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Abstract

A randomized, controlled, double blind study was carried out in Cuban children and teenagers aged 9-13 years to evaluate the immunc
genicity of vax-TyVP—Salmonella Typhi Vi polysaccharide vaccine—with respect control vaccines. Serum samples were taken before
and 21 days after the immunization, and ELISA was used for the determination of antibodies to Vi polysaccharide. Subjects who receivec
vax-TyVi® and TYPHIM Vi™ (Pasteur-Mérieux) showed seroconversion rates of 85.61 and 78.36%, respectively. The geometric mean
titer (GMT) values for Vi antibodies induced after vaccination were .8/l (5.40-7.38.g/ml) and 5.9.g/ml (5.01-7.1Qrg/ml),
respectively. In contrast, subjects receiving the tetanus toxoid vaccine showed 0% seroconversion.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction . . .
peraturg[9-11] and it may be administered simultaneously

Typhoid fever remains a serious public health problem, with other vaccines without affecting immunogenicity and

. ) . . ) : tolerability [9].
especially in developing countries, with an estimated over . . e
o Finlay Institute has developed a new typhoid Vi polysac-
million cases and more than 600,000 deaths every year. Con-_, _ . : S )
; . : charide vaccine named vax-TyR/i A clinical trial was car-
trol of the disease requires uncontaminated food and water ; . : .
. ) . : ried out to evaluate the immunogenicity of this vaccine, as
and good sanitary disposal, prompt diagnosis and treatment_ . .
) ! : . a first step to replace the former Cuban whole-cell killed
of patients and asymptomatic carrig¢ts-6]. Typhoid fever .
L .. vaccine.
has not been controlled by vaccination because of limita-
tions of whole-cell killed vaccinefl-9].
The history of vaccination against typhoid fever goes back 2. Materials and methods
more than 100 yeari,7]. Various improvements of inac-
tivated vaccine have been made but local and systemic re- 1 Tegted vaccine
actions remained a major problefR,7,9]. The tolerance

of the live oral vaccine (Ty21a) is good, however, it re- Composition per dose of 0.5mi: Salmonella Typhi Vi
quires several doses, and a variable efficacy is reportedpolysaccharide 2hg, NaCl 4.150mg, NgHPOs-2H,0
[2,8,9]. , , , 0.065mg, NahPOs-2H,O 0.023mg, Phenol 1mg, and
The Vi polysaccharide vaccine &lmonella Typhi has injection water, pH 6.5-7.5.
several advantages. Side effects are infrequent and mild Qualityspecif’icationsof the Salmonella Typhi i polysac-
[1,2,4,5,7,9], a single dqse yield consistent immunqgenic— charide: O-acetyl groups >gmol/mg, proteins<10 wg/mg,
ity and efficacy[2,7,8]. Vi polysaccharide may be reliably —, cjeic acids<20p.g/mg, and endotoxins 150 EU/ug.
standardized by physicochemical methods verified for other

polysaccharide vaccing40,11], Vi is stable at room tem- 55 Methodology

* Corresponding author. Tel:53-7-2711046; fax:+53-7-336753. A randomized controlled double blind study was carried
E-mail address: ochoa@finlay.edu.cu (R.F.O. Azze). out in children and teenagers aged 9-13 years during 2002.
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Ethical approval was obtained from the Ethical Committee Table 2
for the Study of Human Subjects, Higher Medical Science Seroprotection rates by vaccine group

Institute, Havana City. Signed, informed consent was ob- Group Anti-Vi >1pg/ml N (%)
tained from all subjects before their assignment to the groups

) . o TO T1

[12,13]. History of typhoid fever, any acute or chronic dis- —
ease, immunological treatment, temperature >3C,preg- ~ Vax v 27 (19.42) 127 (91.37)
nancy, breast feeding, or any typhoid vaccine used 3 years' ' (M Vi ™ 20 (14.93) 123 (91.79)
Y 9 y typ years, , te® 13 (20.97) 13 (20.97)

before, were exclusion criteria.
Three hundred and forty-six selected children and

teenagers were randomly distributed in three groups. TheyGermany) [14,15]. Validation, quantitative determination

were immunized with V?X'Ty@ (Lot L111, Finlay '”Shtﬂi' and print out were performed using the ELISA software
tute, single dose of 2jag intramuscularly), TYPHlM_VT package from the Centers for Disease Control (CDC),
(Lot T1120, Pasteur-Mérieux, single dose of b intra- Atlanta (GA).

muscularly) and vax-TEY (Lot L0079, Finlay Institute,
single dose of 101f), respectively. 24 Satistical methods

Blood samples were taken before (TO) and 21 days (T1)
after immunization, and processed at the laboratory; the
serum samples were stored-s20°C until testing.

Calculation of the sample size was based on a TYPHIM
Vi™ vaccine seroconversion of 80%, and vax-T§\Wiac-
cine seroconversion among 70-80%, a statistical power of
2.3. Sudy of the immunogenicity 80%, and an alpha significance level of 0.05. Enroliment

was augmented to compensate for attrition. The geometric

High-binding ELISA plates (Costar, Cambridge, MA) mean titers (GMT) and 95% confidence intervals (CI) were
were pre-coated by incubation with 1Q0of poly-L-lysine calculated for anti-Vi antibody titers distribution in TO and
per well (3p.g/ml) (Sigma, St. Louis, MO) in 0.15M phos- T1. Seroconversion rateg 4-fold increase of anti-Vi anti-
phate buffered saline (PBS) pH 7.4 for 30 min at 20225 body titers over pre-immunization levels) were calculated
After the plates were washed three times with g0®f and compared between the groupg.gIml was considered
PBS per well, 10@u of Vi polysaccharide (G.g/ml) in as the protective level of anti-Vi antibodi¢z-9]. Variance
PBS were added in each well. The plates were incubatedanalysis and Fisher’s test were used for statistical analysis
overnight at 2—-8C and then washed three times with PBS [16,17].
containing 0.05% Tween 20 (PBS-T). The standard curve
was constructed by performing six two-fold serial dilutions
of the Finlay standard serum with 4u8/ml (starting dilu- 3. Results
tion 1:20) in PBS-T containing 3% skim milk (PBS-TM)

(Merck, Germany). The test sera were diluted among 1:20 The immunogenicity was studied in the useful paired-
and 1:800 in PBS-TM. Of each solution, 1@Dwere added samples corresponding to 335 subje@&le 1). The groups

in duplicate to the wells for 1h at 3. After washing vaccinated with both polysaccharide vaccines had a homo-
four times with 30Qul of PBS-T, 10Qul of conjugate so- geneous pre-vaccination immuni¢y = 0.5276). Subjects
lution (goat anti-human Igs:alkaline phosphatase) (Sigma, who received vax-Ty\® and TYPHIM Vi™ got similar se-

St. Louis, MO) in PBS-TM were added to each well and roconversion rateg” = 0.1185), also both vaccines showed
the plates were incubated for 1h at 7. The plates  similar GMT values for Vi antibodies induced after vacci-
were washed again, and 1@Dof p-nitrophenylphosphate  nation: 6.27 and 5.9Zg/ml, respectively(P = 0.1768).

(2 mg/ml) (Sigma, St. Louis, MO) in 0.92 M diethanolamine In contrast, subjects receiving the tetanus toxoid vaccine
buffer pH 9.8 were added to each well. The plates were left showed 0% seroconversig® = 0.000). No significant dif-

at 20—25C for 30 min and then the absorbances were deter- ferences were seen between seroprotection rates in both Vi
mined at 405 nm (Anthos reader 2001, Labtec Instruments, polysaccharide vaccines (Table 2).

Table 1

Geometric mean titers, 95% confidence intervals and seroconversion in children and teenagers vaccinated witf? @AM Vi™ and vax-TEP

Group n GMT (95% CI) pg/ml Seroconversion % (95% CI)
TO T1

vax-TyVi® 139 0.56 (0.45-0.69) 6.27 (5.40-7.38) 85.61 (78.66-90.98)

TYPHIM Vi™ 134 0.60 (0.50-0.72) 5.97 (5.01-7.10) 78.36 (70.42-85.00)

vax-TET® 62 0.68 (0.53-0.87) 0.65 (0.51-0.83) 0.00 (0.00-5.83)

GMT: geometric mean titers of Vi polysaccharide antibodies; CI: confidence interval; TO: pre-immunisation sample; T1: post-vaccination sample.
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4, Discussion [3] Keddy KH, Klugman KP, Hansford FC, Blondeau C, Bouveret-Le
Cam N. Persistence of antibodies to tsmonella typhi Vi capsular

. . . . . polysaccharide vaccine in South African school children 10 years
Until recently, the only available typhoid vaccine was in after immunization. Vaccine 1999:17(2):110-3.

activated whole-cell vaccine. Although this vaccine is effec- [4] Acharya IL, Lowe Ch, Thapa R, et al. Prevention of typhoid fever
tive, it has not been recommended for use in typhoid control in Nepal with the Vi capsular polysaccharide Sdlmonella typhi.
programs because of unwanted side effects. Two effective New Eng J Med 1987;317(18):1101-4.

vaccines against typhoid fever have been developed and li- [5] Mirza NB, Wamola IA, Estambale BA, Mbithi E, Poillet M. Typhim

. : e - Vi™ vaccine against typhoid fever: a clinical trial in Kenya. East
censed, the live oral vaccine (Ty21a), and the purified Vi Afr Med 3 1995:72(3):162—4.

_pOIYsaCCha”de_! whose safety, 'mmun_Ogen'C'ty and efficacy [6] Yang HH, Wu CG, Xie GZ, et al. Efficacy trial of Vi polysaccharide
is firmly established1,2,4-7,9]. Despite the clear advan- vaccine against typhoid fever in south western China. Bull World
tages of this vaccine, the use of the whole-cell killed vac- Health Org 2001;79(7):625-31.

cine has remained popular because of its lower cost and the [7] Pagcha”ata“ Vﬁ_K_t“ma;r S'V,Yealp w, r?t ?‘OI'- ?yorr:‘p%fison of Safter:y
. . ana Immunogenicity or a VI polysacchariae pnhoia vaccine wi
inherent resistance to chanbb?]. a whole-cell killed vaccine in Malaysian Air Forces recruits. Bull

The Finlay Institute has developed a low-prismonella World Health Org 2001:79(3):811—7.
Typhi Vi polysaccharide vaccine—vax-Ty®—to improve [8] Cryz SJ, Que JU, Levine MM, Wiedermann G, Kollaritsch H. Safety
the Cuban Immunization Programs. Although this vaccine and immunogenicity of a live oral bivalent typhoid fev&aimonella
is structurally similar to other Vi polysaccharide vaccines typhi Ty21a)-Cholera (Vibrio choleraeCVD 103-HgR) vaccine in

healthy adults. Infect Immun 1995;63(4):1336-9.
[9] Hessel L, Debois H, Fletcher M, Dumas R. Experience with
Salmonella typhi capsular polysaccharide vaccine. Eur J Clin

[10,11], clinical trials were performed to evaluate its im-
munogenicity.

The present study of Vi antibodies performed using a sim- Microbiol Infect Dis 1999;18(9):609—20.
ple and reproducible ELISAL4] has demonstrated that the [10] Martinez I, Mufioz Y, Riveron L, et al. Caracterizacidsi€o gumica
immunogenicity of vax-Ty\@ was not lower than TYPHIM cligl polisacéarido Vi deSalmonella typhi. VacciMonitor 1999;8(5).6—
wTM.' . . [11] Riverén L, Miranda A, Oramas J, et al. Escalado de produccién de la
With regard to other studies, a seroconversion rate among vacuna cubana antitifdica de polisacéarido Vi d&almonella typhi.
62.5-96.3% has been obtained by using TYPHIM™j VacciMonitor 1999;8(5):2-5.
therefore, seroconversion in our clinical trial agrees with [12] Pérez A, Menéndez J, Bar6 M. Algunas consideraciones sobre la
previous report$1-5,7,9]. realizacion de ensayosigicos de vacunas en humanos. VacciMonitor

.. Lo _ 1999;8(4):9-12.
The safety and reactogenicity evaluation is in course, how [13] World Medical Association Declaration of Helsinki. Ethical

ever adverse events are 'nfrequem and mild (unpl"bI'Shed principles for medical research involving human subjects. Bull World

data), and an efficacy trial will be conducted as part of the Health Org 2001:79(4):373-74.

clinical evaluation. However, despite this trial has not been [14] Martinez JC, Ochoa R, Estrada E, et al. Validacion de un ELISA

carried out yet, vax-Ty\ﬁ is a gOOd vaccine candidate, and para la cuantificacion de inmunoglobulinas séricas humanas antipo-
- s . lisacarido capsular d&almonella typhi. VacciMonitor 1999;8(8):7—

could be used in the Cuban Immunization Program, in other

developing countries, and as a vaccine for travelers or othersj 5; ochoa R, Nerey M, Maimez JC. Use of poly-L-lysine precoating

exposed to typhoid bacilli. in an ELISA for the detection of antibodies against serogroup C

Neisseria meningitidis capsular polysaccharide. Biotecnol Aplicada
1999;16(3):173-5.

References [16] Blackwelder WC. Showing a treatment is good because it is not bad:
when does noninferiority imply effectiveness. Control Clin Trials
[1] Fanning WL. Typhim ViM vaccine. J Travel Med 1997;4(1):32—7. 2002;23(1):52-4.
[2] Plotkin SA, Bouveret-Le Cam N. A new typhoid vaccine composed [17] Wiens BL. Choosing an equivalence limit for noninferiority or
of the Vi capsular polysaccharide. Arch Int Med 1995;155(21): equivalence studies. Control Clin Trials 2002;23(1):2-14.

2293-9.





