
ORIGINAL ARTICLE

Retrospective serosurveillance of bovine norovirus (GIII.2)
and nebovirus in cattle from selected feedlots and a veal calf farm
in 1999 to 2001 in the United States

Christopher Thomas • Kwonil Jung •

Myung-Guk Han • Armando Hoet •

Kelly Scheuer • Qiuhong Wang • Linda J. Saif

Received: 23 April 2013 / Accepted: 13 June 2013 / Published online: 25 July 2013

� Springer-Verlag Wien 2013

Abstract There is a dearth of information on the sero-

prevalence of bovine norovirus (BoNoV) and nebovirus in

cattle of the US. In this retrospective study, serum IgG

antibodies to two bovine enteric caliciviruses, GIII.2 Bo-

NoV (Bo/CV186-OH/00/US) and genetically and antigen-

ically distinct nebovirus (Bo/NB/80/US), were evaluated in

feedlot and veal calves from different regions of the US

during 1999-2001. Three groups of 6- to 7-month-old

feedlot calves from New Mexico (NM) (n=103), Arkansas

(AR) (n=100) and Ohio (OH) (n=140) and a group of 7- to

10-day-old Ohio veal calves (n=47) were studied. Serum

samples were collected pre-arrival or at arrival to the farms

for the NM, AR and OH calves and 35 days after arrival for

all groups for monitoring seroconversion rates during the

period. Virus-like particles of Bo/CV186-OH/00/US and

Bo/NB/80/US were expressed using the baculovirus

expression system and were used in ELISA to measure

antibodies. A high seroprevalence of 94-100 % and

78-100 % was observed for antibodies to GIII.2 BoNoV

and nebovirus, respectively, in the feedlot calves tested. In

the Ohio veal farm, an antibody seroprevalence of

94-100 % and 40-66 % was found for GIII.2 BoNoV and

nebovirus, respectively. Increased seropositive rates of

38-85 % for GIII.2 BoNoV and 26-83 % for nebovirus

were observed at 35 days after arrival and commingling on

farms for all groups. Infection of calves with either GIII.2

BoNoV or nebovirus, or both viruses, appeared to be

common in the regions studied in the US during

1999-2001. These two viruses likely remain endemic

because no commercial vaccines are available.

Introduction

Caliciviruses are non-enveloped, single-stranded RNA

viruses of positive polarity. They are divided into five

genera: Vesivirus, Lagovirus, Norovirus, Sapovirus, and

Nebovirus [3]. Their genomes range from 7.3 to 8.3 kb in

size, and these viruses have a diameter between 27 and 40

nm [4, 9]. Among them, noroviruses (NoVs) are known to

be infectious pathogens in a variety of mammal species

(humans, pigs, ruminants, rodents, dogs, and cats) [19, 26,

27, 30, 33]. In humans, they are the leading cause world-

wide of epidemic, nonbacterial gastroenteritis in all ages

[8]. Phylogenetically, the genus Norovirus is classified into

five genogroups (GI-V). Genogroups I, II and IV infect

humans [2, 15], whereas GIII and GV infect ruminants and

rodents, respectively.

Bovine NoVs (BoNoVs) comprise two distinct geno-

types: GIII.1 (prototype Bo/Jena/80/DE) and GIII.2 (pro-

totype Bo/Newbury-2/76/UK). They were initially

identified in fecal samples from calves (under 7 days of

age) in farms with histories of diarrhea in England
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(Newbury-2 strain) and Germany (Jena strain) in 1978

and 1980, respectively [10, 34]. In the US, two distinct

bovine enteric calicivirus strains were discovered by

electron microscopy and RT-PCR and later characterized

genetically by sequence analysis. Bo/CV186-OH/00/US is

a GIII.2 BoNoV that was identified in a stool sample from

veal calves in Ohio in 2000 [29]. Bo/NB/80/US, detected

in a fecal sample from a diarrheic calf from Nebraska in

1980, is a nebovirus that is genetically unrelated to the

BoNoVs [28, 29]. Notably, the NB strain was the first

nebovirus to be completely sequenced, and based on

sequence data, it represented a potentially new calicivirus

genus [28]. It is noteworthy that Newbury-1 virus, which

was detected from diarrheic calves in the UK in 1978,

also belongs to the genus Nebovirus, as confirmed by

sequence analysis in subsequent studies [22]. In the US,

other GIII.1 BoNoVs were later detected and character-

ized molecularly from calves in Michigan and Wisconsin

[32]. Previous study showed no antigenic relatedness

between the Bo/NoV/GIII.2/Newbury-2 and Bo/Nebovi-

rus/Newbury-1 strains [5]. Another study has shown that

BoNoV GIII.1 (Jena) and GIII.2 (Newbury-2) are also

antigenically unrelated, suggesting that they are distinct

serotypes [23].

A high seroprevalence (93-98 %) for either the GIII.1 or

GIII.2 BoNoVs has been detected in cattle in Germany and

the UK, indicating that both groups of viruses are endemic

in the bovine population in these countries [24]. In another

study, a 93 % seroprevalence for GIII.2 BoNoVs was

observed for cattle in Belgium [21]. Currently, there is little

information about the seroprevalence of BoNoVs in the

US, and no information for nebovirus. In this retrospective

study, the seroprevalence of two bovine enteric calicivi-

ruses, BoNoV GIII.2 and nebovirus, was evaluated in sera

of feedlot and veal calves from different regions of the US,

sampled during 1999-2001.

Materials and methods

Study population

This study included three groups of feedlot calves from

New Mexico, Arkansas and Ohio. The animals were

commingled from different regions of the US. Also, a veal

farm from Ohio with animals collected from New York,

Pennsylvania, West Virginia, Virginia and Ohio was

studied. These groups are described in detail as follows.

New Mexico (NM) – Arkansas (AR) feedlot group

In the fall of 2001, two groups of feedlot calves (NM and

AR) between 6 and 7 months old from the southwestern

and south-central United States were shipped to a feedlot

research station in NM where they were commingled and

distributed in pens for a feedlot study. The calves from NM

(n=103) originated from a ranch with predominantly Red

Angus with some Hereford crosses. The AR calves (n=100)

were assembled from three local sale barns and were

already commingled for at least 3-4 days prior to shipping

to the NM feedlot. These animals were predominantly beef

breed crosses representing Charolais, Angus, Hereford and

Brahman.

Ohio (OH) feedlot groups

In the fall of 1999 (n=56) and 2000 (n=84), two groups of

crossbred beef steers between 6 and 7 months old were

randomly selected from an incoming group of more than

200 feedlot calves. The source of these animals was a

mixed-provider livestock auction market in West Virginia.

The animals were transported to a feedlot at the Ohio

Agricultural Research and Development Center in Woos-

ter, OH.

Ohio (OH) veal calf group

A fourth group of animals consisted of 47 Holstein 7- to

10-day-old bull calves from a commercial veal farm in

Ohio. These animals were systematically selected from a

population of 360 bull calves during the fall of 1999.

The calves were provided by a bull calf supplier who

obtained calves from different regions representing sev-

eral US states (Ohio, West Virginia, Virginia, Pennsyl-

vania, and New York). The calves remained in their

assigned stalls throughout their production period and

were individually fed with a milk replacement diet twice

daily using a bucket. These calves had no contact with

adult cattle during the study period, and stringent bio-

security measures were implemented by researchers and

farm workers.

Collection of serum samples

Serum samples were collected before arrival (3-22 days

pre-arrival) at the feedlot and at day 35 post-arrival for

the NM and AR groups, as well as at arrival and at day

35 for the 2000 OH feedlot group and the OH veal-calf

group. Samples were only collected at arrival for the 1999

OH feedlot group. Blood was collected by jugular veni-

puncture, and about 2 ml of serum per animal was

obtained and placed in plastic vials. All samples were

frozen at -20 �C, shipped to the Food Animal Health

Research Program at The Ohio State University, ali-

quoted, heat inactivated at 56 �C for 30 min and stored at

-70 �C until tested.
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Expression and purification of virus-like particles

(VLPs) of Bo/CV186-OH/00/US and Bo/NB/80/US

strains

A recombinant baculovirus containing the capsid protein

(VP1) gene (ORF2) of the CV186-OH/00/US strain was

generated by using a Bac-N-Blue Transfection Kit (Invit-

rogen, Carlsbad, CA, USA), as described previously [11].

Similarly, recombinant baculovirus carrying the VP1 gene

of the nebovirus NB/80/US strain was also generated.

Briefly, the NB/80/US capsid gene was ligated into the

pBlueBac4.5 baculovirus transfer vector (Invitrogen) to

create the pBac-NB vector, which was then introduced into

Spodoptera frugiperda 9 (Sf9) cells by transfection using a

Bac-N-Blue Transfection Kit (Invitrogen) according to the

manufacturer’s instructions. Recombinant clones (rBac-

NB) were plaque purified and confirmed to contain the NB/

80/US capsid gene by PCR.

Sf9 cells were infected with the recombinant baculovi-

ruses at a multiplicity of infection of 5 to 10 and were

incubated at 27 �C for 7 to 10 days. Cell lysates and cell

culture supernatants were harvested and centrifuged

(20009g for 30 min at 4 �C) to remove cell debris. VLPs

were purified by CsCl gradient ultracentrifugation as

described previously [11]. Purified VLPs were analyzed for

their particle sizes and morphologies by electron micros-

copy (EM) as described previously [11]. The protein con-

centrations of the VLPs were determined using a Protein

Assay Kit (Bio-Rad Laboratories, Inc., Hercules, CA,

USA).

VLP-based enzyme-linked immunosorbent assay

(ELISA)

CV186-OH/00/US and NB/80/US VLPs, semi-purified by

ultracentrifugation through a 40 % (w/v) sucrose cushion,

were used as antigens in an ELISA test to investigate the

antigenic relationships between these two viruses, as

described previously, with slight modifications [11].

Briefly, 96-well microtiter plates (Nalgene Nunc, Roches-

ter, NY, USA) were coated overnight at 4 �C with 1 lg/ml

of either CV186-OH/00/US or NB/80/US VLPs or with

semi-purified Sf9 cell supernatant as a negative control in

0.05M carbonate-bicarbonate buffer (pH 9.6). The VLPs

were incubated for 2 h at room temperature (RT) with two

Gn calf hyperimmune antisera, Bo9114 (1:500) and

Bo12611 (1:500), against CV186-OH/00/US and NB/80/

US, respectively. A goat polyclonal antibody to bovine IgG

(whole IgG) and conjugated to horseradish peroxidase

(1:1000) (KPL, Gaithersburg, MD, USA) was diluted in

0.01 M phosphate-buffered saline (PBS) (pH 7.4) con-

taining 0.05 % Tween-20. The antibody-containing plates

were incubated 1.5 h at RT. Color development was done

by adding tetramethylbenzidine (KPL) and incubating the

samples for 15 to 20 min at RT, and the reaction was

stopped by adding 1.8 N H2SO4. The absorbance at 450 nm

was measured using an Emax microplate reader (Molecular

Devices Co., Sunnyvale, CA, USA).

For serum antibody detection, semi-purified CV186-

OH/00/US and NB/80/US VLPs were used as antigens in

an antibody capture ELISA test as described previously

[11]. Briefly, 96-well microtiter plates (Nalgene Nunc)

were coated overnight at 4 �C with either CV186-OH/00/

US or NB/80/US VLPs or with semi-purified Sf9 cell

proteins as a negative control in 0.05 M carbonate-bicar-

bonate buffer (pH 9.6). Serial twofold dilutions of serum

samples in 0.01 M PBS (pH 7.4) (ranging from 1:25 to

[1:51,200) were applied, and plates were incubated for 1

h at 37 �C. One positive serum (for either CV186-OH/00/

US or NB/80/US) from convalescent gnotobiotic calves

and five negative control sera (feedlot and veal calf sera

testing negative) were used for each microtiter plate.

Horseradish-peroxidase-labeled goat anti-bovine IgG

(KPL) was added to each well of the microtiter plate and

incubated for 1 h at 37 �C. The substrate 2,2’-azino-di (3-

ethylbenzthiazoline-6-sulfonate) (ABTS) plus 1:1000

hydrogen peroxide was applied to each well, and the

absorbance at 405 nm was measured using an Emax

microplate reader (Molecular Devices Co.). Absorbance

values were calculated by subtracting the absorbance of

sera in wells coated with Sf9 cell proteins from the

absorbance of sera in VLP-coated wells. Paired positive

and negative wells with a resulting difference in absor-

bance greater than the cutoff value (average value for

absorbance of negative control samples plus three times

the standard deviation) were considered positive for

CV186-OH/00/US or NB/80/US virus antibodies. The

antibody titers were calculated and expressed as the reci-

procal of the highest serum dilution positive for CV186-

OH/00/US or NB/80/US virus IgG antibodies.

Results

Antigenic relationships of Bo/CV186-OH/00/US

and Bo/NB/80/US strains

CV186-OH/00/US VLPs have been described previously

[11]. The capsid proteins of the NB/80/US strain were

expressed and self-assembled into VLPs, which were 36-42

nm in diameter as visualized by EM (Fig. 1). By two-way

ELISA, CV186-OH/00/US VLPs reacted only with

CV186-OH/00/US antisera, whereas NB/80/US VLPs

reacted only with NB/80/US antisera. Based on the ELISA

results, the CV186-OH/00/US and NB/80/US strains were

antigenically unrelated.
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Antibody titers, seroprevalence rates and increased

seropositive rates for GIII.2 BoNoV

As summarized in Table 1 and described in Fig. 2A, 97 %

(100/103) of the NM calves had serum antibodies against

GIII.2 BoNoV before arrival at the feedlot, with an anti-

body geometric mean titer (GMT) of 457 (range:

0-12,800). At day 35 after arrival, 75 % (77/103) of all

calves in this group showed at least a fourfold increase in

antibody titer. The GIII.2 BoNoV antibody GMT at this

time was 5,949 (range: 100-25,600) and increased by

approximately 13 times compared to the pre-arrival GMT

(Fig. 2A), and the seroprevalence rate increased to 100 %

(103/103). Ninety-four percent (94/100) of the AR calves

had antibodies against GIII.2 BoNoV before arrival at the

feedlot with an antibody GMT of 381 (range: 0-6,400)

(Table 1; Fig. 2B). At day 35 after arrival, 85 % (85/100)

of the AR calves showed at least a fourfold increase in

antibody titer. The GIII.2 BoNoV antibody GMT was

4,707 (range: 0-25,600) and increased by approximately 12

times compared to the pre-arrival GMT (Fig. 2B), and the

seroprevalence rate increased to 99 % (99/100).

Eighty-nine percent (50/56) of the 1999 OH feedlot

calves had antibodies against GIII.2 BoNoV on arrival at

the feedlot with an antibody GMT of 386 (range:

0-25,600). This feedlot group was tested only for anti-

bodies to GIII.2 BoNoV on the day of arrival and not tested

post-arrival. Ninety-eight percent (82/84) of the 2000 OH

feedlot calves had antibodies against GIII.2 BoNoV on

arrival at the feedlot, with an antibody GMT of 2,045

(range: 0-25,600) (Table 1; Fig. 2C). At day 35 after arri-

val, 38 % (32/84) of calves in this group showed at least a

fourfold increase in antibody titer. The GIII.2 BoNoV

antibody GMT at this time was 3,770 (range: 200-25,600)

and increased only approximately two times compared to

the pre-arrival GMT (Fig. 2C), and the seroprevalence rate

increased to 100 % (84/84).

A similar trend was observed in the younger OH veal

calves, 94 % (44/47) of which had antibodies against

GIII.2 BoNoV on arrival at the farm, with an antibody

GMT of 492 (range: 0-12,800) (Table 1; Fig. 2D). At day

35 after arrival, 49 % (23/47) of all calves in this group

showed at least a fourfold increase in antibody titer. The

GIII.2 BoNoV antibody GMT was 2,016 (range:

100-12,800) and increased approximately fourfold com-

pared to the pre-arrival GMT (Fig. 2D), and the sero-

prevalence rate increased to 100 % (47/47).

Antibody titers, seroprevalence rates and increased

seropositive rates for nebovirus

Seventy-eight percent (80/103) of the NM calves had

antibodies against nebovirus before arrival at the feedlot,

with an antibody GMT of 356 (range: 0-12,800) (Table 1;

Fig. 2A). At day 35 after arrival, 65 % (67/103) of the NM

calves showed at least a fourfold increase in antibody titer.

The nebovirus antibody GMT was 2,806 (range: 0-25,600)

and increased approximately eightfold compared to the

pre-arrival GMT (Fig. 2A), and the seroprevalence rate

increased to 90 % (93/103). One hundred percent (100/

100) of the AR calves had antibodies against nebovirus

before arrival at the feedlot, with an antibody GMT of

1,112 (range: 200-6,400) (Table 1; Fig. 2B). At day 35

after arrival, 83 % (83/100) of the AR calves showed at

least a fourfold increase in antibody titer. The nebovirus

antibody GMT at this day was 8,849 (range: 1,600-25,600)

and increased approximately eightfold compared to the

pre-arrival GMT (Fig. 2B), and the seroprevalence rate

remained 100 %.

Ninety-nine percent (83/84) of the 2000 OH feedlot

calves had antibodies against nebovirus on arrival at the

feedlot, with an antibody GMT of 2,596 (range: 0-25,600).

At day 35 after arrival, 32 % (27/84) of calves in this group

showed at least a fourfold increase in antibody titer, with a

nebovirus antibody GMT of 3,632 (range: 0-25,600)

(Fig. 2C), but the seroprevalence rate decreased slightly to

97 % (81/84).

Only 40 % (19/47) of the OH veal calves had antibodies

against nebovirus on arrival at the farm, with an antibody

GMT of 22 (range: 0-12,800) (Table 1; Fig. 2D). At day 35

after arrival, 26 % (12/47) of all calves in this group

Fig. 1 Electron micrograph of VLPs of nebovirus Bo/NB/80/US

strain. Nebovirus VLPs were purified by CsCl-gradient ultracentrifu-

gation from the cell culture supernatants of recombinant baculovirus-

infected Sf9 cells. For visualization of VLPs, EM was performed

without incubation with antiserum. Bar, 200 nm
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Table 1 Seroprevalence and seropositivity increases (C4-fold) of GIII.2 BoNoV and nebovirus in 6- to 7-month-old feedlot calves from New

Mexico (NM), Arkansas (AR) and Ohio (OH) and 7- to 10-day-old veal calves from OH pre- and post-arrival on farms

Region

(years)

GIII.2 BoNoV Nebovirus

3-22 days pre-

arrival

35 days post-arrival (or post-

commingling)

3-22 days pre-

arrival

35 days post-arrival (or post-

commingling)

Seroprevalence

rate

Seropositive

increase ratea
Seroprevalence

rate

Seroprevalence

rate

Seropositive

increase ratea
Seroprevalence

rate

6-7-month-old

feedlot calves

MN

(2001)

97 % (100/103) 75 % (77/103) 100 % (103/103) 78 % (80/103) 65 % (67/103) 90 % (93/103)

AR

(2001)

94 % (94/100) 85 % (85/100) 99 % (99/100) 100 % (100/100) 83 % (83/100) 100 % (100/100)

OH

(1999-

2000)

94 % (132/140) 38 % (32/84)b 100 % (84/84)b 99 % (83/84)c 32 % (27/84) 97 % (81/84)

Total 95 % (326/343) 68 % (194/287) 100 % (286/287) 92 % (263/287) 62 % (177/287) 95 % (274/287)

7-10-day-old

veal calves

OH

(1999)

94 % (44/47) 49 % (23/47) 100 % (47/47) 40 % (19/47) 26 % (12/47) 66 % (31/47)

a Seropositive increase rate was defined as a fourfold increase in antibody titer
b For the 1999 OH feedlot group, samples (n=56) were collected only at arrival, but not at 35 days post-arrival
c Only the 2000 OH feedlot-group samples (n=84) were tested for nebovirus antibody

Fig. 2 Geometric mean

antibody titers for GIII.2

BoNoV and nebovirus in the

feedlot and veal calves from

different regions of the US

during 1999-2001. Three groups

of 6- to 7-month-old feedlot

calves from New Mexico (NM)

(A), Arkansas (AR) (B), and

Ohio (OH) (C) and a group of 7-

to 10-day-old Ohio veal calves

(D), comprising animals

commingled from different

regions of the US, were studied.

Serum samples were collected

pre-arrival or on arrival at the

farms for the NM, AR and OH

calves, and 35 days after arrival

for all groups to monitor

seroprevalence and seropositive

increase rates during the period.

The VLPs of Bo/CV186-OH/00/

US and Bo/NB/80/US strains

were expressed using the

baculovirus expression system

and were used in ELISA to

measure IgG antibodies
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showed at least a fourfold increase in antibody titer. The

nebovirus antibody GMT at day 35 was 82 (range:

0-25,600) (Fig. 2D), and the seroprevalence rate increased

to 66 % (31/47).

Discussion

There have been detailed studies on the seroprevalence of

BoNoVs in Europe [6, 21, 24]; however, to our knowledge,

no such studies have been performed in the US. Further-

more, there have been no studies on the seroprevalence of

nebovirus. Our retrospective serological study demon-

strates a high seroprevalence (up to 100 %) of antibodies to

GIII.2 BoNoV and nebovirus in cattle from 1999 to 2001 in

the US, indicating that these two viruses were endemic in

cattle during the period tested. However, further serologi-

cal surveys of contemporary serum samples are needed to

determine if these viruses remain endemic in US cattle.

The distribution of nebovirus is unknown, and these viruses

have been detected in the US, UK, France, Italy, and

Tunisia [7, 13, 18, 22, 28]. In contrast, the distribution of

GIII.1 and GIII.2 BoNoVs appears to be worldwide.

Bovine NoVs have been detected in North and South

America, Asia, and Europe [1, 14, 16, 18, 21, 25, 29, 34].

The prevalence is likely to be variable, depending on the

location and the diagnostic test used. In addition, our study

demonstrates that the GIII.2 BoNoV CV186-OH/00/US

strain and the nebovirus NB/80/US strain are antigenically

unrelated, which coincides with data reported previously

showing no antigenic relatedness between the GIII.2 Bo-

NoV Newbury-2/76/UK strain and the nebovirus Newbury-

1/76/UK strain [5].

The seroprevalence rates for GIII.2 BoNoV and nebo-

virus in the feedlot calves tested ranged from 78 to 100 %

on arrival at the feedlots, which indicates that most animals

had been exposed to this virus previously. In the US,

feedlot calves are usually assembled in order-buyer barns.

After the animals are purchased, they may be transported

long distances and commingled with animals assembled

from other farms into feedlots. During this shipping and

commingling process, calves become naturally infected

with many pathogens whose spread may be enhanced by

stressful conditions during the transport and close con-

finement. Based on this calf collection system practiced in

auction barns in the US, where animals are purchased from

different regions of the country, it can be inferred from the

samples tested that both GIII.2 BoNoV and nebovirus

infections are widespread in the feedlot calves in the areas

of the US represented. It is notable that a majority of

feedlot calves tested had antibodies to both viruses, indi-

cating that infection of US calves with both of these viruses

is common. Consistent with our current findings of archival

samples (1999-2001), recent studies in Germany and in the

UK have shown that GIII.1 (Jena) and GIII.2 (Newbury-2)

BoNoVs are endemic in cattle in those countries, with

seroprevalence rates ranging from 66 to 99 % [6, 24].

Likewise, a recent study in Belgium has shown that GIII.2

BoNoVs are endemic in the cattle of that country, with a

detected seroprevalence rate of 93 % for the group of

calves studied [21]. Such high seroprevalence rates are

expected for BoNoVs because these viruses are stable,

highly contagious, and easily transmitted [12, 17]. Human

NoVs are also stable in the environment, and the infectious

dose may be as low as 10-100 virus particles [15]. The high

seroprevalence rates may also reflect the prolonged shed-

ding of BoNoVs in the feces as detected in conventional or

gnotobiotic calves infected with GIII.2 BoNoVs [12, 16,

17].

The high level of antibodies (range of GMTs:

381-2,596) and seropositive increase rates (range:

32-85 %) of the feedlot calves tested, in which a majority

of animals were already seropositive at arrival, indicates

that animals might be infected with these viruses at auc-

tions barns or re-infected in feedlots. On the other hand, the

OH veal calves had lower titers and seropositive increase

rates than the feedlot calves; this could reflect the influence

of repeated exposures in older cattle. Similar results were

observed in a recent study in Belgium, where antibody

levels against GIII.2 BoNoV were higher in adult cattle

(older than 1 year) than in younger calves [21]. Repeated

exposures have been thought to be necessary in humans for

longer-lasting immunity against norovirus infections [20],

and evidence for high rates of infection and re-infections of

humans with NoVs has been reported [20].

Based on the young age of the veal calves from our

study at entry to the farm (7-14 days), it can also be

inferred that the high seroprevalence of BoNoVs (94 %)

observed in these animals is a reflection of passive anti-

bodies acquired in colostrum from the dams of these

calves, and these antibodies likely reflect passive transfer

of colostral antibodies to serum and high seropositive rates

in the dams. Indeed, several of these calves had declining

titers by day 35 after arrival. However, 49 % of these

calves developed more than a fourfold increase in antibody

titer to GIII.2 BoNoV, indicating that they were exposed at

the veal calf farm and later developed an active immune

response to the virus.

We further observed that, in the veal farm group, the

seroprevalence (40 %) and increased seropositive rates

(26 %) for nebovirus were considerably lower than those

for GIII.2 BoNoV. This coincided with our shedding data

from an earlier study of this same group of veal calves [29],

where it was shown that the viral RNA prevalence in feces,

as determined by RT-PCR, was considerably lower for

nebovirus (29 %) than for GIII.2 BoNoV (60 %). The data
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suggest that the rate of infection by nebovirus was lower

than that by GIII.2 BoNoV in this group of animals.

The increased seropositive rates for the OH feedlot

calves (32-38 %) were considerably lower than the

increased seropositive rate for the AR and NM calves (65-

85 %). This difference among groups of feedlot calves can

be explained by the fact that the OH 2000 feedlot group

had a higher antibody GMT (2,596 for nebovirus and 2,045

for GIII.2 BoNoV) at arrival than the AR (1,112 for

nebovirus and 389 for GIII.2 BoNoV) and NM (356 for

nebovirus and 457 for GIII.2 BoNoV) groups. This trend

has also been observed for other viruses such as bovine

coronavirus [31]. Field studies of bovine coronavirus in

feedlot cattle showed that animals arriving at the feedlots

with higher antibody GMTs were less likely to become

infected and seroconvert for bovine coronavirus than ani-

mals arriving with lower antibody GMT [31].

In conclusion, infection of calves with either nebovirus or

GIII.2 BoNoV, or both viruses, appeared to be common in

the US during the period surveyed (1999-2001). To date, no

commercial vaccines for these two viruses are available in

the US. Thus, the seropositive rates reflect natural field

exposures. The increased seropositive rates of calves to

nebovirus or GIII.2 BoNoV also indicate that cattle might be

infected at a young age and re-exposed to either virus at

auction barns or in feedlots. However, further serological

surveys of contemporary serum samples are needed to

determine if these viruses remain endemic in US cattle.

Although GIII.1 BoNoVs have also been detected in US

cattle in the limited surveys conducted [29, 32], future GIII.1

BoNoV seroprevalence studies in the US are also needed.
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