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BSTRACT

 

Background

 

Typhoid fever is common in devel-
oping countries. The licensed typhoid vaccines con-
fer only about 70 percent immunity, do not protect
young children, and are not used for routine vaccina-
tion. A newly devised conjugate of the capsular poly-
saccharide of 

 

Salmonella typhi,

 

 Vi, bound to nontox-
ic recombinant 

 

Pseudomonas aeruginosa

 

 exotoxin A
(rEPA), has enhanced immunogenicity in adults and
in children 5 to 14 years old and has elicited a boost-
er response in children 2 to 4 years old.

 

Methods

 

In a double-blind, randomized trial, we
evaluated the safety, immunogenicity, and efficacy of
the Vi-rEPA vaccine in children two to five years old in
16 communes in Dong Thap Province, Vietnam. Each
of the 11,091 children received two injections six weeks
apart of either Vi-rEPA or a saline placebo. Cases of ty-
phoid, diagnosed by the isolation of 

 

S. typhi

 

 from
blood cultures after 3 or more days of fever (a temper-
ature of 37.5°C or higher), were identified by active
surveillance over a period of 27 months. We estimated
efficacy by comparing the attack rate of typhoid in the
vaccine group with that in the placebo group.

 

Results

 

S. typhi

 

 was isolated from 4 of the 5525
children who were fully vaccinated with Vi-rEPA and
from 47 of the 5566 children who received both injec-
tions of placebo (efficacy, 91.5 percent; 95 percent con-
fidence interval, 77.1 to 96.6 percent; P<0.001). Among
the 771 children who received only one injection,
there was 1 case of typhoid

 

 

 

in the vaccine group and
8 cases in the placebo group. Cases were distributed
evenly among all age groups and throughout the
study period. No serious adverse reactions were ob-
served. In all 36 children studied four weeks after the
second injection of the vaccine, levels of serum IgG
Vi antibodies had increased by a factor of 10 or more.

 

Conclusions 

 

The Vi-rEPA conjugate typhoid vac-
cine is safe and immunogenic and has more than 90
percent efficacy in children two to five years old. The
antibody responses and the efficacy suggest that this
vaccine should be at least as protective in persons
who are more than five years old. (N Engl J Med
2001;344:1263-9.)
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N developing countries, typhoid fever is com-
mon, serious, and increasingly difficult to treat
because of the increasing resistance of 

 

Salmonel-
la typhi

 

 to antibiotics.

 

1-5

 

 Typhoid fever was once
thought to occur primarily in older children and
young adults. In children younger than five years of
age, typhoid fever was often unrecognized, because
of atypical clinical symptoms, difficulties in drawing
blood, and the use of culture mediums that were less
than optimal.

 

6-8

 

 In a population-based study of three
communes in Dong Thap Province in Vietnam, the
annual attack rate for typhoid fever was highest among
children younger than 15 years of age: it was 413 cases
per 100,000 in this age group, and 358 per 100,000
among children 2 to 4 years old.

 

9 

 

Similar findings have
been reported in other parts of Southeast Asia.

 

10-12

 

Unfortunately, it is unlikely that the drinking wa-
ter and foodstuffs in many developing countries, es-
pecially in rural areas, will become safe in the near
future.

 

1,5,13

 

 No program to control the spread of ty-
phoid fever by routine vaccination has been adopted,
because of the limitations of the three licensed vac-
cines (parenteral inactivated whole-cell vaccines, oral
attenuated 

 

S. typhi

 

 Ty21a vaccine, and parenteral Vi
polysaccharide vaccine). These vaccines confer only
about 70 percent protection in older children and
adults and do not protect young children.

 

1,14-17

 

The capsular polysaccharide of 

 

S. typhi,

 

 Vi, is both
an essential virulence factor and a protective anti-

I
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gen.

 

18,19

 

 Like most polysaccharide vaccines, the Vi vac-
cine does not induce either protective levels of anti-
bodies in young children or a booster response.

 

19-21

 

To overcome the limitations of the age-related and
T-cell–independent immunogenicity of the vaccine,
the same strategy was used as for the 

 

Haemophilus in-
fluenzae

 

 type b polysaccharide vaccine.

 

22,23

 

 Vi was
bound to a nontoxic recombinant protein that is an-
tigenically identical to 

 

Pseudomonas aeruginosa

 

 exo-
toxin A (rEPA).

 

24-28

 

 In initial trials, the resultant con-
jugate (Vi-rEPA) both enhanced the immunogenicity
of Vi and gave it T-cell–dependent properties.

 

27,28

 

 Vi-
rEPA elicited a booster response in children 2 to
4 years old, whose levels of IgG Vi antibody were ap-
proximately three times as high as those elicited by Vi
in children 5 to 14 years old.

 

28

 

 None of the vaccinated
children had a temperature higher than 38.5°C or an
area of swelling that was more than 2.5 cm in diam-
eter after receiving an injection. On the basis of these
results, we initiated a double-blind, randomized trial
to determine the efficacy of Vi-rEPA in Vietnamese
children two to five years old — an age group for
which there is not yet an effective typhoid vaccine.

 

METHODS

 

Study Design

 

The study protocol was approved by the institutional review
boards of the U.S. National Institute of Child Health and Human
Development, National Institutes of Health, the Ministry of Health
in Vietnam, and the Center for Biologics Evaluation and Research
of the U.S. Food and Drug Administration, and the study was as-
signed a Single Project Assurance Number by the Office for Hu-
man Research Protections of the U.S. Department of Health and
Human Services.

In November 1997, a census of 16 communes in the Cao Lânh
District of Dong Thap Province in the Mekong Delta of Vietnam
identified 14,285 children who were two to five years old. Almost
all the households in the district rely on rivers and rain as their
sources of water. Approximately 95 percent of the population of
the district is engaged in agricultural activities. Cao Lânh District
is served by the Dong Thap Provincial Hospital, and each com-
mune (with a population of 5000 to 20,000) has a health center
with a physician, assistant physicians, nurses, and approximately 20
community health workers.

 

Enrollment of Children

 

Informed consent for the enrollment of 13,776 children (96.4
percent of the two-to-five-year-old children in the district) was ob-
tained from their parents or guardians during group meetings or
home visits conducted by the health workers. Children with illness-
es that required ongoing medical care were excluded. A unique sev-
en-digit identification number was assigned to each enrolled child.

 

Vaccine

 

Vi-rEPA was prepared with Vi (lot 126A, Aventis Pasteur, Ly-
ons, France) and rEPA and characterized as described previous-
ly.

 

27-29

 

 Each dose of Vi-rEPA conjugate contained 22.5 µg of Vi
and 22 µg of rEPA in 0.5 ml of phosphate-buffered saline con-
taining 0.01 percent thimerosal; its appearance was indistinguish-
able from that of the saline placebo. The five-dose vials, each con-
taining 2.8 ml of Vi-rEPA or placebo, were labeled on a random
basis with a number from 0 through 9, packaged 10 per box, and
stored at 4°C. The code, kept by the Department of Pharmacy of
the National Institutes of Health Clinical Center and by the chair-

man of the safety monitoring committee in Ho Chi Minh City,
was broken on June 23, 2000.

 

Injection Protocol

 

Two rounds of injections were conducted in 1998, the first from
February 21 through March 8 and the second from April 4 through
April 20. The injections were administered by 64 teams. Each child
was injected twice approximately six weeks apart, each time with
0.5 ml from a vial with a number identical to the last digit of his or
her identification number. Before receiving the injection, the chil-
dren were examined by the health staff, and their axillary tempera-
tures were measured. Those with no fever (a temperature of less
than 37.5°C) received injections in the left deltoid muscle, and the
vial number was recorded. The children were observed for 20 min-
utes; 6, 24, and 48 hours after the injection, a community health
worker measured body temperature and inspected the injection site.

 

Detection of Cases

 

The diagnosis of typhoid fever was made only when 

 

S. typhi

 

 was
isolated from a blood culture. Children were visited weekly by a
community health worker, at which time their history was taken and
their axillary temperature was measured. Children who had a fever
(a temperature of 37.5°C or higher) for at least three days were re-
ferred to the health station, and 6 ml of blood was drawn; 5 ml of
this blood was transferred to a blood-culture bottle (DIFCO, De-
troit), and 1 ml was used for serologic testing. Blood cultures were
maintained at 37°C, and the clotted blood was maintained at refrig-
erator temperature (4° to 8°C); the samples were brought to the
provincial hospital on the day they were obtained. Cultures were
checked after one, two, and seven days, and 

 

S. typhi

 

 was identified
by established biochemical and serologic assays at the microbiology
laboratory of the provincial hospital and at the Clinical Microbiolo-
gy Department of the National Institutes of Health. All isolates
were also verified for Vi by the antiserum agar technique at the Na-
tional Institute of Child Health and Human Development. There
were no discrepancies in the results from the three laboratories.

 

30

 

To detect any additional cases of typhoid fever, we reviewed the
bacteriologic records of the provincial hospital and the district
hospital, which is located just south of the Cao Lânh District; no
additional cases were found. The study ended on May 31, 2000,
27 months after the first injection had been administered.

 

Immunogenicity and Persistence of Vaccine-Induced 
IgG Vi Antibodies

 

Paired serum samples were obtained from 76 children before the
first injection and four weeks after the second injection. To eval-
uate the duration of vaccine-induced Vi antibodies, a 2-ml blood
sample was obtained from four randomly selected vaccinated chil-
dren in each commune each month after the second injection. Se-
rum IgG Vi antibodies were assayed by enzyme-linked immuno-
sorbent assay (ELISA) and expressed in ELISA units relative to a
standard arbitrarily assigned a value of 100 units.

 

28

 

Statistical Analysis

 

The efficacy of the vaccine was calculated with the following
equation: (1¡[attack rate in the vaccine group÷attack rate in the
placebo group])¬100 percent. Confidence limits were calculated by
the method of Miettinen and Nurminen.

 

31

 

 The chi-square test or,
when appropriate, Fisher’s exact test was used for the comparison
of categorical variables. Logarithms of the antibody concentrations
were used in all calculations. Antibody levels were expressed as geo-
metric means, with 25th and 75th percentiles. Comparisons of geo-
metric means were performed with the unpaired or paired t-test.

 

RESULTS

 

Characteristics of the Study Participants

 

A total of 12,008 children received at least one in-
jection (Table 1); 11,091 (92.4 percent) received two
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injections from vials that were correctly labeled (5525
in the vaccine group and 5566 in the placebo group);
771 (6.4 percent) received one injection (388 in the
vaccine group and 383 in the placebo group); and
146 (1.2 percent) were injected from a vial with an
incorrect code (78 in the vaccine group and 68 in the
placebo group). The sex, age at vaccination, house-
hold composition and size, and interval between the
two injections were similar in the vaccine group and
the placebo group. The interval between the two in-
jections ranged from 28 to 57 days (median, 42).

 

Adverse Reactions

 

No serious adverse reactions were noted (Table 2).
The highest temperature and maximal local reaction

recorded for each participant (from the values record-
ed at 6, 24, and 48 hours) were used for analysis. After
the first injection, 113 children had a temperature of
37.5°C or higher — 81 in the vaccine group and 32 in
the placebo group (P<0.001). Of the children with a
temperature of 39.0°C or higher, 17 were in the vac-
cine group and 5 were in the placebo group (P=0.01).
None of the children had erythema or swelling at the
infection site of 5 cm or more in diameter.

After the second injection, a temperature of 37.5°C
or higher was recorded for 109 children in the vac-
cine group and 25 children in the placebo group
(P<0.001). One child in the vaccine group and one
in the placebo group had a temperature of 39.0°C
or higher. Swelling of more than 5 cm in diameter was
noted in 20 children in the vaccine group, as com-
pared with 1 in the placebo group (P<0.001). Erythe-
ma of 5 cm or more without swelling was noted in
two children in the vaccine group and none in the
placebo group. None of these reactions persisted for
more than 48 hours after the injection.

 

Vaccine Efficacy

 

During the surveillance period (March 8, 1998,
through May 31, 2000), 2335 blood cultures were
obtained — 1121 from children in the vaccine group
and 1214 from children in the placebo group. 

 

S.

 

 

 

typhi

 

was isolated from 61 children (34 boys and 27 girls)
representing all the communes (Table 3). The num-
ber of cases of typhoid fever in each commune ranged
from one to nine (median, four).

Among the 11,091 children who received two injec-
tions from vials with correct codes, there were 4 cases
of typhoid fever in children in the vaccine group and
47 in children in the placebo group (efficacy, 91.5
percent; 95 percent confidence interval, 77.1 to 96.6).
In the placebo group, one additional child had ty-
phoid fever after receiving two injections of placebo
from incorrectly labeled vials.

 

T

 

ABLE

 

 1. 

 

C

 

HARACTERISTICS

 

 

 

OF

 

 

 

THE

 

 C

 

HILDREN

 

 

 

IN

 

 

 

THE

 

 V

 

ACCINE

 

 

 

AND

 

 P

 

LACEBO

 

 G

 

ROUPS

 

.

 

V

 

ARIABLE

 

V

 

ACCINE

 

 G

 

ROUP

 

(N=5991)
P

 

LACEBO

 

 G

 

ROUP

 

(N=6017)

 

Male sex — no. of children (%) 3033 (50.6) 3120 (51.9)
Households — no. 5076 5082
Mean no. of persons/household

»18 Yr 2.89 2.94
<18 Yr 2.74 2.76

Injections received — no. of children
2 5525 5566
1 388 383

Vial did not match child’s ID no. 
— no. of children

78 68

Age at vaccination — no. of children (%)
2 Yr 1338 (22.3) 1356 (22.5)
3 Yr 1422 (23.7) 1418 (23.6)
4 Yr 1628 (27.2) 1597 (26.5)
5 Yr 1603 (26.8) 1646 (27.4)

Days between the 2 injections
Median 42 42
Range 29–57 28–56

*After injection, a community health worker measured the axillary temperatures of the children
and inspected the injection sites for redness and swelling at 6, 24, and 48 hours. The highest tem-
perature and maximal local reaction of those recorded at each time point for each participant were
used to derive the numbers in this table.

 

T

 

ABLE

 

 2. 

 

L

 

OCAL

 

 R

 

EACTIONS

 

 

 

AND

 

 F

 

EVER

 

 AFTER THE INJECTIONS OF Vi-rEPA 
CONJUGATE VACCINE AND SALINE PLACEBO.*

VARIABLE FIRST INJECTION SECOND INJECTION

Vi-rEPA 
(N=5991)

PLACEBO

(N=6017) P VALUE

Vi-rEPA
(N=5525)

PLACEBO

(N=5566) P VALUE

no. (%) no. (%)

Fever
Temperature »37.5°C 81 (1.35) 32 (0.53) <0.001 109 (1.97) 25 (0.45) <0.001
Temperature »39.0°C 17 (0.28) 5 (0.08) 0.01 1 (0.02) 1 (0.02) 0.99

Swelling »5 cm 0 0 20 (0.36) 1 (0.02) <0.001
Erythema »5 cm 0 0 2 (0.04) 0 0.24
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Of the 771 children who received only one correct-
ly labeled injection each, 1 child had typhoid fever 42
days after injection with Vi-rEPA and 8 children in
the placebo group had typhoid fever at various times
during the study period (vaccine efficacy, 87.7 per-
cent). In total, there were 5 cases of typhoid fever in
the vaccine group and 56 in the placebo group (ef-
ficacy, 91.1 percent; 95 percent confidence interval,
78.6 to 96.5). The cases in both groups were dis-
tributed evenly across the range of ages. Among the
children in the vaccine group, there were two cases
of typhoid fever during the first year after the second
injection and three cases during the second year.

Among the 61 children with typhoid fever, 21 chil-
dren (34.4 percent) were hospitalized for an average
of 13 days (median, 12; range, 7 to 24); all of the hos-
pitalized children were in the placebo group (21 of 56,
vs. 0 of 5 in the vaccine group; P=0.22).

A total of 339 children (165 in the vaccine group
and 174 in the placebo group) were lost to follow-
up (3.1 percent): 308 moved out of the study area,
2 withdrew from the study, and 29 (12 in the vac-
cine group and 17 in the placebo group) died from
drowning (19 children), dengue fever (3), pneumonia
(2), the Stevens–Johnson syndrome (2), burns (1),
a foreign body in the airway (1), or leukemia (1). No
death was attributed to the vaccine or to typhoid fe-

ver. There were four isolates of Salmonella paratyphi
A — one from a child in the vaccine group and three
from children in the placebo group.

Serum IgG Vi Antibodies before the First Injection 
and Four Weeks after the Second Injection

A total of 76 paired serum samples were obtained
from children before their first injection and four
weeks after their second injection. There was no sig-
nificant difference between the levels of IgG Vi an-
tibodies before the first injection in the two groups,
nor was there a significant difference between the lev-
el before the first injection and the level four weeks
after the second injection in the placebo group (Ta-
ble 4). In the group that received Vi-rEPA, in con-
trast, the level of IgG Vi antibodies increased by a
factor of more than 575 (P<0.001); in 100 percent of
the children in the vaccine group the level increased
by a factor of at least 10.

Persistence of Vaccine-Induced IgG Vi Antibodies

Blood samples were obtained each month from
four randomly selected children in each commune;
only those obtained before the first injection and six
months, one year, and two years after the second in-
jection are represented in Table 5. The levels of IgG
Vi antibodies before the first injection were similar

*CI denotes confidence interval.

†P values were calculated by Fisher’s exact test.

‡The numbers of children include those who received two injections from vials with correct codes
and those who received one or two injections from vials with incorrect codes.

§One child with typhoid fever who received two injections of placebo from a vial with an incorrect
code is included.

TABLE 3. EFFICACY OF Vi-rEPA CONJUGATE VACCINE.

VARIABLE

VACCINE

GROUP

PLACEBO

GROUP

VACCINE EFFICACY

(95% CI)* P VALUE†

%

Children who received two correctly 
labeled injections — no.

5525 5566 —

Children with typhoid fever — no. 4 47 91.5 (77.1–96.6)
Attack rate (cases/1000 children) 0.72 8.44

All children — no.‡ 5991 6017 —
Children with typhoid fever — no. 5 56§ 91.1 (78.6–96.5)
Attack rate (cases/1000 children) 0.83 9.31

Children with typhoid fever
Sex — no. (%)

Male
Female

5 (100)
0 

29 (52)
27 (48)

— 0.05

Age at vaccination — no. (%) — 0.58
2 Yr 2 (40) 16 (29)
3 Yr 1 (20) 7 (12)
4 Yr 0 16 (29)
5 Yr 2 (40) 17 (30)

Date of isolation of S. typhi — no. (%) — 0.36
3/98–2/99 (12 mo) 2 (40) 33 (59)
3/99–5/00 (15 mo) 3 (60) 23 (41)

Copyright © 2001 Massachusetts Medical Society. All rights reserved. 
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in the vaccine group and the placebo group. Six
months after the second injection, the IgG Vi anti-
body level in the children in the vaccine group was
22.5 ELISA units, or approximately 35 times as high
as that in the children in the placebo group (P<
0.001). The level of vaccine-induced IgG Vi anti-
bodies decreased from 22.5 ELISA units at six months
to 10.7 ELISA units at two years; this level was ap-
proximately 19 times as high as that among the chil-
dren in the placebo group (10.7 vs. 0.57, P<0.001).

Over the two-year period, the IgG Vi antibody level
in the placebo group increased from 0.15 to 0.57
ELISA unit (P<0.001).

A tendency toward age-related immunogenicity and
the persistence of IgG Vi antibodies was observed
when the vaccinated children were stratified into two
age groups — two to three years old and four to five
years old. The children four to five years old had a
higher level of IgG Vi antibodies at all three time
points after immunization, but these differences were
not statistically significant. There was a smaller decline
in the level of IgG Vi antibodies between six months
and two years among the children four to five years
old (26.7 percent) than among the children two to
three years old (59.1 percent) (P=0.32).

Levels of Serum IgG Vi Antibodies in Vaccinated Patients

Only three serum samples collected at the time of
blood culture were available from the four fully vac-
cinated children with typhoid; the levels of IgG Vi
antibodies in the three samples were 4.76, 14.6, and
40.3 ELISA units. There were 37 serum samples from
children with typhoid in the placebo group; in these
samples, the levels of IgG Vi antibodies ranged from
0.05 ELISA unit to 3.7 ELISA units in 36 samples
(geometric mean, 0.41 ELISA unit); one child had
a level of 85.8 ELISA units.

DISCUSSION

In this trial the efficacy of Vi-rEPA (91.5 percent)
was the highest reported for any typhoid vaccine.
The results of this trial also show the efficacy of a ty-
phoid vaccine in young children, for whom no effec-
tive vaccine was previously available. The high degree
of efficacy was predicted by the immunogenicity of
Vi-rEPA in children 2 to 4 years old as compared

*Serum IgG Vi antibodies were assayed by ELISA and expressed in
ELISA units relative to a standard arbitrarily assigned a value of 100 units.28

The serum IgG Vi antibody level rose by a factor of 10 or more in all chil-
dren in the vaccine group.

†P<0.001 for the comparison of Vi-rEPA four weeks after the second
injection (72.9) with placebo four weeks after the second injection (0.27).

‡P=0.08 for the comparison of Vi-rEPA four weeks after the second in-
jection for children four to five years old at the time of injection (75.2) to
Vi-rEPA four weeks after the second injection for children two to three
years old at the time of injection (69.0).

TABLE 4. SERUM IgG Vi ANTIBODY LEVELS BEFORE THE FIRST 
INJECTION AND FOUR WEEKS AFTER THE SECOND INJECTION.*

GROUP NO. OF CHILDREN IgG Vi ANTIBODY LEVELS

BEFORE

1ST INJECTION

4 WK AFTER

2ND INJECTION

geometric mean ELISA units
(25th–75th percentile)

Vaccine group
2–3 Yr old
4–5 Yr old

36
13
23

0.11 (0.06–0.18)
0.10 (0.06–0.12)
0.13 (0.07–0.26)

72.9  (50.7–124)†
69.0  (56.0–186)‡
75.2  (46.9–124)‡

Placebo group
2–3 Yr old
4–5 Yr old

40
13
27

0.15 (0.06–0.19)
0.13 (0.07–0.20)
0.16 (0.07–0.20)

0.27 (0.08–0.55)†
0.13 (0.07–0.14)
0.40 (0.09–1.39)

*A blood sample was taken from four randomly chosen children in each of the 16 communes every month for 24
months. Only data for serum IgG Vi antibody levels before the injections and six months, one year, and two years after
the injections are shown.

†P<0.001 for the comparison of Vi-rEPA at two years (10.7) with placebo at two years (0.57).

‡P=0.79 for the comparison of Vi-rEPA at two years for children four to five years old at the time of vaccination (18.4)
with Vi-rEPA at two years for children two to three years old at the time of vaccination (7.6).

TABLE 5. PERSISTENCE OF SERUM IgG Vi ANTIBODIES IN CHILDREN WHO RECEIVED 
TWO INJECTIONS, ACCORDING TO AGE AT THE TIME OF INJECTIONS.*

GROUP SERUM IgG Vi ANTIBODY LEVELS

BEFORE INJECTIONS

6 MO AFTER

2ND INJECTION

1 YR AFTER

2ND INJECTION

2 YR AFTER

2ND INJECTION

geometric mean ELISA units (25th–75th percentile)

Vaccine group
2–3 Yr old
4–5 Yr old

0.12 (0.06–0.20)
0.12 (0.05–0.23)
0.13 (0.07–0.20)

22.5  (13.8–47.3)
18.6  (13.1–47.3)
25.1  (13.8–49.0)

18.7  (10.3–32.6)
14.3  (7.1–18.6)
21.4 (14.0–37.5)

10.7  (6.4–24.8)†
7.6  (6.2–17.4)‡

18.4  (8.2–41.4)‡
Placebo group

2–3 Yr old
4–5 Yr old

0.15 (0.06–0.25)
0.10 (0.05–0.18)
0.20 (0.07–0.59)

0.65 (0.28–1.03)
0.50 (0.27–0.51)
1.00 (0.33–1.72)

0.31 (0.17–0.52)
0.30 (0.15–0.38)
0.30 (0.17–0.59)

0.57 (0.15–2.50)†
0.70 (0.26–1.13)
0.50 (0.15–2.50)
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with that of Vi in adults and in children 5 to 14 years
old.28 Since it is the level of serum IgG Vi antibodies
induced by a Vi-based vaccine that determines its effi-
cacy, we predict that Vi-rEPA will be at least as protec-
tive in older children and adults.32 We are conducting
passive surveillance of the participants for another two
years to evaluate the duration of protection and the
persistence of IgG Vi antibodies induced by Vi-rEPA.

Vi-rEPA was safe. For each type of adverse reac-
tion, we subtracted the number of reactions among
children in the placebo group from that in the vaccine
group to estimate the rate of adverse reactions at-
tributable to the vaccine. After the first injection, 0.8
percent of the children had a temperature of 37.5°C or
higher, and 0.2 percent had a temperature of 39.0°C
or higher; these high temperatures were attributable
to the vaccine. After the second injection, fever at-
tributable to Vi-rEPA occurred in 1.5 percent of the
children, with a temperature of 37.5°C or higher, but
none had a temperature of 39.0°C or higher. An area
of swelling of 5 cm or more in diameter at the injec-
tion site was observed after the second injection in
20 children in the vaccine group, as compared with
1 child in the placebo group. This high degree of safe-
ty was also observed in our phase 1 and phase 2 stud-
ies of another lot of Vi-rEPA. Both lots of conju-
gates met the safety requirements of the World Health
Organization for Vi polysaccharide vaccine.28,29 These
specifications should therefore serve as minimal re-
quirements for future lots of Vi-rEPA.

Our results suggest that the course of illness in
the 5 children who received one or two injections of
Vi-rEPA and in whom typhoid developed was milder
than that in the 56 children with typhoid in the place-
bo group, because 21 of the latter (37.5 percent) were
hospitalized, as compared with none of the former.
The higher levels of IgG Vi antibody in the children
with typhoid who had been vaccinated with Vi-rEPA,
as compared with those in the children who had been
injected with placebo, may explain this milder course
of disease.

Similar numbers of blood cultures were obtained
from children in the vaccine group (1121) and chil-
dren in the placebo group (1214). Children in the
placebo group from whom S. typhi was isolated (from
56 of the 1214 cultures) represent 4.6 percent of the
children who had fever for three or more days. But
the diagnosis of typhoid on the basis of the results of
a single blood culture is not efficient.33-35 Only about
50 percent of typhoid cases identified by culture of
the bone marrow are identified by blood culture. The
yield of S. typhi from blood cultures is related to the
duration of fever: the proportion of children with pos-
itive cultures of blood samples obtained after three
days of fever was 4.6 percent, as compared with 17.1
percent after seven or more days of fever.9

The unusual structure, molecular size, and physi-
cochemical properties of Vi made the development

of Vi-rEPA difficult.24-28,32,36,37 Both the safety and the
immunogenicity of Vi-rEPA in this trial were similar
to those of a similar product evaluated in phase 1
and phase 2 studies in Vietnam, indicating a consisten-
cy in the production of this new vaccine.28 Vi-rEPA-
induced levels of IgG Vi antibody declined by a factor
of approximately two over two years, but there was no
change in the efficacy of the vaccine. On the basis of
the antibody level in children two to three years of
age two years after vaccination, we estimate that the
protective level of Vi-rEPA-induced IgG Vi antibod-
ies is 7 ELISA units or lower. It is likely that Vi-rEPA
will be at least 92 percent protective for persons old-
er than five years of age, including military personnel
and travelers to areas in which typhoid is endemic.4

Should Vi-rEPA elicit levels of Vi antibody in infants
similar to those in children two to five years of age, this
typhoid vaccine could be administered as part of the
WHO Expanded Program on Immunization.1
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