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ABSTRACT

This experiment was conducted to assess the efficacy
of typhoid vaccine newly produced by purifying Vi
antigen of Salmonella typhi. With Karber method,
LD of challenging organism (S. typhi ty2) was
determined as 6.31 CFU/mouse, and then the organism
was used for the study. With Probits method, EDS of
the vaccine was determined as 0.016 / 0.5 ml /
mouse. The ELISA titer (0.5097+ 0.0606) was 4 times
in the group treated with high dose (0.25 /0.5ml) as
in control (0.1113+ 0.0110). Six major protein bands of
66, 55, 35, 33, 18, and 9 kd were detected in Western
blot analysis with serum of a vaccine treated mouse,
whereas only one weak band of about 35 kd was
detected with serum of a control mouse. We concluded
that typhoid vaccine produced by purifying Vi antigen
of S. typhi very effectively prevent S. typhi infection
in mice.
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Introduction

Typhoid fever, caused by infection with Salmonella typhi,
remains an important health problem in many part of the
world, with an estimated annual incidence of about 16
million cases and 600,000 deaths [15]. Typhoid fever can be
occurred throughout the year in Korea, especially in summer,
and is characterized by the dinical symptoms such as
typhoid fever, abdominal pain, and diarrhea. Mortality rates
for typhoid fever of up to 30% have been reported from some
developing countries [1, 4, 9, 12].

In the past, chloramphenicol and ampicillin have been
effectively used for many years, but treatment and control
of typhoid fever has become increasingly difficult because
strains of S. typhi resistant to these antibiotics have been
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emerged worldwide [27]. Typhoid vaccines composed of
inactivated cells of S. typhi were developed early in the 20th
century based on principles articulated by Pasteur, but they
were recently not used because the vaccine can be attacked
with a undesirable disease such as high typhoid fever, whole-
cell vaccines are only up to 70% effective, and the immunity
does not persist for more than three to five years [2, 3, 14,
15]

Germanier et al have isolated a mutant S. typhi strain,
Ty2la that has been used as an orally administered,
attenuated vaccine. Strain Ty2la has lost an epimerase
capable of converting glucose to galactose, a loss resulting in
defective synthesis of the polysaccharide component of LPS.
As a result Ty2la is not well adapted to survive and
multiply in the intestinal tract [7]. In these days, parenteral
vaccine, which made of purified Vi capsular polysaccharide
have been widely used [6, 7]. Vi polysaccharide is a well-
standardized antigen that is effective in a single parenteral
dose, is safer than whole-cell vaccine [24]. Hessel et al
showed that a vaccine composed of purified Vi capsular
polysaccharide of S. typhi, given as a single intramuscular
or deep subcutaneous injection, has consistent immunogenicity
and efficacy, and side effects were infrequent and mild [11].
This experiment was conducted to identify the immunity of
mice prevented with purified Vi polysaccharide, submitted
from Greencross Company, based on Guideline for standard
and test procedure of biological materials, recommended by
Korean Food & Drug Administration [8].

Materials and Methods

1. Challenging organism

Salmonella typhi ty2 offered from Korean National
Institute of Health was used as challenging organism. The
bacterium was subcultured twice in tryptic soy agar (Difco,
USA) and tryptic soy broth (Difco, USA), and used in the
study after counted by plate count technique.

2. Animals

Four week-od SPF male BALB/c mice were provided
from Samtako (Korea). The animals were kept in plastic
cages (polycarbonate, 222713 Cm) at 22 C in negative rack
(Three shine, Korea) with hepafilter. Animal food (CRF-1,
Charles river, Japan) and water were provided ad libitum.
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After accommodation period of one week, the animals were
used in the study.

3. Lethal dose 50 (LD5)

Based on Guideline for standard and test procedure of
biological materials, recommended by Korean Food & Drug
Administraion [8], the challenging organism must be below
20 bacteria in LD value. In order to assess LD S. typhi
ty2 was diluted in 5% mucin with concentrations of 1000,
100, 10, 1 CFU/0.5ml. Ten mice of each group were intra-
peritoneally administered with the challenging organism,
and then mortality was evaluated for three days. LD was
calculated with Trimmed Spearman-Karber method [10].

4. Effective dose 50 (EDF)

Typhoid vaccine was diluted with sterilized phosphate
buffered saline (PBS, pH 7.2) with concentration of 0.25,
0.05, 0.01, and 0.002 /0.5ml and fifteen mice of each group
were intraperitoneally administered with the diluted vaccine
of each concentration. After 12 post-inoculation days, ten
mice of each group were inoculated with challenging
organisms of 1000 CFU/0.5ml, and mortality was evaluated
for three days. ED® was obtained with Probits methods
(Quantal Dose-Response, Pharmacologic Calculation System-
Version 4.1).

5. Enzyme linked immunosorbent assay

To evaluate the antibody titer against Vi antigen, mice
sera were collected through abdominal vein at 12 days post
immunization. Salmonela typhi ty2 cultured in tryptic soy
broth were collected and washed three times with sterilized
PBS and crushed with sonicator. Five p g of total bacterial
protein was loaded into each well of ELISA plate and
incubated at 4 C overnight. After washed three times with
PBS, the plate was blocked with 1% bovine serum albumin
at 4 C for 2 hr and incubated with sera (1:50 diluents) of
all mice treated and untreated with the vaccine at room
temperature for 2 hr. Then it was washed and incubated
with HRP-conjugated anti mouse 1gG antibodies (Promega,
USA) at RT for 1 hr. Finally it was washed and visualized
with o-phenylenediamine dihydrochloride (Sigma, USA) and
the absorbance was measured at 450 nm wavelength.

6. Western blot

The sonicated cells were suspended in 2% SDS and
proteins were extracted by bailing for 10 min. Then the
protein was mixed with sample buffer (0.1 M Tris-HCl, pH
6.8, 10% Glyceral, 2% SDS, 5% 2-mercaptoethanol, 0.05%
bromophenol blue) and boiled for 5 min. It was separated on
12.5% pdyacrylamide gel at 200 V (BioRad, USA) for 45 min
and transferred to nitrocellulose membrane at 100 V for 1 hr.
After transferred, the membrane was blocked with 5% skim
milk at 4 C for 2 hr and incubated with each serum of a
mouse (1:100 diluents) administered with 0.25 /0.5ml of
typhoid vaccine and a contra mouse at 4 C overnight. After

washed, it was reacted with HRP-conjugated anti mouse
IgG antibodies (Promega, USA) at room temperature for 1
hr and visualized with 3, 3-diaminobenzidine (Vector, USA).

Results

1. LD®

When calculated with Trimmed Spearman-Karber
method, LD of challenging organism was 6.31 CFU/mouse,
and we considered that the bacterium was suitable for this
study (Table 1).

Table 1. LD of challenging organism in mice

Microorganism | Challenge dose Mortalit LD
(CFU/mouse) | (CFU/mouse) y (CFU/mouse)
1000 10/10
. 100 10/10
S.typhi ty2 10 7110 6.31
1 0/10
2. ED®

When calculated with Probits method, ED® of typhoid
vaccine was 0.016 /mouse (Table 2).

3. ELISA

Sera of five mice of each group were used to evaluate the
antibody level for Vi antigen. The results showed that
antibody level was higher in mice treated with vaccine than
in untreated mice. In mice group (0.5097+ 0.0606) treated
with high dose (0.25 /0.5ml) vaccine, antibody level to Vi
antigen was 4 times as in control mice (0.1113+ 0.0110)
(Fig 1). When titration was evaluated with serum of a
mouse showing middle value in each group, a significant
positive reaction was identified up to a diluted concentration
of 1:320 in 0.25 /0.5ml treated mouse, 1:160 in 0.05
/0.5ml, 1:80 in 0.01 /0.5ml, and 1:40 in 0.002 /0.5ml (Fig 2).
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Fig 1. Mean value of antibody titers against S. typhi in
mice administered with typhoid vaccine of various concen-
trations (0.25, 0.05, 0.01, 0.002 /0.5ml) and PBS.
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Table 2. ED9 of typhoid vaccine following intraperitoneal administration in mice

Dose Challenge dose Survival rate EDD
(9/0.5ml/mouse) (CFU/mouse) (9/0.5ml/mouse)
0.25 1000 10/10
0.05 1000 9/10
0.01 1000 6/10 0.016
0.002 1000 1/10
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Fig 2. Titration of serum of the mouse that showed median
value of antibody level against S. typhi in each group
administered with typhoid vaccine.

4. Western blot analysis

Six major protein bands of about 66, 55, 35, 33, 18, and
9 kd were detected using a mouse serum treated with 0.25

/0.5ml of the vaccine, whereas only one weak band of
about 35 kd in a contro mouse was detected. The protein
band of 35kd was considered as nonspecific reaction (Fig 3).

Fig 3. Western blot analysis. M; molecular marker (66, 45,
29, 20, 14.2, and 6.5 kd from the top), lane 1; Major protein
bands of about 66, 55, 35, 33, 18, and 9 kd were reacted
with serum of a mouse administered with typhoid vaccine
(0.25 /0.5ml), lane 2; The protein band of 35kd was reacted
with serum of a control mouse.

to the Enterobacteriaceae family. The bacterium is encapsulated
by a polysaccharide layer and has following three major
proteins: ) the capsular polysaccharide or Vi antigen; )
the O or somatic antigen (cell-wall lipopolysaccharide), which
corresponds to the endotoxin; and ) the H or flagellar
antigen, which is a protein. S. typhi is distinctive among the
Salmondla spp. in possessing the Vi antigen, although it is
found in lower quantities in some strains of S. paratyphi C
and S. dublin [15]. Vaccines that contain purified capsular
polysaccharide antigens elicit serum antibodies that provide
type-specific protection against invasive infections. The
whole organism is not required to elicit this protective
immune response. Vaccination with the Vi antigen alone
elicits a much greater and more consistent Vi antigen
antibody response than whole-cell vaccination [20, 21, 25].

Since the Vi antigen of S. typhi was first identified by
Felix and Pitt [5], many studies about typhoid vaccine have
been conducted [18, 19, 26, 28]. The Vi antigen physically
prevents antibodies binding to the O antigen and is also
associated with inhibition of complement activation as well
as with resistance to complement-mediated lysis and
phagocytosis [22, 26]. Thus, the Vi antigen allows S. typhi
to survive in the blood, leading to septicemia. Spedific serum
antibody to Vi antigen is necessary to activate complement
against S. typhi.

The Vi polysaccharide vaccine has been used in many
part of world, and is administered in one dose of 25 /0.5ml
as an intramuscular or deep subcutaneous infection, with
revaccination after 3 years recommended for individuals
who remain at risk of infection [11].

In potency test using mice, mixture of challenging
organism and mucin solution has been administered, which
is to increase toxicity of the organism [23, 25]. By using the
same method, this study could be effectively conducted.

Many studies about safety and immunogenicity of Vi
vaccdine have been reported in adults or children. In South
Africa, Keddy et al. revealed that Vi vaccination has led to
ongoing antibody production in greater than 50% of Vi
vaccinated children in an endemic area for a period of 10
years [16]. According to Kim et al. of 137 vaccinees, 116
(84.7%) maintained a persistent rise in Vi antibody titer 12
months after vaccination, and 55 out of 100 (55.0%) had a
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4-fold or greater rise at 36 months [17]. In our study, only
one dose of 0.25 /0.5ml of Vi polysaccharide vaccine,
submitted from Greencross co., successfully could prevent
lethal event in mice. To evaluate more precise effect in
humans of Vi vaccine, clinical trial is to be conducted.

References

1

10.

11.

12.

13.

14.

Anderson, E. S., Joseph, S. W., and Nasution, R.
Febrile illness resulting in hospital admission: a
bacteriological and serological study in Jakarata,
Indonesia. Am. J. Tropic. Med. Hyg. 1976, 25: 116-121.

. Ashcroft, M. T., Singh, B., Nicholson, C. C., Ritchie,

J. M., Sorbryan, E., and Williams, F. A seven-year
field trial of two typhoid vaccines in Guyana. Lancet.
1967, 2: 1056-9.

. Cvjetanovic, B. Typhoid fever and its prevention.

Public. Health. Rev. 1973, 2: 229-46.

. Edelman, R., and Levine, M. M. Summary of an

international workshop on typhoid fever. Rev. Infect.
Dis. 1986, 8: 329-349.

. Felix, A., and Pitt, R. M. A new antigen of B

typhosus: its relation to virulence and to active and
passive immunization. Lancet. 1934, 2: 186-191.

. Germanier, R. Development of a new oral attenuated

typhoid vaccine. Bacterial vaccines. 1982, pp.419-421.
vol 4, New York, U.SA.

. Gilman, R.H., Hornick, R. B., Woodwaed, T. E.,

Dupent, H. L., Synder, M. J., Levine, M. M., and
Livonati, J. P.. Evaluation of a UDP-glucose-4-
epimeraseless mutant of Salmonella typhi as a live oral
vaccine. J. Infect. Dis. 1977, 136: 717-23.

. Guideline for standard and test procedure of biological

materials, Korean Food & Drug Administraion, 1999,
40-44.

. Gulati, P. D., Saxena, S. N., Gupta, P. S, and

Chuttani, H. K. Changing pattern of typhoid fever.
Am. J. Med. 1968, 45: 544-548.

Hamilton, M. A., Russo, R. C., and Thurston, R. C.
Trimmed Spearman-Karber method for estimating
median lethal concentration in toxicity bioassays. Env.
Sd. Technol. 1977, 7:714-719.

Hessel, L., Debois, H., Fletcher, M., and Dums, R.
Experience with Salmondla typhi Vi capsular
polysaccharide vaccine. Eur. J. Clin. Microbial. Infec.
Dis. 1999, 18(9): 609-20.

Hoffman, S. L., Punjabi, N. H., Kumala, S., Moechtar,
M. A., Pulungsih, S. P., Rivai, A. R., Rockjill, R. C,,
Woodward, T. E., and Loedin, A. A. Reduction of
mortality in chloramphenicol treated severe typhoid fever
by dexamethasone. New. Eng. J. Med. 1984, 310: 82-88.
Hornick, R. B., and Woodward, T. E. Appraisal of
typhoid vaccne in experimentally infected human
subjects. Trans. Am. Clin. Climat. Assoc. 1966, 78: 70-8.
Hornick, R.C., Woodward, T. E., McCrumb, F. R,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

26.

Synder, M. J., Dawkins, A. T., Bulkeley, J. J., de la
Marcora, F., and Corozza, F. A. Typhoid fever vaccine
- yes or no? Med. Clin. North. Am. 1967, 51: 617-23.
Ivanoff, B., Levine, M. M., and Lambert, P. H.
Vaccination against typhoid fever: present status. Bulletin
of the World Health Organization. 1994, 72: 957-971.
Keddy, K. H., Klugman, K. P., Hansford, C. F.,
Blondeau, C., and Bouveret le Cam, N. N. Persistence
of antibodies to the Salmonela typhi Vi capsular
polysaccharide vaccine in South African school children
ten years after immunization. Vaccine. 1999, 17(2): 110-3.
Kim, Y. R, Yoo, J. H,, Hur, J. K. Kang, J. H. Shin,
W. S., and Kang, M. W. Immunogenicity of Vi capsular
polysaccharide vaccine evaluated for three years in
Korea. J. Korean Med. Sci. 1995, 10(5): 314-7.
Landy, M. Studies of Vi antigen: immunization of
human beings with purified Vi antigen. Am. J. Hyag.
1954, 60: 52-62

Landy, M. Studies of Vi antigen, 7:characteristics of
the immune response in the mouse. Am. J. Hyg. 1957,
65: 81-93.

Landy, M., Gaines, S., Seal, J. R., and Whiteside, J.
E. Antibody response of man to three types of antityphoid
immunizing agents: heat-phenal fluid vaccine, acetone-
dehydrated vaccine, and isolated Vi and O antigens.
Am. J. Pub. Health. 1954, 44; 1572-1579.

Levin, D. M., Wong, K. H., Reynolds, H. Y., Sutton,
A. and Northup, R. S. Vi antigen from Salmonéela
typhosa and immunity against typhoid fever, : safety
and antigenicity in humans. Infect. Immun, 1975, 12:
1290-1294.L ooney, J. R., and Steigbigel, R. T. Rdle of
the Vi antigen of Salmondla typhi in resistance to host
defense in vitro. J. Lab. Clin. Med. 1986, 108: 506-516.
Pittman, M., and Bohner, H. J. Laboratory assays of
different types of field trial typhoid vaccines and
relationship to efficacy in man. J. Bacteriol. 1966, 91:
1713-1723.Plotkin, S. A., and Bouveret-Le, N. A new
typhoid vaccine composed of the Vi capsular poly-
saccharide. Arch. Intern. Med. 1995, 155(21): 2293-9.
Rajagopalan, P., Kumar, R., and Malaviya, A. N. A
study of humoral and cell-mediated immune response
following typhoid vaccination in human volunteers. Clin.
Exp. Immunol, 1982, 47: 275-282.

Robbins, J. D., and Robbins, J. B. Reexamination of
the protective role of the capsular polysaccharide (Vi
antigen) of Salmondla typhi. J. Infect. Dis. 1984, 150:
436-449.

Taylor, D. N., Pollard, R. A.., and Blake, P. A.
Typhoid in the United States and the risk to the
international traveler. J. Infect. Dis. 1983, 148: 599-602.
Wong, K. H., Feeley, J. C., Northrup, R. S., and
Forlines, M. E. Vi antigen from Salmonella typhosa
and immunity against typhoid fever, 1. isolation and
immunologic properties in animals. Infect. Immun.
1974, 9: 348-353.



