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Serum Antibody Responses in Children with Rotavirus Diarrhea Can
Serve as Proxy for Protection
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We examined sera from 42 patients 1 to 30 months of age for rotavirus immunoglobulin M (IgM), IgA, IgG,
and IgG subclasses and sought to determine if serum antibody could serve as a reliable marker for prediction
of disease severity. Infants in the first few months of life usually had high maternal IgG titers and, when they
were infected with rotavirus, had low IgM titers or no IgM in acute-phase sera and poor seroconversions 3
weeks later, suggesting that maternal antibodies had inhibited viral replication and antibody responses. All
patients >6 months of age had IgM in acute-phase sera, indicating that IgM is a good marker for acute
rotavirus infection. IgG was the best overall predictor of an infection, as the convalescent-phase sera of 81%
of the patients had a fourfold rise in the IgG titer. IgA titers in convalescent-phase sera and conversion rates
were higher among patients >12 months of age than among children younger than 12 months. IgG1 was the
predominant subclass detected in the acute-phase sera of some children and in all 28 convalescent-phase
serum samples examined. Patients with preexisting acute-phase IgG titers of >100 or >200 had diarrhea that
was less severe or of a shorter duration. These results indicate that serum IgG is the most reliable marker for
seroconversion and is a consistent proxy for protection against severe disease.

Previous studies have demonstrated that children infected
with rotavirus develop systemic and local immune responses
and are protected from severe disease upon reinfection (5, 6,
22, 38). However, our understanding of the true correlates of
protection, essential for vaccine development, and the mech-
anisms of protection is still incomplete. At present, antibodies
are generally considered a good marker for infection and a
proxy for protection, but which antibodies (intestinal or serum,
or both) are needed for protection remains unclear (25). While
local immunity in the gut is believed to play a key role in pro-
tection, measurement of a local immune response in children is
a challenge. Coproantibodies are subject to proteolytic degra-
dation and are not considered a reliable marker for infection,
and intestinal fluids are difficult to obtain from children, so we
are left with measuring serum immunoglobulin A (IgA) titers
as a proxy for local immunity (7, 18, 25, 36). Because of dif-
ferences among the reagents and assays used in different lab-
oratories and the lack of detailed clinical information concern-
ing individual patients in most studies (4, 12, 13, 24, 30, 32, 37),
diverse opinions exist about the responses and roles of serum
antibodies in children with acute rotavirus diarrhea.

IgG is the most abundant Ig isotype and constitutes approx-
imately 80% of the total Igs in human sera. The four IgG sub-
classes, IgG1 to IgG4, have different physiochemical, biologi-
cal, and functional properties, such as the ability to activate
complements (IgG1 and IgG3) and to cross the placenta and

mediate opsonization of antigens by macrophages and neutro-
phils (IgG1, IgG3, and IgG4) (16). Measurement of the levels
of these Ig subclasses in serum could help us understand their
origin (i.e., maternal source or active infection) and the types
of T-helper responses and may help predict disease outcomes
in children with rotavirus infection or vaccine efficacy in clin-
ical trials.

In this study, we examined sera from a cohort of children
with severe acute diarrhea due to rotavirus for Ig isotype (IgM,
IgA, and IgG) and IgG subclass responses. We further exam-
ined if the levels of these antibodies could serve as markers for
prediction of the severity of symptoms, such as diarrhea and
vomiting. We demonstrated an age-dependent antibody re-
sponse and identified IgG as the most reliable and consistent
marker for seroconversion. We also documented that preex-
isting IgG in acute-phase serum was associated with protection
against severe disease. Our findings may provide useful guid-
ance for the development and testing of live or parenteral
rotavirus vaccines.

MATERIALS AND METHODS

Study population and specimen collection. From March 1999 to March 2002,
we collected blood and fecal specimens from 42 children less than 3 years of age
admitted for treatment for acute gastroenteritis due to rotavirus at Children’s
Healthcare of Atlanta, Atlanta, Ga., and Hasbro Children’s Hospital, Provi-
dence, R.I. All children were otherwise in generally good health. The patients in
the two hospitals were enrolled according to the same study protocol. They had
not received rotavirus vaccines and had no prior history of diarrhea due to
rotavirus. For children enrolled at Hasbro Children’s Hospital, we collected
detailed symptom data, including fever (the temperature was measured rectally),
vomiting, diarrhea, and dehydration, and calculated composite severity scores on
the basis of those symptoms (15) during the entire period of illness and on the
day of the first blood sample collection. At the time of enrollment, all but one
patient had a documented onset of illness that ranged from 1 to 10 days earlier.
Two blood samples were obtained from each patient: the first one was obtained
within 72 h of enrollment, and the second one was obtained 21 to 44 days later.
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The sera were aliquoted and stored at �70°C. Fecal specimens collected from all
patients tested positive for rotavirus by enzyme immunoassay (EIA) and PCR
and were stored at �20°C.

During the same study period, 17 healthy children were enrolled at Children’s
Healthcare of Atlanta in the same manner described above, except that only one
blood specimen was collected from each child. Fecal specimens from all control
subjects were tested for rotavirus by EIA and were found to be negative. Written
consent was obtained from all parents or guardians, and the protocol was ap-
proved by the institutional review boards of the Centers for Disease Control and
Prevention and of each institution.

Detection of rotavirus antibodies in serum. Rotavirus-specific IgM, IgA, IgG,
and IgG subclasses (IgG1, IgG2, IgG3, and IgG4) were detected by indirect EIA
by protocols adapted from previous studies (8–10). Briefly, 96-well Immuno II
plates (Nagle Nunc, Rochester, N.Y.) were coated with rhesus rotavirus (105

focus-forming units/well) in carbonate-bicarbonate buffer (pH 9.6) overnight at
4°C. The plates were blocked with 2% bovine serum albumin in phosphate-
buffered saline (PBS), and serum samples were serially diluted (twofold) in
duplicate in diluent buffer (PBS with 0.25% bovine serum albumin) starting at a
dilution of 1:25. After incubation for 2 h at room temperature, the plates were
washed thoroughly with PBS–0.05% Tween 20. Goat anti-human IgM, IgA, IgG,

and IgG subclass horseradish peroxidase conjugates (Southern Biotech, Birming-
ham, Ala.) in diluent buffer were then added to the plates. The plates with all Igs
except IgA were incubated for 2 h at room temperature; those with IgA were
incubated overnight at 4°C. The optimal dilution of each conjugate was de-
termined by checkerboard titration. The reaction was developed with 3,3�,5,5�-
tetramethylbenzidine (Sigma, St. Louis, Mo.), and the optical density (OD) at
450 nm was read with an MRX microplate reader (Dynex, Chantilly, Va.). The
antibody titers were defined as the reciprocal of the highest dilution of serum
with a net OD value (OD with serum minus OD with diluent buffer) �0.1. A
sample was considered positive if the titer was �25. Seroconversion was defined
as a fourfold or greater rise in titer in convalescent-phase serum from that in the
acute-phase serum. For IgM and IgG, a rise in titers from �25 to �50 was
considered a seroconversion, whereas for IgA, seroconversion was defined as a rise
in titers from �25 to �25. Positive and negative control sera were included in all
assays and were tested in the same manner.

Data analysis. Each serum specimen was tested in duplicate, and the average
values were recorded and analyzed. We used nonparametric statistics for analysis
because the data were not normally distributed (28). Symptom scores for the dif-
ferent age groups were compared for continuous variables by the Kruskal-Wallis
test. The categorical variables, such as sex, vomiting (as a percentage of the study

FIG. 1. Serum antibodies in children with acute rotavirus diarrhea and healthy controls. Acute-phase sera from 42 patients and sera from 17
controls were tested for rotavirus IgM (A) and IgG (B), as described in the text. The median antibody titers in patients and controls are indicated
by dashed lines. Patients with acute rotavirus diarrhea had a significantly higher median IgM titer than the controls.

TABLE 1. Comparison of symptoms by age in patients with rotavirus diarrhea

Variable
Age group (mo)

�6 (n � 10) 6–11 (n � 9) �12 (n � 12)

Age (mo)a 2.5 (1–5) 9 (6–11) 16.5 (14–21)
Sex (no. of males/no. of females) 8/2 5/4 8/4
Maximum temp (°C)a 38.8 (37.0–39.7) 38.9 (36.7–39.4) 39.0 (36.8–39.6)
No. of stools per daya 8.5 (4–20) 5 (2–20) 7.5 (2–30)
No. of days of diarrheaa 2.5 (2–5) 4 (2–10) 2.5b (1–6)
No. of patients with vomiting/total no. (%) 6/10 (60)c 9/9 (100)c 11/12 (92)
No. of days of vomitinga 1d,e (0–3) 3d (1–5) 2e (0–5)
No. of patients with dehydration/total no. (%) 2/10 (20)f,g 6/9 (67)f 11/12 (92)g

Severity scorea,h 7.5i (4–11) 10 (4–11) 10.5i (7–12)
LOSj (days)a 3 (2–6) 3 (2–4) 3 (2–4)

a Data are presented as medians (ranges).
b P � 0.05 (significant differences between variables are shown by the same letter).
c P � 0.01.
d P � 0.01.
e P � 0.01.
f P � 0.05.
g P � 0.01.
h Symptom scores over the course of illness were collected from 31 patients with acute diarrhea and were analyzed by age group.
i P � 0.01.
j LOS, length of stay in hospital.

274 XU ET AL. CLIN. DIAGN. LAB. IMMUNOL.



participants), and dehydration (as a percentage of the study participants), were
analyzed by the chi-square test. The symptom scores and antibody titers between
age groups were compared by use of the Wilcoxon rank-sum test, which was also
used to compare symptom scores for patients with higher antibody titers in
acute-phase sera to those for patients with low antibody titers or no antibody.

RESULTS

Characteristics of subjects. Of the 42 patients enrolled in
the study, 17 were girls and 25 were boys, and they ranged in age
from 1 to 30 months. Patients were analyzed in three age groups:
�6, 6 to 11, and �12 months. All of the patients had typical
clinical symptoms of acute rotavirus gastroenteritis, including
fever, vomiting, and/or diarrhea of various severities. We an-
alyzed demographic data and symptom scores during the
course of the illness for 31 of the 33 patients enrolled at
Hasbro Children’s Hospital by age group and demonstrated an
age-dependent expression for some symptoms (Table 1).

Seventeen healthy children ranged in age from 2 to 23
months and were age matched with the rotavirus-infected pa-
tients (means, 12 and 11 months, respectively; medians, 16 and

10 months, respectively; P � 0.1). The healthy children did not
have diarrhea at the time of enrollment.

Antibody isotype responses. We examined the acute-phase
sera from the 42 patients for IgM titers; IgM titers could be
measured in 35 (83%) patients; and the 7 children with no
IgM, including 5 from whom blood was obtained within 2 days
of illness onset, were all young (age, 1 to 5 months). These 42
subjects had a median IgM titer of 100 (mean, 201), which was
significantly higher (P � 0.01) than that for the 17 healthy
controls (median titer, 25; mean titer, 27) (Fig. 1A). In con-
trast, the acute-phase sera of the patients and the sera of the
controls had similar median and mean IgG titers, indicating
that IgG was already present in most patients before rotavirus
infection (Fig. 1B). The acute-phase sera of eight patients and
two controls had detectable IgA titers.

Of the original 42 patients, paired serum samples were avail-
able from 39 to test for seroconversion (Fig. 2). The IgM titers
in 33 patients remained unchanged or decreased; 5 of 12 pa-
tients �6 months of age and 1 of 27 children �6 months of age

FIG. 2. Antibody profiles in sera of patients with rotavirus diarrhea. Paired serum samples were collected from 39 children �3 years of age and
were examined for Ig isotypes, as described in the text. The data shown are antibody titers and seroconversion rates, as defined by a fourfold or
greater rise in antibody titers in convalescent-phase serum samples (C) over those in acute-phase serum samples (A).
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seroconverted (Fig. 2A). Blood was obtained during the first 2
days of illness from the five younger children and the one older
child with IgM conversions.

Rotavirus-specific IgG was the best overall predictor of an
acute infection in children �3 months of age. Among infants
�6 months old, the acute-phase sera of 11 (92%) of the 12
infants had IgG titers �25 (median titer, 150), including 6
infants �2 months of age whose acute-phase sera had high IgG
titers (median titer, 600) (Fig. 2B). None of these six young
subjects with high IgG titers had seroconverted 3 weeks later.
In contrast, the acute-phase sera of six subjects 3 to 5 months
of age had much lower IgG titers (median titer, 50), and four
of the six subjects went on to develop a fourfold rise in titer in
their convalescent-phase sera (Fig. 2B). The acute-phase sera
of subjects �6 months of age generally had lower IgG titers, as
evidenced by median values of �25 and 25 for those of 6 to 11
and �12 months of age, respectively. Most of these subjects (8
of 10 subjects aged 6 to 11 months and 14 of 17 subjects aged
�12 months) had seroconverted (Fig. 2B).

The rotavirus-specific IgA response was also age dependent
and was only partially reflective of infection in infants. Seven
(18%) of the 39 acute-phase serum samples had IgA titers
�25, whereas 24 (62%) convalescent-phase serum samples had
IgA titers �25. The titers in the convalescent-phase sera of 17
children �12 months of age were significantly higher (P �
0.002) than those in children �12 months old, as evidenced by
the median titers (50 and �25, respectively) and mean titers
(78 and 7, respectively). Rotavirus-specific IgA conversion was
observed in 41% (9 of 22) of the subjects �12 months of age,
whereas it was observed in 71% (12 of 17) of those �12 months
of age (Fig. 2C).

IgG subclass responses. Of the 28 paired serum samples that
had adequate volumes for determination of the titers of the
IgG subclasses, IgG1 was predominant and IgG3 was present
as a minor subclass (Table 2). IgG1 was detected at relatively
high titers in five of the eight acute-phase serum samples and
in all eight convalescent-phase serum samples from children
�6 months of age. The acute-phase sera of none of the 9
children 6 to 11 months of age had detectable IgG1, and the
acute-phase sera of only 3 of the 11 children �12 months of
age had low titers of IgG1. The convalescent-phase sera of all
subjects �6 months of age had IgG1. IgG3 was not detected in
any of the acute-phase sera but was present in five convales-
cent-phase serum samples. Antibodies of the IgG2 and IgG4
subclasses were not detected in any serum sample.

Serum antibodies are associated with less severe disease.
We assessed whether preexisting or newly induced antibodies
in the acute-phase sera of the 31 subjects with detailed symp-
tom scores were predictive of disease severity (Fig. 3 and 4).
Compared with subjects with no IgG or lower IgG titers, sub-
jects with IgG titers �200 in acute-phase sera had significantly
fewer (P � 0.05) stools per day (medians, 4.5 and 9 stools per
day, respectively) (Fig. 3A), and patients with IgG titers �100
in acute-phase sera had significantly shorter (P � 0.05) dura-
tions of diarrhea (median durations, 2 and 4 days, respectively)

FIG. 3. Association of preexisting serum IgG with a less severe
form of disease. The titers of rotavirus-specific IgG in acute-phase sera
from 31 children for whom detailed symptom scores during the course
of illness were available were determined as described in the text. IgG
titers �100 or �200 were significantly associated with fewer numbers
of stools per day (A), a shorter duration of diarrhea (B), or a lower
severity of composite symptom scores (C). The median scores for the
groups of subjects are indicated by dashed lines.

TABLE 2. Rotavirus-specific IgG subclasses in serum
of children with acute diarrhea

Age group
(mo)

No. of
children

No. of children with detectable antibody
(median titer among responders)a

IgG IgG1 IgG3

A C A C A C

�6 8 7 (400) 8 (800) 5 (400) 8 (400) 0 2 (25)
6–11 9 4 (38) 9 (200) 0 9 (100) 0 2 (75)
�12 11 7 (25) 11 (400) 3 (50) 11 (200) 0 1 (100)

a Paired serum samples from 28 patients 1 to 30 months of age were examined
for rotavirus-specific IgG and its subclasses, as described in the text. A, acute-
phase serum; C, convalescent-phase serum.
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(Fig. 3B). Subjects with IgG titers �100 in acute-phase sera
also had significantly lower (P � 0.05) composite severity
scores than those with no IgG or lower IgG titers (median
severity scores, 8 and 10, respectively) (Fig. 3C).

Serum antibody was also identified as a proxy for protection
against vomiting. Children with IgG titers �100 during the
acute phase had vomiting of a shorter duration (P � 0.01) than
those with no IgG or lower IgG titers (medians, 1 and 3 days,
respectively) (Fig. 4A). Children with IgM titers �200 during
the acute phase were more likely (P � 0.01) to vomit than
those with IgM titers �200 during the acute phase (Fig. 4B).
None of the 11 children with IgM titers �200 during the acute
phase experienced vomiting, while 10 of the 20 children with
IgM titers �200 during the acute phase vomited at least once
on the day of the first blood sample collection.

DISCUSSION

We examined the comprehensive profiles of the Ig isotypes
and IgG subclasses in young children with acute diarrhea and
demonstrated that the children mounted antibody responses to
rotavirus in an age- or a maternal antibody-dependent manner.
We detected a significantly higher median or mean IgM titer in
the acute-phase sera of patients than in the sera of healthy
controls and observed that the acute-phase sera of all patients
�6 months of age had IgM, indicating that these subjects had
already mounted a strong IgM response to rotavirus infection.
Because the IgM titers in convalescent-phase sera usually
changed little or decreased, IgM could not be used as a marker
for seroconversion. Our data confirm those of earlier studies,
in which 28% of the infants �6 months old developed IgM
antibodies 7 days after illness (9) and a higher IgM prevalence
(50%) was seen in children �1 year old (8, 10).

We detected high levels of rotavirus IgG in the acute-phase
sera of infants with diarrhea in the first few months of life.
These high preexisting IgG titers suppressed the IgM response
during acute rotavirus infection and resulted in no IgG sero-
conversions. Children �3 months of age generally had lower
IgG titers and IgG was detected at lower rates in acute-phase
sera, but the children had high seroconversion rates. Similar
results were reported in previous studies (13, 17, 18, 29). Of the

42 patients enrolled, the first blood samples were obtained
from at least 36 of the patients �5 days after the onset of
disease, suggesting that rotavirus-specific IgG might not have
been adequately induced and that the majority of the patients
already had IgG in their acute-phase sera prior to the present
rotavirus infection. However, we could not rule out the possi-
bility that the IgG in some older patients was induced by virus
infection. The IgA response was poor in infants, and IgA titers
in convalescent-phase sera and seroconversion rates increased
only in children �12 months of age. Low IgA titers were
previously reported in infants �8 months of age or in all age
groups examined: the prevalence did not exceed 20% in a study
conducted in Germany (10) and was 33% among children in
Ecuador (8).

IgG1 was detected at high titers in the acute-phase sera of
some infants �6 months of age. These high titers were most
likely of maternal origin because IgG1 is the Ig subclass that is
the most efficiently transported from the placenta (16). On the
other hand, the IgG1 detected in the convalescent-phase sera
of the 28 patients examined was mostly, if not all, induced by
acute rotavirus infection. Low titers of IgG3 were detectable in
only five convalescent-phase serum samples. This lower rate of
detection may be due to the collection of serum specimens
after the peak IgG3 response because of its short half-life in
serum or to its greater susceptibility to degradation or dena-
turation (20). IgG3 plays a major role in acute-phase immu-
nity, whereas IgG1 contributes to the maintenance of immu-
nity during primary viral infections (19, 27, 31). Only a few
studies have documented the presence of IgG1 and IgG3 and
an earlier IgG3 response in sera of children with rotaviruses
infection (2, 3, 17). It is not clear whether our lack of detection
of IgG2 and IgG4 reflects their absence, their predominant
association with the cell surface (16), or the young ages of
these children. More studies are needed to examine the re-
sponse and function of IgG subclasses in children with rotavi-
rus diarrhea.

We demonstrated associations of preexisting IgG titers in
serum �100 or �200 during the acute phase with less severe
diarrhea or a shorter duration of diarrhea or with lower cal-
culated composite severity scores. Our observations agree with

FIG. 4. Association of preexisting serum antibodies with less severe vomiting. The titers of rotavirus-specific antibodies in acute-phase sera
from 31 children for whom detailed symptom scores during the course of illness or on the day of the first blood sample collection were available
were determined as described in the text. IgG titers �100 and IgM titers �200 were significantly associated with a shorter duration of vomiting
(A) and a lack of vomiting (B), respectively. The median numbers of days of vomiting in the groups of subjects are indicated by dashed lines.
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those of previous studies (11, 33, 37) that higher IgG titers are
associated with protection against diarrheal illness. Of interest,
IgG titers �100 and IgM titers �200 in acute-phase sera were
associated with a shorter duration of vomiting or a lack of
vomiting. A previous study (21) documented IgA as a marker
for protection against vomiting. These associations, however,
do not exclude the effects of other host parameters, such as age
or cytokines, on protection against disease (26).

Our findings in this study are subject to several limitations.
First, because we had only one acute-phase blood sample and
one convalescent-phase blood sample from each child with
rotavirus diarrhea, we were not able to examine the kinetics of
the antibody responses. Second, we had only a small number of
serum samples for which the volume was adequate for testing
for neutralizing antibodies to different serotypes, and there-
fore, were not able to document serotype-specific immunity
and protection. In addition, the types of fecal specimens col-
lected did not allow us to reliably determine the titers of
coproantibodies or address the role of intestinal antibodies in
protection among this cohort of subjects. Third, since infants in
the first few months of life are known to have high levels of IgG
in serum (1), we assumed that the high IgG titers in the acute-
phase sera of the young infants examined were predominantly
of maternal origin, yet our EIA could not differentiate IgG that
originated from the mothers from that induced by virus infec-
tion. Lastly, all children in this study were hospitalized, and
their illnesses were already severe. Future studies will need to
examine the profiles and the roles of serum antibodies in
patients with the full range of illness (mild to severe).

Our study has several important implications for the testing
of present and new vaccines. First, the different antibody re-
sponses or profiles and the apparently different disease out-
comes observed in the children in the three age groups indicate
a developmental regulation in response to rotavirus infection.
Of particular interest was the lack of an IgM response in the
acute-phase sera of some infants �6 months of age and the
relatively poor IgA response of low titer in the acute- and
convalescent-phase sera of infants �12 months old. These
poor antibody responses were most likely due to the presence
of relatively high titers of maternal IgG in the acute-phase sera
of these infants that inhibited rotavirus infection in the gut.
These observations further suggest that multiple infections are
needed to induce high levels of antibody response in natural
infection (14, 34, 37) and support the present immunization
regimen of multiple doses to maximize immunity and protec-
tion. Second, while both IgA and IgG could be used to mea-
sure seroconversions and IgA has been the choice for deter-
mination of the antibody response to candidate vaccines in
clinical trials, our findings indicate that IgG is the best indica-
tor of seroconversion and, if it is present at critical levels, is a
more reliable proxy for protection against severe disease, re-
gardless of its origin (the mother or acute virus infection).
Lastly, IgG1 is an effective complement activator and binds
with a high affinity to Fc receptors on phagocytic cells (16).
Whether this IgG subclass can help clear rotavirus infection
through activation of complements or opsonization, as re-
ported for other viruses (23, 35), remains to be determined.
Further studies will need to examine a larger numbers of spec-
imens to substantiate these antibody profiles and associations
between the titers of antibodies in serum and disease severity.
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