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ABSTRACT 

Heckert, R.A., Saif, L.J. and Myers, G.W., 1989. Development of protein A-gold immunoelectron 
microscopy for detection of bovine coronavirus in calves: comparison with ELISA and direct 
immunofluorescence of nasal epithelial cells. Vet. Microbiol., 19: 217-231. 

A protein A-colloidal gold immunoelectron microscopy (PAG-IEM) technique was developed 
for the detection of bovine coronavirus (BCV) in the feces and nasal secretions of infected calves. 
Feces or nasal swab fluids were incubated sequentially with hyperimmune bovine anti-bovine 
coronavirus serum and protein A-gold, negatively stained, applied to formvar-coated copper grids 
and viewed using an electron microscope. The PAG-IEM method specifically identified BCV 
particles and possible subviral particles in feces and nasal-swab fluids from infected calves. The 
PAG-IEM method did not label other enveloped enteric viruses or morphologically similar fringed 
particles commonly found in feces. Detection of BCV using PAG-IEM was compared with ELISA 
and direct immunofluorescence (IF) of nasal epithelial cells by monitoring fecal and respiratory 
tract shedding of BCV from two experimentally infected and two naturally infected calves from 
birth to 3 weeks of age. PAG-IEM and ELISA detected shedding of BCV in fecal (4/4 animals) 
and nasal (3/4 animals) samples for an average of 5.25 days each. The observed agreement of 
BCV detection by PAG-IEM and ELISA was 85%. PAG-IEM may be a more sensitive immu- 
noassay for the detection of BCV in diagnostic specimens from infected neonatal calves than 
ELISA. BCV infection of nasal epithelial cells was detected by immunofluorescence in 4/4 calves, 
persisted for the duration of the study in 2/4 calves and was sporadic in the other two animals. 
The observed agreement of BCV detection by PAG-IEM and IF was 57%. 

*This work was supported in part by Cooperative Research Agreement 85-CRSR-2-2689 from the 
USDA Science and Education Administration. Salaries and research support were also provided 
by state and federal funds appropriated to the Ohio Agricultural Research and Development Cen- 
ter, The Ohio State University. 
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INTRODUCTION 

Bovine coronavirus (BVC) is a pneumoenteric virus which causes a mild 
upper respiratory tract infection and a severe lower intestinal enteritis in 3- 
30-day-old calves, resulting in diarrhea, dehydration and often death (Stair et 
al., 1972; Sharpee et al., 1976; Langpap et al., 1979; Phillips and Case, 1980; 
Thomas et al., 1982; McNulty et al., 1984; Reynolds et al., 1985; Saif et al., 
1986; Bosgiraud and Nicolas, 1986; Heckert et al., 1986). The virion is pleo- 
morphic (65-210 nm) and has 20-25-nm long club-shaped peplomers an- 
chored in a lipid envelope (Sharpee et al., 1976; Roseto et al., 1982). 

Diagnosis of BCV enteric infections in live animals is often done by electron 
microscopy (EM) or immunoelectron microscopy (IEM) of material from 
diarrheic animals (Stair et al., 1972; England et al., 1976; McNulty et al., 1981 ). 
Diagnosis of BCV upper respiratory tract infections is not routinely done but 
is possible by EM, IEM, virus isolation methods and direct immunofluores- 
cence examination of nasal epithelial cells (Thomas et al., 1982; McNulty et 
al., 1984; Reynolds et al., 1985; Bosgiraud and Nicolas, 1986; Heckert et al., 
1986; Sail et al., 1986). 

Diagnosis of BCV infection by EM or IEM is dependent upon morphological 
identification of virus particles or immune complexes. Diarrheic material often 
contains particles which resemble BCV in morphology, making the positive 
identification of the virus difficult. In one study, a number of laboratories were 
sent known human coronavirus specimens for examination by negative-stain- 
ing EM. Only 51% made a correct diagnosis; 33% found no virus and 16% 
reported a wrong virus in the specimen (Almeida, 1983 ). The majority of these 
so-called coronaviruses are membrane fragments with a fringed surface. Un- 
fortunately, endoplasmic reticulum, bacteria and mycoplasma, when broken 
down, yield fragments that  assume spherical form and frequently display a 
fringe of surface projections. Similarly, the disrupted cristae of broken mito- 
chondria have distinctive surface projections and can also appear in the viral 
size range (Almeida, 1983). 

Protein A-colloidal gold immunoelectron microscopy (PAG-IEM) has been 
used to specifically detect rotavirus and enterovirus antigens in fecal samples 
(Hopley and Doane, 1985; Doane et al., 1987). This paper reports the devel- 
opment  ofa PAG-IEM method for the rapid and specific identification of BCV 
in feces and nasal secretions of infected calves. To evaluate its use as a diag- 
nostic test, this method was used to follow the shedding of BCV in fecal and 
nasal samples from two naturally infected (NI) and two experimentally in- 
fected (EI) calves. The PAG-IEM method was compared with ELISA and 
direct immunofluorescence staining of nasal epithelial cells for the diagnosis 
of BCV infection in these calves. 
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MATERIALS AND METHODS 

Experimental design 

Two groups of Holstein calves were used in this study. The first group con- 
sisted of two colostrum-deprived bull calves (Nos 213 and 214), procured, 
housed at birth in isolation facilities and challenged as described by Saif et al., 
(1983). At 2 days of age each animal was inoculated with a 20% suspension of 
virulent DB2 strain of BCV in phosphate buffered saline (PBS),  2 ml per 
nostril and 46 ml orally. The inoeulum consisted of large intestinal contents 
from a gnotobiotic calf previously infected with the DB2 strain of BCV (Saif 
et al., 1986). The inoculum contained approximately 50 virions per grid square 
by IEM and was known to cause diarrhea in 100% of challenged animals. Feces 
and nasal swabs were collected and rectal temperatures  recorded daily for the 
first week of life and then three times per week until 3 weeks of age (EI group ). 

In the second group, two naturally infected heifer calves (Nos. 4682 and 
4609) housed on a commercial diary farm under conventional management  
conditions, were sampled (as above) three times per week from birth until 3 
weeks of age (NI group). The severity of diarrhea was scored on a scale of 0-  
3, with 0 representing firm feces; 1, pasty feces; 2, semi-liquid; 3, liquid. Upper 
respiratory tract  signs were scored on a similar scale with 0 representing a 
normal amount  and consistency of lacrimal, nasal and salivary secretions; 1, 
excessive clear secretions; 2, cloudy thick secretions. 

PA G-IEM procedures 

Fecal and nasal specimens 
Diarrheic material  from calves containing Bredavirus (a Torovirus) (Saif 

et al., 1981; Woode et al., 1982; Horzinek et al., 1987), fringed particles or no 
viruses and pig feces containing transmissible gastroenteritis virus (TGE, a 
coronavirus of swine ) by IEM were examined by PAG-IEM. All fecal samples 
and nasal swab supernatants  from the NI and EI groups of calves were also 
examined by PAG-IEM. 

PAG-IEM 
Fecal samples were stored at - 20 ° C after collection and processed for PAG- 

IEM using procedures similar to those described previously (Saif et al., 1977). 
Briefly, samples were diluted 1:5, sonicated, clarified at 4 °C and the superna- 
tants passed through 0.45 pm filters (Uniflo, Schleicher and Schuell, Keene, 
NH) .  Nasal swab supernatants  were filtered (0.45 pm),  concentrated 10-fold 
by ultracentrifugation (99 000 ×g,  2 h, 4°C) and resuspended in 200 pl PBS. 
Fecal or nasal samples (200 #1) were incubated overnight at 4°C with appro- 
priately diluted hyper immune bovine anti-bovine coronavirus serum (800 pl) 
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as described by Saif et al. (1986). The immune complexes were pelleted twice 
(69 000 × g, 35 min, 4 ° C ), resuspended in 50 Bl sterile distilled H20 (EM water ) 
and incubated for 45 min at 37°C with 25/ll of 10 nm protein A-gold (PAG) 
(AuroProbe, EM protein-A G10, Janssen Life Sciences, Piscataway, NJ) di- 
luted 1:20 in gold buffer (0.1% BSA in Tris-buffered saline, pH 8.2). In select 
specimens, the PAG binding was blocked by the addition of 25/A (5 mg ml-  1 ) 
of unlabeled protein A in gold buffer, as a control. Further incubations were 
carried out in microtiter plate wells as described by Hopley and Doane (1985). 
The virus-antibody-PAG suspension (50/ll ) was transferred to a formvar car- 
bon-coated copper EM grid (300 mesh) on top of 1% agar in a microtiter well 
and allowed to diffuse into the agar for 30 min at room temperature. Grids were 
washed by sequential immersion into two drops of gold buffer and one drop of 
EM water followed by negative staining with 1.5% phosphotungstic acid con- 
taining 0.2% sucrose (pH 7.2) for 30 s. Grids were blotted dry and examined 
at 80 kV in an electron microscope (Model 201, Philips Norelco, The Nether- 
lands). The viral particles in a specimen were estimated on the basis of the 
following scale measured in number per grid square: < 1; >~ 1 ~< 10; >t 11 ~< 50; 
>~51~<100; >~101. 

ELISA 

All nasal swab supernatants and fecal samples collected were tested for BCV 
antigen by ELISA using procedures similar to those previously described for 
detection of bovine rotavirus (Saif et al., 1983). Briefly, 96-well polystyrene 
plates (Immulon I, Dynatech Laboratories, Alexandria, VA) were coated with 
200/ll hyperimmune (Rows A-F) or pre-immune (Rows G-H) ammonium 
sulfate-precipitated gnotobiotic calf anti-bovine coronavirus serum (25 /~g 
ml-  1 ) in carbonate coating buffer (pH 9.6 ), at 37 ° C for 1 h and 4 ° C overnight. 
Plates were rinsed twice in PBS-Tween (Dynawasher II, Dynatech Labora- 
tories, Alexandria, VA) and 100/A of feces [diluted 1:25 and processed as de- 
scribed previously {Saif et al., 1983) ] or undiluted nasal swab supernatants 
were added, each to four wells of positive capture serum and duplicate wells of 
negative control serum. Each set of duplicate samples (on positive capture 
antibody) received a further 100 #l of a 1:100 dilution of hyperimmune or pre- 
immune ammonium sulfate precipitated bovine anti-bovine coronavirus serum, 
as a blocking test, followed by incubation overnight at 4 ° C. Plates were rinsed 
and 100/ll hyperimmune guinea pig anti-bovine coronavirus serum (1: 3000) 
in 2% BSA-PBS-Tween was added and incubated for 1 h at 37°C. After rins- 
ing, 100 ~l of rabbit anti-guinea pig alkaline phosphatase conjugate (1:400) 
(ICN ImmunoBiologicals, Lisle, IL ) in 2 % BSA-PBS was added and the plates 
were incubated for 1 h at 37 ° C. Plates were rinsed twice, first with PBS-Tween, 
then with distilled H20, and 200/zl of the substrate, p-nitrophenyl phosphate 
disodium, (Sigma Chemical Company, St. Louis, MO ) in 10% diethanolamine 
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was added. Color development was read at 405 nm (Titerteck Multiskan, Flow 
Laboratories,  McLean, VA) when positive control wells reached an absorbence 
value of approximately 1.0. Fecal and nasal swab supernatants,  previously de- 
termined as positive or negative for BCV by IEM, were included on all plates 
as controls. A cutoff  absorbence value for each sample was determined by add- 
ing three standard deviations (of all the negative control samples and all sam- 
ples on negative control serum) to the background absorbence value of the 
sample on negative control serum. Mean values were determined for each set 
of duplicate samples tested. A sample was considered positive if it was above 
the cut-off value for that  sample and if its absorbence value was reduced (in 
the blocking test)  by > 50% of the difference between the unblocked absorb- 
ence value and the cut-off absorbence value. 

Direct immunofluorescence (IF) assay 

Nasal epithelial cells were collected with 16.5-cm cotton-t ipped swabs ( 1 per 
nostril) and fixed onto glass slides for immunofluorescence staining as de- 
scribed by Saif et al. (1986). Nasal  swab supernatants  and fixed cells were 
stored at - 20 ° C until further testing. 

Nasal  cells were stained using fluorescein-conjugated bovine anti-bovine co- 
ronavirus serum, bovine anti-bovine rotavirus serum (control) or PB S  as de- 
scribed previously (Saif et al., 1986 ). Wells were considered positive when they 
contained at least two specific fluorescing cells per well. The percentage of cells 

T A B L E  1 

Clinical signs, BCV shedding by P A G - I E M  and ELISA,  and nasal-cell IF for experimentally infected Calf 213 

Days of age 

0 1 2 3 4 5 6 7 8 9 11 13 16 18 20 

Fever ~ - + + + + + + + - 

Fecal BCV 
Fecalscore b 0 0 0 3 0 0 3 3 2 2 2 0 0 0 0 

P A G - I E M  c 0 0 0 < 1  < l  1-10 51-100 11-50 51-100 0 0 0 0 0 0 

ELISA - + + + + 

Nasal  BCV 
Nasal  score d 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

P A G - I E M  ¢ 0 0 0 0 1-10 51-100 11-50 11-50 11-50 1-10 0 0 0 0 0 

ELISA - + + + + + + - - 
Nasal  cell IF ~ 0 0 0 0.1 6 15 5 5 5 3 5 1 0.1 0.1 0.1 

a>39.5°C.  

b0-3 as described in text. 

cVirus particles per grid square. 

d0-2 as described in text. 

+% immunofluorescent  nasal cells. 
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positive for coronavirus antigen was estimated for each well by examining five 
different fields of view (200 × ) and averaging the results. 

R E S U L T S  

Clinical signs of infected calves 

All calves in both the EI and NI groups developed profuse watery diarrhea 
and became febrile (rectal temperature > 39.5 ° C) following BCV infection 
during the 3-week study period (Tables 1-4). The average durations of diar- 
rhea for calves in the EI and NI groups were 4.5 and 5.5 days, respectively. 
Only one (NI Calf 4609) of the four calves showed moderate signs of a clinical 
upper respiratory tract infection for 3 days; two calves (NI Calf 4682 and EI 
Calf 214) showed only slight signs for 2-3 days and the fourth calf (EI Calf 
213) did not develop clinical signs of respiratory tract infection (Tables 1-4). 

PA G-IEM evaluation of specimens 

The PAG-IEM method specifically labeled BCV viral particles in IEM pos- 
itive fecal samples or supernatant fluids from IF positive nasal cells (Fig. 1). 
PAG particles primarily bound to antibody coating the virus peplomers and 
gave low background levels of free PAG. Fecal or nasal samples positive by 

T A B L E 2  

Clinical signs, BCV shedding by PAG-IEM and ELISA, and nasal-cell IF for experimentally infected 
Calf214 

Days of age 

0 1 2 3 4 5 6 7 8 9 11 14 16 19 21 

Feve#  - - - - + + + + + + + + + 

Fecal B C V  
Fecal score b 0 0 2 0 0 3 3 2 2 1 0 0 0 0 0 

P A G - I E M  c 0 0 0 0 0 < 1  5 1 - 1 0 0  1 1 - 5 0  1 1 - 5 0  0 0 < l  0 0 0 

E L I S A  . . . .  + + + + 

Nasal  B C V  
Nasal  score d 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 

P A G - I E M  c 0 0 0 < 1  1 - 1 0  1 1 - 5 0  1 - 1 0  1 1 - 5 0  1 1 - 5 0  0 < 1  < 1  < 1  0 0 

E L I S A  + + + + + + + - - 

N a s a l c e l l I F  ~ 0 0 0 7 25 25 10 8 10 15 1 0.1 0.1 0.1 0 

a >  3 9 . 5 ° C .  
b0--3 as described in text. 
cVirus particles per grid square. 
d0-2 as described in text. 
e% immunofluorescent  nasal cells. 
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T A B L E  3 

Clinical signs, BCV shedding by  P A G - I E M  and  E L ISA,  and  nasal-cell IF  for natura l ly  infected 

Calf 4609 

Days  ofage  

0 3 5 7 10 12 14 17 19 21 

Fever a - + + + - _ 

Fecal BCV 
Fecal score b 0 0 3 0 2 3 1 0 2 3 

P A G - I E M  c 0 0 0 0 0 < 1 < 1 < 1 0 0 

E L I S A  . . . . . .  
Nasal  BCV 

Nasal  score d 1 0 0 0 0 0 2 2 0 1 

P A G - I E M  c 0 0 0 0 0 0 0 0 0 0 

E L I S A  . . . . . .  
Nasal  cell IF  e 0 1 2 1 3 0.1 0.1 0.1 0.1 0.1 

a>39 .5°C .  
~0-3 as described in text. 
"Virus particles per  grid square.  
d0-2 as described in text. 

~% immunof luo rescen t  nasal  cells. 

T A B L E  4 

Clinical signs, BCV shedding by P A G - I E M  and  E L ISA,  and  nasal-cell IF  for natural ly  infected 
Calf 4682 

Days  o f age  

0 3 5 7 10 12 14 17 19 21 

Fever a . . . .  + - _ 

Fecal BCV 
Fecal score b 0 0 1 3 2 3 0 2 0 0 
P A G - I E M  c 0 0 > 10 < 1 0 0 < 1 0 0 0 

E L I S A  - + + + - - - 
Nasal  BCV 

Nasal  score d 0 0 0 1 1 0 0 0 0 0 
P A G - I E M  c 0 0 0 0 < 1 0 < 1 0 0 0 

E L I S A  - - + - + - - 
Nasal  cell IF  e 0 0 0 2 2 0.1 0 0 0.1 0 

a>39 .5°C .  
~)0-3 as described in text. 
cVirus part icles per  grid square.  
d0-2 as described in text. 
e% immunof luo rescen t  nasal  cells. 
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Fig. 1. PAG-IEM of labeled BCV from feces and nasal I swab fluids. (A) 
BCV aggregate from feces; (B) PAG-IEM of a labeled il ldividual BCV fro 
of labeled BCV from nasal swab fluids. (Bar represents 100 nm.) 

‘AG-IEM of a 1, abeled 

feces; (C ) PAG -1EM 



ii!iiiii~ 

225 

m 

Fig. 2. PAG-IEM of labeled BCV antigen of undefined morphology (bar represents 100 nm). 

PAG- IEM also contained a variable amount  of labeled free viral antigen of 
undefined morphology (Fig. 2 ). The specificity of the labeling of this possible 
subviral material was demonstra ted by comparative assays using positive and 
negative controls. Labeled free antigen of undefined morphology was never 
seen in PAG- IEM negative samples, but  frequently seen in PAG- IE M positive 
samples. Labeling of the viral and subviral-ant ibody complexes by PAG was 
blocked by the addition of protein A, indicating that  non-specific PAG aggre- 
gates were not occurring. 

The P A G - I E M  method did not label the two enveloped viruses, Bredavirus 
or transmissible gastroenteritis virus (Fig. 3), which are antigenically unre- 
lated to BCV. Fringed particles and cellular debris in fecal samples IEM neg- 
ative for BVC or supernatant  fluids from cells IF negative for BCV were also 
unlabeled (Fig. 3). The background level of free PAG was low in all specimens 
examined. 

Detection of BCV fecal and nasal shedding by PAG-IEM 

Shedding of BCV in feces and nasal swab fluids from the EI group of calves 
was detected by PAG-IEM.  The average duration of BCV shedding in the feces 
and nasal swab fluids detected by P A G - I E M  was 5 and 6 days, respectively, 
with levels of viral particles ranging from < 1 to > 101 per grid square (Tables 
1 and 2). 

In the NI group of calves, fecal shedding of BCV was detected by PAG-IEM,  
but  little or no nasal shedding was evident. The average duration of BCV shed- 
ding in the feces detected by P A G - I E M  was 4.5 days with numbers of viral 
particles ranging from < 1 to > 101 per grid square. The average duration of 
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Fig. 3. Unlabeled viruses and fringed particles detected by PAG-IEM. (A) PAG-IEM of unlabeled 
Bredavirus; (B) PAG-IEM of unlabeled transmissible gastroenteritis virus (arrowhead); (C) 
PAG-IEM of unlabeled fringed particles. (Bar represents 100 nm. ) 
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BCV shedding in the nasal swab fluids by PAG-IEM was 0.5 days with num- 
bers of viral particles ranging from 0 to < 1 per grid square (Tables 3 and 4 ). 

Detection of BCV fecal and nasal shedding by ELISA 

Shedding of BCV in feces and nasal swab fluids was detected by ELISA for 
an average duration of 4 and 6.5 days, respectively, from the EI group of calves 
and 2.5 and 0.5 days, respectively, from the NI group (Tables 1-4). 

Detection of BCV shedding in feces or nasal swab fluids by PAG-IEM and 
ELISA were in good agreement (observed agreement of 85% ) for both EI and 
NI groups. By PAG-IEM and ELISA 23.5% of the fecal and nasal swab sam- 
ples were positive, 61.2 % were negative, 11.2 % were PAG-IEM positive/ELISA 
negative and 4.1% PAG-IEM negative/ELISA positive (Table 5). This yields 
a Kappa value of 0.7. Kappa values > 0.75 represent excellent agreement and 
values < 0.45 represent poor agreement (Sackett et al., 1985). 

TABLE 5 

Comparison of PAG-IEM and ELISA detection of bovine coronavirus 

PAG-IEM 

Positive Negative 

ELISA 
Positive 

Negative 

23 4 
(23.5%) (4.1%) 

11 60 
(11.2%) (61.2%) 

TABLE 6 

Comparison of PAG-IEM and IF detection of bovine coronavirus infection 

PAG-IEM 

Positive Negative 

IF 
Positive 

Negative 

16 20 
(32.7%) (40.8%) 

1 12 
(2.0%) (24.5%) 
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Immunofluorescence of nasal epithelial cells 

Both EI calves had BCV-infected nasal epithelial cells, as detected by IF, 
within 24 h of BCV inoculation. The percentage of infected nasal epithelial 
cells increased rapidly, peaked at 2-3 days post-inoculation in both animals 
(15-25%), then decreased over the next 6-8 days to a low level (0.1%), which 
persisted for the duration of the study (3 weeks) in Calf 213 and almost to the 
end in Calf 214 (Tables 1 and 2). 

In contrast, the age at which BCV-infected nasal epithelial cells were first 
detected in the NI calves was variable (3 or 7 days of age). The percentage of 
BCV-infected cells (2-3%) and the period of peak detection (3-5 days) was 
less than the EI group. The nasal epithelial cell infection again persisted at a 
very low level (0.1%) for the duration of the study (although sporadic in Calf 
4682) (Tables 3 and 4). 

Detection of BCV upper respiratory tract infection by PAG-IEM and IF was 
in poor agreement (observed agreement of 57%) for both EI and NI groups. 
By PAG-IEM and IF 32.7% of the nasal swab samples were positive, 24.5% 
were negative, 2% PAG-IEM positive/IF negative and 40.8% PAG-IEM neg- 
ative/IF positive (Table 6). This yields a Kappa value of 0.14, representing 
very poor agreement. 

DISCUSSION 

In the present study, protein A-gold immunoelectron microscopy was suc- 
cessfully used to detect bovine coronavirus in the feces and nasal secretions of 
infected calves. This technique did not specifically label an antigenically un- 
related porcine coronavirus (TGE), a morphologically similar, but antigeni- 
cally unrelated enveloped bovine enteric virus (Bredavirus) or morphologi- 
cally similar fringed particles commonly found in feces. PAG-IEM clearly 
labeled only intact BCV or free BCV antigens of undefined morphology in 
calves infected with BCV but not coronavirus-like particles found in negative 
control or pre-challenge fecal samples. This ability of PAG-IEM to detect small 
subviral antigens has also been shown by others (Stannard et al., 1982; Louro 
and Lesemann, 1984; Hopley and Doane, 1985). This is a distinct advantage 
over IEM since coronaviruses are fragile and peplomers easily break off mak- 
ing the identification of the virus difficult. The PAG-IEM method for detect- 
ing BCV in feces or nasal secretions compared well to ELISA with a Kappa 
value of 0.7. This study did not compare the sensitivities of the two assays, 
although others have shown that PAG-IEM is 1000 times more sensitive than 
direct electron microscopy and consistently more sensitive than standard IEM 
methods (Doane et al., 1987). The increased sensitivity of the PAG-IEM 
method is probably related to the ability of PAG particles to bridge small an- 
tigen-antibody complexes (Hopley and Doane, 1985). In the light of the re- 
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ports that IEM is at least as efficient as ELISA, PAG-IEM appears to be one 
of the most sensitive of the immunoassays currently available (Nicolaieff et 
al., 1980; Obert et al., 1981; Kjeldsberg and Mortensson-Egnund, 1982; Rub- 
enstein and Miller, 1982; Svensson et al., 1983; Hughes et al., 1984; Hopley and 
Doane, 1985 ). 

PAG-IEM did not compare well with IF for the detection of upper respira- 
tory tract infections in the calves studied. This would be expected since IF 
detects BCV-infected cells and not free BCV virions or antigens, as does PAG- 
IEM. As seen in Table 2 the majority of discrepant results were IF positive/ 
PAG-IEM negative, indicating that BCV upper respiratory tract infections do 
not always result in free virion release in numbers detectable by PAG-IEM. 

The ability of BCV to replicate in both the enteric and respiratory tracts of 
neonatal calves was confirmed as reported previously (Reynolds, 1983; Rey- 
nolds et al., 1985; Saif et al., 1986). All animals developed a fever and profuse 
watery diarrhea, but only mild or no symptoms of upper respiratory tract in- 
fection. However, the virus did replicate in the upper respiratory tract as in- 
dicated by IF positive nasal cells and virus detection from nasal swab super- 
natants by PAG-IEM and ELISA. It was not clear from this study whether the 
respiratory tract infection preceded the enteric infection or vice versa. There 
appeared to be a persistence of viral infection in the upper respiratory tract, as 
IF positive nasal epithelial cells were detected (at a very low percentage) in 
three of the animals for at least 2 weeks after viral shedding was first detected. 
This was a considerably longer period of shedding than reported by Reynolds 
et al. (1985), from challenged gnotobiotic calves, but similar to that reported 
by Sail et al. (1986). 

Owing to the high electron density of the (PAG) gold marker it can be de- 
tected at relatively low magnifications permitting rapid scanning of grids and 
improving the feasibility of doing viral diagnosis by EM methods. Although 
PAG-IEM may not be suited to large-scale screening of specimens, it is how- 
ever, a highly sensitive and specific assay for the detection of viral particles or 
antigens in selected or questionable specimens. 

ACKNOWLEDGEMENTS 

The authors express their appreciation to Robert E. Whitmoyer, Francis D. 
Butts and Elke M. Kretzschmar for their assistance in the electron microscopy 
laboratory. 

REFERENCES 

Almeida, J.D., 1983. Uses and Abuses of Diagnostic Electron Microscopy. Curr. Top. Microbiol. 
Immunol., 104: 147-158. 



230 

Bosgiraud, C. and Nicolas, J.A., 1986. Pneumonie et coronavirus chez les bovine: h propos de deux 
observations. Rec. Med. Vet., 162: 1085-1086. 

Doane, F., Anderson, N. and Hopley, J., 1987. The use of immunogold labelling for EM detection 
of viral antigen in fluid specimens. Proceedings of the VII International Congress of Virology, 
9-14 August, Edmonton, Alb., Canada, p. 173. 

England, J.J., Frye, C.S. and Enright, E.A., 1976. Negative contrast electron microscopic diag- 
nosis of viruses of neonatal calf diarrhea. Cornell Vet., 66: 172-182. 

Heckert, R.A., Saif, L.J. and Hoblet, K.H., 1986. A field survey for bovine coronavirus infections 
in calves: detection of fecal and infected nasal epithelial cell shedding, seroconversion and 
clinical signs. Proceedings of the 67th Annual Meeting of the Conference of Research Workers 
in Animal Disease, 17-18 November, Chicago, IL, Abstract No. 115, p. 20. 

Hopley, J.F.A. and Doane, F.W., 1985. Development of a sensitive protein A-gold immunoelectron 
microscopy method for detecting viral antigens in fluid specimens. J. Virol. Methods, 12: 135- 
147. 

Horzinek, M.C., Flewett, T.H., Saif, L.J., Spaan, W.J.M., Weiss, M. and Woode, G.N., 1987. A 
new family of vertebrate viruses: Toroviridae. Intervirology, 27: 17-24. 

Hughes, J.H., Tuomari, A.V., Mann, D.R., and Hamparian, V.V., 1984. Latex immunoassay for 
rapid detection of rotavirus. J. Clin. Microbiol., 20: 441-447. 

Kjeldsberg, E. and Mortensson-Egnund, K.J., 1982. Comparison of solid-phase immune electron 
microscopy, direct electron microscopy and enzyme-linked immunosorbent assay for detection 
of rotavirus in faecal samples. J. Virol. Methods, 4: 45-53. 

Langpap, T.J., Bergeland, M.E. and Reed, D.E., 1979. Coronaviral enteritis of young calves: vi- 
rologic and pathologic findings in occurring infections. Am. J. Vet. Res., 40: 1476-1478. 

Louro, D. and Lesemann, D.E.J., 1984. Use of protein A gold complex for specific labelling of 
antibodies bound to plant viruses. I. Viral antigens in suspension. J. Viron. Methods, 9: 107- 
122. 

McNulty, M.S., Curran, W.L. and McFerran, J.B., 1981. Viral agents associated with neonatal 
diarrhea and their detection by electron microscopy. In: P.W. Leeuw and P.A.M. Guinee (Ed- 
itors), Laboratory Diagnosis in Neonatal Calf and Pig Diarrhea. Curr. Top. Vet. Med. Anim. 
Sci., 13: 1-11. 

McNulty, M.S., Bryson, D.G., Allan, G.M., and Logan, E.F., 1984. Coronavirus infection of the 
bovine respiratory tract. Vet. Microbiol., 9: 425-434. 

Nicolaieff, A., Obert, G. and van Regenmortel, M.H.V., 1980. Detection of rotavirus by serological 
trapping on antibody-coated electron microscope grids. J. Clin. Microbiol., 12: 101-104. 

Obert, G., Gloeckler, R., Burckard, J. and van Regenmortel, M.H.V., 1981. Comparison of im- 
munosorbent electron microscopy, enzyme immunoassay and counterimmunoelectrophoresis 
for detection of human rotavirus in stools. J. Virol. Methods, 3: 99-107. 

Phillips, R.W. and Case, G.L., 1980. Altered metabolism, acute shock, and therapeutic response 
in a calf with severe coronavirus-induced diarrhea. Am. J. Vet. Res., 41: 1039-1044. 

Reynolds, D.J., 1983. Coronavirus replication in the intestinal and respiratory tracts during in- 
fection of calves. Ann. Rech. Vet., 14: 445-446. 

Reynolds, D.J., Debney, T.G., Hall, G.A., Thomas, L.H. and Parsons, K.R., 1985. Studies of the 
relationship between coronaviruses from the intestinal and respiratory tracts of calves. Arch. 
Virol., 85: 71-83. 

Roseto, A., Bobulesco, P., Laporte, J., Escaig, J., Gaches, D. and Peries, J., 1982. Bovine enteric 
coronavirus structure as studied by a freeze-drying technique. J. Gen. Virol., 63: 241-245. 

Rubenstein, A.S. and Miller, M.F., 1982. Comparison of an enzyme immunoassay with electron 
microscopic procedures for detecting rotavirus. J. Clin. Microbiol., 15: 938-944. 

Sackett, D.L., Haynes, R.B. and Tugwell, P., 1985. Clinical Epidemiology - -  A Basic Science for 
Clinical Medicine. Little, Brown and Company, Boston, MA, p. 27. 



231 

Saif, L.J., Bohl, E.H., Kohler, E.M., and Hughes, J.H., 1977. Immune electron microscopy of TGE 
virus and rotavirus (reovirus-like agent) of swine. Am. J. Vet. Res., 38: 13-20. 

Saif, L.J., Redman, D.R., Theil, K.W., Moorhead, P.D. and Smith, C.K., 1981. Studies of an ente 
Breda" virus in calves. Proceedings of the 62nd Annual Meeting of the Conference of Research 

Workers in Animal Disease, Abstract No. 236. 
Saif, L.J., Redman, D.R., Smith, K.L. and Theil, K.W., 1983. Passive immunity to bovine rota- 

virus in newborn calves fed colostrum supplements from immunized or nonimmunized cows. 
Infect. Immun., 41: 1118-1131. 

Saif, L.J., Redman, D.R., Moorhead, P.D. and Theil, K.W., 1986. Experimentally induced coron- 
avirus infections in calves: Viral replication in the respiratory and intestinal tracts. Am. J. Vet. 
Res., 47: 1426-1432. 

Sharpee, R.L., Mebus, C.A. and Bass, E.P.., 1976. Characterization of a calf diarrheal coronavirus. 
Am. J. Vet. Res., 37: 1031-1041. 

Stair, E.L., Rhodes, M.S., White, R.G. and Mebus, C.A., 1972. Neonatal calf diarrhea: Purification 
and electron microscopy of a coronavirus-like agent. Am. J. Vet.. Res., 33: 1147-1156. 

Stannard, L.M., Lennon, M., Hodgkiss, M. and Smuts, H.J., 1982. An electron microscopic dem- 
onstration of immune complexes of hepatitis B e-antigen using colloidal gold as a marker. J. 
Med. Virol. 9: 165-175. 

Svensson, L., Grandien, M. and Pettersson, C., 1983. Comparison of solid-phase immune electron 
microscopy by use of protein A with direct electron microscopy and enzyme-linked immuno- 
sorbent assay for detection of rotavirus in stools. J. Clin. Microbiol., 18: 1244-1249. 

Thomas, L.H., Gourlay, R.N., Stott, D.J., Howard, C.J. and Bridger, J.C., 1982. A search for new 
microorganisms in calf pneumonia by the inoculation of gnotobiotic calves. Res. Vet. Sci., 33: 
170-182. 

Woode, G.N., Reed, D.E., Runnels, P.L.., Herrig, M.A. and Hill, H.T., 1982. Studies with an 
unclassified virus isolated from diarrheic calves. Vet. Microbiol., 7: 221-140. 


