
Introduction
The common causes of infectious diarrhea in nursing and 
nursery pigs are Escherichia coli, transmissible gas-
troenteritis (TGE) virus, rotavirus, Isospora suis, and 
Clostridium perfringens (1–3). These agents can cause 
mild to moderate to severe diarrhea, with potentially high 
morbidity and mortality, and the etiology of disease 
or clinical signs cannot be differentiated clinically. 
Diagnosis depends on examination of newly affected, 
untreated pigs presented alive for postmortem exami-
nation, and includes tests designed specifically to iden-
tify each pathogen.

Rotaviruses are nonenveloped, segmented, double-
stranded RNA viruses classified in the family Reoviridae. 
The rotaviruses that affect pigs are differentiated as 
group A, B, and C on the basis of the group-specific inner 
capsid protein (4). Group A rotaviruses cause diarrhea 
in pigs, both before and after weaning (5), and are 
reported to account for 53% of preweaning and 44% of 
postweaning rotavirus diarrhea in swine (2). A more 

recent report attributes 89% of all rotavirus diarrhea in 
commercial pig operations to group A rotavirus (6).

Group A rotaviruses are further divided into 11 sero-
types, depending on the identity of 2 surface proteins, 
VP4 and VP7 (4). Swine may be infected with serotypes 3, 
4, and 5 (7). Multiple serotypes of group A rotaviruses 
may occur in the same herd, and both group A and 
nongroup A rotaviruses can be found in the same herd 
(8). Virulence may be strain specific (9).

Rotaviruses survive in the environment for long peri-
ods of time and are transmitted via the fecal-oral route. 
Replication occurs in the epithelial cells at the tips of the 
small intestinal villi, destroying enterocytes, especially 
in the jejunum and ileum, and causing villous atrophy 
(10,11), which is succeeded by a compensatory hyper-
plasia of crypt epithelial cells (11). The severity of the 
disease depends on the percentage of absorptive or 
digestive cells that are affected (12). Eventually, the 
mature columnar epithelial cells on the villi are replaced 
by immature cuboidal enterocytes that are unable to 
produce digestive enzymes and have lost their absorp-
tive capabilities. Intestinal content cannot be digested or 
absorbed and severe malabsorption may occur (13). 
Loss of sodium and chloride into the intestinal lumen 
contributes to increased osmotic pressure, drawing 
more fluid into the intestine. Ultimately, net fluid loss 
exceeds absorption, and diarrhea results.
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Résumé — Relation entre le rotavirus porcin groupe A et les pratiques de gestion dans des trou-
peaux porcins de l’Ontario. Une étude épidémiologique, de type cas-témoin, a été menée afin 
de déterminer si une augmentation de la fréquence de diagnostic du rotavirus groupe A dans des trou-
peaux porcins de l’Ontario était associée à des facteurs spécifiques de gestion. Le nombre de 
nouveau troupeaux vérifiés par année et la proportion de nouveaux troupeaux positifs a augmenté 
entre 1994 et 1997. La taille des troupeaux était plus grande et l’âge du sevrage était diminué dans 
les troupeaux positifs au rotavirus en comparaison avec les troupeaux classés négatifs. Les porcs élevés 
dans des pouponnières de type tout plein-tout vide étaient 3.4 fois plus à risques d’être diagnostiqués 
positifs au rotavirus groupe A que les porcs élevés dans des locaux d’entrée et de sortie en continu. 
Cette étude démontre que les changements observés dans le statut immunologique des troupeaux vis 
à vis de la maladie à rotavirus groupe A en Ontario sont associés aux modifications des pratiques de 
gestions, dont l’augmentation de la taille des exploitations, le sevrage en bas âge et la production de 
type tout plein-tout vide.

 (Traduit par Docteur André Blouin)
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In field situations, affected pigs have yellow-white 
diarrhea and may become dehydrated. The clinical dis-
ease lasts for up to 3 d, resulting in low weaning weights 
and poor average daily gain in both colostrum-deprived 
and colostrum-fed piglets (13), with as much as a 
59% decrease in body weight (14) by 9 d postinfection 
(15). Morbidity may be 20%, with mortality as high 
as 15% (16). Three-day-old pigs recover from the 
intestinal lesions in 6 to 10 d, while 21-day-old pigs 
recover in 2 to 4 d (16). Litters that have had prewean-
ing rotavirus diarrhea are more likely than unaffected 
litters to experience postweaning diarrhea, accompanying 
skin and respiratory problems, and reduced weight gain 
(14,17). In natural infections, rotavirus is excreted in both 
normal and diarrheic feces (5).

Age resistance to clinical rotavirus disease occurs 
in swine and is associated with factors other than devel-
opment of an age-dependent resistance of enterocytes to 
infection (18). Older pigs are more likely to have devel-
oped active immunity due to natural exposure, also the 
rate of regeneration of villi is increased and the volume 
of milk or feed intake increases, which results in reduced 
severity and duration of clinical signs (18). Protection 
depends mainly on milk immunoglobulin (Ig) A anti-
body. Piglets acquire all of their maternal antibodies post-
natally, via colostrum; therefore, the quantity and qual-
ity of colostrum received is critical. Colostrum-fed 
pigs show less severe clinical disease (10), with circu-
lating maternal antibody being significant in mitigating 
clinical disease, depending on the antibody titer (19), for 
at least the first 1 or 2 wk after birth (20). In previous 
studies, after oral challenge with virulent virus, the 
duration of viral shedding and the disease severity were 
significantly less in neonatal pigs with high serum 
levels of maternally derived rotavirus antibodies than 
in those without (19). The active immune response to 
rotaviruses is largely serotype specific, but cross-reacting 
epitopes may induce a heterotypic response (4).

Personnel in the Ontario provincial veterinary diag-
nostic laboratory (Animal Health Laboratory, Laboratory 
Services Division, University of Guelph) noted an increase 
in the diagnostic rate for porcine rotavirus group A 
between 1994 and 1998 (unpublished data). There had 
been no change in the diagnostic test used (rotavirus latex 
agglutination) or in management of the virology labo-
ratory. The purposes of this project were to determine the 
number of swine herds submitting samples to be tested 
for rotavirus during these 4 y, then to determine whether 
the number of positive herds had increased during this 
time and, if so, to identify farm management factors asso-
ciated with the increase. It was hypothesized that factors 
such as herd size, commingling of pigs from different 
sow herds, and early weaning might be associated with 
the increased diagnostic rate for group A rotavirus.

Materials and methods
Cases for this study were selected from the 1994 to 
1998 submissions to the Animal Health Laboratory, 
Laboratory Services Division, University of Guelph, 
Guelph, Ontario (formerly the Veterinary Laboratory 
Services Branch, Ontario Ministry of Agriculture, Food, 
and Rural Affairs). All swine submissions tested for 

porcine rotavirus group A by the rotavirus latex agglu-
tination test were selected from the laboratory data-
base. The number of different herds represented was 
determined, and the submissions positive for group A 
rotavirus were identified. Herds that submitted more than 
one sample to the laboratory during the 4-year period 
were included only once in the data set. A case-control 
epidemiological study was performed by selecting 
3 control herds for every case herd. Cases and controls 
were matched by the age of onset of diarrhea (categorized 
as 0 to 13 d, 14 to 24 d, or greater than 24 d).

Management data were collected from the labora-
tory submission form. Missing data were collected by 
sending a survey form to the herd veterinarian for com-
pletion. If the survey was not completed within 2 wk, the 
veterinarian was telephoned. If the veterinarian could not 
be reached, the producer was contacted. Management fac-
tors included herd management type (farrow-to-finish or 
multisite production); herd size, as measured by the 
number of sows (in the case of off-site early weaning pro-
duction, this was indicated by the number of sows that 
fed the nurseries); average weaning age; commingling 
of pigs in the nursery from multiple sow farms; con-
tinuous flow of pigs into the nursery; and rotavirus 
vaccination of the sows. Multisite production described 
a unit where pigs were weaned from the sow unit and 
then moved to an off-site nursery. The association 
between dichotomous management factors and the 
diagnosis of group A rotavirus was analyzed by using 
the chi-square statistic (21). The odds of being positive 
for the rotavirus test were calculated for all significant 
associations (P  0.05). The association between 
rotavirus diagnosis and herd size or weaning age was 
tested by using a 2-sample t-test (21). The association 
between all-in all-out management and weaning pigs 
before 21 d was tested by using the chi-square statistic.

For the purposes of this study, commingling was 
defined as the use of more than 1 herd source to fill a 
nursery. Continuous flow was defined as the absence 
of all-in all-out management.

Diagnosis of group A rotavirus was made by using a 
RotaScreen Test (Kalyx Biosciences, Nepean, Ontario) 
according to the manufacturer’s instructions. Briefly, 
latex particles coated with polyclonal rabbit antibodies 
to group A rotavirus were mixed with feces or gut 
scrapings. Specimens were also mixed with latex beads 
coated with an unrelated antibody to control for non-
specific agglutination. When rotavirus antigens were 
present in a fecal sample, agglutination occurred. 

Results
The number of new herds tested per year increased 
from 31 in 1994 to 130 in 1997 (Table 1), and the pro-
portion of positive herds increased from 4.5% in 1995 to 
13.8% in 1997. Data are presented for only the first 6 mo 
of 1998, but the trend of increasing numbers of positive 
herds is evident. Producers submitting samples after 
1995 were 2.9 times more likely (P = 0.04) to receive a 
positive diagnosis for group A rotavirus than were pro-
ducers submitting samples in 1994 or 1995 (Table 2).

A total of 48 herds were positive for rotavirus group A. 
An attempt was made to match each positive herd with 
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3 rotavirus-negative control herds selected from the 
same data base within the same year; 136 control herds 
were identified from the 366 negative herds. The pro-
portion of pigs submitted for diarrhea in each age cate-
gory was approximately the same for case and control 
herds (Table 3). Management data information was 
compiled for 33 of the case herds and 92 of the control 
herds (Table 3). Herds were excluded from the study if 
the producer was out of business, the veterinarian did not 
respond, or the producer was identified by last name only 
and this name was not a unique identifier in the labo-
ratory records.

The average age of the pigs when the diarrhea began 
from herds that tested positive for group A rotavirus was 
17.5 d (range 2 to 56 d), while the average age for pigs 
when the diarrhea began from herds that tested negative 
was 17.8 d (range 1 to 63 d) (Table 3). Case herds 
tended to submit more pigs postweaning (42%) than did 
control herds (28%) (P = 0.07). Herd size was larger 
(P = 0.04) in rotavirus-positive herds (495 ± 872 sows) 
than in rotavirus-negative herds (262 ± 347 sows) 
(Table 3). Pigs were weaned earlier (P = 0.04) in
rotavirus-positive herds (21 ± 4.3 d) than in control 
herds (24 ± 7 d). Pigs raised in all-in all-out facili-
ties were 3.4 times (95% CI 1.56, 7.28) more likely to 
have a positive group A rotavirus diagnosis than were 
pigs raised in continuous flow facilities (P = 0.0006). 
There were no differences in the proportions of group 
A-positive herds that used the rotavirus vaccine (12%) 
compared with the negative herds that used the rotavirus 

vaccine (18%). Farms with a group A rotavirus diagnosis 
were no more likely to commingle pigs or to use multisite 
production than were farms without the diagnosis.

Herds with an average weaning age less than 28 d were 
3.14 times (95% CI 1.1, 8.9) more likely to have a posi-
tive group A rotavirus diagnosis than were herds with a 
higher weaning age (P = 0.03). Overall, herds submitting 
a pig with postweaning diarrhea tended to be more likely 
to have a positive group A rotavirus diagnosis (34%) than 
were herds submitting a pig for preweaning diarrhea 
(21%) (P = 0.13).

Producers who used multisite production weaned 
pigs from 14.5 d to 28 d. The average weaning age for 
these herds was 17.8 d and the median was 17 d. For pro-
ducers not using multisite production, the weaning age 
ranged from 11.5 d to 46 d, with an average of 24.7 d and 
a median of 21.5 d.

All-in all-out management and early weaning age 
were confounded. Herds using all-in all-out management 
were 5.2 times (95% CI 2.3, 11.7) more likely to wean 
pigs before 21 d than were herds using continuous flow 
management. Although the majority of multisite units 
used all-in all-out production (63%), 30% of farrow-to-
finish operations also used all-in all-out production.

Discussion
The rate of positive group A rotavirus diagnosis in 
Ontario increased during this 5-year period. Producers, 
veterinarians, or both submitting samples after 1995 

Table 1. Number of swine herds submitting fecal 
samples to an Ontario veterinary laboratory to be 
tested for porcine rotavirus group A, and proportion 
of positive testsa, 1994–1998

                                              1994     1995     1996      1997     1998b

Number of herds tested         31         66         88        130         99
Number of positive herds        2           3           9           18         16
% positive herds                      6.5        4.5      10.2        13.8      16.2

aSamples tested by rotavirus latex agglutination test
bSubmissions from January to June

Table 2. Proportion of swine fecal samples submitted
to an Ontario diagnostic laboratory that were 
positivea for rotavirus group A in 1994 and 1995 
versus 1996–1998

                             1994–1995    1996–1998     Odds ratio     P-value

Positive herds/
  herds tested            5/97             43/317              2.9             0.04

aSamples tested by rotavirus latex agglutination test

Table 3. Association between management factors and the diagnosis 
of porcine rotavirus group A in Ontario, 1994–1998

Variable                                                           Case        s         Control        s         P-value

Total number of submissions                             48       —           136           —        NA
Submissions for 1 to 13 d old pigs (%)               49       —             —           56         NS
Submissions for 14 to 24 d old pigs (%)             19       —             —           18         NS
Submissions for pigs older than 24 d (%)           32       —             —           26         NS
Number of submissions included in study          33       —             92           —        NA
Mean age diarrhea began, d                             17.5     14.2        17.8        16.7        NA
Age range of pigs submitted, d                       2–56       —         1–56           —        NA
Diarrhea occurred after weaning (%)                 42       —             —           28        0.07
Mean sow herd size                                         495      872         262         347        0.04
Mean weaning age, d                                          21       4.3           24          7.0        0.04
Wean age  28 d                                                85       —             64           —         NS
All-in all-out nursery (%)                                   61       —             27           —      0.0006
Sows vaccinated for rotavirus (%)                   12.5       —          18.9           —         NS
Commingled nursery pigs (%)                            15       —             19           —         NS
Multi-site production (%)                                   27       —             16           —         NS

s: standard deviation of the mean
—: no data available
NA: not applicable
NS: not significant



were 2.9 times more likely (P = 0.04) to receive a positive 
diagnosis for group A rotavirus than were those sub-
mitting samples in 1994 or 1995 (Table 2).

Although the average age of pigs submitted because 
of diarrhea in these group A rotavirus positive herds was 
17.5 d, the producers indicated that pigs were affected 
from 2 to 56 d of age. Another study reported the aver-
age age of onset of rotavirus diarrhea to be 19 d (22). 
Others have shown that after the initial infection of 1 or 
2 pigs in a litter, every pig in the litter was infected within 
4 to 10 d (23).

Rotavirus-positive herds had more sows, in agreement 
with an earlier report on traditionally managed swine 
herds, where the incidence of preweaning diarrhea 
increased as herd size increased, and decreased with 
increasing parity (24). As with other diseases, levels of 
exposure and immunity to rotavirus become less uniform 
in sows as herd size increases. Indeed, IgA antibody in 
milk increases significantly for 3rd litter sows com-
pared with gilts and 2nd litter sows (25). In a previous 
study, gilt litters had a higher incidence of rotavirus 
diarrhea (14). The incidence of preweaning diarrhea 
has also been shown to increase with increasing litter 
size and in piglets housed on solid floors with loose 
sows (24). We may, therefore, hypothesize that in these 
cases, uneven protection was provided to the piglets by 
their dams. This could be related to the recent expansion 
of many of these herds, which has resulted in a higher 
proportion of gilts and young parity sows. As farm 
sizes continue to grow larger across Ontario, we may 
expect to see a continuing increase in the diagnosis of 
rotavirus.

Case herds tended to have a higher proportion of 
postweaned pig submissions than did control herds. 
Diarrhea occurring postweaning tended to be more 
likely to have a group A rotavirus diagnosis than did diar-
rhea occurring preweaning. Pigs were weaned earlier in 
rotavirus-positive herds than in rotavirus-negative herds. 
This is in agreement with an earlier report where the inci-
dence of rotavirus shedding was greater in litters weaned 
at 2 wk of age compared with litters weaned at 3 wk (16). 
Lactogenic immunity is important in the control of 
porcine rotavirus diarrhea. Pigs weaned early do not have 
the benefit of protective antibodies from milk and are 
probably more susceptible to all diarrheal diseases, 
including rotavirus. Sows shed rotavirus as they approach 
parturition, and their piglets are exposed in the farrow-
ing crate (19). Clinical disease develops if milk con-
taining maternal antibody is withdrawn before the piglet 
has developed active immunity. Because of the high 
prevalence of rotavirus in pigs weaned at 2 wk, and 
the high morbidity and mortality when these piglets 
are affected, it has been recommended that pigs should 
not be weaned before 3 wk of age or below a body weight 
of 6 to 7 kg (14).

Herds using continuous flow facilities for the nurseries 
were less likely to have a rotavirus diagnosis than were 
herds using all-in all-out production systems (P = 0.0006). 
It may be that nursing pigs exposed to rotavirus in the 
environment were able to develop an active immune 
response under the partial protection of maternal anti-
body. In this study, all-in all-out was associated with 
early weaning; therefore, the diagnosis of group A 

rotavirus was associated with a combination of early 
weaning and all-in all-out production.

Rotavirus diagnosis was not associated with farm 
type (farrow-to-finish or multisite), nor was it associated 
with the use of rotavirus vaccines. The reason for using 
the vaccine was not included in the survey. It may be that 
producers used the vaccine because they had had a 
diagnosis of rotavirus. The performance of rotavirus 
vaccines in studies has had mixed results (14). However, 
at the time of the diagnosis, rotavirus vaccine was used 
in only 12% of rotavirus-positive herds and 18% of 
the rotavirus-negative herds. A controlled vaccine field 
trial would be a more appropriate scientific study of the 
value of rotavirus vaccines.

Although we must be cognizant of submission biases 
to laboratories, we believe this study provides a useful 
examination of trends in the submission rate and the diag-
nosis rate for rotavirus in a 4-year period. Similarly, the 
associations between rotavirus diagnosis and manage-
ment factors provide an indication of why the increase 
in the rate of diagnosis may be occurring in the swine 
industry in Ontario. These associations deserve further 
investigations under controlled research conditions. CVJ
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