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Abstract
Background—Previously, 18 adult volunteers were orally challenged with the virulent human
rotavirus strain D (G1P1A[8],NSP4[B]) (Kapikian, et al., 1983. J. Infect. Dis. 147:95). To identify
correlates of resistance to rotavirus infection, we analyzed serum IgA and IgG antibody levels to
various rotaviral antigens in 16 of the 18 volunteers.

Methods—We used immunocytochemistry assays involving a total of 16 different recombinant
baculoviruses with each expressing one of the following major serotype/genotype rotavirus proteins
for the serologic assays: (i) VP4 with P1A[8]; P1B[4]; P2A[6]; P3[9]; or P4[10] specificity; (ii) VP7
with G1-4, or G9 specificity; and (iii) NSP4 with genotype A, B, C, or D specificity.

Results—The prechallenge IgG antibody titers to VP7 types G1, G3, G4 and G9, VP4 types P1A
[8], P1B[4], P2A[6], and P4[10], and NSP4 type [A] in the non-infected group (n=11) were
significantly higher than those in the infected group (n=5; four of the five were symptomatically
infected). Moreover, logistic regression analysis showed that resistance to rotavirus infection most
closely correlated with higher prechallenge IgG antibody titers to homotypic VP7 (G1) and VP4
(P1A[8]).

Conclusions—These results suggest that protection against rotavirus infection and disease is
primarily VP7/VP4 homotypic and to a lesser degree heterotypic.
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Introduction
Rotaviruses are the single most important etiological agents of severe diarrhea in infants and
young children worldwide, and were estimated by the WHO to cause 527,000
(475,000-580,000) deaths in 2004 in the <5 years age group, predominantly in developing
countries [1,2]. To date, the determinants of protective immunity against rotavirus infection
have not been well defined. The rotavirus virion has an antigenically complex multilayered
structure[3]. It has 11 gene segments that encode six structural viral proteins (VP) and six non-
structural viral proteins (NSP). The six structural proteins are comprised of the core proteins
VP1, VP2, and VP3, the nonglycosylated outer capsid protein VP4 (which defines P type), the
inner capsid protein VP6, and the outer capsid glycoprotein VP7 (which defines G type).
Twelve G, 12 P and 5 NSP4 genotypes have been found in human rotaviruses (HRV)[4,5],
with the G1P1A[8],NSP4[B] strains representing the most prevalent (>70%) HRV circulating
in the US[6].

Rotavirus-specific serum antibody responses in children or adults have been extensively
examined including analyses of (i) isotype specific (IgM, IgA and IgG) antibody responses
[7-11]; (ii) homotypic and heterotypic virus neutralizing antibody responses[12-17]; (iii) VP7
and/or VP4 epitope specific blocking antibody responses[18-23]; and (iv) viral protein-specific
antibody responses to selected serotypes/genotypes of VP4, VP7 [24-26] or NSP4 [27,28].
However, none of the studies has comprehensively analyzed viral protein specific antibody
responses to all the major serotypes/genotypes of VP4, VP7 and NSP4. Dissecting viral protein-
specific homotypic and heterotypic antibody responses is essential in identifying the viral
antigen(s) involved in protective immunity against rotavirus infection and diarrhea in humans,
which was the objective of the present study.

In the present study, we dissected rotavirus protein-specific antibodies in adults who were
challenged orally with virulent HRV D strain (G1P1A[8],NSP4[B]) in a previous study[14].
Using immunocytochemical staining assays and a total of 16 different recombinant
baculoviruses expressing all major serotypes/genotypes including VP4 (P1A[8], P1B[4], P2A
[6], P3[9], P4[10]), VP7 (G1-4, G9), and NSP4 ([A]-[D]), we analyzed comprehensively IgG
and IgA serum antibody responses to individual rotavirus proteins. Logistic regression analyses
were used in an attempt to correlate antibody titers to each viral protein with resistance to
rotavirus infection. We found that IgG antibody titers to homotypic VP7 and VP4 were highly
correlated with the probability of resistance to rotavirus infection (mostly symptomatic
infection) in the adult volunteers.

Materials and Methods
Serum samples and experimental design

A total of 16 pairs of pre and postchallenge serum samples were available from 16 healthy
adult volunteers (18-35 years of age) who were challenged orally with virulent HRV strain D
(G1P1A[8],NSP4[B]) consisting of 1 ml of a 0.2% human stool filtrate in a previous study
[14]. Eleven of the 16 volunteers were resistant to rotavirus infection (non-infected group) and
5 of the 16 volunteers shed rotavirus (infected group) after challenge. Four of the 5 infected
volunteers developed rotavirus diarrhea. The prechallenge serum samples were collected three
days before or on the day of administration of the inoculum, whereas postchallenge sera were
collected about one month after challenge. Sera were stored at -20°C until they were tested.
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The serum samples were coded before testing for protein-specific IgG and IgA antibody titers
to the VP4, VP7 and NSP4 of group A rotaviruses. The genotypes/serotypes of such
recombinant proteins used in the tests are listed in Table 1. After completion of the tests, the
code was broken and samples were grouped for statistical analyses according to each
volunteer's status as belonging to the non-infected or infected group.

Construction and characterization of recombinant baculoviruses expressing various
genotypes of VP4, VP7 and NSP4 rotavirus proteins

The construction and characterization of the recombinant baculoviruses expressing
recombinant rotavirus proteins were conducted using pCR™Bac vector (Baculovirus TA
Cloning Kit) or pBlueBac4.5/V5-His-TOPO vector (pBlueBac4.5/V5-His TOPO TA Cloning
Kit) according to the manufacturer's instructions as reported previously[29]. Table 1
summarizes recombinant rotavirus proteins used in this study. Recombinant VP4s and VP7s
were derived from human strains. In addition to the NSP4s derived from human strains Wa
(NSP4[B]) and DS-1 (NSP4[A]), NSP4s derived from animal strains SB1A (pig, NSP4[B]),
SA11 (simian, NSP4[A]), RRV (simian, NSP4[C]) and EB (mouse, NSP4[D]) were included.
All the viral proteins were expressed in Spodoptera frugiperda 9 (Sf-9) insect cells.

Virus stocks
High-titer viral stocks of the recombinant baculoviruses were propagated in Sf-9 insect cells
and their titers were determined using a plaque assay following the manufacturer's instructions
(Bac-N-Blue™ Transfection Kit, Invitrogen Corporation, Carlsbad, CA). Working viral stocks
of 1 × 107 PFU/ml was prepared with Grace's medium (GIBCO).

Immunocytochemistry (Sf-9 cell staining) assay
Titers of serum IgA and IgG antibodies to homotypic and heterotypic recombinant rotavirus
VP4, VP7 and NSP4 were determined using a Sf-9 cell staining assay as previously described
[30-33]. Briefly, recombinant baculovirus-infected, fixed Sf-9 cells on 96-well plates
expressing various rotavirus proteins were used as detector antigens. Test samples were
assayed in 2-fold dilutions, starting at 1:64 for IgA and at 1:640 for IgG. Antibodies that bound
to Sf-9 cells on the plates were detected with horseradish peroxidase-labeled goat anti-human
IgA (α) or IgG (H+L) (Kirkegaard & Perry Laboratories, Gaithersburg, MD). Sf-9 cells stained
with primary and secondary antibodies were visualized with AEC substrate (3-amino-9ethyl-
carbazole; Sigma). The antibody titer was defined as the reciprocal of the highest dilution at
which any positive cell staining could be detected under the microscope at 100× magnification
as described previously[29]. The specificity and reliability of the assay have been validated in
our previous studies [30,31]. To ensure that variations in the amount of the individual rotavirus
proteins expressed in insect cells do not affect the accuracy of the test, serial dilutions of
monoclonal (mAb) or polyclonal antibodies to each expressed viral protein were included on
each plate as internal positive controls. The test plates were used only when the titer variation
of the mAb or hyperimmune antiserum was within 4-fold dilution. In addition, data were
accepted for analysis only when the positive control titers were consistent on all plates of each
viral protein.

Statistical analysis
Geometric mean antibody titers were calculated for each group, pre- and postchallenge.
Antibody titers to each viral protein were compared between the two groups pre- or
postchallenge, by using General Linear Model (ANOVA) followed by Duncan's multiple range
test. For comparisons of antibody titers to various viral proteins within each group, Repeated-
Measures Analysis of Variance was used followed by the calculation of appropriate contrasts.
Such comparisons in antibody titers were made between (i) the homologous D (G1) VP7 and
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other genotypes of VP7; (ii) the homotypic KU (P1A[8]) VP4 and other genotypes of VP4;
and (iii) the homotypic Wa ([B]) NSP4 and other genotypes of NSP4.

Logistic regression analysis was used to assess and determine whether antibody titers to each
protein were associated with the resistance to rotavirus infection. Then, the probability of
resistance to rotavirus infection as a function of viral-protein specific antibody titers was
modeled using this regression. To confirm the results of logistic regression analysis, the
bootstrap method[34] was performed to assess the statistical significance model coefficients.
The antibody titers were resampled with replacement and coefficients were then estimated by
fitting logistic regression using resampled data. This procedure was repeated 1000 times. The
95% confidence intervals were calculated, which is 2.5 percentile and 97.5 percentile of the
estimated coefficients obtained from resampled data. If the intervals included zero, there was
no significant difference in the antibody titers between the infection group and the non-infected
group and no association between the antibody titers and the resistance to rotavirus infection.
The bootstrapping analysis was performed on log10 transformed titers using R which is a free
software environment for statistical computing and graphics. In addition, the Wald statistic
was also used to assess the statistical significance model coefficients. Analyses were performed
using SAS (SAS Institute Inc., Cary, N.C.) and statistical significance was assessed at p <0.05,
if not specified.

Results
Broad spectrum of cross-reactive rotaviral protein-specific antibodies was detected in adult
volunteers

Geometric mean IgG and IgA antibody titers (GMTs) in the pre- and postchallenge sera to each
of the rotaviral proteins used are depicted in Figures 1-3. In the prechallenge sera, regardless
of group (non-infected or infected), IgG and IgA antibodies to all genotypes of VP7 (Fig.1),
VP4 (Fig. 2) and NSP4 (Fig. 3) were detected at various levels, including genotype [C] and
[D] NSP4s that are only found in animal rotaviruses, indicating that the volunteers were
exposed multiple times to rotaviruses previously. The individual IgG antibody titers ranged
from 1:640 to 1:20480, and the IgA antibody titers ranged from 1:64 to 1:8192 against all the
viral proteins tested (data not shown).

Homotypic and heterotypic VP7 antibodies
Prechallenge, the IgG antibody titers to homotypic D (G1) and heterotypic P (G3), ST3 (G4),
and AU32 (G9) VP7s, and the IgA titers to homotypic D (G1) VP7 in the non-infected group
were significantly higher than those in the infected group (Fig.1). Postchallenge, the IgG
antibody titers to D (G1) and DS-1 (G2) and the IgA antibody titers to D (G1), DS-1 (G2), ST3
(G4), and AU32 (G9) in the non-infected group were significantly higher than those in the
infected group. The highest titers of VP7 IgG and IgA antibody pre- and postchallenge were
against the homotypic D (G1) in the non-infected group. In this group, the IgG titers to D (G1)
VP7 pre- and postchallenge were significantly higher than those against all heterotypic VP7
genotypes. The IgA titers to D (G1) VP7 were significantly higher than those against
heterotypic P (G3), ST3 (G4) and AU32 (G9), but not DS-1 (G2) VP7s prechallenge. These
results indicate an important role of homotypic and heterotypic VP7 antibodies in protection
against rotavirus infection. In the infected group, however, there were no significant differences
for IgA and IgG antibody titers among various VP7 genotypes pre- or postchallenge (Fig.1).

Homotypic and heterotypic VP4 antibodies
Prechallenge, in the non-infected group the IgG antibody titers to homotypic KU (P1A[8]) and
heterotypic DS-1 (P1B[4]), 1076 (P2A[6]), and 69M (P4[10]) VP4s were significantly higher
than those in the infected group, suggesting an important role of homotypic and heterotypic

Yuan et al. Page 4

J Infect Dis. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



IgG VP4 antibodies in protection against rotavirus infection (Fig.2). The IgG antibody GMTs
to P1A[8] and P2A[6] VP4 in the infected group increased the most (1.7-fold, data not shown)
after challenge with D (G1P1A[8]). Postchallenge, only the IgG antibody titers to 69M (P4
[10]) VP4 were significantly higher in the non-infected group than those in the infected group
(Fig.2). There were no significant differences in IgA and IgG antibody titers between the
homotypic KU VP4 and other VP4 genotypes in both groups prechallenge, which suggest that
antibody responses to the VP4 are more cross-reactive than those to the VP7 as shown in Fig.
1. Postchallenge, the IgA antibody titers to homotypic KU (P1A[8]) VP4 in the non-infected
group was significantly higher than those to the heterotypic K8 (P3[9]) and 69M (P4[10]) VP4s.

Homotypic and heterotypic NSP4 antibodies
There were no significant differences in IgA and IgG antibody titers in any group pre- or post-
challenge, except that the IgG DS-1 [A] NSP4 antibody titers in the non-infected group were
significantly higher than those in the infected group prechallenge, and also significantly higher
than those to the homotypic Wa ([B]) NSP4 both pre- and postchallenge, suggesting a possible
recent infection with a US1205-like (G9P[6],NSP4[A]) rotavirus[35] in this group (Fig. 3).
The significantly higher IgG antibody titers to G9 VP7 and P[6] VP4 in this group in
comparison to the infected group (Figs. 1 and 2) support this assumption.

Levels of pre-challenge IgG antibodies to homologous D VP7 (G1) and homotypic KU VP4
(P1A[8]) most closely associated with resistance to rotavirus infection

Logistic regression analyses were performed to assess the association between antibody titers
against individual homotypic and heterotypic viral proteins and the probability of resistance
to rotavirus infection. Using likelihood ratio test, we found strong statistical evidence that the
homologous D (G1) VP7 (p=0.0077) and homotypic KU (P1A[8]) VP4 (p=0.0091) are highly
associated with the development of resistance to rotavirus infection (Table 2). Based on
bootstrapping approach with 1,000 iterations, we calculated the proportion of how many times
the likelihood of the logistic model with the covariate of interest (D VP7 or KU VP4) was
larger than the null model without it. The proportion was 0.995 for D VP7 and 0.991 for KU
VP4, indicating that there was strong statistical evidence that the logistic model with the two
covariates was much better than the models without. These results reinforced the notion that
these two proteins (G1 VP7 and P1A[8] VP4) were highly associated with the development of
resistance to rotavirus infection upon challenge with D HRV. In addition, the proportion of
how many times the likelihood of the model with D VP7 was larger than that with KU VP4
was 0.539, indicating that the two proteins were equally important in the resistance to rotavirus
infection. Significant evidence was also found that postchallenge IgA antibodies to the D (G1)
VP7 increased as the resistance to rotavirus infection increased (p=0.0003). Based on these
results, the probability of resistance to rotavirus infection as a function of the D VP7 and KU
VP4 specific antibody titers was modeled using logistic regression and depicted in Fig. 4. The
IgG antibody titers to D (G1) VP7 and KU (P1A[8]) VP4 detected in the adults (marked values)
fitted the logistic models with Wald test p values equal to 0.05 for both VP7 and VP4. Based
on the logistic regression model (Fig. 4), a given titer of IgG antibodies to D (G1) VP7 or KU
(P1A[8]) VP4 (x axis, ranging from 3.1 to 4.35) corresponded to the probability (y axis, ranging
from 0 to 99%) of resistance to rotavirus infection. The same level of resistance was associated
with a higher IgG titer to VP7 than VP4. For example, an IgG antibody titer to G1 VP7 of 3.82
(1:6607) or that to P1A[8] VP4 of 3.57 (1:3716) predicted a 75% probability of resistance to
rotavirus infection.

Discussion
This was the third time that this set of paired sera from the adult volunteers challenged with
virulent D strain (G1P1A[8],NSP[B]) HRV were analyzed [14,20]. In the original study[14],
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virus neutralizing (VN) antibody titers were measured with plaque formation inhibition assay
or inhibition of infectivity in monolayer tube cultures using HRV strain Wa (G1P1A[8],NSP4
[B), DS-1xUK reassortant (G2P7[5],NSP4[A]), bovine rotavirus strains NCDV (G6P6
[1],NSP4[A]) and UK (G6P7[5],NSP4[A]). Serum antibody titers were also measured with
indirect immunoflurescence (IF) assay using the D strain as detector antigen, and with immune
adherence HA (IAHA) assay and ELISA using 10% stool suspension of gnotobiotic calves
infected with the D or DS-1 strain as detector antigens. The presence of IF antibody to the
homologous D and relatively high levels of VN antibody to the DS-1xUK reassortant (≥1:60)
or Wa virus (≥1:100) were associated with resistance to diarrhea; and IF and IAHA antibody
to the D, and VN antibodies to the Wa, DS-1xUK reassortant and UK were associated with
resistance to virus shedding[14]. Thus, antibodies associated with resistance to virus shedding
or diarrhea identified by all the assays performed in this original study were those directed
against the VP7 or VP4 or both of the homotypic G1P1A[8] HRV. Antibodies to DS-1
reassortant were associated with protection by VN but not other assays.

In the second study of these volunteer sera[20], selected neutralizing monoclonal antibodies
(mAb) directed to type-specific epitopes on G1, G2, G3 or G4 VP7 and on RRV VP4 (P5B
[3]) and to a cross-reactive epitope shared by VP4 of most HRV strains were used in a
competitive epitope-blocking immunoassay in an attempt to dissect the specificity of the
antibodies associated with protection against the D challenge. Certain levels of antibodies that
blocked the binding of mAb 2C9 and 954/159, G1 and G3 VP7 specific, respectively, both
mapping to antigenic site A correlated with resistance to infection or diarrhea. Thus the
consensus of the two previous studies was that protection against the virulent D infection or
diarrhea was associated with certain levels of serum antibody to the homotypic G1 VP7.

In the present study, serum IgG and IgA antibody responses to a total of 16 individual rotaviral
proteins were determined, including all major serotypes/genotypes of HRV VP4, VP7 and
human and animal RV NSP4. Statistical analysis showed that the presence of high levels of
prechallenge IgG antibody to the G1 and G3 VP7, the P1A[8] and P2A[6] VP4, and the DS-1
[A] NSP4 correlated with resistance to the D infection. Prechallenge IgA antibody to the G1
VP7 and SA11 [A] NSP4 were also correlated with resistance to the D infection. However,
among them, antibodies to G1 VP7 and P1A[8] VP4 were most strongly associated with
protection, as indicated by the smallest likelihood ratio p values. Thus, although the
immunoassays as well as statistical analyses used in the current and two previous studies[14,
20] were different, the same conclusion (i.e., protective immunity was most closely associated
with the presence of certain levels of prechallenge homotypic VP7 and VP4 antibody) was
reached. This conclusion supports the development of a multivalent vaccine that would provide
antigenic coverage to VP7 and VP4 types of global epidemiologic importance (e.g. multivalent
human-animal reassortant rotavirus vaccines)[36-38]. In an early study, logistic regression
analysis of antibody titers in adult volunteers challenged with virulent HRV CJN strain also
showed correlation between prechallenge serum IgG antibody titers to the homotypic G1P1A
[8] Wa (whole virus was used as detector antigen) and the probability of resistance to the HRV
infection[26]. In the current study, slightly less but similar levels of associations were also
observed between IgG titers to G3 VP7 and P[6] VP4 and resistance indicating that heterotypic
antibodies also provided protection. This may explain why a monovalent Rotarix vaccine is
effective against some heterotypic strains in clinical trials.

Our results indicate an important role of homotypic IgG VP7 antibodies to D (G1) as well as
heterotypic IgG VP7 antibodies in protection. The heterotypic antibodies were likely induced
by cross-reactive epitopes shared among VP7s[39]. It is interesting to note that in both groups,
there were individuals (albeit small in number) that IgG developed a seroresponse against G1,
G3, and G9 viruses after D challenge whereas no IgG seroresponse was observed against G2
and G4 viruses (except for one individual in non-infected group against G2). This may indicate
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that G1 VP7 shares some cross-reactive neutralization epitopes with G3 and G9 VP7s, which
may explain an observed protective role of certain levels of G3- and G9-specific IgG antibodies
against G1 infection. VP7-specific neutralizing mAbs that displayed cross-reactivity between
G1 and G3 viruses and between G3 and G9 viruses, respectively, have been generated[39].

The prechallenge GMTs of IgG antibodies to DS-1[A] NSP4 were the highest among NSP4
antibody titers in the non-infected group which were significantly higher than those in the
infected group and correlated with protection. As noted earlier, neutralizing antibodies to
DS-1xUK in the initial study also correlated with protection. In contrast, prechallenge GMTs
of IgG antibody to the homotypic Wa [B] NSP4 did not differ significantly between the groups
and did not significantly correlate with protection, although the GMT was higher in the non-
infected group than in the infected group. Our previous studies of experimentally infected
gnotobiotic pigs showed that antibody responses to the homologous-host homotypic NSP4 did
not confer protection against rotavirus infection or diarrhea[30]. Broad and heterotypic
antibody responses to NSP4 were reported also in children naturally infected with rotaviruses
[27].

The IgG antibody GMTs to P1A[8] and P2A[6] VP4 in the infected group increased the most
after challenge with D (G1P1A[8]). These observations are in accord with previous findings
in which repeated infection/vaccination enhanced and broadened antibody responses to
heterotypic VP4s [13,19,40]. These findings also suggest the presence of cross-reactive
epitopes on P1A[8] and P2A[6] VP4. In a recent study, porcine rotavirus strain Gottfried (P2B
[6]) which is closely related serologically to human P2A[6] induced VN antibodies to VP4
with P1A[8] or P1B[4] specificity in guinea pigs[40]. The GMTs of IgA antibody to all VP7
and VP4 genotypes (except for DS-1 VP4) in the infected group decreased postchallenge. The
reason for the decrease in IgA antibody titers in contrast to the increased IgG antibody titers,
albeit slightly, is unclear; it may suggest different dynamics of serum IgA and IgG VP7
antibody anamnestic responses to rotavirus infections in adult humans.

Growing evidence indicates that viremia occurs commonly during the acute phase of rotavirus
infection in humans and other animal species[42,43]. The systemic nature of the acute phase
of rotavirus infection implies that rotavirus-specific IgG and IgA antibodies in the serum may
play a direct role in protective immunity by directly neutralizing infectious viruses in the blood.
Such neutralization will be most effectively mediated by antibodies to homotypic VP4 and
VP7. In conclusion, the present study, which was the latest and most comprehensive analysis
of the set of sera from adult volunteers challenged with the virulent D HRV, (i) provided
important information on the homotypic and heterotypic viral protein-specific antibody
responses and (ii) improved our understanding of the immunogenicity of the major viral
proteins VP4, VP7 and NSP4 and their roles in homotypic and heterotypic protective immunity
against rotavirus infection and diseases.
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Fig. 1.
VP7 specific IgG and IgA antibody titers in adult volunteers pre- and postchallenge with HRV
D strain (G1,P1A[8],NSP4[B]). White bar, non-infected group (n=11 for IgG; n=10 for IgA).
Hatched bar, infected group (n=5 for IgG; n=4 for IgA). One serum sample in each group had
only enough volume to test for IgG but not for IgA. Error bars depict standard error of the
mean. Infected and non-infected groups with different capital letters on top differ significantly
(p<0.05). * Indicates significant difference between the two columns (p<0.05).
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Fig. 2.
VP4 specific IgG and IgA antibody titers in adult volunteers pre- and postchallenge with HRV
D strain (G1,P1A[8],NSP4[B]). White bar, non-infected group (n=11 for IgG; n=10 for IgA).
Hatched bar, infected group (n=5 for IgG; n=4 for IgA). One serum sample in each group had
only enough volume to test for IgG but not for IgA. Error bars depict standard error of the
mean. Infected and non-infected groups with different capital letters on top differ significantly
(p<0.05). * Indicates significant difference between the two columns (p<0.05).
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Fig. 3.
NSP4 specific IgG and IgA antibody titers in adult volunteers pre- and postchallenge with HRV
D strain (G1,P1A[8],NSP4[B]). White bar, non-infected group (n=11 for IgG; n=10 for IgA).
Hatched bar, infected group (n=5 for IgG; n=4 for IgA). One serum sample in each group had
only enough volume to test for IgG but not for IgA. Error bars depict standard error of the
mean. Infected and non-infected groups with different capital letters on top differ significantly
(p<0.05). * Indicates significant difference between the two columns (p<0.05).
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Fig. 4.
Logistic regression model of correlation between serum IgG antibody titers to D (G1) VP7 and
KU (P1A[8]) VP4 and resistance to HRV infection. The probability of resistance to rotavirus
infection as a function of viral-protein specific antibody titers was modeled using logistic
regression. The Wald test p value was equal to 0.05 for both D (G1) VP7 and KU (P1A[8])
VP4 IgG antibody titers. The thick lines show the predicted probability at various levels of
IgG antibody; thin lines with labeled x-axis points (the actual log10 IgG geometric mean
antibody titers to G1 VP7 or P1A[8] VP4) show the calculated probability of protection against
infection using the antibody titers measured in the adults based on the model.
Probability of resistance to HRV infection based on logistic regression model of correlation
between pre-challenge serum IgG antibody titers to D (G1) VP7 and KU (P1A[8]) VP4.
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Table 2
Association of antibody titers to individual rotavirus proteins and resistance to infection and diarrhea in adult
volunteers

Antibody Isotype Rotavirus Likelihood Ratio p
valuea

Protein Strain (Specificity)

Pre-challenge
IgG VP7 D(G1) 0.0077

VP7 DS-1 (G2)

VP7 P(G3) 0.0130

VP7 ST3 (G4)

VP7 AU32 (G9)

VP4 KU (P1A[8]) 0.0091

VP4 DS-1 (P1B[4])

VP4 1076 (P2A[6]) 0.0191

VP4 69M(P4[10])

NSP4 DS-1 ([A]) 0.0100

IgA VP7 D(G1) 0.0316

NSP4 SA11 ([A]) 0.0363

Post-challenge
IgG VP7 D(G1) 0.0140

VP7 DS-1 (G2) 0.0291

NSP4 SA11 ([A]) 0.0363

IgA VP7 D(G1) 0.0003

VP7 DS-1 (G2) 0.0209

VP7 AU32 (G9) 0.0209

VP4 KU (P1A[8]) 0.0483

Note: Logistic regression analyses were performed to estimate probability of resistance to rotavirus infection with antibody titers to individual viral
proteins.

a Likelihood ratio test p values. Smaller p value indicates strong signicant association of resistance to rotavirus infection. P values >0.05 are not shown.
P values <0.01 are in boldface.
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