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The antigenic relationships of the VP4 serotype of porcine rotavirus Gottfried strain with other rotaviruses
were determined by using antiserum to Gottfried VP4-baculovirus recombinant. This antiserum failed to react
significantly with virus of serotypes PLA, PIB, P3, and OSU; however, it reacted with P2 strains. In the
reciprocal assay, antiserum to VP4 of an asymptomatic strain (P2) failed to neutralize the Gottfried strain virus
to a significant level. It thus appears that the Gottfried strain should be considered a subtype of P2.

Rotavirus is the most important cause of severe viral
gastroenteritis in humans as well as in many animal species
(7). As a consequence, the development of an effective
rotavirus vaccine is urgently required. In pursuit of this goal,
a major focus of current studies is an understanding of the
antigenic relationships among human and animal rotavi-
ruses.

Rotaviruses possess two outer capsid proteins, designated
VP7 and VP4, which are known to be independent neutral-
izing antigens associated with resistance to rotavirus chal-
lenge (11). VP7, which is encoded by gene 7, 8, or 9, has
been responsible for the G serotype specificity of rotaviruses
(2). Recently, the designation of a P serotype has been
described among human rotavirus (HRV) strains on the basis
of neutralization assays using antiserum prepared with bac-
ulovirus-expressed VP4 of various HRVs (3). Similarly, in a
fluorescent focus neutralization assay using antiserum to
baculovirus recombinant-expressed VP4 of porcine rotavi-
rus OSU strain, we found at least two distinct VP4 sero-
types-the OSU and Gottfried strains (9).
Many human and animal rotaviruses bear common anti-

genic determinants. For example, the Gottfried strain of the
porcine rotavirus shares subgroup II and G serotype 4
specificities with certain HRV strains (5). In addition, on the
basis of nucleotide sequence homology, the VP4 gene of
the Gottfried strain is more closely related to the VP4 gene
of rotaviruses isolated from children undergoing asymptom-
atic infection than to any other HRV strains (4). Further-
more, VP4 of the Gottfried strain shares neutralizing
epitopes with both virulent and asymptomatic human strains
as determined with VP4-neutralizing monoclonal antibodies
(NMAbs) (6).

In this study, we further investigated the relationships of
VP4 of the Gottfried strain with various HRV and animal
rotavirus strains by plaque reduction neutralization assay
using antiserum to the baculovirus-expressed VP4 of Gott-
fried strain.
The Gottfried strain of the porcine rotavirus was originally

isolated from the intestinal contents of a suckling pig with
diarrhea (1) and was kindly supplied by E. H. Bohl. An
established cell line of fetal rhesus monkey kidney cells,
MA104, was used for virus propagation. Viral mRNAs were
produced from single capsid particles, and the construction
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of VP4 cDNA followed methods described previously (3).
The oligonucleotides 5'-CACGGATCCGGTCACATCCT
CTATAGA-3' (primer sequence representing a flanking
BamHI site and the complement of the 3' end of gene 4 of the
Gottfried strain) and 5'-CACGGATCCGGCTATAAAATG
GCT7lCGCTC-3' (primer sequence representing a flanking
BamHI site and the complement of the 5' end of gene 4 of the
Gottfried strain) were used for the synthesis of VP4 cDNA.
After digestion with BamHI, the cDNA was cloned into the
BamHI of plasmid pTZ18R. The cloned VP4 gene of the
Gottfried strain was excised with BamHI and inserted into
the unique BamHI site of the intermediate baculovirus
vector pVL941. Cotransfection of Spodoptera frugiperda
(Sf9) cells with plasmid DNA containing the Gottfried VP4
gene and the DNA of wild-type Autographa californica
nuclear polyhedrosis virus was performed as described
previously (10). The recombinant baculovirus expressing the
VP4 gene of the Gottfried strain was screened by immuno-
fluorescence with hyperimmune antiserum to the Gottfried
strain and was purified by terminal dilution.
To confirm that the VP4 gene of the Gottfried strain had

been synthesized, [35S]methionine-labeled protein extracts
were prepared from Sf9 cells infected with the Gottfried VP4
recombinant or wild-type baculovirus as previously de-
scribed (10). Recombinant viruses synthesized a protein with
an estimated molecular size of 85 kDa, which is in agreement
with the expected size of VP4. Additional evidence that the
expressed 85-kDa protein was VP4 was obtained when the
Gottfried recombinant-infected cell lysate was immunopre-
cipitated with polyclonal antiserum to the Gottfried strain
(data not shown). To assay the immunogenicity of baculo-
virus-expressed Gottfried VP4, guinea pigs were immunized
with a lysate of Sf9 cells that had been infected with the
Gottfried VP4-baculovirus recombinant prepared as previ-
ously described (3, 10). The preinoculation serum failed to
immunoprecipitate the VP4 of the Gottfried strain in lysates
of Gottfried strain-infected MA104 cells, whereas the post-
inoculation serum reacted specifically with the VP4 protein
(Fig. 1).
The VP4 antigenic relationships among the Gottfried

strain and several HRVs and animal rotaviruses were stud-
ied by a plaque reduction neutralization assay using guinea
pig antiserum to the expressed Gottfried VP4. The preim-
munization serum failed to neutralize the homologous strain
(1: <20), whereas the postimmunization serum neutralized it
to a titer of 1:640. This antiserum showed various levels of
neutralizing activity for HRV strains which represent three
different VP4 serotypes and one subtype (3, 8), with titers
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FIG. 1. Characterization of antiserum produced to expressed
VP4. Guinea pig serum was tested for VP4-specific antibodies by
immunoprecipitation of [35S]methionine-labeled polypeptides of
Gottfried strain-infected MA104 cells. Lane 1, molecular size mark-
ers (MW); lane 2, total viral proteins immunoprecipitated with
antiserum (1:400) to complete Gottfried strain; lanes 3 and 4,
immunoprecipitation with guinea pig serum (1:400) collected after
(lane 3) or before (lane 4) immunization with a lysate of Sf9 cells
infected with Gottfried VP4-baculovirus recombinant. AcNPV, A.
californica nuclear polyhedrosis virus.

ranging from <1:80 to 1:320 (Table 1). The Gottfried VP4
antiserum (i) neutralized the asymptomatic HRV strains at
titers ranging from 1:120 to 1:320, which were two- to more
than fivefold lower than the titer with the homologous strain;
(ii) neutralized the symptomatic HRV strains at titers that
were eightfold lower than the homologous level; and (iii)
failed to neutralize various animal rotavirus strains, includ-
ing the porcine OSU strain. In reciprocal tests, hyperim-
mune antisera to baculovirus-expressed VP4 of HRVs of
VP4 serotype PlA or P2 specificity (3) showed a low degree
of neutralizing activity to the Gottfried strain, whereas this
strain was not neutralized by antiserum to baculovirus-
expressed VP4 of serotypes PlB and P3 (3, 8) and was
poorly neutralized by antiserum to OSU baculovirus-ex-
pressed VP4 (10).
The VP4 serotyping system using antiserum to baculovi-

rus-expressed VP4 of HRVs is based on a difference of at
least eightfold in reciprocal neutralizing antibody titers. In
this study, antiserum to the Gottfried VP4 was able to
achieve an eightfold difference in neutralization titer with the
symptomatic HRV strains and various animal strains but
only two- to fivefold with the asymptomatic HRV strains. In
the reciprocal assay, antiserum to VP4 serotype P2 neutral-
ized the Gottfried strain to more than a level eightfold lower
than the homologous titer. This antigenic relationship be-
tween the Gottfried strain and the asymptomatic HRV

TABLE 1. Antigenic relationships among Gottfried strain and
various HRV and animal rotavirus strains observed in

neutralization assays employing hyperimmune antiserum
to recombinant baculovirus-expressed VP4s

Reciprocal of 60% plaque reduction
neutralization antibody titer of

HRV or animal VP7 Rotavirus hyperimmune antiserum against
rotavirus VP4 sero- strain expressed VP4 protein of:

serotype type
Gott- KU DS-1 1076 K8 OSU
fried

1A 1 KU 80 5,120 160 160 320 <80
1 Wa 80 2,560 160 160 320
3 P <80 2,560 160 160 240
4 VA70 <80 2,560 160 160 80 <80

1B 2 DS-1 80 1,280 640 160 320 <80
2 S2 80 1,280 640 160 320

2A 1 M37 160 320 <80 2,560 320 <80
2 1076 120 320 <80 2,560 120
3 McN 320 320 <80 2,560 120
4 ST3 160 320 <80 2,560 320

2B 4 Gottfried 640 320 <80 80 <80 <80
3 1 K8 <80 <80 <80 <80 2,560 <80
OSU 5 OSU <80 <80 <80 <80 <80 10,240

strains resembles that found between HRV strain KU, the
prime strain of VP4 serotype P1, and HRV strains of VP4
subtype PlA and PlB specificities (3). By this criterion, the
asymptomatic HRV strains should be considered the prime
strains of VP4 serotype P2A and the Gottfried strain P2B.

In a previous study with a panel of six VP4 NMAbs
produced with symptomatic or asymptomatic HRV strains,
we observed that the Gottfried strain was neutralized by all
of them (4). These NMAbs map in the VP5 subunit of VP4,
suggesting that this subunit is associated with heterotypic
neutralization. In addition, Gottfried VP4 NMAbs neutral-
ized asymptomatic and symptomatic HRV strains but not
animal rotaviruses (6). Thus, the Gottfried strain of rotavirus
may represent a naturally occurring reassortant between pig
rotavirus and HRV or a rotavirus which is human in origin
but is adapted to swine hosts (6).
The presence of multiple alleles of gene segment 4 of

HRVs and animal rotaviruses has been shown by hybridiza-
tion assays, sequence analysis, and PCR and by plaque
reduction neutralization assays using antisera to expressed
VP4. These techniques have allowed the detection of rota-
viruses with similar VP4 genes that circulate in humans and
various animal species, and the results suggest that the VP4
gene reassortant occurs with rotavirus from other host
species. These observations support the adoption of a uni-
fied VP4 serotyping system that includes all human and
animal group A rotaviruses (2, 3).

We thank Robert M. Chanock and Albert Z. Kapikian for helpful
discussions, M. Hill for preparation of oligonucleotide primers, M.
Sereno and A. Pittman for technical assistance, and T. Heishman for
editorial assistance.
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