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Claudio F. Lanata, Karen Midthun, Robert E. Black,
Betzabe Butron, Ana Huapaya, Mary E. Penny,
Gladis Ventura, Ana Gil, Mary Jett-Goheen,

and Bruce L. Davidson *

Instituto de Investigacion Nutricional, Lima, Peru,; Department of

International Health, School of Hygiene and Public Health, Johns
Hopkins University, Baltimore, Maryland: Clinical Research and
Development, Wyeth-Averst Research, Philadelphia, Pennsylvania

An oral rhesus-human rotavirus tetravalent (RRV-TV) vaccine (10* pfu of rhesus rotavirus [type
G3] and of 3 human-rhesus reassortants [G1, G2, and G4]) was evaluated in a field trial in Lima,
Peru. At 2, 3, and 4 months of age, infants received either a dose of RRV-TV, an initial dose of
vaccine followed by a dose of placebo at 3 and 4 months, or a dose of placebo. Rotavirus-specific
1gA responses were detected by ELISA in 75% of the three-dose vaccine group, 59% of the one-
dose vaccine group (P = .05), and 24% of the placebo group (P << .001): 64%, 48%, and 12% of
each group, respectively, had a neutralizing antibody response to at least 1 serotype. Both one and
three doses of vaccine failed to induce a significant level of protection against rotavirus diarrhea;
however, they did provide some protection (range, 35%-66%) against more severe rotavirus diarrhea,

especially for episodes caused by type G1.

Diarrheal disease caused by rotavirus represents an important
public health problem, affecting infants and young children in
both devcloped and developing countries [1]. It is cstimated
that an effective vaccine could prevent up to 30% of all deaths
due to diarrhea in children 6—23 months of age [2].

The efficacy of monovalent rotavirus vaccines of animal
origin (bovine rotavirus strains RIT 4237 and WC3 and rhesus
rotavirus [RRV] strain MMU 18006) against rotavirus diarrhea
has varied from 0% to >80% [3-16]. A possible explanation
for this is that infants not primed by prior rotavirus infections
have predominantly homotypic neutralizing antibody responses
[9, 17~ 19]. Studies of natural rotavirus infection support a role
for G serotype--specific immunity in protection from rotavirus
diarrhea [20, 21], and field trials have suggested that a vaccine
containing the 4 predominant rotavirus G serotypes (G1-4)
provides better protection than single-serotype vaccines
[22, 23].
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Reassortant strains have been developed by incorporating
the genctic secgment that encodes the production of the VP7
antigen (determining the G serotype) for the human rotavirus
belonging to type G1, G2, or G4 into the RRV strain (G3) [24,
25]. These reassortant vaccine strains have similar reactogeni-
city and immunogenicity to the parent RRV strain [26-28]. A
tetravalent RRV (RRV-TV) vaccine was prepared to provide
a single vaccine that could offer protection against all 4 G
serotypes commonly associated with rotavirus diarrhea in chil-
dren. It contains 10* pfu of each of the reassortant strains and
of RRV. This formulation was safe and immunogenic in studies
done in developed and developing countries [29--32].

A recent evaluation of these vaccine strains in Peru demon-
strated that one 10°-pfu dose of either the G1 or G2 reassortant
vaccines did not give protection against rotavirus diarrhea [33].
Only the RRV vaccine gave marginal (29%) protection against
rotavirus diarrhea, mostly episodes due to Gl and G2 strains.
The lack of protection in this developing-country setting was
associated with poor serotype-specific serologic responses,
probably due to poor vaccine immunogenicity because of inter-
ference from preexisting antibodies or from other organisms
present in the intestines of vaccine recipients. Two alternative
strategies have been suggested to overcome this problem: an
increase in the number of vaccine doses and an increase in the
vaccine titer. We evaluated the safety, immunogenicity, and
efficacy of RRV-TV with 10* pfu of each strain to determine
if threc doses provided better protection than one dose.

Methods

Subjects and study design. The study was conducted in Canto
Grande, Lima, a densely populated periurban area of low socioeco-
nomic status, where diarrheal diseases are highly endemic {34].
Rotavirus is present all year, with a slightly higher incidence from
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March through May. Infants were randomized to receive, at ~2,
3, and 4 months of age, one of the following: a dose of vaccine,
an initial dose of vaccine followed by a dose of placebo at 3 and
4 months, or a dose of placebo. Block-randomization was done
by computer using the infant’s sequential enrollment number. At
each visit, children also received inactivated polio vaccine (IPV)
combined with diphtheria—tetanus toxoid—pertussis (DTP) vaccine
(TETRACOQ; BioMérieux Laboratories, Lyon, France). Other im-
munizations included bacille Calmette-Guérin at birth, measles-
mumps-rubella at 9 months of age, and IPV booster after 12 months
of age.

Sample-size calculations were bascd on rotavirus infection rates
observed in a previous study done in the same area [8], on an
80% power to detect =75% vaccine efficacy (VE) against severe
rotavirus diarrhea or G1 or G2 rotavirus diarrhea in cases in which
no other enteropathogen was isolated in the stool during 24 months
of observation, and on an « etror of 5% using a one-tailed test.
Allowing for expected loss to follow-up during surveillance, the
study required 200 children/study group. Seven hundred infants
received their first dose of vaccine or placebo between October
1988 and August 1989.

Vaccine and vaccine administration.  Lyophilized RRV-TV
was supplied in single-dose vials containing 10* pfu of each of its
four components: RRV, the Gl reassortant (D X RRV), the G2
reassortant (DS-1 X RRV), and the G4 reassortant (ST3 X RRV)
strains [10, 24, 25]. The vaccine and placebo (derived from unin-
fected cell cultures) were provided by Wyeth-Ayerst Research
Laboratories in identically appearing vials. The sequentially coded
vials were transported with cold packs to Lima, where they were
stored at 2—8°C.

On each vaccination day, the necessary number of vials were
transported with cold packs to the field clinic, where they were
reconstituted with 1 mL of sterile water and given orally with a
1-mL tubercuhin syringe without the needle. Immediatcly before
vaccination, all subjects were fed 30 mL of reconstituted evapo-
rated milk (Gloria, Arequipa, Peru) that lacked rotavirus-neutraliz-
ing activity and contained 0.4 g of NaHCQ,. Breast-feeding was
withheld for 1 h before and after vaccination. Infants were vacci-
nated if they were free from reported fever for 48 h and diarrhea
for 72 h before the vaccination. The vaccine titer in a sample of
coded vials returned from Lima was validated by Wyeth-Ayerst
Research. The vaccine or placebo code was kept at Wyeth-Ayerst
Research and was not broken until the study was completed.

For 6 days after each dose, trained field workers made twice
daily home visits, to observe for possible side effects. Information
collected included rectal temperature (taken twice per day) and
daily information on total number of stools and number of liquid
or semi-liquid stools, blood in stools, abdominal pain, vomiting,
reported fever, cough, nasal secretions, general irritability, ear pain,
and other illnesses. A stool sample or rectal swab was taken on
day 3 or 4 after immunization to look for vaccine virus excretion.

Diarrhea surveillance. Trained field workers visited each child
at home two times per week to collect information on diarrheal
episodes and to collect stool specimens or rectal swabs. Diarrhea
was defined as =3 liquid or semi-liquid stools passed in 24 h; the
episode was considered terminated on the last day of diarrhea
followed by 48 h free of diarrhea symptoms [35]. A maximum
recall period of 7 days was allowed to obtain information from
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the mother. For each diarrheal episode, field workers obtained
daily clinical information. World Health Organization criteria werc
used for the classification of dehydration [36]. Since no children
with severe dehydration and only a few with moderate dehydration
were identified, the analysis was done for children with any clini-
cally detectable dehydration. Mothers were instructed in the use
of oral rehydration solution provided by the study and were told
to bring the children to the study field clinic or any health facility
if dehydration or severe illness occurred. Specific antibiotics were
provided by the study pediatricians for dysenteric illness or culture-
proven shigellosis and for clinically diagnosed pneumonia. Chil-
dren were dropped from surveillance after completing 24 months
of follow-up after the last rotavirus immunization (i.c., at 29
months of age). The study ended in October 1991,

Laboratory procedures. The first available prevaccination,
post—dose 1, and post—dose 3 serum samples from 307 subjects
were tested by rotavirus-specific IgA ELISA, using RRV as anti-
gen. The characteristics of these subjects did not differ from those
of the full study groups from which they were selected. Sera from
the first 25 recipients in the placcbo group (regardless of IgA
antibody response) and the first 25 with an IgA antibody rise in
the one- and three-dose RRV-TV groups were tested by plaque
reduction neutralization assay (PRNA) to human rotavirus strains
Wa, DS-1, P, and ST3 (G1-4, respectively). The ELISA and
PRNA were done as previously described [37, 38], starting with
a serum dilution of 1:50 for ELISA and 1:40 for PRNA. Pre- and
postvaccination sera were tested simultaneously, and a significant
antibody response was defined as a =4-fold rise in titer between
any 2 of 3 serum specimens (prevaccination vs. post—dosc 1 or
3, and post—dosc 1 vs. post—dose 3). The first 25 subjects from
the three-dose RRV-TV group whose 4- to 6-day postvaccination
stool or rectal swab specimens became available were studied for
vaccine virus shedding. Their stool samples were inoculated into
MA 104 cells with one subsequent blind passage and tested for the
presence of rotavirus antigen by ELISA [39].

Stool specimens or rectal swabs were collected during episodes
of diarrhea and placed in a calcium-containing TRIS buffer, in
Cary-Blair transport media with and without Skirrow’s antibiotic
supplement (10 mg/L vancomycin, 2500 IU/L polymyxin B, and
5 mg/L trimethoprim) for the detection of Campylobacter species,
and in MIF (merthiolate, iodine, and formalin) solution for parasi-
tologic examination. Stool samples were transported on cold packs
to the laboratory, where they were processed on the same day as
collection. Samples were tested daily with a rotavirus ELISA kit
(Dakopatts, Copenhagen) [40]. Rotavirus-positive stool specimens
were stored at —20°C until they were transported on dry ice to
Johns Hopkins University. Because of the small specimen size,
samples were amplified by two to four passages in African green
monkey kidney cells and then serotyped by ELISA using the fol-
lowing G serotype—specific monoclonal antibodies (MAbs): KU4
(G1), S2-2G10 and 2F1 (G2), 954/159 (G3), ST-2G7 (G4), and
6A1-1CR8 ((39) [41 -43]. The MAbs were used as capture antibod-
ies, and rabbit hyperimmune serum to rotavirus (Dakopatts) was
used as detector antibody, followed by goat anti-rabbit 1gG conju-
gated to alkaline phosphatase (Boehringer Mannheim, Mannheim,
Germany). The methods used were similar to those described by
Taniguchi et al. [41]. Rotavirus-positive stool samples that could
not be serotyped by ELISA were serotyped by solid-phase immune
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electron microscopy, using MAbs against rotavirus serotypes Gl -
4 and G9 [44].

Salmonella, Shigella, and Campylobacter species were sought
in all stool samples, using standard techniques [45]. Five coliform
colonies on MacConkey agar were picked and inoculated onto
nutrient agar slants and stored at room temperature for further
testing. Enterotoxigenic Escherichia coli (ETEC), enteroadherent
E. coli (EAEC), Vibrio species, and Cryptosporidium species were
tested only in rotavirus-positive stool samples. ETEC were identi-
fied by colony DNA hybridization (DuPont, Boston), with the
genetic sequence corresponding to the heat-stable and heat-1abile
enterotoxin [46]. EAEC were identified by the HEp-2 cell adhesion
assay, in which all three types of adhesion patterns (localized,
diffuse, and aggregative) were considered [47]. Cryptosporidium
species were identified in stool smears stained with the Kinyoun
modification of the Ziehl-Neelsen stain [48].

Data analysis.  Of the 700 children who received the first dose
of vaccine or placebo, 640 completed the three-dose vaccination
schedule: 219 were in the placebo group, 212 in the one-dose
vaccine group, and 209 in the three-dose vaccine group. There
was no difference in the dropout rate by group. The reasons for not
completing the immunization schedule were refusing subsequent
blood samples (35 subjects) and migration from the study area (25
subjects). From the 640 children who completed the immunization
schedule, 638 were under surveillance from 10 days after the third
vaccine dose and were included in the analysis; 580 of the children
(83%) who started the study (194 in the placebo group, 196 and
190 in the one- and three-dose vaccine groups, respectively) com-
pleted 24 months of surveillance. Reasons for withdrawal from
surveillance included death not related to the vaccine (6 subjects),
refusal to continue (6), and migration from the study area (46).
The 638 children under surveillance generated a total of 1144
child-years of observation, which were distributed similarly among
the 3 groups (382, 376, and 386 in the one-dose, three-dose, and
placebo groups, respectively). At each vaccination, the 3 groups
were comparable for age, proportion of boys (49%—55%), and
proportion with birth weight <2500 g (4% in all groups).

Rates of rotavirus diarrhea were calculated using any rotavirus-
positive diarrheal episodes and using rotavirus only-—postive diar-
rheal episodes (i.e., only those episodes in which Salmonella, Shi-
gella, Campylobacter, Vibrio, and Cryptosporidium species,
ETEC, and EAEC were not identified in the stool sample). Rotavi-
rus diarrheal episodes were analyzed by severity using several
clinical indicators or a combined severity score (Kapikian’s sever-
ity score, a modification of that used by Flores et al. [10], with
20 points as the maximum). Results are presented for a severity
score of =9 because relatively few children had a higher score
and because no greater efficacy was seen with higher scores. VE
and 95% confidence intervals (CIs) were calculated [49].

Data analysis was done by use of SPSS software (SPSS, Chi-
cago). The x” and Fisher’s exact tests were used when indicated.

Results

Reactions to vaccination. 1In all 3 groups, fever most fre-
quently occurred in the first 24 h after vaccination (day 0) and
1 day after each vaccination: ~30%—44% of subjects reported
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Table 1. Number (%) of children with diarrhea, vomiting, or tem-
perature =38.1°C on days 0—6 after vaccination with placebo or
RRV-TV vaccine.

Study group No. tested Diarrhea Vomiting Fever
1st immunization
Placebo 232 93 (40) 59 (25) 97 (42)
RRV-TV, | dose 234 92 (39) 55 (24) 90 41)
RRV-TV, 3 doses 233 96 (41) 46 (20) 91 (39)
2nd immunization
Placebo 220 53 (24) 47 (21) 72 (33)
RRV-TV, | dose 217 54 (25) 43 (20) 81 (37)
RRV-TV, 3 doses 210 47 (22) 38 (18) 73 (35)
3rd immunization
Placebo 218 51 (23) 47 (22) 52 (24)
RRV-TV, 1 dose 212 47 (22) 42 (20) 59 (28)
RRV-TV, 3 doses 207 49 (24) 32 (15) 55 (27)

fever and 15%—22% had documented fever (rectal tempera-
tures =38.1°C). There were no significant differences between
placebo and RRV-TV vaccine recipients, and the febrile reac-
tions were probably related to the DTP-IPV vaccine, which
was given concurrently with placebo and vaccine. There was
a significant difference in the percentage of placebo and RRV-
TV vaccine recipients with fever 3 days after the first immuni-
zation: A subjective report of fever was obtained for 4.8% of
the placebo group, 9.8% of the one-dose vaccine group, and
10.3% of the three-dose vaccine group (P = .05 or < .05,
respectively, for placebo vs. vaccine groups). A rectal tempera-
ture =38.1°C was also documented more frequently in both
vaccine groups at this time point, although the difference was
significant only between the one-dose vaccine and placebo
groups (4.6% vs. 0.9%, P < .05). The prevalences of diarrhea,
vomiting, and fever at any time in the week after vaccination
were similar in the 3 groups (table 1).

Responses to the RRV-TV vaccine. Prior to the first vacci-
nation, 35% of participants had rotavirus-specific IgA re-
sponses by ELISA. After one dose, 50% of the three-dose and
51% of the one-dose vaccine recipients had a response com-
pared with 7% of the placebo recipients (P << .001; table 2).
After three doses, 75% of three-dose and 59% of one-dose
vaccine recipients (P = .05) and 24% of placebo recipients
(P < .001) had serologic responses (table 2). After the second
and third doses of vaccine, only 18% of first-dose responders in
the three-dose vaccine group had serologic responses compared
with 50% of subjects who did not have a serologic response
after the first dose (9/51 vs. 26/52, P < .001). Serologic re-
sponses to the first dose occurred in 61% of vaccinees without
preexisting rotavirus-specific IgA (titer <(1:50) and in 32% of
vaccinees with detectable IgA (titer =1:50) (68/111 vs. 25/75,
P < .001).

Antibody rises were also detected in 11 (58%) of 19 infants
in whom nonspecific reactivity at low serum dilution precluded

20z Idy €2 uo 1senb Aq 9669£8/892/2/1. |/o101E/PIfjW0d dno-oiWapese)/:sdiy Woly peapeojumod



1D 1996;174 (Aungust)

Table 2.
placebo or RRV-TV vaccine at 2, 3, and 4 months of age.
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Serologic responses and geometric mean titers (GMTs), as determined by rotavirus-specific IgA ELISA, of infants after reccipt of

No. (%) with =4-fold antibody rise between indicated

serum pairs
GMTs of sera
Before dose 1- After dose 1-
Study group; no. tested after dose 1 after dose 3 Any rise* Before dose 1 After dose | After dose 3
Placebo; 102 7(7 16 (16)* 24 (24)} 48 51l 731
RRV-TV, 1 dose; 102** 52 (51) 10 (10) 60 (59) 53 175 136
RRV-TV, 3 doses; 103 51 (50) 34 (33) 77 (75) 51 173 237

* Includes all subjects with rise before dose 1—after dose 1, after dose 1—after dose 3, or before dose 1 —after dose 3.

" P < 00001, placebo vs. 1 or 3 doses RRV-TV.
* P << .30 and .0001, placebo vs. 1 and 3 doses RRV-TV, respectively.

Sp< .0001, placebo vs. 1 or 3 doses RRV-TV; P << .05, 1 vs. 3 doses RRV-TV.

I p < 0001, placebo vs. 1 or 3 doses RRV-TV.

Y P < .01 and .0001, placebo vs. 1 and 3 doses RRV-TV, respectively; P < .05, 1 vs. 3 doses RRV-TV.

** 2nd and 3rd doses were placebo.

determination of an exact prevaccination titer. The prevaccina-
tion titer in these cases was known to be <1:100, but the exact
titer could not be determined because of nonspecific reactivity
of the serum sample to the control wells. The geometric mean
titers (GMTs) of rotavirus-specific IgA in the 3 study groups
mirrored the serologic responses in the groups (table 2). After
the first dose, the one- and three-dose vaccine groups had al-
most identical GMTs (175 and 173, respectively), which were
significantly higher than the GMT (51, P <C .001) in the placebo
group. After all doses, the three-dose vaccine group had a
GMT significantly higher than that of the one-dose vaccine
and placebo groups (237 vs. 136 and 73; P = .008 and P <
.001, respectively).

In the subset of 25 subjects from each study group who were
tested by PRNA, neutralizing antibody rises to serotypes G1—
4 were detected in 24%—36% and 16%—36% of one- and
three-dose vaccine recipients, respectively, with 48% of the
former and 64% of the latter group showing a rise to at least
1 serotype. Only 12% of 25 placebo recipients had neutralizing
antibody responses to at least 1 serotype (one- and three-dose
vaccine recipients vs. placebo recipients, P < .001; table 3).
Vaccinees without detectable neutralizing antibody (titer
<1:40) to any given serotype in their prevaccination sera were
more likcly to have a serologic response to that serotype than
were vaccinees who had titers =1:40 (26/51 vs. 33/149,
P = .001).

Shedding of vaccine virus was also examined in the first 25
three-dose RRV-TV vaccine recipients for whom a specimen
was available 4-6 days after each dose. This subset of 25
vaccinees had an overall IgA serologic response of 76%, similar
to the 75% response of the larger sample of three-dose vaccine
recipients (table 2). Shedding was detected in 36%, 24%, and
12% after the first, second, and third dose, respectively, with
a cumulative shedding rate of 60%.

VE. The rate of diarrhea (episodes/child-yecar) was 8.3 in
the placebo group and 8.6 in both the one- and three-dose
vaccine groups. There were 9718 diarrheal episodes during the
surveillance period, and samples from 6443 of the episodes
(66%) were tested by ELISA for rotavirus: Rotavirus was iden-
tified in 222 (3.4% of those tested). One and thrce doses of
RRV-TV vaccine failed to induce significant VE against any
rotavirus diarrhea (table 4). Three doses of the vaccine were
significantly protective against more severe rotavirus diarrhea,
as indicated by the presence of fever (VE, 35%; 95% CI, 2%—
57%), vomiting (VE, 40%; 95% CI, 10%—60%), and =6 liquid
or semi-liquid stools in 24 h at any time during the episode
(VE, 40%; 95% CI, 7%—62%). Using a severity score of =9,
there was no significant efficacy with either one or three doses
of RRV-TV vaccine.

Ninety (41%) of the 222 rotavirus-positive stool samples
from the diarrheal episodes had at least 1 additional cnteropa-
thogen: 9 had Campylobacter species, 35 had EAEC, 25 had
ETEC, and 21 had =2 of these different agents. Shigella and
Cryptosporidium species were not found in any of the 222
samples. The vaccine had no efficacy against these mixed infec-
tions (data not shown). In the analysis utilizing diarrheal epi-
sodes with rotavirus as the only pathogen isolated, VE against
more severe episodcs was seen only with one vaccine dose.
These more severe diarrheal episodes were associated with
vomiting (VE, 56%; 95% CI, 11%—78%) and a high number
of liquid or semi-liquid stools (VE, 59%; 95% ClI, 12%—81%);
three doses offered a slightly lower protection, which did not
reach statistical significance (table 4). Using a severity score
of =9, there was no significant VE.

Serotype-specific protection. Of the 222 fecal samples
from rotavirus-positive diarrheal episodes, 175 (79%) could be
G serotyped by ELISA, and 20 (9%) that were not serotyped
by ELISA were serotyped by solid-phase immune electron mi-
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Rotavirus scrotype —specific neutralizing antibody rises, as determined by plaque reduction

assay, in study subjects after receipt of placebo or RRV-TV vaccine at 2, 3, and 4 months of age.

No. (%) of subjects with =4-fold antibody rise against indicated strains (serotypes)

Study group Wa (1) DS-1 (2) P (3) ST3 (4) Any*

Placebo 2 (8) | @) o' o' 312y
RRV-TV. | dose 9 (36) 6 (24) 9 (36) 7 (28) 12 (48)
RRV-TV, 3 dose 9 (36) 4(16) 8 (32) 7 (28) 16 (64)

NOTE.

First 23 placebo recipients with sufficient amounts of samplc sera before and after dose 1 and after dose

3 were tested; first 25 - and 3-dose RRV-TV recipients who had serologic responses by IgA ELISA and sufficient

samplc amounts of all 3 sera were tested.

* Includes all subjects with antibody rise to =1 serotype.

* P, for placebo vs. 1 and 3 doses of RRV-TV: Wa, £ = .01; DS-1, » < .10; P, P = .001; ST3, P < .0]; and
any serotype, /> < .001. There was no significant difference between 1- and 3-dose RRV-TV groups.

croscopy. Only 27 samples (12%) from rotavirus-positive diar-
rheal episodes could not be serotyped. Of the 195 samples that
were serotyped, 124 were of G1 (60%), 66 of G2 (32%), 3 of
G3, 8 of G4, and 2 of (9 rotavirus serotypes. Eight fecal
samples from diarrheal episodes had >1 rotavirus scrotype
identified and were counted more than once in the analysis
of serotype-specific vaccine protection. Neither one nor threc
vaccine doses gave significant protection against diarrhea
caused by any Gl or G2 rotavirus (tablc 5). There were too
few cases with G3 (3, all in placebo group) or G4 (4 each in
placcbo and one-dose vaccine groups) to assess protection.

Table 4. Rotavirus (RV) diarrheal episodes and protective efficacy
of one or three doses of RRV-TV vaccine by type of episode.

RRV-TV
Characteristic of diarrheal episode Placebo 1 dose 3 doses
Any RV diarrhea 87 71 (18) 64 (24)*
Any RV diarrhea with
Fever 52 40 (22) 33 (35)
Vomiting 55 41 (25) 32 (40)°
=26 liquid stools/24 h 48 31 (35)* 28 (40)"
Dehydration 21 19(9) 23 (0)
Health service use 38 28 (26) 30 (20)
Severity score =9+ 38 24 (36)* 26 (30)
RV-only diarrhea® 39 25 (35)* 28 (26)
RV-only diarrhea® with
Fever 21 15 (28) 16 (22)
Vomiting 25 11 (56)° 13 (47)*
=6 liquid stools/24 h 22 9 (5T 12 (44)
Dehyration 7 6 (13) 10 (0)
Health service use 13 8 (38) 12(9)
Severity score =9} 15 7 (53) 12 (18)

NOTE. No. of child-years in placebo group = 386 and in |- and 3-dose
RRV-TV groups = 382 and 376, respectively. Data are no. of subjects (%

protective cfficacy compared with placebo group).
P <2 *.10 or ".05. vaccine vs. placebo groups.

i 20 points total.
# Negative for other enteropathogens.

For rotavirus-only diarrhea, one dose of the vaccine was
53% protective (95% CI, 9% - 76%) against G1 rotavirus diar-
rhea and 66% protective (95% Cl, 8%--88%) against G1 rotavi-
rus diarrhea with a high number of liguid stools (table 5). In
addition, three doses of RRV-TV had a significant efficacy
(VE, 47%; 95% C1, 5%—71%) against any G1 rotavirus diar-
rhea with vomiting or more frequent liquid stools. Therc was
a tendency for a higher VE against more severe serotype-
specific diarrhcal episodes and against G1 rather than G2 rota-
virus diarrhea.

Discussion

This study, which to our knowledge is the first to evaluate
the RRV-TV vaccine in a developing country, attempted to
determine the safety, immunogenicity, and protective efficacy
with the combination of the RRV (G3) and the G, G2, and
(G4 reassortant rotavirus vaccines. The vaccine was well toler-
ated but failed to induce significant protection against all rotavi-
rus diarrhea. There was a moderate leve! of vaccine protection
against more severe rotavirus diarrhea and against G1 rotavirus
diarrhea, especially when other enteropathogens were not iso-
lated.

These findings are similar to those with one dose containing
10* pfu of the RRV vaccine in the same community [33]. This
similarity suggests that the addition of the reassortant rotavirus
vaccines to the RRV vaccine did not add to vaccine protection
afforded by RRV alone. Furthermore, three doses did not offer
any advantage over one dose of the tetravalent vaccine.

The three-dose regimen resulted in a higher cumulative sero-
logic response and GMT, as measured by lgA ELISA, than did
the one-dose regimen; however, the percentage of neutralizing
antibody responses (16%--36%) to each of the 4 serotypes
represented in the vaccine was comparably low in both vaccine
groups. Indeed, this study may have overestimated the number
of serotype-specific responses within the onc- and three-dose
vaccine arms in that the subgroups studied for neutralizing
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Table 5.
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Rotavirus (RV) diarrheal episodes of G serotype 1 or 2 and efficacy of one or three doses of RRV-TV vaccine by type of episode.

Serotype | RV diarrhea

Scrotype 2 RV diarrhea

Characteristic of

diarrhcal episode Placebo 1 dose 3 doses Placebo 1 dose 3 doses
Any RV diarrhea 50 392D 35 (28) 23 21 (8) 22.(2)
Any RV diarrhea with
Fever 28 21 (24) 19 (30) 19 12 (36) 13 (30)
Vomiting 31 27 (12) 16 (47)* 18 9 (49) 14 (20)
=6 liquid stools/24 h 31 19 (38) 16 (47)* 13 10 (22) 11 (13)
Severity score =9 22 13 (40) 14 (35) il 7 (36) 11 (0)
RV-only diarrhea’ 26 12 (53)* 15 (41) 8 8 (0) 10 (0)
RV-only diarrhea’ with
Fever 13 7 (46) 9(29) 6 5 (16) 6 (0)
Vomiting 15 9 (39} 7 (52) 7 2(71) 527
=6 liquid stools/24 h 15 5 (66)* 7(52) 6 4 (33) 5(14)
Severity score =97 10 5 (49) 6 (38) 3 2(33) 5(0)
NOTE. No. of child-years in placebo group = 386 and in 1- and 3-dose RRV-TV groups = 382 and 376, respectively. Data are no. of subjects (% protective

efficacy compared with placebo group).
* P < .05, vaccine vs. placebo group.
20 points total.
 Negative for other enteropathogens.

antibody responses were selected on the basis of an IgA re-
sponsc. This sclection bias may have contributed to the lack
of difference in the number of serotype-specific responses be-
tween the one- and three-dose vaccine groups, because the
predominant effect of additional doses of vaccine was to induce
IgA serologic responses in first-dose nonresponders rather than
to boost responses in first-dose responders.

One dose (4 x 10* ptu) of tetravalent vaccine appeared to
be less immunogenic in subjects in the present study than in
subjects of similar age in Venezuela [29, 30] and Turkey [50]:
In Peru, Venczuela, and Turkey, 50%, 74%, and 63% of the
subjects, respectively, had rotavirus-specific 1gA ELISA re-
sponscs. Vaccine virus shedding after the first dose of RRV-
TV in the three-dose group in Peru was detected less frequently
than after one dose in Venezuela, although these studies are
not strictly comparable because stool specimens were obtained
only once, 4—6 days after immunization, in Peru and 3 and 6
days after immunization in the two studies in Venezuela [29,
30].

Breast-feeding is unlikely to have contributed to the lower
prevalence of serologic responscs in Peru, as it is the predominant
method of feeding in the three geographic locations noted above.
However, a difference in preexisting antibody levels in the infants
may have played a role. In one of the Venezuelan studies [30],
only 18% of infants had a detectable 1gA response (titer =1:50)
before vaccination, compared with 40% in Turkey [50] and 35%
in Peru. It is also possible that Peruvian subjects had other enteric
infections at the time of vaccination and that such infections
interfered with the rotavirus vaccine immunogenicity.

The contribution of serotype-specific neutralizing antibodies
in eliciting a response against rotavirus vaccine is unclear.

Previous trials have shown an association between lack of
serotype-specific responses and vaccine failures [17], and a
study of natural rotavirus infection suggested that serotype-
specific neutralizing antibody may be an important determinant
of protection against rotavirus diarrhea [20]. Furthermore, a
recent study in Peru that evaluated the efficacy of one dose of
serotype 1 or 2 human-RRYV reassortants or one dose of RRV
vaccine showed only minimal protection in the RRV vaccine
group, despite the predominance of serotype 1 and 2 strains
[33]. A possible explanation for the lack of efficacy was the
low prevalence of serotype-specific responses [33]. In contrast,
recent studies in Finland and Rochester, New York, have shown
a protective efficacy of 66%-—77% against homotypic and het-
erotypic rotavirus strains after one dose of these monovalent
vaccines [16, 51, 52].

These data show the difficulty of assessing the importance
of serotype-specific immune responses, which in the face of
declining levels of maternally acquired antibody, may also be
hard to detect after vaccination in young infants. Significant
protection with three doses (given at 2, 4, and 6 months of
age) of the identical 4 X 10* RRV-TV vaccine has been demon-
strated in the United States [22], where a similar level of protec-
tion was found with 4 X 10° RRV-TV [23]. This study shows
that it is much more difficult to provide high-level protection
against rotavirus diarrhea in a developing-country setting. En-
hancements, such as higher titers of the vaccine strains, should
be evaluated. The tendency in this study toward greater protec-
tion against more severe rotavirus diarrhea is consistent with
results of other studies [11, 22, 23] and suggests that this
vaccine might have more substantial efficacy in a trial focussed
on severe diarrhea.

20z Idy €2 uo 1senb Aq 9669£8/892/2/1. |/o101E/PIfjW0d dno-oiWapese)/:sdiy Woly peapeojumod



274

Lanata et al.

Acknowledgments

We thank Giuseppe Gerna for serotyping by immune electron

microscopy, Hector Verastegui for data analysis, and field workers,
supervisors, and doctors for their great care and efficiency in con-
ducting this study.

References

1.

Institute of Medicine. The prospects for immunizing against rotavirus. In:
New vaccine development: establishing priorities. Diseases of impor-
tance in developing countries. Vol. II. Washington, DC: National Acad-
emy Press, 1986:308-18.

. De Zoysa I, Feachem RG. Interventions for the control of diarrhoeal

diseases among young children: rotavirus and cholera immunization.
Bull WHO 1985;63:569--83.

. Kapikian AZ, Flores I, Hoshino Y, et al. Rotavirus: the major etiologic

agent of severe infantile diarrhea may be controllable by a *‘Jennerian™
approach to vaccination. J Infect Dis 1986;153:815-22.

. Vesikari T, Isolauri E, d"Hondt E, Delem A, Andre FE, Zissis G. Protection

of infants against rotavirus diarrthoea by RIT 4237 attenuated bovine
rotavirus strain vaccine. Lancet 1984;1:977-81.

. Vesikari T, Isolauri E, Delem A, et al. Clinical efficacy of the RIT 4237

live attenuated bovine rotavirus vaccine in infants vaccinated before a
rotavirus epidemic. J Pediatr 1985;107:189--94,

. De Mol P, Zissis G, Butzler JP, Mutwewingabo A, Andre FE. Failure of

live, attenuated oral rotavirus vaccine [letter]. Lancet 1986;2:108.

. Hanlon P, Hanlon L, Marsh V, et al. Trial of an attenuated bovine rotavirus

vaccine (RIT 4237) in Gambian infants. Lancet 1987;1:1342-5.

. Lanata CF, Black RE, del Aguila R, et al. Protection of Peruvian children

against rotavirus diarrhea of specific serotypes by one, two, or three
doses of the RIT 4237 attenuated bovine rotavirus vaccine. J Infect Dis
1989;159:452-9.

. Clark HF, Borian FE, Bell LM, Modesto K, Gouvea V, Plotkin SA. Protec-

tive effect of WC3 vaccine against rotavirus diarrhea in infants during
a predominantly serotype 1 rotavirus season. J Infect Dis 1988;158:
570-87.

. Flores I, Perez-Schael I, Gonzalez M, et al. Protection against severc

rotavirus diarrhea by rhesus rotavirus vaccine in Venezuelan infants.
Lancet 1987;1:882 4.

. Perez-Schael I, Garcia D, Gonzalez M, et al. Prospective study of diarrheal

disease in Venezuelan children to evaluate the efficacy of rhesus rotavi-
rus vaccine. J Med Virol 1990;30:219-29.

. Christy C, Madore HP, Pichichero ME, et al. Field trial of rhesus rotavirus

vaccine in infants. Pediatr Infect Dis J 1988;7:645-50.

. Gothefors L, Wadell G, Juto P, Taniguchi K, Kapikian AZ, Glass R

Prolonged efficacy of rhesus rotavirus vaccine in Swedish children. J
Infect Dis 1989;159:753-9.

. Santosham M, Letson GW, Wolff M, et al. A field study of the safety

and efficacy of two candidate rotavirus vaccines in a native American
population. J Infect Dis 1991;163:483-7.

. Bernstein DI, Smith VE, Sander DS, Pax KA, Schiff GM, Ward RL.

Evaluation of WC3 rotavirus and correlates of protection in healthy
infants. J Infect Dis 1990;162:1055-62.

. Madore HP, Christy C, Pichichero M, et al. Field trial of rhesus rotavirus

or human-rhesus rotavirus reassortant vaccine of VP7 serotype 3 or 1
specificity in infants. J Infect Dis 1992;166:235-43.

. Green KY, Taniguchi K, Mackow ER, Kapikian AZ. Homotypic and

heterotypic epitope-specific antibody responses in adult and infant rota-
virus vaccinees: implications for vaccine development. § Infect Dis
1990; 161:667--79.

19,

20.

21.

22,

23.

24,

25,

26.

27.

28,

29,

30.

31.

32.

34.

3s.

36.

37.

JID 1996;174 (August)

. Losonsky GA, Rennels MB, Lim Y, Krall G, Kapikian AZ, Levine MM.

Systemic and mucosal immune responses to rhesus rotavirus vaccine
MMU-18006. Pediatr Infect Dis J 1988;7:388-93.

Wright PF, King J, Araki K, et al. Simultaneous administration of two
human-rhesus rotavirus reassortant strains of VP7 serotype 1 and 2
specificity to infants and young children. ] Infect Dis 1991;164:
271-6.

Chiba S, Yokoyama T, Nakata S, et al. Protective effect of naturally
acquired homotypic and heterotypic rotavirus antibodies. Lancet 1986;
2:417-21.

Gerna G, Sarasini A, Torsellini M, Torne D, Parea M, Battaglia M. Group-
and type-specific serologic response in infants and children with primary
rotavirus infections and gastroenteritis caused by a strain of known
serotype. J Infect Dis 1990;161:1105-11.

Bernstein DI, Glass RI, Rodgers G, et al. Evaluation of rhesus rotavirus
monovalent and tetravalent vaccines in US children. JAMA 1995; 273:
1191-6.

Rennels MB, Glass RI, Dennehy PH, et al. Safety and efficacy of high-dose
rhesus-human reassortant rotavirus vaccines—report of the National
Multicenter Trial. Pediatrics 1996;97:7-13.

Midthun K, Greenberg HB, Hoshino Y, Kapikian AZ, Wyatt RG, Chanock
RM. Reassortant rotaviruses as potential live rotavirus vaccine candi-
dates. J Virol 1985;53:949-54,

Midthun K, Hoshino Y, Kapikian AZ, Chanock RM. Single gene substitu-
tion rotavirus reassortants containing the major neutralization protein
(VP7) of human rotavirus serotype 4. J Clin Microbiol 1986;24:
822-6.

Halsey NA, Anderson EL, Sears SD, et al. Human-rhesus reassortant
rotavirus vaccines: safety and immunogenicity in adults, infants, and
children. T Infect Dis 1988;158:1261-7.

Flores J, Perez-Schael M, Blanco M, et al. Reactogenicity and antigenicity
of two human-rhesus rotavirus reassortant vaccine candidates of sero-
types 1 and 2 in Venezuelan infants. J Clin Microbiol 1989;27:512-8.

Vesikari T, Varis T, Green K, et al. Immunogenicity and safety of rhesus-
human rotavirus reassortant vaceines with serotype 1 or 2 VP7 specific-
ity. Vaccine 1991;9:334-9.

Perez-Schael I, Blanco M, Vilar M, et al. Clinical studies of a quadrivalent
rotavirus vaccine in Venezuelan infants. J Clin Microbiol 1990;28:
553-8.

Flores J, Perez-Schael 1, Blanco M, et al. Comparison of rcactogenicity
and antigenicity of M37 rotavirus vaccine and rhesus-rotavirus—based
quadrivalent vaccine. Lancet 1990;336:330—4.

Ing DJ, Glass RI, Woods PA, et al. Immunogenicity of tetravalent rhesus
rotavirus vaccine administered with buffer and oral polio vaccine. Am
J Dis Child 1991; 145:892-7.

Dagan R, Kassis I, Sarov B, et al. Safety and immunogenicity of oral
tetravalent human-rhesus reassortant rotavirus vaccine in nconates. Ped-
iatr Infect Dis J 1992;11:991-6.

. Lanata CF, Black RE, Flores J, et al. Inmunogenicity, safety and protective

efficacy of one dose of the rhesus rotavirus vaccine and serotype | and
2 human-rthesus rotavirus reassortants in children from Lima, Peru.
Vaccine 1996;14:237-43.

Yeager BAC, Lanata CF, Lazo F, Verastegui H, Black RE. Transmission
factors and socioeconomic status as determinants of diarrhoeal incidence
in Lima, Peru. J Diarthoeal Dis Res 1991;9:186-93.

Baqui AH, Black RE, Yunus MD, Haque ARA, Chowdhury HR, Sack RB.
Methodological issues in diarrhoeal diseases epidemiology: definition of
diarrhoeal episodes. Int J Epidemiol 1991;20:1057-63.

World Health Organization. A mamual for the treatment of diarrhoea.
Geneva: WHO, 1990.

Midthun K, Pang L, Flores J, et al. Comparison of immunoglobulin A
(IgA), IgG, and IgM enzyme-linked immunosorbent assays, plaque re-
duction neutralization assay, and complement fixation in detecting sero-

20z Idy €2 uo 1senb Aq 9669£8/892/2/1. |/o101E/PIfjW0d dno-oiWapese)/:sdiy Woly peapeojumod



JID 1996;174 (August)

38.

39.

40.

41.

42.

43.

44.

responses to rotavirus vaccine candidates. J Clin Microbiol 1989;27:
2799-804.

Hoshino Y, Wyatt RG, Greenberg HB, et al. Serotypic similarity and
diversity of totaviruses of mammalian and avian origin as studied by
plaque reduction neutralization. J Infect Dis 1984;149:694—702.

Kapikian AZ, Yolken RH, Greenberg HB, et al. Gastroenteritis viruses.
In: Lenneite EH, Schmidt NI, eds. Diagnostic procedures for viral,
rickettsial and chlamydial infections. Washington, DC: American Public
Health Association, 1979:927-95.

Flewett TH, Arias CF, Avendano LF, et al. Comparative evaluation of the
WHO and Dakopatts enzyme-linked immunoassay kits for rotavirus
detection. Bull WHO 1989;67:369-74.

Taniguchi K, Urasawa T, Morita Y, Greenberg HB, Urasawa S. Direct
serotyping of human rotavirus in stools by an enzyme-linked immuno-
sorbent assay using serotype 1-, 2-, 3-, and 4- specific monoclonal
antibodies to VP7. J Infect Dis 1987;155:1159-66.

Green KY, James HD Jr, Kapikian AZ. Evaluation of three panels of
monoclonal antibodies for the identification of human rotavirus VP7
serotype by ELISA. Bull WHO 1990;68:601-10.

Midthun K, Valdesuso J, Kapikian AZ, et al. Identification of serotype 9
human rotavirus by enzyme-linked immunosorbent assay with mono-
clonal antibodies. J Clin Microbiol 1989;27:2112-4.

Gerna G, Passarani N, Sarasini A, et al. Characterization of serotypes of
human rotavirus strains by solid-phase immune electron microscopy. J
Infect Dis 1985;152:1143--51.

Tetravalent RRV Vaccine Field Trial

45

46.

47.

48.

49.

50.

51.

52.

275

. Lennette EH, Balows A, Hansler WJ, Shadomy HJ, eds. Manual of clinical
microbiology. 4th ed. Washington DC: American Society for Microbiol-
ogy, 1985.

Moseley SL, Echevarria P, Seriwatana J, et al. Identification of enterotoxi-
genic Escherichia coli by colony hybridization using three enterotoxin
gene probes, J Infect Dis 1982;145:863-9.

Nataro JP, Kaper JB, Robinson-Browne R, Prado V, Vial P, I evine MM.
Patterns of adherence of diarrheagenic Escherichia coli to Hep-2 cells.
Pediatr Infect Dis J 1987;6:829-31.

Garcia LS, Bruckner DA, Brewer TC, et al. Techniques for the recovery
and identification of Cryptosporidium oocysts from stool specimens. J
Clin Microbiol 1983;18:185-50.

Orenstein WA, Bernier RH, Dondero EJ, et al. Field evaluation of vaccine
efficacy. Bull WHO 1985;63:1055-68.

Ceyhan M, Kanra G, Secmeer G, et al. Take of rhesus-human reassortant
tetravalent rotavirus vaccine in breast-fed infants. Acta Pacdiatr 1993;
82:223-27.

Kapikian AZ, Vesikari T, Ruuska T, et al. An update of the ““Jennerian’
and modified ‘‘Jennerian’’ approach to vaccination of infants and young
children against rotavirus diarrhea. In: Ciardi JE, McGhee JR, Keith
JM, eds. Genetically engineered vaccines. New York: Plenum Press,
1992:59-69.

Vesikari T, Ruuska T, Green KY, et al. Protective efficacy against serotype
1 rotavirus diarrhea by live oral rhesus-human reassortant rotavirus
vaccines with human rotavirus VP7 serotype 1 or 2 specificity. Pediaty
Infect Dis J 1992;11:535-42.

20z Idy €2 uo 1senb Aq 9669£8/892/2/1. |/o101E/PIfjW0d dno-oiWapese)/:sdiy Woly peapeojumod





