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Abstract The purpose of this study was to evaluate the
immunogenicity and safety of Salmornella Typhi Vi capsular
polysaccharide vaccine (Vi vaccine) in Korea. The
immunogenicity of a single dose of Vi vaccine was evaluated
in 157 subjects (75 children and 82 aduits) before and at 1, 6,
and 12 months after vaccination. Immunogenicity was measured
with a passive hemagglutination assay (PHA), quantified as
geometric mean titers (GMTs) and seroconversion rates. The
safety of the vaccine was investigated by determining adverse
reactions occurring within 4 h, 3 days, and 1 month after
injection. The seroconversion rate for children and adults 1
month after vaccination was 96.92% and 89.02%, respectively.
In the case of children, the GMTs of Vi antibodies before
vaccination were 5.87+1.34 and 142.59+2.39 at one month
after vaccination. For adults, the GMTs before and one month
after vaccination were 5.58+1.28 and 58.56+3.67, respectively.
Vi antibodies persisted for as long as 6 and 12 months after
vaccination. All adverse reactions in adults and children were
minor and did not require treatment. The Vi CPS vaccine was safe
and immunogenic in adults and children older than 5 years.
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Typhoid fever is a systemic bacterial infectious disease
caused by Salmonella enterica serotype Typhi. Globally,
17 million people are annually infected by the bacterium
and more than 600,000 people die from it. Prevention is
especially important in Asia, the Middle East, and Latin
America, where the resistance to multiple antibiotics is
steadily rising [2, 15, 17].
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Three kinds of typhoid vaccine have been developed:
‘Whole-cell killed vaccine (TAB vaccine), live oral attenuated
Ty21a vaccine (Ty21a vaccine), and parenteral Vi capsular
polysaccharide vaccine (Vi vaccine). Currently, just two
types of Ty2la vaccine and the Vi vaccine are used in
Korea. Vi vaccine showed 55% (30% to 71%) efficacy
after one-time vaccination of adults and children over the
age of five. Immunogenicity is maintained for more than
3 years, and antibodies persist for 10 years in more than
50% of subjects [9, 11]. Even though a minimum of thres
doses are used, the Ty21a vaccine displays a low efficacy
of 51% (35% to 63%) in school-aged children and aduits,
and has no proven efficacy in very young children (<24
months old) [7,18]. The TAB vaccine has yielded the
highest protective efficacy, but also the largest number of
adverse effects [4, 7].

Typhoid fever is rarely epidemic in Korea, with about
300 people infected annually. The Korea Center for Disease
Control and Prevention recommends restricted vaccination
of high-risk infectious groups, which include travelers to
endemic areas, persons with intimate exposure to an S.
Typhi carrier, employees of mess halls and sanitary facilities,
and those in microbiology laboratories who work frequently
with S. Typhi [12]. Typhoid fever has a well-documented
ability to cause large single-source outbreaks [16, 19], and
the Center for Disease Control and Prevention (CDC) has
classified Salmonella species together with other food
safety threats as the second highest priority for potential
bioterrorism agents (category B) [6, 27].

The investigational Vi vaccine was produced in Korea.
After S. Typhi was first mass-cultured in a fermentor, the
Vi capsular polysaccharide (CPS) was highly purified from
the culture broth. The purpose of this study was to identify
the immunogenicity and safety of the Vi vaccine in adults
and children in Korea.
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MATERIALS AND METHODS

Study Design

The study protocol was approved by the Korea Food and
Drug Administration and by the institutional review boards
of Korea University Anam and Guro Hospitals in Seoul.
Informed consents were obtained from adults and from
parents of vaccinees younger than 15 years of age.

This study was conducted from October 2000 to March
2002. Subjects had to be healthy, over the age of 5 years,
and were not previously vaccinated with Vi polysaccharide.
Additionally, the subjects could not have a history of
typhoid fever. We also excluded those who were given
immunosuppressive medicine or blood derivatives within
6 months of the screening time point and those with an
anti-Vi titer higher than 1:20 at the screening time point.
Individuals with a history of allergic or immunologic disorders,
pregnant or nursing women, alcoholics, and drug abusers
were also excluded from the study.

Subjects were screened at a baseline visit according to
medical history, physical examination, laboratory safety
parameters (complete blood count, liver function tests, and
renal function tests), urine pregnancy test, and anti-Vi
antibody assay (passive hemagglutination assay, PHA)
within two weeks prior to injection.

Qualified subjects were checked (prior to injection)
for fever to ensure that they presented a normal body
temperature (<37.5°C). If they were found to have an
abnormal body temperature, they were excluded from the
study. The healthy subjects were then injected once in the
deltoid muscle with 0.5 ml of Vi vaccine (Zerotyph 1I inj.,
Lot No. 0550001) and observed for 20 min after injection.
The subjects themselves recorded in their subject diary
variations of body temperature and other adverse reactions
for 4 h and three days. For subjects younger than 15 years
of age, the subject diary was recorded by the parent. Thirty
days after vaccination, the subjects received a medical
reexamination to confirm adverse effects.

Vaccine
The subjects were injected with Zerotyph II inj. (Boryung
Pharm. Co. Ltd., Seoul, Korea), which contains 25 ng/
0.5 ml/dose of Vi capsular polysaccharide as the main
ingredient. The strain used to produce the vaccine was
Salmonella Typhi (ATCC 9992V), allocated to us by the
Korean National Institutes of Health.

The vaccine strain was cultured for 18 h at 37°C in
a fermentor, and then the bacteria were removed by
centrifugation (6,000 xg). NaCl was added to the supernatant
at a final concentration of 5%, followed by chilled ethanol. The
sediment was dissolved in tris (hydroxymethyl) aminomethane-
chloride buffer to a final concentration of 0.05 N and then
incubated overnight with benzonase nuclease (Novagen,
WI, U.S.A.) and protease (Sigma, MO, U.S.A.) at 37°C.

Next, the mixture was treated with hexadecyltrimethyl
ammonium bromide (Fluka, Buchs, Switzerland) and
centrifuged (6,000 xg) for 20 min. The pellet was dissolved
in 1 M CaCl, (KP, Siheung, Korea), diluted with ethanol,
and centrifuged (6,000 xg) for 20 min. After the pellet was
dissolved in pyrogen-free water (PFW), the solution was
diafiltered, concentrated, and lyophilized. The lyophilized
powder was dissolved in phenol-phosphate buffer to a final
concentration of 50 pg/m! and filtered at 0.22 um [8, 28].

Immunogenicity and Persistence of Vaccine-Induced Vi
Antibodies

In order to measure the seroconversion rate, blood samples
were collected from the subjects once before injection and
again 30 days after injection. To evaluate the persistence of
vaccine-induced Vi antibodies, blood samples were also
taken at 6 and 12 months after injection. Anti-Vi capsular
polysaccharide antibodies were measured by PHA. In a V-
bottom microplate, subject serum was diluted twofold
from a ratio of 1:2.5 to 1:320, so that each well contained
25 pl. Purified Vi antigen-sensitized sheep blood cells
were added in a volume of 25 pl to each well. Following at
least one hour of incubation at room temperature, the assay
was analyzed [14, 25]. The resuit of the antibody titer was
expressed as the inverse of the final dilution fold of serum.
Seroconversion was defined as antibody levels more than
4 times the amount before injection of the vaccine, and the
cutoff point was in the ratio of 1:20 [26].

Statistical Analysis

Antibody levels were expressed as geometric mean titers
(GMTs). Comparisons of geometric means were performed
with a paired r-test or repeated measured ANOVA. P
values <0.05 were considered statistically significant.

RESULTS

A total of 157 subjects participated in the study, including
75 children under 15 years of age and 82 adults. Thirty
days after vaccination, immunogenicity was evaluated in
147 subjects. The reason for exclusion of ten children was
that eight children did not visit the hospital after vaccination
and two children were included in subject exclusion criteria
because of other vaccinations one month prior to vaccination.
Mean ages (+ standard deviation) of the children group
and the adult group were 8.65+2.43 (range, 5-14) and
38+14.81 (range, 19-72) years old, respectively. The ratio
of men to women was 1:1.1 in the children group, and
1:3.8 in the adult group. In the pre-vaccination screening
process, serum of all subjects was negative for Vi antibody.

The seroconversion rate one month after injection was
96.92% in children and 89.02% in adults. The seroconversion
of all subjects combined was 92.5% at one month after
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Table 1. Seroconversion rates 1 month after vaccination and Vi antibody levels before and 1 month after vaccination.

Serum Vi antibody levels®

Seroconversion rate

Grou, c

P Before injection (£SD) 1 mo after injection (+SD) (90% CT')
Children® 65 5.87+1.34 142.59+2.39 96.92% (93.40-100.45%)
Adults® 82 5.58+1.28 58.56+3.67 89.02% (83.34-94.70%)

*Antibody levels are given as geometric mean titers.

®Antibody titers increased significantly after injection, based on a paired #-test (P=0.0001).

“90% confidence interval.

injection. At one month before and after injection, respectively,
GMTs of Vi antibody were 5.87+1.34 and 142.59+2.39 for
children and 5.58+1.28 and 58.56+3.67 for adults (Table 1).
Statistically, these increases were significant at one month
after injection (p=0.0001).

For persistency of the antibody titer, only 37 children
and 28 adults were available for follow-up to 12 months.
Blood was taken before vaccination and 1, 6, and 12
months later (Table 2). After injection, the antibody titers
of both children and adults were significantly greater for
up to 12 months than those before injection (p=0.0001).

All adverse reactions in adults and children resulting
from immunization are shown in Table 3. Local and
systemic adverse reactions were mild and did not require
treatment in either age group. No fevers of >38°C were
recorded up to 4 h and 3 days after injection of the vaccine.
Laboratory parameters for safety assessment one month
post-vaccination were within the normal range, compared
with pre-vaccination levels (data not shown). In children,
all systemic and localized reactions disappeared within
24 h following injection. Every systemic and localized
reaction disappeared by 3 days after injection in adults,
although most reactions were gone within 24 h. There
were no adverse reactions after 3 days post-injection.

DiISCUSSION

Based on PHA (cutoff value 1:20) evaluation, the Vi
vaccine was highly immunogenic, especially in children.
GMT levels in children were the highest 1 month after
injection, and then decreased as time passed. In adults, the
highest GMT was at 6 months after injection, followed by
a decrease. Of 2 children without anti-Vi antibodies, one

(antibody titer 20, 1 month post-injection) did have measurable
antibodies at 6 and 12 months after injection, with
seroconversion at 6 months following injection. The titer
was held at 160 at 6 and 12 months. In adults (28 total),
9 subjects were negative for antibody at 1 month post-
injection, but 3 of these had detectable anti-Vi antibodies at
6 months after injection. Their antibody titer was less than
5 at 1 month post-injection and increased by 40 at 6 months
post-injection. Seroconversion could have occurred at any
point between 1 and 6 months post-injection.

Six months post-immunization, the seroconversion rate
was 98.5% (64/65) in children, 92.7% (76/83) in adults,
and 95.2% (140/147) in general. Antibody titers were not
measured at 6 months post-injection in the 7 subjects who
did not seroconvert at 1 month. These results indicate that
Zerotyph II inj. is highly immunogenic, concordant with
previous clinical studies carried out in Korea [21, 24].

In other studies carried out in other countries using the
Vi vaccine, seroconversion rates at 4 weeks post-injection
were 75% in Nepal [1], 67% in Malaysia [20], 81-92% in
China [29], 71.6% in India {23], and 93-98% in the U.S.A.
[10]. Zerotyph II inj. had a higher seroconversion rate than
others. According to a recent report, the protectiveness of
Vi vaccination is related with serological protection in
endemic areas [11], demonstrating that Zerotyph II inj.
offers good protection. However, the subjects have no:
been followed to clearly establish protective efficacy, which
is a limitation of this particular study.

Immunogenicity data of Vi vaccine consist of anti-Vi
antibody measurements obtained either by the PHA or RIA
(radioimmunoassay) [22]. These two test results correlate
well, although numerically higher results are obtained with
PHA. The protective level of antibody is unknown. Thus,
the results were evaluated for four-fold titer rises and

Table 2. Persistence of serum Vi antibodies in children and adult vaccinees.

Serum Vi antibody levels®

Group n —
Before injection (+ SD)

I mo after injection (£SD) 6 mo after injection (=SD)

12 mo after injection (zSD)

151.26+2.28
64.03+2.81

Children® 37 6.03+1.37
Adults® 28 5.66+1.31

109.99+1.91
105.03+2.29

100.16=1.67
84.06+2.12

*Antibody levels are given as geometric mean titers.

"Antibody titers increased significantly from the pre-vaccination baseline within 12 months after the injection, based on repeated measured ANOVA

(P=0.0001).
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Table 3. Adverse local and systemic reactions observed within
72 h of Vi vaccination.

Child (N=75) Adult (N=82)
Variable
No. (%) No. (%)

Localized reactions

Pain 27 (34.21) 36 (43.9)

Redness 2(2.67) 8(9.76)
Systemic reactions

Fatigue 2 (2.67) 15 (18.29)

Malaise 2 (2.67) 3(3.66)

Headache 1(1.33) 8(9.75)

Dizziness 1(1.33) 5(6.09)

Myalgia 1(1.33) 9 (10.98)

Diarrhea 0 2(2.44)

Others® 3 (3.66)°

*Arthralgia, rash, and rigor were each reported once.

GMTs [22]. Using the PHA, the cutoff point of Vi antibody
was in the ratio of 1:20 [24-26].

Ty21a vaccine containing live bacteria cannot be used in
immune-compromised patients including those with HIV
infections [5]. Vi vaccine-induced Vi antibody levels in
immune-compromised patients and HIV-infected patients
with low CD4" T-lymphocyte counts are significantly lower
than those found in HIV-infected patients with high CD4"
T-lymphocyte counts and healthy controls [13].

A report of post-marketing safety surveillance of typhoid
vaccines from 1990 to 2002 shows mild cases and severe
adverse reactions [3], and each of the most severe adverse
reactions, including Guillain-Barre syndrome, anaphylaxis,
and perforated jejunum have been reported only once. In
the present study, Zerotyph 11 inj. was found to be safe and
showed no serious adverse reaction. Most adverse events
were mild and required no specific treatment.

The above results led us to conclude that Zerotyph 11 inj.
demonstrated excellent immunogenicity and safety for adults
and children over the age of 5 years, when injected once in
the muscle with a volume of 0.5 ml (25 pg as Vi capsular
polysaccharide). Further investigation is needed to determine
the extent and duration of antibody induced by the Vi vaccine.
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