coated on the ELISA A kits and MFIA 

panels. 

Sometimes, widely used GFP-tagging transgenic animals 

may be affected by certain side effects of renal pathology, 

such as glomerulosclerosis (Guo et al., 2007). It seems that 

transgenic mice may produce certain non-specific proteins 

such that serological false-positive results are occasionally 

detected. Thus, this sometimes occurs in ELISA, and the 

results are easily misinterpreted as positive at the first 

serological MHV screening. Confirmation with another 

serological test kit is recommended, and other applicable 

methods for diagnosis are necessary, because initial treat- 

ments are most important in preventing the spread of MHV. 

In conclusion, it was confirmed that non-specific MHV 

ELISA positivity can occur in GEMs. Although a recom- 

binant protein caused the non-specific response in this 

study, serological methods might induce similar results; 

thus, confirmation is necessary. Finally, this is the first 

report of non-specific MHV positivity in ELISA involving 

GEMs. 
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