
T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 354;1 www.nejm.org january 5, 2006 23

original article

Safety and Efficacy of a Pentavalent Human–
Bovine (WC3) Reassortant Rotavirus Vaccine

Timo Vesikari, M.D., David O. Matson, M.D., Ph.D., Penelope Dennehy, M.D., 
Pierre Van Damme, M.D., Ph.D., Mathuram Santosham, M.D., M.P.H., 
Zoe Rodriguez, M.D., Michael J. Dallas, Ph.D., Joseph F. Heyse, Ph.D., 

Michelle G. Goveia, M.D., M.P.H., Steven B. Black, M.D., Henry R. Shinefield, M.D., 
Celia D.C. Christie, M.D., M.P.H., Samuli Ylitalo, M.D., Robbin F. Itzler, Ph.D., 

Michele L. Coia, B.A., Matthew T. Onorato, B.S., Ben A. Adeyi, M.P.H., 
Gary S. Marshall, M.D., Leif Gothefors, M.D., Dirk Campens, M.D., 

Aino Karvonen, M.D., James P. Watt, M.D., M.P.H., 
Katherine L. O’Brien, M.D., M.P.H., Mark J. DiNubile, M.D., H Fred Clark, D.V.M., Ph.D., 

John W. Boslego, M.D., Paul A. Offit, M.D., and Penny M. Heaton, M.D., 
for the Rotavirus Efficacy and Safety Trial (REST) Study Team

From the University of Tampere Medical 
School, Tampere, Finland (T.V., S.Y., A.K.); 
the Center for Pediatric Research, Eastern 
Virginia Medical School, Norfolk (D.O.M.); 
the Division of Pediatric Infectious Dis-
eases, Rhode Island Hospital, Providence 
(P.D.); the Center for the Evaluation of Vac-
cination, University of Antwerp, Antwerp, 
Belgium (P.V.D.); the Center for American 
Indian Health, Department of Interna-
tional Health, Johns Hopkins University 
Bloomberg School of Public Health, Bal-
timore (M.S., J.P.W., K.L.O.); the Univer-
sity of Puerto Rico School of Medicine, 
San Juan (Z.R.); Merck Research Labora-
tories, West Point, Pa. (M.J. Dallas, J.F.H., 
M.G.G., R.F.I., M.L.C., M.T.O., B.A.A., M.J. 
DiNubile, J.W.B., P.M.H.); Kaiser Perma-
nente Vaccine Study Center, Oakland, Ca-
lif. (S.B.B.); the Institute of Vaccine and 
Pharmacologic Research in San Francisco, 
San Francisco (H.R.S.); the Department 
of Pediatrics, University of the West In-
dies, Kingston, Jamaica (C.D.C.C.); the De-
partment of Pediatrics, University of Lou-
isville School of Medicine, Louisville, Ky. 
(G.S.M.); the Department of Clinical Sci-
ences Pediatrics, Umea University, Umea, 
Sweden (L.G.); Sanofi Pasteur Merck, 
Sharp & Dohme, Lyon, France (D.C.); and 
Children’s Hospital and the University of 
Pennsylvania School of Medicine, Phila-
delphia (HF.C., P.A.O.). Address reprint 
requests to Dr. Heaton at Merck Research 
Laboratories, P.O. Box 4, UNC-151, West 
Point, PA 19486, or at penny_heaton@
merck.com.

N Engl J Med 2006;354:23-33.
Copyright © 2006 Massachusetts Medical Society.

abstract

background

Rotavirus is a leading cause of childhood gastroenteritis and death worldwide.

methods

We studied healthy infants approximately 6 to 12 weeks old who were randomly 
assigned to receive three oral doses of live pentavalent human–bovine (WC3 strain) 
reassortant rotavirus vaccine containing human serotypes G1, G2, G3, G4, and P[8] 
or placebo at 4-to-10-week intervals in a blinded fashion. Active surveillance was 
used to identify subjects with serious adverse and other events. 

results

The 34,035 infants in the vaccine group and 34,003 in the placebo group were 
monitored for serious adverse events. Intussusception occurred in 12 vaccine re-
cipients and 15 placebo recipients within one year after the first dose including six 
vaccine recipients and five placebo recipients within 42 days after any dose (relative 
risk, 1.6; 95 percent confidence interval, 0.4 to 6.4). The vaccine reduced hospital-
izations and emergency department visits related to G1–G4 rotavirus gastroenteri-
tis occurring 14 or more days after the third dose by 94.5 percent (95 percent con-
fidence interval, 91.2 to 96.6 percent). In a nested substudy, efficacy against any 
G1–G4 rotavirus gastroenteritis through the first full rotavirus season after vacci-
nation was 74.0 percent (95 percent confidence interval, 66.8 to 79.9 percent); effi-
cacy against severe gastroenteritis was 98.0 percent (95 percent confidence interval, 
88.3 to 100 percent). The vaccine reduced clinic visits for G1–G4 rotavirus gastro-
enteritis by 86.0 percent (95 percent confidence interval, 73.9 to 92.5 percent).

conclusions

This vaccine was efficacious in preventing rotavirus gastroenteritis, decreasing 
severe disease and health care contacts. The risk of intussusception was similar 
in vaccine and placebo recipients. (ClinicalTrials.gov number, NCT00090233.)
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Rotavirus is the leading cause of 

hospitalization and death from acute gas-
troenteritis among infants and young 

children worldwide. More than 2 million hospi-
talizations and nearly half a million deaths are 
attributed to this infection annually.1,2 The strat-
egy of preventing rotavirus through vaccination 
derives from studies demonstrating that wild-type 
rotavirus infection induces immunity against sub-
sequent rotavirus gastroenteritis.3-6 Primary ro-
tavirus infection provides substantial protection 
against gastroenteritis caused by the same sero-
type and against severe disease regardless of se-
rotype. The four most prevalent serotypes, which 
account for more than 80 percent of cases of hu-
man rotavirus disease worldwide, are G1P[8], 
G2P[4], G3P[8], and G4P[8].7,8

In 1998, a tetravalent rhesus–human reassortant 
rotavirus vaccine (RRV-TV; RotaShield, Wyeth Lab-
oratories) was licensed and recommended for 
routine immunization of infants in the United 
States.9 Shortly thereafter, an association between 
the use of the vaccine and intestinal intussuscep-
tion — an uncommon illness with a background 
incidence of 18 to 56 cases per 100,000 infant-
years during the first year of life — was recog-
nized.10-13 The risk was greatest during the 3-to-14-
day period after the first dose and the 3-to-7-day 
period after the second dose. Experts estimated 
that the population attributable risk of RRV-TV–
associated intussusception was approximately 1 per 
10,000 recipients.14 RRV-TV was also associated 
with fever, vomiting, diarrhea, abdominal pain, 
and bloody stools.15-18 The vaccine was voluntarily 
withdrawn from the market in October 1999.19

Development of a human–bovine reassortant 
rotavirus vaccine was continued because of the 
need for a safe and effective rotavirus vaccine 
and the importance of such a vaccine to public 
health.19-21 In phase 2 clinical trials, various for-
mulations of the human–bovine reassortant vac-
cine prevented approximately 70 percent of epi-
sodes of rotavirus gastroenteritis of any severity 
and 100 percent of episodes of severe disease.22,23 
In contrast to the findings with RRV-TV, the inci-
dence of fever and gastrointestinal symptoms 
was generally similar in the vaccine and placebo 
groups. Further development of the human–
bovine reassortant vaccine was also supported by 
the absence of an apparent association between 
intussusception and wild-type human rotavirus 
disease,24,25 indicating that intussusception was 
not necessarily associated with all rotaviruses.

We report the results of the Rotavirus Efficacy 
and Safety Trial (REST), a randomized, placebo-
controlled clinical trial of an oral, live pentava-
lent (G1, G2, G3, G4, and P[8]) human–bovine 
(WC3) reassortant rotavirus vaccine (RotaTeq, 
Merck). The trial included an evaluation of the 
safety of the vaccine with regard to intussuscep-
tion and other adverse events and its efficacy in 
preventing rotavirus gastroenteritis and the as-
sociated use of health care resources.

methods

study design

The study was a double-blind (with sponsor blind-
ing), placebo-controlled, randomized trial con-
ducted from 2001 to 2004 in 11 countries (as de-
tailed in Part I of the Supplementary Appendix, 
available with the full text of this article at www.
nejm.org). The protocol was approved by the eth-
ics review committees of participating sites, and 
written informed consent was obtained from each 
participant’s parent or guardian before enrollment. 
Healthy infants between 6 and 12 weeks of age 
were eligible. Infants were excluded if oral poliovi-
rus vaccine had been given during the 42-day 
period preceding the planned first dose or if it 
was anticipated that oral poliovirus vaccine would 
be administered during the study. Concomitant 
administration of other licensed vaccines and 
breast-feeding were not restricted.

This study was designed to evaluate safety 
with respect to intussusception. The large sample 
size also provided us the opportunity to evaluate 
the efficacy of the vaccine in reducing the need 
for hospitalization or emergency department care 
for rotavirus gastroenteritis. Substudies nested 
within the large-scale study were designed to 
evaluate safety with respect to all adverse events 
(the detailed safety substudy) as well as immuno-
genicity and efficacy against rotavirus gastroen-
teritis of any severity (the clinical-efficacy substudy) 
(Fig. 1A of the Supplementary Appendix). Sites for 
each substudy were prospectively identified.

The trial (Merck protocol V260-006) was de-
signed, managed, and analyzed by the sponsor in 
conjunction with the external investigators and 
members of the data and safety monitoring board 
and safety end-point adjudication committee (list-
ed in Part I of the Supplementary Appendix). The 
investigators had access to all study data. This 
report was drafted primarily by Drs. Vesikari, 
Dallas, DiNubile, and Heaton and was reviewed 
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and approved by each coauthor. The Indian Health 
Service approved the protocol but was otherwise 
uninvolved in the study.

vaccine

The live pentavalent rotavirus vaccine contained 
five human–bovine reassortant rotaviruses, each 
consisting of the WC3 bovine strain with viral sur-

face proteins corresponding to human rotavirus 
serotypes G1, G2, G3, G4, and P[8].26 Reassor-
tants were suspended in a liquid sodium citrate 
and phosphate buffer at an aggregate viral titer 
of approximately 6.7×107 to 12.4×107 infectious 
units per dose. Infants were randomly assigned, 
in a 1:1 ratio, to receive three 2-ml oral doses of 
vaccine or visibly indistinguishable placebo, 4 to 

115 Potential cases of intussusception reported

85 Negatively adjudicated cases30 Positively adjudicated cases

Initial diagnosis or findings
of site investigator in
45 Placebo recipients

16 With gastroenteritis
6 With abdominal pain
3 With hematochezia
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Figure 1. Cases of Intussusception.

Panel A shows potential cases of intussusception reported to the safety end-point adjudication committee before the recommendation 
of the data safety and monitoring board to discontinue enrollment, and the results of adjudication. One potential case of intussuscep-
tion that was reported could not be adjudicated because radiographs were not available (owing to equipment malfunction). This case 
occurred in a placebo recipient 55 days after the second dose. The initial diagnosis or findings of the site investigator are shown for the 
negatively adjudicated cases (those not confirmed to be cases of intussusception). Panel B shows confirmed cases of intussusception 
that were reported within 42 days after vaccination, according to dose number and study group (vaccine or placebo). Panel C shows the 
subjects’ ages at the time of the diagnosis of intussusception, according to study group (vaccine or placebo). Subjects already enrolled 
in the study at the time that enrollment was stopped, as recommended by the data safety and monitoring board, were followed until the 
end of the study. A single additional case of intussusception, in an eight-month-old boy, occurred 116 days after the third dose of vac-
cine. The child recovered fully.
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10 weeks apart. Doses were administered year 
round.

evaluation of intussusception and other 

adverse events

All subjects were monitored for at least 42 days 
after each dose for serious adverse events, includ-
ing intussusception. Vaccine-related serious ad-
verse events, deaths, and instances of intussuscep-
tion were reported until the end of the study. Active 
surveillance was used to obtain safety data; par-
ents or legal guardians were contacted on days 7, 
14, and 42 after each dose and every six weeks 
thereafter for one year after the first dose with re-
spect to intussusception and serious adverse events. 
Safety follow-up was completed for subjects for 
whom vaccinations were discontinued early. When 
available, stool specimens from infants with in-
tussusception were tested for rotavirus antigen by 
enzyme immunoassay.27 In the detailed safety sub-
study, parents or guardians were also asked to re-
cord their infants’ temperature and the number of 
episodes of vomiting and diarrhea daily for 7 days 
after each dose and all adverse events for 42 days 
after each dose. Potential fecal shedding of vac-
cine strains between four and six days after each 
dose was monitored in a subgroup of subjects at 
prespecified sites, regardless of symptoms, by viral 
culture with use of a plaque assay and RNA elec-
tropherotyping.28

adjudication of cases of intussusception 

and role of the data and safety monitoring 

board

All suspected cases of intussusception were re-
ported to an independent, blinded adjudication 
committee, which included a pediatric surgeon, 
a pediatric radiologist, and a pediatrician with ex-
tensive experience in emergency medicine. The 
committee adjudicated potential cases of intus-
susception according to a prespecified case defi-
nition that required confirmation of the diagno-
sis by radiography or at surgery or autopsy.

As they were reported, positively adjudicated 
cases of intussusception were unblinded accord-
ing to treatment group by the data and safety 
monitoring board to allow decisions to be made 
about the continuation of the study. The board’s 
guidelines called for early stopping of the study 
if a significantly higher risk of intussusception 
among vaccine recipients than among placebo 
recipients (lower bound of the 95 percent con-

fidence interval, >1.0) was detected during in-
terim monitoring for the 7-day or 42-day period 
after any dose.

The data and safety monitoring board also made 
recommendations regarding completion of over-
all enrollment according to whether the criteria 
associated with the primary safety hypothesis that 
the vaccine would not increase the risk of intus-
susception within 42 days after any dose had been 
satisfied. The study used a group-sequential de-
sign,29 with a minimum enrollment of 60,000 sub-
jects and sequential enrollment of groups of 10,000 
subjects if statistical criteria for the primary safety 
hypothesis were not met, to a maximum of 100,000 
subjects.

case definition of rotavirus gastroenteritis

A case of rotavirus gastroenteritis was defined as 
the production of three or more watery or looser-
than-normal stools within a 24-hour period or 
forceful vomiting, along with the detection of ro-
tavirus by enzyme immunoassay in a stool spec-
imen obtained within 14 days after the onset of 
symptoms. G serotypes were identified by one-step 
reverse-transcriptase–polymerase-chain-reaction 
analysis followed by sequencing.30 All rotavirus-
positive stools were to be evaluated for vaccine 
strains by viral culture with the use of a plaque 
assay and RNA electropherotyping.

evaluation of efficacy in terms of 

hospitalization and emergency department 

care for rotavirus gastroenteritis

All subjects in the study were followed with re-
spect to hospitalizations and emergency depart-
ment visits for acute gastroenteritis. Parents or 
guardians were questioned about health care con-
tacts for gastroenteritis at the same time that they 
were asked about intussusception and other ad-
verse events. Lost work time was assessed for 
parents or guardians of subjects with confirmed 
rotavirus gastroenteritis.

evaluation of clinical efficacy against 

rotavirus gastroenteritis

The clinical-efficacy substudy enrolled subjects 
from Finland and the United States (including sub-
jects from the Navajo Nation and the White Moun-
tain Apache Tribe). Parents or guardians were 
asked to report any episodes of acute gastroen-
teritis in their infants after the first dose. Active 
surveillance for all episodes of gastroenteritis, in-
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cluding office visits to a physician for gastroen-
teritis, was conducted by contacting parents or 
guardians every two weeks. The rotavirus season 
was prospectively determined from historical epi-
demiologic data.31-33 Most subjects were followed 
for one full rotavirus season after vaccination; 
however, some subjects were enrolled early enough 
to allow follow-up through a second full season. 
For subjects enrolled during a rotavirus season, 
surveillance was continued for the remainder of 
that season and through the next full rotavirus 
season.

To determine whether an episode of acute gas-
troenteritis satisfied the definition of a case of 
rotavirus gastroenteritis and to assess its clinical 
severity, parents or guardians were asked to com-
plete diary cards and record symptoms daily until 
the illness resolved. An established clinical scor-
ing system based on the intensity and duration of 
fever, vomiting, diarrhea, and changes in behav-
ior was used to categorize episodes of rotavirus 
gastroenteritis on a 24-point severity scale; scores 
greater than 16 were considered to indicate se-
vere disease (details are provided in Part II of the 
Supplementary Appendix).22,34

evaluation of immunogenicity

Immune responses to vaccination were assessed in 
a subgroup of subjects in the clinical-efficacy sub-
study. Serum samples were collected before the 
first dose and approximately 14 days after the 
third dose for measurement of antirotavirus IgA 
titers35 and neutralizing antibodies against the 
G1, G2, G3, G4, and P[8] serotypes.35 Seroconver-
sion was defined as an increase in the antibody 
titer by a factor of 3 or more from baseline.

statistical analysis

Intussusception and Other Adverse Events
All subjects receiving at least one dose who had 
follow-up evaluations were included in the safe-
ty analyses according to the treatment actually re-
ceived. The primary safety hypothesis was that 
the vaccine, relative to placebo, would not increase 
the risk of intussusception within 42 days after 
any dose. To satisfy this hypothesis, two criteria 
were prespecified, as follows. First, during the 
study, there could not be a significantly increased 
risk of intussusception among vaccine recipients 
as compared with placebo recipients within 7 days 
and 42 days after any dose. Second, at the end of 
the study, the upper bound of the 95 percent con-

fidence interval for the relative risk of intussus-
ception within 42 days after any dose had to be 
10 or less, representing vaccine-to-placebo case 
ratios for intussusception of 2 or less based on 
the total number of expected cases, with such ra-
tios considered to indicate a clinically acceptable 
relative risk of an uncommon event. This hypoth-
esis was tested with the use of an exact binomial 
procedure based on the proportion of subjects with 
intussusception who received vaccine. The P val-
ue, point estimate, and confidence limits were 
appropriately adjusted for the group-sequential 
design of the study.29 The relative risk was also 
assessed for the 7-day, 14-day, and 60-day periods 
after any dose and for the 365-day period after 
the first dose.

The power to detect an increased risk of in-
tussusception during the study and to satisfy 
the primary safety hypothesis at the end of the 
study was estimated with the use of Monte Carlo 
simulation, with the assumption that cases of 
intussusception would accrue at a rate of 50 per 
100,000 infant-years. If the risk of intussuscep-
tion after vaccination was not increased, the prob-
ability that the primary safety hypothesis would 
be satisfied was approximately 94 percent. If the 
risk was similar to that reported for the RRV-TV,14 
the probability that the study would be stopped 
early was 85 to 91 percent.

Use of Health Care Resources
Use of health care resources because of rotavirus 
gastroenteritis occurring 14 or more days after 
the completion of the three-dose series for up to 
2 years was assessed in the per-protocol popula-
tion, which consisted of subjects for whom there 
was no protocol violation. Poisson regression with 
generalized estimating equations was used to es-
timate the reduction in the rate of use of health 
care resources and lost days of parents’ or guard-
ians’ work in the vaccine group as compared with 
the placebo group.

Clinical Efficacy
The primary efficacy hypothesis specified that the 
vaccine would be efficacious in preventing wild-
type G1–G4 rotavirus gastroenteritis occurring 14 
or more days after completion of the three-dose se-
ries through the first full rotavirus season after 
vaccination. Subjects with multiple episodes meet-
ing the case definition were counted only once. 
The statistical analysis was based on the total 
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number of subjects with rotavirus gastroenteritis 
from both groups, such that the number of sub-
jects with rotavirus gastroenteritis in the vac-
cine group followed a binomial distribution. 
Exact inference was used. To permit the conclu-
sion that the vaccine was efficacious, the lower 
bound of the two-sided 95 percent confidence in-
terval had to be greater than 35 percent.

The primary efficacy analysis was based on 
the per-protocol population from the clinical-
efficacy substudy, with use of the protocol case 
definition for G1–G4 rotavirus gastroenteritis 
occurring 14 or more days after the third dose. 
In secondary analyses of the per-protocol popu-
lation, efficacy against severe G1–G4 rotavirus 
gastroenteritis and efficacy through a second ro-
tavirus season after vaccination were examined. 
Another efficacy analysis was based on an inten-
tion-to-treat population, which consisted of all 
subjects (regardless of protocol violations) who 
received at least one dose and in which all cases 
of G1–G4 rotavirus meeting the protocol case 
definition and occurring at any time after the first 
dose were counted.

results

subjects

After 60,000 subjects had been monitored for 42 
days after their last dose, the data and safety mon-
itoring board reviewed the intussusception data 
with respect to treatment assignment and recom-
mended the enrollment of 10,000 additional sub-
jects because the criteria for stopping enrollment 
associated with the primary safety hypothesis had 
not yet been satisfied. After the additional subjects 
had been enrolled and followed, the board ad-
vised stopping enrollment because the prespeci-
fied criteria had been met. The analyses in this 
report are based on data available when the board 
members made their recommendation to stop 
enrollment.

In total, 70,301 subjects were enrolled, and 
data for 69,274 randomly assigned subjects were 
available in the clinical database. Overall, 68,038 
subjects (98.2 percent) received at least one dose 
of vaccine or placebo; 59,210 (85.5 percent) re-
ceived three doses and were followed for safety 
for 42 days after the third dose; and 56,310 (81.3 
percent) were followed for 1 year after the first 
dose (Fig. 1B of the Supplementary Appendix). 
Among the subjects who received at least one 

dose, 67,756 (99.6 percent) were followed for 42 
days after their last dose. The demographic char-
acteristics of the subjects in the vaccine and pla-
cebo groups were generally similar (Table 1). The 
median age of the subjects at the time of entry 
was 10 weeks.

intussusception

A confirmed case of intussusception occurred 
within one year after the first dose in 12 vaccine 
recipients and 15 placebo recipients (relative risk, 
0.8; 95 percent confidence interval, 0.3 to 1.8) 
(Fig. 1A). A confirmed case of intussusception 
occurred within the 42-day period after any dose 
in six vaccine recipients and five placebo recipi-
ents (multiplicity-adjusted relative risk, 1.6; 95 
percent confidence interval, 0.4 to 6.4) — a result 
that satisfied the primary safety hypothesis (Fig. 
1B). In no case did intussusception occur in a vac-
cine recipient within 42 days after the first dose.

Of the 27 confirmed cases of intussusception 
occurring within one year after the first dose, 16 
(59 percent) involved boys. At the time of intus-
susception, the vaccine recipients were not young-
er than the placebo recipients (Fig. 1C). One death 
from postoperative sepsis occurred in a vaccine 
recipient in whom intussusception had been di-
agnosed 98 days after dose 3. Five stool speci-
mens available from subjects with a confirmed 
case of intussusception at the time of diagnosis 
tested negative for rotavirus antigen.

other adverse events

Serious adverse events were reported in 803 of 
34,035 vaccine recipients (2.4 percent) and 859 of 
34,003 placebo recipients (2.5 percent). Overall, 44 
deaths occurred during the study, 24 among vac-
cine recipients (<0.1 percent) and 20 among pla-
cebo recipients (<0.1 percent). The most common 
cause of death in both groups was sudden infant 
death syndrome, which occurred in seven vaccine 
recipients and eight placebo recipients. No deaths 
were attributed to vaccination by investigators 
blinded to treatment assignment.

Among the 9605 subjects in the detailed safety 
substudy (4806 in the vaccine group and 4799 in 
the placebo group), the rates of fever, vomiting, 
and diarrhea within 42 days after any dose were 
similar among vaccine recipients and placebo 
recipients (Fig. 2). The overall incidence of hema-
tochezia within 42 days after any dose was 0.6 
percent in each group. Among those with nega-
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tively adjudicated cases of intussusception, he-
matochezia occurred more frequently in the vac-
cine group (10 subjects) than in the placebo group 
(3 subjects). With the exception of dermatitis 
(which was more common among vaccine re-
cipients than among placebo recipients), adverse 
events were reported with similar frequency in 
the two groups.

During the four-to-six-day period after the 
administration of the first dose, fecal shedding 
of vaccine strains was detected in 17 of 134 vac-
cine recipients (12.7 percent). None of 109 vac-
cine recipients shed vaccine strains from four to 
six days after dose 2 and none of 99 did so after 
dose 3.

use of health care resources for rotavirus 

gastroenteritis

In the large-scale study, 28,646 and 28,488 sub-
jects in the vaccine and placebo groups, respec-
tively, were included in the per-protocol analysis of 
the efficacy of the vaccine in reducing the need 
for hospitalization or emergency department care 
for rotavirus gastroenteritis (Fig. 1C of the Sup-

plementary Appendix). Overall, 204 subjects (13 
in the vaccine group and 191 in the placebo group) 
visited emergency departments and 144 subjects 
(6 in the vaccine group and 138 in the placebo 
group) were hospitalized for G1–G4 rotavirus gas-
troenteritis. The vaccine reduced the combined 
incidence of hospitalization or emergency depart-
ment care for G1–G4 rotavirus gastroenteritis by 
94.5 percent (95 percent confidence interval, 91.2 
to 96.6 percent), with a 95.8 percent reduction in 
the rate of hospitalization (95 percent confidence 
interval, 90.5 to 98.2 percent) and a 93.7 percent 
reduction in the rate of emergency department 
visits (95 percent confidence interval, 88.8 to 96.5 
percent). The numbers of hospitalizations and 
emergency department visits are shown according 
to serotype in Table 2.

The efficacy of the vaccine against all gastro-
enteritis-related hospitalizations after the first 
dose was 58.9 percent (95 percent confidence 
interval, 51.7 to 65.0 percent). There also was an 
86.6 percent reduction (95 percent confidence in-
terval, 78.0 to 91.9 percent) in the number of lost 
workdays associated with G1–G4 rotavirus gas-

Table 1. Baseline Demographic Characteristics of the Subjects.*

Variable Large-Scale Study Detailed Safety Substudy Clinical-Efficacy Substudy

Vaccine Group Placebo Group Vaccine Group Placebo Group Vaccine Group Placebo Group

Randomly assigned to study 
group — no.

34,644 34,630 4826 4821 2841 2845

Sex — no. (%)

Male 17,586 (50.8) 17,529 (50.6) 2482 (51.4) 2491 (51.7) 1462 (51.5) 1467 (51.6)

Female 17,058 (49.2) 17,101 (49.4) 2344 (48.6) 2330 (48.3) 1379 (48.5) 1378 (48.4)

Age at entry — wk

Mean 9.8±1.4 9.8±1.4 9.7±1.4 9.7±1.4 9.7±1.6 9.7±1.5

Median 10 10 10 10 10 10

Range 3–13 1–16 3–13 4–13 3–13 4–13

Race or ethnic group — 
no. (%)†

White 23,772 (68.6) 23,788 (68.7) 3052 (63.2) 3031 (62.9) 1854 (65.3) 1,885 (66.3)

Hispanic 4,963 (14.3) 4,911 (14.2) 499 (10.3) 486 (10.1) 282 (9.9) 251 (8.8)

Black 2,908 (8.4) 2,941 (8.5) 209 (4.3) 237 (4.9) 49 (1.7) 58 (2.0)

Multiracial 1,815 (5.2) 1,817 (5.2) 305 (6.3) 304 (6.3) 126 (4.4) 143 (5.0)

Asian 536 (1.5) 552 (1.6) 221 (4.6) 237 (4.9) 18 (0.6) 12 (0.4)

Native American 531 (1.5) 514 (1.5) 512 (10.6) 493 (10.2) 510 (18.0) 492 (17.3)

Other 119 (0.3) 107 (0.3) 28 (0.6) 33 (0.7) 2 (0.1) 4 (0.1)

* Plus–minus values are means ±SD.
† Race or ethnic group was determined by the investigator according to prespecified categories.
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troenteritis: the parents or guardians of vaccine 
recipients lost 65 workdays, whereas the parents 
or guardians of placebo recipients lost 487 work-
days. In the clinical-efficacy substudy, the vaccine 
reduced office or clinic visits for G1–G4 rotavi-
rus gastroenteritis by 86.0 percent (95 percent 
confidence interval, 73.9 to 92.5 percent).

clinical efficacy against rotavirus 

gastroenteritis, according to severity

The clinical-efficacy substudy included 5673 vac-
cinated subjects (Fig. 1D of the Supplementary Ap-
pendix). Among 4512 subjects (2207 in the vaccine 

Vaccine Placebo

In
ci

de
nc

e 
(%

)

45.0

40.0

30.0

35.0

10.0

5.0

15.0

20.0

25.0

0.0

Adverse Event

50.0

Fever Vomiting Diarrhea Hematochezia

40.9
43.0

12.8 13.4

19.7 19.1

0.6 0.6

Figure 2. Percentage of Subjects in the Detailed Safety Substudy with Fever, 
Vomiting, Diarrhea, or Hematochezia within 42 Days after Any Dose, 
According to Study Group.

Fever refers to all reported episodes of fever.

Table 2. Reduction in the Numbers of Hospitalizations and Emergency 
Department Visits in the Per-Protocol Population of the Large-Scale Study, 
According to G Serotype Identified in the Subject’s Stool.*

Serotype
No. of Cases of Rotavirus 

Gastroenteritis
Percent Rate Reduction 

(95% CI)

Vaccine 
Group

(N = 34,035)
Placebo Group

(N = 34,003)

G1 16 328 95.1 (91.6–97.1)

G2 1 8 87.6 (<0–98.5)

G3 1 15 93.4 (49.4–99.1)

G4 2 18 89.1 (52.0–97.5)

G9 0 13 100.0 (67.4–100.0)

G12 0 1 100.0 (<0–100.0)

* The number of subjects in each group is the number who received at least one 
dose. Some subjects had more than one event. CI denotes confidence interval.

group and 2305 in the placebo group) whose data 
could be evaluated in the per-protocol efficacy 
analysis, 397 cases of rotavirus gastroenteritis (82 
and 315, respectively) caused by G1–G4 serotypes 
(G1 in 358, G2 in 23, G3 in 7, and G4 in 9) oc-
curred 14 or more days after the third dose during 
the first full rotavirus season. The efficacy of the 
vaccine against G1–G4 rotavirus gastroenteritis 
of any severity was 74.0 percent (95 percent con-
fidence interval, 66.8 to 79.9 percent) and that 
against severe G1–G4 rotavirus gastroenteritis 
was 98.0 percent (95 percent confidence interval, 
88.3 to 100 percent). Only one case of severe 
rotavirus gastroenteritis occurred among vaccine 
recipients during the first full rotavirus season 
after vaccination. The mean severity score for cas-
es in vaccine recipients was 9.1 (range, 1 to 17), 
as compared with 12.9 (range, 2 to 21) for cases in 
placebo recipients. Serotype-specific results are 
presented in Table 3. In a modified intention-to-
treat analysis that included all subjects who re-
ceived at least one dose and in which per-protocol 
cases occurring anytime during the first full rota-
virus season after the first dose were counted, 
the efficacy of the vaccine was 60.0 percent (95 
percent confidence interval, 51.5 to 67.1 percent) 
against G1–G4 rotavirus gastroenteritis of any 
severity.

During the second rotavirus season after vac-
cination, there were 36 G1–G4 cases among 813 
vaccine recipients with data that could be evalu-
ated and 88 G1–G4 cases among 756 placebo re-
cipients that could be evaluated. Second-season 
efficacy against G1–G4 rotavirus gastroenteritis 
of any severity was 62.6 percent (95 percent con-
fidence interval, 44.3 to 75.4 percent) and that 
against severe disease (which occurred in 2 vac-
cine recipients and 17 placebo recipients) was 
88.0 percent (95 percent confidence interval, 
49.4 to 98.7 percent).

immunogenicity

Antibody responses were measured in a subgroup 
of subjects from whom serum samples had been 
obtained, according to a predetermined schedule, 
before the first dose and approximately two weeks 
after the third dose (Fig. 3). Seroconversion rates 
for serum neutralizing antibody to each human 
rotavirus serotype in the vaccine were significantly 
higher in the vaccine group than in the placebo 
group. A higher proportion of vaccine recipients 
whose data could be evaluated had seroconversion 
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to G1, G4, and P[8] than to G2 or G3. Seroconver-
sion rates for serum antirotavirus IgA were 95.2 
percent (95 percent confidence interval, 91.2 to 
97.8 percent) among 189 vaccine recipients whose 
data could be evaluated, as compared with 14.3 
percent (95 percent confidence interval, 9.3 to 
20.7 percent) among 161 placebo recipients that 
could be evaluated.

discussion

The results of our study provide a high level of 
confidence in the safety of the pentavalent hu-
man–bovine (WC3) reassortant rotavirus vaccine 
and demonstrate its potential benefit in preventing 
rotavirus gastroenteritis and the associated use of 
health care resources. Active surveillance did not 
detect a significantly increased risk of intussus-
ception in vaccine recipients at any time during 
the study, and the primary safety hypothesis was 
satisfied at the end of the study. The relative risk 
of intussusception among vaccine recipients, as 
compared with placebo recipients, was 1.6 (95 
percent confidence interval, 0.4 to 6.4) during 
the 42-day period after any dose — a result that 
met prespecified criteria for an acceptable safety 
profile. Cases of intussusception occurred sporadi-
cally, without evidence of increased risk among 
vaccine recipients during the 7-day and 14-day 
periods after each dose — the periods of greatest 
risk with RRV-TV.10-14 In contrast to observations 
with RRV-TV,15-18 the rates of fever, vomiting, di-
arrhea, and hematochezia were similar among 
vaccine and placebo recipients in our study. These 
data are consistent with the results of the early-
phase clinical trials of the human–bovine (WC3) 
reassortant vaccine, in which only a single case of 
intussusception was reported (in a seven-month-
old boy) among the 2470 vaccine recipients.22,23

The pentavalent rotavirus vaccine was highly 
efficacious against severe rotavirus gastroenteri-
tis and provided substantial protection against 
rotavirus gastroenteritis of any severity. Its effi-
cacy, especially against severe rotavirus disease, 
persisted through a second rotavirus season. These 
data are consistent with the considerable pro-
tection induced by wild-type rotavirus infection 
against mild-to-moderate rotavirus gastroenteritis 
and the virtually complete immunity induced by 
wild-type infection against severe disease.3,5 
Our study confirms the results of phase 2 trials 
of the pentavalent vaccine and its predecessors, in 

which efficacy was 68 percent to 75 percent against 
rotavirus gastroenteritis of any severity and 100 
percent against severe disease.22,23

The large sample size in our trial provided an 
opportunity to quantify the effect of vaccination 
on health care outcomes related to rotavirus gas-
troenteritis in a prelicensure setting. The vaccine 
significantly reduced the need for hospitalization, 
emergency department visits, and office visits as-
sociated with rotavirus gastroenteritis, under-
scoring the potential public health benefit of a 
universal vaccination program if the efficacy 

Table 3. Clinical Efficacy against Rotavirus Gastroenteritis of Any Severity 
in the Per-Protocol Population of the Clinical-Efficacy Substudy, According to 
G Serotype Identified in the Subject’s Stool.*

Serotype
No. of Cases of Rotavirus 

Gastroenteritis
Percent Efficacy 

(95% CI)

Vaccine Group
(N = 2834)

Placebo Group
(N = 2839)

G1 72 286 74.9 (67.3–80.9)

G2 6 17 63.4 (2.6–88.2)

G3 1 6 82.7 (<0–99.6)

G4 3 6 48.1 (<0–91.6)

G9 1 3 65.4 (<0–99.3)

* The number of subjects in each group is the number who received at least 
one dose. CI denotes confidence interval.
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Figure 3. Seroconversion Rates for Serum Neutralizing Antibodies 
against Human Serotypes Included in the Vaccine.

Seroconversion was defined as an increase by a factor of 3 or more in the 
serum titer of neutralizing antibodies against the specified rotavirus sero-
type between baseline and approximately 14 days after the third dose. The 
number of subjects tested in each group is given above the corresponding 
bar. I bars represent the 95 percent confidence interval for the point esti-
mates.
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observed in our trial is reproduced in clinical prac-
tice. Vaccination could also have indirect bene-
fits to society by reducing lost workdays for par-
ents or guardians of young children.

The immunologic mechanism by which rota-
virus vaccines protect against rotavirus gastroen-
teritis is unclear.35,36 Primary wild-type rotavirus 
infection induces immunity that is predominantly 
serotype-specific.4,5,37 Serotype-specific efficacy 
could be assessed in the present study only for 
the strains circulating during the study period. 
The efficacy of the vaccine could be demonstrated 
against serotypes G1 through G4 and in a small 
number of G9 cases, as evidenced by reductions 
in the incidence of gastroenteritis or the rate of 
use of health care resources, or both, associated 
with these serotypes.

For the most part, we enrolled healthy infants 
between 6 and 12 weeks of age who were from 
developed countries. Given that the vaccine is ad-
ministered orally, additional studies to confirm 
efficacy in children who are malnourished or 
infected with multiple enteric pathogens are war-
ranted. Along with the apparent absence of an 
association between intussusception and wild-
type rotavirus disease,24,25 the results of this large 
trial are reassuring in indicating that not all 
rotavirus vaccines are associated with intussus-
ception. Because intussusception is an uncommon 

event, continued monitoring is appropriate. Our 
results also confirmed the efficacy of the vaccine 
against rotavirus gastroenteritis through two 
rotavirus seasons after vaccination. The vaccine 
markedly decreased the rotavirus-associated use 
of health care resources. Widespread adminis-
tration of a safe and effective vaccine could sub-
stantially reduce the morbidity and mortality as-
sociated with this global childhood disease.

Drs. Vesikari and Marshall report having received consulting 
fees, lecture fees, and grant support from Merck and 
GlaxoSmithKline Biologicals; Drs. Matson and Santosham, con-
sulting fees and grant support from Merck; Drs. Dennehy and 
Van Damme, grant support from Merck and GlaxoSmithKline 
Biologicals; Dr. Rodriguez, lecture fees and grant support from 
Merck; Drs. Black, Christie, and O’Brien, grant support from 
Merck; Drs. Shinefield and Campens, having received grant sup-
port from and having equity in Merck; Dr. Gothefors, having re-
ceived grant support from Merck and lecture fees from 
GlaxoSmithKline Biologicals; and Drs. Clark and Watt, grant 
support from Merck. Drs. Clark and Offit report being coholders 
of the patent on RotaTeq. No other potential conflict of interest 
relevant to this article was reported. 

The views expressed in this article are those of the authors and 
do not necessarily reflect those of the Indian Health Service.

We are indebted to the infants and their parents or guardians 
who participated in this study; to Jacqueline Miller, Laura Digilio, 
Angela Howard, Deborah Donnelly, and Leslie Jonas for contrib-
uting to the implementation of the study; to Jerard Sadoff for 
contributing to the design and initiation of the study; to Richard 
Ward, Naren Chirmule, Daniel DiStefano, and Alan Shaw for over-
seeing the laboratory assays; to David Robinson for ensuring ade-
quate vaccine and placebo supplies; to Bryan Kropp and Panu Helke 
for managing the data; to Jon Stek for carefully reviewing mul-
tiple iterations of the manuscript; and to Kathy Walker and Joann 
DiLullo for providing indispensable administrative support.

references

Parashar UD, Hummelman EG, Bre-
see JS, Miller MA, Glass RI. Global illness 
and deaths caused by rotavirus disease in 
children. Emerg Infect Dis 2003;9:565-
72.

Bresee JS, Glass RI, Ivanoff B, Gentsch 
JR. Current status and future priorities for 
rotavirus vaccine development, evaluation 
and implementation in developing coun-
tries. Vaccine 1999;17:2207-22.

Moulton LH, Staat MA, Santosham M, 
Ward RL. The protective effectiveness 
of natural rotavirus infection in an 
American Indian population. J Infect 
Dis 1998;178:1562-66.

O’Ryan ML, Matson DO, Estes MK, 
Pickering LK. Anti-rotavirus G type-spe-
cific and isotype-specific antibodies in 
children with natural rotavirus infections. 
J Infect Dis 1994;169:504-11.

Velazquez FR, Matson DO, Calva JJ, et 
al. Rotavirus infections in infants as pro-
tection against subsequent infections. 
N Engl J Med 1996;335:1022-8.

Velazquez FR, Matson DO, Guerrero 
ML, et al. Serum antibody as a marker of 
protection against natural rotavirus infec-

1.

2.

3.

4.

5.

6.

tion and disease. J Infect Dis 2000;182: 
1602-9.

Gentsch JR, Woods PA, Ramachandran 
M, et al. Review of G and P typing results 
from a global collection of rotavirus strains: 
implications for vaccine development. 
J Infect Dis 1996;174:Suppl 1:S30-S36.

Santos N, Hoshino Y. Global distribu-
tion of rotavirus serotypes/genotypes and 
its implication for the development and 
implementation of an effective rotavirus 
vaccine. Rev Med Virol 2005;15:29-56.

Rotavirus vaccine for the prevention 
of rotavirus gastroenteritis among chil-
dren: recommendations of the Advisory 
Committee on Immunization Practices. 
MMWR Recomm Rep 1999;48(RR-2):1-20.

Intussusception among recipients of 
rotavirus vaccine — United States, 1998–
1999. MMWR Morb Mortal Wkly Rep 1999; 
48:577-81.

Kramarz P, France EK, Destefano F, et 
al. Population-based study of rotavirus 
vaccination and intussusception. Pediatr 
Infect Dis J 2001;204:10-6.

Murphy TV, Gargiullo PM, Massoudi 
MS, et al. Intussusception among infants 

7.

8.

9.

10.

11.

12.

given an oral rotavirus vaccine. N Engl 
J  Med 2001;344:564-72.

Parashar UD, Holman RC, Cummings 
KC, et al. Trends in intussusception-associ-
ated hospitalizations and deaths among 
US infants. Pediatrics 2000;106:1413-21.

Peter G, Myers MG. Intussusception, 
rotavirus, and oral vaccines: summary of 
a workshop. Pediatrics 2002;110(6):e67.

Haber P, Chen RT, Zanardi LR, Mootrey 
GT, English R, Braun MM. An analysis of 
rotavirus vaccine reports to the vaccine 
adverse event reporting system: more 
than intussusception alone? Pediatrics 
2004;113(4):e353-e359.

Joensuu J, Koskenniemi E, Pang XL, 
Vesikari T. Randomised placebo-controlled 
trial of rhesus-human reassortant rotavi-
rus vaccine for prevention of severe rota-
virus gastroenteritis. Lancet 1997;350: 
1205-9.

Joensuu J, Koskenniemi E, Vesikari T. 
Symptoms associated with rhesus-human 
reassortant rotavirus vaccine in infants. 
Pediatr Infect Dis J 1998;17:334-40.

Rennels MB, Glass RI, Dennehy PH, 
et al. Safety and efficacy of high-dose rhe-

13.

14.

15.

16.

17.

18.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MCGILL UNIVERSITY HEALTH SCIENCES LIB on January 27, 2006 . 



human–bovine (wc3) reassortant rotavirus vaccine

n engl j med 354;1 www.nejm.org january 5, 2006 33

sus-human reassortant rotavirus vaccines 
— report of the National Multicenter Tri-
al: United States Rotavirus Vaccine Effi-
cacy Group. Pediatrics 1996;97:7-13.

Withdrawal of rotavirus vaccine rec-
ommendation. MMWR Morb Mortal Wkly 
Rep 1999;48:1007.

Clark HF, Offit PA. Vaccines for rota-
virus gastroenteritis universally needed 
for infants. Pediatr Ann 2004;33:536-43.

Glass RI, Bresee JS, Parashar UD, Ji-
ang B, Gentsch J. The future of rotavirus 
vaccines: a major setback leads to new op-
portunities. Lancet 2004;363:1547-50.

Clark HF, Bernstein DI, Dennehy PH, 
et al. Safety, efficacy, and immunogenicity 
of a live, quadrivalent human-bovine reas-
sortant rotavirus vaccine in healthy infants. 
J Pediatr 2004;144:184-90.

Vesikari T, Clark HF, Offit PA, et al. 
The effect of dose and composition of a 
pentavalent rotavirus vaccine (RotaTeq) 
upon safety, efficacy, and immunogenicity 
in healthy infants. Presented at the 22nd 
annual meeting of the European Society 
for Pediatric Infectious Diseases (ESPID), 
Tampere, Finland, May 26–28, 2004.

Chang EJ, Zangwill KM, Lee H, Ward 
JI. Lack of association between rotavirus 
infection and intussusception: implica-
tions for use of attenuated rotavirus vac-
cines. Pediatr Infect Dis J 2002;21:97-102.

Rennels MB, Parashar UD, Holman 
RC, Le CT, Chang HG, Glass RI. Lack of 
an apparent association between intussus-

19.

20.

21.

22.

23.

24.

25.

ception and wild or vaccine rotavirus infec-
tion. Pediatr Infect Dis J 1998;17:924-5.

Heaton PM, Goveia MG, Miller JM, 
Offit P, Clark HF. Development of a pen-
tavalent rotavirus vaccine against preva-
lent serotypes of rotavirus gastroenteritis. 
J Infect Dis 2005;192:Suppl 1:S17-S21.

Gilchrist MJ, Bretl TS, Moultney K, 
Knowlton DR, Ward RL. Comparison of 
seven kits for detection of rotavirus in fe-
cal specimens with a sensitive, specific 
enzyme immunoassay. Diagn Microbiol 
Infect Dis 1987;8:221-8.

Dolan KT, Twist EM, Horton-Slight P, 
et al. Epidemiology of rotavirus electro-
pherotypes determined by a simplified diag-
nostic technique with RNA analysis. J Clin 
Microbiol 1985;21:753-8.

Jennison C, Turnbull BW. Group se-
quential methods with applications to clini-
cal trials. Boca Raton, Fla.: Chapman & 
Hall/CRC, 2000.

DiStefano DJ, Kraiouchkine N, Mal-
lette L, et al. Novel rotavirus VP7 typing 
assay using a one-step reverse transcrip-
tase PCR protocol and product sequencing 
and utility of the assay for epidemiological 
studies and strain characterization, in-
cluding serotype subgroup analysis. J Clin 
Microbiol 2005;43:5876-80.

Laboratory-based surveillance for ro-
tavirus — United States, July 1996–June 
1997. MMWR Morb Mortal Wkly Rep 1997; 
46:1092-4.

LeBaron CW, Lew J, Glass RI, Weber 

26.

27.

28.

29.

30.

31.

32.

JM, Ruiz-Palacios GM. Annual rotavirus 
epidemic patterns in North America: re-
sults of a 5-year retrospective survey of 88 
centers in Canada, Mexico, and the Unit-
ed States. JAMA 1990;264:983-8.

Vesikari T, Rautanen T, Von Bonsdorff 
CH. Rotavirus gastroenteritis in Finland: 
burden of disease and epidemiological 
features. Acta Paediatr Suppl 1999;88:24-
30.

Duffy LC, Byers TE, Riepenhoff-Talty 
M, La Scolea LJ, Zielezny M, Ogra PL. The 
effects of infant feeding on rotavirus-induced 
gastroenteritis: a prospective study. Am J 
Public Health 1986;76:259-63.

Ward RL, Knowlton DR, Zito ET, Da-
vidson BL, Rappaport R, Mack ME. Sero-
logic correlates of immunity in a tetravalent 
reassortant rotavirus vaccine trial: US Ro-
tavirus Vaccine Efficacy Group. J Infect Dis 
1997;176:570-7.

Coffin SE, Moser CA, Cohen S, Clark 
HF, Offit PA. Immunologic correlates of 
protection against rotavirus challenge af-
ter intramuscular immunization of mice. 
J Virol 1997;71:7851-6.

Rodriguez WJ, Kim HW, Brandt CD, 
et al. Sequential enteric illnesses associ-
ated with different rotavirus serotypes. 
Lancet 1978;2:37.
Copyright © 2006 Massachusetts Medical Society.

33.

34.

35.

36.

37.

CLINICAL PROBLEM-SOLVING SERIES

The Journal welcomes submissions of manuscripts for the Clinical Problem-Solving 
series. This regular feature considers the step-by-step process of clinical decision 

making. For more information, please see http://authors.nejm.org. 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MCGILL UNIVERSITY HEALTH SCIENCES LIB on January 27, 2006 . 


