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Abstract: Enteritis is the major cause of mortality in neonatal calves. Diagnostic work to detect the
pathogens involved and identification of risk factors for such infections are imperative to improve
calf health. Bovine norovirus (BNoV) and nebovirus prevalence was investigated using RT-PCR
in 50 dairy herds in five geographic regions of Sweden. BNoV and nebovirus were found to be
common infections in young dairy calves. BNoV was detected in 20% of 250 calves in 48% of the
herds. Nebovirus was detected in 5% of the calves in 16% of the herds. Both infections were present
in three herds (6%). BNoV-infected calves were younger (median age 7 days) than nebovirus-infected
calves (median age 21 days). These infections were not detected in adult cows and young stock
over 6 months of age tested in selected herds. Risk factors identified for BNoV infection were a high
number of preweaned calves present at the time of sampling, colostrum uptake by suckling the dam
only, calf kept in a single pen, and geographic location of herd, while no risk factors for nebovirus
infection were identified in the multivariable analysis. Univariable analysis suggested risk factors for
nebovirus infection to be geographic location and early separation from the dam.
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1. Introduction

Bovine norovirus (BNoV) and nebovirus are genetically distinct enteric caliciviruses [1].
BNoV are closely related to human noroviruses which are considered the worldwide
leading cause of non-bacterial gastroenteritis [2]. Experimental infections with nebovirus
in gnotobiotic calves caused intestinal lesions and diarrhea [1,3]. Experimental infections
with BNoV in gnotobiotic calves (strain CV186-OH/00/US) produced lethargy and mild to
moderate diarrhea with minute intestinal lesions but with prolonged fecal shedding [4].
In contrast, infection with BNoV-type strain Jena virus in conventional calves resulted in
severe watery diarrhea and villous atrophy [5]. Both BNoV and nebovirus are frequently
detected in naturally occurring calf diarrhea cases and an association has been shown
between calf diarrhea and these infections [6]. Most prevalence studies, however, are
small or not designed to test such association. The prevalence of BNoV among calves with
diarrhea in various countries and herd systems has been highly variable: 3.3% [7], 4% [8],
7.5% [9], 9% [10], 17% [11], 20% [12], 34% [13], 40% [14], 45% [6], and 49% [15]. Age of
the calves and number of samples varied substantially between studies. The prevalence
of nebovirus in diarrheic calves has been similarly reported: 3% [11], 7% [12], 9% [16],
15% [14], 22% [6,13], 25% [8], and 42% [17]. Generally, a high proportion of BNoV- and
nebovirus-positive calves were co-infected with other enteritis agents when such infections
were analyzed. Previous work on BNoV and nebovirus has been focused on molecular
studies, but little information on management risk factors for infection is available.
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The objectives of this study were to determine the prevalence of BNoV and nebovirus
in Swedish dairy calves and investigate the association with diarrhea and herd and man-
agement factors.

2. Materials and Methods
2.1. Sampling and Data Collection

Fifty Swedish dairy herds were sampled for another purpose [18] and the samples,
collected in 2005–2007, were made available for this study. Briefly, dairy herds with
≥50 milking cows/year were randomly selected in five regions of Sweden from a list
of all eligible herds in these regions as previously described [18]. The regions (Skåne,
Västergötland, Östergötland, Uppland and southern Norrland, Figure 1) contained low,
medium, and high-cattle-density areas. Herds were randomly selected in proportion to
the regional source population as previously described [18]. Herds were visited once and
fecal samples were collected rectally. Herd size and no. of calves at sampling are shown in
supplementary Table S2. Samples from 10 calves ≤60 days old were available from most
herds. However, due to funding limitations, five calves aged 2–30 days per herd were
analyzed in this study, this age group being the most likely to shed virus based on previous
studies [6,19,20]. If more than five samples from calves in this age interval were available,
then samples were chosen to cover the age interval. If less than five samples from calves in
this age interval were available, then older calves were included. In 23 herds, at least one
calf older than 30 days was included. Out of the analyzed calves, 78% were ≤30 days-old.
Presence of runny (no shape) or watery feces was classified as diarrhea in sampled calves.
Number of calves per pen was recorded for the sampled calves, and a questionnaire on calf
management at the herd level was completed at the visit [18]. Fecal samples were diluted
1:10 in sterile 0.9% saline and stored at −20 ◦C until analyzed.

1 
 

 
Figure 1. Geographic location of dairy herds positive or negative for bovine norovirus (Noro) and
nebovirus (Nebo).
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Fecal samples from older cattle were analyzed in three herds where calves aged 2–
30 days tested positive for BNoV and in three herds where such young calves tested positive
for nebovirus. Samples analyzed in each of these herds included calves 31–60 days old
(n = 3–5), heifers 5–9 months old (n = 4–5), and periparturient cows (n = 5). Herd size of
these herds were 80–145 cows (median 96).

2.2. Detection of Bovine Norovirus and Nebovirus by RT-PCR

Fecal samples were analyzed by one-step RT-PCR as previously described using
primers J11U/CBECU-R for BNoV and NBU-F/NBU-R for nebovius detection [21]. Fecal
samples were centrifuged at 1500× g for 10 min. RNA was extracted from 280 µL su-
pernatant using QIAamp Viral RNA Mini kit (Qiagen, Hilden, Germany). AMV reverse
transcriptase and GoTaq Flexi DNA polymerase were used in the RT-PCRs (Promega,
Madison, WI, USA). To each reaction, 3 µL of eluted RNA was added. Concentrations of
reaction components and cycling conditions for the NBUF/R reaction were as previously
described [21]. Cycling conditions for the BNoV were: RT 43 ◦C 60 min, 35 cycles 94 ◦C
30 s, 56 ◦C 40 s, 72 ◦C 60 s, and a final 10 min at 72 ◦C. Positive and negative controls
were included in every run. Amplification products were visualized by electrophoresis of
0.8%–2% agarose gels stained with GelRed (Biotium Inc., Fremont, CA, USA).

To confirm specificity of the RT-PCR reactions, one PCR product per positive herd was
directly Sanger sequenced in both directions using a ABI 3730xl DNA Analyzer (Applied
Biosystems, Foster City, CA, USA) conducted by Macrogen Europe Laboratory (Amsterdam,
The Netherlands). Sequences were analyzed using Nucleotide BLAST at US National Center
for Biotechnology Information (https://blast.ncbi.nlm.nih.gov/, accessed on 13 November
2020) and BioEdit 7.2.5 [22].

2.3. Statistical Analysis

The associations between potential risk factors and presence of BNoV, nebovirus, and
signs of diarrhea were assessed with logistic regression analysis. We used a generalized
estimation equation model, which accounts for the clustering of observations of calves
within herd and provides parameter estimates that are consistent without having to specify
the covariance structure.

Univariable associations for all potential risk factors were first screened, using Wilcoxon
rank sum tests for continuous variables and Fisher’s exact tests for categorical variables,
and factors with a p-value < 0.2 were retained for multivariable analyses. Multicollinear-
ity among the risk factors were assessed by variance inflation factors (VIF), with a VIF
> 10 indicating too-severe multicollinearity. When this was the case, the factor with the
strongest univariable association with the outcome was retained. The final multivariable
models were built in a backward elimination process, where the variable with the highest
p-value was eliminated until all remaining variables had a p-value <0.05. Confounding was
investigated during the elimination process by assessing the relative change in estimates.
A variable was considered as a confounder when its exclusion changed the coefficient of
significant variables by >25%. Confounders were retained in the model regardless of their
p-value. All statistical analyses were performed using SAS® version 9.4.

3. Results
3.1. BNoV Prevalence and Association with Animal and Herd Factors

Of the 250 young calves sampled, 50 (20%) were positive for BNoV in 24 of the 50 herds
sampled (48%, Figure 1). In 17 herds, ≥2 calves were BNoV-positive. Two of the BNoV-
positive calves were older than 30 days. In the three herds where older cattle were tested,
two heifers, 5 and 6-months-old, were positive for BNoV. No BNoV-positives were detected
among adult cows and heifers over 6-months-old.

In the univariable analysis, BNoV-positive calves were younger than negative ones
(median 7 vs. 16 days, p < 0.001, Table 1). Nine categorical and five continuous variables
with p < 0.2 in the univariable analysis (Table 1) were offered to the multivariable model.

https://blast.ncbi.nlm.nih.gov/
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Four factors remained in the model (Table 2). There was a higher number of preweaned
calves present in the herd at sampling of BNoV-positive than negative calves (median 20 vs.
14, Table 1, OR = 3.9 per 15 calves increase, Table 2). The prevalence of infection was lower
when colostrum was routinely given by bottle than when the practices suckling only or
suckling assisted by bottle feeding if needed (as determined by the care-taker) were used.
Calves in single pens had a higher prevalence of infection than calves in group pens and
there was a higher prevalence of BNoV infections in the region Skåne (p < 0.01) than in the
other four regions.

Table 1. Factors univariably associated (p < 0.2) with bovine norovirus shedding detected by RT-PCR
in 250 preweaned calves and offered to the multivariable regression model.

Variable Class No. of
Observations

Percent
Positive p-Value a

Calves per pen
1 151 25

0.082–4 58 16
≥5 41 10

Region

S. Norrland 30 17

0.002
Uppland 25 32

Östergötland 50 8
Västergötland 70 13

Skåne 75 32

Colostrum feeding b
Suckling only 20 45

0.002Bottle if needed 80 25
Bottle routinely 150 14

Age at diarrhea (weeks) c
<1 65 25

0.111–3 155 16
>3 30 30

Housing Free stall 140 29 0.000Tie stall 110 9

Calving pen type d
Single 150 23

0.02Multiple 40 28
Not used 60 8

Time in calving pen before
calving (days)

0–1 95 29
0.022–5 65 12

>5 35 31

Single calf pens located
Separate room 15 0

0.03By group pens 120 27
By young stock or cows 85 19

Cleaning of single calf pens
Few times/year 20 0

0.02Between calves 100 27
Several times/calf 100 21

Continuous variable Median (IQ) e norovirus
positive (n = 50)

Median (IQ) e norovirus
negative (n = 200)

No. of preweaned calves at
sampling 20 (12–30) 14 (9–24) 0.009

Calf density at sampling f 0.23 (0.17–0.27) 0.20 (0.12–0.25) 0.06

Age of calves sampled 7 d (5–12) 16 d (8–33) 0.000

No. of cows/year 78 (63–110) 75 (63–94) 0.1

Milk yield g 9300 (8943–9840) 9550 (8900–10,000) 0.17
a Wilcoxon rank sum test used for continuous variables, Fisher’s exact test used for categorical variables; b Bottle
if needed—the calf was assisted in ingesting its first meal by bottle-feeding or other types of assistance, as decided
by the calf care-taker, Bottle routinely—first meal was offered by bottle to all calves; c calf age when diarrhea is
most commonly noticed in the herd; d Single—pen for one cow, Multiple—calving pen for a group of cows, Not
used—herd does not have calving pens; e inter-quartile range; f no. of preweaned calves present at sampling/no.
of cows/year; g mean yield of ECM per cow during 12 months.
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Table 2. Multivariable regression model of factors associated with bovine norovirus shedding
detected by RT-PCR in 250 preweaned calves.

Variable Class Parameter
Estimate

Odds Ratio (95%
Confidence Interval) p-Value

Calves per pen
1 1.61 5.0 (1.6;15.7)

0.0052–4 0.40 1.5 (0.4;5.9)
≥5 Ref a 1

Region

S. Norrland −0.89 0.4 (0.1;3.4)

0.026
Uppland −0.33 0.7 (0.2;2.6)

Östergötland −1.42 0.2 (0.1;0.8)
Västergötland −1.81 0.2 (0.1;0.4)

Skåne ref 1

Colostrum feeding
Suckling only 2.64 14.1 (3.2;62.9)

0.029Bottle if needed 1.33 3.8 (1.4;10.0)
Bottle routinely ref 1

No. of pre-weaned
calves at sampling (continuous) 0.07 3.9 (1.6;5.4) b 0.037

a reference level; b calculated for an increase of 15 calves (inter-quarter range).

Calf mortality within 60 days, among the 20 calves most recently born alive, was
associated with detection of bovine norovirus shedding in the herd (p = 0.04, Wilcoxon rank
sum test). Calf mortality was not included in the multivariable model since the relationship
was determined to be other than cause/risk factor (mortality) and effect (BNoV infection).

3.2. Nebovirus Prevalence

Thirteen young calves were positive for nebovirus (5.2%). Eight herds (16%) had 1–4
nebovirus-positive calves per herd (Figure 1). The prevalence was higher in Skåne and
Östergötland than in the other regions in the univariable analysis (p = 0.04, Table 3). There
was a tendency for a higher prevalence in calves that were separated from the cow within
24 h after birth compared with those separated later (p = 0.09). Nebovirus-positive calves
tended to be older than negative ones (median 21 vs. 13 days). No statistically significant
multivariable model could be built for nebovirus with the explanatory variables available.

Five calves in the age group 31–60 days were positive for nebovirus. In the three herds
where older cattle were tested, none of the cows or heifers from 6 to 9-months old were
nebovirus-positive.

Coinfection with BNoV and nebovirus was detected in one calf. Co-circulation of
both viruses was detected in three herds (6%, Figure 1). In two of these herds, the farmer
reported diarrhea commonly occurring in young calves, but no mortality.

Distribution of continuous variables in relation to BNoV or nebovirus infection or
calf diarrhea and univariable analysis by Kruskall Wallis test is shown in Supplementary
Table S1.
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Table 3. Factors univariably associated (p < 0.2) with nebovirus shedding detected by RT-PCR in 250
preweaned calves and offered to the multivariable regression model.

Variable Class No. of
Observations

Percent
Positive p-Value a

Region

S. Norrland 30 3

0.04
Uppland 25 0

Östergötland 50 14
Västergötland 70 1

Skåne 75 5

Colostrum feeding
Suckling only 20 5

0.11Bottle if needed 80 1
Bottle routinely 150 7

Calving pen type
Single 150 5

0.10Multiple 40 0
Not used 60 10

Time in calving pen
before calving (days)

0–1 95 6
0.182–5 65 2

>5 35 0

Cow and calf together <24 h 130 8
0.091–4 d 120 2

Continuous variable
Median (IQ) b

nebovirus positive
(n = 13)

Median (IQ) b nebovirus
negative (n = 237)

Age of calves sampled 21 d (11–38) 13 d (6–27) 0.12

No. of cows/year 65 (48–99) 75 (63–99) 0.19
a Wilcoxon rank sum test used for continuous variables, Fischer’s exact test used for categorical variables;
b inter-quartile range.

3.3. Calf Diarrhea

Out of the 250 young calves sampled, 36 (14.4%) had diarrhea at the time of sampling.
Median age of calves with diarrhea was 11.5 days vs. 14.5 days for calves without diarrhea.
Diarrhea at the time of sampling was not associated with detection of BNoV (17% vs.
21% of calves with vs. without diarrhea excreting BNoV, p = 0.59, Chi2) or nebovirus (8%
vs. 5%, p = 0.36, Chi2) in individual samples. Calf diarrhea perceived by the farmer as
commonly occurring in the herd (12 herds) was not associated with detection of BNoV or
nebovirus. Calf diarrhea was most common in the groups of 2–4 calves, in calves grouped
at age 1–2 weeks, and when a higher no. of calves was present in the herd at sampling
(Table 4 and 5). Calf diarrhea was also most common when practicing colostrum feeding
by suckling the dam only. Calf diarrhea was less common when using single calving pens
(Table 5).
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Table 4. Factors univariably associated (p < 0.2) with diarrhea (Yes/No) in 250 preweaned calves and
offered to the multivariable regression model.

Variable Class No. of Observations Percent
Positive p-Value a

Calves per pen
1 151 12

0.0042–4 58 28
≥5 41 5

Calving pen type
Individual 150 11

0.08Group 40 22
Not used 60 18

Colostrum Feeding b
Suckling only 20 25

0.19Bottle if needed 80 10
Bottle routinely 150 15

Grouping calves at
age (weeks)

<1 35 6

0.14
1–2 75 20
2–3 25 24
3–4 0
>4 55 13

Continuous variable Median (IQ) c diarrhea at
sampling (n = 36)

Median (IQ) c no diarrhea
at sampling (n = 214)

Calf density d 0.24 (0.17–0.27) 0.20 (0.12–0.25) 0.03

No. of calves at
sampling 22 (12–28) 14 (9–24) 0.05

a Wilcoxon rank sum test used for continuous variables, Fisher’s exact test used for categorical variables; b not
significant (0.05 < p < 0.10) in the multivariable model, but acting as confounder; c inter-quartile range; d no. of
preweaned calves present at sampling/no. of cows/year.

Table 5. Multivariable regression model of factors associated with diarrhea (Yes/No) in 250
preweaned calves.

Variable Class Parameter
Estimate

Odds Ratio (95%
Confidence Interval) p-Value

Calves per pen
1 0.66 1.9 (0.5;7.3)

0.0052–4 1.90 6.7 (1.7;26.6)
≥5 ref a 1

Calving pen type
Individual −2.08 0.1 (0.1;0.3)

0.021Group −1.35 0.3 (0.1;0.6)
Not used ref 1

Colostrum
Feeding b

Suckling only 1.30 3.7 (1.9;7.1)
0.079Bottle if needed 0.31 1.4 (0.6;3.3)

Bottle routinely ref 1

Grouping calves at
age (weeks)

<1 −1.26 0.3 (0.1;0.7)

0.021
1–2 0.77 2.2 (1.1;4.2)
2–3 0.25 1.3 (0.7;2.5)
3–4
>4 ref 1

Calf density b (continuous) −3.59 0.7 (0.6;0.9) c 0.086

No. of calves at
sampling (continuous) 0.03 1.6 (1.1;2.4) d 0.041

a reference level; b not significant (0.05 < p < 0.10) in the multivariable model, but acting as confounder; c calculated
for an increase of 0.1 calves per cow (inter-quartile range); d calculated for an increase of 15 calves (inter-quartile
range).
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4. Discussion

A herd level prevalence of 48% for BNoV and 16% for nebovirus indicates that these
infections are common in Swedish dairy calves. A very similar herd level prevalence of
BNoV, 50%, was reported in a Norwegian study [15]. In other studies, proportion of infected
herds is usually not reported, or not comparable due to sampling strategy. Individual calf
prevalence, however, was similar to levels in other studies [6,11–14], considering that only
14% of the calves in our study had diarrhea at the time of sampling. A higher prevalence
of BNoV than nebovirus in this study is consistent with the results of the majority of
previous studies. The herds were randomly and proportionally selected based on national
cattle statistics to ensure representative results. Still, the herd level prevalence is likely
underestimated by this type of study, as herds are visited and sampled only once. No
association between BNoV or nebovirus infection and diarrhea was detected, probably
due to a low power because of the low number of diarrheic calves. Additionally, single
sampling is not ideal for detecting such an association, depending on the availability of
young calves at the time of sampling and considering that experimental studies suggest
that the diarrhea period is shorter than the viral shedding period [4,15]. Considering the
results from experimental studies, it is likely that these infections contribute to neonatal
enteritis in infected cattle herds [1,3,5]. As we did not analyze other infections, it is difficult
to pinpoint the effect of BNoV and nebovirus infections on calf health.

Herd sensitivity to detect a least one positive when sampling five calves <30 days
of age is 92%, assuming a 40% within-herd prevalence and a perfect test [23]. A high
within-herd prevalence in this age group is likely, considering the extended shedding of
BNoV previously reported [4,24], and the BNoV positive herds in this study had a mean of
two positive calves (40%). Assuming that the specificity of the RT-PCR is 99%, sampling
five calves leads to a herd specificity of 95%, while a test specificity of 98% leads to a
herd specificity of 90% [23]. Since there are no previous estimates of BNoV and nebovirus
within-herd prevalence in Swedish dairy calves, we cannot preclude the possibility that
sampling only five calves per herd underestimates the prevalence. There is also a possibility
that the prevalence of these viruses may differ today, since the samples we had access to
for this study were collected >10 years ago. BNoV being detected mainly in very young
calves (median age 7 days) in this study is consistent with results from other studies where
the age of infected calves is reported [6,19,20]. One study, however, detected peak number
of shedding calves at age 2.5 months [24]. That study also reported a low number of adult
cows shedding BNoV, which was not found here. The nebovirus-positive calves in our
study were older than the BNoV-positive calves (median age 21 days vs. 7 days). This
finding may suggest that nebovirus can cause diarrhea in older calves in addition to the
neonatal ones, or that shedding of nebovirus tends to be more extended. Samples from
older calves, young stock, and cows were, due to funding limitations, analyzed in only a
small number of herds. Shedding may not have been picked up by the sampling strategy if
the within-herd prevalence in these age groups was low. However, we increased the herd
sensitivity by selecting herds for testing where young calves were shedding the virus. The
results suggested that the prevalence in these age groups is lower than in the young calves.

A higher number of calves in the herd is a reasonable risk factor for BNoV infection,
since transmission of infections most likely is enhanced when a larger pool of susceptible
young calves are present. Calf density, as a measure of a higher than average concentration
of neonatal calves at the time of sampling, is often reported from field veterinarians as
associated with neonatal enteritis outbreaks. In the multivariable models, this factor was
not associated with the infections investigated in this study. The finding is not surprising,
however, since the investigated herds were not selected based on history of any calf diarrhea
problems. Relying on spontaneous suckling for colostrum intake has been shown in several
studies to reduce calf levels of maternal antibodies [25]. This was also a risk factor for
BNoV in our study and indicated, as expected, that maternal antibodies most likely are
important to protect the calf from these infections, underlining the importance of manual
colostrum routines for calf health.
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A surprising finding was the higher BNoV prevalence in single pens than in group
pens, as the infectious pressure generally would be assumed to be higher in groups. Possible
explanations may be that the youngest calves, that are the most sensitive to BNoV infection
as shown in this study, are kept in single pens more often than older calves, even though
age was not identified as a significant factor in the multivariable model in this study. The
older calves in group pens would thus already be immune to the virus. Herd location in the
southern region Skåne was identified as a risk factor for infection. A possible explanation
for this might be that Skåne is a high-density cattle area with potentially more direct and
indirect inter-herd contacts transmitting infections [26].

No multivariable model could be built for nebovirus infection, most likely because
of the low number of positive calves. In the univariable analysis, herd location in regions
Skåne and Östergötland was identified as risk factors. The region Östergötland is also
partly cattle-dense, so this finding is not surprising. Early separation of calf from cow
tended to be associated with a higher nebovirus prevalence. This finding is interesting
since early separation is often recommended to ensure proper feeding of the first colostrum
and to reduce transmission of pathogens from the dam [27]. A longer period of access to
colostrum and transition milk by spontaneous suckling may afford local protection in the
gut against infection [28], partly explaining this finding.

The risk factors for calf diarrhea identified in this study are in agreement with previous
studies: a higher prevalence in small groups where calves are likely to be younger, in calves
grouped very early at 1–2 weeks old, when a larger number of preweaned calves were
present and when colostrum was fed by suckling only [25,29,30]. In contrast to the results
for BNoV infection, there was a tendency for calf density being a risk factor for calf diarrhea
at sampling in the multivariable model. This finding was expected since diarrhea at
sampling may have been caused by an array of unidentified agents. Single-cow calving pen
was identified as a protective factor, which was expected, since single pens generally offer
a more hygienic environment for the newborn calf and also less risk of colostrum intake
failure. Further research is needed to assess the overall effects of BNoV and nebovirus on
calf health.

5. Conclusions

Bovine norovirus and nebovirus are common infections in young Swedish dairy
calves. BNoV was detected more frequently and BNoV-infected calves were younger than
nebovirus-infected. Risk factors identified for BNoV infection were a high number of
preweaned calves present, colostrum intake by suckling only, calf kept in a single pen, and
geographic location of herd, while no risk factors for nebovirus infection were identified in
the multivariable analysis.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/dairy3010011/s1, Table S1: Distribution of continuous variables and univariable analysis by
Kruskall Wallis test, Table S2: Herd size, no. of milkfed calves present at sampling, no. of samples
from calves available from the previous study and no. of samples analyzed in this study.
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