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BSTRACT

 

Background

 

Rotaviruses are the principal known
etiologic agents of severe diarrhea among infants
and young children worldwide. Although a rhesus
rotavirus–based quadrivalent vaccine is highly effec-
tive in preventing severe diarrhea in developed coun-
tries, in developing countries its efficacy has been
less impressive. We thus conducted a catchment
study in Venezuela to assess the efficacy of the vac-
cine against dehydrating diarrhea.

 

Methods

 

In this randomized, double-blind, place-
bo-controlled trial, 2207 infants received three oral
doses of the quadrivalent rotavirus vaccine (4

 

�

 

10

 

5

 

plaque-forming units per dose) or placebo at about
two, three, and four months of age. During approx-
imately 19 to 20 months of passive surveillance, ep-
isodes of gastroenteritis were evaluated at the hos-
pital.

 

Results

 

The vaccine was safe, although 15 per-
cent of the vaccinated infants had febrile episodes
(rectal temperature, 

 

�

 

38.1°C) during the six days af-
ter the first dose, as compared with 7 percent of the
controls (P

 

�

 

0.001). However, the vaccine gave 88
percent protection against severe diarrhea caused by
rotavirus and 75 percent protection against dehydra-
tion, and produced a 70 percent reduction in hospital
admissions. Overall, the efficacy of the vaccine against
a first episode of rotavirus diarrhea was 48 percent.
Horizontal transmission of vaccine virus was demon-
strated in 15 percent of the vaccine recipients and 13
percent of the placebo recipients with rotavirus-pos-
itive diarrhea.

 

Conclusions

 

In this study in a developing country,
the quadrivalent rhesus rotavirus–based vaccine in-
duced a high level of protection against severe di-
arrheal illness caused by rotavirus. (N Engl J Med
1997;337:1181-7.)
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OTAVIRUS diarrhea is a public health
problem throughout the world, and it
takes its greatest toll on infants and young
children less than 24 months of age. De-

velopment of a rotavirus vaccine to prevent severe
diarrhea is a high priority.

 

1,2

 

 Although rotavirus in-
fections occur with nearly equal frequency in devel-
oped and developing countries, the consequences
are quite different. More than 870,000 children un-
der five years of age are estimated to die annually
from rotavirus infections in developing countries,
and only 75 to 150 in the United States.

 

3,4

 

 However,
more than 100,000 infants and young children are
hospitalized annually for rotavirus diarrhea in the
United States.

 

3

 

The most extensively evaluated candidate rotavi-
rus vaccine consists of a quadrivalent formulation in-
corporating the VP7 neutralization specificity of each
of the four clinically important serotypes with the
attenuation phenotype of rhesus rotavirus.

 

1

 

 This
modified “Jennerian” approach combines the rhesus
rotavirus strain VP7:3 with three reassortant rotavi-
ruses in which the human rotavirus gene that en-
codes serotype VP7:1, 2, or 4 specificity was substi-
tuted for the rhesus rotavirus gene that encodes VP7
serotype specificity in a background of 10 rhesus
rotavirus genes, after cocultivation and subsequent
selection of the desired single-gene-substitution re-
assortant viruses.

 

1

 

 This was possible because the ro-
tavirus genome possesses 11 segments of double-
stranded RNA that readily undergo reassortment.

 

1

R
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Studies of this quadrivalent rotavirus vaccine in
the United States and Finland have been encourag-
ing, with marked reductions in the incidence of se-
vere diarrhea.

 

5-7

 

 However, the results of studies in
developing countries have been less promising.

 

8,9

 

This report describes a study of this vaccine carried
out in a poor population in Caracas, Venezuela. The
goal of the clinical trial was to evaluate the efficacy
of the vaccine against dehydration as the primary
end point.

 

METHODS

 

Study Population

 

The clinical phase of the study was conducted at the Hospital
Materno Infantil de Caricuao, an obstetrical and pediatric hospi-
tal located in an urban area of middle-to-low socioeconomic sta-
tus southwest of Caracas. The hospital has 201 inpatient beds: 87
for maternity patients, 90 for pediatric patients, and 24 for emer-
gency use. After hearing an explanation of the purpose, risks, and
benefits of the study, at least one parent of each participating in-
fant signed a consent form that had been approved by the ethics
committee of the Instituto de Biomedicina, Caracas, and the Clin-
ical Research Subpanel of the National Institute of Allergy and
Infectious Diseases, Bethesda, Maryland. Only full-term, healthy
infants weighing more than 2500 g at birth were enrolled in the
study. Infants were excluded from the study if they were from a
multiple pregnancy, were below the 10th percentile of weight-
for-age scores according to World Health Organization curves,
had major birth defects, or lived in the same dwelling with a preg-
nant woman. If an infant had fever, diarrhea, or vomiting, vacci-
nation was delayed until the symptoms disappeared. Information
about socioeconomic status was obtained at the time of enroll-
ment by the modified Graffar method, which considers the pro-
fessional activity of the father, educational level of the mother, in-
come level of the family, and sanitary conditions in the home.

 

10

 

Vaccination and Postvaccination Reactions

 

The quadrivalent rotavirus vaccine consisted of equal parts
(1

 

�

 

10

 

5

 

 plaque-forming units) of rhesus rotavirus with a VP7 of
serotype 3 specificity now referred to as G3 (RRV) and of the fol-
lowing human–rhesus rotavirus reassortants: G1 (D

 

�

 

RRV), G2
(DS1

 

�

 

RRV), and G4 (ST3

 

�

 

RRV). The placebo consisted of un-
infected tissue-culture fluid resembling the vaccine in appearance.
Both were produced by Wyeth–Ayerst Research Laboratories,
Philadelphia, and were stored at 2°C to 8°C at the hospital.

The study was a double-blind, placebo-controlled trial in which
infants were randomly assigned to receive three doses of rotavirus
vaccine or placebo at the ages of two, three, and four months, ac-
cording to the schedule shown in Table 1. Randomization of in-
fants was accomplished by a computerized algorithm that bal-
anced the number of infants in the two groups for the numbers
1 to 500. Further codes were obtained as an extension of that
basic sequence. Sequential code numbers were assigned at the
time of the first dose of vaccine or placebo.

The routine immunizations were given according to the regu-
lations of the Ministry of Health. To decrease the possibility of
interference, oral poliovirus vaccine was intentionally given two
to four weeks before or after rotavirus vaccine was given (Table
1). The second dose of diphtheria–pertussis–tetanus toxoid vac-
cine was administered concurrently with the second dose of ro-
tavirus vaccine or placebo. Before the administration of rotavirus
vaccine or placebo, the infants received 30 ml of buffered formu-
la (Similac [Ross Laboratories, Columbus, Ohio] with 400 mg
of bicarbonate added) to neutralize stomach acid. The vaccine
or placebo was lyophilized and reconstituted with 3 ml of cit-
rate–bicarbonate buffer just before 2.5 ml was administered oral-
ly. Food was withheld for one hour before and after vaccination.

The infants were evaluated passively for side effects for six days
after each vaccination.

 

Surveillance for Efficacy

 

Gastroenteritis was defined as the presence of three or more
liquid or semiliquid stools or a single stool with blood during a
period of 24 hours, with or without vomiting. A period of 48
hours without gastroenteritis was required for a subsequent diar-
rheal illness to be considered a new episode.

 

11

 

 Dehydration was
defined according to the criteria of the World Health Organiza-
tion.

 

12

 

 The passive-surveillance period started 15 days after the
third dose and lasted approximately 19 to 20 months, ending at
24 months of age. A home visit was made if a child had not been
contacted for more than four months. The infants were under the
care of the study pediatricians during the daytime and of hospital
personnel during the night. The mothers were instructed in the
use of oral rehydration solution at home.

 

Laboratory Studies

 

Stool specimens obtained during diarrheal episodes were tested
for rotavirus by a preserum–postserum confirmatory enzyme-
linked immunosorbent assay (ELISA), as described elsewhere.

 

13,14

 

Rotavirus serotypes were identified by standard methods or by
modifications of standard methods, such as ELISA with serotype-
specific monoclonal antibodies, polymerase chain reaction (PCR),
amplification in MA104 and African green monkey kidney-cell
cultures, and polyacrylamide-gel electrophoresis

 

15-20

 

 (and unpub-
lished data). Parasites were detected by direct microscopical ob-
servation in saline and Lugol’s solution. 

 

Cryptosporidium parvum

 

was identified by modified Ziehl–Neelsen staining.

 

21

 

 Campylo-
bacter species, shigella species, 

 

Escherichia coli,

 

 and 

 

Vibrio cholerae

 

were detected by standard methods from two rectal swabs placed
in Cary Blair transport medium.

 

22

 

 Rotavirus-positive specimens
were tested for thermostable and thermolabile toxins of 

 

E. coli

 

 by
a commercial immunoassay from Denka–Seiken (

 

E. coli

 

 COLIST
EIA Seiken and VET-RPLA Seiken, Tokyo, Japan), and enteroin-
vasive and enteroadherent 

 

E. coli

 

 (five colonies) were assayed by
culture in HEp-2 cells.

 

23,24

 

 Enterohemorrhagic 

 

E. coli 

 

were de-
tected by slide and test-tube agglutination methods with the cor-
responding antiserum (O157).

 

25

 

Serologic Response

 

Blood samples were obtained from a randomly selected sub-
group of the study infants and children. Serum specimens were

 

*Visits to receive the vaccine or placebo were scheduled at four-week in-
tervals, plus two more weeks to allow for unpredicted delays.

†OPV denotes oral poliovirus vaccine, BCG bacillus Calmette–Guérin
vaccine, DPT diphtheria–pertussis–tetanus toxoid vaccine, and RV quadriva-
lent rotavirus vaccine.
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VACCINE

 

 

 

GROUP PLACEBO

 

 

 

GROUP

 

0–2 OPV 

 

� 

 

BCG OPV 

 

� 

 

BCG

6–8 OPV 

 

� 

 

DPT OPV 

 

� 

 

DPT

8–10 RV dose 1 Placebo dose 1

12–14 RV dose 2 

 

� 

 

DPT Placebo dose 2 

 

� 

 

DPT

16–18 RV dose 3 Placebo dose 3

20–24 OPV 

 

� 

 

DPT OPV 

 

� 

 

DPT

24–26 OPV OPV
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collected before the first dose and four weeks after the first, sec-
ond, or third dose. Three hundred one pairs of serum samples
were tested by IgA ELISA and 60 percent plaque-reduction neu-
tralization assay for serologic response against the Wa (G1), DS1
(G2), P (G3), VA70 (G4), and RRV (G3) strains.

 

26,27

 

Statistical Analysis

 

All the infants were included in the analysis of postvaccination
reactions. Infants who received three doses of vaccine or placebo
were followed during surveillance from the 15th day after the
third dose up to 24 months of age and were included in the ef-
ficacy analysis. Because there was no difference in the dropout
rate between the group receiving vaccine and the group receiving
placebo during surveillance, every fully immunized infant was in-
cluded in the efficacy analyses. Only the first rotavirus-related di-
arrheal episode detected during the surveillance period (irrespec-
tive of other pathogens) was included in the efficacy analysis. A
20-point severity-scoring system that has been described previ-
ously was used to analyze the efficacy of the vaccine.

 

28

 

 The cal-
culation of sample size was based on a rate of rotavirus illness (15
percent) that would detect an efficacy of 70 percent with a power
of 0.8 at a one-tailed significance level of less than 0.05.

 

29

 

 The
efficacy of the vaccine was determined with the following formu-
la: (rate of gastrointestinal illness in the placebo group

 

�

 

rate in
the vaccinated group

 

�

 

rate in the placebo group)

 

�

 

100. The
significance was determined by 95 percent confidence intervals
and a two-tailed Fisher’s exact test.

 

30

 

RESULTS

 

Study Groups

 

The study began in March 1992 and ended in Oc-
tober 1995. Of the 2480 infants enrolled, 2207 re-
ceived all three doses of vaccine or placebo, and
2037 completed 19 or 20 months of surveillance.
The study groups were similar with regard to the
characteristics shown in Table 2.

 

Safety

 

Fever (rectal temperature, 

 

�

 

38.1°C) occurred sig-
nificantly more often in vaccinated infants than
in placebo recipients on day 3 after the first dose
of vaccine or placebo (5 percent vs. 1 percent,
P

 

�

 

0.01) and overall during the six days after the
first dose (15 percent vs. 7 percent, P

 

�

 

0.001) (Fig.
1). There were no other significant differences be-
tween the two groups in the occurrence of diarrhea,
vomiting, coughing, runny nose, rash, or other clin-
ical symptoms in the six days after any dose of vac-
cine or placebo. The high frequency of fever in both
groups after the second dose undoubtedly reflected
a response mostly to diphtheria–pertussis–tetanus
vaccine, which was given concurrently.

 

Serologic Response to the Quadrivalent Rotavirus Vaccine

 

Significantly more vaccinated infants than con-
trols had fourfold or greater increases in antibody ti-
ters after each dose according to at least one assay
(Table 3). The IgA ELISA and the neutralization
test for rhesus rotavirus were the most efficient in
detecting a response (80 percent in the vaccine
group after the second or third dose). Neutralizing-
antibody responses to the human rotavirus serotypes

after three doses ranged from only 10 percent to 45
percent. The administration of a third dose, as com-
pared with a single dose, significantly increased the
likelihood of a response to each of the human rota-
virus serotypes (Table 3). It should be noted, how-
ever, that the number of responses after the third
dose of vaccine was not significantly different from
that after two doses.

 

Efficacy

 

Stool specimens from 1537 of the 1550 reported
diarrheal episodes that occurred during surveillance
were tested for rotavirus. Of these, 742 episodes oc-
curred in vaccinated infants and 808 in controls. Ro-
tavirus was identified in 219 (14 percent) of all the
episodes tested; 205 of the 219 rotavirus strains
were from the initial episode of rotavirus diarrhea
that was detected. The relative protective efficacy of
three doses of rotavirus vaccine against the first ro-
tavirus diarrheal episode of any severity was 48 per-
cent (Table 4). However, the vaccine was more ef-
fective in preventing severe rotavirus diarrheal illness,
achieving a protective efficacy of 75 percent against
dehydrating rotavirus diarrheal illness, the primary
end point. Consequently, it was highly effective in

 

*No significant differences were found with regard to sex, socioeconom-
ic status, dropout rate, median age at time of vaccination, or type of feed-
ing at time of vaccination between the vaccine and placebo groups (two-
tailed P

 

	

 

0.05 by Fisher’s exact test).

†Nineteen infants were excluded because of coding irregularities.

‡Numbers do not add to total number of subjects because of missing data.

 

T

 

ABLE

 

 2.

 

 C

 

HARACTERISTICS

 

 

 

OF

 

 

 

THE

 

 S

 

UBJECTS ACCORDING TO 
STUDY GROUP.

CHARACTERISTIC* VACCINE GROUP PLACEBO GROUP

Infants enrolled† 1247 1233
Age at each dose (wk)

Dose 1
Median
Range

Dose 2
Median
Range

Dose 3
Median
Range

9
8–11

13
12–16

18
16–20

9
8–11

13
12–16

18
16–20

No. of fully immunized infants 
under surveillance

1112 1095

No. of infants under surveillance for 
19 to 20 months

1027 1010

Child-years of observation 1738 1713
Sex (M/F) 568/544 540/555
Socioeconomic status‡

1–2 (high and high-middle class)
3 (middle to low class)
4–5 (low and marginal class)

31
351
721

39
368
675

Diet at dose 1/2/3‡
Breast-fed
Breast- and bottle-fed
Not breast-fed

196/180/151
627/658/662

64/119/195

187/174/175
629/670/637

61/99/182
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protecting against illness with a severity score of
more than 14 (88 percent), of more than four days’
duration (71 percent), and involving hospital admis-
sions for rotavirus diarrhea (70 percent). The vac-
cine was also associated with a 49 percent reduction
of fever (95 percent confidence interval, 24 to 66
percent; P�0.001) and a 54 percent reduction in
vomiting (95 percent confidence interval, 36 to 67
percent; P�0.001).

Other enteric pathogens were found simultane-
ously with rotavirus in 47 percent of the episodes in
vaccinated infants (33 of 70) and in 53 percent of
the episodes in controls (71 of 135) (P�0.47). En-
teroadherent E. coli was the most frequently detect-
ed copathogen (79 percent in both the vaccine and
the placebo recipients), followed by campylobacter

species (7 cases in the vaccine group and 17 in the
placebo group) and shigella species (4 cases in the
vaccine group and 3 in the placebo group). En-
teroadherent E. coli with a localized, diffuse, or ag-
gregated pattern was found in 10, 7, and 9 episodes
in vaccinated infants, respectively, and in 17, 11, and
28 episodes in the placebo group. No parasites were
found in 109 of the rotavirus-positive specimens
tested. The efficacy of the vaccine was 54 percent
against mixed infection (95 percent confidence in-
terval, 31 to 69 percent; P�0.001) and 43 percent
against pure rotavirus infection (95 percent confi-
dence interval, 15 to 62 percent; P�0.005). The ef-
ficacy of the vaccine against mixed infections and
against all rotavirus infections with the same severity
score was very similar (Table 4). The efficacy of the
vaccine against nondehydrating rotavirus diarrhea
was 43 percent (95 percent confidence interval, 24
to 58 percent; P�0.001). The vaccine was not effec-
tive against nonrotavirus diarrhea. We also analyzed
the efficacy of the vaccine according to the child’s
age at the time of onset of the rotavirus diarrheal ep-
isode. The relative efficacy against all rotavirus diar-
rhea was 61 percent (95 percent confidence interval,
36 to 75 percent; P�0.001) in infants more than
12 months old and was 41 percent in those 4 to 12
months of age (95 percent confidence interval, 18
to 58 percent; P�0.001).

Rotavirus Serotypes and Transmission of Vaccine Virus

One hundred ninety-nine of the 205 rotavirus-
positive specimens obtained from the first diarrheal
episodes of infants who received vaccine or placebo
were serotyped: 162 were G1 alone; 7 were G2
alone; 2 were G1 and G2; 1 was G1 and wild-type
G3; and 27 were G1 and a vaccine strain. In addi-
tion, two children shed a G1 strain and a vaccine
strain during a second episode of rotavirus diarrhea.

The detection of a vaccine strain in 29 (14 per-
cent) of the 213 rotavirus-positive stools (199 from
the first diarrheal episode, 13 from the second, and
1 from the third) examined by PCR, tissue culture,
or electrophoresis always occurred in conjunction
with that of a second rotavirus strain, which when
possible was examined further and shown to be a
wild-type rotavirus. Twenty-four of the vaccine strains
detected were RRV, one was ST3�RRV, and four
were RRV and ST3�RRV. Eighteen of the 139 epi-
sodes of rotavirus diarrhea in the placebo group (13
percent) and 11 of the 74 episodes in the vaccine
group (15 percent) yielded one or more vaccine
strains. Among episodes of dehydrating rotavirus di-
arrhea, 5 of 23 tested in the placebo group (22 per-
cent) and none of 6 in the vaccine group were pos-
itive for vaccine strains. The vaccine strains were
shed in low titer, ranging from 101 to 103 plaque-
forming units per 0.5 ml in 19 of the 29 ten-percent
stool suspensions that could be evaluated (9 had a

Figure 1. Occurrence of Fever (Rectal Temperature of 38.1°C or
More), Diarrhea, and Vomiting during the Six Days after the
Administration of Each Dose of Vaccine or Placebo.
Asterisk denotes P�0.001 for the comparison with the placebo
group.
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titer of 101 plaque-forming units, 8 had 102 plaque-
forming units, and 2 had 103 plaque-forming units).
Vaccine viruses were not detected in stools by ELISA
or polyacrylamide-gel electrophoresis.

DISCUSSION

The rhesus rotavirus–based quadrivalent vaccine
has been very successful in preventing severe rotavi-
rus diarrhea in two trials in the United States and in
one in Finland, with protection rates of 80 to 91
percent.5-7 However, it is perplexing that its efficacy
has been inconsistent in developing countries, where
the toll from diarrheal illness is greatest. In Peru and
Brazil this vaccine induced only limited protection
against moderate-to-severe diarrhea (30 to 46 per-
cent efficacy).8,9 We carried out a large study in a
poor area of a developing country to evaluate the ef-
ficacy of the vaccine against severe illness, as deter-
mined by passive surveillance.

In this trial, three doses of the quadrivalent vac-
cine proved to be very efficacious. It significantly re-
duced the incidence of severe diarrhea by 88 per-
cent, dehydration by 75 percent, hospital admission
by 70 percent, and illnesses that lasted more than
four days by 71 percent. These results are similar to
those of the U.S. and Finnish studies.5-7 In addition,
the results are similar to those observed after natural
rotavirus infections, which confer better protection
against severe disease than against mild illness.31,32

The lesser efficacy observed in the Peruvian and Bra-
zilian studies may have been due to the lower dose
of vaccine used in those trials (4�104 plaque-form-
ing units), the paucity of severe diarrhea because of
the frequent interventions in these longitudinal, ac-

tive-surveillance studies, or the greater number of
diarrheal episodes per child-year (8 and 6 in Peru
and Brazil, respectively, as compared with only 2.2
in Venezuela).8,9,33 Our study was not designed for
an intention-to-treat analysis. However, the distribu-
tion of the 273 participants who dropped out of the
study after receiving the first dose (76 in the vaccine
group and 78 in the placebo group), the second
dose (56 vaccine, 58 placebo), or the third dose
(3 vaccine, 2 placebo) was similar in the vaccine and
placebo groups. In addition, the reasons for drop-
ping out were similarly distributed between the vac-
cine and placebo recipients. Thus, with the large
number of study participants, it is unlikely that these
events unduly influenced the analysis of efficacy.

Rotavirus vaccine induced similar protection against
all episodes or against episodes of mixed infection,
irrespective of the severity of the illness. This obser-
vation may be associated with the age of the study
population, because the pathogenicity of localized
and aggregative E. coli is age-dependent.34 Entero-
adherent E. coli has been shown to be pathogenic in
infants less than three months of age, but not in old-
er infants.34 Similar results were found for campylo-
bacter species (unpublished data).

The efficacy of the vaccine was greater in children
more than 12 months of age (61 percent) than in
infants 4 to 12 months of age (41 percent). This
finding is consistent with what is observed after nat-
ural infections.31,32 Velázquez et al.32 showed that
the cumulative probability of rotavirus infection in-
creased with age, and that two or more rotavirus
infections, whether symptomatic or asymptomatic,
resulted in complete protection against moderate-

*A fourfold or greater increase in titer between tests of serum pairs was considered a significant serologic response.

†P�0.001 for the comparison with the same dose of placebo by Fisher’s exact test.

‡P�0.05 for the comparison with the first dose of vaccine by Fisher’s exact test (two-tailed).

§P�0.05 for the comparison with the same dose of placebo by Fisher’s exact test.

¶P�0.001 for the comparison with the first dose of vaccine by Fisher’s exact test (two-tailed).

�P�0.05 for the comparison with the third dose of placebo by Fisher’s exact test (two-tailed).

TABLE 3. SEROLOGIC RESPONSES AFTER ONE, TWO, OR THREE DOSES OF VACCINE OR PLACEBO.*

GROUP AND 
DOSE

IgA 
ELISA NEUTRALIZATION TEST VS. INDICATED STRAIN (SEROTYPE)

Wa
(G1)

DS1
(G2)

P
(G3)

VA70
(G4)

RRV
(G3)

ANY 
TEST

no. with response/no. tested (%)

Vaccine group
Dose 1
Dose 2
Dose 3

34/58 (59)
32/42 (76)†
32/38 (84)†§

8/63 (13)
17/42 (40)†‡
18/40 (45)‡¶

1/62 (2)
7/41 (17)‡§

13/39 (33)†¶

4/61 (7)
6/42 (14)

11/39 (28)‡§

0/60 (0)
5/43 (12)§
4/39 (10)§

33/62 (53)
38/43 (88)†¶
30/39 (77)†§

43/63 (68)
41/43 (95)†§
35/40 (88)†§

Placebo group
Dose 1
Dose 2
Dose 3

2/48 (4)�
8/53 (15)

11/50 (22)

3/49 (6)�
4/54 (7)

11/51 (22)

1/49 (2)
2/54 (4)
1/51 (2)

2/48 (4)
4/54 (7)
4/51 (8)

0/48 (0)
4/53 (8)
5/51 (10)

1/49 (2)
1/54 (2)
1/51 (2)

7/49 (14)
8/55 (15)

15/51 (29)
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