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Abstract 

Canine coronavirus (CCV) is a common faecal agent which is difficult to isolate. This study shows 
CCV to survive well at temperatures below - 20°C but not at temperatures above 4°(:. The presence 
of faecal material markedly reduced CCV survival times at temperatures ranging from 20°C to - 70°C. 
Thus, it is suggested that diagnostic faecal material should be diluted 1:10 (w/v) with growth medium 
and examined at the earliest opportunity. 
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1. Introduct ion 

Canine coronavirus (CCV)  is a common enteric pathogen (Binn, et al., 1974; Carmichael 
and Binn 1981; Tennant et al. ,1991a). The diagnosis of  CCV infection relies on either 
demonstration of the virus by electron microscopy or by virus isolation. For  the latter 
technique to be successful requires good survival of  CCV in faeces. Although coronaviruses 
in general show moderate stability at temperatures below 4°C (McIntosh,  1974; Pensaert 
and Callebaut, 1978; Siddell et al., 1983), feline infectious peritonitis virus (FIPV) ,  a 
closely related virus to CCV, is reported to be more labile (Stoddart,  1985). The survival 
of CCV at various temperatures and the effect of  routine laboratory handling and storage 
on the infectivity of  CCV has not previously been described. Thus, the aim of  this paper is 
to investigate the survival of  CCV under various conditions and to determine optimal storage 
conditions for field and experimental samples. 
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2. Materials and methods 

In the first experiment, three separate four ml aliquots of CCV-C54 ( 10 6.3 TCIDso/ml) 
(Tennant et al., 1991b) were mixed with 36 ml of either Wellcome growth media (Gibco 
ltd), virus transport medium (VTM) (Hanks balanced salt solution, Gibco ltd) or virus 
free 30% w/v  canine faecal suspension in phosphate buffered saline. All solutions also 
contained 10% foetal calf serum, 0.067 mg/ml  benzyl penicillin, 0.11 mg/ml streptomycin 
sulphate and 0.0022 mg/ml  amphotericin B. One ml aliquots made from each of these 
samples were stored at either 20°C, 4°C, - 20°C or - 70°C, whilst one ml aliquots of CCV 
in growth media were also stored at 37°C, for variable periods of time. Three bijou containing 
virus in growth media were subject to one, three or six freeze thaw cycles (frozen at - 70°C 
and thawed at 37°C). A second experiment was performed to investigate the effect of 
dilution of faecal samples on the survival of CCV. Thus, CCV-C54 was mixed with a faecal 
suspension as described above. Ten-fold dilutions, of the CCV-C54 infected faecal suspen- 
sion, were made in Wellcome growth media. Duplicate dilutions were stored at either 4°C 
or 20°C for variable periods of time. The viral titres in all aliquots were then determined as 
previously described (Tennant et al., 1991b). 

3. Results 

The results of CCV-C54 survival in various media at different temperatures are shown 
in Figs. la-e.  The pattern of virus survival was similar for growth medium and VTM at all 
temperatures although the former tended to be marginally superior. The lower the temper- 
ature of storage then the greater the retention of infectivity. Viral titre was rapidly lost at 
37°C in growth medium, with a drop in virus infectivity from the initial titre of 10 5.3 TCIDso/ 
ml to zero by 13 hours (Fig. la).  At 20°C, in growth medium and VTM, virus infectivity 
declined more slowly, but there was at least a 102 reduction in titre by 48 hours (Fig. lb).  
At 4°C little loss in titre was seen in either growth medium or VTM up to 72 hours (Fig. 
lc) .  Virus stored in faecal suspension rapidly lost infectivity at 20°C (Fig. lb) and 4°C 
(Fig. lc) such that after 24 hours there was an approximate 10 3 o r  more reduction in viral 
titre. Frozen virus in A-72 growth medium or in VTM retained significant titres at - 20°C 
(Fig. ld) or - 70°C  (Fig. le) over a two year period though -70°C  was preferable. 
Storage of virus in frozen faecal material resulted in complete loss of infectivity at either 
-20°C  (Fig. ld) or - 70°C  (Fig. le) by 3 months. Almost complete retention of viral 
infectivity was demonstrated following six consecutive freeze-thaw cycles. The CCV titre 
decreased from 10 5.3 TCIDso/ml initially to 105 TCIDso/ml after the sixth freeze-thaw cycle 
(Fig. 2). 

The data from the second experiment show a decreased rate of virus loss at 4°C where 
the faecal suspension was diluted with growth medium (Fig. 3a). Viral titre was rapidly 
lost in the 1:1 dilution with a 103 loglo reduction by 24 hours, whereas with the 1:10 dilution 
a similar drop in titre was only seen after 72 hours. Dilution at 1:1000 appeared to preserve 
virus infectivity completely over this time period. At 20°C the results were less clear cut. 
Dilution with growth media appeared to reduce virus loss only in the first 12 hours, after 
which time virus infectivity decreased rapidly (Fig. 3b). 
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Fig. l. Survival of CCV-C54 in growth medium (GM), virus transport medium (VTM and faecal suspension 

(FS) at: a, 37°C; b, 20°C; c, 4°C; d, - 2 0 ° C  and e, -70°C.  
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Fig. 2. Survival of CCV-C54 in growth medium (GM), following successive freeze/thaw cycles. 
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Fig. 3. Survival of CCV-C54 in different dilutions of faecal suspension in growth medium at: a. 4°C and b. 20°C 

4. Discussion 

The stability of coronaviruses at various temperatures appears to be dependent on the 
nature of the environmental conditions. In general it appears that coronaviruses are inacti- 
vated at 56°C in 10-15 minutes, at 37°C in several days and at 4°C in several months whilst 
virus frozen at - 60°C survives for many years without loss of infectivity (Mclntosh, 1974; 
Pensaert and Callebaut, 1978; Siddell et al., 1983). The effect of routine laboratory handling 
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and storage on the infectivity of CCV has not been previously described, although anecdotal 
reports suggest a longer survival of faecal CCV in the winter months (Carmichael and Binn, 
1981), presumably due to lower ambient temperatures. 

Our initial experiments showed that CCV survived significantly better in growth medium 
or VTM, compared to undiluted faecal suspension and confirmed that in the short term, 
CCV survived for longer at lower temperatures. Thus, infectivity was retained after several 
days at 4°C, and for at least 2 years at - 20°C or - 70°C, when stored in growth media or 
VTM. However, the virus tended to lose infectivity rapidly at 37°C and over several days 
at room temperature. The longer survival of CCV in A-72 media and VTM, compared with 
faecal suspension, is probably attributable in part to the pH or presence of ions and colloids 
in faeces which may inactivate the virus. The inclusion of foetal calf serum in the faecal 
suspension appeared not to substantially affect virus survival. 

This work suggested that in the field, it may be better to dilute faecal samples in growth 
medium or VTM in order to preserve CCV infectivity. This hypothesis was examined in 
the second experiment, when it was shown that in general, dilution of the faecal suspension 
in growth media significantly reduced the rate of loss of viral infectivity, particularly at 4°C. 
Thus, it is suggested that diagnostic faecal material should be diluted 1:10 (w/v)  with 
growth medium and examined at the earliest opportunity. 

Acknowledgements 

Dr Tennant was kindly supported by Intervet Laboratories and Dr Gaskell was supported 
by the Whitley Animal Protection Trust. 

References 

Binn L.N., Lazar E.C., Keenan K.P., Huxsoll D.L., Marchwicki B.S., Strano A.J., 1974. Recovery and character- 
ization of a coronavirus from military dogs with diarrhoea. Proc. 78th Meet. U.S. Anim. Health Assoc., 359- 
366. 

Carmichael L.E., Binn L.N., 1981. New Enteric Viruses in the Dog. Adv., Vet. Sci. Comp. Med., 25: 1-37. 
Mclntosh K., 1974. Coronaviruses: A Comparative review. Curr. Top. Microbiol. Immunol., 63: 86-129. 
Pensaert M.B., Callebaut P., 1978. The coronaviruses: Clinical and structural aspects with some practical impli- 

cations. Ann. Med. Vet., 122: 301-322. 
Siddell S., Wege H., ter Meulen V., 1983. Review article. The biology of coronaviruses. J. Gen. Virol., 64:761- 

776. 
Stoddart M.E., 1985. Some studies on the pathogenesis of feline infectious peritonitis. PhD Thesis, University ot 

Bristol. 
Tennant B.J., Gaskell R.M., Jones R.C., Gaskell C.J., 1991 a. Prevalence of antibodies to four major canine viral 

diseases in dogs in a Liverpool hospital population. J. Small Anim. Pract., 32: 175-179. 
Tennant B.J., Gaskell R.M., Kelly D.F., Carter S.C., Gaskell C.J., 1991b. Canine coronavirus infection in the dog 

following oronasal inoculation. Research in Veterinary Science 51:11-18. 


