
Archives of Virology 72, 105--111 (1982) 
Archives of Virology 
© by Springcr-Verlag 1982 

Coronavirus-Like Particles in Nonhuman Primate Feces 

By 

G. C. SMITH, T. L. LESTER, R. L. I-IEBERLII~G, and S. S. KALTER 

Department of Microbiology and Infectious Diseases, 
Southwest Foundation for Research and Education, 

NII t  and WHO Collaborating Center for Reference and Research in Simian Viruses, 
San Antonio, Texas, U.S.A. 

With 2 Figures 

Accepted December 29, 1981 

Summary 
Coronavirus-like particles were detected by electron microscopy in normal 

and diarrhea stool specimens from baboons, chimpanzees, macaques, and marmo- 
sets. There was a high prevalence of particles in both normal and diarrhea stools of 
older animals, whereas stools from nonweaned animals rarely contained these 
coronavirus-like particles. 

Introduction 
A number of infectious agents are responsible for the clinical condition "diar- 

rhea" or "gastroenteritis". In  certain instances the etiology is known, i.e., various 
organisms such as bacteria, parasites, or viruses, but the specific cause of the 
vast majority of this entity is still unknown. Several viral agents other than 
those previously recognized are suspected and a number of laboratories are engaged 
in examining the possible relationship of viruses to gastroenteritis. In our attempts 
to establish an animal model for studies of this disease, we have been examining 
the nonhuman primate to ascertain what ~druses :may be found in the intestinal 
tract of "normal" animals as well as animals with diarrhea (14, 15). Of the various 
viruses currently suspected of being etiologically associated with this syndrome, 
rotaviruses, coronaviruses and the Norwalk agent are leading ca.ndidates. In a 
previous study we did not find electron microscopic evidence for a relationship 
with the rotaviruses (15). Inasmuch as there was some evidence for the presence 
of coronaviruses in these animals, we turned our attention to this group of agents. 

Coronaviruses or coronavirus-like particles have been observed in a variety 
of animal feces including that from birds, calves, pigs, cats, dogs, rodents (23), 
foals (2), humans (3, 5) and simians (i, 4, 16). Coronaviruses have also been shown 
to cause gastroenteritis in rodents (18), calves (20), and pigs (9, 22). In this report 
we describe our findings with coronaviruses in various species of nonhuman 
primates. 
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Materials and Methods 

Animals 

Nonhuman primates (Table 1) derived from a number of primate facilities as well 
as from this laboratory were employed. The conditions under which these animals 
were maintained have been previously described (13). Specimens were obtained from 
weaned and nonweaned animals which were either "normal" or had observable diarrhea. 
Animal ages ranged from newborns to relatively old animals and included both sexes. 

Animal ages was taken into consideration and each individual was categorized as 
infant, juvenile, or adult. Housing of each species and animal varied depending on 
the program to which that  animal was allocated. One male and 3 or 4 female chimpan- 
zees were routinely housed together, with the male being removed when offspring 
were born. Infants  were removed from female parents at 6 to 8 months of age and 
grouped in gang cages, each having access to the stool of all others. Some baboons 
were housed 1 or 2 males with 20 breeder females. Offspring were not removed and 
had access to feces of cagemates. Marmosets and macaques were weaned and paired 
for breeding (with their respective species) at 5 months. In  some instances, these non- 
human primates were housed singly, but  for the most part, they were typically housed 
with ol/hers. Therefore many  animals had ample opportunity for fecal exposure. 

Electron Microscopy 
Fecal suspensions, about 20 percent (v/v), irt phosphate buffered saline were 

clarified in a Sorval RC 2B centrifuge at 5000 × g for 30 minutes to eliminate bacteria 
and debris. The supernatant  fluids were then ultracentrifuged in a Spinco 50 Ti fixed 
angle rotor at 32,000 rpm for 1 hour. The resulting pellet was resuspended in 0.05 ml 
of distilled t t20.  One or more drops of the suspension were applied to Formvar-coated 
copper grids and excess fluids were removed by touching filter paper to grid edges. 
Some grids were washed with one or more drops of distilled water and all were exposed 
to 1 percent phosphotongstie acid (PTA) at pI-I 2, 5, or 7. All specimens were exposed 
to an ultraviolet light emitting lamp (30,000 ergs/sec/em 2) for 5 minutes at a distance 
of t0 mm, and were examined with an AEI  E~I6B electron microscope. 

Results 

Table 1 indicates the specimens examined  for the presence of virus particles 
in diarrhea and  normal  stool samples. Of 108 samples, 46 contained coronavirus- 
like particles. Of these 46, mixed infection was found once with a herpesvirus,  
once with an  adenovirus,  and  once with a picornavirus.  The 62 coronavirus- 
negat ive samples yielded an  adenovirus  and  a herpesvirus once each in different 
animals.  Coronavirus-like particles were noted  in 49 percent  (19/39) of the diarrhea 
and  38 percent  (27/69) of the normal  stools. W h e n  age was considered, 3 of 45 
infants ,  21 of 24 juveniles,  and  18 of 21 adul t  n o n h u m a n  pr imates  had  coronavirus- 
like particles (Table 1). Table  2 provides a comparison of feces from weaned and  
nonweaned  simians for the presence of coronavirus-like particles. 

Fol lowup stool samples were obta ined  from four animals.  Samples from an 
in f an t  chimpanzee and  two in fan t  baboons  (initially normal  and  then  when they  
had  diarrhea) were all negat ive  for eoronavirus-like particles. One normal  stool 
from a 2-month-old  in fan t  baboon also did no t  have detectable  viruses, b u t  was found 
posit ive for coronavirus-l ike particles when the an imal  had diarrhea a t  4 mon ths  
of age. The only- adul t  baboon  resampled possessed coronavirus-like particles in  
bo th  a diarrhea stool specimen and  the followup normal  stool specimen. 

The part icles found  in  diarrhea and  norma l  feces were typical  of coronaviruses 
(Fig. 1) and  ranged from 80--190 n m  inclusive of surface projections (16--25 nm). 
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Table  i. Comparison o/various nonhuman primate/eees/or the presence of coronavirus- 
like particles 

Animal  Age Stool~ 

No corona- Corona- 
virus-l ike virus-l ike O the r  
par t ic les  par t ic les  viruses 

B a b o o n  

P. hamadryc~s 

P.  cynocephalus 

Chimpanzee  

P a n s p .  

Macaque  

~$I. nemestrina 

M./ascieularis 

M.  mulatta 

I n f a n t  D 2 0 
I n f a n t  N 1 0 
I n f a n t  D 10 1 
Juven i l e  N 0 6 
I n f a n t  N 10 t 
Adul t  D 0 6 
Adul t  N 0 5 
U n k n o w n  N 1 1 

Infant D 4 0 
Infant N 10 t 
Juven i le  D i i 
Juven i le  N 1 2 
Adul t  N 1 5 
U n k n o w n  N 5 1 

I n f a n t  N 4: 0 
Juven i le  N 0 2 
Adul t  N 0 1 
Juven i le  N 1 0 
U n k n o w n  N 0 1 
I n f a n t  D 1 0 
Juven i l e  D 0 10 
U n k n o w n  N 3 0 
U n k n o w n  D 2 t 

Marmoset 

S. oedipus' Adul t  N 0 I 
S. ]uscicollis Adul t  N 1 0 
C. jacchus Adul t  N 1 0 

Capuchin  
C. apella U n k n o w n  N 3 0 

Adeno 

Adeno 
P icorna  

Herpes  

P ieorna  

D = diarrhea ,  N = normal  

Table  2. Comparison o/ /eces from weaned and nonweaned s imians/or  the presence of 
coronavirus-like particles 

Presence  of coronavirus- l ike  part icles  

I n f a n t  and  Juven i l e  stools 

Nonweaned  W e a n e d  Adul t  stools 

Baboon  1/23 ~ 7/8 11/11 
Chimpanzee  0/7 3/13 5/6 
Macaque 0/5 13/13 1 / 1 
Marmose t  NT b NT 1/3 

N u m e r a t o r  = n u m b e r  posi t ive,  denomina to r  == n u m b e r  sampled  
b NT = no t  t e s t ed  
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These projections (spherical or teardrop-like knobs a t tached to thin stalks) radiated 
from the surface of the particles. Dumbbell-shaped,  elongated particles (about 
100 × 300 nm), and a var ie ty  of other  configurations were detected and PT A 
occasionally penet ra ted  these particles. I t  is noted tha t  cornavirus subgroups 
m a y  exist based on projection morphology (4, 8). The pleomorphic nature  of 
eoronaviruses is great  and the eoronavirus-like particles reported here are no 
exception. 

Fig. 1. Coronavirusdike particles in nonhuman primate feces. Scale = 100 nm 

An unidentified particle type  (Fig. 2) was rarely encountered and was some- 
what  similar to the eoronavirus-like particles reported here. General shape was 
the same but  dimensions were f requent ly  larger (up to 700nm). These particles 
did no t  have teardrop-shaped knobs on projections, but, had  filament-like pro- 
jections radiat ing from the particle which were a t tached to a single membrane-  
like s tructure apparent ly  encircling the particle. These were found in both normal  
and diarrhea specimens. 

Fig. 2. Unidentified particle in nonhuman primate feces. Scale = 100 nm 
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Discussion 
In  the course of studies at tempting to define the viral etiology of diarrhea. 

in nonhuman primates housed either at this facility or sent to us from others, 
we have found several virus types including coronavirus-like particles, adeno- 
viruses, herpesviruses, pieornaviruses (14), and numerous bacteriophage types (15) 
associated with both normal fecal and diarrhea specimens. Since some of our 
nonhuman primates were housed in pairs or in gangcagcs, it is difficult to say 
with certainty tha t  all fecal specimens were always from a particular animal; 
however, in most of these instances the ages of the animals were closely matched. 

Coronavirus-like particles were observed in 1 of 18 il~fant, 11 of 12 juvenile, 
and 6 of 6 adult diarrhea specimens, and in 2 of 27 infant, 10 of 12 juvenile, and 
12 of 15 adult normal stools thus generally indicating lack of association of 
coronavirus-like particles with diarrhea. A similar situation has been reported 
in cats (12), dogs (19), humans (6), cynomolgous and rhesus monkeys (4). Adeno- 
viruses, pieornaviruses, and herpesviruses were encountered occasionally but  
rotaviruses, caliciviruses, and astroviruses have not yet  been detected in our 
colony (15). Simian adenoviruses were recovered from a high percentage of rhesus 
monkeys with diarrhea although the etiologic relationship was questioned (21). 

Early electron microscopic viral flora studies of human stools (1t) did not 
indicate these coronavirus-likc particles or reflected uncertainty as to the viral 
nature of these particles (17), but  more recent studies have indicated their persistent 
excretion (6). Our previous studies of nonhuman primate stools (15) also revealed 
these eoronavirus-likc particles; however, their pleomorphic nature compounded 
by the presence of the very large but similar unidentified particle types (Fig. 2) 
precluded reference to these coronavirus-]ike particles as viruses at  tha t  time. 
Furthermore, their presence in both normal and diarrhea stools clouded the 
issue. 

Initial a t tempts  using Vero cells to isolate these coronavirus-like particles from 
stool filtrates of four no:rmal adult baboons were unsuccessful. The cultures in 
each case were lost due to an overgrowth of a picornavirus isolate as determined 
by characteristic haematoxylin and eosin cytopathie staining patterns. 

The data reported herein suggest a positive relationship between the presence 
of eoronavirus-like particles and older animals, whereas infants rarely possessed 
these particles. Others have reported that  particles resembling eoronaviruses are 
not found in Indian neonates, but  are found in older children and adults (17). 
" I t  might be assumed tha t  coronaviruses are not as highly infectious or perhaps 
not as stable as rotaviruses; therefore, in countries where fecal-oral transmission 
does not occur so readily, infection is found in an older age group" (10). 

Our cumulative data  show tha t  3 of 45 infants, 21 of 24, juveniles, and 18 
of 21 adult nonhuman primates possessed coronavirus-like particles in their feces 
(either normal or diarrhea). Of our infants and juveniles, 1 of 35 nonweaned and 
23 of 34 weaned animals had detectable eoronavirus-like particles (Table 2). 
These data support the theory tha t  the process of weaning may  be related to the 
likelihood of infection with eoronavirus-like particles. Furthermore, many  of the 
infants in this s tudy had access to colostrum which may  prevent  infection with 
coronavirus-like particles. I t  is well known tha t  colostrum contains antibodies 
and possibly mediators of cell mediated immunity  (24). The percentage incidence 
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of particles in feces f rom weaned animals was high for each species examined 
except  chimpanzees. Even  though  these chimpanzees, which lacked detectable 
virus, were between 9 months  and 4 years old, it is possible t ha t  when weaned 
and grouped with similar aged animals (6--8  months)  t hey  did no t  come into 
contact  with the virus. I t  is also possible t ha t  the half-life of chimpanzee colostral 
antibodies is longer t han  typical  and tha t  an t ibody persisted in their serum (7, 
24). 

I n  conclusion, 43 percent  of all pr imate  stools from our colony were found 
possessing coronavirus-like particles. Viral presence did not  appear  related to 
gastroenterit is  bu t  was associated more frequently with older animals. I n  addition, 
infection or persistent excretion seems to  be more likely after weaning. The 
significance of these particles and their relationship to gastroenteritis, transmis- 
sion, and coronaviruses warrants  fur ther  study.  
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